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Glycated Hemoglobin Measurement and Prediction
of Cardiovascular Disease
The Emerging Risk Factors Collaboration

IMPORTANCE The value of measuring levels of glycated hemoglobin (HbA1c) for the prediction
of first cardiovascular events is uncertain.

OBJECTIVE To determine whether adding information on HbA1c values to conventional
cardiovascular risk factors is associated with improvement in prediction of cardiovascular
disease (CVD) risk.

DESIGN, SETTING, AND PARTICIPANTS Analysis of individual-participant data available from 73
prospective studies involving 294 998 participants without a known history of diabetes
mellitus or CVD at the baseline assessment.

MAIN OUTCOMES AND MEASURES Measures of risk discrimination for CVD outcomes
(eg, C-index) and reclassification (eg, net reclassification improvement) of participants
across predicted 10-year risk categories of low (<5%), intermediate (5% to <7.5%), and high
(�7.5%) risk.

RESULTS During a median follow-up of 9.9 (interquartile range, 7.6-13.2) years, 20 840
incident fatal and nonfatal CVD outcomes (13 237 coronary heart disease and 7603 stroke
outcomes) were recorded. In analyses adjusted for several conventional cardiovascular risk
factors, there was an approximately J-shaped association between HbA1c values and CVD
risk. The association between HbA1c values and CVD risk changed only slightly after
adjustment for total cholesterol and triglyceride concentrations or estimated glomerular
filtration rate, but this association attenuated somewhat after adjustment for concentrations
of high-density lipoprotein cholesterol and C-reactive protein. The C-index for a CVD risk
prediction model containing conventional cardiovascular risk factors alone was 0.7434 (95%
CI, 0.7350 to 0.7517). The addition of information on HbA1c was associated with a C-index
change of 0.0018 (0.0003 to 0.0033) and a net reclassification improvement of 0.42 (−0.63
to 1.48) for the categories of predicted 10-year CVD risk. The improvement provided by HbA1c

assessment in prediction of CVD risk was equal to or better than estimated improvements for
measurement of fasting, random, or postload plasma glucose levels.

CONCLUSIONS AND RELEVANCE In a study of individuals without known CVD or diabetes,
additional assessment of HbA1c values in the context of CVD risk assessment provided little
incremental benefit for prediction of CVD risk.
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T o help achieve reductions in diabetes-specific micro-
vascular complications, guidelines recommend screen-
ing people for diabetes mellitus by assessing glycemia

measures, such as fasting blood glucose levels and levels of gly-
cated hemoglobin (HbA1c), a measure of glucose exposure over
the previous 2 to 3 months.1,2 Furthermore, because higher lev-
els of glycemia measures have also been associated with higher
cardiovascular disease (CVD) incidence,3,4 it has been pro-
posed that including information on glycemia measures in al-
gorithms used to predict the risk of CVD might be associated
with improvements in the ability to predict CVD.5-7

The 2010 American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guide-
lines concluded that measurement of HbA1c levels may be
reasonable for CVD risk assessment in asymptomatic adults
without a diagnosis of diabetes.8 In 2012 the Canadian Car-
diovascular Society suggested that measurement of levels of
fasting glucose, HbA1c, or both might be of value for CVD
risk stratification.9 The Reynolds Risk Score for prediction
of CVD risk incorporates information on HbA1c, although
only for use in people known to have diabetes.10 However,
measurement of glycemia measures was not recommended
in the 2013 American College of Cardiology/American Heart
Association Guideline on the Assessment of Cardiovascular
Risk.11

The current study aimed to determine whether adding in-
formation on HbA1c levels to prognostic models containing con-
ventional cardiovascular risk factors is associated with im-
provements in the prediction of first-onset CVD outcomes in
middle-aged and older adults without a known history of dia-
betes. Additionally, we compared HbA1c measurement with as-
sessment of other frequently used glycemia measures, ie, fast-
ing, random, or postload glucose levels.

