ORIGINAL ARTICLE J Nepal Med Assoc 2011;51(184):157-63

Association of Cardiovascular Risk Factors in Hypertensive Subjects
with Metabolic Syndrome Defined by Three Different Definitions

Shrestha R, Jha SC?, Khanal M?, Gyawali P, Yadav BK3, Jha B®

IDepartment of Biochemistry, Nepal Medical College, Kathmandu, Nepal 2Department of Medicine, Tribhuvan University
Teaching Hospital, Kathmandu, Nepal. *Department of Biochemistry, Tribhuvan University Teaching Hospital, Kathmandu,
Nepal

ABSTRACT

Introduction: Different authorities have put forward their criteria to define metabolic syndrome
(MetS). The aim of this study was to find the prevalence of MetS in hypertensive individuals by
the available three different definitions from National Cholesterol Education Program (NCEP),
International diabetes Federation (IDF) and WHO and their association with other cardiac risk
factors.

Methods: After anthropometric measurements fasting blood was analyzed for glucose, lipids,
high sensitivity C-reactive protein (hsCRP) and anti-oxidized LDL antibody in 150 hypertensive
individuals. A ten-year coronary heart disease risk was predicted using the Framingham risk score
(ERS).

Results: The prevalence of MetS was 54.7 % by NCEP, 42.0 % by IDF) and 18.7 % by WHO. As
many as 63.4 % had MetS by any definition, while only 9.4 % fulfilled all the criteria of the three
definitions. The association of cardiac risk factors also varied according to the definition used. hsCRP
was significantly elevated in MetS compared to non-MetS. Body mass index, waist circumference
and HDL-C were associated in MetS defined by NCEP and IDF. FRS was higher in MetS defined by
Adult Treatment Panel and WHO definitions. An increase in urine albumin and a decrease in eGFR
were associated with MetS individuals defined by WHO only.

Conclusion: There is a wide variation in the prevalence of MetS and associated cardiac risk factors
according to three different definitions used. The different cardiac risk factors among MetS also vary
with the definitions used. However, hsCRP and emerging risk factor are significantly elevated in
hypertensive individuals with MetS as defined by all definitions
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compared with any other regions globally, and subjects
with metabolic syndrome face a twofold increased risk
of all-cause mortality and a two to threefold increased
risk of cardiovascular mortality.* The constellation of
major risk factors, life-habit risk factors, and emerging
risk factors constitutes MetS, that includes abdominal
obesity, atherogenic dyslipidemia (elevated triglyceride,
small LDL particles, low HDL cholesterol), raised blood
pressure, insulin resistance (with or without glucose
intolerance), and prothrombotic and proinflammatory
states. Different authorities have put forward their
criteria to define MetS. There is a paucity of data
regarding the prevalence of MetS in both the general
population and hypertensive subjects in this country.
This study was designed to find the prevalence of MetS
in hypertensive individuals by three different definitions
and their association with other cardiac risk factors.

