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Abstract

Non-Alcoholic Fatty Liver Disease (NAFLD) is a common hepatic manifestation linked with
Metabolic Syndrome (MetS), a cluster of metabolic abnormalities including insulin resistance, obesity,
dyslipidemia, and hypertension, which increases cardiovascular risk. The prevalence of NAFLD is
rising in India, notably in populations with high rates of MetS and type 2 diabetes mellitus (T2DM).
This study aims to explore the correlation between NAFLD and MetS components in patients from
Western Uttar Pradesh, a region with a significant diabetic population. The objective was to evaluate
the prevalence and characteristics of NAFLD in relation to MetS among patients in a tertiary care
hospital setting. Methods: This cross-sectional study involved 127 NAFLD patients aged 18 and above,
attending the outpatient or inpatient department at a tertiary care center from October 2022 to July
2023. MetS was diagnosed based on NCEP ATP IIl criteria, and NAFLD was confirmed via
ultrasonography. Patients with chronic alcohol intake, viral hepatitis, or other liver diseases were
excluded. Results: NAFLD prevalence was higher in females (57.48%) than males (42.52%), with the
highest occurrence among those aged 50-60. A significant association was observed between NAFLD
and MetS, particularly in patients with elevated BMI, waist circumference, fasting blood sugar, and
triglycerides. Patients with MetS presented more severe NAFLD grades compared to those without
MetS. Conclusion: The study underscores the need for early metabolic screening in NAFLD patients
to prevent severe liver and cardiovascular complications. The findings highlight a high prevalence of
NAFLD among females and support the association between NAFLD severity and MetS components,
advocating for targeted interventions to manage metabolic health in this region.
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I. Introduction

Metabolic syndrome (MetS) is a cluster of metabolic abnormalities that collectively increase the risk of
cardiovascular diseases and type 2 diabetes. It encompasses factors such as insulin resistance, dyslipidemia,
central obesity, weight gain, and hypertension®. Globally, the prevalence of MetS varies, estimated to be
between 8-13% in men and 2-18% in women, depending on population demographics and definitions used?.
In India, studies have documented significant regional variations, with prevalence reaching up to 24.9% in
northern India and 41% in southern India. MetS represents a significant health burden, as it predisposes
individuals to critical conditions such as cardiovascular disease, stroke, and diabetes mellitus, leading India
to be known as the "Diabetes Capital of the World®."

At the heart of MetS is insulin resistance, a primary underlying mechanism that fuels the development of
these conditions. Hypertension, one of the syndrome’s most common features, exacerbates these risks,
emphasizing the need for early detection and management to prevent potential cardiovascular and
cerebrovascular outcomes*. Prompt intervention for MetS is vital, as addressing these metabolic
abnormalities early can significantly reduce the risk of severe health sequelae®.

One condition frequently associated with MetS is non-alcoholic fatty liver disease (NAFLD), a prevalent yet
often overlooked finding in ultrasonography reports of asymptomatic individuals. NAFLD encompasses a
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spectrum of liver conditions ranging from simple fatty liver, or hepatic steatosis, to non-alcoholic
steatohepatitis (NASH) and eventually to cirrhosis in advanced cases®. While the histological features of
NAFLD resemble those of alcohol-induced liver disease, NAFLD occurs in individuals who do not consume
alcohol in amounts that would lead to liver damage’.

Obesity, type Il diabetes, dyslipidemia, hypertension, and polycystic ovarian disease (PCOD) are all
conditions associated with NAFLD, with insulin resistance emerging as a key linking factor. Numerous
studies globally and in India have examined NAFLD, particularly due to its association with MetS and its
implications for cardiovascular disease risk®. However, no study has comprehensively investigated NAFLD
prevalence and characteristics in Western Uttar Pradesh, an area where diabetes and associated liver
diseases are common, and many patients share clinical and demographic features typical of alcohol-related
liver disease, despite not consuming cirrhotic doses of alcohol®.