Methods
Study Design
Details of the Emerging Risk Factors Collaboration have been
published.12-14 The present study was designed and con-
ducted by the collaboration’s independent coordinating cen-
ter and approved by the Cambridgeshire ethics review com-
mittee. Prospective cohort studies were included if they met
all the following criteria: assayed HbA1c, or fasting, random,
or postload glucose level; had recorded baseline information
for each participant on age, sex, smoking status, history of
diabetes, systolic blood pressure, and levels of total and high-
density lipoprotein (HDL) cholesterol (ie, conventional risk fac-
tors included in standard clinical risk scores8); were approxi-
mately population-based (ie, did not select participants on the
basis of having previous disease); recorded cause-specific mor-
tality, cardiovascular morbidity (nonfatal myocardial infarc-
tion or stroke), or both during follow-up using well-defined cri-
teria; and recorded more than 1 year of follow-up. eTables 1-6
in Supplement and eAppendix 1 in Supplement provide study
details, including criteria used in each study to define history
of diabetes at the initial examination (ie based on self-
reported information, medication usage, and/or on glycemia

measures [eTable 1 in Supplement]), assay methods, acro-
nyms, and study references. In registering fatal outcomes, the
majority of contributing studies used International Classifica-
tion of Diseases coding to at least 3 digits, and ascertainment
was based on death certificates, with 42 of 73 studies also in-
volving medical records, autopsy findings, and other supple-
mentary sources. Studies used a definition of myocardial in-
farction based on World Health Organization (or similar) criteria
and a definition of stroke based on clinical and brain imaging
features.

Statistical Analysis
Analyses excluded people with a known history of diabetes or
CVD at baseline, as defined by each study. The primary out-
come was first-onset CVD, defined as fatal or nonfatal coro-
nary heart disease event or any stroke. Analyses involved a
2-stage approach, with estimates of association calculated sepa-
rately within each study before pooling across studies by ran-
dom-effects meta-analysis (in which the random effects con-
cerned between-study variations in the associations of the
exposure variables analyzed and CVD risk). Hazard ratios were
calculated using Cox proportional hazard regression models
stratified by sex, censoring deaths from non-CVD causes. The
proportional hazards assumptions were tested as previously
described and were satisfied.15 Participants contributed only
their first outcome (whether nonfatal or death) recorded at 40
years or older (ie, deaths preceded by nonfatal coronary heart
disease event or stroke were not included). To characterize
shapes of associations, study-specific hazard ratios were cal-
culated by overall predefined categories of each baseline gly-
cemia measure, pooled on the log scale by multivariable ran-
dom-effects meta-analysis and plotted against pooled mean
levels within each category.15 Glycemia measurements were
categorized using predefined groups approximately corre-
sponding to 1-SD increments (HbA1c: <4.5%, 4.5% to <5%, 5%
to <5.5%, 5.5% to <6%, 6% to <6.5%, and ≥6.5%; fasting glu-
cose [to convert mg/dL to mmol/L, multiply by 0.0555]: <76,
76 to <90, 90 to <105, 105 to <119, 119 to <133, and ≥133 mg/dL;
random glucose: <68, 68 to <90, 90 to <112, 112 to <133, 133 to
<155, and ≥155 mg/dL; postload glucose: <68, 68 to <108, 108
to <148, 148 to <187, 187 to <227, and ≥227 mg/dL). Confidence
intervals (95%) were estimated using “floated” variances that
assign an appropriate 95% CI to the log hazard ratio in every
group, including the reference group, and enable valid com-
parisons to be made between any 2 exposure groups.16 Supple-
mentary analyses used clinical cut points for glycemia mea-
sures defined by the American Diabetes Association.1

