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Abstract: High hemoglobin A1c (HbA1c) levels are strongly associ-

ated with an increased risk of cardiovascular disease (CVD) in people

with and without diabetes. However, information regarding the relation-

ship between low HbA1c levels and the risk of CVD among people

without known diabetes is limited. The aim of this large-scale, pro-

spective, population-based cohort study was to clarify the association

between HbA1c levels and CVD risk among people without known

diabetes.

We followed-up 10,980 men and 18,079 women (46–80 years old

and free of CVD and cancer at baseline) in the Japan Public Health

Center-based Prospective Study. Using Cox models, we estimated the

hazard ratios for CVD risk with adjustments for age, sex, geographic

areas, body mass index, smoking status, sports and physical exercise,

alcohol intake, systolic blood pressure, non-high-density lipoprotein

cholesterol, and high-density lipoprotein cholesterol.

During the median follow-up of 9.4 years, 935 CVD events

(770 strokes and 165 coronary heart diseases) occurred. We observed

a nonlinear association between HbA1c levels and CVD risk in partici-

pants without known diabetes. Compared with HbA1c levels of 5.0 to

5.4% (31–36 mmol/mol), the hazard ratios for CVD in participants

without known diabetes were 1.50 (95% confidence interval: 1.15–

1.95), 1.01 (0.85–1.20), 1.04 (0.82–1.32), and 1.77 (1.32–2.38) for

HbA1c levels of <5.0% (<31 mmol/mol), 5.5 to 5.9% (37–41 mmol/

mol), 6.0 to 6.4% (42–47 mmol/mol), and �6.5% (�48 mmol/mol),

respectively (P value for nonlinear trend: <0.001). In addition, the

hazard ratio for CVD was 1.81 (1.43–2.29) in patients with known

diabetes compared with participants with HbA1c levels of 5.0 to 5.4%

and without known diabetes. This nonlinear relation persisted after

excluding people with kidney dysfunction, liver dysfunction, anemia,

body mass index <18.5 kg/m2, or early events within 3 years of follow-

up (P value for nonlinear trend: <0.01 for all tests).

In conclusion, both low and high levels of HbA1c were associated

with a higher risk of CVD in a Japanese general population without

known diabetes.

(Medicine 94(17):e785)

Abbreviations: CVD = cardiovascular disease, HbA1c =

hemoglobin A1c, JPHC Study = Japan Public Health Center-

based Prospective Study.
TRODUCTION
l efforts have been made to control major
ase (CVD) risk factors (eg, hypertension
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and smoking), CVD remains to be the leading cause of death
globally.1–3 Biomarkers, such as hemoglobin A1c (HbA1c), may
be useful for identifying people with increased risk of CVD and
eventually help reduce the global burden of CVD.4,5

It has been well established that high HbA1c levels are
strongly associated with a high risk of CVD in people with6

and without4,7 diabetes. Accordingly, several researchers have
suggested that HbA1c measurement may be useful for identify-
ing people with an increased risk of CVD.4,7 However, the
association between low HbA1c levels and CVD risk is not well
understood. In some studies,8–10 but not all,6 it has been
suggested that patients with type 2 diabetes and low HbA1c

levels may have a higher CVD risk, which is consistent with the
observation that severe hypoglycemia is associated with an
increased CVD risk among patients with type 2 diabetes.11

However, the association between low HbA1c levels in people
without known diabetes and CVD risk remains unknown.
Although a possible association between low HbA1c levels
and increased mortality in populations without known diabetes
has been previously reported,4,12,13 the biological mechanisms
underlying this association are currently unknown.13–15 Inves-
tigating the association between low HbA1c levels and CVD
risk may improve our understanding of health risks associated
with low HbA1c levels. The aim of this large-scale, prospective,
population-based cohort study was to address the question
whether low HbA1c levels are associated with a higher CVD
risk among people without known diabetes using strictly stan-
dardized HbA1c levels and detailed measurements of covariates
in a general Japanese population free of CVD and cancer at
baseline.

