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As from January 2011, the current Executive Com-

mittee of Avances en Diabetología (AvD), except 

for Prof. Enrique Roche, associated editor of the 

English version, will leave the coordination of the 

journal. Now, when the stage comes to an end, it is 

the moment to perform the balance of all these 

years, about what has been achieved and what is 

still to be achieved.

The commitment
From Ramón Gomis, president of the Spanish So-

ciety of Diabetes (SED), I was entrusted in Decem-

ber 2004 to relaunch AvD, which was not going 

through a good moment in that time. Faithful to the 

acquired commitment, I tried to design an attrac-

tive and interesting project for all, for the members 

of the SED and for the readers of AvD. We went 

through critical moments, as the change of the pub-

lishing company in May 2006, after ending the col-

laboration with Ergón and starting a new stage 

with Ediciones Mayo (fi gure 1). But our commit-

ment of quality and overcoming remained un-

changed during throughout such time. Moreover, I 

have to mention expressly that during these years 

we felt supported by the consecutive presidents 

and direction boards of the SED.

The election of my collaborators in the Execu-

tive Committee was one of the best choices. They 

have been six years of intense work, excited and 

shared with an unbeatable team. Therefore, I here-

by ask for the gratitude of all the readers to the 

committed work of Dr. Pilar Martín Vaquero, sec-

retary of the drawing-up department and tireless 

worker, Dr. Juan Girbés, chief editor and excellent 

coordinator of original papers, and Prof. Enrique 

Roche, whose incorporation was a good decision 

in order to achieve a higher visibility of AvD in 

English language. Without them AvD would not 

have reached its level of actual quality.

The change of the publishing company to Edi-

ciones Mayo was also a good decision. It suggest-

ed an important quality step that the journal need-

ed. We have closely worked with this company 

team during the last four years and a half. They al-

so felt our wish of turning AvD into a reference 

journal about diabetes in our environment.

What has been achieved
As I pointed out in my fi rst editorial as director,1 

this new stage started with the conviction that a 

deep renewal of AvD was necessary in order to re-

launch its scope. We renewed the Editorial Com-

mittee, we created a Consultancy Committee, we 

enlarged the team of collaborators and as from 

2008 we included a reduced but important group of 

international experts. Moreover, given the interest 

arisen by the journal in Latin America, we also cre-

ated in 2008 an Ibero American Committee of Ex-

perts in order to increase the impact of AvD in this 

environment.

As stressed in the mentioned editorial,1 the ob-

jectives of the new project was to spread the clini-

cal information of practical usefulness about the 

diabetes, to turn the AvD into an effi cient commu-

nication means among the members of the SED 

and to collect all the scientifi c activities of the SED 

and of the societies alike related to the diabetes. 

The new sections of AvD were structured at that 

time, the new editorial rules were mentioned and 
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the project of being able to count with all the con-

tents of AvD through the offi cial web site of SED 

were set out, even anticipated for the members. 

I think that six years later we have achieved 

great things. AvD turned into a journal of quality 

and of reference in the diabetes fi eld in our envi-

ronment. Since 2007 it became a bi-monthly jour-

nal, passing from four to six numbers per year. All 

the contents are already available on-line, having 

fi tted out a specifi c web (www.avancesendiabeto-

logia.org), thanks to the continuous support of the 

SED, for the better running of its contents. Further-

more, AvD counts with continuous training con-

tents as accredited seminars, whose evaluation can 

be done through the Aula Mayo (www.aulamayo.

com). We also count with an English version since 

2008, of free access, though it is published with a 

delay of six months compared to the original ver-

sion.

Several consensus have been published during 

the last years, as well as positioning documents, re-

vision articles, new sections of professional posi-

tioning and an increasing number – though still in-

suffi cient – of originals, clinical notes, diabetes 

images, etc. Likewise, since 2008, AvD counts 

with this section of therapeutic education devel-

oped specifi cally for the teachers in diabetes; many 

of them are full members of the SED at present.

What is pending of being achieved
The competitive search of originals for AvD has 

been one of the most diffi cult tasks we have en-

countered. The Editorial Committee tried in sever-

al times to achieve more originals though editori-

als,2-3, letters, documents on the web of the SED, 

etc. To count with originals is a necessary condi-

tion to achieve the indexation of the journal with 

guarantees. This situation made us delay the start-

ing of the indexation request process in MED-

LINE/PubMED up to the end of 2009, in order to 

get a possibility to achieve it. At present, we are 

pending on this decision, which might take place 

during the last months of this year. Table 1 details 

the databases were AvD is included, and other in 

which its inclusion has been requested.

Acknowledgements
I cannot fi nish this editorial without mentioning 

expressly all my gratitude to all the members of the 

different committees of AvD. Many of them had a 

very active role in the peer revision process, which 

was necessary for the acceptance of originals. I 

want also to express my gratitude to all the authors 

who decided to collaborate with AvD and whose 

works contributed to fi ll the pages of our journal, 

either if they have been invited or due to their own 

initiative. And, fi nally, I have to express my deep-

est gratitude to Eva Raventós, Mercè Colomer and 

Montserrat Fontboté, who contributed in a very 

special manner to the success of AvD from Edi-

ciones Mayo.

The future
Whatever starts ends one day. And after six years 

of intense dedication towards this task, it was nec-

essary to incorporate new impulses for the future 

development of AvD. When writing this editorial, I 

do not know if fi nally the journal will be included 

or not in this year in MEDLINE/PubMed. But 

whichever the decision is, the changes in AvD were 

Figure 1. Evolution of Avances en Diabetologia

 1985-2004 2005-april 2006 May 2006-2010

 Ergón Ergón Ediciones Mayo
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necessary, and now the journal counts with better 

options in order to achieve it in the future. If this is 

not reached now, I am convinced that the new di-

rector, Dr. Ignacio Conget and his Executive Com-

mittee will work with enthusiasm in order to 

achieve it in a close future, for the pride and satis-

faction of all us who are committed with the objec-

tives of SED. 

I want to fi nish mentioning Sir Winston Church-

ill (1874-1965), who during the Second World 

War, during a speech given in November 1942, 

said something that always resulted to me especial-

ly stimulating: “Now this is not the end. It is not 

even the beginning of the end. But it is, perhaps, 

the end of the beginning”. ■
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Table 1. Present situation of Avances en Diabetología in different databases

Databases Present situation Notes URL address

Biblioteca Virtual 

em Saúde

Included It has the on-line contents partially 

restricted

http://portal.revistas.bvs.br/index.

php?issn=1134-3230&lang=pt

Latindex Included It is a directory of journals, not of 

articles, but it is the most 

consulted in Spanish

http://www.latindex.unam.mx/

buscador/ficRev.

html?opcion=1&folio=10027

Dialnet Included since 2007 It includes indexes, authors and 

web site of the journal

http://dialnet.unirioja.es/servlet/

revista?codigo=10730

Compludoc Indexed since 1996 It includes indexes and authors 

and some supplements. Redirects 

to Dialnet

http://europa.sim.ucm.es/

compludoc/

REBIUN Included Collective catalogue of the 

network of university libraries. 

Classified in seven libraries and 

variable collections

http://rebiun.absysnet.com/cgi-bin/

rebiun/O7846/ID5a9166fd/NT2# 

MEDES Included The most recent summaries 

available (2009-2010)

http://www.fundacionlilly.com/Nitro/

foundation/templates/medes-

search.jsp?page=30100

MEDLINE/PubMed Request sent in December 

2009. Evaluation pending 

as from October 2010

Request confirmed. Only 40 

journals are evaluated per meeting

www.nlm.nih.gov/pubs/factsheets/

jsel.html

Embase Indexation requested They evaluate during the last 

quarter of the year

http://www.info.embase.com/what-

is-embase

Scopus Indexation requested in 

December 2009

Sent the title enrichment summary 

on May 31st 2010

http://info.scopus.com/

Thompson-Reuters 

(ISI Web of Science, 

Web of Knowledge, 

JCR, impact factor)

Request delivered on 

February 2010

Starting of the evaluation when 

having received three consecutive 

journals

www.thomsonreuters.com/

products_services/science/free/

essays/journal_selection_process/

Índice Médico 

Español

It was admitted in 2005, 

but has never been 

indexed

They do not have a budget. It will 

be tried again in autumn 2010

http://ime.uv.es/info/index.html
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Abstract
With the aging of the population the prevalence of two common disorders is 

expected to rise: diabetes and dementia. It has been shown that people with 

diabetes are approximately 1.5 times more likely to experience cognitive de-

cline and 1.6 more likely to develop frank dementia than people without dia-

betes. This appears to be due to a higher prevalence of both vascular demen-

tia and Alzheimer’s disease. The aim of this review is to describe the 

importance of this relationship, the evidence supporting it, possible explana-

tions, and the implications of this relationship for physicians caring for people 

with diabetes.

Keywords: diabetes, dysglycemia, cognitive dysfunction, dementia.

Introduction 
With the aging of the population the prevalence of two common 

disorders is expected to rise: diabetes and dementia. It has been 

shown that people with diabetes are approximately 1.5 times 

more likely to experience cognitive decline and 1.6 more likely 

to develop frank dementia than people without diabetes.1 This 

appears to be due to a higher prevalence of both vascular demen-

tia2-5 and Alzheimer’s disease.2-7

This overview will describe the growing importance of diabe-

tes, dementia and cognitive dysfunction in an aging society. It 

will describe the epidemiological data supporting the relation-

ship between these entities and the existence of a disorder that 

may be labeled “diabetes related cognitive dysfunction”. It will 

then go on to describe proposed pathophysiological mechanisms 

responsible for this relationship and elaborate on data supporting 

the role of dysglycemia in the development of cognitive dysfunc-

tion. Finally, it will present the possible clinical implications of 

this association to physicians treating older people with diabetes. 

The importance of the link 
between cognitive dysfunction, dementia 
and diabetes: prevalence data 
The prevalence of dementia is anticipated to rise because of the in-

crease in older members of the population. For example, the Cana-

dian Study of Health and Aging reported that the prevalence of de-

mentia was 8% for people over 65 and 34% for those aged 85 or 

older.4 Similarly, a pooled analysis of 11 European studies re-

ported an age-standardized dementia prevalence rate of 6.4%; 

rising in those over 90 to 28.5%.8 In a recent study from the US 

it was projected that the number of people with Alzheimer’s dis-

ease, the most common form of dementia, will triple from 4.5 

million in 2000 to 13.2 million by 2050.9

Preceding the onset of dementia is a long period of cognitive 

decline thus cognitive dysfunction represents an important phase 

on the path (of cognitive decline) from normal cognitive function 

to dementia. The prevalence of this state (pre dementia) is also 

expected to rise with the aging of the population. For example, 

the Cardiovascular Health Study (age over 65) reported a pre de-

mentia (i.e. minimal cognitive impairment) prevalence of 19% 

overall; and 29% in those over age 85.10 

The prevalence of diabetes is also expected to rise with the ag-

ing of the population thus the global prevalence of established 

dia betes was estimated to be 2.8% in 2000 and is projected to be 

4.4% by 2030.11 Over the past 20 years several studies have indi-

cated that diabetes particularly type 2 diabetes is associated with 

an increased risk for cognitive dysfunction and dementia.1,3-6,12-23

The prevalence rates described, combined with the long dura-

tion of these disorders, the anticipated economic burden on soci-

ety and the associated defi cits in self care ability highlight the im-

portance of a better understanding of these disorders and the 

mechanisms that may entwine them. 

Epidemiological evidence supporting 
a relationship between diabetes cognitive 
dysfunction and dementia
Type 2 diabetes is a metabolic disorder characterized by hyper-

glycemia that is caused by a relative lack of insulin i.e. insuffi cient 

amount, activity (“insulin resistance”) or both and is associated 

with a high risk of serious chronic diseases. It is well established 

as an independent risk factor for eye, kidney and neurological 

diseases as well as for cardiovascular morbidity and mortality. 
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A systematic review of prospective observational studies demon-

strated that people with diabetes also have a greater risk for an 

accelerated rate of cognitive decline and progression to demen-

tia. In a follow-up duration of 2-18 years this review showed that 

people with diabetes (n= 8,656) when compared to those without 

diabetes: a) had a greater rate of decline in cognitive function; b) 

a 1.5 fold greater risk of cognitive decline; and c) a 1.6 fold 

greater risk for future dementia.24 Perhaps, as anticipated, given 

the relationship between diabetes and cardiovascular disease, 

people with diabetes had a 2.2-3.4 greater risk for the develop-

ment of vascular dementia. However, interestingly people with 

diabetes also had a 1.2-2.3 greater risk for the development of 

Alzheimer’s dementia. 

Prospective studies with longer follow-up periods strengthen 

these observations. The Adult Health Study followed a cohort of 

atomic bomb survivors from Hiroshima and Nagasaki. After 34 

to 39 years of follow up, 1,774 participants were screened for de-

mentia. Compared to non diabetic individuals, diabetes increased 

the risk for vascular dementia and Alzheimer’s dementia 1.3 and 

4.4 fold respectively.25 The Israel Ischemic Heart Disease (IIHD) 

study showed that people with a diagnosis of diabetes in midlife 

had a 2.83 greater risk for the development of dementia 3 de-

cades later compared to individuals without diabetes.26

Taken together the results of these studies strengthen the con-

clusion that indeed cognitive dysfunction should be considered 

as yet another chronic consequence of diabetes that may be 

termed: “diabetes related cognitive dysfunction” (fi gure 1).

Possible explanations for the relationship 
between diabetes and cognitive dysfunction 
A number of possibilities may explain the relationship between 

diabetes and cognitive dysfunction. First, diabetes is well estab-

lished as a risk factor for cerebrovascular disease; it is also asso-

ciated with hypertension and dyslipidemia. Thus, a relationship 

between cognitive dysfunction and diabetes may be mediated 

through cerebrovascular disease and this may be more pro-

nounced in the older age group. Second, depression occurs more 

frequently in people with diabetes and is diffi cult to differentiate 

clinically from dementia and early cognitive decline. These two 

may explain part of the relationship however in many of the stud-

ies the association persisted after adjusting for CV disease, CV 

risk factors16,22 and depression16,20. Third, hypoglycemia may af-

fect cognitive function. However, in contrast to the acute nega-

tive effect of hypoglycemia on cognition, there is little evidence 

to support chronic cognitive impairment secondary to hypogly-

cemia. Indeed, intensive treatment regimens that were associated 

with increased hypoglycemic episodes in individuals with type 1 

diabetes did not affect cognition adversely.27,28 Finally, dysglyce-

mia and chronic hyperglycemia may also contribute to cognitive 

dysfunction (fi gure 2).

Data supporting the relationship between 
dysglycemia, chronic hyperglycemia 
and cognitive dysfunction
Data supporting this explanation come mainly from cross sec-

tional studies. In a cross-sectional analysis of 378 high-function-

ing individuals with diabetes, higher A1c levels (a measure of glu-

cose control over 6 weeks often used in people with diabetes) 

were consistently associated with lower scores on two cognitive 

tests.29 Another cross sectional analysis of approximately 3,000 

individuals with established type 2 diabetes (participating in the 

MIND-ACCORD sub-study) demonstrated an age-adjusted in-

verse relationship between cognitive function and the degree of 

chronic hyperglycemia as measured by the A1c level.30 

Data from people without diabetes demonstrated a similar re-

lationship. For example the ONTARGET/TRANSCEND cogni-

tive baseline analysis showed that in ~20,000 individuals without 

diabetes there was an association between higher levels of fast-

ing plasma glucose (FPG) levels and cognitive function as as-

sessed by the Mini-Mental State Examination (MMSE).31 ORI-

GIN cognitive baseline analysis demonstrated that after 

adjustment for age, education, CVD and CV risk factors individ-

uals with pre-diabetes (IFG/IGT) had signifi cantly higher cogni-

tive scores then those with overt diabetes, suggesting that an ac-

celerated rate of cognitive decline occurs in the transition phase 

from pre-diabetes to diabetes.32 All these analysis were cross sec-

tional limiting the ability to make any temporal or causal infer-

ences regarding this relationship. 

There are several prospective studies that have compared dif-

ferent categorizes of dysglycemia: diabetes, pre-diabetes states 

such as impaired fasting glucose (IFG) or impaired glucose tol-

erance (IGT) with relation to the level of cognitive decline expe-

Figure 1. Risk for dementia diabetes vs no diabetes

 Citation No.
 51 1.90 (1.30-2.80)

 53 1.66 (1.34-2.05)

 59 1.23 (0.89-1.72)

 62 1.50 (1.00-2.20)

 60 2.10 (0.99-0.47)

 Overall 1.59 (1.37-1.84)

 0.1 DM less 1 DM more 10
   OR

Figure 2. Possible mediators in the diabetes cognitive dysfunction 
relationship

Dysglycemia

CVD
CV risk factors

Depression

Cognitive
dysfunction

Diabetes
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rienced. These studies have shown that people with pre-diabetes 

when compared with those who were normoglycemic were at in-

creased risk of cognitive decline.20,33

Possible explanations for the dysglycemia-
cognitive dysfunction relationship
A number of possibilities may explain the association between 

dysglycemia, hyperglycemia and cognitive dysfunction. As high-

er glucose levels are associated with a higher prevalence of CV 

risk factors and cardiovascular disease, the relationship with cog-

nitive dysfunction may be mediated through CV disease. How-

ever, in all the analysis described above the relationship was not 

attenuated by adjusting for risk factors or CV disease. 

It is also possible that chronic exposure of the brain to high 

levels of glucose may accelerate cognitive decline. Indeed, post 

mortem studies from the brains of people with Alzheimer’s dis-

ease demonstrate metabolic oxidation products associated with 

hyperglycemia.34,35 A recent study in older individuals demon-

strated an inverse relationship between glucose levels and func-

tion of the dentate gyrus, an area of the brain thought to be im-

portant in age related cognitive decline.36 

Third, dysglycemia and higher A1C levels imply insuffi cient ac-

tion or effect of insulin due to insuffi cient secretion, activity or 

both. There are many insulin receptors in the brain. Some have a 

role in glucose transport but many are thought to have a function 

in cognitive processes.37 Several observations suggest that cogni-

tive decline is a consequence of insuffi cient insulin action in the 

brain. Thus: a) in individuals without diabetes, worse glucoregu-

lation (as measured by a glucose tolerance test) was associated 

with worse outcomes on cognitive assessment, especially in the 

elderly;38 b) individuals with Alzheimer’s disease have less effi -

cient glucoregulation than unaffected individuals;39 c) exposure 

of individuals with Alzheimer’s disease to a hyperinsulinemic 

euglycemic clamp improved cognitive function whereas expo-

sure to an euinsulinemic hyperglycemic clamp had no effect.38-41 

Finally, microvascular disease may also be responsible for the 

deleterious effects of chronic hyperglycemia on cognitive func-

tion. Microvascular disease has been demonstrated to be wors-

ened by chronic hyperglycemia.42,45 In people with diabetes it 

causes pathology in the retina and in the peripheral nervous sys-

tem. Thus, it may well be that microvascular disease occurs also 

in the brain resulting in cognitive dysfunction.

The implications of “diabetes related 
cognitive dysfunction” to the treating 
physician 
Diabetes and glucose control require complex self care process, in-

deed self-management support is established as an evidence-based 

intervention for diabetes.44 From a patient perspective the chal-

lenges associated with having diabetes are dynamic and change 

over time emphasizing the need to have skills to cope with emerg-

ing situations rather then sticking to a certain regimen. Indeed a 

substantial amount of research supports the importance of effective 

problem solving for successful adjustment and coping.45 

One of the important determinants of effective problem solving 

capacity is intact cognitive function. However, as demonstrated 

above, cognitive dysfunction is a complication of diabetes. 

The fi rst step in treating any disease or a condition is identify-

ing it, diagnosing or measuring it. Thus, it is important that phy-

sicians who care for people with diabetes, especially in the older 

age group be aware of this complication. Early recognition of 

cognitive impairment in elderly people with diabetes has a two-

fold function. First, it may explain the incapacity to care for the 

disease and control glucose levels and aid the treating physician 

in tailoring an appropriate treatment regimen. Second, as diabe-

tes is associated with an accelerated rate of cognitive decline, 

identifying cognitive impairment may be a fi rst step in delaying 

its progression and possibly delaying the occurrence of dementia 

in this high risk population. 

Conclusions
Cognitive dysfunction should be considered as yet another 

chronic consequence and disabling manifestation of diabetes. 

Dysglycemia and chronic hyperglycemia may have a role in the 

pathogenesis of this phenomenon. Cognitive assessment should 

be part of clinical and research assessment of people with diabe-

tes in order to identify those individuals with “diabetes related 

cognitive dysfunction” as cognitive impairment may impede 

self-care capacity. Future studies are needed in order to better 

characterize those individuals with diabetes more prone to pro-

gression to dementia in order to better characterize the patho-

physiological mechanisms responsible for this relationship. 

These types of studies may broaden our knowledge and set the 

stage for interventions aimed at prevention/delay of the onset of 

dementia in people with diabetes. ■

Potential confl icts of interest
The autor has no potential confl icts of interest regarding the content of 
the manuscript.

Practical considerations

•  Cognitive dysfunction should be considered as yet 
another chronic consequence and disabling manifes-
tation of diabetes. People with diabetes are approxi-
mately 1.5 times more likely to experience cognitive 
decline and 1.6 more likely to develop frank dementia 
than people without diabetes. This appears to be due 
to a higher prevalence of both vascular dementia and 
Alzheimer’s disease. 

•  Dysglycemia and chronic hyperglycemia may have a 
role in the pathogenesis of this phenomenon.

•  Cognitive assessment should be part of clinical and 
research assessment of people with diabetes in order 
to identify those individuals with “diabetes related 
cognitive dysfunction” as cognitive impairment may 
impede self-care capacity.
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Introduction
The cerebrovascular diseases (CVD), along with the ischemic 

cardiopathy, constitute one of the most interesting epidemiologi-

cal processes and a social-sanitary problem of fi rst magnitude. 

The diabetes mellitus (DM) is one of its modifi able risk factors 

of a higher specifi c weight, as it affects an under age population 

due to its relationship with other factors as the blood hyperten-

sion, the obesity and dyslipidemia. The increase in the DM and 

ictus prevalence makes it necessary to enlarge our knowledge 

concerning the epidemiological connection between both pro-

cesses. The studies addressed to investigate these relationships 

are still scarce and, as it usually happens in this area of the med-

icine, they are not exempt from methodological diffi culties, due 

to heterogeneous diagnosis or hospital statistics or insuffi cient 

communitarian records. The epidemiology of the CVD will be 

handled in this article in the patient with diabetes from a descrip-

tive and analytical perspective. The known data about the distri-

bution of the disease in the population shall be depicted in the de-

scriptive part, and the studies that the different aspects of the 

impact have been investigated as risk factor between DM and the 

cerebrovascular pathology shall be detailed in the analytical epi-

demiological part.

Descriptive epidemiology
The studies that have determined the incidence, prevalence and 

mortality of the CVD in the diabetic population shall be revised 

in this section. These works are not many as the ones performed 

for the epidemiological relationships of the DM and the ischem-

ic cardiopathy; therefore, some references from this investigation 

shall be used necessarily in our investigation area.

Incidence
In the Search for Diabetes in Youth Study (SEARCH), the global 

incidence of DM in the young population was of 24.3 new cases 

per 100,000 persons/year.1 For the adult population, the inci-

dence is higher and is also related to the age. Thus, it has been es-

timated in 200 for the age group of 40-49 years old, in 350 for 

50-59 years old and 600 for 60-69 years old and in approximate-

ly 800 over 70 years old. The incidence in the adult population 

varies also relevantly considering the race. In the Multi-Ethnic 

Study of Atherosclerosis (MESA), with a cohort of 45 to 84 
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years old, the accumulative incidence was much higher in His-

panics (11.3%), followed by the black population (9.5%), Chi-

nese (7.77%) and Caucasian population (7.7%).2

As regards to the epidemiology of the CVD in the diabetic 

population, it is considered in general, that the incidence of ictus 

in patients with T2D is two to four times higher than the inci-

dence in the rest of the general population. The ictus relative risk 

(RR) among patients with T2D increases especially in the group 

aged 40-60, and especially in women (increase of the RR of 1.8 

in men and 2.2 in women).3,4 In the study Greater Cincinnati/

Northern KENTUCKY Stroke, performed on a biracial popula-

tion (Afro Americans and Caucasian population), very variable 

rates of incidence were observed according to the race and age 

group of the patients. In the group aged 55-64, the rate was of 

930 cases/100,000 inhabitants in the black population, vs. 708 

cases in individuals of Caucasian race.5 In the Nurses’ Healthy 

Study,6 performed on a female cohort of comprised ages between 

30 and 55 years old, an incidence of 240 cases of ictus/100,000 

inhabitants/year were observed for T2D. According to the type of 

ictus, the incidences were of 140 for the ischemic ictus and 12 

for the hemorrhagic ictus. And, within the ischemic ictus, the in-

cidences were of 36 for the ictus of great arteries, 50 for the la-

cunars infarction and 30 for the ictus due to an unknown cause 

according to the etiological subtypes. 

In Spain, in a clinical longitudinal study7 conducted with out 

patients (176 patients, follow-up mean of 6.3 years) an accumu-

lative of vasculopathy of 15.9% could be observed (defi ned as is-

chemic cardiopathy, ictus or intermittent claudication) and espe-

cially 6.3% of coronary disease, 8% of CVD and 4% of 

peripheral artery disease. In other work, based on a cohort of pa-

tients with T2D and without vascular disease at the basal situa-

tion, it could be observed an accumulative coronary disease inci-

dence of 17% (18.5% in men and 15.2% in women) after 10 

years of follow-up.8 Comparatively, these data are similar to the 

ones obtained in the group of Morrish et al.,9 who in a study of a 

cohort of 497 patients with T2D throughout 8.33 years of follow-

up, observed an incidence of 18.8% of myocardial infarction, 

5.9% of CVD and 5.2% of peripheral arterial disease.

Prevalence
In the study SEARCH, the prevalence of DM in the juvenile pop-

ulation in the United States was of 0.79 cases per 1,000 individu-

als in the group of 0 to 9 years old and 2.8 cases per 1,000 for the 

group of ages ranged between 10 and 19 years old. The non-

Spaniard Caucasian population showed the higher prevalence 

(1,061/1,000) in the group of the younger age. In the group of 

10-19 years old, the black population (3.22/1,000) and the non 

Spaniard Caucasian population (3.18/1,000) appeared with the 

highest fi gures, followed by the Hispanics (2.18/1,000).10 In the 

adult population, the data from the National Health and Nutrition 

Examination Survey (NHANES) 1999-2002 estimated a preva-

lence of 15.3%.11

The prevalence of T2D in Spain is in the region of 6.5% in the 

population between 30 and 65 years old, though it can change 

between 6 and 12% considering the different studies, populations 

and methods used for the diagnosis. The National Health Survey 

shows, during the period 1993-2003, the prevalence of DM stat-

ed by the polled people increased from 4.1 to 5.9%, reaching in 

the age range between 65 and 74 years old the 16.7% and in peo-

ple over 75 years old, 19.3%.12,13

In the study Greater Cincinnati/Northern Kentucky Stroke, 

performed on a biracial population (Afro Americans and Cauca-

sian population), the patients with ictus were diabetic in 36% of 

the Afro Americans and 30% of the Caucasian population.5 The 

diabetic patients with ictus were younger than the non-diabetic. 

Thus, in the white population, the RR was of 5.3 for the group 

aged 45-54 years old, 4.7 for the group 55-64 years old and 2.2 

for the group aged 65-74. In the logistics regression model it 

could be observed that the fraction attributable in the population 

for DM was of 5.2% in Caucasians and 5.6% in Afro Americans. 

This value was similar than the one found in the study about the 

Caucasian population in Rochester (Minnesota) where a fraction 

of 5% was attributable to the DM. As regards to the hypertension 

factor, the population fraction attributable was of 16.2 and 9.8%. 

The values observed in the combination of hypertension-DM 

were of 20-21%.14

Several transversal studies showed gross estimations of the pre-

valence in the macrovascular complications in Spain.12,15-19 A 

wide range of values of vascular disease prevalence were ob-

served in these studies (5.6-24.5%). The estimations correspond-

ing to the coronary disease ranged between 10.5 and 19.8%, and 

ictus between 3.3 and 11.8%. Evidently, the prevalence rates 

vary considering the different used methodologies and the differ-

ent clinical characteristics of the population, as for example the 

disease evolution time. Arteagoitia et al.12 studied 2,920 diabetic 

patients of the Basque Country using a network of sentry medi-

cal consultations during the year 2000. They observed a preva-

lence of macroangiopathy of 21.6% in case on recent onset dia-

betes (12.4% of coronary disease [CD], 9.8% of ictus and 14.1% 

of peripheral vascular disease), and 33% in cases of known DM 

(7% of CD, 4% of ictus and 14% of peripheral arterial disease). 

These authors stated that the macrovascular disease was more 

probable in men than in women (odds ratio [OR], for the incident 

diabetes: 2.3; confi dence interval [CI],: 1.2-4.6; OR for prevalent 

DM: 1.5; CI of 95%: 1.5-2.1).

Mortality
In the individuals with DM, the circulatory diseases constitute 

one of the main causes of mortality. Thus, in Spain, the vascular 

pathology is responsible for the mortality of half of the individu-

als with T2D;20,21 even some study exists that rises this percent-

age up to 75-80%.22 If the mortality related to the DM is ana-

lyzed in an isolated manner, we fi nd that in 2005, in our country, 

the DM was globally the seventh cause of death and occupied the 

8th-9th place in men and the 5th-6th place in women.23,24 These es-

timations are also very similar than the ones found in countries 

like the United States, where the DM was the sixth cause of 

death.25 According to the National Institute of Statistics of Spain, 
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the ischemic cardiopathy was the cause of 90.98 deaths and the 

CVD of 80.23 deaths per 100,000 inhabitants/year, compared to 

a mortality rate specifi c for DM of 23.3 deaths per 100,000 in-

habitants/year.23,24

The population attributable fraction is the proportion in which 

the incidence rate would be reduced of a disease in a population, 

if the exposure to a determined risk factor is eliminated. Banegas 

et al.26 suggested that the population attributable fraction for the 

DM was of approximately 8.3% for the coronary disease and 

3.7% for the CVD. These authors estimated that 2% of the coro-

nary mortality and 1.6% of the cerebrovascular mortality were 

attributable to DM in men, while up to 10.4 and 3.9%, respec-

tively, were in women.

Though the mortality due to coronary disease diminished in 

men with diabetes during the last three decades, it seems that in 

turn it increased in women.27 In Spain; the available data suggest 

the existence of a similar pattern. However, though the preva-

lence of the DM is lightly higher in men, the Spanish women are 

prone to have a worse control of the risk factors than men.28 

Moreover, the women have a worse prognosis once affected by 

the cardiovascular diseases.29 According to a study performed in 

Andalusia, the mortality rate without adjustment was higher in 

women than in men, especially when the age of the cohorts ad-

vanced.30 These results are comparable to the ones described in 

other countries.20

Analytical epidemiology
Influence of diabetes in the ictus subtypes
According to the epidemiological studies, the DM has an in-

fl uence on the CVD model. The types of more frequent brain 

infarctions are of atherothrombotic and lacunar origin. In the 

lacunar infarction, the DM seems as a risk factor that has spe-

cial clinical connotations. Thus, it has been observed that the 

DM, along with the hypertension, are the factors that mostly 

contribute to a greater extension of the subcortical CVD. The 

radiological pattern of multiple lacunar infarctions is more fre-

quent in the patients with DM.31,32 According to these observa-

tions, it can be considered that the diabetic patient with mac-

roangiopathy signs develops a more extensive cerebrovascular 

affectation. The studies of cohorts designed in order to evaluate 

the presence of subcortical ischemic lesions (hyperintensities 

of the white substance in the magnetic resonance) observed that 

the DM is a prognosis factor of its onset and that it was also re-

lated to its progression.33

A great part of the epidemiological studies found that the re-

lationship of the T2D with the hemorrhagic ictus is not so evi-

dent except for the ischemic ictus.34-37 In the Rochester Minne-

sota Study,38 the T2D did not appear as a risk factor for 

hemorrhagic ictus. In the Honolulu Heart Study and the 

Framingham Stroke Study, the incidence of the hemorrhagic ic-

tus in patients with DM diagnosis was similar than the inci-

dence in the general population.39,40
 The relationship between 

the DM and the hemorrhagic ictus could be stated in this last 

study when the male population was analyzed separately. In a 

recent meta-analysis (102 studies) designed to evaluate the re-

lationship of the DM with the different types of vascular dis-

ease, the association between the hemorrhagic ictus and the 

DM has been clearly confi rmed.41

Differences of sex, age and geographic distribution
The DM increases the ictus risk in young adult patients and 

mainly in the female population. This particular behavior of the 

DM as risk factor has been observed in a great part of the epide-

miological studies. Thus, a high ictus risk could be observed in 

younger persons, especially in women in a study that evaluated a 

great cohort that included 41,799 individuals with DM and 

202,733 controls.42 The absolute rate of ictus was of 11.91 per 

1,000 persons/year in the cases with diabetes and 5.55 per 1,000 

persons/year in the control group. The RR for ictus in the group 

aged 35-54 years was of 4.66 in men and 8.18 in women. These 

values diminished with the age. Other key risk factors for ictus in 

patients with T2D according to this study were the DM length, 

the nicotine poisoning, the obesity, the auricular fi brillation and 

the hypertension.

The DAI Study43 detected similar values in the risk for ictus in 

men and women with diabetes during a 4-year follow-up (5.5 vs. 

6.3 ictus per 1,000 persons/year). In both sexes, the age was an 

important risk factor for ictus. In men, the HbA1c and the tobacco 

were the most important additional factors, except for the wom-

en, where the ictus risk was related with the microvascular com-

plications. In the group of individuals with known history of vas-

cular disease, the history of previous ictus and the use of drugs 

(insulin or oral antidiabetics) were the factors related to the ictus 

onset, while in women were the previous ictus, the levels of the 

HDL cholesterol and the micro vascular complications. These 

observations pay attention about the need of a more strict control 

in the detection and treatment of the diabetes in the juvenile pop-

ulation, especially the female population.

Different epidemiological studies have provided data about the 

asymmetric epidemiological behavior regarding to the geograph-

ic distribution of the ictus in a determined region or country. Dur-

ing the last decades, several studies in the United States investi-

gated the causes of the high mortality rate due to ictus in the 

southeast of the country. This area is known for some decades as 

the “ictus belt” (stroke belt).44,45 The high prevalence of DM in 

some of the stages of the “belt” might explain these regional var-

iations.46 It has been proved that there is also a geographic varia-

tion pattern in the mortality rates due to ictus in Spain. During 

the last years, the distribution of the mortality due to CVD per 

autonomous communities shows that the highest mortality rates 

due to CVD, both in men and in women, were observed in the 

southern and east zone, especially in Andalusia and Murcia. The 

statistical records of Andalusia show mortality rates due to ictus 

a 50% higher than of the other communities. This community al-

so shows the highest rates of chronic diseases (hypertension, DM 

and coronary disease) and risk factors (overweight, obesity and 

smoking habit) and worse socio-economic data (education and 

incomes).47 A north-south gradient has been detected in the trans-
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versal epidemiological studies performed in Spain in order to 

evaluate the prevalence of DM, with values of 6% in regions like 

Asturias and Catalonia, and up to 13% in Andalusia. 

Diabetes and carotid disease
In a prospective study it could be observed that the carotid stenos 

is higher than 50% was detected in 8.2% of the patients with dia-

betes, compared to 0.7% of other patients with ictus but not dia-

betic patients.48 The patients with T2D to whom a carotid mur-

mur was detected have six time more risk of showing an ictus 

than the group of diabetic patients without a murmur.49

Some data related to a peculiar atherosclerotic affectation 

could be observed in the diabetic population. Clinical markers 

bond to a higher vascular risk in diabetic patients have been iden-

tifi ed, as the waist-hip rate and the level of circulating insulin, 

which were associated positively to the carotid atheromatosis 

measured by the thickness of the ultrasonographic intima-media 

thickness.50 In the Insulin Resistance Atherosclerosis Study 

(IRAS) stated that the diabetes history and the level of basal gly-

cemia were associated independently to an increase in the inti-

ma-media thickness, indicating that the chronic hyperglycemia 

or its associated metabolic abnormalities are related to the devel-

opment of the atherosclerotic vascular pathology.51 The carotid 

atherosclerotic lesions in diabetic patients can have more risk 

than in the non diabetic patient. In the studies with high-resolu-

tion resonance, the DM behaved as a prognosis factor for the de-

velopment of vulnerable plaques, regardless of the stenosis lev-

el.52 On the other hand, there are observations that indicate a 

higher risk of complications in the atherosclerotic plaques of the 

diabetic patients during interventions of carotid recanalization, 

as the angioplasty or the endarterectomy.53-55

Diabetes and intracranial atheromatosis
The studies that have investigated the relation of the risk factors 

with the atherosclerosis of the great intracranial vessels have al-

lowed knowing that the diabetes in an isolated manner or the DM 

included within such constellation of factors that constitute the 

metabolic syndrome, have an important role in the development 

of intracranial vascular lesions. In a study based on data of au-

topsies, it could be observed that the DM was an important risk 

factor for intracranial atherosclerosis.56

In the clinical studies of DM, it is also linked to the intracrani-

al atherogenesis. In the study Bae et al.57 it appears as a progno-

sis factor of asymptomatic intracranial atherosclerosis of a high-

er range than the arterial hypertension. And this observation is 

neither confi rmed in studies with symptomatic individuals.58 In 

European patients of the Mediterranean, the T2D is associated to 

a greater extension of intracranial atheromatose lesions; thus, the 

diabetic patients show a higher number of intracranial stenosis 

than the non diabetic ones.59 The metabolic syndrome, as a set of 

risk factors, can be considered the main prognosis factor of in-

tracranial atherosclerosis. The association of this entity to the in-

tracranial atherosclerosis is more potent than the extracranial.60

Prognosis
The history of DM has been related to the prognosis in the pa-

tients who show ictus. The diabetic patients have a greater pre-

disposition to show intrahospital complications after an acute 

brain infarction, as urinary infection, recurrence of ictus or pro-

gressive ictus, which are factors that are related to a worse prog-

nosis.61,62 On the other hand, they have a higher hyperglycemia 

frequency >155 mg/dl during the fi rst hours of the brain infarc-

tion, which might have an infl uence in its evolution.61

In the United Kingdom Prospective Diabetes Study (UKPDS), 

the levels of the chronic hyperglycemia, controlled according to 

the values of the HbA1c, appeared in the multivariant analysis as a 

risk factor related to the ictus mortality. The OR for mortal ictus 

was of 1.37 by a 1% of increase in the HbA1c. Along with the hy-

perglycemia, other factors associated to the mortality were sex, 

systolic blood pressure, the values of the leukocytes and the recur-

rence.63 This study proved that the therapeutic strategy addressed 

to a strict metabolic control with oral antidiabetics or insulin might 

have an infl uence in the prognosis of patients with T2D.

