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Abstract
Aims/hypothesis This study aimed to assess the cardiovas-
cular risk of individuals with fasting plasma glucose (FPG)-
and/or HbA1c-defined prediabetes (5.6–6.9 mmol/l and 39–
47 mmol/mol [5.7–6.4%], respectively) or manifest diabetes
mellitus and to evaluate whether FPG or HbA1c can improve
risk prediction beyond that estimated by the Systematic
Coronary Risk Evaluation (SCORE) chart in individuals
without diabetes mellitus.
Methods Cox regression was employed to estimate HRs for
primary incident cardiovascular events (CVEs) in a cohort of
8,365 individuals aged 50–74 years. Furthermore, HbA1c and
FPG were added individually to the variables of the SCORE
and measures of model discrimination and reclassification
were assessed.
Results During 8 years of follow-up, 702 individuals had a
primary CVE. After adjusting for conventional cardiovas-
cular risk factors, HRs were attenuated close to one for the
prediabetes groups (especially for women), whereas a 1.7-
and a 1.9-fold increased risk persisted for men and women
with diabetes, respectively. Extension of the SCORE variables
by either FPG or HbA1c did not improve its predictive abilities
in individuals without diabetes. There was a non-significant

net reclassification improvement for men when HbA1c was
added (2.2%, p00.16).
Conclusions/interpretation The increased cardiovascular
risk of individuals with FPG- or HbA1c-defined prediabetes
can mainly be explained by other cardiovascular risk fac-
tors. Adding FPG or HbA1c did not significantly improve
CVE risk prediction by the SCORE variables in individuals
without diabetes mellitus.
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Abbreviations
AIC Akaike information criterion
CRP C-reactive protein
CVE Cardiovascular event
ERFC Emerging Risk Factors Collaboration
ESTHER Epidemiologische Studie zu Chancen der

Verhütung, Früherkennung und optimierten
Therapie chronischer Erkrankungen in der
älteren Bevölkerung

FPG Fasting plasma glucose
IDI Integrated discrimination improvement
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
LR Likelihood ratio
NRI Net reclassification improvement
SCORE Systematic Coronary Risk Evaluation

Introduction

Diabetes mellitus is a well-established independent risk factor
for cardiovascular events (CVEs), and patients with long-
lasting diabetes carry a similar risk of a CVE as patients with
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a previous non-fatal myocardial infarction [1]. As an increase
in cardiovascular risk is already present below the diagnostic
threshold for diabetes [2], individuals with prediabetes come
into focus as a target of CVE prevention, although it is
not established whether prediabetes should be considered a
coronary risk equivalent [3].

Since 2010, the ADA has expanded the prediabetes def-
initions of ‘impaired fasting glucose’ (IFG) (gained from a
fasting plasma glucose [FPG] test) and ‘impaired glucose
tolerance’ (IGT) (gained from an OGTT) with a prediabetes
definition based on HbA1c levels of 39–47 mmol/mol (5.7–
6.4%), acknowledging the international harmonisation of
HbA1c analytics [4, 5]. Individuals with IFG, IGT and
HbA1c levels below 48 mmol/mol (6.5%) have been shown
to be at increased risk for adverse cardiovascular outcomes
[2, 6, 7], but estimates were mostly non-significant and
studies comparing the cardiovascular risk of individuals
with IFG or IGT with the new HbA1c-defined prediabetes
definition are sparse [8]. There is a need for detailed com-
parisons in large-scale cohorts because the overlap of pre-
diabetes definitions is low [9–12]. The comparison of IFG-
and HbA1c-defined prediabetes has the greatest relevance
for clinical practice because the OGTT is unlikely to be used
in primary prevention programmes because of its poor re-
producibility, time requirement and costs [13, 14].

For cardiovascular risk prediction in Europe, the Systematic
Coronary Risk Evaluation (SCORE) chart of the European
Society of Cardiology is a well-calibrated risk score, but it does
not contain a glucose measure [15].

A first study applying the recently developed measures of
reclassification [16–18] suggested that HbA1c has a higher
value in CVE prediction in non-diabetic men than in women
[9]. To date, reclassification by FPG has been investigated
only in men and women without diabetes combined and the
authors concluded that FPG does not have an additional
predictive value above conventional cardiovascular risk fac-
tors [19, 20]. To shed further light on the deviating results
for HbA1c and FPG, and to specifically evaluate potential
sex differences, we provide a sex-specific comparison of the
predictive value of both serum glucose markers in individuals
without diabetes from a cohort that reflects a representative
sample of the German population aged 50 and over.