METHODS

A total of 150 hypertensive individuals (71 men and
79 women) of age between 30 to 74 years were
recruited randomly from the medical OPD of the
Tribhuvan University Teaching Hospital (TUTH).
Hypertension was defined by either a blood pressure
(BP) of =140/90 mm Hg or under anti-hypertensive
medication. Individuals with any chronic disease,
pregnancy-induced hypertension and those using lipid-
lowering drugs were excluded from the study. The
waist circumference (WC) was measured at the highest
point of the iliac crest during minimal respiration. The
weight and height were recorded for the calculation
of the body mass index (BMI). Two readings of BP
were measured using a sphygmomanometer in the
seated position after a ten-minute rest period and the
mean was used for analysis. A fasting blood sample
was collected for the estimation of glucose, total
cholesterol (TC), triglyceride (Tg), HDL-cholesterol
(HDL-C), estimated GFR (eGFR)%, uric acid, high
sensitivity C-reactive protein (hsCRP) and anti-oxidized
LDL antibody (oxLDL Ab). The albumin-creatinine
ratio (ACR) was determined from urine samples. The
colorimetric method was used for the estimation of
glucose, TC, Tg, HDL, uric acid and creatinine, whereas
hsCRP, oxLDL Ab and urine albumin were estimated by
immunoassay. LDL-cholesterol was calculated using the
Friedewald formula.® Diabetic status was defined by the
2003 American Diabetes Association updated criteria’
diabetes mellitus (DM) present if the fasting blood
glucose (FBG) is = 7.0 mmol/L or if the participants
are under treatment with insulin or oral hyperglycemic
agents. The ten-year coronary heart disease risk was
predicted using Framingham risk score (FRS)® derived
on the basis of age, diabetes, smoking, blood pressure,
total cholesterol and LDL cholesterol, as predictors for
evaluating the cardiovascular risk.
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We used three different definitions to define MetS.
On the basis of the National Cholesterol Education
Program - Adult Treatment Panel-lll (NCEP-ATPIII)® 0,
participants who had three or more of the following
criteria were defined as having the MetS: 1) abdominal
obesity (WC > 102 cm in men and > 88 cm in women),
2) concentration of Tg = 1.7 mmol/L, 3) concentration
of HDL-C < 1.03 mmol/L in men and < 1.29 mmol/L
in women, 4) systolic BP = 130 mmHg or a diastolic
BP = 85 mm Hg), and 5) FBG = 5.6 mmol/L.%"
According to the International diabetes Federation
(IDF) definition'", MetS was defined if subjects have
central adiposity plus two or more of the following four
factors: 1) raised concentration of Tg = 1.7 mmol/L;
2) reduced concentration of HDL-C < 1.03 mmol/L in
men and < 1.29 mmol/L in women; 3) raised blood
pressure: systolic BP = 130 mm Hg or diastolic BP =
85 mmHg; and 4) raised FBG = 5.6 mmol/L. Central
obesity was considered to be present when WC = 90
cm for males and = 80 cm for females. According to
the WHO criteria'?, MetS was defined as the presence
of impaired fasting glucose (= 6.1 mmol/L) with at
least 2 of the following risk factors: 1) obesity (BMI =
30); 2) dyslipidemia (plasma Tg concentrations = 1.7
mmol/L and/or HDL-C levels < 0.9 mmol/L for men and
< 1.0 mmol/L for women); 3) hypertension (= 140/90
mm Hg); and 4) microalbuminuria (urinary ACR = 4.0
mg/mmol).

Consent was taken from each patients before study and
the study was approved by Institutional review board of
TUTH. Data were analyzed using the statistical software
package SPSS 11.5 for Windows (SPSS). Data were
expressed as mean =+ standard error of mean (SEM)
or as percentage frequency. The comparison of the
mean between different groups was done by ANOVA.
Associations of categorical data were tested by x? test.
All the p-value were two- tailed, and those < 0.05 (95
% CI) were considered statistically significant.

RESULTS

Out of the 150 hypertensive participants between the
ages of 30 and 74 years (mean age of 50 years), 71
were men and 79 were women. The mean (+ SEM) age
of men and women was 50.6 = 1.4 and 49.3 + 1.2
years respectively. There was no significant difference
in the BMI between men and women; however, men
had a slightly higher WC (p < 0.05). There was no
difference between men and women in other parameter
except for uric acid, which was found to be higher
in men (p < 0.001). Twenty five (16.6 %) of the
hypertensive subjects were diabetic.

The overall prevalence of MetS in our population was
found to be 82 (54.7 %), 28 (18.7 %) and 63 (42.0
%) using the criteria of NCEP ATPIll, WHO and IDF
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respectively (Table 1). The gender wise prevalence
of MetS is shown in Figure 1. Figure 2 illustrates the
overlap between the different definitions of MetS
in men, women and in the total. The proportion of
subjects who fulfilled all three definitions was 14 (9.4
%). In addition, 18 (12.0 %) had MetS according to the
NCEP ATPIII definition only. Three (2.0 %) had MetS
according to WHO definition only and 10 (6.7 %) had
MetS according to the IDF definition only.