The patients with DM also appear as a very vulnerable popula-

tion once they had a fi rst cerebrovascular event. Thus, the recur-

rence risk is increased up to 12 times and, therefore, it is two 

times higher than the non diabetic patient who suffered an ic-

tus.62,64
 The diabetic patient with a transient ischemic accident 

(TIA) has also a higher risk of recurrence during the fi rst week.65 

One of the involved factors in the prognosis of the recurrent ictus 

is the therapeutic effectiveness of the available drugs for the 

acute phase in the diabetic patient. The resistance to the acetyl-

salicylic acid is more frequent in the diabetic population,66 and 

the DM is a factor that increases the bleeding risk in the system-

ic thrombosis.67,68

Conclusions
To sumarize, the diabetic patients show a high cerebrovascular 

risk profi le, with a higher vulnerability in young adults. The epi-

Table 1. Profile of the cerebrovascular disease 
in the patient with diabetes

Diabetes No-diabetes

Ishemic:hemorrhagic 10:1 5:1

Risk of age <55 Greater Lesser

RR male/female Female>Male Male>Female

Lacunar infarct More frequent Less frequent

Silent infarcts More frequent Less frequent

Progression of ischemic 

subcortical lesions

More frequent Less frequent

Transitory ischemic 

attack

More recurrence risk Less recurrence 

risk

Prognosis Less favorable evolution 

in the acute phase

More risk of recurrence
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demiology indicates that prevention activities should be intensifi ed 

in the diabetic population with the aim of reducing the incidence, 

the prevalence and the rate of mortality of the cerebrovascular 

complications. ■
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Introduction
The transient ischemic attack (TIA) is a brief event of loss of a 

brain function or retinine originated by the ischemia in the vas-

cular territory, which reverts without leaving any lesion, and 

has a duration of less than one hour. The TIA precedes the 

atherothrombotic infarction in 25-30% of the cases, the cardio 

embolic infarction in 11-30% and the lacunar infarction in 11-

14%. Moreover, the highest ictus risk in a patient with TIA 

takes place during the fi rst week.1 It is very diffi culty to deter-

mine precisely the incidence of the TIA as, due to the transient 

nature and the absence of lesions, a great part of the patients 

who suffer it do not consult with their physicians and the diag-

nosis accuracy in those who perform the consultation is under 

30% when they are seen by non-specialist physicians. However, 

at present a TIA is considered as an ischemic ictus in order to 

consider the secondary prevention and treatment and the guide-

lines2 recommend an identical handling as the determined is-

chemic ictus.

Several epidemiological studies have demonstrated that the 

DM is one of the main vascular risk factors known as modifi -

able or potentially modifi able.3 Studies of cohorts and of cases 

and controls show that the risk of brain infarction increases be-

tween two and six times regarding to the diabetic patients, and 

it has been estimated that the risk of ictus attributed to DM is 

of 18% in men and 22% in women.4 However, the works that 

consider the DM as a risk factor in the ictus recurrence are 

scarce in the literature.5 Approximately, a third party of the pa-

tients with ictus have DM history,6 but during the ictus acute 

phase  high values of glucose that are kept even at discharge 

last after 3 months in 60-80% of the patients.7 Globally, the pa-

tients with DM show a higher load of vascular risk factors, as-

sociating blood hypertension, hyperlipemia, coronary disease 

and/or carotid atheromatous in most of the cases; all of them 

also independent risk factors for the development of a brain in-

farction.8
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Abstract
Ischemic cerebrovascular disease (transient ischemic attack and stroke) and 

diabetes mellitus are highly prevalent entities in our society. They are closely 

interlinked, being diabetes at same time a risk and prognostic factor for 

stroke. The prevention of stroke in patients with diabetes require a multidisci-

plinary approach, with interventions aimed at reducing metabolic stress, high 

blood pressure control and diminishing levels of LDL-cholesterol. The use of 

certain antidiabetic drugs (thiazolidinediones and sulphonylureas) may be rele-

vant in acute cerebral ischemia. However the drug of first choice will be met-

formin.
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Resumen
La patología vascular cerebral isquémica (ataque isquémico transitorio e infarto 

cerebral) y la diabetes mellitus son entidades muy prevalentes en nuestra sociedad. 

Ambas están estrechamente relacionadas entre sí, siendo esta última a la vez fac-

tor de riesgo y de pronóstico en el ictus. La prevención del ictus en los pacientes 

con diabetes va a exigir un abordaje multidisciplinar, con actuaciones encaminadas 

al control metabólico, la reducción de la presión arterial y la disminución de los ni-

veles de colesterol LDL. La utilización de algunos fármacos antidiabéticos (tiazoli-

dinedionas y sulfonilureas) va a tener cierta importancia en la isquemia cerebral 

aguda. Sin embargo, el fármaco de primera elección será metformina.
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Prevention of ictus in patients 
with diabetes mellitus
The fact of suffering from diabetes multiplies by six the risk of 

showing an ictus or a TIA compared with the non-diabetic popu-

lation. Moreover, we know that 80% of the diabetic patients with 

ictus will suffer complications and/or death due to macrovascular 

diseases as the coronary disease, the cerebrovascular disease or 

the peripheral vasculopathy.9 Therefore, the preventive measures 

shall not only be addressed to prevent the ictus, but also other mi-

crovascular and macrovascular complications.

Healthy life
The fi rst aspect we have to consider is the acquisition of healthy 

life habits, with appropriate diets and the performance of physi-

cal exercise on a regular basis.10 In a recent study it could be ob-

served that men and women with moderate physical exercise had 

an ictus risk of 20% lower than those who did not perform exer-

cise and in those who performed an intense physical activity the 

reduction was higher, 27%.11  Such reduction as regards to the 

risk has been attributed because the exercise reduces the values 

of the blood pressure (BP) and weight,12 improves the vasodila-

tation13 and also the tolerance to glucose.14 Through the modifi -

cation of the lifestyle, the exercise can minimize the need of 

pharmacological interventions or might improve certain objec-

tives of the treatment.

Control of vascular risk factors
Hypertension
A strict control of the BP in patients with diabetes determines a 

reduction of the relative risk of ictus up to 44%.15 Though the 

level of reduction of the BP is the most important factor, it could 

be observed that the choice of certain drugs has proved a greater 

benefi t in some works. The use of  angiotensin converting en-

zyme inhibitor (ACEI) and the angiotensin II receptor antago-

nists (ARA II), besides reducing the ictus risk, it proves addition-

al benefi ts, as the reduction of the diabetic nephropathy and 

albuminuria progression.16 Therefore, the current guidelines on 

the prevention of vascular complications in patients with diabe-

tes recommend that all the patients with DM and blood hyperten-

sion should be treated with an ACEI or an ARA II and, if neces-

sary, they shall be associated to other hypotensive drugs with the 

objective of achieving a BP lower than 130/80 mmHg.2,9

Dyslipidemia
In the Heart Protection Study (HPS), in which simvastatin was 

administered at doses of 40 mg/day vs. a placebo to a population 

of patients with high vascular risk (including diabetic patients), a 

clear benefi t could be observed (reduction of the RRR of 25%) in 

the incidence of ictus, besides a reduction of 24% in the vascular 

events (acute coronary events, ictus or revascularization surgery) 

and 17% in the reduction of the vascular death.17 The CARDS 

(Collaborative Atorvastatin Diabetes Study) also showed the 

benefi t of the treatment with atorvastatin 10 mg in patients with 

T2D, with a RRR of 37% for vascular events and 48% for ictus.18 

Other clinical trials with statins that have included a lower num-

ber of patients with DM found similar reductions, both in the car-

diovascular and cerebrovascular events.19,20 At present, the Na-

tional Cholesterol Education Program ATP III21 and its update22 

recommend to implement a treatment if the LDL cholesterol is 

≥100 mg/dl in patients with DM.

Antidiabetic treatment
It is proved that the strict control of the glycemia reduces signifi -

cantly the microvascular complications as the retinopathy, the 

nephropathy or the diabetic neuropathy.19 However, it is not quite 

clear if this control of the hyperglycemia could also reduce the 

macrovascular complications.9 The data about the effectiveness 

of the glycemia control in the macro vascular complications (in-

cluding ictus) are limited. Though at fi rst the randomized clinical 

trials about the intensive control of the glycemia in patients with 

T1D and T2D did not demonstrate any relevant reduction in the 

risk, the follow-up of the cut at long term proved a benefi t of the 

intensive therapy on the reduction of the cardiovascular events.23 

The analysis of data of the randomized trials at long term sug-

gests a reduction in the vascular events, especially in those pa-

tients with a lower accumulation of vascular risk factors or less 

atheromatous disease when included.24 Below, we will review the 

studies that analyze the prevention of ictus in patients treated 

with antidiabetic drugs.

Insulin
Nathan et al.25 conducted a clinical trial in 1,441 patients with 

T1D in which the effects of an intensive treatment with insulin 

was evaluated (three or more doses of insulin and strict glycemic 

objectives: pre-prandial glycemias between 0 and 120 mg/dl and 

postprandial <180 mg/dl) compared to the conventional therapy 

(one or two doses of insulin with the aim of avoiding hyper and 

hypoglycemia symptoms). The results demonstrated that the in-

tensive treatment  caused a reduction up to 42% (CI of 95%: 

9-63) in the accumulated risk of showing a fi rst vascular event6 

(myocardial infarction, ictus, death due to vascular cause, sub-

clinical myocardial infarction, angina, revascularization by 

means of angioplasty or aorto-coronary by pass) and a reduction 

of 57% in the risk of suffering a myocardial infarction, ictus or 

death due to vascular cause.26 In patients with T2D, a clinical tri-

al with 100 obese Japanese was performed, in which it has been 

compared an intensive treatment with insulin vs. the convention-

al therapy and, could be observed a non relevant reduction of the 

risk of showing a vascular event (RRR of 46%).27 At present, it is 

suggested that a glycemic control close to the normality values 

(HbA1c <6%) can have a positive effect on the reduction of the 

vascular events; however, new studies are needed as well as  bet-

ter evidence in order to take fi rm conclusions about the role of 

the insulin in the prevention of the ictus.

Sulphonylureas
The sulphonylureas are a group of drugs that inhibit the K+ chan-

nels of the pancreatic β cells (SUR1 receptors). The presence of 
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SUR 1 receptors in astrocyte calcium channels have been detect-

ed in experimental studies, which under ischemia conditions 

contribute to the formation of cytotoxic edema that causes the 

cellular death. When these channels are blocked by glibencla-

mide in experimental models, a lower volume of infarction and 

less edema is achieved.28 In a retrospective analysis of 61 patients 

with T2D who showed ictus and who were under previous treat-

ment with sulphonylureas, a better clinical evolution could be 

observed (measured in the NIHSS) as well a better prognosis (in-

dependence after 3 months) compared to the patients who did not 

take sulphonylureas.29 However, there are a lot of data in the lit-

erature that do not recommend the use of sulphonylureas as fi rst 

choice treatment in the prevention of cardiovascular events.

Metformin
In a classic study in obese patients with T2D in which four 

groups were compared (strict glycemic control with metformin, 

sulphonylureas, or insulin vs. the conventional treatment), it 

could be observed that the patients treated with metformin had a 

lower rate of cerebrovascular events,30 therefore since then the 

use of metformin has been suggested as fi rst line drug in patients 

with DM and diabetes. Later analysis of the UKPDS kept on 

demonstrating these results at long term.23 To present, metformin 

proved to be the best antidiabetic drug in the cardiovascular pre-

vention.

Thiazolidinediones 
This group of drugs, in which only pioglitazone is included, they 

are agonists of the peroxisome proliferator-activated receptor 

gamma (PPAR-γ). The PPAR-γ receptor is a nuclear receptor that 

works as a regulator of the transcription of several genes, as the 

ones in charge of the lipoproteic metabolism regulation or the 

homeostasis of the glycemia  (hypoglycemiant effect), and a 

great number of them show endogenous anti-infl ammatory activ-

ity.31 Therefore, this group of drugs comprise a wide range of 

functions, among which the regulation of the glycemia through 

an increase of the sensitivity to the circulating insulin in muscles 

and adipocytes is included, as well as the reduction of the levels 

of triglycerides, the increase of the high density circulating lipo-

protein levels (HDL), the reduction of the proliferation and the 

reactivity of the smooth muscular fi bers, the increase of the nitric 

oxide levels, the reduction in the migration of the monocytes to-

wards the atherosclerosis lesions and the increase of the endog-

enous fi brinolysis. 

In an observational study it could be observed that those pa-

tients with high levels of an endogenous activator of the PPAR-γ 
(the 15d-PGJ2) during the acute phase of the ictus had a better 

clinical and functional prognosis, as well as a lower volume of 

infarctions, proposing a benefi t of these agonists during the ictus 

acute phase in the same work.32 It has been compared recently, in 

patients with T2D, the effect of the pioglitazone with glimepiride 

administered during 72 weeks on the carotid intima-media thick-

ness (IMT), observing in patients treated with PPAR-γ agonists a 

reduction of the IMT up to –0.001 mm (CI of 95%: [–0.024]- 

[–0.002]).33 In  a sub-analysis of the clinical trial PROactive (sec-

ondary prevention study of vascular events in patients with T2D 

and history of macro vascular affectation), in which the effi cacy 

of pioglitazone was evaluated as treatment added to the conven-

tional therapy in the reduction of vascular events, it could be ob-

served that those patients with history of ictus who took pioglita-

zone had a lower incidence of new ictus.34 However,  other 

clinical trials with other thiazolidinediones have not proved any 

benefi t in the prevention of new vascular events. Unfortunately, 

the usefulness of this group of drugs has been darkened by its ad-

verse effects (cardiac failure), up to the point not to recommend 

its use.35

Antiaggregant treatment
In patients with DM with a high vascular risk (aged over 40 years 

or additional risk factors as family history of vascular diseases,  

blood hypertension, smoking habit, dyslipidemia or albuminu-

ria), the use of acetylsalicylic acid is recommended at doses  

ranging between 75 and 162 mg per day in the primary preven-

tion of vascular complications.9 The use of platelet antiaggrega-

tion is recommended in all the patients who suffered a non cardi-

oembolic ictus, regardless of being diabetic or not.2

Prognosis markers by means 
of imaging techniques
It is useful to resort to imaging techniques to screen high-risk di-

abetic patients. Ultrasound is the choice technique in primary 

prevention. Due to its reproducibility and safety, they allow the 

application to great groups of population and help in the stratifi -

cation and follow-up. After an ictus or a TIA, the neuro-imaging 

techniques allow assessing the level of vascular affectation and, 

consequently, the recurrence risk: thus, its usefulness in the sec-

ondary prevention (fi gure 1).

Ultrasounds
The more used three techniques for the stratifi cation of the vas-

cular risk in patients with diabetes is the measurement of the an-

kle-arm, the quantifi cation of the intima-media index and the es-

timation of the endothelium-dependent vasodilatation.

Ankle-arm index
It is only necessary to count with a 8 MHz Doppler apparatus for 

its performance as well as with a sphygmomanometer to allow 

measuring the systolic blood pressure (SBP) at the brachial ar-

tery level and the pedia or posterior tibia artery. Then, through a 

simple estimation (SBP ankle/SBP arm), we can evaluate the lev-

el of obliteration of the femoral and popliteal arteries. We con-

sider an ankle-arm index (AAI) between 0.7 and 0.89 as marker 

of mild-moderate peripheral arterial disease (asymptomatic pa-

tients or intermittent claudication at long distances) and an AAI 

lower than 0.7 as moderate-serious peripheral artery disease (in-

termittent claudication at less of 100 meters or pain at rest). Sev-

eral studies have demonstrated that the presence of an AAI under 

0.9 in a diabetic patient is a marker of mortality, preclinical ca-
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rotid atheromatous, coronariopathy risk or ictus. The American 

Diabetes Association recommends its use to all the diabetic patients 

older than 50 years and under 50 years old who show more vascu-

lar risk factors or more than 10 years of the disease evolution.36

Intima-media index
For its performance, it is necessary to count with an echo-Dop-

pler with lineal catheter between 5 and 10 MHz to allow doing an 

image in B mode of the third distal of the common carotid. We 

can measure the thickness between the intima and media layers 

of the artery at this level. The IMT keeps a very close relation-

ship with the presence of vascular risk factors, especially with 

the hypertension. Higher the IMT is, there is a higher presence of 

vascular risk factors. In the Cardiovascular Health Study, in 

which 5,201 patients were included older than 65 years with a 

13% of proportion of diabetic subjects, it could be observed that 

the patients with a higher IMT has a risk of ictus or myocardial 

infarction of 36.5% (7 years), vs. 9.2% in the group with a lower 

IMT.37

Endothelium dysfunction
This technique is more complex and requires certain experience 

by the explorer. It consists of estimating the level of vasodilata-

tion of the brachial artery induced by an ischemia of 4 minutes.38 

Though its performance is not so disclosed and standardized as 

the two previous techniques, there are several studies that have 

proved that a endothelium-dependent vasodilatation lower than 

4.5% is a good prognosis factor of vascular death, ictus of AAI. 

Neuro-imaging
The performance of a neuro-imaging technique (CT or MR) is 

obligatory in the diagnosis of the brain vascular disease (ictus or 

TIA). A detailed observation of the test will allow fi nding prog-

nosis markers that will be useful when stating the prevention 

treatment in our patient.

Silent infarctions. The silent infarctions, as their name states, 

are ischemic lesions that did not have any clinical repercussion. 

They are generally of big size and are usually located in the 

white semioval matter or in the zone of the basal glands. Its pres-

ence is associated to the vascular risk factors, especially hyper-

tension, and has been used as prognosis markers for the develop-

ment of vascular dementia (risk at 5 years in persons over 60 

years old of 52-82%) or incidence of new ictus (annual risk of 

10%). 

Leukoaraiosis. This is a word of Greek origin (leuko, white and 

araios, rarefaction), coined by the Canadian neurologist Vladimir 

Hachinski in 1987, which is used to describe the diffuse loss of 

density in the white matter and the periventricular areas. Though 

the cause of this demyelinization has not been clearly clarifi ed, it 

is directly related with vascular risk factors (hypertension, diabe-

tes, age) and its presence is a strong prognosis factor of dementia 

risk and vascular recurrence (2.8%/year).39

Conclusions
Both the cerebrovascular disease (TIA or brain infarction) and 

the diabetes mellitus are very prevalent entities in our society and 

are closely related between them, being the latter a risk factor 

and prognosis in the ictus. The prevention of the ictus in patients 

with DM requires a global strategy, with performances not only 

addressed to the metabolic control with normalization of the gly-

cemia, but also to the reduction of the blood pressure and the 

LDL cholesterol levels. The importance of the glycemic control 

is clearly stated in the microvascular prevention and there is 

more evidence about the relevance in the prevention of the mac-

rovascular events.

In spite of the fact that the use of thiazolidinediones and sul-

phonylureas might have a protector effect on the acute brain is-

chemia, its adverse effects makes them not the most recom-

mended drugs to be used at present. So far, metformin has 

proved to be the fi rst choice drug in the glycemic control in di-

abetic patients. ■

Declaration of potential confl icts of interest
There are no confl icts of interest by the authors.

References
1. Rothwell PM, Warlow CP. Timing of TIAs preceding stroke: time window for 

prevention is very short. Neurology. 2005;64:817-20.

Figure 1. Prognosis markers of imaging. A: measurement of the intima-
media index in the free wall of the right common carotid. B: grade III 
leukoaraiosis in a potentiated T2 magnetic resonance

Practical considerations

•  The risk of brain infarction in diabetic patients increa-
se two to six times compared to the non-diabetic pa-
tients.

•  The diabetes, besides a risk factor, is a prognosis fac-
tor in the ictus. The patients will show a higher load of 
vascular risk factors, associating the blood hyperten-
sion, hyperlipemia, coronary disease and/or carotid 
atheromatouses in most of the cases.

•  The strict control of the blood pressure in patients with 
diabetes determines a relative risk reduction up to 
44% and the treatment of the hyperlipemia up to 25%.

A B



Seminars on diabetes

Prevention of stroke in diabetic patients. M. Blanco, et al.

407

2. Sacco RL, Adams R, Albers G, Alberts MJ, Benavente O, Furie K, et al. Guidelines 
for prevention of stroke in patients with ischemic stroke or transient ischemic 
attack: a statement for healthcare professionals from the American Heart 
Association/American Stroke Association Council on Stroke: co-sponsored by the 
Council on Cardiovascular Radiology and Intervention: the American Academy of 
Neurology affi rms the value of this guideline. Stroke. 2006;37:577-617.

3. Lukovits TG, Mazzone TM, Gorelick TM. Diabetes mellitus and cerebrovascular 
disease. Neuroepidemiology. 1999;18:1-14.

4. Stegmayr B, Asplund K. Diabetes as a risk factor for stroke. A population 
perspective. Diabetologia. 1995;38:1061-8.

5. Hillen T, Coshall C, Tilling K, Rudd AG, McGovern R, Wolfe CD. Cause of stroke 
recurrence is multifactorial: patterns, risk factors, and outcomes of stroke 
recurrence in the South London Stroke Register. Stroke. 2003;34:1457-63.

6. Jorgensen H, Nakayama H, Raaschou HO, Olsen TS. Stroke in patients with 
diabetes. The Copenhagen Stroke Study. Stroke. 1994;25:1977-84.

7. Vancheri F, Curcio M, Burgio A, Salvaggio S, Gruttadauria G, Lunetta MC, et al. 
Impaired glucose metabolism in patients with acute stroke and no previous 
diagnosis of diabetes mellitus. QJM. 2005;98:871-8.

8. Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Pedersen O. Multifactorial 
intervention and cardiovascular disease in patients with type 2 diabetes. N Engl J 
Med. 2003;348:383-93.

9. Buse JB, Ginsberg HN, Bakris GL, Clark NG, Costa F, Eckel R, et al. Primary 
prevention of cardiovascular diseases in people with diabetes mellitus: a scientifi c 
statement from the American Heart Association and the American Diabetes 
Association. Circulation. 2007;115:114-26.

10. Thompson PD, Buchner D, Pina IL, Balady GJ, Williams MA, Marcus BH, et al. 
Exercise and physical activity in the prevention and treatment of atherosclerotic 
cardiovascular disease: a statement from the Council on Clinical Cardiology 
(Subcommittee on Exercise, Rehabilitation, and Prevention) and the Council on 
Nutrition, Physical Activity, and Metabolism (Subcommittee on Physical Activity). 
Circulation. 2003;107:3109-16.

11. Lee CD, Folsom AR, Blair SN. Physical activity and stroke risk: a meta-analysis. 
Stroke. 2003;34:2475-81.

12. Kokkinos PF, Narayan P, Colleran JA, Pittaras A, Notargiacomo A, Reda D, et al. 
Effects of regular exercise on blood pressure and left ventricular hypertrophy in 
African-American men with severe hypertension. N Engl J Med. 
1995;333:1462-7.

13. Endres M, Gertz K, Lindauer U, Katchanov J, Schultze J, Schrock H, et al. 
Mechanisms of stroke protection by physical activity. Ann Neurol. 2003;54:
582-90.

14. Dylewicz P, Przywarska I, Szczesniak L, Rychlewski T, Bienkowska S, Dlugiewicz I, 
et al. The infl uence of short-term endurance training on the insulin blood level, 
binding, and degradation of 125I-insulin by erythrocyte receptors in patients after 
myocardial infarction. J Cardiopulm Rehabil. 1999;19:98-105.

15. UKPDS 38. Tight blood pressure control and risk of macrovascular and 
microvascular complications in type 2 diabetes: UK Prospective Diabetes Study 
Group. BMJ. 1998;317:703-13.

16. Gerstein HC. Reduction of cardiovascular events and microvascular complications 
in diabetes with ACE inhibitor treatment: HOPE and MICRO-HOPE. Diabetes Metab 
Res Rev. 2002;18 Suppl 3:S82-5.

17. Collins R, Armitage J, Parish S, Sleigh P, Peto R. MRC/BHF Heart Protection Study 
of cholesterol-lowering with simvastatin in 5,963 people with diabetes: 
a randomised placebo-controlled trial. Lancet. 2003;361:2005-16.

18. Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HA, Livingstone SJ, 
et al. Primary prevention of cardiovascular disease with atorvastatin in type 2 
diabetes in the Collaborative Atorvastatin Diabetes Study (CARDS): 
multicentre randomised placebo-controlled trial. Lancet. 2004;364:685-96.

19. Prevention of cardiovascular events and death with pravastatin in patients with 
coronary heart disease and a broad range of initial cholesterol levels. The Long-
Term Intervention with Pravastatin in Ischaemic Disease (LIPID) Study Group. 
N Engl J Med. 1998;339:1349-57.

20. Goldberg RB, Mellies MJ, Sacks FM, Moye LA, Howard BV, Howard WJ, et al. 
Cardiovascular events and their reduction with pravastatin in diabetic and glucose-
intolerant myocardial infarction survivors with average cholesterol levels: subgroup 
analyses in the Cholesterol and Recurrent Events (CARE) trial. The Care 
Investigators. Circulation. 1998;98:2513-9.

21. Adult Treatment Panel III. Third Report of the National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults (Adult Treatment Panel III) fi nal report. Circulation. 
2002;106:3143-421.

22. Grundy SM, Cleeman JI, Merz CN, Brewer HBJ, Clark LT, Hunninghake DB, et al. 
Implications of recent clinical trials for the National Cholesterol Education Program 
Adult Treatment Panel III guidelines. Circulation. 2004;110:227-39.

23. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up 
of intensive glucose control in type 2 diabetes. N Engl J Med. 
2008;359:1577-89.

24. Standards of Medical Care in Diabetes –2010. Diabetes Care. 2010;33:S11-61.
25. Nathan DM. Long-term complications of diabetes mellitus. N Engl J Med. 

1993;328:1676-85.
26. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard TJ, et al. 

Intensive diabetes treatment and cardiovascular disease in patients with type 1 
diabetes. N Engl J Med. 2005;353:2643-53.

27. Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S, Motoyoshi S, et al. Intensive 
insulin therapy prevents the progression of diabetic microvascular complications in 
Japanese patients with non-insulin-dependent diabetes mellitus: a randomized 
prospective 6-year study. Diabetes Res Clin Pract. 1995;28:103-17.

28. Zhu HL, Luo WQ, Wang H. Iptakalim protects against hypoxic brain injury through 
multiple pathways associated with ATP-sensitive potassium channels. 
Neuroscience. 2008;157:884-94.

29. Simard JM, Chen M, Tarasov KV, Bhatta S, Ivanova S, Melnitchenko L, et al. Newly 
expressed SUR1-regulated NC(Ca-ATP) channel mediates cerebral edema after 
ischemic stroke. Nat Med. 2006;12:433-40.

30. UKPDS 34. Effect of intensive blood-glucose control with metformin on 
complications in overweight patients with type 2 diabetes. UK Prospective 
Diabetes Study (UKPDS) Group. Lancet. 1998;352:854-65.

31. Jiang C, Ting AT, Seed B. PPAR-gamma agonists inhibits production of monocyte 
infl ammatory cytokines. Nature. 1998;391:82-6.

32. Blanco M, Moro MA, Dávalos A, Leira R, Castellanos M, Serena J, et al. Increased 
plasma levels of 15-deoxydelta prostaglandin J2 are associated with good 
outcome in acute atherothrombotic ischemic stroke. Stroke. 2005;36:1189-94.

33. Mazzone T, Meyer PM, Feinstein SB, Davidson MH, Kondos GT, D’Agostino RBS, 
et al. Effect of pioglitazone compared with glimepiride on carotid intima-media 
thickness in type 2 diabetes: a randomized trial. JAMA. 2006;296:2572-81.

34. Wilcox R, Bousser MG, Betteridge DJ, Schernthaner G, Pirags V, Kupfer S, et al. 
Effects of pioglitazone in patients with type 2 diabetes with or without previous 
stroke: results from PROactive (PROspective pioglitAzone Clinical Trial In 
macroVascular Events 04). Stroke. 2007;38:865-73.

35. Freemantle N. Commentary: What can we learn from the continuing regulatory 
focus on the thiazolidinediones? BMJ. 2010;341:c4812.

36. American Diabetes Association. Peripheral arterial disease in people with diabetes. 
Diabetes Care. 2003;26:3333-41.

37. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SKJ. Carotid-
artery intima and media thickness as a risk factor for myocardial infarction and 
stroke in older adults. Cardiovascular Health Study Collaborative Research Group. 
N Engl J Med. 1999;340:14-22.

38. Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, Charbonneau F, Creager 
MA, et al. Guidelines for the ultrasound assessment of endothelial-dependent 
fl ow-mediated vasodilatation of the brachial artery: a report of the International 
Brachial Artery Reactivity Task Force. J Am Coll Cardiol. 2002;39:257-65.

39. Kuller LH, Longstreth WTJ, Arnold AM, Bernick C, Bryan RN, Beauchamp NJJ. 
White matter hyperintensity on cranial magnetic resonance imaging: a predictor of 
stroke. Stroke. 2004;35:1821-5.



Av Diabetol. 2010;26:408-13Diabetología
avances en

408

Introduction
The ictus or acute cerebrovascular attack corresponds to the 

group of vascular diseases, as the ischemic cardiopathy and the 

peripheral arteriopathy. The ictus is a disease of very high prev-

alence and impact in the society. It might appear at any age, but 

it is more frequent in advanced ages. Taking into account the 

increase of life expectation that is foreseen for future years, it 

is estimated that its fi gures shall increase progressively. Ap-

proximately 85% of the ictus are ischemic and 15% are hemor-

rhagic. Prevalence is of 2-5% and shows an incidence of 500 

per each 100,000 inhabitants. An ictus takes place each 6 min-

utes in Spain. It constitutes the fi rst cause of discapacity and it 

is the fi rst cause of death in women and the second in the glob-

al population.

In general, the ictus causes a serious disorder in the subject 

who suffers from it, and its abrupt onset conditions a radical 

change in the functional situation, which affects the social envi-

ronment in a parallel manner. Moreover, the onset of repeated ep-

isodes, sometimes sub-clinical, causes the onset of dementia in 

other percentage of patients, named in this case as vascular de-

mentia and constitutes the second cause of dementia after the 

Alzheimer disease. Only 15% of the ictus are preceded of a tran-

sient ischemic attack (TIA). The treatment and prevention cam-

paigns, the acknowledgement and consciousness-raising by the 

population regarding to this disease, and the increasing onset of 

several modalities of treatment in the acute phase (ictus units, in-

travenous thrombosis, neurovascular interventionism) are modi-
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Abstract
Hyperglycemia in the acute phase of stroke is a common problem. When pre-

sent it’s associated with a poor outcome of patients with both ischemic and 

hemorrhagic stroke, and equally in diabetic and non-diabetic patients. High 

levels of plasma glucose are associated with the infarct volume growth, higher 

rates of disability and increased mortality. In addition, hyperglycemia decreases 

effectiveness of intravenous fibrinolysis, resulting in lower rates of recanaliza-

tion, and increasing its most feared complication, the hemorrhagic transformation. 

So far, randomized clinical studies aimed at lowering glycemia in the acute 

phase of stroke have not demonstrated clinical benefits. Currently, we recom-

mend monitoring of blood glucose during hospitalization to achieve normogly-

cemic levels, avoiding elevations higher than 155 mg/dl, a cut-off point be-

yond complications may occur.

Keywords: hyperglycemia, stroke, cerebrovascular events, treatment, fibrino-

lysis, thrombolysis.

Resumen
La hiperglucemia en la fase aguda del accidente vascular cerebral es un problema 

frecuente. Cuando está presente se asocia a una mala evolución de los pacientes, 

tanto en los ictus isquémicos como en los hemorrágicos, y del mismo modo en 

pacientes con diabetes como en los no diabéticos. Las cifras elevadas de glucemia 

plasmática se relacionan con el crecimiento del volumen del infarto, unas mayores 

tasas de discapacidad y un aumento de la mortalidad. Por otro lado, la hipergluce-

mia disminuye la efectividad de la fi brinolisis intravenosa, consiguiéndose menores 

tasas de recanalización arterial y aumentando su complicación más temida, la 

transformación hemorrágica. Hasta el momento, los estudios aleatorizados que han 

probado la disminución de las cifras de glucemia en la fase aguda del ictus no 

han demostrado benefi cios clínicos. Actualmente se recomienda la monitorización 

de la glucemia durante el ingreso hospitalario con el objetivo de conseguir cifras de 

normoglucemia, evitando ascensos por encima de 155 mg/dL, umbral a partir del 

cual pueden aparecer las complicaciones.

Palabras clave: hiperglucemia, ictus, accidente cerebrovascular, tratamiento, 

fibrinolisis, trombolisis.
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fying its natural evolution, in a devastating mode in many occa-

sions if there is not an immediate intervention.1-3

It is essential to keep an adequate hemodynamic situation in 

the treatment of acute ictus in order to minimize the effects of the 

ischemia and to avoid that the areas with an unadequate oxygen-

ation increase. The glycemia is one of the parameters that shall 

be controlled in the ictus unit. The hyperglycemia in the ischem-

ic ictus is very usual and is present in the acute phase of the ictus 

in approximately 20-25% of the patients, affecting 100% of the 

diabetic patients during the fi rst 8 hours and up to 50% of the 

non-diabetic patients. These are normally moderate values of hy-

perglycemia. The relative risk of mortality in non-diabetic pa-

tients who show hyperglycemia in the acute phase of the ictus in-

creases three times.4

It is known that the presence of hyperglycemia at admission is 

associated to an incorrect evolution after the ictus, conferring a 

worse functional prognosis and higher rates of brain hemorrhag-

es, both in diabetic and non-diabetic patients. The history of dia-

betes mellitus is also associated per se to an inadequate progno-

sis. It was recommended to treat the glycemias over 200 mg/dl in 

the acute ictus long ago in order to avoid the harmful effects of 

the hyperglycemia. At present, the consensus guidelines of the 

American Heart Association (AHA) and the ictus recommend 

starting treatment with insulin as from values of 140-185 mg/dl 

(class II, C evidence level).5

Not only the hyperglycemia should be taken into account in 

the acute ictus, but also the hypoglycemia should be avoided re-

garding brain damages that might arise from this situation. In 

fact, considering any acute neurological defi cit, the fi rst thing 

that should be ruled out is the cause that it is an hypoglycemia 

that simulates an ischemic defi cit. Thus, a close monitoring of 

the glycemic values should be performed in order to avoid hypo-

glycemia situations as well. The administration of glucose and 

potassium supplement is considered in case they are necessary.5

Physiopathology
An important percentage of patients with hyperglycemia in the 

acute phase of the ischemic ictus are already diabetic, and in the 

rest this triggers by the release of the cortisol and noradrenalin 

secondary to the stress that goes along with the process. The hu-

man brain does not count, as other organs, with energetic depos-

its, therefore the cells of the central nervous system need a con-

tinuous blood fl ow to provide oxygen and the necessary glucose 

to keep the metabolic activity. This turns the brain into an espe-

cially vulnerable organ to ischemia.

In the ictus with great areas of penumbra, of feasible brain tis-

sue but in ischemic situation, the hyperglycemia increases the an-

aerobic metabolism. This generates a lactic acidosis, with mito-

chondrial dysfunction and production of free radicals. This 

promotes the onset of biological cascades that accelerate the cel-

lular death, which might trigger the alteration of the gene expres-

sion in the ischemic neurons. The lactic acidosis caused by the 

anaerobic metabolism of the glucose displaces the calcium in its 

binding to intracellular proteins, increasing the concentration of 

intracellular free calcium. The increase in the intracellular con-

centration of calcium demonstrated to be decisive in the process 

of cellular damage, as it induces the following phenomena: re-

lease of neurotransmitters as the glutamate, responsible in great 

part of the excitotoxicity phenomena; inhibition of the energy 

production (adenosine triphosphate [ATP] and activation of en-

zymes that intervene in the degradation of proteins, nucleic acids 

and phospholipids. 

The hyperglycemia can also produce the peroxidation of the li-

pids directly as well as cellular death in the metabolically dam-

aged tissue. On the other hand, the free fatty acids released in the 

presence of an insulin-resistance condition act jointly with the 

hyperglycemia, altering the vascular reactivity. Another poten-

tially derived damage of the hyperglycemia is that it might alter 

the hematoencephalic barrier, with the consequent onset of 

brain edema and increase of hemorrhagic transformation risk 

(fi gure 1).6

Studies of hyperglycemia 
in the ischemic ictus
In a study that evaluated the dynamics of the hyperglycemia in 

the acute ictus, taking a baseline control and another after 24 

hours, it could be observed that the non-diabetic patients with 

hyperglycemia kept both at admission and after 24 hours showed 

higher rates of dependence, mortality and brain hemorrhages. 

The different adaptation of the organism to the hyperglycemia in 

both groups of patients, with the starting of different mechanisms 

to face the hyperglycemia, with an already organized adaptation 

in the diabetic patients, might explain these differences.7 

The multicenter study GLIAS (Glycemia in Acute Stroke), 

performed in our country by the Study Group of Cerebrovascular 

Figure 1. Physiopathology of the effects of the hyperglycemia in the acute 
ischemic ictus
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Diseases, tried to determine the threshold of the glycemia on 

which the wrong evolution of the patients could be observed. The 

cut point was stated in 155 mg/dl. Any increase of the glycemia 

over this value during the fi rst 48 hours after the ictus conferred 

an inadequate prognosis as regards to higher rates of discapacity 

(score >2 in the modifi ed Rankin scale [MRS] and mortality (ta-

ble 1). This happened independently from the ictus seriousness, 

the size of the infarction, the age of the patient and the presence 

or not of previous diabetes.8 In a post hoc analysis of this same 

study, it could be observed that 40% of the patients with hyper-

glycemia kept values of >155 mg/dl in spite of the hypoglycemi-

ant treatment.9

Taking into account the multiple studies that stated the harm-

ful effects of the hyperglycemia in the acute ictus, a study was 

performed in the United Kingdom in order to observe if the cor-

rection of glycemia values improved the prognosis of the patients 

with acute ictus, in an analogous manner as demonstrated in the 

acute myocardial infarction.10 For such purpose, in the study 

GIST-UK (UK Glucose Insulin in Stroke Trial) a group of pa-

tients was randomized who received an intravenous solution of 

500 ml of glucose, insulin and potassium (dextrose 10%, 20 mEq 

of potassium chloride and 14 IU of insulin) with the aim of keep-

ing glycemias between 72 and 126 mg/dl, vs. a control group that 

received only physiological salt serum (2,400 ml/24 h). It was 

not demonstrated that the treated group improved its prognosis 

regarding to the controls, as there has not been relevant differenc-

es in the mortality or in the discapacity between both groups.

