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Abstract

Background: Cardiovascular disease (CVD) is the leading cause of morbidity and mortality globally, and
specifically in Iran. Generally, diabetes mellitus is the result of impaired glucose tolerance which together with
dyslipidemia are considered as important risk factors of CVD.

The aim of this study was to determine the relationship between fasting serum glucose (FSG), lipid profile and
CVD endpoints, and to establish an optimal FSG cut-off in the MASHAD cohort study after nearly 6 years of
follow-up.

Methods: All the participants of MASHAD study were followed up for 6 years to determine their
cardiovascular status. FSG, fasting lipids, and physical examinations were all recorded. To identify the
optimal cut- off point of FSG, we carried out receiver operating curve (ROC) analysis

Results: We determined MASHAD cutoff point of blood glucose as 90 mg/dl predicting the CVD outcome. The
sensitivity and specificity of the FSG criterion were 54.34% and 71.68%, respectively. The AUC was 0.665 (95%
Cl1 0.656-0.675, P< 0.0001). The adjusted hazard ratio show that FSG is associated with 2.34 increase in CVD
risk using MASHAD cutoff point (HR 2.34, 95% 1.73-3.17, P< 0.001).

Conclusions: These findings suggest that not only FSG and lipid profile are related to CVD outcome in the
MASHAD study, but also elevated fasting glucose levels is strongly associated with cardiovascular events in
this population. Besides, the fasting glucose at a threshold of 90 mg/dl can be used for screening cardiovascular
events among the Iranian population.
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Introduction

Cardiovascular disease (CVD) is the leading
cause of morbidity and mortality globally, and in
Iran there has been a rising prevalence of CVD
(1). Impaired glucose tolerance often progresses
to overt diabetes mellitus, and is often associated
with dyslipidemia, both important risk factors for
CVD (2). An impaired fasting glucose (IFG) is
also reported to be associated with an increased
risk of CVD (3). There has been considerable
controversy about the diagnostic threshold of the
FPG and the reduction of the cut-off for IFG from
110 mg/dl to 100 mg/dl (4). However, this
threshold may vary for different populations.
There has been a single study that has investigated
the FPG cut-off threshold for determining a high
risk of cardiovascular risk in the Iranian
population (5), but there have been no studies that
have assessed the FSG threshold for CVD
outcomes in this population.

We aimed to determine the relationship
between fasting serum glucose (FSG) and lipid
profile and CVD endpoints, and to establish an
optimal FSG cut-off in the MASHAD cohort
study after nearly 6 years of follow-up.

Materials and methods

The study design of the MASHAD Study has been
described previously (6). In brief, this cohort study
began in 2007 with 9704 participants aged 3565
years and will continue until 2020. The follow-up
being accomplished every 3 years. Informed
consent was obtained from all individuals recruited
to the study. The demographic data,
anthropometric  measurements, lifestyle data
included smoking habits (non, ex- or current
smoker) and education level, also cardiovascular
risk-related questionnaire  was collected. At
baseline, all subjects were free of CVD.

All the participants were followed up to assess
their cardiovascular outcomes. This follow-up
occurred between 2015-2016, during which
patients who reported symptoms of CVD were
asked to attend for a cardiac examination, and to
bring with them any related medical documents.

They attended after fasting at least 12 hours in
order to take blood samples and biochemical
parameters were assessed.

Recumbent blood pressure and
electrocardiography (ECG) were performed on all
participants, and each was examined by a
cardiologist. CVD events were confirmed, based
on the history, previous clinical tests, and medical
examinations including stress echocardiography,
radioisotope, angiography, CT angiography and
exercise tolerance test (ETT) and relevant
available medical records, and were adjudicated
by an electrophysiologist and two interventional
cardiologists.

We excluded stroke patients from our study
since some patients with a stroke had died and
some were reluctant to be examined, nor did we
have access to a MRI to confirm the diagnosis in
all these patients.

To identify the optimal cutoff point of FSG as
a predictor of the CVD events in the Mashhad
study, we undertook receiver operating curve
(ROC) analysis.

Statistical analysis

SPSS version 18 (SPSS Inc, IL, USA) was used
for all statistical analyses. The hazard ratios (HRs)
for CVD outcomes between individuals above
and below the MASHAD and Europeans cutoff
points were estimated using cox proportional
hazard models. MedCalc statistical software 17.2
was used to perform ROC curve analysis. The
level of statistical significance was set at p< 0.05.

Results

Study population

From 9704 participants (mean age 48.07+8.26
years), 235 subjects were confirmed as having a
positive CVD outcome from 2015 to 2016. Of
these, 27 patients had died of a cardiac cause. FSG,
TG, cholesterol, LDL-C, anthropometric indices
and demographic data were significantly higher in
subjects with CVD compared to those without
(Table 1).

