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                        Original Article    

 Predicting type 2 diabetes mellitus using haemoglobin A1c: 
A community-based historic cohort study      

     Nataly       Lerner    1  ,       Michal       Shani    1,2    &        Shlomo       Vinker    1,2     

  1 Department of Family Medicine, Sackler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel and  2  Department of Family Medicine, 
Clalit Health Services, Central District, Rishon Le’zion, Israel                             

  ABSTRACT 
  Background:    The ADA 2010 guidelines added HbA1c    �    6.5% as a criterion for diagnosing diabetes mellitus type 2. 
  Objective:  To evaluate the HbA1c test in predicting type 2 diabetes in a high risk population. 
  Methods:  A community-based historic cohort study was conducted including 10   201 patients, who had not been diagnosed with 
diabetes, and who underwent HbA1c test during the years 2002 – 2005. Data was retrieved on diabetes risk factors and the onset 
of diabetes (according to the ADA 2003 criteria), during a follow-up period of fi ve-to-eight years. 
  Results:  Mean age was 58.25    �    15.58 years; mean HbA1c level was 5.59    �    0.55% and 76.8% had a BMI    �    25 kg/m 2  (mean: 
30.74    �    8.30). In a Cox proportional hazards regression model, the risk of developing type 2 diabetes was 2.49 (95% CI: 1.29 – 3.71) 
for 5.5%    �    HbA1c    �    6% at baseline, 4.82 (95% CI: 2.83 – 8.20) for 6%    �    HbA1c    �    6.5% at baseline and 7.57 (95% CI: 4.43 – 12.93) for 
6.5%    �    HbA1c    �    7% at baseline, compared to HbA1c    �    4.5%. The risk of developing diabetes was 1.14 (95% CI: 1.05 – 1.25) for 
male gender, 1.16 (95% CI: 1.04 – 1.28) for cardiovascular diseases and 2.06 (95% CI: 1.80 – 2.35) for overweight (BMI    �    25 kg/m 2 ) at 
baseline. Neither age nor low socio-economic status was associated with increased risk of diabetes. 

  Conclusion:  Levels of HbA1c    �    5.5% were associated with increased risk of type 2 diabetes during a fi ve-to-eight-year follow-up 
period. Findings support the use of HbA1c testing as a screening tool in populations at risk of developing diabetes.  

  Keywords:   diabetes  ,   family medicine  ,   haemoglobin A1c  ,   overweight   

  INTRODUCTION 

 For years, the fasting plasma glucose (FPG) test and oral 
glucose tolerance tests (OGTT) served as the defi nitive 
measures for diabetes diagnosis. 

 Elevated haemoglobin A1c (HbA1c, glycated haemo-
globin) levels have been shown to associate with the 
development of diabetic retinopathy and contribute to 
the prediction and diagnosis of type 2 diabetes (1 – 7). 
The American Diabetes Association (ADA) in 2010 and 
the World Health Organisation (WHO) in 2011 added an 
HbA1c level of  �    6.5% to the criteria for diagnosing 
diabetes (8,9). HbA1c testing has some of advantages 

over fasting glucose testing. Blood samples for HbA1c 
testing can be taken at any time of the day, and not only 
after fasting. Since HbA1c refl ects the long-term expo-
sure to hyperglycaemia (over a two-to-three-month 
period), it is not aff ected by fl uctuations in glucose val-
ues that may immediately precede the test. Using the 
Rohlfi ng formula, HbA1c values can be converted to the 
mean plasma glucose value for the period tested (10). 
These advantages of the HbA1c test, especially the per-
ception that HbA1c is more reliable than FPG regarding 
long term exposure to hyperglycaemia, led physicians at 
Clalit Health Services, the largest health care provider 
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   KEY MESSAGE:   

·   The current study supports the association of HbA1c levels above 5.5% with increased risk of type 2 diabetes. 
·   HbA1c testing of patients at risk of developing diabetes may promote stratifi cation of a target population for prevention 

and early diagnosis of type 2 diabetes. 
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and insurer in Israel, to use it as a screening tool in non-
diabetic patients, years before offi  cial guidelines were 
established (11). 

 From our experience in family practice in Israel, rea-
sons for using HbA1c as a means of screening for diabe-
tes relate to clinical suspicion of undiagnosed diabetes 
(overweight, symptoms and manifestations compatible 
with diabetes, etc.). 

 The aim of the current study was to evaluate, in indi-
viduals without diabetes, associations of HbA1c levels, 
as well as other risk factors, with the future development 
of type 2 diabetes.   