This study shows also a series of limitations that might have 

infl uenced on the results. First, most of the treated patients did 

not show hyperglycemias >150 mg/dl, since patients with glyce-

mias between 108 and 306 mg/dl were included. In fact, the 

mean of the initial glycemia was of 136 mg/dl and only 14% of 

the patients showed values of glycosylated hemoglobin of 

>7.5%. Second, the treated group associated a fall in the values 

of the systolic blood pressure that might have infl uenced nega-

tively on the damage of the penumbra areas, fact that was coun-

teracted in the control group by the infusion of saline serum, 

whose moisturizing and pressurizing effects have been benefi cial 

on this regard. Third, after including 933 patients, the study was 

stopped due to a slow recruitment, which hindered achieving the 

predetermined suffi cient sample size. Fourth, the treatment was 

only performed during 24 hours, a scarce duration for consider-

ing dynamic acute phase of the ictus, with the variations in the 

associated glycemia. On the contrary, in the DIGAMI study (Di-

abetes Mellitus, Insulin Glucose Infusion in Acute Myocardial 

Infarction),10 that demonstrated the benefi ts of the correction of 

glucose values in the acute myocardial infarction, the therapeutic 

intervention was extended during 12 weeks. Finally, the patients 

with insulin-dependent diabetes mellitus were excluded from the 

study GIST-UK, the patients with intra-brain hematomas were 

included (whose physiopathology differs from the ischemic ic-

tus) and a high score was stated (4-5) in the modifi ed Rankin 

scale in order to determine the residual discapacity.11

In this context of unsatisfactory results as regards to the effi -

cient therapeutic measures, in the extensive randomized, interna-

tional study NICE-SUGAR (Normoglycemia, in Intensive Care 

Evaluation-Survival Using Glucose Algorithm Regulation),12 

performed in intensive care units, it has been demonstrated that 

the treatment based on a close control of the glycemia values in-

crease the mortality regarding to the less energetic treatment. In 

the patients of the close control group, the objective of keeping 

glycemia values between 81 and 108 mg/dl was marked, being 

the mortality of 27.5% vs. the mortality of 24.9% in the patients 

submitted to a more lax control, with glycemia objectives of 

<180 mg/dl. These results might seem contradictory with other 

publications, which recommended an intensive treatment of hy-

perglycemia in order to improve the evolution. But, as we can 

see, a too adjusted control in critical patients with low thresholds 

to start treatment might result harmful. 

Anyway, the continuous intravenous infusions of glucose, po-

tassium and insulin in the acute ictus are considered safe at pre-

sent, as demonstrated in the GRASP study (Glucose Regulation 

in Acute Stroke Patients), in which three groups of patients were 

randomized: one with close monitoring, another with moderate 

monitoring and the other with standard glycemia controls. The 

asymptomatic hypoglycemia was more frequent in the close con-

trol group (40%) and only one patient showed a symptomatic 

glycemia, in the group of moderate control (4%).13 It has also 

been proved the safety of this treatment in the sub-arachnoids 

hemorrhage.14

Hyperglycemia and fi brinolysis
At present, the treatment of the acute ischemic ictus is based on 

the implementation of reperfusion therapy as soon as possible 

able to unblock the occluded artery. This treatment is mainly per-

formed with intravenous thrombolitics (rtPA or altheplase, which 

corresponds to the recombinant tissue plasminogen activator), 

but in screened patients it can be performed through procedures 

of local intra-artery catheterization.

As regards to the intravenous thrombosis, it has demonstrated 

its benefi ts if applied during the fi rst four and a half hours from 

the beginning of the ictus, due to the reduction of the discapacity 

rates, without increase of mortality in spite of a moderate in-

Table 1. Modified Rankin Scale (MRS)22

0 Asymtomatic

1  Without relevant discapacity. Able to perform his/her previous daily 

activities

2  Minimal discapacity. Unable to perform previous activities but able 

to take care of himself/herself without help

3  Moderate discapacity. Able to walk by himself/herself but needs help 

to perform some activities

4  Moderately severe discapacity. Unable to take care of himself/herself 

and walk without the help of a carer

5  Severe discapacity. Patient confined to bed and incontinent, who needs 

constant nursing care

6 Exitus



Seminars on diabetes

Glycemic control in the acute stroke. F. Gilo Arrojo, et al.

411

crease of hemorrhagic complications in patients treated with this 

drug. The hyperglycemia at admission of >140 mg/dl is associ-

ated to a worse prognosis in patients who receive rtPA, specially 

if an early recanalization takes place, favoring the damage by 

reperfusion in this case. The hyperglycemia has been shown as 

an element that may distort the functioning of the intravenous fi -

brinolysis (fi gure 2).

In a work performed to evaluate if the high values of glycemia 

had an infl uence on the recanalization rates of the fi brinolysed 

patients, it could be observed that those patients with hypergly-

cemia at admission of >158 mg/dl showed a lower percentage of 

recanalizations (16 vs. 36.1%). However, no statistical correla-

tion was found with the high values of the glycosylated hemo-

globin, indicating that the acute hyperglycemia, and not the 

chronic hyperglycemia, conditioned these unfavorable effects. 

The physiopathology explanation is related to the capacity of the 

hyperglycemia to inhibit the fi brinolysis of the type 1 plasmino-

gen activator (TIA-1) and, in turn, cause the glycation of key pro-

teins for the food effectiveness of fi bronolytic, as is the case of 

the anexin II, a receptor of the cellular surface that facilitates the 

action of the plasmine.15

The hyperglycemia is associated to a bad prognosis, both in 

patients who undergo recanalization early and the patients who 

undergo it late, and also in the patients who do not undergo a re-

canalization, therefore it is set out that the very early treatment of 

the hyperglycemia might improve the prognosis of these patients 

(table 2).16

The most feared complication of the ictus with fi brinolytics is 

the symptomatic hemorrhagic transformation. The presence of 

hyperglycemia has proved that it favors the onset of this compli-

cation due to the damage that the haemoencephalic barrier gen-

erates and which causes in the microcirculation.17 Both the pres-

ence of hyperglycemia and the extended duration of the arterial 

occlusion period are associated to a worse prognosis, and the pa-

tients in which both factors coincide (an extended hyperglycemia 

condition during the occlusion period) show higher rates of dis-

capacity. This was observed in a study of 47 patients with is-

chemic ictus treated with fi brinolysis who showed basal hyper-

glycemia and in which the relation of the glycemic curve was 

studied with the duration of the arterial occlusion by means of a 

transcranial Doppler and with the growth of the infarction area 

through a magnetic resonance of diffusion/perfusion. For this 

purpose a continuous monitoring of subcutaneous glycemia sys-

tem was used that performed measurements each 5 minutes. 

Each hour of ischemia in the presence of hyperglycemia tripled 

the growth speed of the infarction in the resonance, promoting 

the own deleterious effect of the ischemia. The spaced measure-

ments of the glucose revealed to be insuffi cient for an adequate 

glycemic control that may allow the normalization of the glucose 

values in the earlier phase of the ictus. Its adequate control with 

more precise monitoring systems would allow favoring the neu-

roprotector effect of the normoglycemia and extend the time of 

the reversible ischemia in this way.18

Hyperglycemia in the hemorrhagic ictus
Though in most of the occasions it has been referred to the hy-

perglycemia in the ischemic ictus, the prejudicial effects of the 

hyperglycemia have also been stated in the hemorrhagic ictus 

(higher mortality and worse evolution), both in diabetic and non-

diabetic patients. It is also considered in this case that the exces-

sive correlation of glycemia values in the context of a very close 

control may result problematic; therefore the recommendations 

of the AHA as regards to the treatment of the hyperglycemia in 

the intracerebral hemorrhage is to control the glucose to keep a 

normoglycemia condition19 (class I, C evidence level). Another 

Table 2. Recommendations for the treatment 
of the glycemia in the acute ictus

•  The performance of a close control of the glycemia values is 

recommended in the acute and hemorrhagic phase of the ictus in order 

to keep a normoglycemia condition, both in diabetic and non-diabetic 

patients

•  The current consensus guidelines recommend starting the treatment 

with insulin as from values of 140-185 mg/dl

•  The cut point as from which the complications of the hyperglycemia in 

the ischemic ictus can increase is of 155 mg/dl 

Figure 2. Functional image in the acute ischemic ictus. Cranial computerized 
tomography (CT) with perfusion study in a patient aged 57 with diabetes, with 
an acute ischemic ictus in the left hemisphere treated with intravenous 
fibrinolysis, which showed glycemia at admission of 256 mg/dl. The basal 
cranial CT does not show relevant alterations (A), in the angio-CT an artery 
occlusion can be observed of a sub-division of the left middle cerebral artery 
(green arrow in image B), and the perfusion study shows an irreversible 
ischemic and penumbra area around the left parieto-occipital region (in red 
in image C). In the control cranial CT performed after 24 hours it can be 
observed an acute infarction in the previously altered region in the perfusion 
CT (arrow and black outline in D)

A

D

B

C
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of the hemorrhagic ictus sub-types in which the hyperglycemia is 

associated to a bad evolution of the subarachnoid hemorrhage. In 

this pathology, as in the rest of the ictus, the stress in which the 

organism gets into with the acute vascular event generates a re-

lease of catecholamines that promotes the hyperglycemia condi-

tion.20 Moreover, the tendency to high glucose values in this pro-

cess is extended during some days, and its presence increases the 

frequency of vasospasm or “differed brain ischemia”, which also 

shadows the patient’s prognosis.21

Conclusions
The works published up to now regarding the hyperglycemia in 

the acute phase of the ictus state repeatedly the multitude of 

prejudicial effects with which it is related , but it has not been 

demonstrated still that its correlation improves the evolution of 

the patients. This could be for not controlling another series of 

neurotoxic effects arisen from the hyperglycemia that might 

start in a very early prehospitalization phase, escaping to the ef-

fectiveness of the hypoglycemiant therapeutic intervention. 

These factors, potentially secondary to the deleterious cascades 

that generate the hyperglycemia, might correspond to the ex-

pression of certain genes in the ischemic neurons, the glycation 

of proteins or the release of free radicals. Once identifi ed, they 

might be constituted as therapeutic target that modifi es the 

damage associated to hyperglycemia in the acute ictus. Free 

radicals scavenger agents have been proved as tirilazad, defer-

oxamine or hypothermia, looking for the neutralizing neuropro-

tector effect.

In spite of the fact that to present no defi nitive recommenda-

tions can be stated for the adequate glycemic control, the need of 

the glycemia monitoring in the acute phase of the ictus in all the 

patients is stated, either diabetic or not, due to the variability in 

the glucose values during this period. It has to be taken into ac-

count that the variabilities are more susceptible of change after 

the oral feeding starting, which is usually stated at least after 24 

hours from the ictus starting. Moreover, it shall be done with nu-

tritional preparations in a variable percentage of patients through 

nasogastric probe. The scientifi c societies agree in performing a 

close monitoring of the glucose in the acute phase of the ictus 

that allows keeping normoglycemia values. The most precise 

threshold places the starting of the correction when the glycemia 

gets over 155 mg/dl. ■
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Introduction
The stroke rehabilitation is a relatively new fi eld, which had to 

fi ght against negativist attitudes of several health professionals 

who, up to the middle of the last century, continued believing 

that the lack of neuronal division capacity suggested that after 

the brain lesion only remained to wait a miraculous attitude of 

the nature through an inexplicable spontaneous restitution.1

The natural course of the disease, if both are of ischemic or 

hemorrhagic etiology, is very variable. Though the initial mortal-

ity might reach values of 19 to 28% in the fi rst month, the survi-

vors might recover an adequate functional level up to 50% of the 

cases within the fi rst 6 months, with a correct rehabilitation pro-

gram.2

Likewise, it has been discussed in scientifi c means if the reha-

bilitation program of the stroke were effi cient or not. A great part 

of the critics came from different methodologies when compar-

ing the effectiveness in the results of different treatment centers, 

or by attributing the good result to the mentioned spontaneous 

partial neurological recoveries. However, and specially during 

the last decade, several studies confi rmed the effectiveness of this 

type of program when applied to chronic patients on whom a 

spontaneous improvement is not foreseeable, though it still has 

to be solved in a defi nitive way if a specifi c program is better 

than another.3

Objectives in the stroke rehabilitation
The neurological rehabilitation is an active process in which the 

combined use of medical, therapeutical, social, psychological, 

educational and vocational measures are aimed to recover and/or 

compensate the altered functional capacities and to improve the 

personal autonomy of the individual with brain damage in order 

to achieve the better family, socioeconomic, school and labor in-

tegration of the patient and his/her environment in this way, all 

this with the aim of improving his/her life quality.4 In this sense, 

the rehabilitation process has to act on multiple levels, in a simul-

taneous and coordinated manner, and focus on the functional ac-

tivity of the patient in his/her environment.

Methodology of the rehabilitation
The effective rehabilitation model in the stroke is the one that 

optimizes a lively offer of health and social services and a suf-

fi cient help system for the carer, family and the environment. 

This model requires an extensive coordination among the dif-

ferent bodies: health, social security and social services. The 

promotion and vertebration of the existing associations of the 

affected persons are also indispensable as well as the speciali-

zation of multiprofessional teams and the dynamization of a lo-
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cal services network, which are real supports of this compre-

hensive attention.

The perfect rehabilitation system has still to be defi ned, main-

ly due to the complexity of the central nervous system and to the 

huge variability of factors that have an infl uence on the life of 

each patient and his/her family.5 It seems reasonable that, fi rst, an 

exhaustive assessment of the patient and his/her environment is 

undertaken, before the planning of the customized treatment pro-

gram. According to our experience, this assessment cannot be 

performed in only one consultation. Each patient is different and 

there are multiple factors to be analyzed, as the type and exten-

sion of the lesion, its etiology and the initial treatment, its locali-

zation and the presence of pre-existing or associated co-morbid-

ity, the coma duration, etc.

Regarding to the treatment, there is a wide consensus among 

experts that states that the model has an infl uence on the fi nal 

results. The exclusive medical model turns out to be less effec-

tive than the multidisciplinary one, in which several profession-

als work on a same patient, from their own unit, with a hierar-

chical system and irregular communication courses. The 

individual approach produces mediocre results regarding to the 

interdisciplinary approach, in which the professionals make up 

a team and have periodical meetings in which they determine 

common objectives with a horizontal system. Therefore, this 

approach in which all the members of the team focus the activ-

ity on the patient and work knowing at each moment what the 

rest of their colleagues perform, recommending concrete ap-

proaches with independence as regards to the area they handle, 

it has been demonstrated as the most adequate in this sort of pa-

tients.

The concept of temporality is also decisive. The starting mo-

ment should be as early as possible, defi ning always the objec-

tives in relation to the evolution moment of the patient and the 

subsequent work methodology; as the patient evolves, the inten-

sity of the treatment and its duration also evolves. The effort of 

the intensive programs has to be done during the periods of max-

imum activity of the neuronal plasticity. 

The treatment planning should be in detail, defi ning general 

and specifi c objectives and stating an order for the functions to 

be rehabilitated and an estimated time for its achievement, with 

a periodical revision of the objectives and the re-evaluation. The 

scientifi c data taken from the existing literature suggest that the 

effects of the rehabilitation are specifi c, otherwise said, focused 

on the activity that is being trained, but not generalizable, result-

ing diffi cult to justify the validity in external environments of 

functions developed with programs performed only in the prac-

tice.6

Fundamentals applied 
for the stroke rehabilitation
Brain plasticity
The distal terminations of the neurons, the dendrites, remodel 

themselves incessantly, varying also the morphological composi-

tion and number of synapsis, with the cells that go along with the 

glial and their interactions. All these structural changes may be 

induced by new learning or specifi c motor performances, creat-

ing expectations that the brain reorganization might be infl u-

enced, at least partially, by specifi c interventions. However, the 

investigations are performed on animal models, sometimes diffi -

cult to extrapolate to the human brain, and have to deepen more 

in aspects as the interconnections among associative areas. A 

hopeful fi eld is opened with the possibility that the transplants of 

embrionary stem cells may restore some of these lost functions. 

We refer to the interested reader to two excellent reviews about 

the subject: one, the monograph of the German team of Dr. 

Witte,7 and the other, more recent, of the Spanish group led by 

Dr. Nieto-Sampedro and the Instituto Cajal de Neurobiología of 

CSIC.8

Neuroimaging techniques
The static imaging studies (computerized axial tomography 

[CAT]), nuclear magnetic resonance [NMR]), provide informa-

tion about the topographic type but scarce functional repercus-

sion; at present, the possibility of studying the “functioning” 

nervous system have a great impulse to the investigations. The 

development of these new techniques (Transcranial magnetic 

stimulation, positron emission tomography or functional NMR) 

shows through systematic scanning, that the brain, even in an 

adult with struck brain damage, has a greater plasticity than 

thought. The evidence of the great interest of these techniques is 

the high number of articles published during the last fi ve years in 

the American Journal of Neuroradiology, offi cial journal of the 

American Society of Neuroradiology. 

Motor relearning program
Initially created by Carr and Shepherd9 for the re-education of 

cerebrovascular accidents, its use is generalized in patients with 

other forms of brain damage. The learning of a new motor activ-

ity or a previous one requires teaching the patient again about ef-

fi cient strategies to achieve functional movements, adapting him/

her in a different manner to the variations of the environment. 

This learning requires a repetitive and continued practice and 

creates the conditions for a high motivation by the therapy, both 

for the patient and his/her family. This approach seems to dem-

onstrate a higher effectiveness than other conventional therapies 

for neurological patients. Conceptual examples of this methodol-

ogy are the movement restriction therapy on the health side for 

lower limbs and the suspension walking on a rolling carpet with 

partial discharge of the weight for lower limbs.

New technologies for the rehabilitation
There are multiple trials addressed to apply new technological 

solutions in the rehabilitation fi eld. An example of this interest is, 

among others, the use of a computer in the neuropsychological 

rehabilitation. The system reinforces the good choices when en-

countering concrete situations, analyzes the data and controls the 

evolution, and the program can increase the exigency and the dif-

fi culty of the works according to the patient’s performance. A ro-
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botized system (MIT-manus) was designed some years ago at the 

Massachusetts Institute of Technology (MIT) for the motor func-

tion of the hemiplegics of the upper limbs, which improved the 

motor recovery of the muscles affected on the paretic side.10 The 

use of tele-rehabilitation and the tele-consultancy is getting gen-

eralized in the United States, specially for patients in far away 

communities or with scarce resources, and in the case of evolu-

tion follow-ups and self-references.11 The possibilities that the 

domotics offers for these patients with special needs are of great 

interest and the investigation efforts that are performed in our en-

vironment are also relevant.12 

Rehabilitation of the perceptive disorders
They can be defi ned as the disorders that cause the loss of the 

capacity to organize, process and understand the visual senso-

rial and/or tactile-kinesthetic information and act adequately on 

the basis of the received information.13 The estimated incidence 

is in the region of 20 and 40% of all the patients with cerebro-

vascular accidents, that might be affected by homonymous 

hemianopsia and unilateral negligence.14 These disorders com-

prise a wide spectrum of symptoms and alterations that can co-

exist in an associate manner considering the damage and they 

are manifestations of lesions in cortical structures. In the negli-

gence, the patient losses the attention capacity towards the part 

of the body or the environment contra-lateral to the brain le-

sion. The person has a reduced capacity to see, listen or per-

form movements in half of his/her environment, and therefore 

his/her functional repercussion implies that he/she cannot per-

form many activities of the daily life such as feeding, reading 

and dressing.

The scientifi c literature demonstrates widely that the percep-

tive disorders are related to an inadequate functional prognosis 

after the rehabilitation treatment, as that said prognosis worsens 

when several disorders are associated.15,16

Interventions to modify the negligence
•  Activation from the negligent visual fi eld. In the case of patients 

with heminegligenc, the activation should be unilateral and be 

performed preferably on the parethic side as the bilateral acti-

vation might cause motor extinction phenomena, with cancel-

lation of the activity of the affected hemisphere (demonstrated 

by means of functional neuroimaging techniques) when both 

hemispheres are activated simultaneously. The patients with in-

attention do not direct their eyes towards the contra lateral af-

fected hemisphere of the visual fi eld. Therefore, the continuous 

retro alimentation is essential by means of the correct position-

ing and the use of verbal orders by the therapists and/or main 

carers, readdressing the visual and motor control towards the 

action and the proposed movements.

•  Orientation of the trunk. In order to facilitate the control of the 

heminegligent, referred to one of the hemi-bodies, it is consid-

ered that the body rotation of 15 degrees towards the negligent 

side improves the motor and visual control of the tasks that has 

to be rehabilitated. 

•  Stimulation of the negligent side. The use of mirrors in the 

healthy side in order to stimulate exercises of objects reach 

with the heminegligent side on the image refl ected in the mir-

ror. 

Interventions for patients with campimetric affectation 
due to homonymous hemianopsia
Three strategies have been used for this type of patients:

•  Optical helps. They have been used frequently, though no ran-

domized clinical trials have been performed that demonstrate 

the effectiveness. The basis is to try to expand the visual fi eld, 

and is performed by means of the adaptation of prisms. These 

prisms might be standard, following the classic concepts of 

Frenkel, and are applied to common glasses, replacing the im-

age when the patient looks through the prism, though with the 

inconvenient to create an escotoma in the primary position of 

the sight. In order to solve the previously mentioned, Peli17 de-

veloped a system of multiplanar vision using monocular prisms 

per peripheral sectors that improve the vision in the lateral po-

sitions of the sight, though without affecting the central sight.

•  Restoration visual training. Commercialized as VRT (Vision 

Restoration Therapy) by the company Nova Vision AG and ap-

proved by the American Food and Drug Administration in 

2003, it consists of a program of repetitive stimulation by 

means of luminous stimulus located in the transition zone be-

tween the affected visual fi eld and the healthy one, applied 

through a computer program, the patient can perform the train-

ing at the therapy place or at home.

•  Reading techniques. The right hemianopsias usually cause 

greater diffi culties for the reading. It can be compensated in an 

easy manner using rulers to correct the line when reading the 

text or rotating the page 90° in order to read from up to down 

instead of left to right. 

Training by means of visual scanning exploration
Though not much known in our environment, the training tech-

niques by means of the visual scanning exploration have been 

protocolized and developed 20 years ago at the Rusk Institute of 

Rehabilitation of New York, applied specially to patients affected 

by cerebrovascular accidents.18 Though they are still used as they 

cause relevant improvements and lasting in the performance ac-

cording to the evaluations of the defi ciency level, there is not suf-

fi cient objective data so as to confi rm or exclude its effect in the 

discapacity or in the destination at hospital discharge. These 

compensating visual motor strategies are developed in a system-

atized program in three phases: 

•  Long eye movements are performed initially towards the blind 

side, avoiding the typical saccadic movement of the hemianop-

sia.

•  Visual searches are practiced afterwards on projected images in 

order to improve the visual-spatial organization.

•  Finally, the two previous strategies are integrated, generalizing 

them to the daily activities and the usual environment of the pa-

tient.
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Cognitive rehabilitation
The problems related to the visual-spatial diffi culties are due to 

the loss of spatial references, either due to problems of the vis-

ual fi eld loss or perceptive problems (agnosy), attention prob-

lems or diffi culties of the executive function, which cause an 

ineffi cient search of information. The visual-spatial process de-

pends on a group of different processes, and the diffi culties 

might be caused by a defi ciency in any of them.19 The capacity 

of keeping the attention has a wide representation, demonstra-

ble by means of functional neuroimaging techniques, in the 

right brain hemisphere, specially in the front-parietal area. As 

most of the patients with heminegligence show disorders in the 

sustained attention, the training strategies of such attention im-

prove the results in the inattention test. Finally, it has been 

demonstrated that a cognitive rehabilitation program for pa-

tients with unilateral negligence improves the capacity to com-

plete specifi c evaluation tests, as in the cancellation or determi-

nation tests of the middle point of a line. However, its effect on 

the capacity to perform the most important daily tasks is still 

uncertain.20

Management of the knowledge 
for patients and their families
Increasingly, the affected patients and their families want to 

know in order to be able to participate in the decisions that affect 

them in shared manner. Some examples of this disclosure of 

knowledge are the web sites of the network addressed to offer in-

formation about the stroke to the general public, managed by the 

North American organization of patients, or the web site of 

Cochrane collaboration for users under the motto “helping peo-

ple make well-informed decisions about health care”. 

Other alternatives
At the present status of the knowledge, it is convenient to be 

strict when choosing the programs or specifi c techniques of reha-

bilitation for patients with stroke. In this sense it is not frequent 

to fi nd advertisement about certain systems that achieve excellent 

results. The anxiety of the patients or their careers encountering 

serious limitations tends them to try “everything”.

One example is constituted by the craniosacral therapy, 

which consists of treating the dysfunctions, the hypermobility 

or the hypomobility that can be found in the skull. The system-

atic revision of articles published on this therapy as co-adjuvant 

of the rehabilitating treatment in brain injured patients con-

cludes that there is no evidence that this therapy provides ben-

efi ts to these patients but adverse effects have been described 

about it; moreover, the feasibility of the measures used in such 

therapy, developed in the 60´s, could not be validated by recent 

and more solid neurophysiologic investigations.21 An adequate 

relation between the patient, his/her careers and rehabilitating 

medical team shall contribute to the screening of these alterna-

tives, most of them with a marked spurious interest and shall 

offer the adequate information for the taking of decisions to be 

as effective as possible.

Peculiarities of the stroke rehabilitation 
in diabetic patients
The diabetes mellitus is clearly one of the most important risk 

factors for the ischemic stroke, especially in patients younger 

than 65 years.

Approximately 42% of the ischemic strokes are attributed to 

the diabetes effect, in an isolated or combined manner with the 

blood hypertension. Moreover, it is associated to a higher post-

stroke mortality and worsens the functional results.22

The diabetic patient should be re-evaluated before the hospi-

tal discharge, in order to defi ne and look for solutions to the as-

sociated disorders, as the hemiparesia of the dominating upper 

limb (that requires the re-learning of the non-dominating hand 

for the insulin administration), the ataxia (that requires the use 

of helping techniques for the stabilization of the hand when 

performing glycemia determinations or insulin injections), the 

visual-perceptive disorders (that compromise the dosage and 

worsen a visual function already affected by the underlying 

retinopathy and that require solutions as the previously exposed 

ones) and the multiple cognitive defi cit (attention, concentra-

tion, memory, executive functions, etc.) or communication 

(aphasia), real responsible of the greatest loss of functional in-

dependency and that usually require a specifi c training by the 

main career of the patient with this pathology, which, at least in 

the initial phases, is unable to control the glycemic profi le ad-

equately.23

Conclusions
To sum up, there are multiple forms of performing a stroke reha-

bilitation program. Thus, the home programs, intensive outpa-

tient programs, outpatient of maintenance or residential mono-

graph, the programs of social and labor reinsertion and in the 

specifi c programs for specifi c disorders are different ways of fo-

cusing a very complex problem. In the group of patients of young 

age, the programs should also be complemented with school and 

educational rehabilitation and in patients in coma conditions or 

minimal conscience, with even more specifi c programs.22 ■

Practical considerations

•  The early inclusion in a rehabilitation program after a 
stroke is very important in order to achieve a functio-
nal improvement of the patients; the objectives shall 
depend on the evolution moment. 

•  The interdisciplinary model, on which multiple profes-
sionals work on in a coordinated manner on a same 
patient, has proved to offer better results than other 
models.

•  Among the applied rehabilitation techniques after the 
stroke, we can point out the motor re-learning addres-
sed to specifi c tasks, the use of new technologies and 
the multiple procedures for the rehabilitation of the 
perceptive disorders.
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Introduction
The American Diabetes Association (ADA) proposed in 2010 to 

incorporate the glycosylated hemoglobin (HbA1c) values to the 

diagnosis criteria of the T2D along with the ones in force in 1997 

(basal glycemia over 126 mg/dl in two occasions).1 According to 

this proposal, normoglycemia would be considered in those pa-

tients with values under 5.7%, in the risk category for the T2D; it 

would be included those values between 5.7 and 6.4% and as di-
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Applying HbA1c as the only criterion for type 2 diabetes 
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Abstract
Introduction: In 2010 the American Diabetes Association introduced the 

value of HbA1c at ≥6.5% for the diagnosis of diabetes. The impact of its im-

plementation in the Mediterranean population is unknown. Objective: To de-

termine how many patients would not be diagnosed and how long diagnosis 

of diabetes would be delayed if only HbA1c was applied. Material and 

methods: Retrospective study with 598 type 2 diabetes mellitus (T2DM) 

patients diagnosed between 1991 and 2000 in an urban primary healthcare 

centre. Patients without HbA1c during the 3 months after diagnosis were ex-

cluded. Included patients were reclassified by HbA1c (<5.7% normoglycae-

mic, 5.7-6.4% risk category and ≥6.5 diabetes), globally and by diagnostic 

method (glycaemia ≥140 mg/dL, glycaemia ≥126 mg/dL and oral glucose 

tolerance test). The period between diagnosis and the first HbA1c ≥6.5% in 

patients with an HbA1c <6.5% was calculated. Results: 377 patients were 

included, 17 (4.5%) were reclassified as normoglycaemic, 87 (23.1%) as 

diabetes risk category and 273 (72.4%) as diabetics. Only 52.7% of patients 

diagnosed with glycaemia ≥126 mg/dL were considered diabetics. Mean 

time to the first HbA1c ≥6.5% was 3.40 (standard deviation [SD] 2.35) years, 

while for normoglycaemic patients it was 3.80 (SD 2.49) years and 3.33 (SD 

2.34) years for the risk category. Conclusions: The use of HbA1c as a single 

criterion could delay diagnosis of T2DM in almost half of cases. It seems ap-

propriate to maintain plasma glucose as the main criteria and HbA1c as an 

additional criteria. 

Keywords: type 2 diabetes mellitus, diagnosis, hemoglobin A glycosylated. 

Resumen
Introducción: La American Diabetes Association ha introducido el valor de HbA1c 

≥6,5% para el diagnóstico de la diabetes en 2010. Se desconoce el impacto de 

su aplicación en la población mediterránea. Objetivos: Determinar cuántos pa-

cientes dejaríamos de diagnosticar y cuánto tiempo se retrasaría el diagnóstico si 

se aplicara exclusivamente la HbA1c. Material y métodos: Estudio retrospectivo 

en 598 pacientes con diabetes mellitus tipo 2 (DM2) diagnosticados en un centro 

de atención primaria entre 1991 y 2000. Los pacientes sin HbA1c en los primeros 

3 meses después del diagnóstico fueron excluidos. Los pacientes incluidos fueron 

reclasifi cados según la HbA1c (<5,7% normoglucemia, 5,7-6,4% categoría de 

riesgo, y ≥6,5% diabetes) globalmente y según el método diagnóstico utilizado 

(glucemia ≥140 mg/dL, glucemia ≥126 mg/dL y test de tolerancia oral a la glu-

cosa [TTOG]). Se calculó el intervalo entre el diagnóstico y la primera HbA1c ≥6,5% 

en los pacientes con HbA1c <6,5%. Resultados: Se incluyeron 377 pacientes, 

17 (4,5%) fueron reclasifi cados como normoglucémicos, 87 (23,1%) como cate-

goría de riesgo y 273 (72,4%) como diabéticos. Sólo un 52,7% de los diagnos-

ticados por glucemia ≥126 mg/dL serían considerados diabéticos. La media de 

tiempo hasta la primera HbA1c ≥6,5% fue de 3,40 años (desviación estándar [DE] 

2,35), siendo de 3,80 años (DE 2,49) para los normoglucémicos y de 3,33 años 

(DE 2,34) para la categoría de riesgo. Conclusiones: El uso de la HbA1c como 

único criterio dejaría de diagnosticar o retrasaría el diagnóstico DM2 en casi la mi-

tad de los casos, por lo que sería conveniente mantener la glucemia plasmática 

como criterio principal y la HbA1c como un criterio adicional.
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abetes in those patients with HbA1c equal or over 6.5%. There is 

a great polemic about the introduction of this new criterion,2-4 

with studies that suggest that its application would delay the dia-

betes diagnosis5-7 and others, in turn, that it would bring it for-

ward.8-9 The possibility of using it as a population screening 

method has also been assessed.10 While the ADA proposes its use 

as main criterion, the North American endocrinologists associa-

tion (AACE/ACE) proposes its use only as additional criterion in 

the diagnosis of T2D and does not recommend its use to defi ne 

the risk categories.11 To present, the European Association for the 

Study of Diabetes (EASD), the International Diabetes Federation 

(IDF) and the World Health Organization (WHO) have not ex-

pressed themselves about its use in an offi cial manner. In our 

country, the Spanish Society of Endocrinology and Nutrition 

(SEEN) supported its use, though stressing that it is “possible 

that the use of the HbA1c with the cut point of 6.5% does not 

identify absolutely the subjects according to the basal glycemia 

>126 mg/dl and the OGTT also in such a way that the HbA1c 

might underestimate the diagnosis”.12 Moreover, an editorial of 

the president of the Spanish Diabetes Society (SED) manifests 

himself as regards to the use of the HbA1c as an appropriate meth-

od for the diabetes diagnosis, though he warns about the need of 

knowing better the impact that its application would entail in the 

usual clinical practice.13

The HbA1c is a refl ection of the chronic exposure to the hyper-

glycemia and both its relation with the chronic complications of 

the T2D as a role in the therapeutic decisions seems to be the 

main argument for its introduction as diagnosis criterion. Its low-

er intra-individual variability is put forward in its favor, as well 

as the lack need of fasting in order to obtain the sample and that 

it is an expression of false negatives in case of iron defi ciency 

anemia or hemolytic anemia. The existence of false negatives is 

expressed against it in case of iron defi ciency or hemolytic ane-

mia, the wrongly increased values in presence of hemoglobi-

nopathies and the differences among ethnic and age groups. 

Thus, the increase of the HbA1c over age might be associated to 

mechanisms not related to the hyperglycemia. Finally, its higher 

cost might limit its availability in developing countries where the 

incidence of the T2D is increasing.

These problems seem not to occur with the basal glycemia, as, 

besides of being a direct measure of the molecule responsible of 

the T2D complications, its determination is more accessible 

globally due to its cost, and shows less variability among the lab-

oratories. On the contrary, its determination should be done dur-

ing fasting periods, it is more variable in a same individual and it 

is an accurate hyperglycemia measurement. 

In a study published previously by our group, in diabetic pa-

tients diagnosed between 1991 and 2000 at an urban primary 

care site of a Mediterranean area (Diamine cohort), a 40% 

showed values of HbA1c below a 6.5%. What made us set out the 

hypothesis that the exclusive application of the HbA1c would not 

diagnose or delay any more the T2D diagnosis is an important 

number of cases. The aim of this study is to know the clinical im-

pact of the application of HbA1c ≥6.5% as an only diagnosis cri-

terion of T2D in such cohort. The main purpose would be to 

know how many patients complied with the new diagnosis crite-

ria based on the HbA1c. As secondary purpose, the intention is to 

determine for how long the diagnosis would delay in those pa-

tients who did not comply them initially. 

Material and methods
Retrospective study in patients with T2D diagnosed between 

1991 and 2000 at the Centro de Atención Primaria La Mina (First 

Care Center La Mina) (Diamine cohort). This site, main health 

resource of the area, sees a population of an area of a low socio-

economical level, the neighborhood La Mina de Sant Adrià de 

Besòs, with a 20% of gypsy ethnic population. A detailed de-

scription of the methodology, as well as the characteristics of the 

patients at the diagnosis moment, has been previously pub-

lished.14

Those patients who did not count with HbA1c at the moment of 

the diagnosis were excluded as well as those who showed a high-

er difference after 3 months between the diagnosis basal glyce-

mia and the HbA1c. 

The criterion in force were applied at each moment for the 

diagnosis of the T2D: up to July 1997, those of the WHO of 

1985, i.e., two basal glycemias (BG) ≥140 mg/dl, or randomly 

≥200 mg/dl in the presence of a typical clinic or a postpandrial 

glycemia ≥200 mg/dl after 2 hours of OGTT with 75 g of glu-

cose; and as from July 1997, the values of BG ≥126 mg/dl, be-

ing the criteria of the ADA of 1997, which were later accepted 

by the WHO.11 The determination of the HbA1c was implement-

ed by mid 1992 therefore there it cannot be counted with it in 

patients diagnosed before. From 1992 to September 1995, the 

reference laboratory used an analyzer with the calibration of 

the study DCCT (Diabetes Control and Complications Trial) 

and then an analytical system with calibration of the Japanese 

Diabetes Society/Japanese Society for Clinical Chemistry 

(JDS/JSCC), with normal values lower than those of the DCCT. 

For this study, the HbA1c values after September 1995 have 

been standardized to the units of the National Glycohemo-

globin Standardization Program (NGSP) by means of the equa-

tion NGSP (%)=0.985 x JDS/JSCC (%) + 0.46, obtained from 

the equations of the International Federation of Clinical Chem-

istry and Laboratory Medicine (IFCC) (http://www.ifcchba1c.

net/IFCC_08.asp).

The analyzed variables were as follows: fi rst diagnosis BG, 

fi rst HbA1c, body mass index (BMI) and cardiovascular risk fac-

tors (CVRF) when the T2D diagnosis took place. The patients 

were classifi ed in normoglycemia if the HbA1c was <5.7%, risk 

category for the diabetes, if the HbA1c was between 5.7 and 6.4% 

and diabetes if the HbA1c was ≥6.5%. They were also classifi ed 

according to the used method (BG ≥140 mg/dl, BG ≥126 mg/dl 

or OGTT). The time interval was estimated up to the fi rst HbA1c 

≥6.5% in patients with HbA1c values of <6.5%.

The univariant analysis of the described data and frequencies 

was performed, as well as the bivariant analysis with the chi-

square test for qualitative variables, and Student t test and vari-
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ance analysis for quantitative variables, all this with the statisti-

cal procedure SPSS 11.5.

Results
From 598 new cases of diabetes, 221 were excluded due to the 

existence of a higher difference after 3 months between the fi rst 

diagnosed basal glycemia and the HbA1c. 

A total of 377 patients were included in the study, with a mean 

age of 59.8 years (SD 11.4) and 50.1% of women. The preva-

lence of CVRF during diabetes diagnosis is depicted in table 1.

