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Abstract

Objective: Metabolic syndrome (MS) also known as insulin resistance syndrome is a surrogate marker of
insulin resistance (IR). Traditionally this is being diagnosed by Adult Treatment Panel Il (ATP-IIl) and International
Federation of Diabetes (IDF) criteria. Despite mounting evidence in favor of non-alcoholic fatty liver disease (NAFLD),
this has not been yet included as a component of either ATP-III or IDF criteria. We conducted this study to evaluate
if NAFLD could be used as a criterion for identifying metabolic syndrome.

Methods: Setting: Single center observational study in Gastroenterology OPD at SCB Medical College, Cuttack.

Subjects: Consecutive subjects presenting with functional bowel disease were included; these included 68
NAFLD subjects and 200 subjects with normal liver on ultrasonography.

Investigations: All 268 subjects were evaluated for the presence of metabolic syndrome by ATP-IIl and insulin
resistance by HOMA IR method. NAFLD subjects were compared with those with metabolic syndrome for presence
of insulin resistance

Results: Patients with NAFLD had higher HOMA-IR than those with metabolic syndrome (2.34+1.01 vs.
1.79+1.01; p<0.000). Presence of NAFLD can detect insulin resistance with a sensitivity of 78.0% and specificity of
86.3 % with an odds ratio of 25.55 (95%CIl: 11.51-56.70) which is better than that of metabolic syndrome diagnosed by
ATP-lll criteria (sensitivity 71.43%, specificity 70.32%; OR: 5.92, 95%Cl: 2.99-11.74). Multivariate logistic regression
analysis showed that fatty liver was an independent predictor for insulin resistance and metabolic syndrome.

Conclusion: NAFLD alone is a better predictor for insulin resistance than existing ATP-Ill criteria. Hence NAFLD

should be used as a surrogate marker for metabolic syndrome.
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Ratio; LR-: Negative Likelihood Ratio

Introduction

Metabolicsyndromeis defined asa constellation of certain metabolic
abnormalities that render an individual at higher risk for subsequent
development of cardiovascular disease (CVD) and diabetes mellitus
(DM) [1]. The concept and criteria for this syndrome were evolved by
the World Health Organization in 1998 [2]. This was later modified
by National Cholesterol Education Program (NCEP): Adult Treatment
Panel III (ATP-III) [3] and International Federation of Diabetes (IDF)
[4]. The major features of the metabolic syndrome are central obesity,
hypertriglyceridemia, low high-density lipoprotein (HDL) cholesterol,
hyperglycemia and hypertension. All the components of this syndrome
share insulin resistance (IR) which is the common denominator and
is responsible for the vascular and metabolic sequelae. Despite the
increase in the prevalence of the components of the metabolic syndrome
in obesity [5], all obese subjects do not develop the syndrome, and
on the contrary, even some lean individuals can be insulin resistant

[6,7]. It has been observed that the liver, once fatty, is insulin resistant
[8,9] and overproduces both glucose [9] and VLDL [10] leading
to hyperglycemia, hypertriglyceridemia, and low HDL cholesterol
concentration. Nonalcoholic fatty liver disease (NAFLD) which is
considered as the hepatic manifestation of metabolic syndrome is
defined as fat accumulation in the liver exceeding 5% to 10% by weight
[11], as determined from the percentage of fat-laden hepatocytes by
light microscopy, absence of significant alcohol abuse (not exceeding
20 g/day) and other viral, toxic and autoimmune etiologies. NAFLD
confers upon the patient increased risk for ischemic heart disease and
diabetes mellitus [11]. Inclusion of NAFLD as a criterion for metabolic
syndrome has been proposed [12] but has not yet been incorporated
into any criteria. Therefore, this study was planned to assess the
possibility of NAFLD as a criterion to diagnose metabolic syndrome.
Also, the aim of the study was to assess the validity of NAFLD alone
and in combination with existing criteria to diagnose individuals with
metabolic syndrome.
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Subjects and Methods

It was a single center observational study conducted in SCB Medical
College. The subjects were the consecutive outpatients who attended
Gastroenterology OPD for functional bowel disease from January 2012
to December 2012.