 METHODS  

 Study design 

 This is a community based historic cohort study of adult 
(age    �    20 years) individuals insured by  ‘ Clalit Health 
Services ’  (CHS) in the central district of Israel, who 
underwent an HbA1c test during the years 2002 – 2005, 
and who were not diagnosed with diabetes prior to the 
test or 30 days following the test. 

 The central district of CHS serves a population of 
about 500   000 people. The CHS database contains labora-
tory results, records of medications purchased, medical 
diagnoses and socio-demographic details. The data are 
under extensive ongoing internal and external quality 
surveillance; for example, these data serve the National 
Program for Quality Indicators in Community Healthcare 
with its ’  strict internal and external auditing (12). 

 The study was approved by the Clalit Health Services 
ethics committee at the  ‘ Meir ’  Medical Centre, Kfar-Saba.   

 Inclusion criteria 

 During the study period, the Israeli and the CHS guide-
lines stipulated HbA1c testing only for the evaluation of 
diabetes control ( ‘ monitoring ’ ). Nevertheless, there 
were no administrative limitations on HbA1c testing, 
and many HbA1c tests were performed on individuals 
without diagnosed diabetes, as a means of screening for 
diabetes. Individuals with data on HbA1c testing com-
prised the study cohort if fi ve-year follow-up data were 
available. Every eligible patient was included once, 
according to the earliest HbA1c test performed during 
the study period.   

 Exclusion criteria 

 Exclusion criteria were: diagnosis of type 1 or type 2 dia-
betes prior to performance of the HbA1c test, a labora-
tory test result compatible with diabetes before the 
HbA1c test, treatment with oral hypoglycaemic agents or 
insulin or follow-up of less than fi ve years (350 individu-
als). Diabetes was diagnosed according to one or more of 

the following: FPG    �    126 mg/dl (7.0 mmol/l) after an 
eight hour fast, OGTT result    �    200 mg/dl (11.1 mmol/l), 
or random plasma glucose    �    200 mg/dl (11.1 mmol/l). 

 Additionally, we excluded individuals for whom we 
had an indication of diabetes diagnosis or one of the 
above exclusion criteria during the 30 days following 
performance of the HbA1c test. Individuals with an 
HbA1c level of 7% and above were excluded from the 
cohort under the assumption that they most probably 
met criteria for diabetes diagnosis. 

 The selection procedure of the study group is shown 
in Figure 1.   

 Data and variables 

  HbA1c.  All HbA1c tests were performed in the district’s 
central laboratory. The HbA1c assay used in the CHS cen-
tral district during the study period was immunoturbidi-
metry (Roche  ®   COBAS INTEGRA  ®  ), DCCT aligned. At 
baseline, the study cohort was classifi ed into six sub-
groups, according to the fi rst HbA1c value measured on 
the index day as follows: reference group: HbA1c    �    4.5%; 
sub-group #1: 4.5%    �    HbA1c    �    5%; sub-group #2: 
5%    �    HbA1c    �    5.5%; sub-group #3: 5.5%    �    HbA1c    �    6%; 
sub-group #4: 6%    �    HbA1c    �    6.5%; sub-group #5: 
6.5%    �    HbA1c    �    7%. 

  Patient characteristics.  Baseline patient characteristics 
retrieved from the database included: gender, age on the 
index day (i.e. date of HbA1c test), body mass index 
(BMI), socio-economic status (low socio-economic status 
was defi ned as indication in the database of exemption 
from National Insurance Institute of Israel contributions 
payments) and the presentation of cardiovascular dis-
eases (hypertension, ischaemic heart disease and periph-
eral vascular disease), according to the chronic diseases 
register of CHS. 

  Type 2 diabetes (dependent variable) . The dependent 
variable was the progression to type 2 diabetes during 
the follow-up period, according to criteria recommended 
by the ADA in 2010, excluding HbA1c    �    6.5% (HbA1c    �    6.5% 
was not a criterion for progression to diabetes in the 
current study because this was the predictor that was 
tested). 

  Follow-up time . The follow-up period for each patient 
started at the date of the fi rst HbA1c test in the years 
2002 – 2005. Follow up ended at the date of diagnosis 
of diabetes (event) or the end of the study period (31 
October 2010).   

 Statistical analysis 

 In addition to descriptive statistics, a one-way analysis 
of variance (Kaplan – Meier estimator) was used to 
investigate the correlation between HbA1c and the 
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development of diabetes. To examine the relationship 
between baseline HbA1c, age, gender, BMI, socio-
economic status, history or present cardiovascular 
diseases and the development of diabetes, a multivari-
able analysis (Cox proportional hazards regression) 
was used. The hazard ratio was considered statistically 
signifi cant when  P     �    0.05. 

