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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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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. 
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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.

Palabras clave: diabetes mellitus tipo 2, diagnóstico, hemoglobina glucosilada.

Date received: August 20th 2010
Date accepted: October 25th 2010

Correspondence:

S. González-Sánchez. Mar, s/n 08930 Sant Adrià de Besòs (Barcelona). 
E-mail: sgonzasa11@yahoo.es

List of acronyms quoted in the text:

AACE/ACE: American Association of Clinical Endocrinologists/American College of 
Endocrinology; ADA: American Diabetes Association; BG: basal glycemia (fasting); 

BMI: body mass index; CI 95%: confidence interval 95%; CVRF: cardiovascular risk 
factors; DCCT: Diabetes Control and Complications Trial; EASD: European Association 
for the Study of Diabetes; HbA1c: glycosylated hemoglobin; IDF: International Diabetes 
Federation; IFCC: International Federation of Clinical Chemistry and Laboratory 
Medicine; JDS/JSCC: Japanese Diabetes Society/Japanese Society for Clinical 
Chemistry; NGSP: National Glycohemoglobin Standardization Program; NHANES: 
National Health and Nutrition Examination Survey; OGTT: oral glucose tolerance test; 
SEEN: Spanish Endocrinology and Nutrition Society; SED: Spanish Diabetes 
Association; SD: standard deviation; T2D: type 2 diabetes mellitus; WHO: World Health 
Organization.



Av Diabetol. 2010;26:419-23

420

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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