Inclusion Criteria

Consecutive outpatients who presented with functional abdominal
pain (ROME III criteria) [13], functional dyspepsia (ROME III criteria)
[14] and/or irritable bowel syndrome (ROME III criteria) [15] were
included in this study. All these patients were in good general health,
and with normal findings on medical history, physical examination,
blood counts, and ultrasonography (except for fatty liver).

Exclusion Criteria- Patients who had organic gastrointestinal
disease revealed by ultrasonography or gastro-duodenoscopy were
excluded. Participants consuming alcohol >20 g /day, having other
known liver diseases (hepatitis viruses A to E, autoimmune disease,
Wilson’s disease) and those on medications known to induce fatty liver
or insulin sensitization such as estrogens, amiodarone, methotrexate,
tamoxifen, glitazones and metformin were excluded.

An informed consent was taken from each subject. The
anthropometric assessment included measurements of weight, height,
and waist circumference (WC) and hip circumference (HC). The WC
and HC were measured at the level midway between the lowest rib and
the iliac crest and at the level of the great trochanter respectively. Body
mass index (BMI) was calculated as weight (kg)/height? (m?).

The measurements of fasting glucose, triglycerides, cholesterol, and
high-density lipoprotein (HDL) cholesterol and liver function tests
were performed by standard laboratory methods. Serum insulin level
was estimated by electrochemiluminescence using standard kit (Roche-
Diagnostics, USA) with autoanalyser Elecsys 2010 (Roche-Hitachi,
Japan). IR was calculated using the homeostatic model assessment
(HOMA) method using a mathematical model derived from FBG and
plasma insulin. The value of HOMA was calculated by the following
equation: (fasting insulin (uU/ml) X FBG (mg/dl))/405, and depicted
as HOMA-IR value [16]. For the purpose of calculation HOMA-IR
value above 2 was considered insulin resistance in our study.

The ATP III criteria [3] were used for diagnosis of metabolic
syndrome (Table 1). Three or more of the five criteria were needed to
be present for diagnosis of metabolic syndrome. The cut off for waist
circumference taken were 80 cm for males and 90 cm for females as per
the Asian population criteria [17]. Other parameters were fasting blood
glucose > 110 mg/dl, blood pressure > 130/85 mmHg or treatment with
antihypertensives, serum HDL cholesterol < 40 mg/dl for males and <
50 mg/dl for females and serum triglycerides > 150 mg/dl or patients
on treatment with hypolipidemic drugs.

Trans abdominal ultrasonography was done to see fatty changes
in liver. Fatty liver was defined according to the standard criteria
accepted by the American Gastroenterology Association [18] i.e., an
increase in hepatic echogenicity with renal echogenicity as a reference,
the presence of enhancement and lack of differentiation in periportal
intensity and the vascular wall due to great hyperechogenicity of the
parenchyma. Ethical clearance was taken from the Institutional Ethic
Committee of SCB Medical College.

Statistical Analysis

Normally distributed continuous variables were expressed as
mean + SD. Student’s t-test for unpaired data was used to compare

groups when variables are normally distributed. Chi square test was
used to compare differences in categorical variables. All analysis was
done in software, SPSS version 16. P value of less than 0.05 was taken
as significant. Logistic regression analysis was performed to assess the
ability of ultrasonographic fatty liver to predict metabolic syndrome /
insulin resistance after adjustment for individual ATP III criteria.

Results

A total of 316 participants were screened for the study, out of which
48 were excluded. A total of 268 subjects participated in this study, out
of which 170 were males and 98 females. Metabolic syndrome was
detected in 100 subjects. NAFLD was diagnosed in 68 participants.