 All statistical analysis was performed using STATA 8 
and Microsoft Excel 2010 software.    

 RESULTS  

 Baseline characteristics 

 The study cohort comprised 10   201 individuals. The 
mean age on the index day was 58.25    �    15.58 years. The 
mean HbA1c level was 5.59    �    0.55 %. The mean BMI 

value was 30.74    �    8.30 kg/m 2 ; Table 1 presents the 
baseline characteristics of the cohort. Table 2 shows the 
distribution of patients according to the six sub-groups 
defi ned by HbA1c.   

 Outcome: Development of diabetes 

 Overall, 22.5% of the cohort developed type 2 diabetes. 
Figure 2 shows the proportions of individuals who devel-
oped diabetes according to HbA1c subgroups. Figure 3 
shows the rate of diagnosis at the end of follow-up, 
according to HbA1c sub-group at baseline (using the 
Kaplan – Meier curve). The proportion of patients that 
developed diabetes increased over time as baseline 
HbA1c values increased; increases were greatest for sub-
groups 4 and 5. For sub-group 4 (6%    �    HbA1c    �    6.5%), 
the proportion of patients that stayed disease-free over 
a follow-up period of up to eight years was about 50%, 
compared to 30% for sub-group 5 (6.5%    �    HbA1c    �    7%). 
For sub-groups 1 and 2, the increase in the proportion 
of patients who developed diabetes was not statistically 
signifi cant ( P     �    0.69, 0.08, respectively).   

Clalit adult (age ≥ 20 years) insurees
in Central District of Israel

n = 282 000

Diagnosed with diabetes
n = 30 050

Not diagnosed with diabetes
n = 251 950

Tested for HbA1c
n = 10 551

Not tested for HbA1c
n = 241 399

5 year follow-up data available
n = 10 201

5 year follow-up data not availablea

n = 350

  Figure 1.     Study fl ow chart.  a Loss to follow up due to death or transfer from CHS.  

  Table 1. Baseline characteristic of the cohort.  

 n %

Total 10   201 100
Male gender 4593 45.0
Low socio-economic status 2285 22.4
Hypertension 1640 16.1
Peripheral vascular disease 25 0.2
Ischaemic heart disease 245 2.4
Cardiovascular diseases a 1820 17.8
BMI    �    25 (kg/m 2 ) ( n     �    8747) b 6718 76.8

   BMI, body mass index.  
   a Hypertension, ischaemic heart disease or peripheral vascular disease.  
   b Missing data  –  1454 patients (14.3% of the total cohort).   

  Table 2. Distribution of HbA1c values in the study cohort ( n     �    10   201).  

HbA1c sub-group HbA1c values  n % of Total cohort

Reference HbA1c    �    4.5% 166 1.63
1 4.5%    �    HbA1c    �    5.0% 1013 9.93
2 5.0%    �    HbA1c    �    5.5% 3064 30.04
3 5.5%    �    HbA1c    �    6.0% 3452 33.84
4 6.0%    �    HbA1c    �    6.5% 1772 17.37
5 6.5%    �    HbA1c    �    7.0% 734 7.20
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The risk of diabetes increased by 2.06 (95% CI: 1.80 – 2.35) 
for BMI    �    25 kg/m 2 . The risk to develop type 2 diabetes 
was exponential, almost doubling with each increase of 
0.5% of HbA1c.    

 DISCUSSION  

 Main fi ndings 

 This study demonstrated increased risk for type 2 
diabetes over a fi ve-to-eight-year follow-up period 
for individuals with HbA1c levels below 6.5%, the 

 Multivariable associations 

 In a multivariable model (using Cox regression, Table 3) 
with HbA1c    �    4.5% as the reference, neither increased 
age nor low socio-economic status were associated with 
increased risk of diabetes. Male gender and baseline 
presence of cardiovascular diseases were associated with 
a slight, though statistically signifi cant increase in risk. 
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  Figure 2.     Diabetes diagnosis at the end of follow-up, by HbA1c sub-
group. For each HbA1c subgroup, the percentage of patients who were 
diagnosed with diabetes appears in dark colour, and the percentage not 
diagnosed in light colour. The six sub-groups were determined according 
to the fi rst HbA1c value measured on the index day, as follows: Reference 
group: HbA1c    �    4.5%; sub-group #1: 4.5%    �    HbA1c    �    5%; sub-group #2: 
5%    �    HbA1c    �    5.5%; sub-group #3: 5.5%    �    HbA1c    �    6%; sub-group #4: 
6%    �    HbA1c    �    6.5%; sub-group #5: 6.5%    �    HbA1c    �    7%.  
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  Figure 3.     Kaplan – Meier curve of the time to type 2 diabetes diagnosis, according to HbA1c sub-group on index day. The curves depict, for each HbA1c 
subgroup, the decreases in percentage of individuals who remained without a diagnosis of diabetes during the follow-up period, up to eight years.  