We developed CVD risk prediction models containing
several conventional risk factors (ie, age, sex, smoking status,
systolic blood pressure, and total and HDL cholesterol) with-
out or with a glycemia measure, and calculated improve-
ments in predictive ability using measures of risk discrimina-
tion and reclassification.17,18 We used a 2-stage approach that
allowed for the examination of between-study heterogeneity
through calculation of the C-index, a measure of risk dis-
crimination, and changes therein within each individual
study before pooling results.18 Studies were weighted by
numbers of CVD outcomes contributed. Supplementary
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analyses excluded individuals with baseline diabetes defined
according to glycemia measurements. Glycemia measure-
ments were modeled using predefined categories as
described above. Between-study heterogeneity in the risk
discrimination measures and their changes was quantified
using the I2 statistic.19 χ2 Tests were used to test for differ-
ences in changes in discrimination measures across sub-
groups, typically involving 2 to 4 categories. For participants
in studies with at least 10 years of follow-up, we calculated
measures of reclassification, which quantify the extent to
which individuals are more appropriately classified into risk
categories using a new vs old risk prediction model, using a
1-stage approach.18 We constructed reclassification tables
using data from studies that had recorded both fatal and non-
fatal CVD outcomes to examine movement of participants
between 3 predicted 10-year CVD risk categories (low [<5%];
intermediate [5% to <7.5%]; and high [≥7.5%])20 on addition
of a glycemia measure to conventional risk factors. Results
were summarized using the net reclassification improve-
ment, which is the sum of the percentage of events that move
up and the percentage of nonevents that move down through
the risk categories when using the new model.17,18 In further
analyses, we also used reclassification measures not depen-
dent on clinical risk categories (eg, integrated discrimination
index, a measure that reflects the average improvement in
predicted probabilities with the new vs old model, summed
across events and nonevents).21

Analyses were performed using Stata version 12.0
(StataCorp), 2-sided P values, and 95% CIs.

Results
Data were available for 294 998 participants without a known
history of diabetes or CVD at baseline in 73 prospective co-
horts. Overall, the mean age of participants at baseline was 58
(SD, 9) years, 49% were women, and 86% lived in Europe or
North America (Table and eTables 1-6 in Supplement). Base-
line glycemia measures were distributed similarly across the
contributing cohorts (eFigure 1 in Supplement). Mean levels
were 5.37% (SD, 0.54) for HbA1c, 96 (SD, 14) mg/dL for fasting
glucose, 99 (SD, 21) mg/dL for random glucose, and 125 (SD, 41)
mg/dL for postload glucose. Age- and sex-adjusted partial cor-
relation coefficients with HbA1c were 0.42 for fasting glucose,
0.32 for random glucose, and 0.35 for postload glucose (eFig-
ure 2 in Supplement). In an analysis of serial measurements
(median interval, 4 years) in up to 72 314 participants with-
out a known history of diabetes or CVD at baseline, the age-
and sex-adjusted regression dilution ratios were 0.65 (95% CI,
0.57-0.73) for HbA1c, 0.70 (95% CI, 0.64-0.75) for fasting glu-
cose, 0.46 (95% CI, 0.33-0.59) for random glucose, and 0.67
(95% CI, 0.61-0.72) for postload glucose (eFigure 3 in Supple-
ment).

Associations With CVD Outcomes
During a median follow-up of 9.9 (interquartile range, 7.6-
13.2) years, 20 840 incident fatal and nonfatal CVD outcomes
(13 237 CHD and 7603 stroke outcomes) were recorded. In