Methods

Study design This investigation is based on the ‘Epidemiolo-
gische Studie zu Chancen der Verhütung, Früherkennung und
optimierten Therapie chronischer Erkrankungen in der älteren
Bevölkerung’ [Epidemiological investigations of the chances
of preventing, recognising early and optimally treating chron-
ic diseases in an elderly population] (ESTHER) study, an
ongoing cohort study, details of which have been reported

elsewhere [21, 22]. Briefly, 9,949 individuals, aged 50–
74 years at baseline, were recruited by their general practi-
tioners during a routine health check-up between 2000 and
2002 in the German federal state of Saarland. The ESTHER
study has been approved by the ethics committees of the
Medical Faculty of the University of Heidelberg and the
Medical Association of Saarland and is being conducted in
accordance with the Declaration of Helsinki. Informed consent
has been obtained from all study participants.

Data collection Information on sociodemographic character-
istics, lifestyle and prevalent diseases was obtained by a com-
prehensive questionnaire sent to the study participants at
baseline. Plasma glucose, history of diabetes and hypertension,
currently prescribed drugs, height, weight, systolic BP and
HDL- and LDL-cholesterol were assessed and documented
on a standardised form by the general practitioners during the
health check-up, together with information on whether the
study participant had fasted overnight as requested. Blood
and urine samples were taken during the health check-up,
centrifuged, sent to the study centre and stored at −80°C until
analysis. HbA1c, total cholesterol and triacylglycerols were
measured from blood samples in the central laboratory of the
University Clinic of Heidelberg by standard high-performance
liquid-chromatography methods, C-reactive protein (CRP)
was measured by turbidimetry and urinary albumin was deter-
mined by immunonephelometry. HbA1c was measured with
the Bio-Rad Variant II (Bio-Rad Laboratories, Hercules, CA,
USA) that used theDCCTstandard. This method is certified by
the National Glycohemoglobin Standardisation Program.

Predictors Individuals with prevalent diabetes were identi-
fied by recorded diagnoses, prescribed glucose-lowering
drugs in the medical records of the general practitioner,
new diagnoses during the health check-up (reported by the
general practitioner) and if both FPG and HbA1c were above
the ADA thresholds for a diabetes diagnosis (FPG ≥7 mmol/l,
HbA1c ≥48 mmol/mol [6.5%]) [5]. Individuals with prediabe-
tes were identified according to the current ADA recommen-
dations by FPG 5.6–6.9 mmol/l (IFG) and HbA1c 39–
47 mmol/mol (5.7–6.4%) (HbA1c-defined pre-diabetes) [5].

Endpoint We defined a composite endpoint of CVE of myo-
cardial infarction, stroke or cardiovascular death. Deaths in the
years from 2000 to 2010 were identified by enquiry at the
residents' registration offices (registration at such offices is
mandatory in Germany). Information about the vital status of
99.9% of the cohort's participants could be obtained. Death
certificates were provided by public health departments for
97.7% of those who had died. A specific code for the
underlying cause of death was provided for 95.9% of deaths,
and the remaining were coded by ICD-10 (www.who.int/
classifications/icd/en) code R99 (unknown cause of death).
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All deaths coded with ICD-10 code I00-I99 were considered
cardiovascular deaths. Incidence of non-fatal myocardial in-
farction and non-fatal stroke were ascertained in mailed stand-
ardised questionnaires to the study participants at 2, 5 and
8 year follow-up, covering a follow-up period until the end of
2010. Self-reported cases were validated by medical records
obtained from the study participants' general practitioners. In
the total cohort, 553 self-reported incident cases were con-
firmed by the general practitioner. Validation was not possible
because of non-response of the general practitioners for 93
self-reported cases. Only physician-validated non-fatal cases
and fatal cases with death certificates were considered for the
composite endpoint in our analysis.

Study population Participants of the ESTHER Study base-
line examination (n09,949) were excluded from this inves-
tigation if they had missing information on HbA1c and FPG
(n0134) or uncertain diabetes status (either HbA1c

≥48 mmol/mol [6.5%] or FPG ≥7 mmol/l, but not both;
n0368), which resulted in a total sample size of 9,451
individuals for the cross-sectional analysis. For the longitu-
dinal analyses, individuals with a stroke or myocardial
infarction before baseline (n0761), lost to follow-up right
after baseline (n0272) and with a non-validated primary
CVE (n062) were excluded, resulting in a sample size of
8,365 individuals.