  Table 3. Cox regression analysis of the hazard ratio of HbA1c category 
for the development of type 2 diabetes ( n     �    10   201).  

Hazard 
ratio 95% CI  P -value

HbA1c sub-groups a 
1 1.03 0.58 – 1.81 0.93
2 1.39 0.81 – 2.36 0.23
3 2.19 1.29 – 3.71  �    0.01
4 4.82 2.83 – 8.20  �    0.01
5 7.57 4.43 – 12.93  �    0.01

Gender (male versus female) 1.14 1.05 – 1.25  �    0.01
Baseline cardiovascular diseases 

(present versus absent)
1.16 1.04 – 1.28 0.01

BMI    �    25 kg/m 2 2.06 1.80 – 2.35  �    0.01
Age b 1.00 1.00 – 1.01 0.10
Low socio-economic status 1.11 1.00 – 1.22 0.05

    95% CI, 95% confi dence interval. 
  a The hazard ratios of sub-groups 1 – 5 are in comparison to the 
reference group (HbA1c    �    4.5%).   
  b Age per year.     
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association that has been observed between overweight 
and insulin resistance, a main contributor to diabetes 
and cardiovascular related morbidity (14,16). 

 In the present study, age and low socio-economic 
status, after controlling for baseline HbA1c and over-
weight, were not found to associate with the progres-
sion to diabetes. This is despite the increased prevalence 
of diabetes that has been observed with age, exceeding 
20% of the population in Israel for the ages 65 – 74. The 
incidence continues to rise by 0.2% for each increase in 
age of one year (17). A possible explanation for these 
fi ndings lies in the fact that in these high-risk patients, 
the sub-group with elevated HbA1c levels is in higher 
risk of developing diabetes. Age and low socio-economic 
status are associated with a rise in HBA1c; once this is 
taken into account in the multivariate analysis the rela-
tion disappears.   

 Interpretation of main fi ndings 

 It appears from fi ndings in the current study that not only 
HbA1c testing may be benefi cial not only in diagnosing dia-
betes, but also in predicting future development of the 
disease in populations at risk of diabetes development. In 
this study, rates of progression to diabetes increased expo-
nentially with 0.5% increases in HbA1c. Apparently, the 
high rate of diabetes diagnosed during a fi ve-to-eight-year 
follow-up period, 22.5% overall, is consequent to the 
increased rate of HbA1c testing among high risk patients, 
as evident from the characteristics of the study cohort. 
Similarly, screening strategies implemented in the FIN-
D2D and ADDITION studies resulted in relatively high 
rates of conversion to diabetes (18,19). While screening 
increases rates of diagnosis, it is apparently not a reliable 
means of assessing the prevalence of diabetes in a given 
population. Further, in the ADDITION study, screening was 
shown not to reduce all-cause, cardiovascular, or diabetes-
related mortality (20). The recently published and most 
intriguing fi ndings of the Oregon Experiment showed that 
increased diagnosis of diabetes did not associate with 
improved HbA1c levels two years later (21). While HbA1c 
was the means of screening in the current study, FPG and 
OGTT were the primary means of assessing progression to 
diabetes, which was the study outcome. Several studies 
have shown the discordance between glucose measures 
and HbA1c in the diagnosis of diabetes (22,23).   

 Implications: The role of HbA1c 

 In recent years, even prior to the publication of the ADA 
guidelines (in 2010), HbA1c testing became common 
among individuals without diabetes, following clinical 
suspicion of the disease or the presence of risk factors 
or suspected disease symptoms. In Israel, national guide-
lines for the use of HbA1c in screening and diagnosing 
diabetes have not been established. 

threshold level of disease diagnosis, according to the 
ADA guidelines of 2010. Compared with other risk 
 factors investigated, HbA1c level was most strongly 
associated with an increased hazard of diabetes devel-
opment. The risk of developing diabetes increased with 
increased HbA1c values. The risk doubled with every 
increase of 0.5% in HbA1c level.   