Applying only the diagnosis criteria based on the HbA1c, 17 

(4.5%) of the patients were reclassifi ed as normoglycemic, 87 

(23.1%) have been included in the risk category, and 273 (72.4%) 

have been diagnosed with diabetes. The HbA1c distribution in the 

diagnosis is depicted in fi gure 1. 

The mean glycemia in each group was relevantly higher in pa-

tients with diabetes: 150.6 mg/dl (SD 29.8) in normoglycemic 

patients, 149.4 mg/dl (SD 31.8) in the risk category and 200.4 

mg/dl (SD 69.8) in the diabetic group, p <0.001. No relevant dif-

ferences were observed among groups regarding to age, BMI or 

CVRF prevalence.

Higher glycemia and HbA1c mean values in the diagnosis of 

the patients diagnosed with the BG ≥140 mg/dl were observed in 

the analysis of patients according to the used method for the di-

agnosis (BG ≥140 mg/dl, BG ≥126 mg/dl or OGTT) than in those 

diagnosed by means of the other two methods (table 2). The dif-

ferences as regarding to the reclassifi cation of patients diagnosed 

by the criterion of BG ≥126 mg/dl and those diagnosed by means 

of OGTT were not statistically relevant (p= 0.236).

Regarding to the possible diagnosis delay, the time elapsed 

from the fi rst diagnosed glycemia up to the fi rst HbA1c ≥6.5% 

was estimated in 104 patients who have been qualifi ed as normo-

glycemic or in the diabetes risk category (HbA1c <6.5). The mean 

of the time elapsed was of 3.4 years (SD 2.3) and with a mean of 

2.7 years. The mean was of 3.8 years for the group of patients 

classifi ed as normoglycemic patients (SD 2.5) and the median of 

3.0 years; and the mean was of 3.3 years for those patients clas-

sifi ed as of risk for the diabetes (SD 2.7) and the median of 2.7 

Figure 1. Distribution of the HbA1c during the diagnosis
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Table 1. Characteristics of each group of patients according to the classification by means of the HbA1c criterion

Total Normoglycemic patients Risk category for the diabetes Diabetic patients p

N 

Sex (% women)

377 (100%)

50.1% (45-55.1)

17 (4.5%)

52.9% (29.2-76.6)

87 (23.1%)

50.6% (40.1-61.1)

273 (72.4%)

49.8% (43.9-55.7)

0.965

Age (years) 59.8 (11.4) 59.4 (11.9) 60.4 (10.3) 59.6 (11.2) 0.853

BMI (kg/m2) 31.8 (5.8) 31.4 (5.0) 31.4 (5.2) 32.0 (6.0) 0.649

Blood hypertension 69.8% (65.2-74.4) 76.5% (56.3-96.7) 70.1% (60.5-79.7) 69.2% (63.7-74.7) 0.817

Hypercholesterolemia 48.5% (43.5-53.5) 41.2% (17.8-64.6) 57.5% (47.1-67.9) 46.2% (40.3-52.1) 0.152

Hypertriglyceridemia 35.8% (31-40.6) 29.4% (7.7-51.1) 29.9% (20.3-39.5) 38.1% (32.3-43.9) 0.324

Current or previous nicotine poisoning 41.9% (36.9-46.9) 23.5% (3.3-43.7) 44.8% (34.3-55.2) 42.1% (36.2-50) 0.393

Glycemia during the diagnosis (mg/dl) 186.3 (65.7) 150.6 (29.8) 149.4 (31.8) 200.4 (69.8) <0.001*

HbA1c during the diagnosis (%) 7.7 (1.8) 5.3 (0.3) 6.2 (0.2) 8.3 (1.7) <0.001*

The results are expressed in means (standard deviation) or percentages (confidence interval 95%). BMI: body mass index. * Relevant difference among the re-classified patients as diabetic 
patients compared to the normoglycemic patients and the risk category.
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years. Six patients were excluded for this estimation (2 from the 

normoglycemic patients and 4 from the risk group) as there was 

no HbA1c value available during the follow-up (due to site trans-

fer or death) and 22 (5.9%) of the patients (4 from the normogly-

cemic patients and 18 from the risk group), for not having ex-

ceeded the value of HbA1c ≥6.5 during a mean follow-up of 9.7 

years (SD 2.0).

Discussion
Our study provides data about the use of the HbA1c in the pa-

tients diagnosed with diabetes in a population cohort of the Med-

iterranean area. The results show that the exclusive application of 

HbA1c as diagnosis criterion of the T2D would delay the diagno-

sis of the disease in a means of 3.3 to 3.8 years in almost half of 

the patients, especially in those who showed lower basal glyce-

mia values during the diagnosis. If the criterion based in the 

HbA1c, is exclusively applied in each of these groups, the 83.8% 

of the patients diagnosed by the criteria BG ≥140 mg/dl they 

would also be diagnosed by the criterion of HbA1c, which would 

be a proportion that would be reduced to 52.7% in patients diag-

nosed by the criterion of BG ≥126 mg/dl and 37.2% in those di-

agnosed by means of the OGTT. If we consider that at present 

the criteria of BG ≥126 mg/dl are being used applying the HbA1c 

criterion, the diagnosis would not be done any more or delayed 

in 47.3%, suggesting almost half of the new cases of T2D. More-

over, 22 patients of the sample (5.9%) did not exceed the HbA1c 

diagnosis value, after a mean follow-up of almost 10 years. The 

fact that probably it has been intervened with changes in the life 

style could have modifi ed the natural history of the disease, 

which could have delayed its diagnosis at least during the follow-

up period.

At present there are data in favor and against the use of HbA1c 

both for the diagnosis and the screening of the diabetes.1-4 While 

the ADA proposes its use as main diagnosis criterion, the associ-

ation of endocrinologists of the United States (AACE/ACE) pro-

poses its use only as additional criterion in the T2D diagnosis 

and does not recommend its use in order to defi ne the risk cate-

gories.11 In our country, the SEEN recommends its additional use 

also and insists on the utility of the tests based on the plasmatic 

glycemia, specially in the risk categories, because the exclusive 

use of HbA1c might delay the diagnosis and the early interven-

tion.12

Our data matches with the ones observed in some studies, per-

formed at population scale.5-7 Thus, in two different analysis of 

the population study National Health and Nutrition Examination 

Survey (NHANES), performed in the United States,5-6 and in the 

study Rancho Bernardo7 it should not be diagnosed until a third 

of the diabetes cases, as they might have values of HbA1c <6.5% 

and, in turn, the basal glycemias could be diagnosed. However, 

in another analysis of NHANES8 only 77% of the patients with 

HbA1c ≥6.5 showed BG >126 mg/dl, which could be the refl ec-

tion of the hyperglycemia in the postprandial periods, that could 

not obviously be detected by the basal glycemia. Similarly, in a 

study performed in the Chinese population9 it could be observed 

that 40% of the patients diagnosed with HbA1c could be diag-

nosed with the basal glycemia. These dissonant results make us 

think that both tests identify different populations, which is a 

more evident fact when the OGTT is the diagnosis method 

used.7-9

There is also a discussion if the HbA1c should be used as pop-

ulation screening due to the advantage of not needing a fasting 

period for its determination. Patients with altered basal glycemi-

as or even normal with high HbA1c have been found in some 

studies of population screening. The use of both methods would 

increase the screening sensitivity, so some authors and the SEEN 

suggest to perform the HbA1c determination fi rst and if it is be-

tween 5.7 and 6.4%, to perform the basal glycemia in order to 

detect the false negatives of the test.5.12

To summarize, the HbA1c and the tests based on the plasmatic 

glycemia (fasting and OGTT) have a low concordance and, 

therefore, they would not identify the same patients. In general, 

the use of HbA1c instead of OGTT or BG would cause the loss of 

a third of the diabetic patients and all the patients under diabetes 

risk. Therefore, the diagnosis would be delayed and the opportu-

nity to intervene early could be lost.7 However, it would be very 

useful in cases with glycemia values in the risk category range, 

in which a value of HbA1c ≥6.5% would allow identifying the 

false negatives of the basal glycemia.

The main limitations of our study are related to a retrospective 

design. First, it includes only patients with cases of recently di-

Table 2. Characteristics of the patients according to the method used for the diagnosis

BG ≥140 mg/dl
(n= 260)

BG ≥126 mg/dl
(n= 74)

OGTT
(n= 43)

p

Glycemia during the diagnosis (mg/dl) 206.8 (68.4) 143.4 (15.4) 135.3 (28.7) <0.001*

HbA1c during the diagnosis (%) 8.2 (1.9) 6.6 (0.8) 6.4 (0.7) <0.001*

Diagnosis according to HbA1c

Normoglycemic patients 1.9% (0.2-3.6) 8.1% (1.9-14.3) 14.0% (3.6-24.4) <0.01*

Risk category for the diabetes 14.2% (10.0-18.4) 39.2% (28.1-50.3) 48.8% (33.9-63.7) <0.001*

Diabetic patients 83.8% (79.3-88.3) 52.7% (41.3-64.1) 37.2% (22.7-51.6) <0.001*

The results are expressed in means (standard deviation) or percentages (confidence interval 95%). BG: basal glycemia (fasting). OGTT: oral glucose tolerance test. *Relevant difference among the 
patients diagnosed by criterion of BG ≥140 mg/dl, compared to those diagnosed by BG ≥126 mg/dl or OGTT. 
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agnosed diabetes and therefore the results cannot be compared 

with the previously commented population studies. As it has on-

ly to do with diabetic patients, it does not either allow knowing if 

the application of the HbA1c could bring forward the diagnosis as 

regards to the basal glycemia in those patients whose fasting val-

ues were normal or within the risk category and could have a 

high HbA1c in turn. We should also take into account the socio-

demographic characteristics of the study population: only diabet-

ic patients, of an urban zone, socio-economically depressed and 

with a high prevalence of obesity and hypertension, which diffi -

cult the generalization of the results compared to other popula-

tions. Finally, the HbA1c was not available at our site up to mid 

1992 and therefore several patients had to be excluded, what 

could have reduced the potency and accuracy of our study. Thus, 

for example, from the 87 cases diagnosed by OGTT in our cohort 

only 43 could be included in the analysis due to the lack of HbA1c 

values when the diagnosis was done.

The OGTT is considered the reference test for the diagnosis of 

the diabetes in the epidemiological studies. However, it has fall-

en into disuse in the primary care practices, especially from the 

publication of the diagnosis criteria of the ADA of 1997, in 

which it was expressly advised against its use as diagnosis meth-

od in the daily practice. In spite of it all, both the IDF and the 

EASD as well as the WHO still recommend its use.

Conclusions
The exclusive application of the HbA1c as diagnosis criterion of 

T2D in our population might have delayed the diagnosis of the 

disease in a mean of 3.3 to 3.8 years in almost half of the pa-

tients, especially in those who showed lower values of basal gly-

cemia in the diagnosis. Our results suggest that the plasmatic 

glycemia should be considered as main criterion, while the 

HbA1c should be considered as an additional criterion, as sug-

gested by the associations of endocrinologists of the United 

States (AACE/ACE) and the Spanish association (SEEN). More 

studies are needed in our environment and especially of popula-

tion type, in order to confi rm these results.
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Introduction
The prevalence of type 2 diabetes mellitus (T2D) shows an expo-

nential tendency of worldwide growth.1,2 It passed from 6%3 to 

8.8% during the last years in Spain.4,5 The T2D contributes sig-

nifi cantly to the total load of the vascular disease, from which the 

blood pressure (BP) and the glycemia are the main determining 

factors, and it has been proved that the DM is the greatest predic-

tor of the incidence of the cardiovascular disease.6

The presence of other associated vascular risk factors increases 

the risk of the DM itself. It has been observed that the prevalence 
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Abstract
Objective: To know the blood pressure (BP) control in patients with type 2 dia-

betes treated with insulin after two years of follow-up. Setting: 9 health centers 

of Primary Care. Design: Prospective, longitudinal, multicentric study performed 

in Primary Care settings. 121 patients with type 2 diabetes who needed initiation 

or modifi cation of insulin therapy were included. During the 2 years of follow-up, 

5 visits (inclusion, and 6,12,18, and 24 months) were performed. The compli-

ance was studied by means of count of insulin. BP was measured in two occa-

sions and mean BP and degree of BP control was evaluated. Good control was 

defi ned when SBP was <140 mmHg, and DBP was <90 mmHg, respectively. 

Results: 103 patients (85.1%) (mean age 66.4 years, SD 11.6) concluded the 

study, of which 45 were men (43.69%). SBP and DBP were respectively 140.2 

(SD 14.2) and 86.1 (SD 9.2) mmHg at the initial visit, 140.3 (SD 14) and 86.8 

(SD 8.6) mmHg at 1 year and 141.3 (SD 14.5) and 86.9 (SD 8.3) at 2 years 

(p= NS between initial-fi nal visit). 37.8% (CI 95%: 28.4-47.2), 53.4% (CI 95%: 

43.8-63) and 38.8% (CI 95%: 29.43-48.17) for visits (initial, 12 and 24 

months, respectively) (p= NS initial-fi nal) had BP controlled. Conclusions: 

Blood pressure control in patients with type 2 diabetes treated with insulin is very 

low, without changes after 2 years of follow-up.

Keywords: type 2 diabetes mellitus, blood pressure control, insulin, primary 

care, prospective study.

Resumen
Objetivo: Valorar el control de las cifras de presión arterial (PA) tras 2 años 

de seguimiento, en pacientes diabéticos tipo 2 (DM2) tratados con insulina. 

Métodos: Estudio prospectivo, longitudinal y multicéntrico, realizado en aten-

ción primaria, con la participación de 121 pacientes con DM2 que precisaron 

inicio o modificación del tratamiento con insulina y con seguimiento de 2 años. 

Se efectuaron 5 visitas (inclusión y 6, 12, 18 y 24 meses). Se midió la PA en 

dos ocasiones. Se calcularon las medias de PA y el grado de control. Se con-

sideró control cuando la PA fue <140 y 90 mmHg para la PAS y la PAD, res-

pectivamente. Resultados: Concluyeron 103 pacientes (85,1%) (edad 66,4 

años; DE 11,6), de los que 45 (43,69%) eran varones. Las PAS y PAD fue-

ron, respectivamente, de 140,2 (DE 14,2) y 86,1 (DE 9,2) mmHg en la visita 

inicial, de 140,3 (DE 14) y 86,8 (DE 8,6) mmHg al año, y de 141,3 (DE 

14,5) y 86,9 (DE 8,3) mmHg a los 2 años (p= NS entre la visita inicial y la 

final). Estaban controlados el 37,8% (IC 95%: 28,4-47,2), el 53,4% (IC 

95%: 43,8-63) y el 38,8% (IC 95%: 29,43-48,17) por visitas (inicial y 12 y 

24 meses, respectivamente) (p= NS inicial-final). Conclusiones: El control 

de la PA en la DM2 tratada con insulina es muy bajo, no modificándose a los 

2 años de seguimiento.

Palabras clave: diabetes mellitus tipo 2, control de la presión arterial, insu-

lina, atención primaria, estudio prospectivo.
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of the blood hypertension (BHT) is of 1.5 to 2 times higher in pa-

tients with DM than in those without it,4 and on the other hand, 

the subjects with hypertension have a 2.5 times higher risk of de-

veloping T2D compared with the non hypertensive patients.4 The 

co-existence in a same patient of BHT and DM multiplies the 

risk of showing vascular complications, both of macro and mir-

crovascular disease.

At present, a multifactor intervention is recommended in the 

patient with T2D, mainly focused on the high BP and the gly-

cemia levels.7 Several studies have demonstrated that the con-

trol of the BP values in diabetic patients, regardless of the gly-

cemic control, is associated to a reduction of the cardiovascular 

events.8,9 Likewise, it has been observed that the benefi cial ef-

fect in the reduction of suffering vascular complication has a 

cumulative10 and independent11 effect when lowering the blood 

pressure.

In general, the control of the BP in hypertensive diabetic pa-

tients is of 12% with a range between 6 and 30%, when consid-

ering BP values of <130/85 mmHg, without observing remarka-

ble differences among different levels of health care or among 

different countries.12 Therefore, it is relevant to know the situa-

tion and evolution of the BP control in T2D over time. There are 

no data in Spain about the BP control in T2D treated with insulin 

therapy. 

Our objective was to assess the control of the BP values after 2 

years of follow-up in type 2 diabetic patients treated with insulin.

Material and methods
Design
A prospective, longitudinal, multicenter study has been designed 

in which 121 patients diagnosed with T2D were included accord-

ing to the criteria of the American Diabetes Association (ADA 

2005). Fifteen (15) investigators of nine health sites of the prov-

ince of Huelva took part, which had to include 8 patients each 

one, in a study to assess the control of the BP values after 2 years 

of follow-up in type 2 diabetic patients treated with insulin.

Sample size
The necessary sample size was estimated13 for longitudinal stud-

ies that try to estimate proportions as main results. A prevalence 

of 5% was assumed in order to assume 50% of well-controlled 

diabetic patients with BP values of <140/90 mmHg, over an ac-

cepted prevalence of diabetes mellitus in Spain of 10%. The fol-

lowing formula was used:

Zα
2 � p � q

 n= ------------------------
e2 

Where n= number of necessary individuals, Zα=0.05 corresponded 

to a value of 1.96 after observing the tables, e= 4% (as desired 

accuracy), p=0.05 and q= 0.95. A sample size of 110 patients to 

be included in the study was the result after its estimation. A 10% 

was added in case of possible losses, resulting in a total of 121 

patients.

The study had an extension of 3 years. It started in February 

2007 and ended in February 2010. It has an inclusion period 

of 8 months and a mean follow-up of 24 months of each pa-

tient. 

The screening of patients was performed consecutively as the 

investigator detected a non controlled diabetic patient during the 

practice.

Inclusion criteria
•  Out-patients of both sexes, aged between 40 and 80 years.

•  Patients with T2D diagnosis who needed, according to the 

physician´s criterion, the starting or modification of the 

insulin type as consequence of an inadequate control of 

the diabetes (Inadequate control according to the ADA 

2005).

•  Patients who gave their consent in writing.

Exclusion criteria
•  Pregnant women or during breastfeeding.

•  Patients whose pathological situation could have interfered in 

the study development (eg. disabled, blind, alcoholic, drugs 

consumer, subjects with mental problems).

•  Patients participating in other investigation studies.

•  Patients who might have someone living with him/her admin-

istrating the insulin.

Withdrawal criteria
•  Inadequate therapeutic effect that according to the 

investigator´s opinion required an increase higher than 20% of 

the number of scheduled visits in the study. 

•  The patient does not cooperate or decided not to continue in 

the study and/or follow-up visits.

Follow-up and work plan
Five visits were performed: the inclusion visit, three follow-up 

visits performed at the health site after 6, 12 and 18 months and 

the fi nal visit after 24 months.

Inclusion visit
The inclusion and exclusion criteria were confi rmed, it has been 

informed orally and in writing and the informed consent was ob-

tained. The medical record was done and weight, height, abdom-

inal waist circumference and BP were measured. The basal gly-

cemia and the glycosylated hemoglobin (HbA1c) values were 

determined.

Follow-up visits
The BP was determined on two occasions as well as the weight. 

The basal glycemia and HbA1c values were assessed. The insulin 

count was done.

In case of lack of the therapeutic targets achievement, both in 

the basal glycemias and in the HbA1c, the BP or any other vascu-

lar risk factor, the investigator could modify the treatment ac-

cording to his opinion. 
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Final visit
It took place after 24 months, with similar contents than the ones 

of the follow-up visits.

Main measurements
The anthropometric measurements (weight and height) were tak-

en with barefoot patients and with light cloths, using a tallimeter 

and a scale with an accuracy of 100 g, as well as a calibrated cen-

timeter. The blood pressure was assessed in each visit, following 

the recommendations of the ESC-ESH 2007 consensus, measur-

ing it after 5 minutes of previous rest, on two occasions, with an 

interval of 2 minutes among them and with the patient with the 

arm naked and in sitting position, taking it from the arm with 

higher blood pressure in the initial visit. All the blood pressures 

were obtained with a validated semi-automatic monitor OMRON 

44 that had been delivered to each investigator at the beginning 

of the study.

Analyzed variables
•  Total number of individuals, withdrawals and their causes.

•  Age and sex.

•  Number of suffered diseases, number of consumed drugs and 

associated vascular risk factors.

•  The mean systolic and diastolic blood pressures (SBP) (DBP) 

were taken as well as their decreases.

•  The percentage of controlled diabetic patients was estimated 

according to two control criteria of the values of BP: criterion 

1, SBP and DBP <140 and 90 mmHg (principal variable); cri-

terion 2, SBP and DBP <130 and 80 mmHg.

•  The percentage of patients with T2D with not controlled BP 

was estimated in which a therapeutic inertia (TI) occurred by 

visit by means of the quotient (number of diabetic patients 

with BP ≥140 and/or 90 mmHg to whom the antihypertensive 

treatment has not been modifi ed and number of diabetic pa-

tients with mean BP values of ≥140 and/or 90 mmHg) and 

multiplied by 100.

Statistical analysis
All the variables have been estimated and compared globally and 

among visits. All the records were registered in the data collec-

tion logbook (DCL). The dababase Paradox 3.5 has been used as 

well as the computing program SPSS 11.5 for Windows. Valida-

tion controls were performed. The data were managed at the sta-

tistical department of Medinautic Investigación S.L. The square 

chi-test was used for the comparison of qualitative variables and 

the Student t test was used for the comparison of quantitative var-

iables for paired data and the McNemar test for not paired data. 

A p <0.05 was considered relevant. The confi dence intervals of 

95% were estimated. 

Ethics considerations
The study was approved by the Investigation Committee of Huelva 

(Hospital Juan Ramón Jiménez). The informed consent was ob-

tained and the Good Clinical Practice Guidelines were followed.

Results
One hundred and three (103) patients were evaluated (85.1%) 

(Age 66.4, SD 11.6 years old), from which 45 were men 

(43.69%) and 58 women (p= NR per age). Eighteen (18) patients 

were withdrawn; the insulin count could not be done in 13 of 

them because the insulin containers that have been consumed 

were not stored repeatedly, 3 patients changed their address, and 

insulin was withdrawn from 1 patient and 1 patient died. Table 1 

depicts a series of characteristics of the sample.

From the sample, 64.07% were hypertensive (CI 95%: 54.81 – 

73.33%) (n= 66). At the end of the study 82.52% (n= 85) were 

diagnosed with BHT.

The mean values of SBP and DBP per visits have obtained an 

initial decrease, increasing later, without observing relevant 

changes among the initial and fi nal BPs. It is striking that after 2 

years of follow-up the mean values of the BP have not changed, 

event being initially in a rage of high BP.

After 2 years of control it was of 38.8% (CI 95%: 29.40-48.10) 

through the criterion 1 and 22.30% (CI 95%: 14.27-30.33) 

through the criterion 2, without relevant differences between the 

initial and fi nal control (p=NR between the initial and fi nal vis-

its) (table 2). Among the hypertensive patients, the BP control 

through criterion 1 was of 10.6% (n= 7) and through criterion 2 

of 7.57% (n= 5) in the initial visit, and 25.88% (n= 22) and 

10.58% (n= 9) in the fi nal visit, respectively (p=NR per visit and 

criterion).

The TI took place in 77.53% (CI 95%: 70.43-84.63) of the 

visits of the diabetic patients with not controlled BP. Table 3 

depicts how the TI per visits increased not relevantly as they 

Table 1. General characteristics of the sample

Global sample
n= 103

Age (years) 66.4 (SD 11.6)

Sex M: 43.69%, n= 45

F: 56.31%, n= 58

Suffered diseases 3.6 (SD 1.25)

Number of consumed drugs 4.4 (SD 2.2)

Quetelet initial rate

Quetelet final rate

30.2 (SD 3.2)

30.4 (SD 3.6)

Initial abdominal waist circumference

Final abdominal waist circumference

104.3 (SD 10.3)

104.8 (SD 10.8)

Withdrawn patients 17.47%, n= 18

Diabetes evolution years 7.8 (SD 6.9) 

Hypertensive patients 64.07%, n= 66

Dyslipidemic patients 56.3%, n= 58

Family history of early cardiovascular death 4.85%, n= 5

Obesity 61.1%, n= 63

Smokers 13.6%, n= 14

The results are expressed in means and standard deviation (SD) or in percentages.
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went by, with a higher TI in the fi nal visits compared to the ini-

tial ones.

Discussion
This study is one of the fi rst ones performed in Spain in order 

to evaluate the control of the BP at long term in patients with 

T2D treated with insulin and controlled during primary care. A 

high proportion of patients with BHT were observed in this 

group. 64.07%, which increased throughout the study, being 

82.52% after 2 years similar to the one observed in the litera-

ture.14 This increase in the BHT diagnosis among the diabetic 

patients can be due to several causes, being the most relevant 

the usual increase of its incidence in the age and the course of 

time, the known relation of the association between the BHT 

and T2D (through which the presence of one of them increases 

the probability of suffering the other risk factor), the initial sub-

estimation in the diagnosis and the probable Hartworne effect 

in the professional (that might have caused and improvement in 

the clinical practice as regards to the diagnosis of the BHT), 

though this last aspect contrasts with the relevant TI observed 

in the treatment of the hypertensive patients. These fi ndings are 

common in the medical practice and should be taken into ac-

count if the control of the chronic diseases wants to be im-

proved.

The mean values of the SBP and the DBP per visits are collect-

ed in table 4. The mean BPs achieved an initial reduction, in-

creasing later, without observing relevant changes among the in-

itial and fi nal visits.

When assessing the control of the BP in the whole sample, 

it can be observed that when the inclusion of the patients in 

the study took place there was already a defi cient control, be-

ing 37.8% through the criterion 1 and 20.4% through the cri-

terion 2, without relevant differences between the initial and 

fi nal control (in the fi nal visit, the values were of 38.8 and 

22.33%, respectively). Among the hypertensive patients, the 

BP control through criterion 1 was of 10.6% and criterion 2 of 

7.57% during the initial visit, and was similar (25.88 and 

10.58%, respectively) during the fi nal visit, observing that 

this control was even higher among the hypertensive patients. 

This indicates us the diffi culty there is at present in order to 

cause a reduction of the BP in the primary care practice in 

T2D at long term. 

These fi ndings indicate that the patients with T2D and BHT 

under treatment with insulin and follow-up in primary care are 

far form having an optimal control of the BP, and even less when 

the BP targets are stricter. In Spain, in transversal studies in pri-

mary care, Abellán et al.15 it could be observed a control of 22% 

in diabetic and hypertensive patients when considering the con-

Table 2. Percentage of control of the blood pressure values (systolic [SBP] and diastolic [DBP]) per visits

Initial visit Visit 2 Visit 3 Visit 4 Final visit Initial-final (p)

SBP and DBP <140 and 90 mmHg 37.8%

(CI: 28.4-47.2%)

n= 39

43.7%

(CI: 34.1-53.3%)

n= 45

53.4%

(CI: 43.8-63%)

n= 55

43.7%

(CI: 34.1-53.3%)

n= 45

38.8%

(CI: 29.4-48.1%)

n= 40

NR

SBP and DBP <130 and 80 mmHg 20.4%

(CI: 12.62-28.18%)

n= 21

24.2%

(CI: 16-32.4%)

n= 25

32%

(CI: 23-41%)

n= 33

21.3%

(CI: 13.4-29.2%)

n= 22

22.3%

(CI: 14.27-30.33%)

n= 23

NR

The results are expressed in means and standard deviation (SD) or percentages, with confidence intervals of 95% (CI). The square chi-test has been used. NR: not relevant.

Table 3. Percentage of diabetic patients with therapeutic inertia in the antihypertensive treatment per visits, in not controlled 
diabetic patients (BP ≥140 and/or 90 mmHg)

Not controlled 6 months
n= 58

12 months
n= 48

18 months
n= 58

24 months
n= 63

Initial-final (p)

Therapeutic inertia 60.34%

(CI: 43.8-76.88%)

n= 35

83.33%

(CI: 69.48-97.18%)

n= 40

82.75%

(CI: 69.98-95.52%)

n= 48

84.12%

(CI: 72.27-96.97%)

n= 53

NR

The results are expressed in percentages with confidence intervals of 95% (CI). The square chi-test has been used. NR: not relevant.

Table 4. Means systolic blood pressures (SBP) and diastolic blood pressures (DBP) per visits

Initial visit Visit 2 Visit 3 Visit 4 Final visit Initial-final (p)

SBP (mmHg) 140.2 (SD 14.2) 138.4 (SD 14.1) 140.3 (SD 14) 141.4 (SD 14.3) 141.3 (SD 14.5) NR

DBP (mmHg) 86.1 (SD 9.2) 83.2 (SD 8.9) 86.8 (SD 8.6) 87.1 (SD 8.7) 86.9 (SD 8.3) NR

The results are expressed in means and standard deviation (SD). The Student t test has been used for paired data. NR: not relevant.
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trol criterion of the BP ≤130/80 mmHg; this control was of 6.3% 

in the study PRESCOT,16 9.2% in the study PRESCAP-Diabe-

tes,17 13.5% in the study DIAPA,18 14.3% in the study Control-

pres,19 10.1% in the study DISE-HTAC20 and 10.5% in the study 

HICAP.21,22 In specialized care, the control was of 13% in the 

study CLUE.23 At an international scale, the control percentage 

is similar, being 39% with the criterion24 1 and 17% with criteri-

on 2 in transversal studies,24 26.9% in retrospective studies25 and 

15.9% in longitudinal studies.26,27

It is known that the two main causes regarding to the lack of 

BHT control is the non-compliance of the pharmacological treat-

ment and the hygiene-diet measures28 an the therapeutic inertia 

of the health professional.29 The compliance of the antihyperten-

sive treatment was not measured in this study, but the measured 

non-compliance of the treatment with insulin was of 25%, there-

fore our opinion is that the antihypertensive non-compliance 

should be in the same percentages. The TI in the antihypertensive 

treatment took place in the 77.53% of the fi nal visits of the dia-

betic patients with the not controlled BP and increased not rele-

vantly, with a higher TI during the fi nal visits compared to the in-

itial ones. In transversal studies, the TI in Spain as regards to 

hypertensive patients is placed, in general, between 51 and 

84.6%.29 In longitudinal studies, the TI is produced in 36.8% of 

hypertensive patients sample and 82.6% of the not controlled hy-

pertensive patients.29 Different dependent-patient factors have an 

infl uence on TI, as well as from the professional and the health 

structure and organization, but probably the sub-estimation of 

vascular high risk of the diabetic patients30 has caused a scarce 

use of antihypertensive combinations, as it has been observed 

that the mean of 4.4 drugs used in the study is clearly insuffi cient 

for the control of the common health problems of the patients 

with T2D. 

The study we have described here might represent the general-

ity of the patients with not controlled T2D and treated with insu-

lin in primary care, as an adequate fi nal sample has been ob-

tained through consecutive sampling, with investigators of 

different basic health zones and distributed all over the Huelva 

province.

Studies are recommended as future investigation line to ex-

plore strategies to favor the control in diabetic patients at long 

term. ■

References
1. Cordero A, Fácila L, Galve E, Mazón P. Novedades en hipertensión arterial y 

diabetes mellitus. Rev Esp Cardiol. 2010;63 Suppl 1:101-15.
2. World Health Organization. Diabetes programme. Facts and fi gures. WHO 

European Region. 2000. Available on: http://www.who.int/diabetes/facts/world_
fi gures/en/index4.html

3. Benito P, García R, Puig M, Mesa J, Pallardo LF, Faure E, et al. Perfi l de los 
pacientes con diabetes mellitus tipo 2 en atención primaria española. Rev Clin 
Esp. 2004;204:18-24.

4. Basterra-Gortari FJ, Bes-Rastrollo M, Seguí-Gómez M, Forga L, Martínez JA, 
Martínez-González MA. Trends in obesity, diabetes mellitus, hypertension and 
hypercholesterolemia in Spain (1997-2003). Med Clin (Barc). 2007;129:
405-8.

5. Gabriel R, Alonso M, Segura A, Tormo MJ, Artigao LM, Banegas JR, et al. 
Prevalencia, distribución y variabilidad geográfi ca de los principales factores de 

riesgo cardiovascular en España. Análisis agrupado de datos individuales de 
estudios epidemiológicos poblacionales: estudio ERICE. Rev Esp Cardiol. 
2008;61:1030-40.

6. Tovillas-Morán FJ, Zabaleta del Olmo E, Dalfó-Baqué A, Vilaplana-Cosculluela M, 
Galcerán JM, Coca A. Morbimortalidad cardiovascular y patrones geométricos del 
ventrículo izquierdo en pacientes con hipertensión atendidos en atención primaria. 
Rev Esp Cardiol. 2009;62:246-54.

7. Zoungas S, De Galan BE, Ninomiya T, Grobbee D, Hamet P, Heller S, et al. 
Combined effects of routine blood pressure lowering and intensive glucose control 
on macrovascular and microvascular outcomes in patients with type 2 diabetes: 
new results from the ADVANCE trial. Diabetes Care. 2009;32:2068-74.

8. UK Prospective Diabetes Study Group. Tight blood pressure control and risk of 
macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. 
BMJ. 1998;317:703-13.

9. Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, Menard J, et al., for 
the HOT Study Group. Effects of intensive blood-pressure lowering and low-dose 
aspirin in patients with hypertension: principal results of the Hypertension Optimal 
Treatment (HOT) randomised trial. Lancet. 1998;351:1755-62.

10. Stratton IM, Matthews DR. Additive effects of glycaemia and blood pressure 
exposure on risk of complications in type 2 diabetes: a prospective observational 
study (UKPDS 75). Diabetologia. 2006;49:1761-9.

11. The ADVANCE Collaborative Group. Intensive blood glucosa control and 
vascular outcomes in patients with type 2 diabetes. N Engl J Med. 
2008;358:2560-72.

12. McLean DL, Simpson SH, McAlister FA, Tsuyuki RT. Treatment and blood pressure 
control in 47,964 people with diabetes and hypertension: a systematic review of 
observational studies. Can J Cardiol. 2006;22:855-60.

13. Gil Guillén V. Tratado de epidemiología clínica. Cálculo muestral. Barcelona: 
Dupont, 1999; 67-86.

14. Choe HM, Townsend KA, Blount G, Lo CH, Sadowski L, Standiford CJ. Treatment 
and control of blood pressure in patients with diabetes mellitus. Am J Health Syst 
Pharm. 2007;64:97-103.

15. Abellán Alemán J, García-Galbis Marín JA, Leal Hernández M, Gómez Jara P; 
Group of HTA-Diabetes en Atención Primaria of Murcia. Control del riesgo 
cardiovascular en pacientes con HTA y diabetes en atención primaria. Aten 
Primaria. 2008;40:43.

16. Escobar C, Barrios V, Calderón A, Llisterri JL, García S, Rodríguez-Roca GC, et al. 
Diabetes mellitus en la población hipertensa asistida en Atención Primaria en 
España. Grado de control tensional y lipídico. Rev Clin Esp. 2007;207:221-7.

17. Llisterri JL, Alonso FJ, Rodríguez G, Barrios V, Lou S, Divisón Garrote JA, et al. 
Control de la presión arterial en la población diabética hipertensa asistida en 
Atención Primaria. Estudio PRESCAP-Diabetes. RCAP. 2006;1:19-30.

18. García O, Lozano JV, Vegazo O, Jiménez FJ, Llisterri JL, Redón J. Control de la 
presión arterial de los pacientes diabéticos en el ámbito de atención primaria. 
Estudio DIAPA. Med Clin (Barc). 2003;120:529-34.

19. Coca A. Evolución del control de la hipertensión arterial en Atención Primaria 
en España. Resultados del estudio Controlpres 2003. Hipertension. 
2005;22:5-14.

20. Dalfó A, Escribá JM, Benítez M, Vila MA, Senar E, Tovillas FJ, et al. Diagnóstico y 
seguimiento de la hipertensión arterial en Cataluña. Estudio DISEHTAC. 
Aten Primaria. 2001;28:305-10.

21. Márquez Contreras E, De Rivas Otero B, Divisón Garrote JA, Sobreviela 
Blázquez E, Luque Otero M. Are hypertensive patients managed in primary 
care well evaluated and controlled? HICAP Study. An Med Interna. 
2007;24:312-6.

22. Divisón JA, De Rivas B, Márquez-Contreras E, Sobreviela E, Luque M; HICAP 
Study investigators. Clinical characteristics and management of hypertense 
patients diagnosed of heart failure in primary health care in Spain. HICAP Study. 
Rev Clin Esp. 2008;208:124-9.

23. Banegas JR, Segura J, Ruilope LM, Luque M, García-Robles R, Campo C, et al. 
CLUE Study Group Investigators. Blood pressure control and physician 
management of hypertension in hospital hypertension units in Spain. Hipertension. 
2004;43:1338-44.

24. Pinto LC, Ricardo ED, Leitão CB, Kramer CK, Zanatta CM, Gross JL, et al. 
Inadequate blood pressure control in patients with type 2 diabetes mellitus. Arq 
Bras Cardiol. 2010;94:651-5.

25. Marshall D, Frech-Tamas F, Wogen J, Doyle JJ. Blood pressure control among 
diabetes patients within a managed care setting. Am J Med Qual. 2008;23:
201-7.



Original article

Control of the blood pressure values in diabetic type 2 patients treated with insulin. E. Márquez Contreras, et al.

429

26. Cummings DM, Doherty L, Howard G, Howard VJ, Safford MM, Prince V, et al. 
Blood pressure control in diabetes: temporal progress yet persistent racial 
disparities: national results from the Reasons for Geographic And Racial 
Differences in Stroke (REGARDS) study. Diabetes Care. 2010;33:798-803.

27. Suh DC, Kim CM, Choi IS, Plauschinat CA, Barone JA. Trends in blood pressure 
control and treatment among type 2 diabetes with comorbid hypertension in the 
United States: 1988-2004. J Hypertens. 2009;27:1908-16.

28. Cramer JA, Benedict A, Muszbek N, Keskinaslan A, Khan ZM. The 
significance of compliance and persistence in the treatment of diabetes, 

hypertension and dyslipidaemia: a review. Int J Clin Pract. 2008;62:
76-87.

29. Márquez Contreras E, Martell Claros N, Gil Guillén V, Martín de Pablos JL, De la 
Figuera von Wichman M, Casado Martínez JJ, et al. Control of therapeutic inertia 
in the treatment of arterial hypertension by using different strategies. Aten Primaria. 
2009;41:315-23.

30. Gil-Guillén VF, Merino-Sánchez J, Sánchez-Ruiz T, Amorós-Barber T, Aznar-Vicente 
J, Abellán-Alemán J, et al. Evaluation of cardiovascular risk in the longitudinal 
phase of the Mediterranean study. Rev Clin Esp. 2009;209:118-30.