Statistical analyses The burden of cardiovascular risk fac-
tors of individuals with IFG, HbA1c-defined prediabetes,
and diabetes were compared with those of respective control
groups (normal FPG, normal HbA1c and no diabetes, re-
spectively) by a χ2 test (categorical variables) or Wilcoxon
rank-sum test (continuous variables). Cox proportional haz-
ards models were employed to estimate HRs for the com-
parison of the same groups with respect to the composite
cardiovascular endpoint in crude models and in models
adjusted for the variables of the SCORE: age (continuous),
sex, systolic blood pressure (continuous), total cholesterol/
HDL-cholesterol ratio (continuous) and current smoking
(dichotomous) [15]. In addition, HbA1c and FPG were mod-
elled as linear predictors of CVE in individuals with diabe-
tes. Multiple imputation was employed for the longitudinal
analyses to adequately deal with missing covariate values;
details are provided in the electronic supplementary material
(ESM) text.

To assess the predictive value of HbA1c and FPG for
incident CVE in individuals without diabetes above estab-
lished variables for cardiovascular risk prediction, they were
added individually to a model comprising the individual var-
iables of the SCORE [15]. In a sensitivity analysis, instead of
the individual variables, the single SCORE result for each
study participant was calculated by published equations that
are based on β coefficients for the SCORE variables from the

original SCORE cohorts [23]. Measures of overall model fit,
model discrimination, reclassification and model calibration
were assessed with Cox proportional hazards regression.
Model fit was assessed by the likelihood ratio (LR) test and
Akaike's information criterion (AIC). Whereas the LR usually
increases with the addition of variables to a risk score, the AIC
is reduced by the addition of variables that do not substantially
increase the model fit. Ultimately, the model with the lowest
AIC is the best. Discrimination of the models was compared
on the basis of the AUCs of the receiver-operating character-
istic (ROC) graphs (synonymous to the c-statistic). However,
the AUC has limitations in the detection of an improvement of
a risk score by an additional biomarker, even if it is strongly
associated with the disease [17]. Therefore, the net reclassifi-
cation improvement (NRI) by adding FPG or HbA1c was
calculated [16] according to the recommended 10 year risk-
prediction strata: 0–5%, >5–10%, >10–20% and >20% of
predicted probability for a cardiovascular event [17]. For an
improved net reclassification, adding FPG or HbA1c to a
cardiovascular risk score should lead to more cases that move
up in risk category than cases that move down and, if possible,
also to more controls that move down in risk category than
controls that move up. Furthermore, the integrated discrimi-
nation improvement (IDI) was assessed. The IDI estimates the
extended model's improvement in the difference in predicted
probabilities for cases (which should increase) and controls
(which should decrease) across all possible cut-points [16,
18]. Calibration of all assessed risk scores was verified by
May–Hosmer's simplification of the Gronnesby–Borgan test
[24]. The study sample was divided into quintiles according to
the study participants' ranks in the estimated risk score;
p values above 0.05 for the comparison of observed and
expected cases indicate good model calibration.

All statistical tests were two-sided using an α level of
0.05 and all analyses were conducted with the software
package SAS, version 9.2 (SAS, Cary, NC, USA).

Results

At baseline, the median age of the 9,451 study participants
was 62 years (25th percentile, 57 years; 75th percentile,
67 years) and 5,210 (55.1%) were female. The prevalence
of diabetes mellitus was 16.1%. In individuals without dia-
betes, a higher proportion of individuals were classified as
having HbA1c-defined prediabetes (37.3%) than having IFG
(21.6%).

Distribution of cardiovascular risk factors in individuals
with prediabetes and diabetes Table 1 shows the distribu-
tion of established cardiovascular risk factors in individuals
with IFG, HbA1c-defined prediabetes and diabetes at base-
line. Individuals with IFG and HbA1c-defined prediabetes
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had concurrently increased values for most cardiovascular
risk factors compared with individuals without prediabetes.
However, in contrast to individuals with IFG, individuals
with HbA1c-defined prediabetes were significantly older,
had higher total cholesterol levels, were more frequently
physically inactive and consumed less alcohol than individ-
uals without prediabetes. On the other hand, significantly
more men in the prediabetes group had IFG only. With only
a few exceptions, cardiovascular risk factors were strongly
increased (HDL-cholesterol decreased) in individuals with
diabetes compared with individuals without diabetes and
also when compared with individuals with prediabetes. Par-
ticularly remarkable were the differences in the cardiovas-
cular risk factors HDL-cholesterol, triacylglycerol, CRP,
male sex, kidney damage and physical activity.

