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Abstract

Background—nDiabetes mellitus and impaired glucose metabolism are associated with
increased risk for cardiovascular disease (CVD). However, it is still not clear whether glucose
levels can predict CVD risk among patients without diabetes. The primary aim of this study is to
assess whether normoglycemic fasting plasma glucose (FPG) is associated with increased risk of
CVD outcomes in healthy patients.

Methods—We obtained blood measurements, data from physical examination, and medical
and lifestyle information from 10,913 men and women who were evaluated in the Institute for
Preventive Medicine of Sheba Medical Center. Enrolled were participants with FPG <100 mg/dL
as well as 100 to 125 mg/dL, who were free of diagnosis of CVD. The participants were actively
screened for coronary disease using a stress test. Primary end points were coronary heart disease
or self-reported cerebral vascular disease.

Results—A total of 1,119 incident cases of CVD occurred during a mean follow-up of 4.3
years. Subjects with fasting glucose levels in the high normal range (95-99 mg/dL) had an
increased CVD risk when compared with levels <80 mg/dL, (HR 1.53;Cl 95% [1.22-1.91], P<.
001). A multivariate model, adjusted for age, sex, family history of CVD, blood pressure, body
mass index, smoking status, pharmacologic treatment, serum triglycerides, and high-density
lipoprotein and low-density lipoprotein cholesterol levels, revealed an independent increased risk
of CVD with rising FPG levels in the normal range.

Conclusion—Elevated CVD risk is strongly and independently associated with glucose levels
within the normoglycemic range. Fasting plasma glucose may help in identifying apparently
healthy persons with early metabolic abnormalities who are at increased risk for CVD before
progression to prediabetes and overt diabetes mellitus.

Reprint requests: Shaye Kivity, MD, Medicine Department C, Sheba Medical Center, Tel Hashomer, 52621 Israel.
shai kiviti@sheba.health.gov.il.
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Since the introduction of the concept of impaired fasting glucose (IFG), there has been
considerable debate regarding where the lower limit should be set to achieve a reasonable
balance between sensitivity and specificity for diabetes mellitus (DM) prediction. In 2003,
the American Diabetes Association lowered its threshold for diagnosis of IFG from 110 to
100 mg/dL on the basis of evidence that DM prediction may be optimized at a lower
threshold.2 However, we have previously shown that different populations may require
distinct glycemic threshold when DM risk is assessed. In a young adult population, glucose
levels already within the normal range independently predicted incident DM during a 6-year
follow-up study.? Although there is a wealth of epidemiological data on the correlation
between fasting plasma glucose (FPG) and DM risk, its association with cardiovascular
disease (CVD) risk is less clear.

Diabetes mellitus and impaired glucose metabolism are associated with increased CVD
mortality.3-% However, most studies have failed to detect evidence of FPG threshold that
identifies subgroups at increased CVD risk.”:8 Cardiovascular disease mortality among
individuals with IFG was found to be similar to that of patients with overt DM.® Similar to
observations with other risk factors such as elevated blood pressure and cholesterol, CVD
morbidity and mortality were suggested to progress as a continuum across blood glucose
concentration, from levels well below the conventional cutoff values used for the diagnosis
of DM.lO—lZ

Taken together, it is still not clear whether increased FPG within the normoglycemic range
posses a significantly elevated cardiovascular risk.213 Therefore, the aim of this study is to
characterize the role of FPG within the entire nondiabetic range (normoglycemia and IFG)
in predicting CVD outcomes in nondiabetic patients. Fasting plasma glucose levels from
10,913 healthy adults (mean age 50.4 years, range 34-91 years) from the CArdiovascular
Risk and Metabolic Assessment (CARMA) study were obtained at baseline, and CVD
outcomes were followed up during a mean follow-up of 4.3 years.