Av Diabetol. 2010;26:430-5Diabetología
avances en

430

Original article

Cost analysis of type 2 diabetes mellitus treatment 
with insulin glargine or detemir
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Abstract
Introduction: Large published data suggested that some patients initiating 

with the recommended once daily insulin detemir administration require twice 

daily dosing to optimise blood glucose control. Therefore the clinical outcome 

in this selected population was tested in a randomized controlled trial. Objec-

tive: To compare the costs of two treatments of type 2 diabetes mellitus, in-

sulin glargine and insulin detemir, in patients with type 2 diabetes not con-

trolled with oral antidiabetic agents. Methods: Costs-offset analysis was 

modelled from the Spanish National Health System perspective, taking into 

account the health direct costs. A simulation of resources use related with glar-

gine and detemir in type 2 diabetes treatment was performed, taking into ac-

count insulin administered doses, utilization of test strips for glycemia control 

and disposable needles used. The glargine and detemir doses were obtained 

from one clinical trial comparing both insulins for 24 weeks. The test strips and 

disposable need les use were estimated from the Spanish clinical practice. Unit 

costs were taken from Spanish sources and databases. Results: Lower daily 

doses were administered with glargine than with detemir. Therefore, the use of 

glargine instead detemir would result in a lower daily cost of insulin treatment, 

and a lower use of test strips and disposable needles. As a consequence, the 

glargine use would result in an annual saving of 765.03 € for a patient with 

type 2 diabetes, 43.3% savings with glargine versus detemir. According to the 

sensitivity analysis, the annual saving for a patient treated with glargine was 

between 646.05 and 810.55 €. Conclusions: According to this model, in 

the above mentioned population, glargine insulin is a more cost-effective treat-

ment than detemir insulin, with lower annual treatment costs.

Keywords: insulin glargine, insulin detemir, diabetes mellitus, costs analysis.

Resumen
Introducción: Diversos estudios publicados han revelado que algunos pa-

cientes que inician el tratamiento con insulina detemir, cuya administración 

recomendada es de una vez al día, requieren finalmente una administración 

dos veces al día para optimizar el control de la glucosa sanguínea. Los resul-

tados clínicos se han evaluado en esta población seleccionada mediante un 

ensayo clínico aleatorizado. Objetivo: Comparar los costes de dos tratamien-

tos con insulina (glargina y detemir) en la diabetes mellitus tipo 2 en pacientes 

no controlados con antidiabéticos orales. Métodos: Análisis de compensación 

de costes sanitarios, modelizado desde la perspectiva del Sistema Nacional de 

Salud español (considerando únicamente los costes directos sanitarios). Se 

simuló la utilización de los recursos asociados al tratamiento de la diabetes 

tipo 2 con glargina y detemir, respecto a las dosis de insulina administradas, la 

utilización de tiras reactivas para el autoanálisis de la glucemia y el consumo 

de agujas desechables. Las dosis de glargina y detemir se obtuvieron de un 

ensayo clínico que comparó ambas insulinas durante 24 semanas. La utiliza-

ción de tiras reactivas y de agujas desechables se estimó de acuerdo con la 

práctica clínica en España. Los costes unitarios se tomaron de fuentes y bases 

de datos españolas. Resultados: En los pacientes tratados con glargina se 

administró una menor dosis diaria de insulina que con detemir y, por tanto, se 

produjo un menor coste diario del tratamiento insulínico, así como un menor 

consumo de tiras reactivas y agujas. En consecuencia, la utilización de glargi-

na en lugar de detemir se asociaría a un ahorro anual de 765,03 € por pa-

ciente con diabetes tipo 2, lo que supone un ahorro de un 43,3% con glargi-

na frente a detemir. En el análisis de sensibilidad, el ahorro anual por paciente 

tratado con glargina osciló entre 646,05 y 810,55 €. Conclusiones: De 

acuerdo con el presente modelo, en la población estudiada la insulina glargina 

es un tratamiento de la diabetes tipo 2 más coste-efectiva que la insulina de-

temir y se asocia a unos menores costes anuales de tratamiento.

Palabras clave: insulina glargina, insulina detemir, diabetes mellitus, análisis 

de costes.
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Introduction
The T2D is one of the diseases with the greatest socio sanitary 

impact, not only due to its prevalence (estimated in 10-15% in 

the Spanish population over 35 years old),1 but also due to the 

acute and chronic complications that it causes and its high mor-

tality rate. It is estimated that 25% of the patients with DM might 

show neuropathy, 32% retinopathy and 23% nephropathy,2 and 

that the individuals with diabetes have a twenty times higher risk 

of amputation than the population without diabetes.3 The cardio-

vascular complications are the main cause of morbimortality, 

with a death risk of two to three times higher than the general po-

pulation.4 The DM is one of the main causes of mortality in 

Spain, where it reaches a third place in women and a seventh pla-

ce in men.2 The incidence of T2D in Spain is estimated between 

10.8 and 19 cases per 1.000 inhabitants-year.1,5

Knowing the cost of the disease is essential in order to adequa-

tely assess the different treatments. In the case of our country, ac-

cording to a revision published in 2005, the mean annual cost of 

a patient with T2D ranged at that moment between 1,000 and 

5,000 € approximately; from these total costs, 8% correspond to 

the hypoglycemiant treatment.6

There are different types of insulin for the treatment of DM, 

which differ in aspects such as duration of its action or its daily 

administration guideline. The insulin glargine (IG, Lantus®) was 

the fi rst long acting analogue of human insulin and imitates the 

insulin daily basal physiological secretion; it is indicated for the 

treatment of DM in adults, adolescents and children over 6 years 

old, when insulin treatment is needed.7 The insulin detemir (ID, 

Levemir®) is an analogue of basal soluble insulin, long-acting ac-

tion, indicated also in the treatment of the DM.8

The results of a recent randomized, clinical trial in patients 

with T2D not previously treated with insulin who failed in the 

treatment with oral antidiabetics (OAD) are available;9 it could 

be stated in this study that the patients treated with IG needed 

less doses of insulin (43.5 ± 29.0 IU) than the patients treated 

with ID (76.5 ± 50.5 IU).

These differences in the therapeutic doses might have an im-

pact on the cost of the disease. In order to evaluate this hypothe-

sis, this work compared the direct costs of both treatments in the 

T2D.

Methods
The study consisted of a pharmaco economic model, understood 

as a theoretical scheme that allows performing simulations of 

complex health processes related to drugs and which is prepared 

following a previously stated protocol, by means of estimations 

obtained from the available or published data of effi cacy, toxici-

ty and costs of the compared alternatives.10 For such purpose, a 

compensation analysis of health costs was carried out, modelized 

as from the perspective of the National Health System (NHS) (ie, 

considering only the direct health costs). “Compensation of 

health costs” is understood as the compensation that takes place 

when the use of sanitary resources are reduced as consequence of 

a determined intervention.11

The results of this study are applicable to patients with charac-

teristics of the ones included in the clinical trial of Swinnen et 

al.:9 adults with T2D, inadequately controlled with oral antidia-

betic drugs, not previously treated with insulin and with levels of 

glycosylated hemoglobin (HbA1c) between 7 and 10.5%.

The model, performed in Microsoft Excel, incorporated data 

corresponding to the use of resources from the aforementioned 

randomized clinical trial,9 as well as a panel of clinical experts 

and Spanish sources.12 The unit costs were obtained or estimated 

as from the databases and other Spanish sources.13-15

The following short-term T2D health expenses were conside-

red in the model: 1) for the insulin treatment, 2) for the consump-

tion of reactive strips for the control of the glycemia and fi nally, 

3) for the consumption of disposable needles. The costs are pre-

sented in Euros (€) in 2009.

A basic case was analyzed considering the mean values of the 

use of resources (reactive strips, disposable needles) estimated 

through a survey performed to clinical physicians with experien-

ce in the treatment of the diabetes mellitus. Several analysis we-

re also done as regards to the determining sensitivity: fi rst, the 

analysis was done considering only the difference of costs due to 

the acquisition of insulins (excluding the costs of self-monitoring 

and disposable needles), secondly, analysis were performed for 

the minimum and maximum values corresponding to the use of 

resources as estimated by the professionals, and thirdly, the va-

lues of the use of resources were considered, estimated as from 

the Spanish literature sources.14,15 As regards to this last analysis, 

and according to what is stated in the “Guideline for the use of 

reactive strips in the diabetes mellitus” of the Catalonia Diabetes 

Association,12 it has been assumed that in case of treatments that 

require only one daily injection of insulin (both IG and ID) it 

would be necessary to perform two daily controls of the glyce-

mia levels, and three controls should be performed in case of ad-

ministering two injections. On this regard it has to be indicated 

that in the basic case a moderate estimation of two daily controls 

was done. In order to estimate the total cost of the consumed 

reactive strips in each treatment, the number of consumed strips 

multiplied by its unit cost. The mean cost of a reactive strip (0.39 

€) was estimated as from the price of a tender of the Board of 

Castilla and León in 2009.14 Finally, a variant of the previous 

analysis was performed (based on the literature) considering that 

only 55% of the patients treated with ID need two daily injec-

tions, according to the clinical trial of Rosenstock et al.16

Though the manufacturer of needles recommend the use a new 

needle in each insulin shot, they can be reused in the practice 

while they are not blunt or bent, and as long as the skin is per-

fectly clean.17 According to the estimation of the professionals, it 

has been considered that a considerable percentage of patients 

reuse the needles. However, in one of the sensitivity analysis it 

has also been considered the case the patients undertake a correct 

use of the disposable needles, not reusing them. 

In order to estimate the total cost of the consumed disposable 

needles in each treatment, the number of consumed needles has 

multiplied its unit cost. The mean cost of a disposable needle 
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(0.065 €) was estimated as from the price of a tender of the Ara-

gonese Health Service in 2006.15 

Results
Use of resources
In the treatment of the T2D, the physicians estimated as fo-

llowed: 1) that a less daily measurement of the glycemia in blood 

(with reactive strip) would be done in the 75% (70-80%) of the 

patients with T2D treated with a single daily dose of insulin com-

pared with the patients treated with two daily doses of insulin, 2) 

that the 73% (63-83%) of the patients with T2D reuse the dispo-

sable needles of insulin administration, and 3) that the estimated 

number of times that the needles are reused is of 2.5 (1.5-3.5). 

The reuse of disposable needles is very frequent because the pa-

tients are provided with a limited number of needles from the pu-

blic health system.

Costs of the insulin treatment
The results of a 24-week randomized clinical trial performed in 

964 patients with T2D not treated previously with insulin were 

published, who failed in the treatment with OAD.9 The primary 

objective of the study was to demonstrate the non therapeutic in-

feriority of the IG administered once daily, compared to the ID 

administered twice daily, as regards to the percentage of patients 

who achieve an adequate glycemic control (HbA1c <7%, without 

symptomatic hypoglycemia, confi rmed by a plasmatic glucose 

[PG] ≤56 mg/dL or 3.1 mmol/L). The improvement of the HbA1c 

and the fasting PG was similar in both insulins. However, the pa-

tients treated with IG needed less doses of insulin (43.5 ± 29 IU) 

than the patients treated with ID (76.5 ± 50.5 IU). It is important 

to point out that the patients treated with IG and ID were compa-

rable in all the clinical characteristics and basal prognosis factors 

(table 1).9

As consequence of the need of lower insulin doses in patients 

treated with IG, the cost per patient would be lower compared to 

the cost of those patients treated with ID. As observed in table 2, 

the cost of acquisition of pre-fi lled pens of 3 ml is of 1.57 € less 

with IG compared to ID.13 This fact, linked to lower doses of IG, 

would give place to a cost per patient of 813.95 and 1,460.00 € 

annually with IG and ID, respectively. Defi nitively, the annual 

saving per patient associated to the use of IG instead of ID would 

increase to 646.05 €, therefore generating a saving of 44.3% with 

IG vs. ID (table 2).

The cost for the symptomatic hypoglycemias was not consi-

dered in the analysis, as there has not been relevant statistically 

differences between IG and ID in the clinical trial of Swinnen 

et al.9

Costs associated to the consumption of reactive strips
The annual saving in reactive strips that would take place in each 

patient treated with IG instead of ID would increase to 105.58 € 

generating, therefore, a saving of 37.5% with IG vs. ID (table 2). 

Costs associated to the consumption of disposable needles
The annual saving in disposable needles that would happen in 

each patient treated with IG instead of ID would increase to 

Table 1. Basal clinical characteristics of the patients who took part in the clinical trial of Swinnen et al.9

Item Insulin detemir Insulin glargine

Randomized patients (n) 486 487

Men (%) 52.1 57.3

Mean ± SD Mean ± SD

Age (years)

Weight (kg)

BMI (kg/m2)

Duration of the diabetes (years)

HbA1c (%)

Fasting PG (mmol/l)

Fasting C-peptide (pmol/l)

Previous treatment with OAD, n (%)

Metformin

Sulphonylureas

Thiazolidinediones 

Inhibitors of the alphaglucosidase 

Glinides

Others

58.0 ± 8.0

84.8 ± 17.9

30.6 ± 4.9

9.7 ± 5.6

8.7 ± 0.9

10.5 ± 2.7

1,079.7 ± 490.6

486 (100)

417 (85.8)

89 (18.3)

28 (5.8)

22 (4.5)

1 (0.2)

58.7 ± 8.5

83.0 ± 16.2

29.7 ± 4.7

10.1 ± 5.9

8.7 ± 0.9

10.4 ± 2.8

1,049.7 ± 471.2

478 (100)

410 (85.8)

74 (15.5)

32 (6.7)

27 (5.6)

0 (0)

BMI: body mass index; HbA1c: glycosylated hemoglobin; n: number of patients; OAD: oral antidiabetics; PG: plasmatic glucose; SD: standard or typical deviation.
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13.41 €, generating, therefore, a saving of 50% with IG vs. ID 

(table 2).

Results of the costs compensation analysis
The performed estimations stated that the use of IG in patients 

with T2D is an option with less costs than the treatment with ID, 

and with a similar effectiveness in the optimization of the HbA1c 

levels.9 In the patients treated with IG, lower daily doses of insu-

lin were administered than in the patients treated with ID, and, 

therefore, a lower daily cost was produced in the insulin 

treatment. Consequently, the use of IG instead of ID would be as-

sociated to an annual saving of 765.03 € per patient with T2D, ie, 

a saving of 43.35 with IG vs. ID (table 3). In the sensitivity 

analysis, the annual saving per patient treated with IG ranged 

between 646.05 and 810.55 € (table 4). 

Discussion
Pursuant to the suppositions of this model, the insulin glargine is 

a more effi cient treatment of the T2D than the insulin detemir. 

The result of the analysis is determined, mainly, by the fact 

that the patients treated with IG received a mean daily dose of 

43.5 ± 29.0 IU (which was administered with only one daily in-

jection), while in order to achieve an adequate glycemia control 

in the case of the ID it was necessary to administer a mean daily 

dose of 76.5 ± 50.5 IU (with two daily shots).9

In the evaluation reports of the European Medicines Evalua-

tion Agency (EMEA) it has been evidenced that the strength of 

both insulins is not comparable, as the affi nity of the IG due to 

the insulin receptors is of 50% and the ID of 25%, compared to 

the human insulin.18,19 Obviously, the therapeutic doses of IG and 

ID were adjusted molarly to the ones of the human insulin, but 

the results of the aforementioned clinical trial9 might indicate, 

however, possible strength differences among the recommended 

doses of IG and ID. 

The need of a higher dose of insulin in patients treated with ID 

has also been observed in the studies of Hermansen et al.20 and 

Rosenstock et al.16 compared with insulin NPH and IG, respecti-

vely.

Several studies performed in the United Kingdom have been 

published that compare the IG and ID in patients with T1D and 

T2D.21,22 In the study of Currie et al.21 the therapeutic effective-

ness (changes in the levels of HbA1c) and the complications 

(changes in the body weight, hypoglycemia events and with-

drawal events due to this reason) were compared regarding to 

Table 2. Costs of the estimated resources in the analysis

Costs of the insulin treatment

Concept Insulin glargine Insulin detemir Difference References

Cost of 1,500 IU (5 pens of 3 ml) (PSP with VAT, in €)

Mean daily dose (IU)

Daily cost (€)

Annual cost (€)

Annual saving per patient treated with IG (vs. ID) (€)

Saving percentage with IG vs. ID

76.95

43.5

2.23

813.95

 

78.52

76.5

4.00

1,460.00

 

1.57

33

1.77

646.05

44.3%

13

9

Costs associated to the consumption of reactive strips for the control of the glycemia

Concept Data/results References

Cost per reactive strip (€)

Annual cost with IG (€)

Annual cost with ID (€)

Annual saving per patient treated with IG (vs. ID) (€)

Saving percentage with IG vs. ID

0.39

175.96

281.54

105.58

37.5%

14

Costs associated to the consumption of disposable needles

Concept Data/results References

Cost of 1 disposable needle (€)

Annual cost of needles with IG (€)

Annual cost of the needles with ID (€)

Needles saved per year for using IG instead of ID

Annual saving per patient treated with IG (vs. ID ) (€)

Saving percentage with IG vs. ID

0.065

13.40

26.81

206

13.41

50%

15

ID: insulin detemir; IG: insulin glargine; IU: international units; PSP with VAT: public sales price plus the value added tax. 
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both basal insulins during a period of 9 months. Data from 5,683 

patients treated with IG were obtained as well as from 694 pa-

tients treated with ID, from a database of primary care, and with 

almost identical demographic and clinical profi les. There were 

no relevant statistical differences in the levels of the HbA1c in the 

body weight and in the withdrawals due to hypoglycemias. 

However, IG gave place to less hypoglycemia events than ID (re-

lative risk= 0.75; p <0.05). In the second study, Poole et al.22 

using the same sample than in the previous study, they compared 

the costs related to both treatments (IG and ID). In the case of the 

patients with T2D, the annual cost per treated patient was of 

1,479 and 2,057 € (1,014 and 1,410 British pounds) (p <0.001) 

with IG and ID, respectively. Otherwise said, a mean annual sa-

ving of 578 € per patient took place, compared to ID. This saving 

was due to a reduction of the expense with IG vs. ID, in the insu-

lin treatment (32%), reactive strips (16%), hypoglycemia events 

(34%), injection material (40%) and fi nally, needles (17%). It is 

worth mentioning that the study of Poole et al. had a different de-

sign compared to the one we present here, as a database of pri-

mary care was used, while the one we describe used the results 

of a randomized clinical trial.9

In 2007, the results of a Spanish study was published, very si-

milar to this one, based on the data provided by the clinical trial 

of Rosenstock et al.16 According to this study, which included di-

fferences of costs associated to the hypoglycemias, the use of IG 

instead of ID would give place to an annual saving of 534.96 € 

per patient with T2D (34% with IG vs. ID).

Recently, the results of a study performed in Germany were 

published in which the costs of the treatment with patients with 

T2D were compared, by means of IG and ID in combination with 

oral antidiabetic drugs,24 and based equally on the results of the 

clinical trial of Rosenstock et al.16 The annual cost per treated pa-

tient was of 849 € with IG and 1,334 € with ID; therefore the an-

nual saving per patient with IG was of 485 € (36% of the cost per 

patient with ID).24

These results match with the results of this study, confi rming 

the greater effi ciency of insulin glargine vs. the insulin determir 

in the treatment of T2D, with an estimated annual saving per pa-

tient treated in Spain of 765 € (646-810 €). It has to be pointed 

out the fact that, even without taking into account the costs asso-

ciated to strips and needles; the balance of costs is clearly favo-

rable to IG.

We have to take into account in the assessment of results that 

it is a theoretical model (which is, by defi nition, a simplifi ed si-

mulation of reality), therefore the conclusions should be conside-

red as estimations for a patient with the clinical characteristics 

included in the clinical trial of Swinnen et al.,9 which however 

can be useful as tool for the clinical decisions taking.8 However, 

the validity of the conclusions is supported by the fact that the 

model of costs compensation used data from a clinical trial in 

which the patients had a comparable basal risk and from the con-

siderations of two Spanish clinical experts. Since the frequency 

of use of the reactive strips and disposable needles are variable 

and should be individualized,25,26 and taking into account mo-

reover that they had not been obtained from an ad hoc study but 

by means of experts´ estimations or treatment guidelines, a sen-

sitivity analysis was done excluding the costs of both resources, 

confi rming the saving with IG of (646.05 € per patient and year), 

Table 3. Results of the costs compensation analysis (per patient)

Concept Insulin glargine (€) Insulin detemir (€) Difference (€)

Annual cost of the insulin 813.95 1,460.00 646.05

Annual cost of the reactive strips 175.96 281.54 105.58

Annual cost of the disposable needles 13.40 26.81 13.41

Total annual costs 1,003.32 1,768.35 765.03

Saving percentage with IG vs. ID – – 43.3%

ID: insulin detemir; IG: insulin glargine.

Table 4. Sensitivity analysis (costs per patient and year)

Item Insulin glargine
(€)

Insulin detemir
(€)

Difference
(€)

Difference
(%)

Basic case

Including only the cost of the insulins

Most unfavorable case to IG

Most favorable case to IG

Estimations based on the literature

Idem previous point and 55% patients ≥2 injections of ID

1,003.32

813.95

992.62

1,015.73

1,119.21

1,119.21

1,768.35

1,460.00

1,761.03

1,779.10

1,929.76

1,855.74

765.03

646.05

768.41

763.37

810.55

736.53

43.3

44.3

43.6

42.9

42.0

39.7

ID: insulin detemir; IG: insulin glargine.
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as the main component of the expense is the acquisition of the in-

sulins (table 3). 

On the other hand, as the data about consumption of resources 

and unit costs have been obtained (besides the panel of experts) 

from studies and Spanish databases, the results can be considered 

of application to the Spanish health fi eld.

It would be of interest to perform representative and randomi-

zed clinical trials of the real clinical practice in the future, in or-

der to compare directly the effi cacy, usefulness, tolerance and the 

consumption of health resources of the evaluated therapeutic al-

ternatives, with the objective of doing again a pharmaco econo-

mic analysis to validate the initial conclusions obtained to pre-

sent. Meanwhile, it can be concluded that the insulin glargine 

seems to be more effi cient than the insulin detemir when admi-

nistered at lower doses and with a lower number of daily injec-

tions, which would give place to a lower expense for the insulin 

treatment and a reduction of disposable needles and reactive 

strips consumption. ■
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Which are the modifi cations you would do 
in the hypoglycemiant treatment of this 
patient?
In order to focus the hypoglycemiant treatment of any patient 

with diabetes mellitus (DM) it is considered priority to mark a 

glycemic control target according to the characteristics of each 

patient in particular. In our case, this is a male aged 81 years with 

a good life quality but an inadequate glycemic control (glyco-

sylated hemoglobin [HbA1c] of 9.6%), in spite of being already 

in a dose of slow acting insulin (glargine) and two strong drugs 

(metformin and glimepiride) in almost full doses.

A HbA1c of 9.6% is correlated with a glycemic average of ~230 

mg/dl,1 high value and that might suggest the patient a progressive 

deterioration of the chronic DM complications. Several studies 

state the highest mortality rate2 or the increase of the relative risk 

of the coronary disease, ischemic ictus and death due to any reason 

secondary to high levels of HbA1c.
3 The data of the United King-

dom Prospective Diabetes Study (UKPDS) showed that, with each 

reduction of 1% of the HbA1c, a reduction of 21% of deaths due to 

diabetes was achieved, 14% the myocardial infarction, 37% the 

micro vascular complications and 43% the peripheral vasculopa-

thy. This study, performed in patients with T2D, and the Diabetes 

Control and Complication Trials (DCCT), performed in patients 

with T1D,5 stated that, achieving a HbA1c of <7% the risk of suf-

fering microvascular complications and neuropathies was reduced 

signifi cantly at short term (10 years). The evaluation of both stud-

ies at long term6,7 proved that this strategy reduces the cardiovas-

cular risk at long term (~17-20 years). Therefore, the HbA1c objec-

tive in general for adults should be of <7%.1

Poor-controlled type 2 diabetes in an elderly patient 
with good general condition
Diabetes tipo 2 mal controlada en un paciente de edad avanzada y con buen estado general

Male aged 81 with T2D of 22 years of evolution, who shows a good general condition and glycosylated hemoglobin (HbA1c) 
of 9.6%.

Personal history
Two years after cataract surgery. Mild distal polyneuropathy, incipient nephropathy (without kidney failure), hypertension, hyper-
uricemia and mixed hyperlipemia. His treatment consists of metfromin 2,550 mg/day, glimepiride 4 mg/day and insulin glargine in 
a morning dose of 22 IU, atorvastatin 20 mg/day, irbesartan 300 mg/day and hydrochlorothiazide 12.5 mg/day. He never smoked 
and drinks in a moderate manner. In his active life he works with insurances. The fasting blood glucose level in the last controls has 
not been lower to 200 mg/dl. Otherwise, he shows a good general state of health.

Data related to his last control
Weight 79 kg, height 167 cm, blood pressure 136/85 mmHg, abdominal waist 99 cm. The heart auscultation reveals rhythmic tones 
and without audible heart murmurs. No signs of peripheral vascular disorders or edemas can be observed. There is a decrease of the 
peripheral vibration and of the thermal sensitivity, higher in the left foot, as well as of the patellar and achillean refl ects. The following 
results appear in the differed analytics: basal glycemia 223 mg/dl, HbA1c 9.6%, creatinine 1.3 mg/dl, total cholesterol 213 mg/dl, tri-
glycerides 138 mg/dl, HDL cholesterol 62 mg/dl, uric acid 6.4 mg/dl and microalbuminuria 58 μg/ml. There is no other pathological 
biochemical datum. As regards to the outpatient control, he performs a glycemic control of three pre-prandial points weekly.
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But there are exceptions to the general recommendation of an 

HbA1c target of <7%. It is based on data of controlled and rand-

omized trials as ACCORD (Action to Control Cardiovascular Risk 

in Diabetes), ADVANCE (Action in Diabetes and Vascular Dis-

ease-Preterax and Diamicron Modifi ed Release Controlled Evalu-

ation) and VADT (Veterans Affairs Diabetes Trial), performed in 

patients with T2D of more than 10 years of evolution who looked 

for the “quasi-normoglycemia” with the intention of achieving the 

reduction of macrovascular complications.8 From the results of the 

mentioned studies it comes forth that less strict objectives of HbA1c 

might result appropriate for patients with serious hypoglycemia 

history, limited life expectancy, advanced micro- and macrovascu-

lar complications and important comorbidity situations and for 

those patients with diabetes of long evolution, in whom the com-

mented objective might result diffi cult to achieve.1,8

Possibly, our patient enters into these assumptions because as 

he is 81 years old, his life expectancy is not very long, and be-

sides he shows very inadequate controlled DM and of 22 years of 

evolution. Thus, the glycemic control objective that would be 

marked with this patient would be to achieve HbA1c values be-

tween 7 and 8%, avoiding the presence of hypoglycemias as far 

as possible. The American Diabetes Association recommends re-

evaluating the therapeutic regimes in which the HbA1c value is 

higher than 8%.1 Over this value, the glucotoxicity itself points 

the incidence of all the chronic complications of the diabetes. In-

deed, an incipient nephropathy could be observed in our patient 

as well as clinical data of polyneuropathy.

Thus, I believe that our patient has already high HbA1c values 

that he has exhausted any possibility of adding more oral drugs 

to his treatment and only an intensive insulin therapy can be sug-

gested to him, discontinuing the sulphonylurea and setting out if 

we should keep the metformin or not.

But, which is the most adequate and complete insulinization 

guideline in a patient aged 81 years, with an HbA1c of 9.6%, a 

good mental condition, who only performs three pre-prandial 

glycemias weekly and who follows a basic diet plan with intake 

timetable and quite regular carbohydrates quantities. If we follow 

the recommendations of the ADA/EASD (American Diabetes 

Association/European Association for the Study of Diabetes),9 

we would pass him to a basal-bolus guideline, where fast acting 

insulins would be added before each intake until achieving the 

control glycemic objectives (figure 1). However the patient 

should perform at least four daily capillary glycemia controls 

(three pre-prandial and one 2 hours after dinner), besides modi-

fying the dose considering the results obtained.

Another possibility is to state premixed insulins in multi doses, 

generally before breakfast and after dinner.10,11 This form of insu-

linization can be easier to understand and to perform by a relevant 

number of patients with T2D, achieving an adequate control in 

more than half of the cases,12 without differences as regards to the 

number of hypoglycemias or other adverse effects. Moreover, the 

guideline with premixed insulins might provide a better life qual-

ity than the basal-bolus guideline.13 Considering several clinical 

trials, when the HbA1c is on top of 8.5% the mixtures of insulin 

might reach the control targets before,14-16 in view of this there is a 

great consensus between the medical community when consider-

ing the insulinization with mixtures in patients with HbA1c of 

>8.5%.11 The International Diabetes Federation (IDF)17 recom-

mends to pass to two doses of premixed insulins when the HbA1c 

is over 7.5%, to perform postprandial controls from the beginning 

of the insulinization, and to determine a third dose of insulin if 

necessary (fi gure 2). Lasserson et al.18 performed a meta-analysis 

in which they proved that better results were obtained in the HbA1c 

with the mixtures of insulin than with the basal insulin (–0.45%; 

CI 95%: 0.19-0.70, p= 0.0006), though with a lower reduction of 

basal glycemia (+16.74 mg/dl; CI 95%: 3.78-29.7; p= 0.01) and a 

higher increase of weight (not relevant). No differences were 

found in the serious hypoglycemic events, though indeed in the 

mild events in favor of the slow insulins vs. the biphasic.

Figure 1. Insulinization guidelines in T2D according to ADA/EASD9

INSULINIZATION
(basal insulin: 10 IU or 0.2 IU/kg/day)

Intermediate insulin or slow analogue at night; glargine also 
in the morning or midday

No Yes

Yes

Continue the same 
HbA1c / 3 months

Hypoglycemia
Basal glycemia <70 mg/dl

Reduce the dose when going 
to bed in 4 IU or 10% 
(whichever is higher)

If the basal glycemia is in the target range 
(70-130 mg/dl), perform glycemias 4 times daily 
(before the main meals and 2 hours after dinner)

THIRD AND/OR FOURTH DOSE OF INSULIN
(complete basal-bolus guideline)

Glycemias 6 times daily 
(3 pre-prandial and 3 postprandial)

Adjustments of the ultra fast pre-prandial analogues?
INSULIN MIXTURES?

If the glycemia before lunch, before dinner, 
or 2 hours after dinner is high

SECOND DOSE OF INSULIN (basal-plus guideline of 4 IU ± 2 IU/3 days)
Ultra fast analogue before breakfast or ultra fast analogue 

before lunch or intermediate insulin during breakfast 
or ultra fast analogue before dinner

HbA1c >7% after 2-3 months 

HbA1c >7% after 3 months No

Daily basal glycemia
Increase of the dose in 2 IU each 3 days until achieving the target range 

of 70-130 mg/dl
If the basal glycemia is >180 mg/dl, increase of the dose in 4 IU each 3 days
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Barnett et al.19 recommend the insulinization with insulin mix-

tures when these assumptions are given: a) there is a preference for 

a lower number of daily shots; b) the intensive self-monitoring is 

not desired; c) there is a scarce family and/or medical support; d) 

there is a limited capacity due to the presence of a cognitive or vis-

ual worsening or the lack of skill and/or ability of the patient and 

e) there is a fi xed pattern of intakes as regards to timetables and 

quantities of carbohydrates. Our patient, due to his age and regular 

lifestyle, does not need to make the meals fl exible nor the type of 

meals, either will the patient be benefi ted with an intensive treat-

ment (HbA1c <7%) and probably he will not want to perform an 

important number of daily glycemic controls.

I think that, that with this special patient, to pass him from a 

basal guideline to a plus basal guideline and from this one to a 

basal-bolus guideline would result in an unnecessary loss of time 

and, possibly, this would complicate his life considering that 

more glycemic controls should be done compared to the ones 

performed previously. Therefore, I would choose to determine 

two doses of premixed insulin.

How do we change from a basal insulin injection to two injections 

of mixture? The initial doses to start a therapy with insulin mixtures 

should be individualized considering the previous requirements and 

the glycemic objectives stated for the patient, but specially every-

thing for the result of the glycemic profi le of six points, considering 

specially the postprandial glycemic levels.11 At the beginning of the 

insulinization, if two doses of mixtures are used, 0.3 IU/kg (0.15 IU/

kg at breakfast and dinner, respectively) are recommended.20 Never-

theless if the insulinization is complete (as in our case), 0.5-0.6 IU/

kg are recommended, distributed in two doses (~0.25-0.30 IU/kg at 

breakfast and dinner, respectively) or in three doses (0.15-0.20 IU/

kg at breakfast, 0.20-0.25 IU/kg at lunch and 0.15-0.20 IU/kg at din-

ner).21 The Anglo-Saxon guidelines that promote 2/3 of the total 

dose stated at breakfast and 1/3 at dinner22 should not be adminis-

tered to our patients in a systematic manner, as the Spanish intake 

habits are very different. On the other hand, it is preferable to start 

with insulin mixtures with less quantity of fast insulins (Humalog® 

Mix 25 KwikPenTM or NovoMix 30 FlexPen®) and if the patient’s 

profi les suggest this, to add a third dose (in the region of 0.15-0.2 IU/

kg) or to determine a mixture with more quantity of fast insulin as 

required at any moment of the day (Humalog® Mix 50 KwikPenTM 

or NovoMix 50 FlexPen® or NovoMix 70 FlexPen® ).

Therefore, to our patient, who weighs 79 kg, we would indi-

cate 0.5-0.6 IU/kg of a mixture of insulin with fast analogues, 

distributed at the beginning in two doses (~20-0-22 IU) and we 

would adjust these doses considering the glycemic profi les. And, 

as already mentioned, we would discontinue the sulphonylureas 

and we would continue with metformin.

Which is the number of glycemic controls 
you consider suitable for our patient to 
perform?
In order to achieve the control targets of our patient (HbA1c 

7-8%) we shall try to achieve postprandial glycemias between 90 

and 150 mg/dl and postprandial fewer than 180-200 mg/dl.

In the patients with T2D under insulin treatment, the frequent 

monitoring of the capillary glycemia is correlated with an im-

provement of the metabolic control,23,24 and therefore the differ-

ent therapeutic guidelines recommend its practice.19,17,21 Howev-

er, the optimal number of determinations that the patients should 

perform are not well defi ned, as the evidences on the impact in 

the metabolic control are clearly deffi citary.25 Therefore, the fre-

quency of glycemic self-monitoring (GSM) should be stated con-

sidering the aspects related to the diabetes itself (type, insulin 

guideline and metabolic situation) and to the patient’s skills.

For this patient in particular it should seem reasonable the rec-

ommendation of systematic GSM through a profi le of six weekly 

points (pre-prandial and postprandial in the three main meals), 

with the indication to perform punctual controls if hypoglycemia 

symptoms occur or after meals of high glycemic index. The pa-

tient should perform this glycemic profi le of six points on 3 con-

secutive days before attending the medical practice. In this way, 

the physician will have an important support to modify him the 

insulin guideline.26

Do you consider the treatment with anti-
aggregants convenient?
It has been demonstrated that the acetylsalicylic acid (ASA) is ef-

fi cient to reduce the cardiovascular morbimortality in patients with 

high risk of infarctions and previous ictus, i.e., in secondary pre-

vention.1 But its net benefi t in primary prevention is more polemic. 

A meta-analysis of six clinical trials of ASA in primary prevention 

has been published recently with more than 95,000 patients from 

which 4,000 showed diabetes.27 The effect of the ASA on the vas-

cular events was similar for patients with DM or without it, and it 

has been determined in total that the ASA reduced the risk of vas-

cular events in 12% (RR 0.88; CI 95%: 0.82-0.94). The net effect 

on the total ictus showed a relative reduction in the ischemic ictus 

risk (–14%) and a relatively high risk of hemorrhagic ictus (+32%).

Thus, it has only an evidence level of C the fact of considering 

the treatment with ASA (75-162 mg/day) in patients with T2D 

and high cardiovascular risk (risk at 10 years >10%). This in-

cludes most of the men older than 50 years and women older 

than 60 who show at least a risk factor (history family of cardio-

vascular disease, hypertension, nicotine poisoning, dyslipidemia 

or albuminuria).1 Our patient enters directly into this assumption 

Figure 2. Insulinization guidelines in T2D according to IDF17

HbA1c >7.5%
In spite of the diet and maximum doses of oral drugs

Not too high HbA1c

Night basal insulin 
+ 

oral antidiabetic drugs

High HbA1c

2 mixtures 
of biphasic insulin 

(breakfast and dinner)

Flexibility of meals

Basal-bolus therapy 
with 

multi dose
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Which are the modifi cations you would 
do in the hypoglycemiant treatment 
of this patient?
We are facing in this case an elderly patient, aged 81 years, with 

a T2D of long evolution and a poor metabolic control. A body 

mass index (BMI) of 28.3 kg/m2 (overweight II or pre-obesity) 

stands out in the exploration,1 a pathological waist circumference 

according to the criteria of the International Diabetes Federation 

(IDF)2 and other components of the metabolic syndrome (MS), 

as blood hypertension (BHT) and mixed hyperlipemia. The pa-

tient also shows a mild distal diabetic polyneuropathy and ne-

phropathy with isolated microalbuminuria, without renal disor-

der, given that he has an estimated normal creatinine clearance 

(by the formula of Cockroft-Gault of 79 ml/min/1.73 m2 and by 

and, therefore, the treatment with ASA as primary prevention 

would be indicated for him.

Are you going to perform any other 
complementary test?
It would be convenient to complete the study of his renal func-

tion with the determination of the glomerular fi ltration (GF) as 

the serum creatinine is necessary but insuffi cient to detect a hid-

den renal disorder. A serum creatinine of 1.3 mg/dl is different 

with a GF > or < 60 ml/min. Therefore, in patients with hyperten-

sion and DM, on whom it is important to stratify the cardiovas-

cular risk, it is also important to know the GF for the adequate 

use of several drugs, the metformin among them.

On the other hand, it would be convenient to count with an 

electrocardiography record and a funduscopy. The performance 

of an electrocardiogram of the lower limbs would allow us quan-

tifying the level of neuropathy and monitoring its evolution. Fi-

nally, a study of the blood pressure by means of outpatient mon-

itoring would help us adjusting the hypotensive treatment. ■
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the formula MDRD [Modifi cation of Diet in Renal Disease] of 

89 ml/min/1.73 m2).