NAFLD is particularly common among individuals with type 2 diabetes mellitus (T2DM), with diabetes
being a crucial determinant of NAFLD presence and severity. Although the exact origins of insulin
resistance remain unclear, it plays a substantial role in NAFLD pathogenesis!®. Hyperinsulinemia and
increased free fatty acid delivery to the liver are two critical pathophysiologic abnormalities associated with
insulin resistance that contribute to the development of fatty liver. Hyperinsulinemia, or elevated insulin
levels in the blood, promotes fat accumulation within the liver cells'’. At the same time, free fatty acids,
which circulate in greater quantities due to insulin resistance, are redirected to the liver, where they are
stored as triglycerides. These factors collectively lead to the buildup of fat within the liver, progressing the
disease from simple steatosis to more severe conditions, including NASH and cirrhosis if left unchecked?2.
For India, where NAFLD prevalence is rising, understanding this disease’s epidemiology and impact on
individuals in specific regions, such as Western Uttar Pradesh, is essential. This region’s large diabetic
population presents a unique opportunity to examine the intersection between diabetes and NAFLD®. Many
patients at the local tertiary care institution display signs of chronic liver disease despite low or no alcohol
intake, underscoring the importance of studying NAFLD in the context of MetS and T2DM within this
demographic!®. The goal of such studies is not only to document prevalence but also to provide insights that
could inform future clinical practices, particularly in resource-limited settings where early intervention
could prevent the escalation of liver disease in diabetic patients®®.

The close association between MetS and NAFLD reflects a broader relationship between metabolic
dysfunction and liver health. Insulin resistance remains a pivotal factor in both conditions®. For patients
with MetS, particularly those with central obesity and T2DM, the liver becomes a site of fat accumulation,
leading to liver inflammation, fibrosis, and, in severe cases, cirrhosis. NAFLD has thus evolved from a
seemingly benign condition to one with potentially serious consequences, making early detection and
intervention vital®’. In regions with a high prevalence of MetS and diabetes, such as Western Uttar Pradesh,
NAFLD screening among at-risk populations could identify early liver disease and allow for timely
management strategies, ultimately reducing the burden of liver-related complications®®.

Research on NAFLD and its association with MetS in specific regions like Western Uttar Pradesh is not
only relevant for advancing local healthcare practices but also adds to the global understanding of metabolic
health!®. The findings from such studies could influence broader healthcare guidelines, particularly
regarding the importance of NAFLD screening in patients with MetS. Moreover, as lifestyle and dietary
habits continue to shift globally, the insights from Indian populations with high MetS prevalence can guide
preventive strategies worldwide?.

This study aims to evaluate the prevalence and characteristics of NAFLD as a hepatic manifestation of MetS
among individuals in Western Uttar Pradesh, focusing on the role of insulin resistance and hyperinsulinemia
in NAFLD pathogenesis. By understanding how these metabolic abnormalities drive liver disease in this
population, healthcare providers can implement targeted interventions to manage and prevent the
progression of NAFLD.

Il. Method

This cross-sectional observational study was conducted at KDMCH&RC, Mathura, on 127 NAFLD patients
attending the OPD or admitted to the IPD from October 2022 to July 2023, selected through random
sampling. Ethical approval has been obtained from the ethical approval committee. Each patient underwent
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thorough history taking and clinical examination, with metabolic syndrome diagnosed according to NCEP
ATP 3 criteria based on parameters such as elevated waist circumference, triglycerides, reduced HDL
cholesterol, blood pressure, and fasting glucose levels. Inclusion criteria included patients above 18
diagnosed with NAFLD via ultrasound. Exclusions included those with chronic drug use, alcohol intake,
hepatitis markers, cirrhosis, metabolic disorders, and prior abdominal surgeries.

I1l. Result

Among 127 NAFLD cases, the majority fall between ages 30 and 70, with a peak in the 50-60 age group for
both genders. Females represent a slightly higher prevalence at 57.48%, while males account for 42.52%.
The mean age for both males and females is approximately 50 years, with no statistically significant
difference observed (p > 0.05). This suggests a fairly balanced distribution of NAFLD across genders, with
a marginally higher occurrence in females.