analyses adjusted for several conventional CVD risk factors,
there were approximately J-shaped associations between
each glycemia measure we studied and CVD risk (Figure 1).
Findings were similar in analyses that used fractional poly-
nomials (eFigure 4 in Supplement). Hazard ratios for CVD
changed only slightly after adjustment for total cholesterol
levels, triglyceride levels, or estimated glomerular filtration
rate, but attenuated somewhat after adjustment for HDL
cholesterol levels or C-reactive protein concentrations
(eTables 7-8 in Supplement). Although there was suggestive
evidence of effect modification in some clinically relevant
subgroups, cautious interpretation is required given the
large number of comparisons made (eFigures 5-8 in Supple-
ment). There was some evidence of heterogeneity according
to assay characteristics for HbA1c (with some evidence of
higher hazard ratios in studies using values aligned to the
Diabetes Control and Complications Trial; P = .004), but no
effect modification was observed according to year of base-
line survey or duration of follow-up (Figure 2 and eFigures
5-8 in Supplement). Results qualitatively similar to those
described above were observed in analyses that were limited
to participants with concomitant data on at least 2 glycemia
measures; used fixed-effects models; used competing risk
models; excluded the initial 5 years of follow-up; included
fatal outcomes without censoring after previous nonfatal
outcomes; and considered coronary heart disease and stroke
separately.

Incremental CVD Prediction
Figure 3 and eTable 9 in Supplement show that there were small
changes in the C-index and in the integrated discrimination
index after adding information on levels of HbA1c, fasting glu-
cose, random glucose, or postload glucose to CVD risk predic-
tion models containing age, sex, smoking, systolic blood pres-
sure, and levels of total and HDL cholesterol. However, adding
information on these glycemia measures did not yield signifi-
cant improvements in net reclassification (eTable 9 in Supple-
ment). There were no major differences in risk discrimina-
tion according to sex or in other clinically relevant subgroups
(eFigures 9-12 in Supplement). Again, although there was no
strong evidence of heterogeneity according to year of base-
line survey or duration of follow-up, some evidence of hetero-
geneity was found according to the assay standards used for
HbA1c measurement (P = .001). In analyses limited to partici-
pants who had concomitant data on HbA1c values and at least
1 other glycemia measure, the change in the C-index when 2
markers were used was broadly similar to the change when
either marker was used alone (eFigure 13 in Supplement). Re-
sults similar to those observed overall were also found in analy-
ses that used clinical categories of dysglycemia (eFigure 14 in
Supplement); omitted participants with diabetes defined using
baseline glycemia measurements (eFigure 15 in Supple-
ment); omitted participants known to be taking medications
that lowered lipid levels or blood pressure at study entry; omit-
ted extreme low levels of glycemia measures; or were re-
stricted to studies with at least 10 years of follow-up. There was
no good evidence for small study effects (eFigures 16-23 in
Supplement).
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Discussion

Contrary to recommendations in some guidelines, the cur-
rent analysis of individual-participant data in almost
300 000 people without known diabetes and CVD at base-
line indicates that measurement of HbA1c is not associated
with clinically meaningful improvement in assessment of
CVD risk. First, we found that adding information on levels
of HbA1c to conventional CVD risk factors was associated

with only slight improvement in risk discrimination, which
aims to assess how well a statistical model can separate indi-
viduals who do and do not go on to develop CVD. Second,
we found that adding information on HbA1c was not associ-
ated with significant improvement in reclassification of
participants across clinical risk categories currently recom-
mended to inform decisions about the initiation of preven-
tive treatment.20

Third, our analysis provided a comparison of 4 glycemia
measures, ie, HbA1c levels and fasting, random, or postload

Table. Hazard Ratios for Incident Cardiovascular Disease (CVD) With Measured Baseline Levels of Risk Factors

Participants With Information on
HbA1c

(24 Studies,
101 280 Participants,

4267 CVD Cases)

Fasting Glucose
(50 Studies,

150 617 Participants,
13 511 CVD Cases)

Random Glucose
(28 Studies,

107 364 Participants,
5855 CVD Cases)

Postload Glucose
(23 Studies,

64 234 Participants,
7286 CVD Cases)

Mean (SD) or
No. (%) HR (95% CI)a

Mean (SD) or
No. (%) HR (95% CI)a

Mean (SD) or
No. (%) HR (95% CI)a

Mean (SD) or
No. (%) HR (95% CI)a

Age at baseline,
mean (SD), y

60.2
(9.4)