Though we do not count with a record of capillary glycemia 

self-analysis, the level of the glycosylated hemoglobin (HbA1c) 

and the plasmatic basal glycemia guides us towards mean glyce-

mias of 229 mg/dl.4,5 Otherwise said, the patient shows presum-

ably very similar levels of basal and postprandial glycemia, 

which might indicate that, in spite of the evolution time, he is 

still able to respond partially to the action of secretagogues. Or, 

said in another manner, he still counts with a certain pancreatic 

reserve of endogenous insulin. On the other hand, the patient al-

so keeps levels both of blood pressure (BP) and lipids (LDL cho-

lesterol, estimated in 123 mg/dl) high for the recommendations 

of the American Diabetes Association (ADA).5

With these data, and before setting out which measures would 

result recommendable in the hypoglycemiant treatment, we 

should determine which are the control objectives we would like 

to achieve in this patient. On one hand, an approach to the cardi-

ovascular risk estimation (CVE) by means of tools adapted for 

diabetic patients as the UKPDS Risk Engine6 would indicate that 

this patient shows a coronary disease risk (CD) estimated at 10 

years of 64.15 (mortal of 59.7%) and ictus of 57.8% that, though 

clearly high, they are probably sub-estimated, taking in account 

that the equation does not consider the presence of nephropathy 

and microalbuminuria.7 The excess of risk is conditioned by the 

age of the patient and the duration of his T2D, which implies a 

mortality rate over 80%8 and a life expectancy in the region of 7 

years,9 on behalf mainly of cardiovascular disease (CVD).

On the other hand, the data obtained from the studies AC-

CORD,10 ADVANCE11 and VADT,12 with a mean age of the par-

ticipants a bit under 76 years old and mean duration of the diabe-

tes of approximately 10 years, demonstrated an absence of 

relevant improvement in the prevention of greater cardiovascular 

events in patients under intensive control of glycemias in order to 

achieve levels of HbA1c quite under the values recommended by 

the ADA.5 And still, in the study ACCORD10 it has been proved 

an increase of the mortality rates in the intensive arm of the 

study, whose causes are still object of discussion. As conse-

quence of the aforementioned, the ADA along with the American 

College of Cardiology and the American Heart Association, have 

performed a joint positioning in which they declare that, at pre-

sent, there are no data that support the need of changing the gly-

cemic control objectives (HbA1c <7%), though they recommend 

to individualize such targets considering the patient’s character-

istics.13

On the other hand, after the results obtained from the study 

Steno-2 we know that, for the reduction of the mortality and mi-

crovascular complications,14 it turns out to be more effective the 

multifactorial approach of all the CVR factors that are usually 

with the T2D (BP; lipids, antiaggregation), linked to the close 

glycemia control. Moreover, the benefi ts obtained from the BP 

control and lipids are observed relatively early (2-3 years),15 vs. 

those observed with the intensive glycemic control, which need 

a minimum of 5-8 years.10,12

Another important aspect to be taken into account is that the 

strict glycemia control is associated to a higher number of hypo-

glycemia events,10 and in turn, it entails a higher risk of arrhyth-

mias in the elderly patient as well an increase of mortality, cog-

nitive deterioration and alterations of the emotional sphere, a 

higher index of falls, non-compliance as regards to the treatment 

and higher health cost.15-17

Therefore, taking into account what has been explained up to 

now, the objectives for the adequate control of the elderly patient 

with T2D or with serious complications and a low life expectan-

cy should leave the “glycocentric model” and focus it more in 

preserving the life quality and the control of the BP and the lipid 

levels adequately. And, therefore, to observe the complications 

arisen from the diabetes that might be present as the comorbidi-

ties associated to the presence of other specifi c geriatric syn-

dromes, implementing the appropriate hygiene-diet measures 

and improving the nutrition situation if needed.15,16,18 As regards 

to the glycemic control, what seems more reasonable in these sit-

uations is to fi x the individualized objectives, trying mainly to 

avoid hypoglycemia and hypoglycemia situations, assuming that 

it should be indicated less adjusted glycemia and HbA1c levels to 

these patients than for the less elderly diabetic population.15,16 

(table 1).

For our case in particular, the fi rst therapeutic measures should 

be addressed to try the achievement of moderate weight loss (5-

10%), to control the BP and the microalbuminuria as far as pos-

sible, and to intensify the reduction of the cholesterol values. 

Therefore, the fi rst measures to be adopted should include an ad-

equacy of the diet5 (taking always into account the previous nu-

tritional status of the patient) that should consider the character-

istics of being hyposodic, slightly hypocaloric and slightly 

hypoprotein,5,19 as well as low in saturated fats and trans fats.5 

The adequate control for the BP is fundamental both to prevent 

the CVD and to avoid the progression of the nephropathy and 

other microvascular complications. Since the patient does not 

have an important proteinuria, the objective values should be 

≤130/80 mmHg.5,19 In order to intensify the treatment, the most 

important aspect according to my point of view would be to keep 

the dose of irbesartan and to add low doses of a thiazidic diuret-

ic, that can be offered in combination in order to improve the 
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therapeutic compliance, and to reserve most drastic measures in 

case of not obtaining any response or in case of evidencing a pro-

gression of the nephropathy.5,19 From the lipidic control point of 

view, the patient does not reach the targets stated by the ADA for 

the LDL cholesterol (<100 mg/dl),3 but indeed for the triglycer-

ide and HDL cholesterol values. Though there is a lower level of 

evidence on the benefi ts of the intensive control of the lipids on 

the BP in the population older than 80 years old,4 my personal 

recommendation would be to duplicate the dose of atorvastatine 

up to 40 mg/day and re-evaluate if the tolerance is correct later, 

if there are no side effects or if hypocholesterolemiant medica-

tion is needed. As regards to the assessment of the need or not of 

antiaggregation, we will handle it independently in another sec-

tion of this article.

As regards to the concrete modifi cations that should be done to 

the hypoglycemiant treatment, some considerations should be 

taken into account to argument them. Firstly, the long evolution 

of the T2D in the patient makes us think that his insulin reserves 

should be quite limited at least,20 which implies that he has many 

possibilities of needing exogenous insulin in order to optimize 

the glycemic control. Secondly, as mentioned at the beginning of 

the section, the fact that the value of these mean glycemias, taken 

from the provided HbA1c value, are quite similar to the values of 

the basal glycemias, suggest that such reserves, though limited, 

exist, since the sulphonylurea is still partially effective keeping 

the postprandial glycemias in similar ranges than the basal ones. 

Thirdly, the glycemic control target should be individualized as 

well as the HbA1c levels for this patient. Taking into account his 

advanced age, the high CVD, the not so high life expectancy and 

the risk that entails an intensive hypoglycemiant treatment, the 

objectives should be a bit more lax than for other groups of dia-

betic populations with less risk. Therefore, to avoid the hypogly-

cemias and to try that the clinical manifestations of the hypogly-

cemic decompensation do not occur would constitute the priority 

objectives for this patient, and this could be achieved with mean 

glycemias between 150 and 180 mg/dl, that correspond to HbA1c 

values of 7-8%.15

In order to achieve these objectives, and taking into account the 

previous considerations, the initial measurement to be adopted in 

the patient could be the increase of the basal insulin that is indicat-

ed to him at present. In this case, the patient is administering him-

self an approximate dose of 0.28 IU/kg/day of insulin glargine, 

which is far from the total optimized dose that was reached in the 

studies such as Treat to Target Trial (0.48 IU/kg/day) or the Cana-

dian study INSIGHT (Canadian Implementing New Strategies 

with Insulin Glargine for Hyperglycemia Treatment) (0.41 IU/kg/

day).21 Therefore, the progressive titration of the dose of insulin 

glargine, until achieving levels of basal glycemia mildly lower 

than 150 mg/dl, could be suffi cient. In case of not achieving the 

mentioned objectives with the increase of the basal insulin dose, a 

basal plus strategy could be tried, adding small dose of prandial in-

sulin (0.10-0.15 IU/kg) before the intake with higher carbohydrate 

contents and/or before it with the greater postprandial glycemic 

fl uctuation.21 In our case, the dose of prandial insulin should be ti-

trated until achieving postprandial glycemias not quite lower than 

180 mg/dl, with the aim of avoiding hypoglycemias. Taking into 

account characteristics of the patient and the fi xed glycemic con-

trol target, I consider inappropriate the immediately use of other 

more intensive insulinization strategies (two-three doses of pre-

mixed insulin or basal-bolus therapy), though they could be re-

quired at some moment of the evolution of the disease if the con-

trol continues being insuffi cient.

From the theoretical point of view, two alternatives to optimize 

the glycemic control could be pointed out. Adding glitazone to 

the patient’s treatment could achieve a relevant reduction of the 

HbA1c with the additional advantages of not increasing the hypo-

glycemia risk too much and adding a protector effect on the ne-

phropathy, since glitazones are able to reduce the infl ammation 

and the microalbuminuria.22 However, in spite of the modest ob-

jectives that we pointed out, we are quite sure that we could not 

reach them without increasing the insulin dose at the same time 

as with the addition of the thiazolidinediones so it could only be 

expected maximum reductions between 0.6 and 1.3% in the 

HbA1c levels according to the different studies. Moreover, there 

is no suffi cient scientifi c evidence so far to be able to recommend 

the quadruple therapy.24

Considering a similar reasoning, we would encounter the pos-

sibility of adding an inhibitor of the dipeptidyl peptidase 4 (DPP-

4) as sitagliptine,25 whose use with insulin has recently been ap-

Table 1. Special considerations for the elderly diabetic 
patient5,15,16

•  The choice of the glycemia level target should be individualized in the 

elderly diabetic patient.

•  All the measures should be taken in order to avoid the symptomatic 

hypoglycemias and hyperglycemias.

•  The individual life expectancy is a key point in order to determine the 

HbA1c target.

•  An HbA1c target of <7% might not be appropriate for elderly patients 

with risk or previous history of serious hypoglycemias, for those with 

macrovascular disease or advanced microvascular disease or long 

duration of the diabetes, or when multiple co morbidities exist.

•  The elderly diabetic patients without previous CVD, with short evolution 

diabetes and relatively low initial levels of HbA1c (~8%) could be 

benefited from a close control of HbA1c (<7%).

•  The control of the BP, the cholesterol and the smoking habit should be 

priority aspects in the treatment of the elderly diabetic patient.

•  Special attention should be paid regarding to the presence of diabetic 

complications and to comorbidities.

•  The specific geriatric syndromes as depression, cognitive deterioration, 

incontinency, repeated falls, persistent pain or the polypharmacy should 

be investigated as far as possible.

•  The treatment of the diabetes should be planed as part of the 

comprehensive treatment of the elderly patient, in whom the joint 

treatment of the multiple associated pathologies should be prioritized 

and individualized. 

BP: blood pressure; CVD: cardiovascular disease; HbA1c: glycosylated hemoglobin.
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proved. We would stress more on the intensification of the 

postprandial glycemia control26 than on the insulin resistance. 

The replacement of sulphonylurea for a incretin-mimetic as ex-

enatide, associated to insulin (and to metformin) constitutes a 

promising alternative, due to the additional benefi ts of weight 

and BP reactions could be expected27 as well as a better control 

for the postprandial glycemias,25 all this with a low risk of hypo-

glycemias. However, there is not much experience with this type 

of combinations and it has to be remembered that the combined 

use of exenatide and insulin is not approved so far.

The last hypothesis to be considered would be to discontinue 

the basal insulin to choose a combined treatment with exenatide, 

glitazone and metformin, as suggested by DeFronzo.28 This op-

tion, though it seems very attractive, as it would minimize the hy-

poglycemia risk and could reduce the CVD, as well as possible 

protector effect on the beta cells, does not seem adequate for our 

patient, since it would be indicated in T2D of less evolution time 

and on the other hand the indication for the combined treatment 

with exenatide and glitazones has not been approved yet.

Therefore, in order to intensify the glycemic control in this op-

tion, the most reasonable option would be the mild and progres-

sive increase of the dose of basal insulin until reaching fasting 

glycemia levels slightly lower than 150 mg/dl, keeping the rest of 

the hypoglycemiant treatment equal and trying to avoid the onset 

of hypoglycemias as priority target. 

Which is the number of glycemic controls 
you consider suitable for our patient 
to perform?
Though there is no consensus about the effi ciency of the glyce-

mic self-control in the T2D, most of the guidelines recognize its 

usefulness when the patient is under treatment with insulin, 

though most of them indicate that the frequency recommended of 

self-analysis should be individualized considering the treatment 

regime and the level of requested control. On the other hand, the 

glycemic self-control allows correlating the symptoms with the 

glycemia and might facilitate a greater therapeutic compliance.29

In this case, and initially, the patient should perform a minimum 

of 2-3 consecutive and complete profi les including pre-prandial 

and postprandial glycemias of the main meals, in order to evaluate 

the glycemia pattern, the existence of marked postprandial fl uctua-

tions and the presence or not of a relevant glycemic variability. 

This would help us choosing the best initial therapeutic option and 

assessing if there is a real risk of hypoglycemias, which most in-

terests us in this patient. If as we have suggested at the beginning 

of this case, the glycemia variability is not excessive and the post-

prandial fl uctuations are not too striking with the treatment indi-

cated with basal insulin, metformin and sulphonylureas, it would 

be enough for the patient to perform 3 and 7 weekly controls of the 

basal glycemia and train the patient and/or his relatives as regards 

to the algorhythms of modifi cation of the insulin considering the 

stated control targets.30 The occasional performance of some pro-

fi le of six points daily and mainly 2-3 consecutive ones before at-

tending the pratice29 would provide an element of great value when 

correlating the HbA1c levels with the glycemias and in order to de-

tect problems related to hyperglycemia or hypoglycemia situa-

tions, which would help us when advising the patient about the at-

titudes to be followed and to choose the best therapeutic option for 

his later follow-up.

Do you consider the treatment 
with anti-aggregants convenient? 
The T2D induces important alterations in the coagulation, the fi -

brinolysis and the platelet function, which increase the CVD. 

The acetylsalicylic acid (ASA) has proved its effi cacy in the re-

duction of cardiovascular events in the secondary prevention, 

both in diabetic and non diabetic patients.31 However, in the pri-

mary prevention – and more in the patients with T2D – there are 

serious doubts about its effi ciency, due in part to the resistance 

that the platelet of the diabetic patients have to the antiaggrega-

tion through the thromboexane A2, and in part due to the diffi cul-

ty to draw valid conclusions about the effi ciency of ASA in these 

patients, due to the heterogeneity of the studies performed to pre-

sent and the disparity of the obtained results.

Therefore, until the ongoing studies specifi cally designed to 

evaluate the effi ciency of the primary antiaggregation in patients 

with T2D (as ACCEPT-D32 and ASCEND33) show results, the 

most cautious option seems to follow the guidelines of the con-

sensus document of the ADA, the American Heart Association 

and the American College of Cardiology Foundation, that recom-

mend low doses of ASA (75-162 mg/day) in those adult diabetic 

patients (men >50 years and women >60 years old) without pre-

vious history of CVD and without bleeding risk (nicotine poison-

ing, BHT, dyslipidemia, albuminuria or family history of early 

CVD). Considering the aforementioned, the use of a dose of 

ASA at 100 mg/day would be justifi ed in our patient.

Are you going to perform any other 
complementary test?
Ophthalmology studies
The performance of a funduscopy is an obliged technique in eve-

ry patient with T2D as from the detection of the diabetes, given 

the high prevalence of retinopathy at diagnosis.5 Moreover, in 

this case, other additional factors occur, as the duration of the 

disease, the defi cient glycemic control, the hypertension and the 

presence of nephropathy and neuropathy, that make up the prob-

ability that there is some type of retinopathy higher than 80%.34 

The study should be completed with the determination of visual 

acuity and a measurement of the intraocular pressure.

Cardiovascular studies
In patients with T2D and high CVR it is essential to perform a 

basal ECG in order to detect signs of left ventricular hypertrophy, 

blockage of the left branch and ischemia signs.5 If the suspicion 

of CD is strong, due to the high prevalence of silent ischemic car-

diopathy among elderly diabetic patients, the patient should be 

referred to the cardiologist for the assessment of other more so-

phisticated tests and more expensive.35
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The monitoring of the BP by means of outpatient self-determi-

nation or 24-hour record might also be useful in order to assess 

the BP and the treatment results.5

The careful examination of the lower limbs (for the identifi ca-

tion of the signs of peripheral artery failure) along with the deter-

mination of the distal pulses and the performance of the ankle-

arm index, are of great interest for the identification of the 

peripheral vascular disease, as a high proportion of diabetic pa-

tients are asymptomatic.5

Study of diabetic neuropathy
For the assessment of the peripheral polyneuropathy, the already 

performed study to the patient would add the determination of 

the painful sensitivity and superfi cial sensitivity with a monofi la-

ment of 10 g, given that the joint loss of perception to the mono-

fi lament and to the tuning fork foresee the onset of ulcers.5 The 

performance of a basic nutritional study with vitamin levels and 

the determination of thyroid hormones might help us diagnosing 

other causes of frequent neuropathy in the elderly patient, that 

might coexist with the diabetic neuropathy and that would be po-

tentially treatable. 

According to the increase of the silent myocardial ischemic 

risk in the presence of cardiovascular autonomic neuropathy, it 

would be advisable to perform a screening test by means of as-

sessment of tachycardia in rest (>100 bpm) and the response of 

the BP to the orthostatism (fall of the systolic BP >20 mmHg).

Assessment of the geriatric syndromes in relation 
to the T2D
Though it is not a usual practice of endocrinology, it should be tak-

en into account the screening of the depression, the cognitive dete-

rioration, the urinary incontinency, the polypharmacy, the presence 

of falls and the persistent pain, as, besides worsening the life qual-

ity of the patient, its presence is correlated to a worse therapeutic 

compliance and an increase of the morbimortality risk.15 ■
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Introduction
The T2D is a metabolic disease widely distributed worldwide, 

whose incidence is expected to increase in the future decades un-

til reaching approximately 380 million of affected persons in 

2025.1 Therefore, the different health systems consider its diag-

nosis and early treatment as an essential tool to avoid its progres-

sion and the onset of complications at long term, with the conse-

quent social, health and economic load. The metadiabetic 

complications are divided into microangiopathics, neuropathy, 

nephropathy and diabetic retinopathy, and macroangiopathics as 

the coronary vascular disease, the ictus, and the peripheral arte-

riopathy, mainly of the lower limbs.

At present there are several drugs that try to correct the physio-

pathologic alterations that these patients show by means of diffe-

rent approaches. At present, we count with several oral antidia-

betic drugs (OAD) in the market: metformin, of which the 

mechanism of action is on the reduction of the hepatic glycoge-

nesis; thiazolidinediones, based in the reduction of the peripheral 

insulin resistance; sulphonylureas and glinides, stimulators of the 

endogenous insulin secretion by means of different mechanisms 

on the pancreatic cell, and inhibitors of the alpha-discaridase, 

able to reduce the digestive absorption of the carbohydrates. 

Though all of them have hypoglycemiant effects, the differences 

regarding to effi ciency, tolerability and adverse effects suggest a 

limiting factor for their use, either in monotherapy or combined.

Development of the drugs with incretin 
eff ects
Drugs have been designed during the last years that strengthen 

the so-called “incretin effect”, stated after proving a greater pan-

creatic insulin secretion after an intake of oral glucose than after 

its parenteral administration.2 This made the gastrointestinal hor-

mones to be identifi ed which caused such effect, isolating two 

molecules as the main effectors: the glucagon like peptide 1 

(GLP-1), produced in the ileal L cells, and the glucose-dependent 

insulinotropic polypeptide (GIP), synthesized in the K cells of 

the duodenum and the jejunum. 

It has been proved that in the patients with T2D the secretion 

of both hormones is altered, therefore its strengthening has been 

studied as a probable hypoglycemiant mechanism. Two types of 

molecules have been produced: the agonists of the GLP-1 recep-

tor (liraglutide and exenatide) and the inhibitors of the dipeptidyl 

peptidase 4 (DPP-4), among which the saxagliptin, the sitagliptin 

and the vildagliptine can be found. The agonists of the GLP-1 re-

ceptor have been designed as alternatives to the GLP-1 with a 

more extended mean life, as the endogenous peptides that are de-

graded in minutes after its release to plasma. Applied on murine 

models and human cells in vitro, a stimulator effect of pancreatic 

beta-cells replication and a reduction of the apopthosis have been 

suggested.3 They require the administration by subcutaneous 

route.

The DPP-4 is a widely distributed molecule in the organism and 

is in charge of degrading the GLP-1 and the GIP, among other en-

dogenous polypeptides. Its inhibition extends the mean life of the-

se incretinic hormones, so the pancreatic response to the intake is 

of a greater glucose-dependent insulin secretion and a reduction of 

the postprandial glucagon. All these possible benefi ts have tried to 

be demonstrated in clinical trials that could express in a better con-

trol at short and long term of the diabetic population. 

Saxaglitpin, a new inhibitor of the DPP-4
The saxagliptin (fi gure 1) is a strong and selective inhibitor of the 

DPP-4 with a low affi nity for the DPP-8 or DPP-9 enzymes,4-6 

that are mainly expressed in several cells of the immunitary sys-

tem. Its usual dosage is of 5 mg/day, in mono dose. This is pos-

sible due to the duration of the inhibition of the DPP-4 over 24 

hours.6
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Efficiency
The saxagliptin has been evaluated in monotherapy, in an initial 

combination with metformin and as added drug to other OADs in 

patients with T2D, obtaining good results in the different studies. 

The dose of saxagliptin approved in Spain is of 5 mg as additio-

nal therapy in combination, in adults with T2D who do not achie-

ve an adequate glycemia control with the treatment in monothe-

rapy with metformin, a sulphonylurea or a tiazolidindions.5 It has 

no indication in monotherapy as initial combination treatment 

with metformin.

In monotherapy, in patients without previous treatment, saxa-

gliptin 5 mg daily has proved relevant reductions of the HbA1c af-

ter 24 hours of treatment of –0.46%,7,8 that substantial as from 

week 4 of the treatment; reduction of fasting glycemia of –9mg/

dL as from the second week, reductions of the glycemia after 120 

minutes after an oral glucose overload (OGO) of –43 mg/dL,8 

and a higher percentage of patients within the objectives compa-

red to placebo (38 vs. 24%). Moreover, it increases the insuline-

mia and the postprandial C peptide and the HOMA-2β index vs. 

placebo.8

In initial combination with saxagliptin (5 mg daily) with met-

formin,9 the results published after 24 hours of treatment are as 

follows: reduction of the Hba1c of –2,5%, reduction of the fasting 

basal glycemia in –60 mg/dL, reduction of the glycemia after 

120 minutes of OGO of –138 mg/dL, percentage of patients who 

achieve the glycemic targets (Hba1c <7%) of 60.3% and improve-

ment of the HOMA-2β. The effi cacy of sixtagliptin 5 mg daily 

has also been proved as added treatment to patients previously 

treated with glibenclamide,10 metformin11 and tiazolidindions12 

(results granted, respectively, in relation to the mean change of 

week 24 compared to the basal situation), with improvements 

of Hba1c (–0.64, –0.69 and –0.94%), fasting basal glycemia (–10, 

–22.3 and –18 mg/dl), glucose after 120 minutes after OGA 

(–34 mg/dl for glibenclamide, –58,2 mg/dl for metformina and 

–72 mg/dl for tiazolidindions). The HOMA-2β increased when 

the saxagliptin was added to the treatment with metformin11 and 

with tiazolidindions,12 without observing changes when adding 

sulphonylureas.10

Table 1 depicts a summary of the effi cacy of saxagliptin 5 mg 

daily added to the previous hypoglycemiant treatment.

Safety and tolerability 
In general, it is a well-tolerated drug and with scarce side effects. 

The most common adverse effects with saxagliptin 5 mg are the 

urinary infections and the respiratory tract infections, and the 

headaches.6

No cardiovascular safety alert has been identifi ed in the retros-

pective analysis of the phase II and III clinical trials, and certain 

tendency towards the reduction of the cardiovascular events13 

seems to exist. This hypothesis of cardiovascular protection shall 

be evaluated in a prospective and randomized clinical trial, about 

the safety of saxagliptin vs. a standard therapy in patients with 

T2D and with high risk of suffering cardiovascular events.13 The 

observed slight increase of the lymphocyte count is not associa-

ted to relevant clinically adverse reactions.5 Finally, there is a low 

risk of hypoglycemias and a weight increase with the treatment 

with saxagliptin.5

The experience in clinical trials with saxagliptin in patients 

with moderate-serious renal failure is limited and it has been ob-

served that the exposure to its principal metabolite increases on 

the mild failures.14 Therefore, its use is not recommended in this 

population of patients.5

The concomitant administration of saxagliptin and inducers of 

the CYP3A4/5 different from rifampin, as carbamazepine, dexa-

methasone, phnobarbital and phenytoin, has not been evaluated, 

though it might produce a reduction of the plasmatic concentra-

tions of the saxagliptin and an increase of the concentration of its 

principal metabolite. The glycemic control should be evaluated 

carefully when saxagliptin is used concomitantly with a potent 

inducer of CYP3A45. Its concomitant use with other drugs, as di-

goxin, simvastatin or rifampicin does not require adjustment.5,6 It 

does not have to be adjusted either in elderly patients, even 

Table 1. Summary of the clinical efficiency of saxagliptin 5 mg daily, added to the previous hypoglycemiant treatment

Drug Comparator Hba1c reduction
(%)

FPG reduction
(mg/dl)

Patients with Hba1c <7%
(%)

Metformin11 Placebo –0.69 –22.03 44

Glibenclamide10 Increase of the dose of glibenclamide –0.64 –10 22.8

Rosglitazone or pioglitazone12 Placebo –0.94 –18 41.8

FPG: fasting plasmatic glycemia; HbA1c: glycosylated hemoglobin.

Figure 1. Structure of the saxagliptin. Modified from Tahrani et al.4
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though the experience in patients’ ≥75 years old is very limited, 

therefore precaution should be taken when it has to do with this 

population.5

The tolerability and safety of the saxagliptin in combination 

with insulin has not yet been studied.

Conclusions
The saxagliptin is a new OAD drug corresponding to the group 

of inhibitors of the DPP-4. It has proved clinical effi cacy in seve-

ral clinical trials to improve several glycemic control parameters, 

included the Hba1c, both in monotherapy and in combination 

with other OAD which have a wide clinical experience. Its co-ad-

ministration with insulin has to be assessed yet. It shows a good 

safety profi le, with low incidence of hypoglycemia’s and weight 

increase.

Thanks to its pharmacology advantages and its daily mono do-

se dosage, it will probably turn into a therapeutic tool of frequent 

use in the clinical practice for the treatment of T2D, as it bases 

itself on a new action mechanism developed during the last years 

and an addition to other OADs. ■
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Introduction
Many patients with T2D do not comply with the glycemic con-

trol objectives.1 The main barriers for that are the secondary ef-

fects associated to the drugs available at present, especially the 

hypoglycemia and the weight gain. Therefore, new treatments 

are necessary with differing acting forms, effi cient and lacking of 

limitations.

The kidney performs a key role in the management of the gly-

cemia. In healthy persons, the kidneys fi lter a great quantity of 

glucose through the glomerule (approximately 180 g/day) and re-

absorb actively almost all the fi ltered glucose, mainly due to the 

co-transporter protein of sodium-glucose type 2 (SGLT2). In pa-

tients with T2D, the expression SGLT2 is increased in the epithe-

lial cells of the proximal outlined tubule,2 which entail a greater 

renal reabsorption of glucose, with adverse effects, as they con-

tribute to increase the hyperglycemia. The suppression of the 

SGLT2 activity inhibits the renal reabsorption of  glucose, in-

creases the renal excretion and helps to the reduction of the hy-

perglycemia. Unlike other oral drugs, the SGLT2 inhibitors do 

not stimulate the insulin excretion and, therefore, it is expected 

they prevent the hypoglycemia risk. Moreover, there is a possi-

bility that they favor the loss of weight due to the concomitant 

glucosuria,3 and it is expected that the loss of weight reduces the 

hepatic production of glucose and the glucotoxicity, resulting in 

an improvement at the glycemic level (fi gure 1). 

Though the induction of glucosuria is a concern due to their 

possible effects at long term, this aspect has been evaluated in a 

SGLT2 inhibitor genetic model derived from the fi nalizing muta-

tion (non-sense mutations) in patients with renal glucosuria.4 

These patients do not suffer from abnormalities in the renal func-

tion neither histological alterations, suggesting that the SGLT2 

inhibitors might have an adequate safety profi le.

Development of the SGLT2 inhibitors
The SGLTs are a great family of membrane proteins involved in 

the transport of glucose, amino acids, vitamins and some ions 

through the brush border of the intestinal epithelium and of the 

proximal renal tubule.5 The SGLT1 transporter, of low capacity 

and high affi nity, is mainly expressed in the gastrointestinal tract, 

where it has an important role in the glucose absorption,6 though it 
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Figure 1. Clinical effects of the SGLT2 inhibition. The inhibition of the glucose 
renal tubule reabsorption gives place to glucosuria and a reduction of the 
glucose plasmatic levels. The loss of calories induced by the glucosuria 
causes weight loss and a reduction of the insulin resistance, while the 
reduction of the glycemia reduces the glucotoxicity on the pancreatic beta 
cell, and therefore it preserves the beta-cell function potentially. Modified 
from Idris et al.5
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is only responsible for the renal absorption of 10% of the fi ltered 

glucose. The SGLT2, in turn, of high capacity and low affi nity, is 

mainly expressed in the kidney,5 where it is responsible for the 

90% of the fi ltered glucose reabsorption in the initial part S1 of the 

renal proximal outlined tubule (fi gure 2). There are other members 

of the SGLT family, as SGLT3, 4, 5 and 6, but without known ef-

fects on the glucose renal reabsorption.6 Consequently, the objec-

tive has been to design SGLT2 inhibitor drugs, which are more de-

terminant in the renal absorption of the glucose.

SGLT inhibition: preclinical data
The fl orizine is a classic inhibitor of sodium-dependant glucose 

transporter. However, it has important limitations: in fi rst place, 

it is a strong inhibitor both of SGLT1 and SGLT2, which does 

not allow distinguishing the SGLT1 activity from the SGLT2;7 in 

second place, the oral administration of fl orizine causes glucose 

intestinal malabsorption and causes diarrhea.

Selective SGLT2 inhibition
The SGLT2 selective inhibitors act exclusively on the kidney. This 

effect is translated into a greater glucose renal excretion causing a 

negative energetic balance and without secondary gastrointestinal 

effects. At present, dapaglifl ozin is the one which is in a more ad-

vanced investigation stage.8 Other SGLT29 selective inhibitors 

have also been studied (table 1), but in many of them the investiga-

tion has been suspended10 and about others there is no clinical data 

available.11 Therefore, the data that which commented below will 

refer exclusively to studies performed with dapaglifl ozin.

Dapaglifl ozin. Metabolic effi  cacy 
and eff ects on weight
Dapaglifl ozin has selectivity 1,200 times higher on SGLT2 that on 

SGLT1, contrasting with the results offered by fl orizin, which has 

selectivity only 10 times higher.8 In the human being, dapaglifl o-

zin has proved effi cacy, alone or in combination with metformin, 

in the reduction of the hyperglycemia in patients with T2D.12

Figure 2. Action mechanism of the SGLT2 inhibitors. The sodium-glucose 
co-transporter-2 inhibitors (SGLT2) are expressed in the first segment of 
the proximal outlined tubule and are responsible mostly of the glucose renal 
reabsorption. Modified from Idris et al.5

Table 1. SGLT2 selective inhibitors that have been clinically investigated

Compound Company Phase* Result

Dapagliflozin Bristol-Myers Squibb/Astrazeneca III Compound under more advanced investigation stage 

Not commercialized still for clinical use (see text)

Canagliflozin Mitsubishi Tanabe Pharma and Johnson & Johnson III No clinical data available

Sergliflozin Kissei/Glaxo Smith Kline II Well tolerated

↑ glucose excretion when administered 3 times/day

Suspended investigation

Remogliflozin Kissel/Glaxo Smith Kline II Well tolerated

↓ glycemia

↓ blood pressure

↑ glucose excretion

Without alterations with metformin

Suspended investigation

AVE 2268 Sanofi-Aventis II Well tolerated

Glucose excretion with doses of 600 and 1,200 mg

Suspended investigation

TS-033 Taisho II Suspended by a reserve compound

BI 10773 Boehringer-Ingelgheim III No clinical data available

LX4211 Lexicon II Well tolerated

↑ dose-dependent glucose excretion

ASP-1941 Astellas Pharma Inc. and Kotobuki III No clinical data available

Modified from Aicher et al.9, Colca10 and US National Institutes of Health.11 *More advanced investigation phase achieved by the drug. 

SGLT1

Blood vessels

Urine

Glomerule

SGLT2

The SGLT2 
inhibition 
blocks the 

glucose 
reabsorption



Av Diabetol. 2010;26:448-50

450

In a study in which fi ve different doses were evaluated (of 2.5 

to 50 mg/day) during 12 weeks, dapaglifl ozin induced moderate 

glucosuria (52-85 g/day) and demonstrated relevant improve-

ments of the glycemia compared to placebo, with decreases of 

HbA1c of 0.55 to 0.90% and fasting glycemia of 16 to 31 mg/dL. 

Moreover, a weight reduction of 1.3 to 2.0 kg was caused.3

It has also proved its effi ciency in patients under treatment with 

insulin and other oral agents. Wilding et al, evaluated the effects of 

10 to 20 mg of dapaglifl ozin added to oral drugs as metformin and/

or pioglitazone or rosiglitazone, concomitantly with a reduction of 

50% of the insulin dose that the patients used. This study was of 12 

weeks, randomized, double blind and placebo controlled.13 Reduc-

tions of HbA1c of 0.70 and 0.78% occurred after 12 weeks of treat-

ment with dapaglifl ozin 10 and 20 mg, respectively, compared to 

placebo. The changes in the plasmatic levels of the fasting glyce-

mia were of +17.8, +2.4 and –9.6 mg/dL with placebo, 10 and 20 

mg of dapaglifl ozin. The weight evolution was of –1.9, –4.5 and 

–4.3 kg in the placebo groups, 10 mg of dapaglifl ozin and 20 mg 

of dapaglifl ozin, respectively. Though the reduction of the insulin 

dose in 50% gave place to a weight reduction of 1.9 kg in the pla-

cebo group, the treatment with dapaglifl ozin caused a higher pon-

deral reduction after 12 weeks of treatment (–4.5 and –4.3 kg in 

the groups of 10 and 20 mg, respectively).

Finally, a recent study of Zhang et al. (2010)14 proved that the 

SGLT2 selective inhibitor is useful both in early phases and in ad-

vanced phases of the diabetes.4 A total of 151 patients with T2D in 

early phase, most of them diagnosed only 1 year ago, and 58 patients 

with T2D in late phase, most of them diagnosed more than 10 years 

ago, were treated randomly with 10 or 20 mg/day of dapaglifl ozin or 

placebo during 12 weeks. In the patients T2D in early phase, the 

change of HbA1c was of –0.2, –0.7 and –0.5% with placebo, 10 mg 

and 20 mg of dapaglifl ozin, respectively. In the late phase, the re-

duction of the HbA1c was of 0, –0.6 and –0.8% with placebo, 10 

and 20 mg/day of dapaglifl ozin, respectively.14 All the patients treat-

ed with dapaglifl ozin reduced their weight, and the decrease was sta-

tistically higher in patients with T2D in late phase, with a loss of 0.6, 

2.3 and 2.5 kg more than the patients with T2D in early phase treat-

ed with placebo, 10 and 20 mg of dapaglifl ozin, respectively.14

Safety data of dapagliflozin
In spite of the lack of data at long term, the studies coincide in the 

good tolerance and the good safety profi le of dapaglifl ozin. The 

SGLT2 inhibition comes along with an hypoglycemia incidence 

(6-10%) similar to the placebo (4%) or the metformin (9%),3 ex-

cept when it is added to insulin plus oral antidiabetics (placebo 

plus insulin: 13%; dapaglifl ozin 10 mg plus insulin; 29.2%; dapa-

glifl ozin 20 mg plus insulin; 25%; among others, a case of severe 

hypoglycemia in the placebo group).13 It has neither been identi-

fi ed alterations of the renal function nor electrolytic alterations,3,12 

except for increase of magnesium and decrease of uric acid of un-

certain determination.3 The diuretic effect of this drug has been as-

sociated to reduction of the systolic blood pressure of 2.6-6.4 

mmHg, with hypotension of 0-2% of the patients, but these results 

were similar to the results of the placebo group (2%) and metform-

in (4%).3 Finally, the percentage of infections in the urinary tract 

seems to be similar to the placebo group, but the same did not oc-

cur with the genital infections secondary to the glucosuria, which 

seem to be increased, though without statistics determination, in 

patients treated with dapaglifl ozin: 2-7%, vs. 0% in the placebo 

group and 2% in the metformin group.3

Conclusions
The SGLT2 have an important role in the glucose reabsorption in 

the renal proximal outlined tubule. The selection of inhibition of 

SGLT2 reduced the glycemia without inducing insulin secretion, 

hypoglycemia or weight gain, and due to its action mechanism it 

might be useful both in T2D and in T1D. At present, the SGLT2 

inhibitor in more advanced investigation phase is the dapaglifl ozin, 

with promising data both in studies in animals and in human be-

ings. However, it has to be determined which are the effects that 

the glucosuria has when induced at long term. Moreover, these 

compounds are liposoluble and cross the hematoencephalic barri-

er, therefore it is possible that they have effects at central level.15 ■
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Introduction and objectives
Diabetes mellitus (DM) is the most common and widespread 

metabolic disease in the world, it has a high prevalence in the 

general population, ranging between 6 and 10%.1 Historically, 

the medical model of this disease has been considered to revolve 

around its etiology, clinic and treatment, without including its 

impact on the individual, his work and social and family relation-

ships. However, in its natural evolution, DM often produces mul-

ti-system involvement, which, in turn, can cause impairment, dis-

ability, or disablement, concepts that can sometimes overlap and, 

should be clarifi ed.

The objectives of this revision are to introduce the basic con-

cepts on this subject, review the Legislation that support them, 

and apply all of this to the diabetes patient’s particular case, fac-

ing its practical use according to some elemental criteria that is 

available to physicians of any specialty.

Abstract
The concepts of disability, handicap and impairment refer, as a whole, to con-

sequences of diseases and/or malformations and their impact on the lives of 

people. What varies in each case is scope of the personal, social and environ-

mental or labour, and thus the implications posed and the benefits that could 

result in. These issues, as part of normal duties of occupational doctors, are 

less known and used in the level of medical care, either by GPs as well by 

other specialists. This article aims to bring practitioners health, based on cur-

rent legislation in Spain, the definition of these concepts, their management 

and the valuation process of diabetes, pathological entity in itself, especially 

when other complications evolutionary generated are added in the complex 

problems of patients due to due to personal, familiar, social and labour limita-

tions. These limitations have a great repercussion in public health systems and 

social security, which economic costs are very difficult to evaluate.