Risk for major CVEs of individuals with prediabetes or
diabetes During a median follow-up duration of 7.9 years
(interquartile range 5.4–8.2), 338 study participants had a
non-fatal stroke, 154 had a non-fatal myocardial infarction
and 256 had a fatal cardiovascular event. Overall, 702 indi-
viduals (310 women, 44%) met the criteria for the composite
cardiovascular endpoint. The sum for the individual events
exceeds 702 because of multiple events in single individuals
of which only the first event was considered.

Table 2 shows HRs for CVEs during follow-up of women
and men with prediabetes (classified by FPG, HbA1c or both)
and diabetes. Crude HRs for comparing individuals with IFG
and HbA1c-defined prediabetes with individuals with normal
FPG or HbA1c levels, respectively, were only slightly in-
creased and HRs were attenuated towards the null effect value
of one by adjustment for established cardiovascular risk fac-
tors (especially in women). In contrast, women and men with
diabetes had a statistically significantly increased CVE risk
compared with individuals without diabetes. The pattern of
results did not change when using a control group that had
both normal HbA1c and FPG levels and increasing the cer-
tainty about the prediabetes definition by defining it by both
FPG and HbA1c in the prediabetic range.

In individuals with diabetes, the HR for a 1 mmol/l in-
crease in FPG was 1.09 (95% CI 1.01, 1.18) for women and
1.11 (95% CI 1.03, 1.19) for men and the HR for a 1%
increase in HbA1c was 1.26 (95% CI 1.07, 1.48) in women
and 1.22 (95% CI 1.08, 1.37) in men.

Prediction of incident cardiovascular events in individuals
without diabetes The evaluation of the SCORE variables
when extended by FPG or HbA1c with respect to the pre-
diction of CVE during follow-up in women and men with-
out diabetes mellitus is shown in Table 3. The SCORE
variables already had good overall model fit and calibration
that were not further improved by adding FPG or HbA1c.
The results for the measures of model fit of the models with

FPG cannot be directly compared with those with HbA1c

because of a smaller sample size. AUCs were higher in
women than in men and did not increase significantly by
adding FPG or HbA1c to the SCORE. The highest NRI and
IDI were observed for men when HbA1c was added to the
SCORE. However, none of the reclassification measures
was statistically significant.

Applying SCORE results, calculated by equations obtained
from the SCORE cohorts with individuals younger than
65 years, to our study population with 30% of study partic-
ipants older than 65 years, AUC, model fit and calibration
were worse than fitting the SCORE variables to the cohort
data (ESM Table 1). Nevertheless, results for AUC differ-
ences, NRIs and IDIs for adding FPG or HbA1c were similar
in the main analysis with fitted SCORE variables and the
sensitivity analysis with calculated SCORE values.

Discussion

In this large cohort, reflecting the general elderly German
population, prediabetes and diabetes were very common and
were associated with an increased burden of conventional
cardiovascular risk factors. The observed higher risk for a
major CVE of individuals with IFG and HbA1c-defined pre-
diabetes could mainly be explained by other cardiovascular
risk factors, whereas strong associations persisted after adjust-
ment for individuals with manifest diabetes mellitus. Adding
FPG or HbA1c to the variables of the SCORE did not improve
its predictive abilities for CVE in individuals without diabetes
mellitus (except for a statistically non-significant slight im-
provement for men when adding HbA1c).

Cardiovascular risk profiles In agreement with other stud-
ies [10, 11, 25], we showed in a previous analysis of the
ESTHER data that the new HbA1c-based prediabetes defi-
nition and IFG have a low proportion of overlap [12].
Nevertheless, individuals with IFG and those with HbA1c-
defined prediabetes showed a similarly increased burden of
cardiovascular risk factors. In concordance with findings
from a recently published study, the most important differ-
ence was that more men were classified with prediabetes by
FPG than by HbA1c [26]. Although most of the cardiovas-
cular risk factors were statistically significantly increased in
the prediabetes groups, the clinical importance of the differ-
ences was small when compared with the large differences
observed between individuals with and without manifest
diabetes mellitus.

