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Abstract
Background: Non-Alcoholic Fatty Liver Disease (NAFLD) prevalence has doubled in the last 20 years and is becoming a vital 
health concern due to its increasing prevalence. Lean patients having normal-weight central obesity with NAFLD may have increased 
morbidity and all-cause mortality and thus form an important target for lifestyle modifications and preventive strategies.
Objective: To determine frequencies of NAFLD and Metabolic Syndrome in lean individuals.
Methods: The present cross-sectional study was undertaken at the Medicine Department, Pakistan Ordinance Factories Hospital, 
Wah Cantonment Pakistan from July 2018 to June 2020 enrolling 230 patients aged 20 to 70 years, of both sex. Demographic 
information, co-morbid conditions, BMI, and waist circumference were recorded. An abdominal ultrasound was performed to determine 
hepatic fatty infiltration. Blood samples were collected for serum HDL-cholesterol (HDL-C) and serum triglyceride estimation. SPSS 
22.0 was used for data entry and analysis. 
Results: Mean age was 45.7+12.5 years with male predominance at 130 (56.5%). Diabetes mellitus was present in 104 (45.2%) 
and 102 (44.3%) were hypertensive. The mean BMI was 23.4+3.6 kg/m2. The mean serum triglyceride level was 209+10.1 mg/dl 
and elevated at 141 (61.3%). The mean serum HDL-C level was 23.1+4.2 mg/dl and was reduced by 142 (61.8%). NAFLD was seen 
in 38 (16.5%) patients and 24 (10.4%) had Metabolic Syndrome. Among the 38 lean NAFLD patients, 21 (55.3%) had Metabolic 
Syndrome. 
Conclusion: NAFLD was seen in almost one-fifth of lean patients enrolled. Metabolic syndrome was reported in more than one-half 
of these lean NAFLD patients.
Keywords: Metabolic syndrome, Non-Alcoholic Fatty Liver Disease (NAFLD), lean patients, hepatic malignancy, liver cirrhosis.

INTRODUCTION
Non-Alcoholic Fatty Liver Disease (NAFLD) prevalence 
has doubled in the last 20 years and is becoming a vital 
health concern due to its increasing prevalence [1].  
Being the hepatic component of Metabolic Syndrome, 
NAFLD is important because the benign fatty liver 
can lead to steatohepatitis, liver cirrhosis, and hepatic 
malignancy [2]. NAFLD patients also have an increased 
risk for Diabetes Mellitus development [3] NAFLD is also 
associated with increased risk for cardiovascular and 
renal diseases, colorectal malignancy, atrial fibrillation, 
and thyroid dysfunction [4]. Obesity is associated 
strongly with various metabolic disorders including 
NAFLD [5]. However, NAFLD should not be neglected 
in normal-weight or lean patients with deranged hepatic 
enzymes [6]. Body Mass Index (BMI) measures lean and 
fat mass while Waist-Hip Ratio measures visceral fat 
accumulation which has a more potent association with 
adverse metabolic profile and mortality risk as compared 
to BMI [7]. Ha et al. [8] reported visceral adiposity in non-

obese patients elevated the risk of NAFLD more than 
subcutaneous fat and BMI in the Asian population. It is 
therefore important to recognize fatty liver disease in the 
lean population. 

It has been postulated that this lean phenotype has 
a worse metabolic and liver profile as compared to 
obesity-related fatty liver disease. Sahakyan et al. [7] 
demonstrated the risk for cardiovascular and all-cause 
mortality to be high in normal BMI patients having 
central obesity. In China, Feng et al. [9] showed NAFLD 
to be present in 18.3% of lean individuals having 
BMI <24 kg/m2 and 14.5% of these had Metabolic 
Syndrome. Furthermore, lean NAFLD had a strong 
association with diabetes mellitus, hypertension, and 
metabolic syndrome as compared to overweight and 
obese NAFLD indicating an elevated risk for metabolic 
disturbances, cardiovascular morbidity, and mortality [9]. 
Feldman et al. [10] showed NAFLD in up to 8% of lean 
patients and these patients were more likely to have 
impaired glucose tolerance and reduced adiponectin 
concentrations. Patients having normal-weight central 
obesity with NAFLD may have increased morbidity and 
all-cause mortality and thus form an important target for 
lifestyle modifications and preventive strategies. 
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The objective of the present study was to find out the 
frequency of NAFLD in lean patients and its link with 
metabolic syndrome. Continued alcohol consumption 
can lead to serious disease, alcoholic hepatitis, or 
liver cirrhosis. In Denmark, increased mortality and 
increased cancer risk were seen in alcoholic fatty liver 
patients [11]. In NAFLD, steatohepatitis can progress 
to liver cirrhosis and its complications including variceal 
bleeding, ascites, and hepatic encephalopathy. The 
rate of progression is worse when more than one liver 
disease is present. Furthermore, diabetes mellitus and 
hypertriglyceridemia are also linked to fibrosis [12]. The 
risk of hepatic malignancy in NAFLD appears to be the 
same as with other forms of liver cirrhosis. However, 
NAFLD appears to elevate hepatic malignancy risk in 
non-cirrhotic patients.  NAFLD also has a strong and 
independent association with pre-diabetes.