Keywords: diabetes, disability, handicap, occupational health, occupational 

medicine.

Resumen
Los conceptos de discapacidad, minusvalía e incapacidad hacen referencia, 

en su conjunto, a consecuencias de las patologías y/o malformaciones y a sus 

repercusiones en la vida de las personas. Lo que varía en cada caso es el 

ámbito de repercusión personal, socioambiental o laboral, y con ello las impli-

caciones que suponen y sus prestaciones. Estos temas, que forman parte de 

las tareas habituales del médico del trabajo, resultan menos conocidos y utili-

zados en el ámbito asistencial, tanto para el médico de atención primaria co-

mo para otros especialistas. Este artículo pretende aproximar a los profesiona-

les sanitarios, partiendo de la legislación vigente en España, la definición de 

estos conceptos, su manejo y el procedimiento de valoración de la diabetes, 

entidad patológica que por sí misma, y sobre todo cuando se le añaden com-

plicaciones evolutivas, genera en el paciente una compleja problemática aso-

ciada a sus limitaciones personales, familiares, sociales y laborales, de gran 

trascendencia en los sistemas públicos sanitarios y de la Seguridad Social, 

con costes económicos difíciles de cuantificar.

Palabras clave: diabetes, incapacidad, minusvalía, salud laboral, medicina 

del trabajo.
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Impairment, disability, and disablement
The International Classifi cation of Impairments, Disabilities, and 

Handicap (ICIDH), established by the World Health Organiza-

tion in 1980, contains the following defi nitions: 

•  Impairment. It is the loss or abnormality of a structure or a 

psychological, physiological or anatomical function. It can be 

temporary or permanent.2

•  Disability. It is the restriction or the lack (due to an impair-

ment) of ability to perform an activity, as or within the range 

that would be regarded normal for human beings. It concerns 

skills, in the form of activities and behaviors that are generally 

accepted as essential elements in daily life.2

•  Handicap or disablement. It is any disadvantageous situation 

for a certain individual, resulting of an impairment or disabil-

ity that limits or prevents the performance of a role, which is 

normal in function of age, gender and social and cultural fac-

tors. It represents the socialization of impairment or disability, 

refl ecting the consequences arising from them.2

In those three defi nitions, the assessment of a person with disa-

bilities must be made taking into account the originating impair-

ment and the consequences that a handicapped person might en-

tail. Though there seems to be a direct causal and linear 

relationship between them, it is not the case, as there might be 

situations in which impairment does not cause disability but it 

causes a disablement, as in the case of a facial disfi guration that, 

while not producing any diffi culty on the functional or occupa-

tional capacity of the person, it does create certain inconvenience 

in relations with others, creating a disadvantageous situation, this 

is a disablement.

The concepts of disability and incapacity have long been 

treated as similar over time; however, there are important dif-

ferences in the social, occupational and legal spheres. The 

Royal Spanish Academy defi nes disability as a quality of a dis-

abled person, who as such “has prevented or hindered some of 

the daily activities considered normal, by alternation of intel-

lectual and physical functions.” On the other hand, incapacity 

is defi ned as “temporary or permanent state of a person who, 

due to an accident or disease, has his occupational capacity re-

duced.” So, we can say that incapacity is derived from the re-

lationship between a person’s health conditions and work, 

while disability derives from the relationship between such 

health conditions and the environment in which an individual 

develops his life.3

The concept of incapacity, a negative term, forces us to stop 

and think what capacity means, understood as “aptitude or suffi -

ciency to do something”, which in turn can be spread to many 

facets of daily life, as well as its extension to the work environ-

ment, so that to the term capacity/incapacity, we must add “to 

what?” or “facing what?”.

These concepts must be exposed in phases, as they show dif-

ferent shades, with special emphasis on assessing a diabetes pa-

tient’s limitations in the work world, and with a certain later eco-

nomic importance for society:

•  Physical or injury incapacity. It is a result of a nosological state 

acquired or congenital, with large repercussions to the organ-

ism. It does begin to consider professional, or economic as-

pects, it focuses only on the integrity of the subject.

•  Occupational incapacity. An organic incapacity or functional 

disorder may lead to an incapacity to work or not, depending 

always on the relationship between the alteration (physical in-

capacity) and the features of such work, so three statements 

can be made:

 1.  There is no parallelism between the severity of an injury and 

its possible work repercussions.

 2.  Not every organ-functional incapacity necessarily results in 

occupational incapacity.

 3.  A small defi cit or functional decline, not globally incapaci-

tating, can produce a specifi c occupational incapacity, espe-

cially in productive sectors with highly specialized and/or 

specifi c requirements.

•  Livelihood incapacity. It is impossible to exercise a lucrative or 

paid activity as a result of mental or physical defi ciency.

Disablement and incapacity are thus different concepts. Although 

both derive from the existence of a defi ciency (understood as a 

loss or abnormality of the structure or function of people), in in-

capacity such defi ciency limits or prevents that person from ex-

ercising a particular activity, which in most of the cases refers to 

the work activity, while in disablement, the defi ciency limits or 

prevents the development of normal functions for age and gender 

of the person as a member of society in which he is integrated.

Similarly, the recognition of disablement and incapacity de-

pend on different instances and the consequences are also dif-

ferent.

Disablement assessment in Spain
Currently, the law in Spain that regulates the procedure for the 

recognition, declaration and degree classifi cation of disablement 

is the Royal Decree 1971/1999,4 which provides the authority for 

determining the degree of handicap to technical teams, called 

Career Assessment and Guidance Team for people with disabili-

ties (EVO), which will be formed by at least one doctor, one psy-

chologist and one social worker. They are under the authority of 

the autonomous communities (Department of Social Affairs), ex-

cept in Ceuta and Melilla and for people residing abroad, the 

teams are under the Institute of Migration and Social Services 

(IMSERSO) authority.

The disablements rating degree answers to unifi ed technical 

criteria, set by the scales described in Annex I of such Royal 

Decree, and shall assessment both disability that the person 

presents and, where appropriate, additional relating social fac-

tors, among others, to their family environment and work, edu-

cational and cultural situations, that make it diffi cult for his so-

cial integration. Disablement degree shall be expressed as a 

percentage, by applying the scales added in section A of the 

Annex, where the various sections are grouped. Generally, fi ve 

categories are established, according to the importance of the 
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defi ciency and the degree of disability that originates (table 1). 

To obtain the “handicap” condition, at least a 33% degree of 

disablement must be recognized.

This certifi cate does not entail the provision of a pension, and 

it allows one for work, but it does entail various tax5 work, and 

social benefi ts, like tax deductions, job reservations, the promo-

tion for hiring of disabled people and other aids stated by the leg-

islation in force at any time.

To assess the disablement, the pathological process that has 

caused the defi ciency must have been previously diagnosed by 

competent agencies, indicated therapeutic measures must have 

been applied, and it must have been documented. Furthermore, it 

must also be a permanent defi ciency, understood as organic or 

functional disorders that cannot be recovered, meaning there is 

no reasonable possibility of restitution or improvement of the 

structure or organ function affected.

It is important to emphasize that the diagnosis of the disease is 

not a rating criteria in itself, but the disability degree will be 

based on the severity of the consequences of the disease, which-

ever it is.

Diabetes mellitus and disablement
The DM would fall within Chapter 9 of Annex I of the Royal De-

cree 1971/1999. Such chapter of procedure for recognition, dec-

laration and degree classifi cation of disablement provides specif-

ic criteria for assessing disability caused by the endocrine system 

defi ciencies:

•  The rating of such diseases must be done at least 6 months af-

ter to the attempt for therapeutic control to be considered fi n-

ished.

•  Only the clinical manifestations not attributable to the altera-

tion of other organs and systems will be rated. Other mani-

festations due to local or distant disorders will be rated fol-

lowing the criteria for the chapter corresponding to organ, 

system or function altered, then the two percentages must be 

combined. 

•  Hypoglycemia will only rated if it is a persistent, consequence 

of untreatable diseases or properly stated treatment failure, 

when the crisis persists for 6 months after the originating cause 

treatment was initiated. 

•  People, who suffer, as a result of hypoglycemia, repeated sei-

zures and persistent neurological injury, would be rated ac-

cording to the criteria defi ned in the chapter devoted to the 

central nervous system, combining the percentage of disability 

corresponding by these defi ciencies with the one due to hypo-

glycemia.

The criteria for assigning the percentage of disability attributable 

to DM defi ciencies are described in table 2.

Acute decompensation that a diabetic can present (hypoglyce-

mia, ketoacidosis or hyperosmolar coma) will not be subject to 

rating if they have not resulted in permanent injury, unless their 

frequency is so signifi cant that it may affect daily activities.

A detailed study of the chronic complications related to the 

macro / microangiopathy must be done, individually and / or 

combined.

Diabetes mellitus and work incapacity
We must remember that the term “disease” is not linked to “oc-

cupational incapacity”. To qualify a patient as “occupationally 

incapable” it is not enough that there is an injury or an altera-

tion of their structures and / or bodily functions (physical or 

mental), meaning that, to have a disability is not enough, there 

must also be the inevitable condition that such alteration pre-

vents the development of their jobs, this situation may be tem-

porary (temporary disability [TD]) or permanent (permanent 

disability [PD]).

The legal framework that regulates the occupational disability, 

both temporal (TD) and permanent (PD) as well as the benefi ts 

such situations may cause, is the Social Security General Act.6,7

The Offi ces for assessment of incapacity (EVI), set in each Na-

tional Institute of Social Security (INSS), are the ones that exam-

ine the possible situation of a worker’s incapacity and formulate 

the opinions-proposal with its conclusions.8

“Permanent disability” is defi ned as the situation of the worker 

who, after having been subject to prescribed treatment and hav-

ing been medically discharged, presents serious anatomical or 

functional reductions, capable of objective determination and ex-

pectedly defi nitive, that reduce or nullify their ability to work.9 It 

will be classifi ed according to grades and benefi ts they entail, de-

tailed in table 3.

DM, by itself, should not be regarded as an intrinsically disa-

bling disease; it is usually compatible with a normal work activ-

ity that only requires maintaining a hygienic-dietary regimen and 

/ or proper treatment. In some cases it may have a more aggres-

sive and symptomatic course, and develop complications that 

condition a TD, and some other times, the lesions that the disease 

will produce, the supervening complications and / or the treat-

ments used may originate a PD over time.10

Before making a defi nitive rating to determine a possible PD 

on a diabetic patient, all therapeutic possibilities must be ex-

hausted. Relevant complications and current existing lesions 

must be known, as well as its impact on daily life activities in the 

past year.11,12 For rating criteria of PD on diabetes, the degree of 

Table 1. Classification of degrees 
and disability classes

Degree Class

I Null disability The rating of this class is 0%

II Mild disability Percentage ranging from 1-25%

III Moderate disability Percentage ranging from 25-49%

IV Severe disability Percentage ranging from 50-70%

V Very severe disability Percentage ranging from 75-100%

Source: Royal Decree 1971/1999, December 23rd, procedure for the recognition, declara-
tion and degree classification of disablement. Annex 1 A: degrees of disability.
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compensation of the disease will be taken into account, as well 

as the diabetic education, type, dose and response to adminis-

tered treatment, the acute complications in relation to the fre-

quency of hypoglycemic crisis, the diffi culty of metabolic con-

trol and the produced episodes of diabetic ketoacidosis and 

hyperosmolar coma. Regarding chronic complications, we have 

to rate the ones that may produce a PD in advanced stages, such 

as nephropathy, retinopathy, neuropathy, peripheral vascular dis-

ease, ischemic heart disease, etc.13

In the case of DM, relating work circumstances will always have 

to be rated, which sometimes can aggravate the disease:

•  Changing or rotating work shifts, mostly on insulin-dependent 

diabetics, due to the need to adjust their diet and insulin needs 

to the job requirements.

•  Piecework, which implies overexertion, which can unbalance 

the patient’s needs.

•  Extreme temperatures that can cause dehydration or precipitate 

hypoglycemia.

•  The use of inappropriate footwear and clothing, which can 

cause damage in the case of diabetic foot or dehydration.

Acute complications of diabetes may cause more or less long pe-

riods of TD, and rarely do they cause PD by themselves. Howev-

er, chronic complications, either macro or micro vascular, are 

usually more severe, and may require long periods of TD or 

even, according to its evolution, cause a situation of PD since 

they are often irreversible.

Among the microangiopathic complications, we fi nd, fi rst, 

the retinopathy. In these patients, we must consider the exist-

ence of peripheral vision and discrimination colors loss. We 

must know the developmental stage of the retinopathy, rating 

the presence of new vessels and/or vitreous hemorrhage are es-

sential, as well as the presence of maculopathie of macular ede-

ma or vascular ischemia14. Based on treatment response and 

disease severity, it is usually required a TD. Whenever there is 

a severely advanced retinopathy, the possibility of PD may 

arise, due to its poor short-term prognosis and the requirements 

of the job.

As for nephropathy, according to the faster progression of le-

sions and the need for early dialysis, it will be necessary to know 

the developmental stage to assess the severity of the condition in 

relation to a possible work incapacity.15

Finally, both the somatic neuropathy and autonomic neuropa-

thy in its most advanced stages can produce a PD.16

In the diabetic macroangiopathy, vascular abnormalities ap-

pear earlier and evolve more rapidly than in the general popula-

tion. These complications are the leading cause of mortality in 

diabetic patients, and these include ischemic heart disease, cere-

brovascular disease and peripheral arteriopathy.17,19 All of them, 

according to their evolution, treatment response and control of 

risk factors may be subsidiaries to TD periods in decompensation 

episodes, even symptoms stabilization or based on degree and se-

verity of organs or systems affected, condition a PD. In these cas-

es, functional rating of each organs and systems affected must be 

done, or a combined rating if it is a multiple organ affectation. 

In our legislation, there is a list of traditionally limited jobs in 

a specifi c form for patients with diabetes or that require that the 

worker is subject to specifi c controls and periodic reviews. They 

are: professional driving (trucks, public buses, etc.),20 airline/air-

craft personnel,21 trains staff of the Spanish National Railways 

Table 2. Criteria for percentage allocation of disability attributable to endocrine metabolic deficiencies 
(Royal Decree 1971/1999)

Diabetes mellitus Hypoglycemia Special situations*

Class 1: 

0%

The patient is diagnosed with diabetes 

mellitus, is asymptomatic and requires drug 

and / or dietary treatment

The patient is diagnosed

hypoglycemic, is asymptomatic, treated or 

not, and his degree of disability is null

Class 2: 

1-24%

The patient is diagnosed with diabetes 

mellitus, is asymptomatic and follows a correct 

treatment, dietary and pharmacological; he 

cannot maintain adequate metabolic control 

or there is evidence of diabetic 

microangiopathy, defined by retinopathy 

or persistent albuminuria >30 mg/dl

The patient is diagnosed

hypoglycemic, his degree of disability 

is mild, requires continued treatment he 

does correctly, and the persistence of 

hypoglycemia is demonstrated

Class 3: 

25-49%

The patient is diagnosed hypoglycemic, 

the degree of disability is moderate, 

treatment done correctly, and the 

persistence of hypoglycemia is 

demonstrated

Any patient who, for reasons other than 

inadequate therapeutic control, requires 

periodic hospitalizations due to acute 

decompensations of his diabetes as much as 

three times a year and of a duration of more 

than 48 hours each

Class 4: 

50-70%

In case that the number of hospitalizations of 

same characteristics is more than 3 per year

*These situations will be revised every 2 years.
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Network,22 jobs related to the professional use of guns,23 jobs at 

risk of falls from heights,24 fi shing,25 etc.

Conclusions
1.  DM, in its evolution, can cause disablement and / or work in-

capacity, situations that cannot be equated, although they may 

coexist, as they are governed by different laws and are rated by 

different agencies and professional teams.

2.  Proper diabetes education and proper treatment will allow the 

diabetic worker to maintain his employment, though he may 

require TD periods in case of acute complications or metabol-

ic decompensation.

3.  Chronic complications often lead to prolonged TD periods, 

which usually turn into PD.

4.  It is the primary function of the various medical specialties to 

coordinate their actions to better manage, control and compre-

hensively cares for the diabetic patient.

5.  It is important to know the current administration circuit and 

legislation on handicap, disabilities and incapacities, as well as 

the function of the EVO and EVI, to optimize results and pro-

vide the relevant paperwork in diabetics affected by social or 

work limitations relating to diabetic disease, its complications 

and limitations26.
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Introduction
Diabetes mellitus (DM) is a disease that accounts for big debates 

and efforts by all the involved parties in this clinical process. 

Among the chronic complications associated with DM we fi nd 

the ulcers of the lower extremities, with special emphasis those 

located in the foot, which 15% of patients suffer at some point in 

the course of their disease1. These ulcers can be classifi ed into 

venous, arterial and neuropathic, according to their etiology; 

though frequently ulcers are caused by several etiologic factors3 

at the same time can be found. Neuropathy affects sensor motor 

fi bers of the peripheral nervous system, as much as autonomic 

nervous system fi bers. Its prevalence increases with poorly con-

trolled glucose and the diabetes evolution time, affecting up to 

50% of the patients with more than 25 years of evolution.2 With 

peripheral neuropathy, patients present a progressive decrease in 

pain sensation, temperature and vibration, and deep and superfi -

cial sensitivity.1

All these alterations cause a loss of tone to the sole of the foot 

skin and worsen the foot response to mechanical stress3, causing 

high plantar pressure and ulcer development. Although many 

studies have proposed a pressure threshold for the development 

of foot ulceration, as Armstrong et al.4 pressures higher than 99 

N/cm2 would cause delay in healing, however, this statement re-

mains controvertial.5

Therefore, an insensitive foot, whether ischemic or not, 

should be considered at high risk of suffering ulcer. The use of 

pressure relief as etiologic treatment, if properly applied, has 

shown to produce modifi cations on the ulcer histology, chang-

ing from a chronic infl ammatory state to a much more evolu-

tionary condition.6 This pressure reduction has the basic princi-

ple of distribution or transmission of the load over wider areas, 

so it reduces pressure peaks in certain points. The pressure re-

duction depends on three factors: 1) the use of an option of spe-

Abstract
Among the chronic complications associated with diabetes mellitus, foot ul-

cers are present in 15% of patients sometimes in the course of their disease, 

and often leads to amputation. These ulcers are usually neuropatic and have 

a poor response to mechanical stress that causes high plantar pressures. Us-

ing offloading is an integral part of the healing process, which causes favora-

ble histologic changes in the ulcer, from a chronic inflammatory state to a 

better evolutionary condition. There are many strategies for reducing plantar 

pressure which have to be used in a protocol manner to obtain favorable re-

sults. This article presents different methods of pressure reduction underling 

the importance for professionals of their use in the management of diabetic 

foot ulcers.

Keywords: diabetic foot, ulcer, neuropathy, offloading.

Resumen
Dentro de las complicaciones crónicas asociadas a la diabetes mellitus encon-

tramos las úlceras localizadas en el pie, que llegan a padecer el 15% de los 

pacientes alguna vez en el curso de su enfermedad y que a menudo derivan 

en una amputación. La etiología de estas úlceras está normalmente asociada 

a la presencia de una neuropatía diabética y una peor respuesta al estrés me-

cánico, que provoca altas presiones plantares. El uso de descargas como tra-

tamiento etiológico es una parte integral del proceso de curación, ya que 

produce modificaciones en la histología de la úlcera, que pasa de un estado 

inflamatorio crónico a una condición mucho más evolutiva. Existen múltiples 

estrategias para la reducción de la presión plantar que deben utilizarse de ma-

nera protocolizada para poder conseguir resultados favorables. Este artículo 

presenta diferentes métodos de reducción de la presión, de manera que el pro-

fesional reconozca la importancia de su uso en la gestión de las úlceras del 

pie diabético. 

Palabras clave: pie diabético, úlcera, neuropatía, descarga de presión.
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cifi c treatment for pressure reduction, 2) patient compliance 

and 3) biomechanics.7

General features of strategies 
for pressure discharge
The general concept that any used device must meet is that it will 

have to vary a factor, either numerator or denominator, of the 

mathematical expression of the pressure. The pressure is ex-

pressed as a ratio where the numerator is the force (Newton) and 

the denominator is the unit of area (cm2); and if the result of the 

ratio is expected to tend to zero, the force applied should de-

crease, or increase the support area so that there is a redistribu-

tion of pressure. But not only have these two factors infl uenced 

on the foot load. There are others, such as the duration and the 

direction of the forces, which will infl uence the onset of overload 

and the risk of appearance of an ulcer. With all that, Guzman, et 

al.8 described a series of ideal features, that strategies for pres-

sure reduction should have (table 1).

Alternatives for pressure discharge
There are multiple different strategies for the plantar pressure re-

duction, many of which are not exclusive of one another, but 

should be applied in a protocol manner as to achieve favorable 

results in ulcers cicatrization (fi gure 1).

Among these strategies we fi nd:

•  Laminar cut of keratopathies.

•  Silicone orthoses.

•  Temporary offl oads.

•  Custom plantar orthosis.

•  Temporary post-operative shoe.

•  Total Contact Cast (TCC).

•  Removable cast walkers (RCWs).

•  Preventive surgery.

Laminar cut of keratopathies
Keratopathies formation is due to a compensation attempt by the 

skin to counteract the excess of local pressure. A keratinocytes9 

proliferation rate increase produces a decrease of its absorption 

capacity, which, together with the presence of a rigid or fl exible 

digital deformity, precedes 82.4% of foot ulcers in patients with 

DM.10 A patient presenting sensory neuropathy and keratopathy 

has an 11 times higher risk of developing lesions than a patient 

without keratopathy, increasing up to 56.8 times if the patient has 

already suffered a previous lesion to the same location.9 All these 

data lead to the development of prevention strategies that will be 

directed towards the screening and appropriate management of 

keratopathies.

It is diffi cult to observe the infl ammatory changes that appear 

on the surrounding areas of the keratopathy. In a study by Ni-

shide et al.10 on the use of thermography and ultrasonography as 

screening methods for chronic infl ammation of the keratopathies, 

infl ammation was localized by thermography, and subsequently 

the severity and tissue damage by ultrasound. These authors were 

able to detect chronic infl ammation in 10% of the keratopathies 

of the group of patients with DM, while in the non-diabetic 

group they did not fi nd any case. Therefore, using these tech-

niques on high-risk patients can be effective as a screening meth-

od for the appearance of foot ulcers.

Regarding the proper keratopathies management, laminar cut-

ting is a simple but effective treatment for pressure reduction. 

According to the study by Slater et al.11 in 14 patients with DM, 

the pressure was reduced by 29% of the initially registered. 

When this treatment was combined with the use of digital sili-

cone orthoses, the reduction increased to 54%. Therefore it is im-

portant for the DM patient to go regularly to the podiatrist for 

control.

Silicone orthosis
Since the 1950’s, Europe began to use different techniques to 

compensate, correct or mitigate the digital alterations present on 

the feet. Silicone is a dual-component polymer belonging to the 

group of elastomers and is mainly made   of silicon. Silicone has 

features which are particularly suitable for the manufacture of or-

thoses, including: 1) its temperature resistance (from –80º C to 

Table 1. Strategies for pressure reduction on a diabetic 
foot8

•  Provide an effective pressure reduction of the ulcer continuously

•  Applicable to different types of patients

•  Do not cause side effects, or if so, that are lesser than the beneficial 

effect sought

•  Easy application

•  Appropriate cost-effectiveness 

•  Allow for the use of other complementary treatments

•  To facilitate patient treatment compliance

Figure 1. Different alternatives of discharge for treating diabetic foot ulcers
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250° C), so it can be sterilized; 2) it is inert, so allergic reactions 

are almost nonexistent; 3) it is hydrophobic; 4) it is nonstick, and 

fi nally, 5) it is fungal and microorganisms resistant.12

Slater et al.11 states that the use of silicone digital orthoses sig-

nifi cantly reduces the pressure to such level in DM patients, 

whether presenting peripheral neuropathy or not. Another study 

by Sciré et al.9 shows that the use of these treatments presents 

good tolerance and safety, and the percentage of treatment com-

pliance by patients is quite high. Consequently, this study con-

cludes that the use of silicone digital orthoses can be considered 

as an effective and safe solution for patients at high risk of ul-

cers, since it allows a redistribution of the maximum in the fore-

foot area.

Temporary discharges
The application of these discharges is a promising method for the 

temporary reduction of plantar pressures in the ulcer area, but 

there are hardly any studies demonstrating its results. To carry 

out this treatment, different or a combination of materials may be 

used, but if we had to highlight one of them for its easy handling, 

cost and good results, adhesive felt would be the one. This felt 

comprises polyester and polyethylene, and has a hypoallergenic 

adhesive layer. It is commercially available in different thick-

nesses, from 1 to 10 mm. Applying the felt around the ulcer with 

a design adapted to the size, location and the patient’s biome-

chanics, performs the offl oad.

This point is the most important in the discharge execution, be-

cause a pattern error may produce treatment failure or worsening 

of the ulcer. To avoid this, a biomechanical study of plantar pres-

sures prior to the start treatment must be performed, in order to 

customize the design (fi gure 2). It would also be advisable to 

make another measurement of pressures once the offl oad felt is 

placed, to check two factors: 1) that there is a selective offl oad of 

the ulcer area, and 2) that there is not an overload in another area 

of the same foot or the collateral, with the consequent risk of a 

new injury.

In a study by Armstrong et al.13 where they assessed offl oads in 

non-diabetic patients without ulcers, it was found that while 

there was a pressure reduction on the opening area of the felt, it 

also appeared an overload and increased shear forces on the pe-

riphery, which they called “edge effect”. To minimize this effect, 

we have to execute offl oads that are in contact with the largest 

possible area of   the sole and set it afterwards.8

Another factor that must be considered is the material physical 

characteristics, since it has very little memory and low yield 

strength, so it is recommended the change after 3-4 days of treat-

ment.14 Our experience at the Instituto Valenciano del Pie is that 

the change of material should not be extended more than 48 

hours to maintain a continuous offl oad of the ulcer. This setback 

could be solved by the combined use of materials such as felt and 

polyethylene foam, both of 0.6 cm thick, as described by Fleis-

chli et al.15, who managed to reduce pressures by 34 and 48% in 

the forefoot and fi rst toe, respectively. In a more recent study by 

Zimny   et al.16 these authors obtained a reduction of approximate-

ly 10 days in ulcer healing on neuropathic feet through the use of 

felt. Finally, note that the adhesive material may cause some al-

lergic reaction and the appearance of lesion adjacent excoriations 

during the change.

Customized plantar orthosis
In this case the offl oad is customized on to the plantar orthosis, 

and it allows us to improve the support and make a redistribution 

of pressures. If until now the design of plantar orthoses for down-

loading the areas at risk of the diabetic foot has been a craftwork 

and little scientifi c, nowadays measurements of pressure inside 

the shoe are more spread, and so the substantial difference be-

Figure 2. Study of 
plantar pressures by 
Novel Pedar X® 
system (Novel
GmbH, Munich, 
Germany), which is 
made to patients as 
to evaluate the 
effectiveness of felt 
discharge
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tween using and not using a custom plantar orthosis can be ob-

served.17 In a study of polyurethane plantar orthoses by Kato et 

al.18, the authors obtained some measurements of increase of the 

contact area by 62.7% and pressure reductions of 56.3%. Also 

Frykberg et al.19 designed a closed-cell thermoplastic copolymer 

plantar orthoses with an anterior wedge, which when properly 

placed back of the metatarsal heads, performed a forefoot pres-

sure download of 48% when used together with a postoperative 

shoe.

Temporary post-operative shoe 
The ideal post-operative shoe should protect the foot during re-

covery from surgery or a lesion. Not only it may be prescribed 

to accommodate sizeable dressings, but also to obtain plantar 

pressure downloads by the elimination of part of the gait pro-

pulsion phase. There are different variants of fl at post-operative 

shoes in the market: with anterior discharge, posterior dis-

charge, with a rocker outsole, etc. Depending on where the sole 

modifi cation is presented, we will obtain the sought offl oad, so 

that if a forefoot injury appears, we will place an anterior of-

fl oad shoe, etc. A remarkable point is the patient’s stability and 

balance assessment before and after the placement of these de-

vices, since often they must be accompanied by the use of oth-

er devices such as crutches, walkers, etc. to ensure adequate 

stability. 

In the study by Fleischli et al.,15 anterior download shoes 

(where the heel area is increased to decrease forefoot forces) 

have always been the third most effective treatment method, af-

ter the TCC (TCC) and the DH pressure relief walker, reducing 

pressure up to 66% while being cost-effective.

Total contact cast 
Dr. Paul Brand often used the total contact cast or TCC in the 

mid 1970’s to offl oad insensitive foot of Hansen’s disease.20 For 

many years this procedure was considered by many experts as 

the reference treatment for neuropathic ulcer offl oad in patients 

with DM.21 The use of TCC for the diabetic foot ulcers healing 

has been well documented in literature and has proven to be ex-

tremely effective, getting to reduce the forefoot maximum pres-

sure by 87%. This effect can be achieved, among other mecha-

nisms, by limiting ankle motion and redistributing the load along 

the device,17 in addition to the guaranteed compliance with treat-

ment because it the patient cannot remove it.

Despite its advantages, TCC has not been widely used because 

its implementation requires training and must be changed every 

7-10 days. The technique consists of applying of a reinforced 

plaster dressing with fi berglass dressing on the foot-ankle-leg 

complex, producing its immobilization. If not properly applied, 

it can cause unwanted effects such as abrasions, burns or iatro-

genic ulcers. In addition, joint stiffness may occur, or even anky-

losis if the immobilization is prolonged and a defi cient night’s 

sleep for the patient.22

Regarding its use on heel ulcers, these are often more prob-

lematic due to the diffi culty of reducing pressure on the posterior 

part of the foot. In a study by Armstrong et al.,23 TCC reduced 

the maximum plantar pressure better the other methods tested 

(pneumatic Aircast Walker and DH pressure relief walker); how-

ever, time of integral pressure on the heel during walk was sig-

nifi cantly lower for the DH pressure relief walker than for the 

TCC or any other method tested.

Removable cast walkers (RCWs)
The prefabricated gait splints, generally called removable cast 

walkers (RCWs) are an alternative to TCC and they maintain the 

ankle joint in a 90° position, limiting the digital propulsion dur-

ing gait and reducing pressure on the foot sole. Initially, this 

product was designed for fracture treatment and has been subse-

quently used to reduce pressure on plantar ulcers. Currently 

there are multiple models in the market that differ from one an-

other in small alternatives, such as the use of different types of 

rocker in the sole, made   modular foot orthosis consisting of lay-

ers of different rigidity that adapts to the actual location of the 

ulcer, pneumatic chambers with vacuum gauges to control com-

pression, etc. These devices are easily applied and allow wound 

inspection and can be used to treat superfi cial infection ulcers. In 

addition, as a reusable treatment, the total cost decreases. It also 

allows patients to perform good personal hygiene and a more 

comforting rest.7

However these same advantages of the RCWs (easy applica-

tion, reutilization and patient satisfaction) are also, paradoxical-

ly, its greatest inconvenience. The possibility of removing the 

device eliminates the feature of “forced compliance”, which is 

the best attribute of TCC.6 Thus, in a study by Armstrong et al.24 

to assess diabetic foot ulcers patient’s activity and the adherence 

of RCWs using a pedometer on the waist, these authors obtained 

usage results in 60%   of daily activity. To address these issues, 

Armstrong et al.25 proposed using RCWs and applying a layer of 

fi berglass so that the patient could not remove the device, calling 

it “instant TCC” (i-TCC). In another study by Piaggesi et al.6 

they used a RCW that has a plastic cord that can only be re-

moved by a specifi c cutting tool, making it non-removable by the 

patient. These studies confi rm the effi cacy and safety of RCWs 

and their ability to manage diabetic foot ulcers at the same level 

as the TCC, while solving the lack of treatment compliance by 

patients.

Preventive surgery
Any treatment plan that we use in these patients is intended to 

reduce the areas of increased pressure. The arsenal of orthopedic 

variants described can achieve this. But if these therapies do not 

obtain a good result, the second alternative may be the preven-

tive surgery. This surgery aims to correct structural deformities 

and limit joint mobility that are associated with increased plantar 

pressures and increased risk of foot ulcers. Several prospective 

controlled studies have shown that surgical procedures such as 

Achilles tendon lengthening, metatarsophalangeal joint arthro-

plasty and metatarsal head resection may have some value in 

healing in DM patients with forefoot area ulcers.26-30
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Armstrong et al.27 concluded that percutaneous lengthening of 

Achilles tendon in DM patients signifi cantly reduced about by 

27% the plantar pressure in the forefoot area. Also Mueller et 

al.,30 in 2003, compared two groups of DM patients, one treated 

by TCC plus an Achilles tendon lengthening, and the other treat-

ed with a TCC splint. The fi rst group patients healed in 100% of 

the cases, with a 75% reduction of recurrences at 7 months and a 

52% less at 2 years compared to the second group.

However, surgery in these DM patients should be taken with 

caution as a foot, whether is well perfused or ischemic, must be 

regarded as at high risk for ulcer1. According to Steven Kravitz, 

Executive Director of the American Professional Wound Care 

Association, “the decision to perform surgery as a preventive 

measure should only be taken after a thorough evaluation and a 

precise diagnosis based in the patient’s medical records, current 

status, the physical assessment of the risk zone, the analytical 

and image tests”. Although the surgical procedure can be effec-

tive for the ulcer healing, more prospective and controlled stud-

ies are needed to defi ne better the role of surgery compared with 

conservative treatment before its widespread use can be recom-

mended.17

Conclusions
Retrospective and prospective studies have shown that high plan-

tar pressure is a causal factor in the development of plantar ulcers 

in DM patients, and ulceration is often a precursor to lower ex-

tremity amputation. However, there is a gap between evidence-

based guidelines and regular practice, as only 41% of ulcers in 

the U.S. and 34% in Europe were treated using an offl oad de-

vice.17 The international work group on diabetic foot has devel-

oped specifi c guidelines based on evidence about the use of 

shoes and offl oads for the prevention and healing of diabetic foot 

ulcers.

The recommendations for the use of discharge in treating of 

uncomplicated neuropathic plantar ulcers are:

1.  Relieve pressure on the ulcers should always be part of the 

treatment plan.

2.  The TCC and non-removable RCW are the interventions of 

choice, although the clinician should take into account possi-

ble adverse effects of these devices.

3.  Anterior offl oad shoes may be used when above the ankle de-

vices are contraindicated or are not tolerated by the patient.

4.  Standard shoes should not be used, as other devices are more 

effective.17

We must not forget that the treatment does not end with the ulcer 

closure, and offl oads should be subsequently applied for defi ni-

tive treatments and of a preventive nature, such as the plantar or-

thosis and custom shoes. ■
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Race and eugenics 
in inter-war Romania
Social Darwinism is a term introduced for 

various late-nineteenth century ideologies 

which exploited ideas of “survival of the 

fi ttest”. It is also associated with ideas of 

struggle between national or racial 

groups. The theory was chiefl y exploited 

by Herbert Spencer who adapted Darwin-

ian ideas to his own ethical theories.1 He 

argued that it was natural, normal and 

proper, for the strong to thrive at the ex-

pense of the weak. The fi rst use of Social 

Darwinism was in Joseph Fisher’s 1877 

article on “The history of landholding in 

Ireland”, published in the Transactions of 
the Royal Historical Society. Some ex-

treme Social Darwinists claim that it is 

morally incorrect to assist those weaker 

than one self, since that would be promot-

ing the survival and possible reproduction 

of someone who is fundamentally unfi t. 

Many negative reactions to Darwinism 

come from the confusion of Darwinism as 

a scientifi c theory, describing a range of 

concepts of evolutionism or development, 

with Social Darwinism as an ethical theo-

ry. In reality, the two have very little in 

common. Main notable fi gures of Social 

Darwinism, in addition to Spencer, have 

been Thomas Malthus and Francis Gal-

ton, the founder of eugenics.

The word eugenics was coined in 1883 

by the English scientist Francis Galton, a 

cousin of Charles Darwin, to promote the 

ideal of perfecting the human race by en-

couraging the procreation of the social 

Darwinian fi t and discouraging that of the 

unfi t. In Galton’s own words, “perfecting 

the human race by getting rid of its ‘unde-

sirables’ while multiplying its ‘desira-

bles’”.2 As a social movement, eugenics 

was widely popular in the early decades 

of the 20th century. By the end of World 

War II, eugenics had been largely aban-

doned. Eugenics was practiced around the 

world and promoted by governments, in-

fl uential institutions and individuals. Eu-

genics was supported by Alexander Gra-

ham Bell, Margaret Sanger, H.G. Wells, 

Woodrow Wilson, Theodore Roosevelt, 

Emile Zola, George Bernard Shaw, Win-

ston Churchill, John Maynard Keynes, 

John Harvey Kellogg, and Linus Pauling, 

among many others. Eugenics became an 

academic discipline at universities. Three 

International Eugenics Conferences were 

held in 1912 (London), 1921 and 1932 

(New York). 

G.K. Chesterton was an early critic of 

eugenics in his book “Eugenics and Oth-

er Evils”. The scientifi c reputation of eu-

genics declined in the 1930s when Ernst 
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Rudin used eugenics as a justifi cation for 

the racial policies of Nazi Germany. Nev-

ertheless, the second largest eugenics 

program was created by the social demo-

crats in Sweden, and continued until 

1975.3 Most infamous proponent and 

practitioner of eugenics was Adolf Hitler, 

who incorporated eugenics in Mein 
Kampf, and emulated eugenics legislation 

for the sterilization of “defectives”, that 

had been pioneered in the United States 

of America.

Social Darwinist theories had an impact 

on Central European nationalism. Biolog-

ical debates on race and ethnicity infl u-

enced the idea of national superiority in 

Central Europe in the last two decades of 

the nineteenth century and the fi rst dec-

ades of the twentieth century. The new 

concept of nation integrated geography, 

historical destiny, and biological terms. 

Antropometric parameters and the com-

position of the blood became important 

somatological characteristics contributing 

to the idea of nation, inseparable from ra-

cial anatomy.4

One of most productive researcher in 

this fi eld is Dr. Marius Turda, a native Ro-

manian, founder of the international 

Working Group on the History of Race 

and Eugenics, and Deputy Director of the 

Centre for Health, Medicine and Society, 

based at the School of Arts and Humani-

ties, Oxford Brookes University. 