METHODS

Study Design and Population
The Japan Public Health Centre-based Prospective Study

(JPHC Study) was initiated in 1990 for cohort I and in 1993 to
1994 for cohort II. All subjects were Japanese inhabitants from
11 public health center areas, and aged 40 to 59 years in 1990
(cohort I) and 40 to 69 years in 1993 (cohort II). Details of
the study design have been described elsewhere.16 The JPHC
Diabetes Study, involving HbA1c measurements and an
additional questionnaire concerning diabetes and lifestyle,
was conducted among JPHC participants at the time of their
health check-ups (the first survey in 1998–2000 and the second
survey in 2003–2005).17 Two public health center areas from
Tokyo and Osaka were excluded because information regarding
the incidence of coronary heart disease and stroke was not
available. Therefore, this present study involved subjects from
9 areas (cohort I: 4 areas; cohort II: 5 areas). Individuals who
participated in either of the JPHC Diabetes Study surveys were
included in the present study. Among the 35,197 participants
from the JPHC Diabetes Study, we excluded 1004 and 984
participants with a history of CVD and cancer, respectively, as
well as 4150 participants with missing anthropometric or
laboratory data. In total, we analyzed data for 29,059 partici-
pants. All participants provided written informed consent
before participating in this study. The JPHC Diabetes Study
was approved by the institutional review board of the National
Center for Global Health and Medicine, Japan.

Goto et al.
Measurements
Detailed procedures for the HbA1c measurements have

been described previously,17 and these were performed using

2 | www.md-journal.com
high-performance liquid chromatography or immunochemical
assays. The overall intra-assay coefficient of variation for
HbA1c ranged from 0.0 to 3.4%, and the maximal inter-assay
coefficient of variation among the various laboratories ranged
from 2.2 to 2.8%. The HbA1c measurement methods differed
according to the public health center areas, and therefore, HbA1c

values were strictly standardized to minimize inter-laboratory
variation. For the calibration procedure, standard samples
(approved by the Japan Diabetes Society) were provided to
each public health center area before the surveys. HbA1c values
were converted to National Glycohemoglobin Standardization
Program values.18 Censoring events (which defined the indi-
vidual’s final data point) were defined as the first CVD event,
death, change of residence, loss to follow-up, December 31,
2009 (cohort I), or December 31, 2008 (cohort II). For indi-
viduals who participated in both surveys of the JPHC Diabetes
Study before the censoring events (35.1% of the study popu-
lation), the average HbA1c levels were used for analyses to
capture their long-term exposure.10 The sensitivity analyses
using the time-dependent Cox proportional hazard models to
update the HbA1c levels and diabetes status did not materially
change the estimates.

Each participant completed a self-administered question-
naire at the 5-year and/or 10-year follow-up of the JPHC Study,
which comprised questions regarding previously diagnosed
medical conditions, medication, and lifestyle factors, including
physical activity, alcohol intake, dietary intake, and smoking.19

In the present study, we used data from the JPHC Study
questionnaire at the time of entry into the JPHC Diabetes Study,
except for participants from cohort I who only participated in
the second JPHC Diabetes Study survey (10% of the study
population). These participants completed the JPHC Study
questionnaire 5 years before their entry into the JPHC
Diabetes Study, and these data were used in the current analysis.
Sensitivity analyses for excluding these participants did not
materially change study findings. At the time of the 2 JPHC
Diabetes Study surveys, blood pressure, weight, height, hemo-
globin, serum creatinine, alanine aminotransferase, and lipid
levels were measured. Body mass index was calculated as
weight (kg) divided by height squared (m2).

We defined CVD as either stroke or coronary heart disease,
including myocardial infarction or sudden cardiac death. CVD
events were documented based on active patient notifications
from the local hospitals, hospital record reviews for participants
who reported CVD in the follow-up questionnaires, and a
review of death certificates.20 A total of 78 major hospitals
capable of treating patients with acute CVD were included in
the registry of CVD events within the 9 public health center
areas. Overall, 97% of stroke and 92% of myocardial infarction
cases in the 9 areas were treated at these registry hospitals. CVD
events were included in this study if they occurred between the
time of entry into the JPHC Diabetes Study and December 31,
2009 (cohort I) or December 31, 2008 (cohort II). Changes in
residential status, including survival status, were identified
using the residential registry in each area. During the follow-
up period, 1273 (4.4%) participants died, 420 (1.4%) moved out
of the study areas, and 28 (0.1%) were lost to follow-up.