Risk for incident cardiovascular events The observed HRs
for CVEs in the following 8 years for individuals with IFG,
HbA1c-defined prediabetes and manifest diabetes were in
line with estimates from previous studies. The pooled risk
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ratio from three studies on the association of IFG and
cardiovascular outcomes was slightly higher in women
(1.16, 95% CI 0.99, 1.36) and comparable in men (1.23,
95% CI 1.06, 1.42) [6]. To our knowledge, the association
of the new HbA1c-defined prediabetes definition and CVE
has only been investigated in a study from northern Finland
[8]. The reported relative risks for women of 0.96 (95% CI
0.62, 1.49) and for men of 1.17 (95% CI 0.78, 1.74) are
consistent with the estimates from our cohort. Moreover, our
study confirmed higher HRs for men with prediabetes than
for women with prediabetes, with estimates of HRs for the
latter being very close to the null effect value of one. The
sex difference was marginal for HbA1c-defined prediabetes
and more pronounced for IFG, which might be caused by
the higher proportion of men in the IFG group. Neverthe-
less, the association of IFG and CVE in men was also weak
and supports the hypothesis that cardiovascular risk, in-
duced by an increased serum glucose load, starts to increase
to a clinically relevant extent after the manifestation of
diabetes mellitus. In our cohort, women and men with
diabetes showed a 1.7- and 1.9-fold increased risk for
CVE, respectively. These estimates are lower than those
reported by roughly comparable sex-specific analyses in
three other cohorts, which had risk-ratio point estimates
ranging from 3.5 to 4.9 for women and from 2.1 to 3.0 for
men [27–29], but agree with the approximately twofold
increased risk for a wide range of vascular diseases estimat-
ed in 102 prospective studies of the Emerging Risk Factors

Collaboration (ERFC) [20]. The quite low CVE risk of
individuals with diabetes in our cohort might be explained
by the relatively short mean duration of diabetes reflecting
the high proportion of individuals with newly diagnosed
diabetes identified by the health check-up (21% of all dia-
betes diagnoses) [1]. However, the sex-combined cardiovas-
cular risk estimates for increasing FPG and HbA1c levels in
the individuals with diabetes in our study matched perfectly
with estimates from meta-analyses of other prospective
studies: HR for a 1 mmol/l FPG increase 1.10 (95% CI
1.05, 1.16) vs 1.12 (95% CI 1.08, 1.15) [20] and for a 1%
HbA1c increase 1.23 (95% CI 1.12, 1.36) vs 1.18 (95% CI
1.10, 1.26) [30], respectively.

Utility of FPG and HbA1c in cardiovascular risk prediction
in individuals without diabetes mellitus Although AUCs for
the SCORE variables were lower in individuals without
diabetes in our cohort (women: 0.71, men: 0.63) compared
with those estimated in a similar investigation in the EPIC-
Norfolk cohort for the Framingham Score (women: 0.80,
men: 0.72), the difference between the sexes was consistent
[9]. The overall lower AUCs may be explained by the higher
mean baseline age of the ESTHER cohort (62.5 years) com-
pared with the EPIC-Norfolk cohort (58 years), when
keeping in mind the strong attenuation of the AUC of
cardiovascular risk scores in individuals older than 65 years
[31]. Adding FPG or HbA1c to the SCORE variables
resulted in small non-significant NRIs and IDIs for both

Table 3 Evaluation of the SCORE if extended by FPG or HbA1c in the prediction of CVEs in non-diabetic older adults

Women Men

Characteristic SCORE SCORE+FPG SCORE+HbA1c SCORE SCORE+FPG SCORE+HbA1c

Overall model fit

LR; df; p value 132.8; 4; <0.001 111.0; 5; <0.001 132.9; 5; <0.001 62.6; 4; <0.001 53.5; 5; <0.001 64.3; 5; <0.001

AIC 3,564 2,872 3,564 4,220 3,244 4,219

Discrimination

AUC 0.711 0.713 0.711 0.632 0.636 0.634

Reclassification of 195 cases/3,297
controls

235 cases/3,918
controls

223 cases/2,206
controls

282 cases/2,679
controls

Cases, nup/ndown Ref. 6/7 1/1 2/4 11/7

Controls, nup/ndown Ref. 76/64 12/6 Ref. 19/23 87/109

NRI % (p value) Ref. −0.9 (0.64) −0.2 (0.80) Ref. −0.7 (0.53) 2.2 (0.16)

IDI % (p value) Ref. 0.06 (0.21) 0.01 (0.32) Ref. −0.01 (0.48) 0.06 (0.25)