Methods
The CARMA study

The CARMA study was designed to investigate cardiometabolic risk factors in healthy male
and female adults of white ethnicity. The study has been conducted at the Executive
Screening Survey (ESS) at the Sheba Medical Center in Israel. The ESS performs
approximately 9,000 screening examinations of adult males and females annually. This
population is composed mainly of senior executives referred for periodic health screening by
their organizations and so represents a higher-than-average socioeconomic class. When
compared with data available for the general Israeli population, our study population had
lower rates of obesity (body mass index [BMI] =30 kg/m?) and active smoking. A
computerized database established in 2000 is the source of data for the study. At each annual
visit, participants completed a detailed questionnaire assessing demographic, nutritional,
lifestyle, and medical factors. Thereafter, blood samples were drawn after a 12-hour fast and
were analyzed immediately. A physician at the center performed a complete physical
examination. Blood pressure measurements were performed by medical professionals with
the use of mercury sphygmomanometers. All medical information was recorded in a central
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database, thus allowing an ongoing follow-up. The Institutional Review Board of Sheba
Medical Center approved this study on the basis of strict maintenance of participants'
anonymity during database analyses. Data from subjects were recorded anonymously. No
individual consent was obtained.

Inclusion and exclusion criteria

Men and women older than 34 years with FPG levels <126 mg/dL at their first annual visit
at the ESS have been included. In addition, follow-up data must have been available from at
least 1 subsequent visit, >2 years after the first visit (average no. of visits per person, 5;
range, 2-9). We selected patients without confirmed type 1 or type 2 DM at the time of
enrollment and without a current or past diagnosis of CVD (ischemic heart disease, acute
coronary syndrome, acute myocardial infarction [MI], or ischemic stroke). Assessed for
eligibility were 18,034 participants who visited the ESS between January 2000 and
December 2009. Excluded were 4,101 with preexisting DM or CVD and 3,020 with only a
single visit (Figure). Baseline characteristics of the 3,020 individuals who had a single visit
to the ESS were not statistically different from the characteristics of the included
participants (data not shown). Included for analysis were 10,913 participants, (7,940 men
and 2,973 women).

Definitions of CVD outcomes

Diagnosis of CVD was the primary end point of the study. Cardiovascular disease was
defined as a composite of coronary heart disease (CHD), MI, cerebral vascular events, or
transient ischemic attacks (T1As). Coronary outcome was defined by clinically significant
CHD (angiography-proven stenosis of <50% in at least 1 coronary artery), MI, or a positive
Bruce test. The diagnosis of MI was self-reported, and when available, medical records were
reviewed. At each annual ESS visit, each participant had a treadmill exercise test (Bruce
protocol) in the presence of a board-certified cardiologist. End points for the exercise test
were clinically significant ST-segment depression (>2 mm depression in 2 contiguous leads,
measured 80 milliseconds after the J point), intolerable symptoms of angina and exhaustion,
or achievement of the target heart rate without such findings. All cases with a pathologic
stress test were referred for coronary angiography. For individuals with a positive Bruce
stress test, for whom data on coronary angiography or single-photon emission computed
tomography was not available, a positive Bruce test was considered as confirmation for a
positive CHD. In participants with a borderline stress test, or when participants reported
angina symptoms without diagnostic electrocardiographic changes, stress perfusion imaging
with thallium-201 was performed. Those with a pathologic thallium-201 cardiac scan
underwent coronary angiography. Cerebrovascular accident/TIA outcome included self-
reported cerebral vascular events or TIAs. When available, medical records were reviewed.

Diagnosis of DM

The diagnosis of DM was defined as the secondary outcome of this study. Subjects with 2
fasting glucose tests >126 mg/dL (preformed on different days) were diagnosed with DM.
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Laboratory methods

Biochemical analyses of blood were performed on fresh samples in a core laboratory facility.
Tests were performed in the Sheba Medical Center, Tel Hashomer, using the Olympus

AU2700TM Chemistry-Immuno Analyzer (Olympus; Shinjuku, Tokyo, Japan).