Stroke diagnoses were confirmed according to the National
Survey of Stroke criteria21 by the presence of sudden or rapid-
onset focal neurological deficits that last >24 h or until death.
Strokes were classified according to subtype: hemorrhagic or

Medicine � Volume 94, Number 17, May 2015
ischemic (lacunar or nonlacunar).20 A diagnosis of definite
myocardial infarction was confirmed according to the Monitor-
ing Trends and Determinants of Cardiovascular Disease Project
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criteria22 on the basis of typical chest pain and evidence from
electrocardiograms and/or cardiac enzyme levels. For cases of
typical prolonged chest pain (>20 min) that were not confirmed
by electrocardiograms or cardiac enzymes (8.5% of the total
myocardial infarctions), a diagnosis of possible myocardial
infarction was made, and these cases were included in the
myocardial infarction cases. Sensitivity analyses for excluding
cases with possible myocardial infarction did not materially
change the findings. In the absence of myocardial infarction
diagnoses, deaths that occurred within 1 h from symptom
onset were considered as sudden cardiac deaths. Only the first
CVD event during the follow-up was included in the analysis;
recurrent events were excluded.

Statistical Methods
We followed-up 29,059 participants (46–80 years old) and

calculated their person-years from the time of entry into the
JPHC Diabetes Study until their censoring event. If individuals
participated in both JPHC Diabetes Study surveys, the time of
entry at the first survey was considered the starting point. We
also calculated the baseline characteristics for patients with
diabetes and 5 groups of people without known diabetes cate-
gorized by their HbA1c levels: <5.0% (<31 mmol/mol), 5.0 to
5.4% (31–36 mmol/mol), 5.5 to 5.9% (37–41 mmol/mol),
6.0 to 6.4% (42–47 mmol/mol), and �6.5% (�48 mmol/
mol). We defined participants as having known diabetes if
they had self-reported diabetes or were receiving treatment
for diabetes. Following conventional practice,4 the HbA1c

category of 5.0 to 5.4% (31–36 mmol/mol) was used as the
reference category.

To examine the CVD risk in the 6 groups of people, we
used Cox proportional hazards models and estimated the hazard
ratios and 95% confidence intervals (categorical models). These
models were adjusted for age, sex, health center areas, body
mass index, smoking status (never smoked, past smoker, or
current smoker), alcohol intake (current nondrinker, occasional
drinker, or current drinker), sports and physical exercise
(�1 day/week or other), systolic blood pressure (mmHg),
high-density lipoprotein cholesterol levels (mmol/L), and
non-high-density lipoprotein cholesterol levels (mmol/L).
Slightly different physical activity questionnaires were used
during the 5-year and 10-year follow-ups of the JPHC Study.
Therefore, we first calculated separate estimates for participants
who completed the 5-year follow-up questionnaire and for those
who completed the 10-year follow-up questionnaire. Because
there was no apparent difference in the estimates between these
2 groups, we computed the pooled results using the fixed-effects
model with inverse variance weighting.23

Among the participants without known diabetes, we com-
puted 2-sided P values for linear trends by assigning a mean
HbA1c value for each category and including the variables as
continuous variables in the models. We also computed 2-sided
P values for quadratic trends (P value for quadratic trend) by
including a quadratic term in each linear trend model. The
proportional hazards assumption was assessed using the scaled
Schoenfeld residuals24 and found to be appropriate. For sensi-
tivity analysis, we further examined the association between
HbA1c levels and CVD after excluding people with kidney
dysfunction (estimated glomerular filtration< 60.0 mL�min�1�
1.73 m�2),25 liver dysfunction (alanine aminotransferase
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�100 IU/L), anemia (hemoglobin< 100 g/L), or low body mass
index (<18.5 kg/m2). Further analyses were also conducted
after excluding CVD cases with an early diagnosis (within

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
3 years of follow-up) from both the numerator and denominator
(278 participants). To examine the shape of the association
between continuous HbA1c levels and CVD risk among people
without known diabetes, we fitted restricted cubic spline models
by including transformed variables of HbA1c levels in the Cox
models, with adjustment for the same covariates that were used
in the categorical models. We fitted the models using 3, 4, and
5 knots at percentiles, and chose the number of knots that
produced the smallest Akaike Information Criterion. The level of
significance was set at P value< 0.05. Analyses were performed
using Stata version 12.1 (StataCorp, College Station, TX).

RESULTS
The baseline characteristics of the study population

according to the 6 groups are shown in Table 1. Compared
with participants with lower HbA1c levels, participants with
higher HbA1c levels or known diabetes tended to be older;
current or past smokers; have a higher body mass index, blood
pressure, and non-high-density lipoprotein cholesterol levels;
have lower high-density lipoprotein cholesterol levels; use
lipid-lowering medication(s); be engaged in physical activity;
and consume more calories.