Table 1: Distribution of NAFLD patients according to BMI and Gender

BMI Male Female Total

No. % No. [ No. [
15-20 - - - - - -
20-25 2 3.70 p 6.85 |7 5.51
25-30 7 1296 (15 2055 P22 (17.32
30-35 17 3148 19 [26.03 (36 [28.35
40+ 38 51.86 34 W46.57 62 48.82
Total 54 4252 (73 p7.48 127 [100.00

In NAFLD patients, 51.86% of males and 46.57% of females have a BMI over 40. Among males, 31.48%
fall in the 30-35 BMI range, while 26.03% of females are also in this category. This shows a high BMI
prevalence in both genders, with a majority exceeding 40.
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Figure 1: Bar chart showing Distribution of patients with NAFLD according to waist circumference
and gender
In the NAFLD sample, females (57.48%) outnumber males (42.52%). Most females have a waist
circumference of 90-100 cm (32.87%), while the majority of males fall within the 80-90 cm range (27.77%),
indicating distinct waist distribution patterns by gender.
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Table 2: Distribution of parameters on the basis of clinical demographic and biochemical variables in
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NAFLD patients

Variables Male Female Total
No. % No. % No. %

Age 49.56 20.55 50.49 21.17 50.08 20.91
BMI 36.52 7.81 35.40 7.36 35.60 8.19
Waist 107.33 [22.02 [91.96 18.87 |97.77 23.27
SBP 137.44 1569 [137.62 [12.65 [137.54 [14.03
DBP 85.83 8.74 84.44 8.81 85.03 8.81
FBS 15391 [53.02 [151.66 49.34 [152.61 [50.95
Triglycride 158.26 67.30 [155.66 [56.66 [157.19 [61.43
HDL 50.80 12.33 [Bl41 11.28 [51.15 11.74
SGOT 40.50 19.17 47.49 27.65 44.52 24.65
SGPT 48.76 30.22 47.59 28.76  148.09 29.39

The average age is similar for both genders (males: 49.56 years, females: 50.49 years). Males show a
slightly higher BMI (36.52 vs. 35.40), waist circumference (107.33 cm vs. 91.96 cm), and triglycerides,
suggesting greater cardiovascular risk. Blood pressure and glucose levels are nearly equal, while females
have higher HDL. Liver enzymes are more elevated in males, indicating potential liver function issues.
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Figure 2: Bar chart showing Distribution of USG graded NAFLD patients having metabolic syndrome
and no metabolic syndrome

In NAFLD patients with metabolic syndrome, 61.54% show USG grade 2 (moderate liver fat), while
32.05% have severe grade 3. Conversely, 81.64% of those without metabolic syndrome have mild grade 1,
with only 6.12% in grade 3. This indicates that metabolic syndrome correlates with more severe liver fat
deposition.
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Table 3: Comparison of fasting blood sugar in both groups

USG |No. NAFLD withNo. NAFLD without‘t’ ‘p’
grade metabolicsyndro metabolicsyndro

me me

Mean SD Mean SD
1 5 [174.80 [p5.18 40 096.65 32.96 4.633 [<0.05
2 48 (18231 27.86 |6 159.00 57.35 [1.691 ]>0.05
3 25 [178.88 2831 3 117.00 4174  3.430 [<0.05
Total [78 [180.73 [30.57 49 10553 42.65 [11.550 [<0.05

Patients with metabolic syndrome show significantly higher FBS than those without in USG grades 1 and 3.
In grade 2, however, the FBS difference between groups is not significant (p > 0.05), indicating similar
glucose levels.

Table 4: Comparison of diastolic blood pressure in both groups

USG [No. NAFLD withNo. NAFLD  without/t’ ‘P
grade metabolicsyndro metabolicsyndrom

me e

Mean SD Mean SD

1 5 83.00 9.12 40  86.00 8.73 0.721  >0.05
2 48 85.08 8.35 6 80.00 9.93 1.378 p>0.05

3 25 [85.76 8.28 3 80.00 1143 |1.102 >0.05
Total [78 §85.17 8.41 49 184.90 0.36 0.169 >0.05