Statistical analysis

Results

Included for analysis were 7,940 men and 2,973 women. For each participant, person-time
of follow-up was calculated from the date of the first ESS visit until censoring, as detailed
above. We used 1-way analysis of variance to compare the means and proportions of the
population baseline characteristic across the FPG groups, which were arbitrarily divided to
5-mg/dL intervals for levels between 80 and 100 mg/dL. In addition, we have also included
the 2 extreme groups, FPG <80 mg/dL and IFG (100-126 mg/dL). Levels below 100 were
considered as “fasting normoglycemia.” Log transformation was used for triglyceride (TG)
and high-density lipoprotein (HDL) cholesterol. 2 test was used for categorical data. We
conducted Cox proportional hazard analysis to estimate the hazard ratio (HR) and 95% Cls
for developing CVD outcome. We controlled for age, gender, systolic blood pressure
(continuous), TG (continuous), HDL and low-density lipoprotein (LDL) cholesterol (both
continuous), smoking status (current vs past or never), BMI (continuous), pharmacologic
treatment (grouped into B-blockers, cholesterol-lowering drugs, antiarrhythmics,
antithrombotics, diuretics, angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers), and family history for coronary disease (yes or no). Mortality rates, according to
FPG levels, were assessed by Kaplan-Meier survival analysis. The Wald score was used to
rank the strength of each independent risk factor for cardiovascular diseases. All statistical
analyses were performed with SPSS statistical software version 15.0 (IBM, Armonk, NY).

This study was supported by a grant from the Shlavi foundation for medical research. The
authors are solely responsible for the design and conduct of this study, all study analyses, the
drafting and editing of the manuscript, and its final contents.

Data from 10,913 apparently healthy men and woman (mean age 50.4 years, range 34-91),
9,687 with FPG levels of <100 mg/dL at baseline and 1,226 with IFG values (100- 125 mg/
dL), were analyzed. Participants were categorized based on glucose levels to 5 groups (50—
79, 80-84, 85-89, 90-94, and 95-99 mg/dL). In addition, we have also analyzed the IFG
group (100-125 mg/dL). Age, male gender, systolic blood pressure, family history of CVD,
TG, and LDL cholesterol levels were more likely to increase across the entire range of
fasting glucose level. The percentage of current smokers and HDL cholesterol levels
inversely correlated with FPG levels Table I).

During 46,991 person-years of follow-up (mean follow-up, 4.3 years), there were 1,119
documented incident cases of CVD end-points. Age-adjusted HRs for CVD outcomes have
increased linearly across the entire range of FPG levels, with significant HR already
observed for FPG levels of 85 to 89 mg/dL (1.34, 95% CI 1.08-1.65), reaching an HR of
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1.53 (95% CI 1.2-1.9) for the 95-to-99-mg/dL group as compared with the lower FPG group
(Pfor trend <.001) (Table II).

In a multivariate model adjusted for age, sex, BMI, systolic blood pressure, TGs, HDL and
LDL-cholesterol levels, smoking status, pharmacologic treatment, and family history for
CHD, we observed a significant and progressive increase in the risk of CVD events in
individuals with FPG levels in the third, fourth, and fifth groups as compared with the low-
glucose group (P for trend <.001) (Table 11). The addition of the IFG group (100-125
mg/dL) further improved the prediction model (P < .001 on the basis of the likelihood-ratio
test). In a multivariate model adjusted for the above parameters using FPG levels in the
normoglycemic range as a continuous variable, we revealed a significant increase of 7.6% in
the risk for CVD for every increment of 1 mg/dL of glucose. In a subgroup analysis, we
excluded patients who had developed DM before having a cardiovascular event. The risk for
CVD remained significant even after multivariant analysis controlling for the
aforementioned risk factors. We further analyzed the interaction of sex and FPG in respect to
cardiovascular risk, which was nonsignificant (P of interaction = .321).