During the median follow-up of 9.4 years (238,456 person-
years), 770 strokes (226 lacunar infarctions, 232 nonlacunar
infarctions, 311 hemorrhagic strokes, and 1 stroke of undeter-
mined type) and 165 coronary heart diseases (129 definite
myocardial infarctions, 12 possible myocardial infarctions,
and 24 sudden cardiac deaths) were documented. Table 2 shows
the associations for CVD, coronary heart disease, and stroke
risk in the 6 groups. After multivariable adjustment for potential
confounding factors, we observed a nonlinear relation between
HbA1c levels and CVD risk (model 2; P value for quadratic
trend: <0.001). The nonlinear trend was observed even after
excluding people with kidney dysfunction, liver dysfunction,
anemia, and low body mass index (P value for quadratic trend:
<0.05 for all tests). Further adjustment for the use of lipid-
lowering medication(s) or total energy intake resulted in similar
results (P value for quadratic trend:<0.001 for all tests, data not
shown). Similar findings were observed when CVD cases with
an early diagnosis (within 3 years of follow-up) were excluded
(P value for quadratic trend: 0.002). Spline curves indicated a
U-shaped relation, with increased CVD risk observed in partici-
pants with low and high levels of HbA1c (Figure 1A). A similar
pattern was observed for stroke risk (Table 2, Figure 1B).
Because nonlinear associations were observed, particularly
for stroke, we further examined the association between HbA1c

levels and stroke subtypes. We observed nonlinear trends for the
risks of hemorrhagic and nonlacunar ischemic stroke (model 2;
P values for quadratic trend: 0.018 and 0.006, respectively), and
a similar pattern was suggested for lacunar stroke (model 2;
P value for quadratic trend: 0.066). Participants with high
HbA1c levels (�6.5%, �48 mmol/mol) or known diabetes
had an increased risk of ischemic stroke (both lacunar and
nonlacunar; model 2). A linear relation was suggested for
coronary heart disease risk (Table 2, Figure 1C), although
the number of coronary heart disease cases was likely too small
to examine its risk in participants with low HbA1c levels.
Participants with known diabetes had increased risks of
CVD, stroke, and coronary heart disease (model 2).

Nondiabetic HbA1c Levels and Cardiovascular Disease Risk
Stratified analysis according to sex suggested an increased
CVD risk existed in men with low and high levels of HbA1c

(Table 3). Among women, increased CVD risk was apparent in
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those with HbA1c levels of �6.5% (�48 mmol/mol) or known
diabetes.

DISCUSSION
In this large-scale, prospective, cohort study in a general

Japanese population, both low and high levels of HbA1c were
associated with an increased risk of CVD among participants
without known diabetes. The nonlinear association between
HbA1c levels and CVD risk persisted even after excluding
participants with kidney dysfunction, liver dysfunction, anemia,
and low body mass index. Furthermore, the patterns of the
association between low HbA1c levels and each CVD subset
differed from that for diabetes or high HbA1c levels. Low HbA1c

levels were associated with an increased risk of stroke, especially
hemorrhagic stroke, while diabetes and high HbA1c levels were
associated with increased risks of coronary heart disease and
stroke, especially ischemic stroke. The observed CVD risk in
individuals with diabetes in this study was also consistent with
accumulating evidence of diabetes as a risk factor for CVD.26,27

These findings emphasize a possible increased CVD risk among
people without known diabetes and with low HbA1c levels.

The observed CVD risk among people with low HbA1c

levels and no known diabetes is particularly important, because
this increased risk could not be related to hypoglycemia11

induced by diabetes treatment. Although a possible increased
CVD risk or low HbA1c levels among people without known
diabetes have been suggested,4,13,28 most studies did not find
a statistically significant association.4,13 However, we found a
significant association between low HbA1c levels and CVD,
particularly stroke, possibly because of a sufficient number of
stroke events in this study. Earlier studies were limited by small
sample sizes and HbA1c measurements that were obtained from
frozen whole blood samples that were stored for >10 years.4,13

A significant nonlinear association between HbA1c levels and
CVD risk among people without known diabetes has been
reported in a recent pooled analysis; however, the lack of assay
standardization and the significant heterogeneity between assay
characteristics for HbA1c measurements may have limited the
interpretation of the results.28 As previously shown, low HbA1c

levels are associated with increased all-cause mortality in
people without diabetes.4,12,13 According to our findings, the
elevated incidence of CVD may partially explain the increased
mortality among people with low HbA1c levels. HbA1c level is
increasingly being used to screen for diabetes and therefore, our
findings may facilitate the interpretation of low HbA1c levels in
the nondiabetic population.