ROC graph analysis

Generally, ROC analysis and the area under the
curve (AUC) describes the discrimination
between diseased and normal cases at the best
threshold for a diagnostic marker (7). As
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shown in Fig. 1, we determined that the optimum
cut-off point of serum glucose as 90 mg/dl in
predicting CVD outcomes in the MASHAD
population sample. The sensitivity and specificity
of the FSG criterion (90 mg/dl) were 54.34% and
71.68%, respectively. The AUC was 0.665 (p<
0.0001).

FSG and lipid profile of the MASHAD cohort
study before and after CVD outcome

Table 2 summarized the comparison of the
changes in biochemical features at baseline and
follow up of participants with and without CVD.
The results show that the serum FSG (p= 0.006),
cholesterol (p< 0.001), and LDL-C increased
significantly in participants with CVD (p<
0.001). There were no significant changes in

serum TG and HDL-C between baseline and
follow up in patients with and without CVD.

Hazards Ratios for CVD according to FSG

In Table 3, Cox’s proportional hazard models
were used to estimate CVD outcomes according
to the cut points of blood glucose of European
(proposed by IDF and World Health
Organization (WHO)) (8) and the MASHAD
study. The HR for CVD events showed that a
FSG above the threshold was associated with
more than a 3-fold increase in risk. Moreover,
the unadjusted HR was approximately similar in
two groups. There were no significant changes
after adjustment for variables such as sex, age,
dyslipidemia, hypertension, BMI and smoking
status mentioned in the models 2-6.

Table 1. Fasting Glucose, lipid profile and anthropometric data of patients with C\VVD compared to the rest of the population.

CVD event N=235

Without CVD event N=8078  pvalue

Age (vear) 54.22+6.99 47.92+48.23 0.001

Male 105 (46.7) 3840 (40) 0.026
Gender n (%)

Female 120 (53.3) 5767 (60)
BMI (kg/m2) 28.79+4.50 27.88+4.74 0.004
Waist circumference (cm) 98.87+£10.10 95.14+12.07 0.001
Hip circumference (cm) 104.10+9.38 103.72+9.33 0.542
TG (mg/dl) 139.00 (100.25-217.50)  120.00 (84.00-171.00) 0.001
Cholesterol (mg/dl) 199.38+42.63 191.15+39.04 0.002
HDL-C (mg/dl) 40.0849.10 42.93+9.96 0.001
LDL-C (mg/dl) 121.97+35.63 116.40+35.29 0.020
FSG (mg/dl) 118.35+62.15 92.02+38.31 0.001
Education level ;ﬂgglrgilggma 7505(972) 214(28) 0210
n(%) gﬁg‘éf g‘i'glt‘) L 9(979) 21 (21)

non 5916 (97.7) 142 (2.3)
Smokingn (%) ex 827 (95.3) 41 (4.7)

current 1789 (97.2) 52 (2.8)

BMI body mass index, LDL-C low-density lipoprotein, HDL-C high-density lipoprotein cholesterol.

Values are expressed as mean + SD and median.
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Table 2. Comparison of the changes in biochemical features at baseline and follow up in participants with and without CVD.

Patients with Subjects without
CVD (N=235) CVD (N=411)
Baseline Follow Difference at Basgline Follow Difference at pvalue’
up follow-up up follow-up

FSG 118%6+ 15106 00000 9392+ 121524 oo icpen 0006
(mg/dI) 60.14 #7720 I 39.74 63.29 R '
p value <0.001 <0.001

139 143 124 134
TG(mg/dl) (10125 (1115  -4.26+8748 (86-178) (100.75- 342410523 0211

21550) 1905) 196)
p value 0532 0565
Cholesterol 19745+ 20355 19227+ 219.88+
(mg/dl) 4348 toog 60945568 4248 5350 27.60455.52 <0.001
p value 0.161 <0.001
HDL-C 402648, 4381+ 4252+ 4828+
(mg/d) 9 1150 354+1241 a4 1130 5.76+10.98 0210
p value <0.001 <0.001
LDL-C 12178+ 13005 11371+ 141,50+
(ma/dl) %56 g 8264198 3888 4285 27.78+4548 <0001
p value 0.030 <0.001

*Changes in biochemical features at baseline and follow up in patients with and without CVD adjusted for age and sex
using general linear model and repeated measurements.

Table 3. Hazard Ratios of CVD outcomes according to the FSG of MASHAD cohort study participants at baseline.