The baseline demographic, clinical, and anthropometric and
biochemical characteristics of participants having NAFLD and
metabolic syndrome were compared as shown in Table 2. Patients with
metabolic syndrome (n=100) and NAFLD (n=68) had similar gender
ratio, mean age, BMI, waist circumference, blood pressure, fasting
blood glucose, serum triglycerides and serum HDL cholesterol. Mean
serum insulin was quite higher in NAFLD group (9.90 + 3.27) than that
of metabolic syndrome group (7.35 £ 3.41). The patients with NAFLD
also had higher mean HOMA IR (2.34 + 1.01 versus 1.79 + 1.01).

Patients were classified into two groups as per their HOMA
IR values. Participants with HOMA IR < 2 were kept in first group
(insulin sensitive) where as those with HOMA IR > 2 were placed
in the second group (insulin resistant). 49 subjects belonged to the
Insulin Resistant group and the rest to the Insulin Sensitive group. The
baseline demographic, anthropometric, biochemical and sonographic
characteristics between the two groups were compared in the Table 3.
There was male predominance (79.59% versus 51.89%, p=0.006) in the
insulin resistant group. Insulin resistant group had significantly higher
mean BMI, waist and hip circumference, fasting blood glucose and
serum triglycerides.

Metabolic syndrome was present in 35 (71.43%) whereas NAFLD
was detected in 38 (77.55%) of patients with insulin resistance (IR >

Risk Factor Defining Level
. n Men >102 cm
Waist Circumference Women >88 cm
Triglycerides 2150 mg/dL

Men <40 mg/dL
Women <50 mg/dL

2130/85 mmHg
2110 mg/dL

HDL cholesterol

Blood pressure
Fasting glucose

Table 1: Clinical identification of the metabolic syndrome.

METABOLIC SYNDROME NAFLD
(n=100) (n=68)
Male (%) 60 (60%) 44 (64.7%)
Age 44.26 +12.75 43.32+1.14
BMI 28.41+4.13 28.47 +4.02
WAIST 92.58 +9.03 95.21+7.98
Waist Hip Ratio 0.71+0.41 0.95 + 0.06
SBP 133.68 + 14.59 127.47 £7.98
DBP 86.98 + 9.41 83.00 +7.37
FPG 96.94 + 17.64 94.73 + 19.87
Triglycerides 194.14 + 67.79 185.71 + 66.69
HDL 40.65 + 6.40 43.95+8.92
INSULIN 7.35+3.41 9.90 +3.27
HOMA IR 1.79 £ 1.01 2.34+1.01

Table 2: Baseline characteristics in participants with nafld & metabolic syndrome.
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Variables
Male (%)
Age
BMI
WAIST
HIP
Waist Hip Ratio

Weight Height
Ratio

SBP
DBP
FPG
Triglycerides
AST
ALT
HDL
INSULIN
MS (ATP IlI)
Fatty Liver

IR<2 (n=219)
131(51.89%)
4127 £14.37
22.07+ 4.63
83.17 £10.07
90.58 + 10.37
0.89 +0.07

0.51+0.09

125.51 + 15.46
81.34 £ 10.22
89.25 + 10.43
137.85 + 51.35
29.16 £ 7.77
33.37 + 12.06
44.95 + 8.05
5.21+2.19
65 (27.39%)
30 (13.69%)

IR22(n=49)
39(79.59%)
43.48 £ 13.71
26.74 + 4.68
93.69 + 11.52
100.65 + 9.09
0.96 + 0.07

0.57 £0.15

129.04 + 13.37
84.62 + 7.54
101.23 + 21.79
199.69 + 73.47
30.87 + 16.00
39.29 + 19.61
42.21+8.12
11.13 +3.12
35 (71.43%)
38 (77.55%)

P Value
0.006
0.316

<0.001

<0.001
<0.001
<0.001

0.001

0.143
0.036
<0.001
<0.001
0.355
0.025
0.031
<0.001
<0.001
<0.001

Table 3: Baseline characteristics of study subjects according to homa-ir index.