2.00
(1.83-2.19)

57.5
(8.9)

1.94
(1.82-2.07)

59.5
(10.3)

2.35
(2.14-2.59)

60.0
(8.4)

1.87
(1.76-2.00)

Sex, No. (%)

Men 34 581
(34.1)

NAb 84 077
(55.8)

NAb 60 438
(56.3)

NAb 33 239
(51.7)

NAb

Women 66 699
(65.9)

NAb 66 540
(44.2)

NAb 46 926
(43.7)

NAb 30 995
(48.3)

NAb

Smoking status,
No. (%)

Other 81 706
(80.7)

1
[Reference]

105 166
(69.8)

1
[Reference]

72 076
(67.1)

1
[Reference]

46 447
(72.3)

1
[Reference]

Current 19 574
(19.3)

2.11
(1.84-2.42)

45 451
(30.2)

1.74
(1.61-1.87)

35 288
(32.9)

1.81
(1.66-1.98)

17 787
(27.7)

1.69
(1.53-1.86)

Systolic blood
pressure, mean
(SD), mm Hg

133
(17)

1.32
(1.26-1.38)

135
(19)

1.33
(1.28-1.37)

136
(19)

1.38
(1.31-1.45)

135
(19)

1.35
(1.29-1.42)

Cholesterol,
mean (SD),
mg/dL

Total 219
(41)

1.14
(1.09-1.19)

225
(41)

1.16
(1.14, 1.19)

224
(42)

1.24
(1.16-1.32)

227
(42)

1.18
(1.12-1.24)

HDL 55
(15)

0.85
(0.80-0.89)

53
(14)

0.85
(0.81-0.88)

52
(15)

0.85
(0.80-0.91)

52
(14)

0.84
(0.79-0.90)

HbA1c, mean
(SD), %

5.37
(0.54)c

1.43
(1.07-1.91)d

Glucose, mean
(SD), mg/dL

Fasting 96
(14)

1.47
(1.32-1.64)e

Random 99
(21)

1.96
(1.54-2.48)f

Postload 125
(41)

1.19
(1.09-1.31)g

Abbreviations: HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HR,
hazard ratio; NA, not available.

SI conversion factors: To convert total cholesterol and HDL values to mmol/L,
multiply by 0.0259; glucose values to mmol/L, multiply by 0.0555.
a Hazard ratios were calculated per 1-SD increment in the measured level or as

compared with the relevant reference category. Where appropriate, hazard
ratios were adjusted for age, sex, smoking status, systolic blood pressure, and
levels of total and HDL cholesterol.

b Hazard ratios according to sex are not available because these models were
stratified by sex.

c HbA1c values can be converted to International Federation of Clinical
Chemistry (IFCC) units in mmol/mol using the equation HbA1c

mmol/mol = [HbA1c % − 2.15] × 10.929.
d Hazard ratio compared values of 6.5 (48.0 mmol/mol) or greater vs less than

5.7 (38.8 mmol/mol). For this measure, 86 056 participants (86%) had values

less than 5.7% (38.8 mmol/mol), 11 521 (12%) had values between 5.7% and
6.4% (38.8-42.1 mmol/mol), and 2303 (2%) had values of 6.5% (48.0
mmol/mol) or greater.

e Hazard ratio compared values of 126 mg/dL or greater vs less than 101 mg/dL.
For this measure, 110 382 participants (74%) had values less than 101 mg/dL,
36 788 (24%) had values between 101 and 126 mg/dL, and 3447 (2%) had
values of 126 mg/dL or greater.

f Hazard ratio compared values of 200 mg/dL or greater vs less than 200
mg/dL. For this measure, 106 907 participants (99.6%) had values less than
200 mg/dL, and 457 (0.4%) had values of 200 mg/dL or greater.