Table 1. Prevalence of the components of metabolic
syndrome by three definitions (NCEP-ATPIIl, WHO and
IDF)

Male Female Total
N=71) N=79 N=
0 (%) n %) 150)
n (%)
NCEP ATP I
One component 10 (14.1) 8 (10.1) 18 (12.0)
Two components 25 (35.2) 23 (29.1) 48 (32.0)
Three 23(32.4) 24 (30.4) 47 (31.3)
components
Four components 12 16.9)) 20 (25.3) 32 (21.3)
Five components 1 (1.4) 4 (5.1) 5 (3.3)
MetS 35(49.3) 47 (59.5) 82 (54.7)
WHO
One component 10 (14.1) 11 (13.9) 21 (14.0)
Two components 30 (42.3) 33 (41.8) 63 (42.0)
Three 19(26.8) 23(29.1) 42 (28.0)
components
Four components 12 (16.9) 9 (11.4) 21 (14.0)
Five components 0 (0.0) 3(3.8) 3(2.0)
MetS 12 (16.9) 16(20.3) 28 (18.7)
IDF
One component 11 (15.5) 4 (5.1) 15 (10.0)
Two components 19 (26.8) 22 (27.8) 41 (27.3)
Three 18 (25.4) 28(35.4) 46 (30.7)
components
Four components 21 (29.6) 18 (22.8) 39 (26.0)
Five components 2 (2.8) 7 (8.9) 9 (6.0)
MetS 32 (45.0) 31(39.2) 63(42.0)

The baseline characteristics of hypertensive subjects
fulfilling the three definitions of MetS are shown in
Table 2. Cardiac risk factors - BMI, WC, FBG, TC, Tg,
HDL-C, hsCRP and FRS were significantly different
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(P < 0.05) when comparing those with and without
MetS by the NCEP ATPIII guideline. In addition to this,
there was also significant increase in the uric acid level
in MetS as defined by IDF. In contrast, there was no
significant difference in the BMI and WC among MetS
and without MetS as defined by the WHO definition.
However, there was a significant increase in age and
ACR, and decrease in eGFR among MetS defined by
WHO (p < 0.05).
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Figure 1: Gender wise prevalence of MetS, by three
definitions (NCEP-ATPIIl, WHO and IDF)

Figure 2: Prevalence of the metabolic syndrome
(MetS) according to the three definitions used (NCEP
ATPIIl, WHO, IDF) in men, women and total.

The proportion of cases fulfilling each of the MetS
criteria is presented in Table 3. Among MetS defined
by the NCEP ATPIII, 82.9 % and 81.7 % had decreased
HDL-C and increase Tg respectively. According to the
WHO definition, 89.0 % of MetS had dyslipidemia.
76.2 % and 71.4 % of MetS had a decrease in the
HDL-C and an increase the Tg respectively as defined
by IDF (Table 3). The association of different grade of
risk as indicated by the emerging risk factor - hsCRP
and FRS among MetS by the three definitions is shown
in Table 4.

ISSUE 184 | OCT-DEC, 2011



Shrestha. at.al Association of Cardiovascular Risk Factors in Hypertensive Subjects with Metabolic Syndrome ...

Table 2. Baseline characteristics in relation to the presence of the metabolic syndrome, by three definitions (NCEP-
ATPIIl, WHO and IDF)

