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ABSTRACT

Background: Metabolic syndrome (MetS) increases cardiovascular disease risk due to accelerated
atherosclerosis. Carotid intima-media thickness (CIMT) is an effective, noninvasive screening tool
for atherosclerosis. Hence, we sought to measure the CIMT of male patients with type 2 diabetes
and MetS and attempted to correlate the CIMT values between patients with and without evidence
of ischemic heart disease.

Materials and methods: This was a cross-sectional study conducted on diabetic patients who
met the National Cholesterol Education Program Adult Treatment Panel Ill (NCEP ATP IlI) criteria
for MetS (specified for the Indian population), aged 45-60 years. Each participant completed the
Rose questionnaire and was grouped as either symptomatic or asymptomatic. Further, all patients
were subjected to biochemical tests, electrocardiography (ECG), CIMT, echocardiography (ECHO),
and ankle-brachial pressure index (ABPI). Those who showed no evidence of ischemia on ECG
and ECHO were subjected to exercise stress testing (treadmill test). Abnormal ECG, ECHO, and
treadmill test results indicating ischemic heart disease were used to group patients into ischemic
and nonischemic groups.

Results: A total of 128 patients who met the inclusion criteria were recruited. The values of CIMT
ranged from 0.62 to 0.76 mm. The CIMT values between the ischemic and nonischemic groups were
found to be similar. However, CIMT values were consistently higher in patients with MetS compared
to the general population CIMT values based on prior studies in India across all age-groups. The
Rose questionnaire served as a good screening tool, with a negative predictive value of 86% for
the detection of ischemia in asymptomatic patients. Among the other parameters, the critical value
of ABPI was found to be higher in the ischemic group [1.1 (1-1.12) vs 1 (0.85-1.075), p = 0.004].
Conclusion: While CIMT was not a reliable indicator of ischemic heart disease in patients with
MetsS, its consistently elevated values compared to those of the general population suggest that
it could serve as a valuable marker of atherosclerosis. The ankle-brachial pressure index (ABPI) has
consistently proven to be a reliable and repeatable indicator of ischemia. Due to the high incidence
of silent ischemia in this study group (12.9%), further research on early markers of ischemia and
atherosclerosis is warranted.
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nearly 1.9-2.2 in patients with uncontrolled
hypertension,*® combined, projecting much
higher numbers for cardiovascular mortality
and morbidity attributed to MetS. Hence,
the topic of early detection of MetS and,
consequently, ischemic heart disease (IHD)
has garnered a lot of interest in recent years.

Carotid intima-media thickness (CIMT)
has been a noninvasive screening tool for
atherosclerosis for decades. Multiple studies
have shown a significant correlation between
CIMT values and the risk of CVD. The relative
risk of CVD increases by 15% for every 0.1 mm
increase in CIMT.® This raises the hypothesis
that increasing atherosclerotic risk factors
will increase the CIMT and may help predict
ischemia. Ischemia can be predicted by
stress treadmill testing, which has a positive
predictive value of >85% in high-risk groups,

INTRODUCTION

Metabolic syndrome (MetS) is a complex
of multiple atherosclerotic risk factors.
The worldwide prevalence is estimated to
be 30-35% among adults." Over the years,
insulin resistance and obesity have been
repeatedly emphasized as the prerequisites
of MetS. A chronic hyperglycemic milieu
develops owing to insulin resistance, and
diabetic vasculopathy develops. It can
present with cardiovascular disease (CVD)
due to advanced glycation end products,
oxidative stress, and chronic low-grade
inflammation.? Obesity adds to this by the
deposition of cholesterol esters in vessel walls
and endothelial dysfunction.’

The hazard ratio of cardiovascular risk
is 1.2-1.6 in patients with diabetes and

such as patients with diabetes.” Hence, in
this study, we sought to measure the CIMT of
male patients with type 2 diabetes and MetS
and study its relationship with ischemia by
comparing CIMT between patients with and
without ischemia.