g Hazard ratio compared values of 200 mg/dL or greater vs less than 141 mg/dL.
For this measure, 44 217 participants (69%) had values less than 141 mg/dL,
16 142 (25%) had values between 141 and 200 mg/dL, and 3875 (6%) had
values of 200 mg/dL or greater.
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plasma glucose levels. In contrast to some previous find-
ings,3,22,23 we observed approximately J-shaped associations
between each of these glycemia measures and CVD risk. The
consistency of this finding is notable because the different
glycemia measures we analyzed were only moderately corre-
lated with one another and had differing degrees of repro-
ducibility across glycemic measures. Indeed, in an analysis of
serial measurements in up to 72 000 participants, we
observed that the long-term reproducibility of fasting glucose
measurements was at least as high as that for HbA1c values
and postload glucose levels. This result challenges sugges-
tions that fasting glucose values are prone to greater long-
term fluctuation than are these other glycemia measures.24

Our observation of consistent J-shaped associations between
various glycemia measures and CVD incidence should
encourage further studies to test whether very low glycemia
levels are markers of ill health, such as that caused by hepatic
dysfunction or other comorbidities.25,26 Regarding compari-
son of glycemia measures to predict first-onset CVD out-
comes, our results suggest that the improvement provided by
HbA1c assessment in prediction of CVD risk was at least equal
to improvements estimated for assessment of fasting, ran-
dom, or postload plasma glucose levels. This finding chal-
lenges suggestions that postload glucose levels predict CVD
incidence more strongly than do other glycemia measures.27

However, it was not possible to evaluate the value of assess-

Figure 1. Hazard Ratios for Incident Cardiovascular Disease (CVD) Outcomes by Baseline Levels of Glycemia Measures
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Analyses were adjusted for age, smoking status, systolic blood pressure, total
cholesterol level, and high-density lipoprotein cholesterol level and stratified by
sex and trial group where appropriate. Participants were classified into groups
of (1) HbA1c% (mmol/mol): <4.5 (<25.7), 4.5 to <5 (25.7-<31.1), 5 to <5.5
(31.1-<36.3) [reference category], 5.5 to <6 (36.6-<42.1), 6 to <6.5 (42.1-<48.0),
and �6.5 (�48.0); (2) fasting glucose (mg/dL): <76, 76 to <90, 90 to <105
[reference category], 105 to <119, 119 to <133, �133; (3) random glucose
(mg/dL) <68, 68 to <90, 90 to <112 [reference category], 112 to <133, 133 to

<155, �155; (4) Postload glucose (mg/dL): <68, 68 to <108, 108 to <148
[reference category], 148 to <187, 187 to <227, �227. These categories
approximately correspond to 1-SD increments for each factor. Incident CVD
outcomes refer to first-onset CVD cases, defined as fatal or nonfatal coronary
heart disease or any stroke. SI conversion factors: To convert glucose values to
mmol/L, multiply by 0.0555. Sizes of boxes are proportional to the inverse of
the variance.
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ing several glycemia measures jointly, because few people in
our study had the necessary concomitant data.

Because our study involved a large number of partici-
pants, it could provide precise estimates, even for analyses that
involved categorization of glycemia measures. The generaliz-
ability of our findings was enhanced by inclusion of data from

73 prospective cohort studies in 20 countries and by the gen-
eral consistency of the results across these studies. A further
strength was the analysis of individual-participant data from
studies with extended durations of follow-up. This feature en-
abled time-to-event analysis, analysis of subgroups, and a con-
sistent approach to statistical analyses across the contribut-

Figure 2. Hazard Ratios for Incident Cardiovascular Disease for Glycemia Measures by Selected Study-Level
Characteristics

0.8 1.4 1.61.2
HR (95% CI) per 1-SD Higher Level

1.0

Interaction
P-ValueGlycemia Measure

Year of baseline survey
HbA1c

HR
(95% CI)

No.