NAFLD + 2 NAFLD + 1
METABOLIC NAFLD METABOLIC METABOLIC
SYNDROME SYNDROME SYNDROME
Criteria Criteria
Sensitivity 71.43 % 78.00 % 67.35 % 73.47 %
(95% CI)  (56.74-83.40) (64.03-88.46) (52.46-80.04) (58.92-85.04)
Specificity 70.32 % 86.30 % 89.11 % 86.63 %
(95% CI) | (63.79-76.29) | (81.02-90.56) @ (83.97-93.05) (81.15-91.00)
PPV 35.00 % 56.52 % 60.00 % 57.14 %
(95% Cl)  (25.73-45.19) (44.04-68.42) (45.91-72.97) (44.05-69.54)
NPV 91.67 % 94.50 % 87.08 % 93.09 %
(95% Cl) | (86.41-95.37) (90.37-97.22)  (87.08-95.26) (88.46-96.26)
LR+ 2.41 5.69 6.18 5.50
(95% ClI) (1.84-3.15) (3.96-8.19) (3.98-9.60) (3.72-8.11)
LR- 0.41 0.25 0.37 0.31
(95% ClI) (0.26-0.64) (0.15-0.43) (0.24-0.55) (0.19-0.49)

ClI: Confidence Interval, PPV: Positive Predictive Value, NPV: Negative Predictive
Value,
LR+: Positive Likelihood Ratio, LR-: Negative Likelihood Ratio

Table 4: Diagnostic ability of metabolic syndrome criteria and nafld to detect ir (ir
2 2).

2). 35% of participants with metabolic syndrome had IR > 2 where as
55.9% of participants who had NAFLD were insulin resistant (IR > 2).
This reflects higher diagnostic ability of NAFLD in predicting IR than
metabolic syndrome. To assess the validity of employing NAFLD to
detect IR, we compared the diagnostic abilities of ATP III criteria for
metabolic syndrome and presence of NAFLD for detection of Insulin
Resistance (IR > 2) (Table 4). NAFLD with any one or two of these
criteria were also compared with existing ATP III criteria of metabolic
syndrome and with NAFLD alone. While the sensitivity and specificity
of ATP III criteria for metabolic syndrome to detect insulin resistance
were 71.43% and 70.32% respectively, NAFLD alone had a sensitivity of
78.00% and specificity of 86.30% which was quite higher than that of
ATP I criteria. Addition of one ATP III criterion to NAFLD increased
specificity slightly but at a lower sensitivity. Addition of two metabolic
syndrome criteria to NAFLD resulted in further decline in sensitivity
with additional improvement in specificity (Table 4).

Out of 49 subjects with insulin resistance, 38 had NAFLD. Insulin
Resistant participants with and without NAFLD were compared in
Table 5. The baseline demographic, clinical, and anthropometric and
biochemical characteristics were compared between these two groups

(Table 3). No statistical significance was observed between the two
groups except BMIL.

The odds ratio for ATP III criteria, NAFLD alone, NAFLD with any
one of the ATP III criteria and NAFLD with any two ATP III criteria
for detection of IR was calculated (Table 6). NAFLD alone had a higher
odds ratio of detecting insulin resistance (25.55, 95%CI:11.51-56.70)
than NAFLD + 1 ATP III criterion (22.89, 95%CI:10.6 —49.39) followed
by NAFLD + 2 ATP III criteria (21.37, 95%CI1:10.03-45.51) and ATP
III criteria (5.92, 95%CI:2.99-11.74).

Multivariate logistic regression was done to assess the adjusted odds
ratio for detection of insulin resistance (Table 7). After adjustment for
blood pressure, fasting plasma glucose, serum triglycerides, serum HDL
and waist circumference, fatty liver was found to be an independent
predictor for insulin resistance.