NCEP ATP Il WHO IDF
No Yes No Yes No Yes

N 68 82 122 28 87 63
Age (Years) 48.5 (1.3) 51.2 (1.3) 48.8 (1.0) 55.2 (1.9)1 49.1 (1.2) 51.3 (1.4)
Men (%) 36 (52) 35 (43) 59 (48) 12 (43) 39 (45) 32 (51)
Systolic BP (mm Hg)  139.3 (2.4)  141.6 (2) 139.6 (1.7)  144.8 (3.5) 139.8 (2.0) 141.7 (2.3)
Dystolic BP (mm Hg) 92.7 (1.3) 93.4 (1) 93.2 (0.9) 92.3 (1.6) 92.9 (1.1) 93.3 (1.1)
BMI (Kg/m2) 24.0 (0.4) 27.1 (0.6)1 25.7 (0.4) 25.7 (0.8) 23.4 (0.5) 28.8 (0.4)1
WC, Men (cm) 81.8 (1.41) 91.5 (1.2)1 87.36 (1.2) 83.0 (2.2) 80.3 (1.2) 94.2 (0.7)t
WC, women (cm) 78.91 84.1 (1.5)1 81.7 (1.2) 83.2 (2.4) 77.6 (1.2) 88.7 (1.2)t
FBG (mmol/L) 4.8 (0.1) 5.8 (0.2)t 4.8 (0.1) 7.9 (0.4)t 5.2 (0.1) 5.6 (0.3)
eGFR (ml/min) 78.7 (2.3) 77 (2.6) 80 (1.9) 68 (3.9)t 74.8 (2.2) 81.8 (3)
Uric acid (mmol/L) 329.8 (10.8) 357.2 (11.8) 342.5 (8.4) 354.9 (24.3) 330.6 (10.9) ‘(31614.'83”
Cholesterol (mmol/L) 4.9 (0.2) 5.4 (0.1)1 5.1 (0.1) 5.7 (0.2)1 5.2 (0.1) 5.1 (0.2)
HDL-C (mmol/L) 1.1 (0.0) 1(0.0)t 1(0.0) 1(0.0) 1.1 (0.0) 1(0.0)t
LDL-C (mmol/L) 3.1(0.2) 3.3(0.1) 3.1(0.1) 3.5 (0.2) 3.3 (0.1) 3.1(0.2)
Tg (mmol/L) 1.4 (0.1) 2.4 (0.2)t 1.8 (0.1) 2.4 (0.2)1 1.8 (0.1) 2.2 (0.2)1
TC/HDL ratio 4.6 (0.2) 6.2 (0.3)1 5.3 (0.2) 6.2 (0.5) 5.2 (0.2) 5.8 (0.3)
Smoker (%) 13 (19) 13 (19) 21 (17) 5(18) 12 (14) 14 (22)
Diabetic (%) 5(7.3) 20 (24.4) 2(1.6) 23 (82.1) 1 12 (13.8) 13 (20.6)
hsCRP (mg/L) 2.9 (0.5) 6.5 (0.9)t 4 (0.5) 8.7 (1.8)t 4.0 (0.6) 7.1 (1.3)1
oxLDL (U/L) 38.7 (3.1) 44.9 (2.7) 40.4 (2.2) 49.3 (5.6) 41 (2.9) 43.6 (2.7)
ACR* (mg/mmol) 6.4 (1.3) 7.1 (1.4) 5.3 (0.8) 13.4 (3.6)1 6.9 (1.2) 6.7 (1.6)
FRS** 10 (0.9) 17.2 (1.5)t 11.4 (0.8) 24.9 (3.0)1 13 (1.2) 156.3 (1.6)

tp < 0.05 (mean comparison between MetS and Non-MetS by ANOVA).
Values are means (SEM) or proportions (%).

*Albumin Creatinine ratio, **Framingham Risk Score.

NCEP-ATPIII, National Cholesterol Education Program- Adult Treatment Panel Ill; WHO, World Health Organization;

IDF, International Diabetes Federation.
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MetS (n)

MetS criteria:

Hypertension, n (%)

Hyperglycaemia, n (%)

Low HDL cholesterol, n (%)
Hypertriglyceridaemia, n (%)
Waist increased, n (%)

BMI increased, n (%)

Increased ACR, n (%)

Total HTN Subjects (N)

MetS criteria:

Hypertension, n (%)
Hyperglycaemia, n (%)

Low HDL cholesterol, n (%)
Hypertriglyceridaemia, n (%)
Waist increased, n (%)

BMI increased, n (%)

Increased ACR, n (%)

NECP ATPIII

82

82 (100)