Participants Cases

.04<1990 1.02 (0.97-1.07)3417 484
1990 to <1995 1.12 (1.07-1.16)17 999 1285
1995 to <2000 1.07 (0.91-1.27)11 657 704

9656 288≥2000 1.01 (0.88-1.15)
Assay method

.007ITA 0.98 (0.87-1.10)6574 582
HPLC 1.11 (1.07-1.16)32 478 1757
Other 1.02 (0.97-1.07)3677 422

Assay standard
.004DCCT 1.13 (1.09-1.18)24 354 1130

Other 1.00 (0.95-1.05)18 375 1631

Year of baseline survey
Fasting glucose

.27<1990 1.07 (1.04-1.11)30 995 4747
1990 to <1995 1.08 (1.03-1.14)17 348 1101
1995 to <2000 1.16 (1.08-1.26)9533 270

10 366 322≥2000 1.04 (0.93-1.17)
Assay method

.27Enzymatic 1.13 (1.02-1.25)2459 197
Hexakinase/glucose oxidase 1.05 (1.01-1.10)32 464 3147
Other 1.09 (1.06-1.13)33 319 3096

Sample type
.44Plasma 1.07 (1.03-1.11)29 266 2196

Other 1.11 (1.06-1.17)13 957 1911
Serum 1.08 (1.03-1.14)25 019 2333

Year of baseline survey
Random glucose

.75<1990 1.09 (1.04-1.14)9659 1414
1990 to <1995 1.05 (0.93-1.19)14 860 1262
1995 to <2000 1.24 (0.91-1.69)5646 55

11 350 202≥2000 1.06 (0.96-1.17)
Assay method

.24Enzymatic 1.08 (1.03-1.12)20 646 1955
Hexakinase/glucose oxidase 0.97 (0.82-1.14)6783 384
Other 1.14 (1.04-1.24)14 086 594

Sample type
.36Plasma 1.07 (1.03-1.12)4250 734

Other 1.14 (1.04-1.24)14 086 594
Serum 1.05 (0.98-1.12)23 179 1605

Year of baseline survey
Postload glucose

.83<1990 1.08 (1.04-1.12)16 367 3403
1990 to <1995 1.11 (1.02-1.21)5676 541
≥1995 1.07 (0.90-1.28)4834 128

Assay method
.54Enzymatic 1.09 (1.05-1.14)13 153 2955

Hexakinase/glucose oxidase 1.07 (0.93-1.22)9144 648
Other 1.01 (0.90-1.12)4580 469

Glucose load
.6675 g 1.09 (1.05-1.14)12 929 1411

Other 1.06 (1.01-1.12)13 948 2661

Participants with levels of glycemia
measures below the mean were
excluded. Baseline SD was used to
calculate per-SD hazard ratio (HR).
Analyses were conducted using
studies with information across all
levels of each subgroup variable.
DCCT indicates Diabetes Control and
Complications Trial; HPLC,
high-performance liquid
chromatography; ITA,
immunoturbidimetric assay. A full list
of the characteristics examined for
heterogeneity is provided in eFigures
5 through 8 in Supplement.
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ing studies. To further enhance the validity of risk estimates,
we restricted analyses to people with information on a com-
plete set of relevant risk factors.

It is important to note that our study did not address the
value of assessing glycemia measures to screen for diabetes
to reduce diabetes-specific microvascular complications,
nor did it address etiologic and therapeutic questions. Our
study had other limitations. We had incomplete information
on medication use (eg, statins, antihypertensive drugs, or
glucose-lowering drugs) during follow-up, which may have
influenced our estimates of the effect of individual risk fac-

tors, or risk models, on outcomes. The reclassification mea-
sures used in our risk prediction analyses are intrinsically
sensitive to choice of follow-up interval and clinical risk
categories.21

Conclusions
In adults without a known history of diabetes or CVD, adding
HbA1c to conventional CVD risk factors was associated with little
improvement in the prediction of CVD risk.
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