 Strengths and limitations 

 The current study has several strengths. The availability 
of data from an administrative database enabled evalu-
ation of a large cohort over a period of more than fi ve 
years. The study cohort, which comprised more than 
10   000 individuals, is large particularly in light of the pro-
longed follow-up period, and compared to that of other 
studies (3,4,13). Conducting the study in Israel ensures 
uniform health services, including accessibility of free of 
charge laboratory tests to all citizens, under the National 
Health Insurance Law. 

 Characteristics of the cohort of the current study 
were compatible with those of populations at risk for 
type 2 diabetes: the majority was overweight (BMI    �    25 
kg/m 2 ) — the main risk factor for type 2 diabetes (14). 
The high rate of cardiovascular co-morbidities of type 2 
diabetes is well known (15). 

 This study also has some limitations. We did not 
retrieve data regarding factors possibly infl uencing 
HbA1c levels (haemoglobin disorders, malaria, etc.). 
However, most of these factors are very uncommon in 
Israel. 

 The study does not include the 350 patients (only 
3.3% of the study population) whose follow-up was dis-
continued due to death or transfer to a diff erent health 
insurance organization. The fasting plasma glucose tests 
were not performed systematically. Yet there were no 
patients without at least one fasting plasma glucose test 
result after fi ve-to-eight-years follow-up. The fact that 
the majority of the cohort was defi ned overweight 
(BMI    �    25 kg/m 2 ) entails a selection bias resulting from 
the more common testing of HbA1c among individuals 
at risk for developing diabetes, primarily overweight 
patients. However, since overweight individuals are at 
increased risk for diabetes, confi ning our conclusions to 
this population may be appropriate. Nevertheless, we 
did not compare the study population to the population 
that was not tested for HbA1c, nor do we do have a 
systematic documentation of the reasons doctors per-
formed the HbA1c test.   

 Secondary outcomes: Risk factors for diabetes 

 In a multivariable model, overweight (BMI    �    25 kg/m 2 ) 
carried a two-fold risk of developing diabetes and dem-
onstrated the greatest prediction of risk, after HbA1c. 
This concurs with current literature, and with the direct 
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 The current study supports the association of HbA1c 
levels above 5.5%, with increased risk of type 2 diabetes. 
As expected, overweight was shown to be an important, 
independent risk factor for type 2 diabetes, supporting 
early screening among overweight individuals. 

 Findings in the current study support recently 
published studies that have demonstrated a benefi t to 
close follow-up of individuals with HbA1c levels in the 
range of 5.5 – 6.5% (1,24). Along this line, the ADA 2010 
guidelines defi ned HbA1c in the range of 5.7 – 6.4% as 
indicative of pre-diabetes; i.e. increased risk of devel-
oping diabetes in the future. The ADA 2013 recommen-
dations (B level evidence) includes the use of HbA1c 
testing, in addition to measures of fasting plasma 
glucose and 75-g 2-h oral glucose tolerance test for 
diagnosing pre-diabetes, as well as diabetes, in asymp-
tomatic patients (25). 

 In contrast, WHO guidelines of 2011 stated that there 
is currently insuffi  cient evidence for the interpretation of 
HbA1c levels below 6.5% (9). As a commentary to the 
WHO report, the German Diabetes Association proposed 
an algorithm of diabetes diagnosis, (26) by which scoring 
of the risk for type 2 diabetes uses the FINDRISC ques-
tionnaire, with HbA1c as a second-step screening test 
(27). Accordingly, assuming that individuals with 
HbA1c    �    5.7% are very unlikely to have diabetes, and 
those with HbA1c    �    6.5% have a sig nifi cant abnormality 
of glucose metabolism, plasma glucose-based criteria 
are applied to the remaining individuals, i.e. those with 
HbA1c in the range of 5.7 – 6.4%. For patients who are 
diagnosed with no diabetes, the algorithm suggests they 
should be given information about the risk for diabetes, 
lifestyle intervention and therapy of risk factors. Addi-
tionally, the algorithm suggests that risk determination 
and HbA1c test should be repeated after one year.   

 Conclusion 

 Elevated levels of HbA1c, above 5.5%, were associated 
with increased risk of progression to type 2 diabetes dur-
ing a fi ve-to-eight-year follow-up period. We suggest 
HbA1c testing of patients at risk of developing diabetes 
(for example, according to BMI and history of CVD) to 
promote stratifi cation of a target population for disease 
prevention and early diagnosis.                 
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