When stratified for the various component of the composite CVD outcome, increased FPG
in the normoglycemic range was associated with increased risk of coronary but not of
cerebrovascular events, for which the risk had increased significantly only for the IFG group
(Table I1I). To better assess whether the correlation between FPG and CVD is age related,
we next stratified the study population based on the mean age of 50 years. Although both
groups showed similar correlations between FPG levels and CVD outcomes, only the group
of participants older than 50 years (n = 5072) had reached statistically significant HRs (P< .
05 for all groups as compared with the reference group). The Pvalue for interaction between
FPG, age, and CVD outcomes was insignificant (P=.478). The importance of each risk
factor for CVD was ranked independently by the Wald score: for FPG levels the score was
15.3, after age (171), gender (39) and smoking (17.9) similar to hypertension (15.2) and
more significant than BMI (3.6), family history (10.6), cholesterol (12.4), and TG (7.2). We
next assessed mortality rates at each FPG group. Mortality rates were not statistically
different for groups 1 though 5 being 2.3, 2.1, 2.1, 2.3, and 3.3 per 1000 participants per
year, respectively (P=.25). Mortality among participants of the IFG group was higher,
reaching 5.7 per 1000 participants per year (P=.016).

To confirm previous observations that increased FPG in the normal range is associated with
incident DM in young adults could also be observed in an older population, we next
analyzed the cases of new-onset DM based on FPG at baseline. During the follow-up period,
22% of those in the IFG compared with only 0.2% of those in the lowest FPG group
developed DM. After adjustment for age, sex, BMI, hypertension, TGs, LDL, HDL,
smoking status, and family history for DM, the HR for the IFG group was 77 (95% CI 32—
186), as compared with 18 (95% CI 7.5-46) in the 95-t0-99-mg/dL group and with 3.9 (95%
Cl 1.48-10.36) observed for those with FPG of 80 to 84 mg/dL.
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Discussion

In this study, 10,913 men and women without DM or apparent CVD were followed up for a
mean of 4.3 years. The risk for coronary disease has linearly increased across FPG levels,
already within the normoglycemic range (<100 mg/dL). This increased risk was independent
of other traditional risk factors for CVD and was not mediated by the higher risk of DM
incidence. Cerebrovascular disease did not follow this pattern, and an increased risk was
observed only among participants with IFG. Although the overall CVD risk for individuals
with FPG levels <80 mg/dL was 7% in 5 years, as many as 12.5% of the high-normal
glucose group (fasting levels of 95-99 m/dL) had developed CVD. As expected, the risk
continued to increase linearly, reaching 17% in 5 years in the IFG group. Our findings
suggest that elevated fasting glucose level, within the normal range, is an independent
predictor of CVD in men and of type 2 DM in both women and men.