MATERIALS AND METHODS

Study Design

We conducted a cross-sectional study in which
132 patients were screened for eligibility, and
128 were recruited from the general medicine
department of a tertiary care hospital. The
study duration was 2.5 years.

The inclusion and exclusion criteria are
givenin Table 1.

Study Procedure

After enrollment based on the screening
criteria, all consenting participants were
administered the Rose questionnaire in
their language of preference and were
divided into those with and without angina.
All participants were also subjected to
biochemical tests, electrocardiography
(ECG), CIMT, echocardiography (ECHO),
and ABPI. Biochemical investigations were
collected from each participant following
a minimum of 8 hours of overnight fasting.
Triglycerides and high-density lipoprotein
(HDL) were measured. Glycated hemoglobin
(HbA1c) and urine protein-creatinine ratio
(PCR) were performed routinely as part of
their outpatient department (OPD) diabetic
workup. ECG was performed and analyzed for
ischemic changes using the Minnesota Code
and manual reading. Two-dimensional (2D)
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ECHO with color flow was performed to look
for any regional wall motion abnormalities
or thinning of wall segments suggestive
of ischemia. ABPl was measured using a
handheld Doppler.

Those who showed no evidence of
ischemia on ECG and ECHO were subjected
to exercise stress testing (treadmill test).
During the stress test, patients were made
to run for up to 9 minutes to the third stage
of the standard Bruce protocol. Peak exercise
on the treadmill test (TMT) was defined as
the point at which the subject attained the
predetermined heart rate (220—age in years)
or exhaustion, whichever occurred earlier.
TMT was considered inconclusive if the patient
was unable to complete the second stage
of TMT, was unable to achieve the target
heart rate, or failed to achieve the minimum
metabolic equivalents (METs). A positive TMT
was defined as =2 mm rapidly upsloping or
>1 mm horizontal ST depression in concordant
leads that persisted beyond stage Ill of the
Bruce protocol. Based on the TMT results,
patients were reclassified into ischemic and
nonischemic groups.

The CIMT values were measured for all
recruited patients. CIMT was measured in the
distal 1 cm during diastole by ECG gating on
the GE Color Doppler Vivid P3 system. The
maximum and minimum values generated
by the machine were noted on both sides and
compared between the two groups.

Table 1: Recruitment criteria

Statistical Analysis

For sample size calculation, the software
OpenEpi version 2.0 was used. The normality
of the data was assessed using the Shapiro-
Wilk test. The continuous data were expressed
as the mean with standard deviation or the
median with interquartile range, based on
the distribution. Intergroup comparisons
were performed using Student’s t-test or the
Kruskal-Wallis test, based on the number
of groups. The categorical variables were
assessed using the Chi-squared test. A
p-value of <0.05 was considered statistically
significant. All statistical analyses were
performed using Statistical Package for the
Social Sciences (SPSS), IBM SPSS version 28.

Figure 1 shows the key for the terms
used in the recruitment flow diagram. This
is followed by the recruitment flow diagram
(Fig. 2).

OBSERVATIONS AND RESULTS

This study included 128 patients. The
median age of the study population was
53.5 years, with an average duration of
diabetes of 6 years and a median glycated
hemoglobin (HbA1c) level of 8.7. Though
the age bracket was 45-60 years, nearly half
of the population was aged 54 years and
above. Thirty-five percent of the patients
had diabetes for <5 years, and 33.5% had
diabetes for 5-10 years; hence, patients with

Inclusion criteria

Exclusion criteria

Males aged 45-60 years with type 2 diabetics
with the presence of any 2 of the following four
conditions:

Increased waist circumference (males =90 cm
and for females >80 cm)

Hypertriglyceridemia =150 mg/dL

Low HDL (male <40 mg/dL and for females <50
mg/dL)

Elevated blood pressure (systolic blood
pressure =130 mm hg and/or diastolic blood
pressure =85 mm hg or Rx for hypertension)