We were also able to confirm that HbA1c levels of �6.5%
(�48 mmol/mol) in people without known diabetes were
associated with an increased CVD risk, which was consistent
with other studies that were conducted in Japan7,29,30 and other
countries.4,8 Although a significantly increased CVD risk was
not observed for the groups with elevated HbA1c levels in the
nondiabetic range, the spline analyses (Figure 1A) appeared to
suggest a positive linear association between continuous HbA1c

levels and CVD risk in those with HbA1c levels of �5.5%
(�37 mmol/mol). Earlier investigators have also documented
an increased CVD risk with increasing HbA1c levels within the
nondiabetic range.4,7,29,31 Furthermore, individuals with pre-
diabetes (defined by glucose levels during oral glucose toler-
ance tests) may have a 20% increased risk of CVD, compared
to those with normal glycemia according to recent meta-

Goto et al.
analyses.32,33 Therefore, hyperglycemia within the nondiabetic
range may be associated with an increased CVD risk in a
continuous manner.

8 | www.md-journal.com
The mechanisms responsible for the observed association
between low HbA1c levels and increased CVD risk among
people without known diabetes remain largely unknown. In
addition, it is unknown whether low blood glucose levels not
induced by diabetes treatment could have a direct effect on
blood vessels. We observed similar results (data not shown)
when we adjusted for casual blood glucose levels, which
suggested that the association between low HbA1c levels and
increased CVD risk may not be explained by blood glucose
levels. Abnormal red-cell turnover, which can lead to low
HbA1c levels,13 might explain the association. However, the
association persisted after we excluded participants with factors
that affect red-cell turnover, including kidney dysfunction, liver
dysfunction, and anemia. Alternatively, chronic inadequate
nutrition may explain the possible increased risk among
people with low HbA1c levels. However, the total energy intake
did not indicate inadequate nutrition in participants with HbA1c

levels of <5.0% (<31 mmol/mol), and adjustment for total
energy intake did not change the results. Further, excluding
people with a low body mass index at baseline provided similar
results. Therefore, confounding by these factors alone may
not explain the observed association. Although the biological
mechanisms underlying this association remain unresolved, our
data support the notion that low HbA1c levels may be a marker
for identifying people who are at increased risk of CVD.13 In
addition, based on our findings, diabetic patients with low
HbA1c levels (eg, <5.0%, <31 mmol/mol) may have an
increased risk of CVD, possibly due to glycemic and nongly-
cemic factors.

This study has several strengths. First, we strictly standar-
dized the HbA1c values using approved standard samples to
reduce the possibility of measurement error, leading to less
biased estimates. Second, the use of a population-based pro-
spective cohort design with low loss to follow-up and a large
sample size should minimize the possibility of selection bias.
Third, the systematic surveys of CVD events likely reduced
outcome misclassification in our study. Finally, we were able to
examine the relation between HbA1c levels and stroke subtypes
because of the large number of stroke events.

Despite these strengths, certain limitations of the present
study merit consideration. First, HbA1c levels and diabetes
status may have changed during the follow-up, but only single
measurements of HbA1c were available for most participants
(65%). If HbA1c levels during the follow-up had been available
for all participants, the association between HbA1c and CVD
risk would likely have been stronger. Second, the increased
CVD risk observed in individuals with low HbA1c levels may
not necessarily indicate a causal association. Third, information
regarding socioeconomic status was not available, which might
explain the increased CVD risk among people with low HbA1c

levels. However, there is no clear evidence that people with low
socioeconomic status have low HbA1c levels. Fourth, we could
not consider the genetic background of our participants because
genetic variants linked to CVD or risk factors (eg, hyperten-
sion34) were not measured in our study. However, it is unlikely
that the missing information on such variants would bias the
association between HbA1c levels and CVD risk because such
variants do not tend to affect HbA1c levels. Finally, our results
may not be applicable to other populations, especially Western
populations, because East Asians tend to have a higher inci-
dence of stroke and lower incidence of coronary heart disease

Medicine � Volume 94, Number 17, May 2015
compared with those in Western populations.35 Therefore,
the nonlinear relation between HbA1c and stroke might be
especially relevant to Asians.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



In conclusion, both low and high levels of HbA1c were
associated with a higher risk of CVD in a general Japanese
population without known diabetes. These data support the
notion that very low and high HbA1c levels may be markers
for identifying people with an increased health risk.
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