Dr. Marius Turda is the founder and actual 

Director of the Working Group on the History 

of Race and Eugenics (HRE), based at the 

School of Arts and Humanities, Oxford Brookes 

University. Dr. Tudor Georgescu is the actual 

Research Coordinator.

The aim of HRE is to build a network of inter-

national scholars working in the broad area of 

eugenics and race that transcends national 

boundaries, while staying connected to politi-

cal developments concerning racial and gen-

der equality in the 21st century.

mturda@brookes.ac.uk/t_georgescu@hotmail.

com

In 1842, Ander Retzius used the ratio 

width to length (cephalic index, CI) to 

make the difference between dolico-

cephalic and braquicephalic crania. The 

French anthropologist Eugène Pittard 

(1867-1962) made the observation, in 

1919, that Romanians from the Old King-

dom were dolicocephalic, but Romanians 

from Bukovina and Transylvania were 

braquicephalic.5 Following these lines, 

the Roumanian Victor Papilian (1888-

1956) made the proposal of the special 

cranial characteristics of Romanians from 

Transylvania when compared with Roma-

nians from the Old Kingdom and Hungar-

ians in Transylvania.6 Ion Chelcea (1902-

1991) reported five different types of 

Romanian crania, suggesting the exist-

ence of a special Dacian type, preferen-

tially depicted in the Western Mountains 

of Transylvania.7 

Iordache Facaoaru, eugenicist and ra-

cial anthropologist, accepted six criteria 

for racial classifi cation: height, cranial, 

facial and nasal indexes, eye and hair 

colours. Based on these criteria, he iden-

tifi ed four principle races: Alpine, Dinar-

ic, Mediterranean and Nordic; and fi ve 

secondary races: Dalic, East-European, 

Oriental, West-Asian and Indian. The 

main objective of racial anthropology, as 

Facaoaru proposal, is to establish the 

right to leadership for those individuals 

belonging to the category of superior 

race. Following his classification, 

Swedesh will occupy the first place, 

while Roumanians will be sixth, and 

Hungarians will be fi tted in one of the 

last positions. The Western provinces, 

Bukovina, Transylvania and the Banat 

displayed the highest level; the Eastern 

provinces, Moldavia, Bessarabia, and 

Transnistria will follow, with an interme-

diate level; the Southern provinces, Olte-

nia, Muntenia and Dobrudja, will occupy 

the last place. Superior racial qualities 

will be observed within the urban, highly 

educated, and wealthy people. These an-

thropological parameters in association 

with the question of national identity and 

racial supremacy facilitated the way to 

racism and anti-semitic options.

Eugenic sterilization was introduced in 

Romania by the gynaecologist Constantin 

Andronescu, who suggested the prenup-

tial health certifi cate and the sterilization 

of feeble-minded and mentally ill patients 

already in 1912.8 The economic crises and 

political instability of the late 1920s infl u-

enced the attraction by the medical pro-

fession and social reformers towards the 

eugenic sterilization. In inter-war Roma-

nia, the interest for eugenic sterilization 

was stimulated by the fear of degenera-

tion of the Roman nation. Supporters of 

eugenic sterilization thought they at-

tempted to protect the society from social 

and biological degeneration. 

In 1925, Iuliu Moldovan, eugenicist 

and founder of the School of Hygiene and 

Public Health in Cluj, published “Igiena 

natiunii: Eugenia”.9 A new law was intro-

duced in 1930, as the result of putting into 

practice the ideas of social hygiene ex-

pressed by Moldovan, appointed as sub-

secretary of the Department of Work, 

Health and Social Protection. Eugenics 

became a common practice for state inter-

ventions to prevent defective individuals 

from procreating. Sexual sterilization was 

justifi ed to improve the biological quali-

ties of future generations. The fi ght against 

degeneration would be instrumented 

through stopping the reproduction of de-

generates and encouraging the fertility of 

superior individuals. Sterilization would 

be carried out only if the patient has been 

examined by at least two doctors (one of 

them for mental illness), who declare the 

risk of producing degenerate offspring.

On the occasion of the XI Congress of 

Neurology, Psychiatry, Psychology and 

Endocrinology, that took place in 1931 

(Constantin Parhon, the founder of the 

Romanian School of Endocrinology, was 

the President), Mares   Cahane, a psychia-

trist, addressed the issue of therapeutic 

sterilization of the hereditary feeble-

minded using as conditions that the pa-

tient should have been interned for at least 

5 years in a mental hospital, the advice of 

a commission of specialists, and the fam-

ily consent. For some groups of patients, 

like schizophrenics, sterilization and cas-

tration should be compulsory. In other 

European countries, laws allowing sterili-

zation were also dictated (Switzerland, 

1928; Denmark, 1929; Germany, 1933; 

Norway, 1934; Finland, 1935). 

Various experts opposed to eugenic 

sterilization. Eugen Rils, a sociologist, 
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and Ion Vasilescu-Bucium were two of 

them. Other authors were reluctant to ac-

cept eugenic sterilization, due to lack of 

sufficient medical knowledge. Grigore 

Odobescu, argued that the main need was 

to educate the country and the nation, as 

the most effective eugenic policy. Instead 

of biological eugenic policies, Odobescu 

insisted in educational, social, and agri-

cultural reforms.

In 1935, G. Banu declared abortion, 

segregation, and prophylactic steriliza-

tion, as effective eugenic measures. The 

sterilization of imbeciles, idiots, epilep-

tics, criminals, and psychotics, as well as 

individuals suffering from syphilis, tuber-

culosis, and leprosy allowed the conserva-

tion and improvement of the race.

In short, in the 1920s and 1930s eugenic 

sterilization was basically considered as medi-

cal praxis, focused on individuals suffering 

from physical and mental illnesses. Afterwards, 

it will be identified with Romanian racial na-

tionalism. The goal of eugenic sterilization was 

the creation of a new nation through biological 

regeneration.8

Anti-Semitism in the inter-
war period in Romania
The fi rst legal measures against the He-

brews in Romania went back to the 15th 

century, when the prince Vlad (Vlad the 
Empalator, whose fi gure would lead to 

the legend of the count Dracula) ordered 

to pursue the Jewish merchants. Bernard 

Lazare, a French journalist, wrote in 

190210 that during the 14th century many 

Hebrews had emigrated from Hungary to 

Poland, and to the Romanian principality 

of Valaquia, expelled of their country by 

the King Luis I of Hungary.

The idea of State-Nation arose in 

1648, with the Peace Treaties of West-

falia that put an end to the Thirty Years’ 

War in the Holy Roman Empire, and to 

the Eighty Years’ War between Spain 

and the Republic of the Seven United 

Netherlands. The Treaties initiated a new 

political and territorial order in central 

Europe based on the concept of state 

sovereignty. In the 19th century the na-

tionalist movements won followers in 

Europe and Asia. The process of national 

construction was accompanied by the de-

velopment of a populist, anti-urban, anti-

Semitic and xenophobic speech. 

To the religious prejudices against the 

Hebrews based in the idea that the Jews 

had killed Jesus, xenophobic prejudices 

were added. The Jews were considered a 

stateless town, enemy of the nation. In 

the 19th century the anti-Semitism be-

comes more virulent, and connected with 

the emergence of the European national-

isms. In Romania, the anti-Semitism 

spread above all from the second half of 

the 19th century, in parallel to the devel-

opment of the Romanian nationalism and 

the Jewish immigration to the country. 

The Jews escaped to Romania from 

Habsburgs’s monarchy and from the 

Russia of the Czar, where they were 

harshly persecuted. 

In 1878, the Congress of Berlin decided 

the recognition of the independence of 

Romania under the condition of emanci-

pation of the country’s Jews. This imposi-

tion created an anti-Jewish environment, 

enhanced by the peasant’s revolts of 1888 

and 1907. Prominent politicians argued 

that the integration of Jews in Romanian 

society will jeopardize the State’s Roma-

nian national character. In 1895, Alexan-

dru C. Cuza (1857-1947), Professor of 

Law at Iasi University, founded the Liga 

Antisemita Universala.

From the second half of the 19th centu-

ry, the authorities started a process of “ru-

manization” to preserve the “Romanian 

national character”. Whereas the occiden-

talists were willing to accept the infl uenc-

es that came from the West, the tradition-

alists, instead, attacked all foreign 

influences, defining themselves against 

“the other”, against the foreigner. In this 

sense, the Romanian nationalists were 

convinced that there existed two enemies 

of their country. The fi rst one, the outside 

enemy, was constituted by large powers 

as Turkey, Austria and Russia, which 

threatened the “integrity” of the Romani-

an nation. The inside enemy was com-

posed by the foreign minorities that in-

habited in Romania, especially Greeks 

and Jews. Greeks were relatively integrat-

ed in Romanian life, because they were 

orthodox Christians. The Jews, instead, 

had their own religion, that rendered as-

similation diffi cult in a deeply Christian 

country as Romania. The Jews were seen 

as a threat against the Christian religion. 

A lot of Romanians also consider the 

Jews to be revolutionary Bolsheviks, 

since after the Russian Revolution of 

1917 a great number of Jews had emigrat-

ed to Romania. The anti-Semitism soon 

spread throughout all layers of Romanian 

society without exception. 

Consequently, the Jews were consid-

ered a triple threat: religious, ethnic and 

political. We should recall that the eugen-

ic movements of the end of the 19th centu-

ry and beginning of the 20th century were 

inspired by Gobineau’s “Essay on the In-

equality of the Human Races” (1853-

1855), and by Herder’s theory, which stat-

ed that some ethnic groups were 

biologically inferior.

Marius Turda has written that “The 

medical doctors who embraced eugenics 

believed that the genetic qualities of the 

nation had a direct impact on the social 

and political development of the modern 

state. Furthermore, they believed that a bi-

ologically based identifi cation with the 

nation, with one’s racial characteristics, 

would be a prerequisite for preserving the 

differences between the Romanian major-

ity and national minorities (…). The Jews 

became ‘undesirable’, both politically and 

medically. Degeneration was one of the 

arguments used most consistently in stig-

matising the Jews and opposing them to 

the ‘healthy’ Romanians (…). Romanian 

doctors thus envisioned a national com-

munity based upon the exclusion of all 

those deemed to be ‘alien’, ‘hereditary 

ill’, or ‘anti-social’. The Romanian na-

tional community itself was categorised 

in accordance with racial criteria. These 

criteria included not only ideas of ‘racial 

purity’, but also biological measures 

against Jews”.11

The Romanian press called the Jews 

“usurers, purveyors of adulterated alco-

hol, spies and blood suckers. Instead of 

the neutral word ‘evreu’ (Jew), the derog-

atory ‘jidan’ (Yid) gained currency”.12 In 

1910, Cuza and the historian Nicolae Ior-

ga (1871-1940) established the National-
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istic Democratic Party, with a clear anti-

emancipationist program. The hostility 

against Jews increased after the incorpo-

ration of large number of them into Great-

er Romania, in territories of Transylvania, 

Bessarabia, Northern Bucovina, and part 

of Dobruja. 

In March 1923 the government pro-

claimed a new constitution. It offered Ro-

manian nationality to the minorities of the 

country, including the Jews.13 This new law 

inspired a campaign of protests. A hostile 

attitude against the Jews was also present. 

Prominent Romanian writers and intellec-

tuals also showed hostility to Jews (Vasile 

Conta, Vasile Alecsandri, Mihai Eminescu, 

and Ioan Slavice, among them).14 

On March 4, 1923, Cuza, who was a 

member of the Parliament, without inter-

ruption, since 1911, created the Liga 

Apararii National Crestine (League of 

National Christian Defence; LANC). Five 

important protagonists of the Romanian 

intellectual sphere were co-founders of 

LANC: 

•  Prof. Ion Catuneanu (taught Law at 

Cluj University).

•  Prof. Ion Gavanescu (taught Pedagogy 

at Iasi University).

•  Prof. Corneliu Sumuleanu (taught 

Chemistry at Iasi University).

•  Prof. Constantin Tomescu (taught The-

ology at Chesina University).

•  Prof. N.C. Paulescu (taught Physiology 

at Bucharest University).

The President of this organization was 

A.C. Cuza. The LANC had its roots in the 

Christian National Union created a year 

before by Cuza and Paulescu. The LANC 

asked the withdrawal of the nationality 

and the rights of the Jews, as well as the 

appropriation of their lands and com-

merce. LANC called for a numerus clau-
sus to stop the admissions of Jews into 

universities, to expel those Jews that had 

arrived after 1914, and banning Jews from 

the army and public offices. The party 

chose as symbol the flag of Romania, 

with a swastika in the centre. 

Cuza wrote: “In general, the swastika 

is the distinctive sign of the Aryan race, 

particularly of its Thracian branch, from 

which we descend. The oldest swastika 

signs were found on our soil… Being 

here since ancient times, the swastika 

therefore is, in the fi rst place, ours, Ro-

manian by its descendant from the Thra-

cian Aryans… The swastika is our na-

tional emblem. The cross is the emblem 

of our faith, just as it is with all Christian 

peoples. It is only together that the swas-

tika and the cross display our entire be-

ing, our body and soul. We are Aryans 

and Christians”.14 

While commonly associated with Nazi 

Germany, the swastika was used for more 

than 5,000 years as a symbol of prosperity 

and good fortune, before it became the official 

emblem of the Nazi Party. The word is derived 

from the Sanskrit svastika, meaning “condu-

cive to well-being”, and thus had an Indian/

Aryan origin. The swastika became a sacred 

symbol in Hinduism, Buddhism, Jainism and 

Mithraism. It also appeared in artifacts found 

from prehistoric cultures of Europe, as well as 

in early Christian and Byzantine art. In the 

nineteenth and the beginning of the twentieth 

century the völkisch nationalist movements in 

Germany identified the swastika as a symbol 

of “Aryan identity” and German nationalist 

pride. In August 1920, Hitler decided to adopt 

the Swastika as the official insignia of the 

German Nazi Party (NSDAP) at the Salzburg 

Congress. It symbolized “the mission of the 

struggle for the victory of the Aryan man”, and 

racial purity.15

Because of the radical racism depicted 

by LANC, Nicolae Iorga, former associ-

ate of Cuza broke with him. Iorga argued 

that Jews needed to be displaced gradual-

ly and peacefully from all sectors of so-

cial life. 

In 1927, Corneliu Zelea Codreanu 
(1899-1938), a law student and former 

disciple of Cuza, and other dissidents of 

the LANC, abandoned the organization 

and created the ultranationalist, anti-Se-

mitic, and fascist movement and politi-

cally party, named Legiunea Arhanghe-
lului Mihai (Legion of the Archangel 

Michael), eventually known, after 1930, 

as Garda de Fier (The Iron Guard). An 

earlier supporter of the movement was 

Nichifor Crainic (theologian, poet, writ-

er, politician), main theoretician of the 

Christian Ortodox anti-Semitic trend. 

The prominent philosopher and journal-

ist Nae Ionescu, affi liated with The Iron 

Guard, attracted to the movement a new 

generation of intellectuals. One of them 

was Mircea Eliade, later on life a prestig-

ious Professor at the Faculty of Theolo-

gy, Chicago University. The Legion had 

a religious ideological structure; and had 

its mass base among the peasantry and 

the students. The Legionaires traditional-

ly referred to Codreanu as Capitanul 
(The Captain), and he held absolute au-

thority over the organization until his 

death. Following Codreanu’s instruc-

tions, the Legion carried out assassina-

tions of politicians it viewed as corrupt, 

including Premier Ion G. Duca, and its 

former associate Mihai Stelescu. Co-

dreanu advocated Romania’s adherence 

to a military and political alliance with 

Nazi Germany.

In 1935, Cuza founded the Partidul Na-

tional Crestin (National Christian Party). 

A renowned poet from Transylvania, Oc-

tavian Goga (1881-1938), joined Cuza in 

this political initiative. The new party 

claimed against the harmful infi ltration of 

Jews in Romanian cultural life, ethnic pu-

rity, and religious belief. 

The Iron Guard movement reached its 

greater political influence in the 1937 

election, when it signed an electoral pact 

with the National Peasants’ Party. The 

Guard received 15.5% of the votes, 

meaning the third political option, with 

60 members in the Parliament. King Car-

ol II introduced his own fascist dictator-

ship, after attempts to form a national 

government. Carol ordered the suppres-

sion of The Iron Guard and had Co-

dreanu arrested. On the charge that he 

had slandered Iorga, he was sentenced to 

six months in jail. On November 30, 

1938, it was announced that Codreanu 

had been shot after trying to fl ee custody 

the previous night. Much later it was re-

vealed that in addition to other thirteen 

dissidents, Codreanu had been executed 

by the Gendarmerie. Their bodies were 

dissolved in acid, and placed under seven 

tons of concrete.

Horia Sima took over The Iron Guard’s 

leadership. The Iron Guard eventually 
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came to power in 1940-1941, proclaim-

ing the fascist National Legionary State 

in partnership with Conducator Ion An-

tonescu. This was a result of Carol’s 

downfall, by the Second Vienna Award, 

through which Romania had lost North-

ern Transylvania to Hungary. On No-

vember 25, the discovery of Codreanu 

and associates’ remains caused the Le-

gionaries to engage in a reprisal against 

the new regime’s political prisoners, de-

tained in the same spots. On the next 

night 64 inmates were shot. New execu-

tions took place on the 27th and 28th No-

vember, including prominent victims like 

Iorga and Virgil Madgearu (Jilava Mas-
sacre). Codreanu was posthumously ex-

onerated of all charges by a Legionary 

tribunal. His exhumation was a grandi-

ose ceremony, in which Luftwaffe planes 

dropped wreathes on Codreanu’s open 

tomb.

Antonescu repressed and dissolved The 

Iron Guard in 1941. The Iron Guard has 

become infamous for their participation in 

the Holocaust. According to the Final Re-

port of the International Commission on 

the Holocaust in Romania, between 

280,000 and 380,000 Jews died during the 

Romanian Holocaust during World War 

II.16 Romania was at that moment under 

the dictatorship of General Antonescu, 

who had formed an alliance with Nazi 

Germany.

IDF 2003, Paris: To pay 
homage to N.C. Paulescu?
In 2002, the Academy of Sciences of Ro-

mania, the European Association for the 

Study of Diabetes (EASD), and the Inter-

national Federation of Diabetes (IDF), de-

cided to organize several events to pay 

homage to Nicolae C. Paulescu (fi gure 1). 

One of them was an open international 

competition regarding recent original de-

velopments on insulin research. 

A ceremony was scheduled for August 

27, 2003. The act would consist in the 

inauguration of a commemorative plate 

(fi gure 2) in the Hôtel-Dieu State Hospi-

tal (in Paris), and the unveiling of the 

busts of Paulescu and his mentor Éti-

enne Lancereaux, with whom the Roma-

nian doctor worked in the Department of 

Internal Medicine at the Hôtel-Dieu 

Hospital. An international jury presided 

by Professor Zvi Laron (Israel) had 

unanimously decided to give the Paules-

cu Award to Geremia Bolli, Professor at 

the University of Perugia (Italy), among 

four internationally renowned investi-

gators. Professor Bolli would present 

the N.C. Paulescu Memorial Lecture at the 

end of the scheduled ceremony. Howev-

er, all the events were cancelled, as a 

consequence of the following circum-

stances. 

The Simon Wiesenthal Center (SWC), 

an international Jewish human rights or-

ganization, sent a letter17 to the French 

Minister of Health, Jean-François Mattei, 
and to the Romanian Ambassador in Par-

is. In the letter, dated 22 August 2003, the 

SWC urged the Minister to cancel the cel-

ebration, arguing that Paulescu had been 

an antisemite, and that he had published 

various texts inciting to the hatred against 

the Jews. An article, signed by Nicolas 

Weill, published in the newspaper Le 
Monde on August 2618 mentioned the ti-

tles of two of these publications: “The 

Judeo-Masonic conspiracy against the Ro-

manian nation” and “The Jews and the al-

coholism” (fi gure 3).

The Simon Wiesenthal Center (SWC), with 

headquarters in Los Angeles, California, was 

established in 1977. It is an international 

Jewish human rights organization confronting 

anti-Semitism, hate and terrorism, promoting 

human right and dignity, standing with Israel, 

defending the safety of Jews worldwide, and 

teaching the lessons of the Holocaust for fu-

ture generations.

The Centre is accredited as a non-governmen-

tal organization (NGO) at the United Nations, 

the UNESCO, and the Council of Europe.

Simon Wiesenthal Center. 1399 South Roxbury. 

Los Angeles. California 90035

information@wiesenthal.net

On September 29, 2003, the Romanian 

Academy, through his President, Profes-

sor Eugene Simoin, and her Vicepresi-

dent, Professor Maya Simonescu, claimed 

against the decision of cancelling the trib-

ute to Paulescu (fi gure 4).

In October 2003, Prof. Gérard Slama, 

Director of the Diabetes Unit at the Hôtel-

Dieu, published a letter in the Lancet,19 
finishing with these words: “Although 

they did not hesitate to immediately can-

Figure 1. A) N.C. Paulescu (1869-1931). 
B) Jano

Figure 2. A copy of the plate dedicated to 
Lancereaux and Paulescu (Institute of Diabetes, 
Nutrition and Metabolic Disease “N. Paulescu”, 
Bucharest)

A

B
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cel the ceremony, it seems to me that the 

Romanian authorities are extremely reluc-

tant to publicly recognise and condemn 

Paulesco’s past. That the Romanians 

themselves, or at least some of them, were 

unaware of this issue when they inaugu-

rated in 2002, with great pageantry, the 

Paulesco Institute and placed a statue of 

him at the University of Bucharest is im-

probable. One might ask if, by its conspir-

acy of silence, Romania has tried to ma-

nipulate international public opinion by 

hiding its anti-Semitic past behind a pub-

lic veil”.

Two months later, George Alberti and 

Pierre Lefèbvre (IDF) published another 

letter20 in the Lancet, in reference to 

Slama’s letter (figure 5). They stated 

that: “The IDF is now collecting the 

appropriate writings of Paulesco. These 

will be scrutinised by an independent 

Figure 3. A) Press release of 
SWC. B) Editorial by Nicolas Weill

Figure 4. Claim of the Romanian 
Academy against the decision to 
cancel the homage to Nicolae C. 
Paulescu

A B
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committee. The IDF does not wish to 

mix science and politics. But more infor-

mation is needed before we can interna-

tionally laud an individual who has un-

doubtedly made a major scientific 

contribution, but who might have es-

poused a morally unacceptable position 

later in life”.

Symposium in Delphi, 2005, 
on the occasion of the 41st 
Annual EASD Meeting, 
and related circumstances
Drs. Christos S. Bartsocas and Spyros G. 

Marketos (Co-chairmen), Sir George Al-

berti, Jon Alivisatos, Stefano Geroulanos, 

Jorn Nerup, and Sotiris Raptis organized 

an International Symposium of Experts in 

Delphi, on September 8, 2005, “Who Dis-

covered Insulin?”, with the aim to deter-

mine the contributions in the discovery of 

the insulin and its principal protagonists 

(fi gure 6).

The general sense of the interventions 

(Drs. Alberto de Leiva, Spain; Torsten 

Deckert, Denmark; Constantin Ionescu-

Tirgoviste, Romania) coincided that the 

scientifi c rigour and the chronology of 

the facts and published documents dem-

onstrated that the offi cial organisms had 

not sufficiently recognised Paulescu’s 

work. Dr. John Dupré, Canada, focused 

on the earlier clinical experiences in To-

ronto. Dr. Paolo Pozzilli, Italy, reviewed 

the role of the Nobel Prize Committee. In 

the closing conference, Zvi Laron, born in 

Romania and Professor Emeritus of Tel 

Aviv’s University, denounced Paulescu’s 

anti-Semitic past. Drs. Pierre Lefèbvre, 

Belgium, and Jay Skyler provided a brief 

summing up. At the end of the meeting, 

the organizers of the event, feeling embar-

rassed after the Laron’s intervention, 

omitted to elaborate and to publicize any 

offi cial declaration on the contents of the 

symposium. A Jury vote by the general 

assembly of experts (announced in the 

program) was not delivered.

In the same year, 2005, the Executive 

Board of the International Diabetes Fed-

eration decided that “The International 

Diabetes Federation would not be associ-

ated with Nicolae Paulescu and there 

would be no Paulescu Lecture at World 

Diabetes Congresses should such a re-

quest be received”.

Three years later, Prof. Z. Laron would 

publish the article “Nicolae C. Paulescu: 

scientist and politician” (Israel Medical 
Association Journal, 2008), in which he 

drew his opinion about the scientifi c and 

a politic portrait of Paulescu (fi gure 7). 

He concluded that “…He may be ac-

knowledged for his scientifi c work, but 

unques tionably should not be feted and 

honored. Quite the contrary –he should 

be unequivocally censured for his contri-

Figure 5. Letters to the Lancet: 
(A) by G. Slama; (B) by G. Alberti 
and P. Lefèbvre (2003)

Figure 6. The scientific programme of the EASD 
Symposium: Who Discovered Insulin? Delphi, 
September 2005

A B
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bution to the dark pages of Romanian 

history”.21

Paulescu’s anti-Semitic views
Nicolae Paulescu was in many respects a 

creationist. He believed in divine crea-

tion. He used to say: “The scientist can-

not just say ‘Credo in Deum’ (I believe 

in God). He must clearly affirm ‘Scio 

Deum esse’ (I know God exists)”. He op-

posed against spontaneous generation (at 

that time a new evolutionary idea), ac-

cording to which chemical elements had 

combined spontaneously to generate the 

fi rst primitive life-forms. He fought also 

against Darwinism, pointing out that the 

hereditary changes within a type only 

lead to a variety within that type. He ac-

cepted natural selection, but working as a 

conservative agent, acting against any 

trend towards a radically different spe-

cies, acting against “the degeneration of 

species”.

An Eastern Orthodox believer, once 

said: “God is both the initial cause and the 

fi nal scope of all that exists; true science 

can only lead to deciphering in nature the 

signs of the divine will and reason, meet-

ing the Living God, Jesus Christ”.

As seen in fi gure 8, Paulescu wrote sev-

eral anti-Semitic texts: “Fisiología fi lozo-

fi ca-Talmudul, Cahalul, Francmasoneria” 

(1913), “Fisiologia fi lozofi ca-Sinagoga i 

biserica fa de pacificarea omenirii” 

(1923), “Complot jidano-francmasonic 

împotriva neamului Românesc” (1924), 

“Talmucirea apocalipsului, soarta viitoare 

a jid nimii”, “Jidanii, si alcolismul” 

(1927), “Degenerarea rasei jidanesti” 

(1928).

In these texts he speaks in both reli-

gious and nationalistic terms, expressing 

anti-Semitic and anti-Masonic views.22 

His outpouring of anti-Semitic pamplets 

was considerable: “The degenerates are 

incapable to understand the word of God 

and by this its vices are incurable. This is 

the state of spirit in which the Jews are 

found, that are all degenerates, nothing 

but tools of the Devil for tortured the Hu-

manity”.23 Paulescu stated that Jews were 

degenerated because their brain weighed 

much less than Arian brains. In his book 

“Jidani si alcoolismul” (The Jews and the 

alcoholism) he accuses the Jews to use 

the alcohol to try to exterminate the Ro-

manian nation.24 

The roots of Paulescu’s anti-Semitism 

are related to his Orthodox Christian radi-

calism and his fervent nationalism. Ac-

cording to Francisco Veiga,25 Paulescu 

was infl uenced by Roger Gougenot des 

Mousseaux (1805-1876), an anti-Semitic 

French writer, and by Jacob Brafmann 

(1825-1879), a converted Jew, who had 

published “The Book of the Kahal” in 

Russia, in 1869, with the support of the 

Russian government. Brafmann accused 

the Jews to murder Christian children in 

order to use their blood in rituals.26 Braf-

mann also wrote that the Jews had created 

an organization, the Kahal, with the aim 

to dominate the world.27 This idea was al-

so sustained by the anti-Semitic docu-

ment, “The protocols of the Elders of Zi-

on”. Paulescu was convinced that the 

Jews were a degenerate race that wanted 

to destroy the Romanian nation. He was 

an associate of A.C. Cuza, and wrote ex-

tensively for the latter’s newspaper 

Apararea Nationala. Ultranationalists as 

Nichifor Crainic and Corneliu Zelea Co-

dreanu recognized Paulescu as their men-

tor.

Nicolae Cajal and the Paulescu’s affair
The facts of Paris unchained a lit debate 

on the political fi gure of Paulescu. Nico-

lae Cajal, President of the Federation of 

the Jewish Comunities in Romania, and 

Member of the Romanian Academy of 

Sciences, defended the recognition of Pau-

lescu’s scientifi c work, stating that there 

is a need to distinguish between individ-

uals’ private views and their scientific 

merit:

Figure 7. An extract of Laron’s article

Figure 8. Some of Paulescu’s anti-Semitic texts
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“In judging Nicolae Paulescu’s case, it is nec-

essary to emphasize from the beginning that 

we are dealing with some particular issues. 

First of all, one cannot disregard the impor-

tance of the discovery of insulin for the world 

history of the Romanian science. Personally, I 

believe that Nicolae Paulescu’s merits are 

great, are special, and must be fully revealed. 

This background set, a dissociation is neces-

sary between his scientific contributions to 

combating diabetes and his anti-Semite pri-

vate views. Wheter he is guilty or not is an-

other issue and, consequently, we ought to 

judge it as such. I respect every one’s per-

sonal options and believed I am not entitled to 

associate a scientist’s value with his or her 

conceptions, anti-Semite though they may be. 

These are distinct issues and should be con-

sidered as such. They cannot be mixed. I re-

member that my father, who was a student of 

Nicolae Paulescu, respected and admired him, 

although he knew he was an anti-Semite. 

When judging his remarkable value as profes-

sor and a scientist, he did not care about his 

philosophical or ideological conception. I be-

lieve that each and every person is entitled to 

his or her own conceptions, whether I like 

them or not. Personally, I do not share these 

views –I couldn’t–, and, in a way, this situation 

is quite dramatic for me. But this doesn’t give 

me the right to deny Nicolae Paulescu’s genu-

ine scientific merits, his very special contribu-

tion to people’s health. And I think that no one 

has this right.”

ISRO-Press Newletter Excerpts. Newsletter 

287. Sunday, August 31, 2003.28

Final remarks
Anti-Semitism was shared by large seg-

ments of the inter-war Romanian popula-

tion. Although we ought to criticize Pau-

lescu for his political views, we cannot 

deny his scientifi c merits. As Nicolae Ca-

jal said, a dissociation is necessary be-

tween his scientifi c contributions to com-

bating diabetes and his anti-Semitic 

private views. 

In December 2003, Geremia Bolli (fi rst 

Nicolae C. Paulescu Prize awarded) ad-

dressed a letter to Prof. Nicolae Hancu 

(University Cluj-Napoca), President of 

the Romanian Diabetes Association, con-

taining the following paragraph: “It has 

been only in November 2003 that I under-

stood the real contribution of Nicolae 

Paulescu to the discovery of insulin after 

reading his original paper (…) kindly do-

nated to me by Prof. Pierre Lefèbvre from 

Liège, the city where Paulescu’s paper 

was printed on August 31, 1921. It is clear 

that in November 1920, Paulescu already 

made the perfect experiment where he in-

jected a dog with diabetes secondary to 

pancreatectomy”29 (bold lettering by the 

manuscript author). ■
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Kordonouri O, Pankowska E, Rami B, Kapellen T, Coutant R, 

Hartmann R, Lange K, Knip M, Danne T

Sensor-augmented pump therapy from 
the diagnosis of childhood type 1 
diabetes: results of Pediatric Onset Study 
(ONSET) after 12 months of treatment
Diabetologia. 2010 Aug 17 [Epub ahead of print]. 

DOI 10.1007/s00125-010-1878-6

Optimization of glycemic control in children represents a chal-

lenge for the professionals who treat such patients. Intensive 

therapy with multiple dose insulin injection (MDII) or Continu-

ous Subcutaneous Insulin Infusion (CSII) is the treatment of 

choice in children and adolescents with Diabetes type 1 (DM1). 

CSII therapy has increased its use in recent years as from the 

publication of several random studies in children and adolescents 

that have compared its effectiveness and safety from DM1.1,2 

Since 1999, Minimed marketed the first continuous glucose 

monitoring system (CGMS) many “blind” and “in actual time” 

reading devises had been developed. In 2006 came the fi rst inte-

grated system (Paradigm® REAL Time, Medtronic-Minimed, 

Northridge, California, USA), which combines an insulin pump 

with a glucose sensor and provides real-time glucose value infor-

mation every 5 minutes.

The mentioned article shows the results of Pediatric Onset Study 

(ONSET). This is a multicenter random study of 12 months dura-

tion; the main objective was to assess acceptance, effectiveness 

and safety of using an integrated system (glucose pump and sen-

sor) from the start, in children and adolescents. The study included 

a total of 160 patients (age: 1-16 years, average: 8.7 years) with a 

recent DM1 diagnosis (9.6 ± 6.0 days from the start), which were 

randomized into two groups: one on insulin pump therapy and 

CGMS (Paradigm® REAL-Time), and the other with insulin pump 

(Paradigm® 515/715) without sensor or control group. The most 

relevant results of the study are summarized in the following:

•  In relation to glycemic control, no signifi cant differences be-

tween the two groups were found, with HbA1c at 12 months in 

the studied cohort of 7.5 ± 1.1%. However, patients with more 

regular use of sensor (>1.5 times/week) had a signifi cantly low-

er HbA1c (average: 7.1% confi dence interval 95%: 6.8 to 7.4%) 

compared with those without CGMS or those with minor use 

the later (p <0.032).

•  The CGMS group showed, at 12 months, a glycemic variability 

(MAGE) signifi cantly lower (p = 0.037). This lower variability 

has also been described in previous studies in children and adults 

with CGMS.3,4

•  The total daily insulin dose (0.59 ± 0.22 IU/kg/day in group with 

CGMS compared to 0.64 ± 0.23 IU/kg/day in the control group) 

and the number of daily boluses (7.0 ± 2.7 in the group with 

CGMS versus 7.9 ± 3.6 in the control group) showed no signifi -

cant differences between the two groups. However, the percent-

age of basal insulin was signifi cantly higher in the group with 

CGMS (34.0 ± 11.8 versus 29.7 ± 10.4%; p= 0.021), which may 

be related to the information provided by CGMS helps therapeu-

tic decisions.5

•  The increased use of CGMS is associated with better preserva-

tion of the endogenous insulin secretion, determined by the con-

centration of C peptide at 12 months (p= 0.057).

•  Life quality questionnaires showed no difference between the 

two groups, with a good psychosocial adaptation of the patient 

and family to the treatment with CSII from the start. Other 6 

studies show similar results.6

The results of this study improve the ones published by the 

Hvidøre Study Group relating to the fi rst year of evolution of dia-

betes in children and adolescents. 7 On their part, the conclusions 

of STAR 3 Study Group8 show a benefi cial effect of pump therapy 

associated with CGMS compared with the treatment of MDII in 

adults and children over 6 years.

Although the authors conclude that the pediatric population 

can benefi t from CSII therapy associated with CGMS at the be-

ginning, and that other studies support this hypothesis9,10 further 

random studies confi rming these results, and the cost-benefi t ob-

tained, are necessary. ■
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SED-SEEN joint statement 
regarding the marketing 
suspension of rosiglitazone
Following the recommendation of the Euro-

pean Medicines Agency (EMA) from Sep-

tember 23rd 2010 on the marketing suspen-

sion marketing of drugs containing 

rosiglitazone (Avandia®, Avandamet®, Ava-

glim®) and also the statement of the US 

Food and Drug Administration (FDA), the 

Spanish Society of Endocrinology and Nu-

trition (SEEN) and Spanish Society of Dia-

betes (SED) have issued a joint statement to 

express its position on this fact. The FDA 

has decided to keep rosiglitazone in the mar-

ket, although with some restrictions on its 

use. The FDA considers that the data ob-

tained on rosiglitazone through studies are 

inconclusive in regards to the risk-benefi t re-

lationship. For this reason, the decision on a 

possible withdrawal of the drug has been de-

layed, pending further analysis of the results 

of the RECORD study. However, the EMA 

has recommended the direct suspension of 

rosiglitazone, at least until a subgroup of pa-

tients in whom the benefi ts outweigh the 

risks, is identifi ed. This organization consid-

ers that the available data are suffi cient to 

substantiate an increase of cardiovascular 

risk with rosiglitazone. Following EMA 

guidelines, endorsed by the Spanish Agency 

of Medicines and Health Products, from the 

SED and SEEN want to state that:

•  No new treatments may be prescribe 

with Avandia®, Avandamet® and Ava-

glim®, which will no longer be available 

in pharmacies by late November, ap-

proximately. 

•  Patients who are currently under treat-

ment with Rosiglitazone should not in-

terrupt the treatment on their own, in 

any case. They should consult their doc-

tor about possible alternative treatments.

•  There are pharmacological and non- 

pharmacological ways to reduce effec-

tively cardiovascular risk in patients 

with T2D. The responsible doctors have 

the duty to implement them and encour-

age patients to comply, to improve their 

health.

A table with alternative treatments that 
contain pioglitazone follows:

Commercial 
name

Dose Equivalent 
drugs

Dose

Avandia® 4 mg Glustin®

Actos®

30 mg

8 mg Glustin®

Actos®

30 mg + 

15 mg

Avandamet® 2 mg/

1,000 mg

Glubrava®

Competact®

15 mg/ 

850 mg

Avaglim® 4 mg/4 mg Tandemact® 30 mg/

4 mg

Other alternatives of oral drugs or combinations of other phar-
macologic groups, though possible, are not contained here.

di@bet.es study presentation
The di@bet.es study was based on data 
obtained from the nearly 5,500 surveys 
carried out in all Spanish territory. This 
study falls within the Diabetes National 
Strategy, and has been conducted out of 
the Research Center of Biomedical 
Network of Diabetes and Associated 
Metabolic Disorders (CIBERDEM) of 
the Institute of Health Carlos III, in col-
laboration with the Spanish Diabetes 
Society and the Spanish Federation of 
Diabetes. This study puts the prevalence 
of T2D in Spain at 12%, while it con-
firms the relation between diabetes, 
obesity and hypertension, emphasizing 
the importance of physical activity to 
prevent them. It confi rms that still 4% 
of the Spanish population is not aware 
that they have the disease. The study 
concludes that most people with T2D do 
not change their lifestyle (do exercise, 
lose weight or quit smoking) compared 
to those who do not. It also confi rmed 
that consumption of olive oil instead of 
sunfl ower oil, favors an increase in lev-
els of HDL cholesterol. Information ob-
tained is very extensive and should 
serve as basis for future analysis that 
must be made in the coming years, and 
also to contribute to a resource alloca-
tion more adjusted to the real magnitude 
of the problem. ■