Chronic kidney disease

Connective tissue disorders

Diagnosed cases of human immunodeficiency
virus infection

Intensive long-term statin therapy (=20 mg/
day Atorvastatin or 5 mg/day Rosuvastatin
consistently for 1 year)®

Prior diagnosis of acute coronary syndrome
(unstable angina/ non-ST elevation myocardial
infarction/ST elevation myocardial infarction)

Ischemic changes on ECG - Major Q waves, ST-T changes, New onset LBBB
Ischemic changes on ECHO -Regional Wall Motion Abnormalities (RWMA), thinned out

segments, reduced ejection fraction
Unfit - Unable to complete 1%t stage of TMT

Inconclusive - Unable to complete 2" stage of TMT, inability to achieve target Heart Rate

or minimum Metabolic Equivalents (METS)

Positive -> 2mm rapidly up-sloping or = 1 mm horizontal ST depression in concordant leads

that persist beyond stage Ill Bruce protocol.

Negative - No ST-T changes throughout the 9 minutes of Stress testing

F/U-Follow up

Fig. 1: Key to the flow diagram

early diabetes comprised the majority of
the participants. Among the 95 participants
who had hypertension, 47.6% had been
diagnosed <5 years earlier. Eighty percent of
the study population had dyslipidemia, with
triglycerides (TG) having a median value of
151.5 mg/dL and high-density lipoprotein
(HDL) having a mean value of 39.42 mg/dL.
The median ABPI was found to be 1.05. The
baseline characteristics of all recruited
patients are given in Table 2.

On comparison of the baseline
characteristics between the two groups, four
parameters showed statistically significant
differences. Waist circumference and
triglyceride levels were lower in the ischemic
group, whereas the HbA1c and ABPI were
higher in the ischemic group. Confounding
factors for atherosclerotic ischemia, such as
anemia and smoking, were also compared
between the two groups, and there was
no statistically significant difference. The
proportion of silent ischemia was 12.9%.
Plaques were present in 7.8% of the patients.
A comparison of all characteristics studied
between the ischemic and nonischemic
groups is given in Table 3.

The higher values were consistently
observed for the left CIMT, for both the
maximum and average values, ranging from
0.62 to 0.76 mm. The median of the entire
data set was 0.70 mm (0.60-0.825). There
was a steady increase in the CIMT values as
the number of criteria for MetS increased,
but it was not statistically significant. Average
CIMT values were higher than the general
population values, 0.632 +0.156 mm vs 0.582 +
0.08 mm, as reported in the SCORE-India trial.”

Table 2: Baseline characteristics (all data sets are
nonnormal in distribution except HDL and Hb)

Parameter Mean + SD/median
(IQR)

Age (in years) 53.5(47-57)

Duration of diabetes 6 (4-10)

(in years)

Duration of 3(1-6)

hypertension (in

years) (95)

Waist circumference 98 (90-102)

(incm)
TG (mg/dL) (115)
HDL (mg/dL) (116)

151.5(115-247)
39.42 (+10.39)

HbA1C (%) (98) 8.7 (7.4-10.3)
Urine PCR (81) 0.20 (0.14-0.55)
ABPI 1.05(0.98-1.12)

Hb (mg/ dL) (83) 12.59 +£2.385

Hb, hemoglobin; HbA1c, glycated hemoglobin;
HDL, high-density lipoprotein; PCR, protein creati-
nine ratio; TAG, triacylglycerol
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Excluded - 4