In USG grade 3, patients with metabolic syndrome have a higher DBP (85.76 mmHg) compared to those
without metabolic syndrome, indicating elevated blood pressure associated with the syndrome.
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Figure 3: Bar chart showing Comparison of high density lipoproteinin both groups
HDL cholesterol levels show minimal variation across different USG grades in NAFLD patients, regardless
of metabolic syndrome status, indicating limited association between HDL levels and USG grading in this
context.
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Table 5: Comparison of triglyceride in both groups

USG |No. NAFLD withNo. [NAFLD without‘t’ ‘P
metabolic metabolic

grade syndrome syndrome
Mean SD Mean |SD

1 S5 [190.80 56.74 40 126.25 [26.84 4.832 <0.05
2 48 [173.94 [73.16 6 120.50 [18.14 1.767 [>0.05

3 25 [175.32 [61.96 3 158.67 47.23 0.447 >0.05
Total (78 [175.46 [68.90 49 127.53 [28.84 4.622 <0.05

In USG Grade 1, 5 NAFLD cases have metabolic syndrome, while 40 do not (p < 0.05). In Grade 2, 48
cases have metabolic syndrome, and 6 do not (p > 0.05). For Grade 3, there are 25 cases with metabolic
syndrome and 3 without (p > 0.05). Overall, 78 cases have metabolic syndrome and 49 do not, with an
overall p <0.05.

Table 6: Comparison of various components of metabolic syndrome among the NAFLD patients

Variables  |[Metabolic Non-Metabolic [t ‘p’
syndrome syndrome
Mean [SD Mean |SD
FBS 180.79 30.57 [105.53 442.65 [11.550 <0.05
SBP 138.85 [13.26 (13449 [14.87 [(1.720 p>0.05
DBP 85.17 841 8490 936 (0169 P0.05
HDL 52.01 11.31 49.76 [12.28 [1.056  >0.05
Waist 107.22 (18.19 @83.27 [18.23 8418 0.05
Triglycride 17546 |68.90 [127.53 [28.84 14.622 |<0.05

In comparing NAFLD patients with and without metabolic syndrome, those with metabolic syndrome have
a significantly higher mean fasting blood sugar (FBS) at 180.79 mg/dL versus 105.53 mg/dL in those
without. Additionally, systolic blood pressure (SBP) is slightly elevated in patients with metabolic syndrome
(138.85 mmHg) compared to those without (134.49 mmHg).

IV. Discussion

A total of 127 NAFLD patients were diagnosed via ultrasound, categorized into 45 patients (35.4%) with
grade-1, 54 patients (42.5%) with grade-2, and 28 patients (22.04%) with grade-3 fatty liver. Among them,
78 patients (61.4%) had metabolic syndrome (M.S.), while 49 patients (38.6%) did not. The mean age
distribution shows most cases between 30 and 70 years, peaking in the 50-60 age group. Males constitute
42.52% of patients with a mean age of 49.56+20.55, and females constitute 57.48% with a mean age of
50.47+21.17. This age distribution aligns closely with findings by Gaharwar R et al. (2015), who observed
mean ages of 49.06 for males and 49.20 for females in NAFLD cases?.

In the study by Gaharwar R et al. (2015), 31.42% of patients were overweight, 45.7% were obese, and
11.42% were severely obese, with a mean BMI of 25.97+3.93. In contrast, our study shows a higher
NAFLD prevalence in females (57.48%), with similar mean BMI values for males (36.52+7.81) and females
(35.35+7.32), which are notably higher than those observed by Gaharwar et al?!.

In our study of 127 NAFLD patients, 78 met the criteria for metabolic syndrome (M.S.), while 49 were
classified as non-M.S. Among NAFLD patients, 26 had a waist circumference in the 90-100 cm range,
followed by 22 patients in the 80-90 cm range. Females predominantly fell within the 90-100 cm range,
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whereas the highest male representation was within 80-90 cm. The overall mean waist circumference was
98.3+21.6 cm, aligning closely with findings by Goyal A. et al. (2020), who reported a mean waist
circumference of 106+7.28 cm in NAFLD patients. This suggests similar waist circumference distributions
between studies, supporting the association of higher waist measurements with NAFLD across different
populations?®?.