Discussion

Metabolic syndrome is a cluster of metabolic factors which has
increased cardiovascular risk and shares the hallmark of insulin
resistance. Identification and early treatment of insulin resistance is
important because it is an independent predictor of cardiovascular
disease and type 2 diabetes mellitus [19-21]. NAFLD predicted incident
diabetes independent of classic risk factors in large prospective
cohort studies and may therefore be an early marker of mechanism
predisposing to future metabolic events [22,23]. NAFLD is also being
recognized as an indicator of early atherosclerosis. Elevated liver
enzymes and hepatic steatosis on liver histology predict incident

IR>2 with NAFLD | IR>2 without NAFLD

Variables (n=38) (n=11) P Value
Male (%) 28 (73.68%) 11 (100%) 0.058
Age 43.36 + 11.87 43.27 £ 19.30 0.984
BMI 28.13+3.75 21.03 + 3.55 <0.001
SBP 129.05 + 14.05 130.00 + 10.95 0.838
DBP 84.00 £ 7.33 87.27 £ 7.86 0.206
FPG 101.34 £ 23.73 99.72 + 13.41 0.831
Triglycerides 199.50 + 72.22 196.73 + 78.86 0.913
HDL 42.50 + 8.69 40.81+5.43 0.548
INSULIN 11.36 + 3.44 10.56 + 1.33 0.456
HOMA IR 2.84 +£1.08 2.57+£0.35 0.423
MS (ATP IlI) 29 (76.32%) 6 (54.55%) 0.152

Table 5: Comparison of IR participants with or without NAFLD.

Odds Ratio 95% ClI P Value

METABOLIC SYNDROME 5.92 2.99-11.74 <0.001
NAFLD 25.55 11.51 - 56.70 <0.001

NAFLD + 1 ATP Il Criteria 22.89 10.61 — 49.39 <0.001
NAFLD + 2 ATP lll Criteria 21.37 10.03 — 45.51 <0.001

Table 6: Odds ratio for detection of insulin resistance.

" -
Odds Ratio (P Value) Adjusted Odds Ratio* (P

Value)
Blood pressure 0.541 (0.069) 0.643 (0.313)
FPG 0.260 (<0.001) 0.187 (0.001)
TG 0.197 (<0.001) 0.363 (0.030)
HDL 0.519 (0.055) 0.856 (0.716)
Waist Circumference 0.263 (<0.001) 1.619 (0.364)

Fatty Liver 17.914 (<0.001) 1.847 (<0.001)

*Calculated by Logistic Regression analysis

Table 7: Odds ratio of individual atp iii criteria and fatty liver for detection of insulin
resistance.
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cardiovascular disease independent of traditional risk factors and
metabolic syndrome. It is being increasingly postulated that the vessels
and the liver share common inflammatory mediators [24,25] which
leads to atherosclerosis and cardiovascular disease.

It can be interpreted from our observations that individuals with
insulin resistance are more likely to have central obesity, hyperglycemia,
hypertriglyceridemia, hypertension and low serum HDL cholesterol.
Incidence of NAFLD and metabolic syndrome are higher in insulin
resistant persons.

The objective of the ATP III criteria [3] is to identify the individuals
atincreased risk for development of cardiovascular disease and diabetes.
The current ATP III criteria were selected because they tend to cluster
together, share insulin resistance as the common denominator and
are individually associated with an increased coronary risk. Due to the
low sensitivity, some cases of insulin resistance remain undiagnosed,
especially in nonobese nondiabetic subjects, in whom the diagnosis
of metabolic syndrome is less assisted by obesity and plasma glucose
criteria. Our study has shown that fatty liver is an excellent marker
of metabolic syndrome and insulin resistance. Fatty liver alone was
superior to ATP-III criteria in diagnosing insulin resistance. The
sensitivity and specificity of ATP III criteria for metabolic respectively,
NAFLD alone had a sensitivity of 78.00% and specificity of 86.30%
which was quite higher than that of ATP III criteria. Thus inclusion of
fatty liver into the existing criteria is strongly suggested, which can help
to identify more patients who are at increased risk for the consequences
of metabolic syndrome. An earlier study by Musso et al. had assessed
the strength of the associations of ATP III criteria and of NAFLD to
insulin resistance, oxidative stress, and endothelial dysfunction in
nonobese nondiabetic subjects and showed that NAFLD was more
tightly associated with insulin resistance and with markers of oxidative
stress and endothelial dysfunction than ATP III criteria [26].