30 (36.6)
68 (82.9)
67 (81.7)
34 (41.5)

150

150 (100)
33 (22.0)
95 (63.3)
79 (52.7)
41 (27.3)

WHO

28

28 (100)

24 (85.7)
15 (563.6)*
20 (71.4)*
5(17.9)
22 (78.6)
150

150 (100)
26 (17.3)
61 (40.7)
79 (62.7)
23 (15.3)
71 (47.3)

Table 3. Proportion of individuals with MetS (NCEP-ATPIIl, WHO or IDF) fulfilling each criteria of the syndrome

IDF

63

63 (100)

16 (25.4)
48 (76.2)
45 (71.4)
63 (100)

150

150 (100)
33 (22)
95 (63.3)
79 (562.7)
75 (50)

The definitions of risk factors vary between the definitions of the MetS. *According to WHO, 89 % of MetS
had dyslipidaemia, 71.4 % had triglycerides > 1.7 mmol/l and 53.6 % had low HDL cholesterol (men < 0.9

mmol/l, women < 1.0).

Table 4. Association of the grade of risk according to hsCRP and FRS among Mets by the three definitions

WHO

NCEP ATP Il
Non MetS MetS Non MetS
(n = 68) (n = 82 (n = 122)
hsCRP*
Mild Risk 28 (41.1) 17 (20.7)1 40 (32.8)
Moderate Risk 19 (27.9) 22 (26.8) 35 (28.7)
High Risk 21 (30.9) 43 (52.4) 47 (38.5)
FRS**
Mild Risk 40 (58.8) 30 (36.6) 63 (561.6)
Moderate Risk 23 (33.8) 27 (32.9) 44 (36.1)
High Risk 5 (7.3) 25 (30.5) 15 (12.3)

MetS
(n = 28)

5 (17.8)
6 (21.4)
17 (60.7)

7 (25.0)1
6 (21.4)
15 (53.6)

IDF

Non MetS
(n = 87)

31 (35.6)
23 (26.4)
33 (37.9)

44 (50.6)
29 (33.3)
14 (16.1)

MetS
(n=63)

14 (22.2)
18 (28.6)
31 (49.2)

26 (41.3)
21 (33.3)
16 (25.4)

*hsCRP; Mild risk (< 1.0 mg/L), Moderate risk (1 - 3 mg/L), High risk (> 3.0 mg/L) **FRS; Mild risk (< 10

%), Moderate risk (10 - 20 %), High risk (> 20 %) tp< 0.05 (x2-test)
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DISCUSSION

Identifying individuals at risk for the development of
future coronary events is a critical issue in today’s
medical practice because it enables clinicians to decide
which patients are eligible to receive evidence-based
therapies that can prevent or delay the progression
of atherosclerotic diseases. Assessment of presence
of MetS is one of the clinically-reliable entities for
predicting the risk for cardiac events.'™ The NCEP ATP
Il had identified MetS as a secondary target of risk-
reduction therapy.