In our study, among 78 patients with metabolic syndrome (M.S.), 48 had grade-2 fatty liver with a mean
waist circumference of 104.31+16.90 cm, and 25 had grade-3 fatty liver with a mean waist circumference of
116.84+14.00 cm. Gaharwar R et al. (2015) observed similar patterns, finding that most NAFLD patients
with M.S. had grade-2 fatty liver. Additionally, 73% of patients without M.S. in Gaharwar's study had
grade-1 fatty liver, aligning with our finding of 81% grade-1 cases in non-M.S. patients. Regarding fasting
blood sugar (FBS), Gaharwar reported a mean FBS of 127.89+£53.00 mg/dL in NAFLD patients with M.S.,
especially elevated in grades 2 and 3. Likewise, in our study, grade-1 and grade-3 NAFLD patients with
M.S. showed significantly higher FBS, averaging 182.31+27.86 mg/dL, indicating elevated FBS in NAFLD
with M.S. compared to those without??.

In our study, HbAlc levels were elevated in most NAFLD cases, with no significant difference between
M.S. and non-M.S. groups. The mean SBP and DBP for all NAFLD patients were 137.44+15.69 and
85.8318.74, respectively, with slightly higher DBP in grade-3 patients with M.S. Elevated SBP was
common across all cases, with no significant difference between M.S. and non-M.S. groups, consistent with
findings by G. Akbulut et al., who also noted elevated SBP and DBP in M.S. patients. HDL levels showed
minimal differences across groups, contrasting with Gaharwar R et al. (2015) and Akbulut et al., who
observed lower HDL in M.S. patients?% 23,

V. Conclusion

This study highlights the need for early screening of metabolic syndrome (M.S.) in NAFLD patients, with
61% prevalence observed. Females had a higher NAFLD rate, partially due to excluding high alcohol
consumers. NAFLD patients with M.S. showed increased waist circumference, BMI, fasting blood sugar,
and triglyceride levels, consistent with prior studies. Slightly higher BMI in females further supports the
association between NAFLD and M.S. components, emphasizing comprehensive metabolic management.
These findings indicate that NAFLD, often considered benign, poses significant health risks. Future research
should investigate causal mechanisms, genetic factors, and interventions to reduce NAFLD's health and
healthcare burdens.

Reference

1. Neeland IJ, Lim S, Tchernof A, Gastaldelli A, Rangaswami J, Ndumele CE, Powell-Wiley TM, Després
JP. Metabolic syndrome. Nature Reviews Disease Primers. 2024 Oct 17;10(1):77.

2. Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga UF, Ngouo AT, Tounouga DN, Tianyi
FL, Foka AJ, Ndoadoumgue AL, Bigna JJ. Geographic distribution of metabolic syndrome and its
components in the general adult population: A meta-analysis of global data from 28 million individuals.
Diabetes research and clinical practice. 2022 Jun 1;188:109924.

3. Venugopalan VY, Bhatia R, Pandian J, Khurana D, Kaul S, Sylaja PN, Arora D, Khatter H, Padma MV,
Singhal AB. Regional differences in ischemic stroke in India (north vs. south). International Journal of
Stroke. 2019 Oct;14(7):706-14.

4. Tune JD, Goodwill AG, Sassoon DJ, Mather KJ. Cardiovascular consequences of metabolic syndrome.
Translational Research. 2017 May 1;183:57-70.

5. DeBoer MD. Assessing and managing the metabolic syndrome in children and adolescents. Nutrients.
2019 Aug 2;11(8):1788.

6. Radu F, Potcovaru CG, Salmen T, Filip PV, Pop C, Fierbinteanu-Braticievici C. The link between
NAFLD and metabolic syndrome. Diagnostics. 2023 Feb 7;13(4):614.

7. Lackner C, Tiniakos D. Fibrosis and alcohol-related liver disease. Journal of hepatology. 2019 Feb
1;70(2):294-304.

8. Arvanitakis K, Chatzikalil E, Kalopitas G, Patoulias D, Popovic DS, Metallidis S, Kotsa K, Germanidis
G, Koufakis T. Metabolic Dysfunction-Associated Steatotic Liver Disease and Polycystic Ovary
Syndrome: A Complex Interplay. Journal of Clinical Medicine. 2024 Jul;13(14).