3 - Deranged creatinine
in last 3 months
1-Previous ACS

Recruited

Ross Questionnaire

Angina (+) 50 Angina (-) 78
ECG with is chemic
changes and ECHO '4—

RWMA+-2

ECG showing is
chemic changes - 0

v v
ECG without is ECG without is

chemic changes - 48 chemic changes - 78

ECHO shows
RWMA+-1

ECHO shows
RWMA+-4

A 4 v
ECHO without is ECHO without is
chemic changes - 44 chemic changes - 77

TMT done - 39 TMT not done - 5 TMT done - 60 TMT not done - 17
| |
Relocated - 1 Lost¢to F/u-3 Di(jd-1 Relocited -3 Loi to F/U-9 Diet - 1| | Diabetic foot-3
Stroke - 1
Positive - 7 | [Negative - 23| |Inconclusive-8| |Unfit-1 Positive - 6 | | Negative-46 | |Inconclusive - 5 Unfit-3
Fig. 2: Recruitment flow diagram
Table 3: Comparison of the baseline characteristics between the ischemic and nonischemic groups
Parameters Nonischemic group Ischemic-group p-value
Age (in years) 53 (45-57) 53.5 (47.5-57) 0.3910
Duration of diabetes (in years) 6(3-10) 6.5 (4-15) 0.372
Duration of hypertension (in years) (95) 1(0-4) 1(0-5.5) 0.87
Waist circumference (in cm) 99 (92-105) 92 (88.5-98) 0.005
TG (mg/dL) (74) 164 (119-274) 120 (95.5-158.5) 0.0158
HDL (mg/dL) (83) 40.34+£9.84 394+11.88 0.64
HbA1C (%) (98) 8.3 (7.3-9.6) 10.1 (7.7-11.3) 0.044
Urine PCR (59) 0.2 (0.14-0.41) 0.14 (0.085-0.28) 0.13
ABPI 1.1(1-1.12) 1(0.85-1.075) 0.004
CIMT right average (mm) 0.62 (0.53-0.75) 0.61 (0.54-0.715) 0.742
CIMT right maximum (mm) 0.72 (0.6-0.87) 0.75 (0.62-0.8) 0.660
CIMT left average (mm) 0.66 (0.55-0.75) 0.655 (0.5-0.715) 0.423
CIMT left maximum (mm) 0.72 (0.64-0.88) 0.735(0.65-0.84) 0.255
Ex/smokers (%) 22.2 20.0 1.00
Hb (63) 12.51+2.53 13.12+0.911 0.216

The sensitivity and specificity ranged
between 45 and 55%, and the positive
predictive value (PPV) was 25% for CIMT in
predicting any evidence of ischemia. Given
the rising burden of MetS and ischemic heart
disease, these cutoff values may serve as
credible screening tools; however, there was
no statistically significant difference in CIMT
values between the ischemicand nonischemic
groups. Based on our data, the sensitivity of
the Rose questionnaire as a screening tool for

evidence of ischemia was 65%, with a good
negative predictive value of 86%. Additionally,
the ABPI value differed significantly between
the ischemic and nonischemic groups, with
a good sensitivity of 90.65% for predicting
ischemic heart disease at an absolute cutoff
value of 0.9.

Figure 3 shows the receiver operating
characteristic (ROC) curve for the CIMT cutoff
value of 0.75 mm on the right side. Figure 4
shows the ROC curve for ABPI as an indicator

of ischemia, with a cutoff value of 0.9, where
the ABPI curve demonstrates a high sensitivity
of 90.6% for predicting ischemia.

Discussion

Our study consisted of men aged 45-60 years
with MetS, with ECG, ECHO, and treadmill
test (TMT) as the predictors of ischemia.
TMT has lower overall test accuracy for the
identification of coronary artery disease and a
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Fig. 3: Receiver operating characteristic (ROC)
curve for CIMT cutoff of 0.75 mm at the right
maximum values
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Fig. 4: Receiver operating characteristic (ROC)
curve for ABPI as an indicator of ischemia, with a
cutoff of 0.9 (sensitivity, 90.65%; specificity, 35%)

Table 4: Indian studies with CIMT values in MetS or diabetic patients

Study Study population

CIMT values (mm)

PRISM study'®

Sethia et al.’®

116 males and females in
45-60 years

Jose etal.””