In this study, the prevalence of MetS in hypertensive
subjects ranged from 18.7 % to 54.7 %. The frequency
of MetS in females was 59.5 %, 20.3 % and 39.2 %
versus 49.3 %, 16.9 % and 45.0 % in men by ATP
I, WHO and IDF respectively. As many as 63.4 %
had MetS by any definition, while only 9.4 % fulfilled
the criteria of all three definitions. Therefore, there is
a great discrepancy in the prevalence of MetS in the
same study population defined by the three different
definitions, which can no doubt result in a dilemma
for clinicians as to which definition to use. Though the
components of MetS are almost similar in all definitions,
this disparity results due to the use of different cut-off
values of the components used to define MetS. We had
the got highest prevalence of MetS using the definition
by ATP Ill as it uses any three of the five components.
Though the WC cut-off of the IDF is lower than that
of ATP Ill, the higher prevalence using the ATP lll
definition is due to the mandatory criteria of the IDF
definition for central obesity. The prevalence of MetS
is least by the WHO definition because it requires the
presence of impaired fasting glucose, and further, it has
a higher cut-off value for FBG and FRS. Several other
studies have also reported the low prevalence of MetS
by the WHO definition compared to the ATP Ill and
IDF.'*'® The worldwide prevalence of MetS ranges from
< 10 % to as much as 84 %, depending on age, region,
urban or rural environment, ethnicity, and the definition
of MetS used.'®'® To the best of our knowledge, this
is the first study that has attempted, though in a small
sample size, to find out the prevalence of MetS among
hypertensive Nepalese. No national data are available
for comparison so far. Most of our study population
had dyslipidemia. Apart from mandatory component
in each definition, the highest prevalence of metabolic
risk factor is low HDL-C, which is similar to previous
reports.’”® 82.9 % and 76.2 % of MetS had low HDL-C
as defined by ATP Ill and IDF respectively. In contrast,
only 53.6 % of MetS had reduced HDL-C as defined by
WHO, which could be due to the lower cut-off value of
HDL-C used by the WHO definition. The prevalence of
hypertriglyceridemia is highest among MetS defined by
ATP Il (81.7 %).
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This study showed significant difference in the BMI
among MetS and non-MetS as defined by ATP Il and
IDF. Interestingly, though the WHO definition uses BMI
as a component, its difference between MetS and non-
MetS is insignificant. This could be due to fact that the
WHO definition is primarily focused on impaired fasting
glucose and central obesity is not mandatory. One of
the advantage of the WHO definition is that it uses
addition risk factors like urine albumin or ACR. In this
study we found that 78.6 % of MetS defined by WHO
had elevated ACR. Further, there is significant decrease
in eGFR in MetS compared to non-MetS individuals as
defined by WHO. No such difference was seen among
MetS defined by ATP Il and IDF.

We found that hsCRP level is elevated among MetS
compared to non-MetS defined by all three definitions
(p < 0.05). Further, 52.4 %, 60.7 % and 49.2
% of MetS as defined by ATP Ill, WHO and IDF
respectively had hsCRP concentration > 3.0 mg/L.
Several studies have shown that hsCRP is increased
with elements of the MetS, such as hypertension?® and
increased BMI,2"?2 and correlates with Tg and HDL-
cholesterol concentrations.?® Further, it has been shown
that the risk of CVD doubles in MetS with hsCRP > 3.0
mg/L compared to those with MetS with hsCRP < 3.0
mg/L.2* Since hsCRP is the established risk factors for
coronary events, MetS with elevated hsCRP is a high
risk for CVD. In this study, the ten-year predicted risk
by FRS is correlated with MetS defined by ATP Ill and
WHO. 30.5 % and 53.6 % of MetS defined by ATP llI
and WHO had FRS > 20 % (high risk). However, only
25.4 % of MetS defined by IDF had FRS > 20 %. In
this study, one of the most important risk factors i.e.,
LDL-C, did not correlate with MetS defined by all three
definitions, which is in agreement with the study of
Schillaci et al.?® Therefore MetS itself is a poor indicator
of absolute short-term risk as it does not contain key
determinants of short-term risk, such as age, LDL-C
gender, and smoking status. Therefore, MetS should
not be used as a risk assessment tool to estimate short-
term risk. Finally, our study showed that the WHO
definition is the best to recognize diabetes as 82.1 %
of MetS by the WHO definition were diabetic while only
24.4 % and 20.6 % of MetS defined by ATP lll and IDF
respectively were diabetic.

The small number of patients is the main limitation
of this study. Since this study was carried in a single
center, this cannot represent the Nepalese picture as a
whole. Further studies with larger numbers of patients
and in more centers would give the true scenario of the
problem in Nepal.
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CONCLUSIONS

There is wide a variation in the prevalence of MetS

among hypertensive

individuals according to the

different definitions used. Hypertension itself is an
important risk factor for CVD and a number of other

risk factors are associated with hypertension. Apart
from the metabolic risk component used to define MetS
the other risk factors like cholesterol and hsCRP were
significantly elevated in MetS compared to non-MetS
hypertensive individuals.
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