9. Shukla S, Kumar A, Sharma S. COMPARATIVE ANALYSIS OF INSULIN RESISTANCE
PROFILES IN LEAN AND OBESE INDIVIDUALS WITH TYPE 2 DIABETES MELLITUS: A

IJSDR2412023 |International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | al85



ISSN: 2455-2631 December 2024 IJSDR | Volume 9 Issue 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

HOSPITAL BASED CROSS-SECTIONAL STUDY. Int J Acad Med Pharm. 2023;5(5):1165-70.

Tilg H, Moschen AR, Roden M. NAFLD and diabetes mellitus. Nature reviews Gastroenterology &
hepatology. 2017 Jan;14(1):32-42.

Bugianesi E, Moscatiello Sl, Ciaravella MF, Marchesini G. Insulin resistance in nonalcoholic fatty liver
disease. Current pharmaceutical design. 2010 Jun 1;16(17):1941-51.

Watt MJ, Miotto PM, De Nardo W, Montgomery MK. The liver as an endocrine organ—Iinking
NAFLD and insulin resistance. Endocrine reviews. 2019 Oct;40(5):1367-93.

Kumar P, Singh HK, Sharma A, Kumar V, Sindhu V, Saxena A. A Study of Non Alcoholic Fatty Liver
Disease (NAFLD) Diagnosed on Ultrasound with Association of Lipid Profile in Western Uttar
Pradesh. Indian Journal of Public Health Research & Development. 2017;8(2):53-8.

Wu Y, Johnson KB, Roccaro G, Lopez J, Zheng H, Muiru A, Ufere N, Rajbhandari R, Kattan O, Chung
RT. Poor adherence to AASLD guidelines for chronic hepatitis B management and treatment in a large
academic medical center. Official journal of the American College of Gastroenterology| ACG. 2014 Jun
1;109(6):867-75.

Satija A, Yu E, Willett WC, Hu FB. Understanding nutritional epidemiology and its role in policy.
Advances in nutrition. 2015 Jan 1;6(1):5-18.

Lim S, Kim JW, Targher G. Links between metabolic syndrome and metabolic dysfunction-associated
fatty liver disease. Trends in Endocrinology & Metabolism. 2021 Jul 1;32(7):500-14.

Mitrovic B, Gluvic ZM, Obradovic M, Radunovic M, Rizzo M, Banach M, Isenovic ER. Non-alcoholic
fatty liver disease, metabolic syndrome, and type 2 diabetes mellitus: where do we stand today?.
Archives of medical science: AMS. 2023;19(4):884.

Krishnamoorthy Y, Rajaa S, Murali S, Rehman T, Sahoo J, Kar SS. Prevalence of metabolic syndrome
among adult population in India: a systematic review and meta-analysis. PLoS One. 2020 Oct
19;15(10):e0240971.

Nadiger N, Anantharamu S, Priyanka CN, Vidal-Puig A, Mukhopadhyay A. Unique attributes of
obesity in India: A narrative review. Obesity medicine. 2022 Oct 1;35:100454.

Lazarus JV, Mark HE, Anstee QM, Arab JP, Batterham RL, Castera L, Cortez-Pinto H, Crespo J, Cusi
K, Dirac MA, Francque S. Advancing the global public health agenda for NAFLD: a consensus
statement. Nature Reviews Gastroenterology & Hepatology. 2022 Jan;19(1):60-78.

Gaharwar, R., Trikha, S., Margekar, S. L., Jatav, O. P., & G.R. Medical College. (2015). Study of
Clinical Profile of Patients of Non AlcoholicFatty Liver Disease and its Association with Metabolic
Syndrome. In Journal of the Association of Physicians of India (Vol. 63).

Goyal, A., Arora, H., & Arora, S. (2020). Prevalence of fatty liver in metabolic syndrome. Journal of
Family Medicine and Primary Care, 9(7), 3246.

Akbulut G, Koksal E, et al. Metabolic syndrome (MS) in elderly: a cross sectional survey. Archives of
gerontology and geriatrics. 2011 Nov 1; 53(3): €263-6.

IJSDR2412023 |International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | al86