Marchesini et al. showed that insulin resistance was the most
important finding, closely associated with the presence of NAFLD in a
large series of patients, irrespective of BMI, fat distribution or glucose
tolerance [27]. A study from coastal eastern India has shown that
both in NAFLD patients, insulin resistance was closely associated not
only with fatty liver but also histologically severe disease [28]. Thus,
NAFLD might represent another feature of the metabolic syndrome,
with decreased insulin sensitivity being the common factor [29]. The
strong association of NAFLD with other features of the metabolic
syndrome (obesity, central fat distribution, diabetes, dyslipidemia,
hypertension, and atherosclerotic cardiovascular disease) further
supports this hypothesis [30,31]. Various pathogenic mechanism(s)
has been postulated regarding this association between NAFLD and
insulin resistance. Impaired hepatic lipid and lipoprotein handling and
increased oxidative stress may enhance liver fat accumulation and lead
to insulin resistance by nuclear factor-kB pathway activation [32-34].
The findings of the study suggest that hepatic fat accumulation is more
tightly related to insulin resistance than visceral adiposity, as estimated
by waist circumference or any other feature of the metabolic syndrome,
as defined by ATP III criteria.

A TJapanese study conducted on 4401 employees without liver
disease or drug treatment (mean age 48 years, BMI 23 kg/m2) revealed
that the odds ratios of men and women with NAFLD to develop the
metabolic syndrome (ATP III criteria) during the follow-up were
4.0 and 11.2 after adjustment for age, alcohol intake, and changes in
body weight [35]. Similar data have been reported by Schindhelm
et al and Hanley et al. [36,37]. Likewise, in a study of 2839 type 2
diabetic outpatients with NAFLD, the risk of cardiovascular disease
was significantly increased in NAFLD patients after adjustment for all

components of the metabolic syndrome [38].In a Swedish study of 129
consecutive biopsy-proven NAFLD patients followed for 13.7 years,
mortality from cardiovascular (15.5% versus 7.5%) and liver-related
(2.8% versus 0.2%) causes was significantly higher compared with a
matched reference-population (control) [39].

Early identification of subjects with insulin resistance, a high
cardiometabolic risk factor, may facilitate earlier lifestyle modifications
and pharmacological interventions. Consistently, therapeutic measures
in NAFLD improve insulin sensitivity and cardiovascular risk profile,
the ultimate goal of a diagnosis of metabolic syndrome [40,41].

The study is not without limitations. As an observational study,
this study is limited by selection and confounding bias. Presence of an
age sex matched control could have strengthened the study. Markers of
inflammation like Adipokines and cytokines and markers of endothelial
dysfunction like carotid intima thickness were not measured due to
resource constraint setting. Liver histopathological study was also not
done in the NAFLD patients, which could have shown whether simple
steatosis or necroinflammation or fibrosis were risk factors for decrease
in insulin sensitivity.

Conclusion

Direct comparison between NAFLD and ATP III criteria revealed
that the former is better indicator for detection of insulin resistance.
Addition of one or two ATP criteria to NAFLD does not add much to
the diagnostic accuracy. It can be concluded that NAFLD should not
be considered as a mere hepatic manifestation of metabolic syndrome.
It is an important predictor of insulin resistance. It should be included
as a criterion along with the existing criteria to identify metabolic
syndrome.
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