Europeans cut point (>100) (mg/dl) MASHAD cohort study cut point (>90) (mg/dl)
Cox Cox
proportional HR (95% CI) p value proportional HR (95% CI) p value
hazard models hazard models

Model 1 3.89(2.91-5.21) <0.001 Model 1 3.40 (252-4.54) <0.001
Model 2 2.85(2.12-3.83) <0.001 Model 2 2.58(1.92-3.48) <0.001
Model 3 2.78 (2.06-3.75) <0.001 Model 3 254 (1.88-342) <0.001
Model 4 2.79 (2.07-3.76) <0.001 Model 4 2.55 (1.89-3.44) <0.001
Model 5 257 (1.91-347) <0.001 Model 5 2.36 (1.75-3.19) <0.001
Model 6 255 (1.88-3.44) <0.001 Model 6 2.34(1.73-317) <0.001

Cl, confidence interval; HR, hazard ratio.

Model 1, Unadjusted; Model 2, Adjusted for sex and age; Model 3, Adjusted for sex, age and dyslipidemia; Model 4,
Adjusted for sex, age, dyslipidemia and smoking status; Model 5, Adjusted for sex, age, dyslipidemia, smoking status
and hypertension; Model 6, Adjusted for sex, age, dyslipidemia, smoking status, hypertension and BMI.
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Fig. 1. ROC curve of FSG for detecting CVD outcomes in the MASHAD study. The 90 mg/dl cut-off value for fasted
serum glucose gave the optimal sensitivity plus specificity for predicting CVD outcomes.

Discussion

Few studies have investigated the cardiovascular
outcomes according to different cut-offs for
fasting serum glucose levels (1, 2).

Different ethnic groups vary in their
susceptibility to CVD, and different glycemic
thresholds have been wused in different
populations. These cut-offs differ for the
populations studied. On the other hand, data for
tracking these thresholds in various ethnicities
and races is limited (5); hence, it is of importance
that optimal fasting glucose cut-offs are
identified for the Western Asian population.

The association between FSG with CVD risk
factors has been reported previously (3), and is
consistent with our findings. Our findings
support the study of Shaye et al. who have also
reported that systolic blood pressure, family
history of CVD, TG and LDL-C levels are
associated with elevated fasting glucose levels
and a high normal range of FSG may help to
predict CVD event. They also showed CVD risk
was higher in individuals who had high ‘normal
range’ of FPG (95-99 mg/dl) compared to the
subjects with FPG levels < 80 mg/dl, (HR 1.53;
Cl 95% [1.22-1.91], p< 0.001) (9).
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Our findings also support the results of a
study among Korean adults in which it was
shown that IFG can predict CVD events. In this
study, age-adjusted HR for CVD were 1.17 (95%
Cl 1.13-1.20) for subjects with FSG 100-109
mg/dl, 1.30 (1.24-1.35) for subjects with FSG
110-125 mg/dl, and 1.81 (1.75-1.86) for diabetic
participants (4).

TG changes were statistically significant
between baseline and follow-up, after a CVD,
however in the current study we did not find
changes in TG, one reason for this may be that
60.2% of patients who had cardiovascular event,
were placed on statin therapy which in addition
to reducing serum LDL cholesterol, also has a
modest effect on serum TG (10). Furthermore,
serum fasted TG values are also affected acutely
following a CV event, and then may return to
normal. We did not specify the time interval after
an event in the follow-up protocol.

There were no significant differences in
changes of HDL-C at baseline and follow up in
patients with and without CVD adjusted for age
and sex. Briel et al. in their meta-regression
analysis suggested that the risk of coronary
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heart disease does not change significantly with
increasing circulating HDL-C (11), which is in
agreement with our study:.

The most important finding of the current
study was that an optimal cut-off value for
fasting serum glucose concentrations for
predicting CVD events in our population was
lower (90 mg/dl) compared to the ADA Expert
Committee recommendations (12). It was found
that CVD risk was substantially higher in our
population who had FSG of 90 mg/dl, and this
increased risk was similar to those at the
European threshold (100 mg/dl). Esteghamati et
al. found that cardiovascular risk factors
increased at a FPG of 90-95 mg/dl, as our data
indicated (5).

Huang et al. assessed the optimal FPG cut off
points for predicting metabolic syndrome (MetS)
and further type 2 diabetes (T2D) and CVD in an
aged Taiwanese population with normal FPG
values. FPG Cut-off points obtained for MetS
were 93 mg/dl for males and 92 mg/dl for
females. The group with high FPG had a higher
incidence rate of CVD for females (HR: 1.24,
95% CI: 1.015-1.515, p= 0.035) (13). The
current study also showed an incidence rate of
CVD that increased 2.55 and 2.34-fold in the
group with a high-FPG compare to the group
with a FSG of < 90 mg/dl, according to the FSG
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