Calibration nobs/nexp (p value)

Quintile 1 11/12 (0.68) 10/10 (0.96) 11/12 (0.68) 30/29 (0.80) 26/22 (0.40) 28/28 (0.97)

Quintile 2 19/24 (0.34) 16/19 (0.45) 18/24 (0.24) 37/41 (0.74) 29/33 (0.75) 35/41 (0.32)

Quintile 3 39/37 (0.72) 33/30 (0.59) 39/37 (0.74) 53/53 (0.99) 41/41 (1.00) 52/53 (0.90)

Quintile 4 61/57 (0.59) 50/47 (0.69) 62/57 (0.50) 77/68 (0.25) 53/54 (0.93) 80/67 (0.23)

Quintile 5 105/105 (0.99) 86/88 (0.81) 105/105 (1.00) 85/91 (0.51) 74/73 (0.94) 85/92 (0.45)

nexp, number of expected events; nobs, number of observed events; Ref., reference
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sexes. These patterns are consistent with the non-significant
findings for adding FPG to the Framingham Score variables
in the Whitehall II study (NRI 1.8%) [19] and the ERFC
(NRI −0.18%, IDI 0.04%) [20]. Our data are also in agree-
ment with findings from the EPIC-Norfolk cohort [9] that
HbA1c could have a value in CVE prediction in non-diabetic
men (NRI 2.2% vs 3.4%, respectively) but not women (NRI
−0.2% vs −2.2%, respectively). Furthermore, the results for
men are in line with findings from the ADDITION study
[32] that combined a SCORE result of ≥5 with an HbA1c

value ≥6.0% and identified 96.7% of those who would
benefit from an intervention compared with 91.7% if the
screening was performed with only those with a SCORE
result ≥5. This is one possibility of how to implement the
additional predictive value of HbA1c for CVE for men into
routine screening programmes with the SCORE. As screen-
ings for cardiovascular diseases and undiagnosed diabetes
are usually combined, HbA1c or FPG could easily be added
to a cardiovascular risk assessment. Furthermore, a diagno-
sis of prediabetes might be useful as a motivation to change
diet and physical activity habits that could result in a de-
crease in both the diabetes and cardiovascular risk [33, 34].
However, it should be noted that the NRIs for adding HbA1c

in non-diabetic men were small and not statistically signif-
icant in our cohort (p00.16) and in the EPIC-Norfolk study
(p00.06). Further research is required to explore whether this
relatively small NRI of 2.2–3.4% can be confirmed and de-
termine its clinical relevance.

Limitations and strengths When interpreting the results, the
following limitations and strengths should be considered.
The lack of an OGTT meant we could not compare all three
prediabetes definitions (IGT, IFG and HbA1c-defined predi-
abetes). However, the performance of the OGTT in predia-
betes screening would have been only of theoretical interest
because an OGTT is inconvenient for screening [13]. The
strengths are physician-confirmed event status and the high
completeness of the mortality follow-up. A further strength
of the ESTHER study is its representativeness of a popula-
tion that attends screenings. Nevertheless, the distribution of
sociodemographic baseline characteristics and common
prevalent chronic diseases in our study were similar to the
distribution in the respective age categories in the German
National Health Survey, which is a representative sample of
the German population [21, 22], a fact supporting the exter-
nal validity of our study. FPG screening has been performed
under conditions of routine medical practice. A limitation
might be that physicians and possibly also participants were
aware of the FPG results but not the HbA1c results. Individ-
uals with IFG might have been counselled and changed their
lifestyle and would therefore be at lower cardiovascular risk
than individuals with HbA1c-defined prediabetes. However,
this theoretical limitation does not seem to have had much

influence on the results because the estimated HR for CVE of
participants with IFG (HR 1.11, 95% CI 0.88, 1.38 for both
sexes combined) is concordant with the pooled HR of a meta-
analysis of studies that had different recruitment procedures
(HR 1.18, 95% CI 1.09, 1.28) [6].

Conclusion In this large population-based cohort study, IFG
and HbA1c-defined prediabetes were not significantly associ-
ated with incident CVE after adjustment for conventional
cardiovascular risk factors in both women and men. By con-
trast, strong associations with CVE persisted after adjustment
among individuals with manifest diabetes mellitus. Cardio-
vascular risk prediction by the SCORE variables did not
improve by adding FPG or HbA1c in individuals without
diabetes (except for a potential slight improvement in men
by HbA1c).
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