Although there is a wealth of epidemiological data assessing the cardiovascular risk
associated with FPG in the prediabetic range (FPG =100 mg/dL), only few studies have
analyzed the role of glycemia as a continuum, including the normoglycemic range as well.
Past findings were inconsistent,141> whereas others demonstrated a J-curve.18 A recent
meta-analysis of 102 prospective studies involving approximately 700,000 people showed
that, in those without DM, there was a modest nonlinear increased risk for vascular disease,
which was not significant after conventional risk factor adjustments.1” Another recent meta-
analysis of 26 prospective studies in Western countries, involving over 300,000 people with
approximately 17,000 incident CHD cases, has demonstrated that fasting glucose
concentration is modestly associated with CHD risk in people without DM with an increased
risk of 6% for every 1 mmol/L increment (18 mg/dL) in FPG.18 In a recent community-
based study, glycated hemoglobin but not FPG was significantly associated with
cardiovascular disease or all-cause mortality.1® However, many of these studies did not
include specific analysis for the normal glucose range, and data were analyzed for the entire
“nondiabetic” range (ie, normoglycemia and IFG). A very large study of >650,000 Korean
men is one of the few studies that directly evaluated CVD risk based on glucose levels in
both the normoglycemic and prediabetic/diabetic range.2? Although the increase in the risk
for ischemic stroke was independently observed already at the upper range of
normoglycemia, the increased risk for M1 could be observed only for glucose levels in the
diabetic range. The somewhat contradicting results in our study may be explained by the
different outcome definitions and our inability to differentiate between ischemic and
hemorrhagic strokes. Another recent study from Israel reported an increased risk for
coronary revascularization among apparently healthy men and women with elevated FPG in
the normoglycemic range.2! However, a marked attenuation of the risk was observed in a
multivariate analysis adjusted for age, sex, lipids, BMI, and smoking. The profound
difference in the population studied and the outcome definitions could explain the apparent
discrepancy with our observations of an increased risk associated with FPG, independent
from the “traditional” CVD risk factors. Moreover, by choosing revascularization as the
primary outcome, a potential effect of glucose levels on early stages in the pathophysiology
of cardiovascular disease could have been easily missed.
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The linear increase in CVD risk across the entire FPG range is similar to results reported
with other biomarkers of CVD risk such as LDL cholesterol, blood pressure, and TG levels.
Although the definition of various glucose ranges (DM, IFG, and normoglycemia) has
mainly been determined by epidemiological data evaluating the risk for DM and its late
complications, the risk for macrovascular disease has been clearly shown to be elevated at
FPG levels below that required for the development of significant microvascular disease. A
potential explanation could be that elevated FPG, long before overt hyperglycemia, may be a
strong marker for insulin resistance and its associated metabolic abnormalities, which have
been reported to be key players in the pathophysiology of atherosclerosis. Several limitations
of this study warrant consideration. First, the CARMA cohort may be considered
representative of a subgroup of the Israeli population at higher than the average
socioeconomic status, although we do not believe that this should significantly affect the
interaction between FPG and incident CVVD. However, this population may have less
competing risk factors (eg, less smokers, lower rates of obesity) for cardiovascular
outcomes, which may explain the higher HRs observed in this study as compared with
previous reports (see above). In addition, the low percentage of women enrolled in our study,
especially among the higher FPG groups, may have compromised the statistical power to
detect the role of FPG in CVD risk prediction in women. Although all participants were
actively screened for coronary disease, cerebrovascular diseases were mostly based on self-
reporting, which may have decreased the accuracy of the outcome definitions, especially in
the case of TIAs in which neurologic examination is unrevealing. In addition, given the
inability to assess subclinical cerebrovascular disease, a potential contribution of elevated
FPG to early pathophysiologic stages of the disease could have been missed. The strengths
of our study include the large population included and the tight follow-up with repeated
measurements of many confounders as well as the active screening for coronary disease (not
currently indicated for routine screening of low-risk individuals), which most probably
increased the sensitivity of detecting relatively early coronary disease, before ischemic
symptoms develop.

In summary, in a large adult population, FPG well within the normoglycemic range was
found as an independent risk factor for coronary disease. Including FPG in the risk
stratification for cardiovascular morbidity may allow better detection of individuals at risk
for disease who may benefit from a more aggressive modification of their CVD risk factors.
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Individuals Evaluated at
the ESS during 2000-
2010 (n =18,034)

(NOT ASSESSED FOR ELIGIBILITY:
e With only a single visit to the examination

't center (n = 3,020)

Assessed for eligibility
(n=15014)

EXCLUDED (Total=4,101)
e Known CVD at first visit (n = 2564)

e Known DM disease at first visit (n = 1451)

v

A

Participants included in
the study
(n=10,913)

A 4

PATIENT FOLLOW-UP
(4.3yrs.)
e Developed DM (n = 548)
e Developed CVD (n=1119)
e Died (n=131)

Figure.
Flowchart of study participants. A total of 18,034 men and women were evaluated initially;

among them, 4101 were excluded because of a medical history of DM or CVD, and 3020,
because of having only a single visit to the ESS. Eventually, 10,913 participants, 7940 men
and 2973 women, participated in the study. During follow-up, 548 developed DM, 1,119
developed CVDs, and 131 died.
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