Abhishek et al.’®
with MetS

Current study

338 diabetic males and females,
evaluated for silent ischemia

200 males and females, case control
between MetS and non-MetS

100 males and females patients

128 male diabetics with MetS

0.7133 £ 0.022 in TMT positive
vs 0.6624 + 0.029 0.001 in TMT
negative

MetS 0.81 +0.23

non-MetS 0.66 + 0.13

(p < 0.005)

MetS 0.699 + 0.108 vs non-MetS
0.586 + 0.083 (p < 0.001)

0.90 (0.50-1.30)

MetS with ischemia (0.72) vs MetS
without ischemia (0.735)
(p=0.225)

Table 5: Comparison of CIMT values in our study with the general population

Age (in years) MetS patients General population
(SCORE study)’
40-49 (45) Average Maximum 0.582 £ 0.08
0.632+0.156 0.752+0.203
50-59 (83) 0.696 +0.192 0.808 +0.211 0.646 +.14

poor positive predictive value (PPV) in women;
hence, women were excluded.'®"

Among the various parameters assessed,
four were found to be statistically significant
between the ischemic and nonischemic
groups. The glycated hemoglobin (HbA1c)
levels were significantly higher in the
ischemic group. The National Health and
Nutrition Examination Survey (NHANES)
study demonstrated that, among persons
with known diabetes, the cardiovascular
disease (CVD) risk increased progressively
in concordance with HbA1c values.!' The
ABPI was statistically significant (p < 0.004)
between the ischemic and nonischemic
groups. This mirrors worldwide data, which
state that a critical ABPI value doubles the
10-year cardiovascular mortality."”” One
peculiar finding was a statistically significant
difference in the waist circumference and

triglyceride levels between the ischemic and
nonischemic groups, with lower values in the
ischemic group. This can be explained by the
obesity paradox, given that CVD rates have
been consistently demonstrated to be higher
in normal-weight patients with diabetes
compared to obese patients with diabetes.'
In fact, the PROactive study demonstrated
that for every 1% body weight loss, the hazard
ratio for CVD was 1.13."

Carotid intima-media thickness values
between the two groups, though not
statistically higher, showed a PPV of 25% at a
cutoff value of 0.75 mm for the detection of
ischemia. Considering the high morbidity and
mortality of the disease and the rising burden,
this predictive value of CIMT may streamline
the screening process for CVD and help in the
early identification of a significant population.
Our median CIMT values ranged from

0.62t0 0.76 mm.The CIMT values generated in
various Indian studies for patients with MetS
are given in Table 4.

The Seattle Heart Watch study stated that
TMT in asymptomatic individuals was not
predictive of combined adverse cardiovascular
events; however, in patients with one or
more risk factors and two or more abnormal
features on exercise testing, there was a
nearly 30-fold increase in CVD risk."” Given
that our study included men with diabetes
aged 45 years and above, with at least two
additional atherosclerotic comorbidities, all
asymptomatic individuals with a positive TMT,
as indicated by ischemic ST depressions at
moderate metabolic equivalents (METs), had
an increased risk of CVD and were initiated
on lipid-lowering therapy. Table 5 shows a
comparison of CIMT values in our study with
those of the general population.

Our study had a few limitations. The major
limitation of the study was the inability to
classify the inconclusive TMT patients into
ischemic and nonischemic groups. Further
structured workup in the form of contrast
computed tomography (CT) angiography or
stress perfusion imaging could have been
helpful. Also, a large number of patients were
lost to follow-up owing to logistical reasons.

CoNcLUSION

CIMT is a noninvasive, cost-effective
screening tool for atherosclerosis, as our
study consistently showed higher values in
patients with MetS compared to the general
population. However, it had a poor predictive
value for ischemia (as evidenced by Q waves
or ST-T changes on ECG, regional wall motion
abnormalities on ECHO, or a positive TMT)
in high-risk individuals, and there was no
statistically significant difference between
those with and without evidence of ischemia.
ABPI showed a sensitivity of 90.65% for the
screening of ischemia in this group. Further
studies are needed to validate its utility and
toidentify earlier screening tools for ischemia.
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