METHODS
The present descriptive cross-sectional study was 
conducted at Medicine Department, Pakistan Ordinance 
Factories Hospital, Wah Cantonment Pakistan from July 
2018 to June 2020 to determine the frequencies of Non-
Alcoholic Fatty Liver Disease (NAFLD) and Metabolic 
Syndrome in lean individuals. Keeping a margin of error 
of 5% and 95% confidence interval, a sample size of 230 
was required using expected frequencies of 18.3% of 
NAFLD and 14.5% of Metabolic Syndrome [9]. Patients 
with identifiable causes of the fatty liver such as significant 
alcohol consumption, use of steatogenic medication 
(estrogens, tamoxifen, or corticosteroids), hepatic 
malignancy, and pregnancy as assessed by history 
and examination were excluded from the study. Patient 
enrollment was done by the Outpatient Department 
of Medicine Department after taking approval from 
the Institutional Review Board of Pakistan Ordinance 
Factories Hospital, Wah Cantonment Pakistan. After 
taking informed consent and by using a non-probability 
consecutive sampling technique, 230 lean participants 
aged 20 to 70 years of both sex were enrolled.

Lean was labeled as a patient having BMI less than 
23 kg/m2 using the cutoff for the Asian population 
[13]. Non-alcoholic Fatty Liver Disease (NAFLD) was 
labeled as hepatic steatosis on imaging having no 
cause for secondary hepatic fat accumulation. Metabolic 
syndrome was diagnosed according to the AHA criteria 
[14] as shown in Table 1. After taking detailed history and 
examination, demographic information and the presence 
of co-morbid conditions (diabetes mellitus, hypertension) 
were recorded. Current weight in kilograms and height in 
meters was assessed and BMI was recorded as kg/m2 
for each participant. Waist circumference (in inches) was 
assessed at the umbilical level. An abdominal ultrasound 
was conducted to determine hepatic fatty infiltration by 
a 3.5MHz probe by a Consultant Ultrasonographist. 
All patients were assessed for liver size, echogenicity, 
structure contour, and posterior beam attenuation. 

Blood samples after 10-hour fasting were collected for 
serum HDL-cholesterol (HDL-C) and serum triglyceride 
estimation.

Table 1: AHA Diagnostic criteria for metabolic syndrome [14].

AHA Diagnostic Criteria for Metabolic Syndrome
Diagnosis of metabolic syndrome if three or more of the 

following are present:
1. A waistline of 40 inches or more for men and 35 inches or more 

for women 
2. (measured across the belly)
3. A blood pressure of 130/85 mmHg or higher or are taking blood 

pressure medications
4. A triglyceride level above 150 mg/dl
5. A fasting blood glucose level greater than 100 mg/dl or are 

taking glucose-lowering medications
6. An HDL-cholesterol level less than 40 mg/dl (men) or under 50 

mg/dl (women)

SPSS version 22.0 was used for data entry and 
analysis. Mean and standard deviation was generated 
for quantitative variables. Frequency and percentage 
were used for qualitative variables. To control effect 
modifiers and confounders stratification was done. 
Post-stratification Chi-Square test was applied keeping 
p-value <0.05 as significant.

RESULTS
The mean age of the patients was 45.7+12.5 years with 
130 (56.5%) males and 100 (43.5%) females. One-
hundred and thirty-two (57.4%) patients were aged 45 
years or younger while 98 (42.6%) were aged 46 years 
or older. Diabetes mellitus was present in 104 (45.2%) 
patients and hypertension in 102 (44.3%) patients. The 
mean BMI was 23.4+3.6 kg/m2 and the mean waist 
circumference was 35.9+6.3 inches (91.1+16.0 cm) 
and 31.2+7.2 inches (79.2+18.2 cm) for males and 
females respectively. The mean serum triglyceride level 
was 209+10.1 mg/dl and was raised in 141 (61.3%) 
patients. The mean serum HDL-C level was 23.1+4.2 
mg/dl and was reduced in 142 (61.8%) patients. Non-
alcoholic Fatty Liver Disease (NAFLD) was seen in 38 
(16.5%) patients and 24 (10.4%) patients had metabolic 
syndrome. Among the 38 lean patients with NAFLD, 21 
(55.3%) patients had metabolic syndrome.

On data stratification, Non-alcoholic Fatty Liver Disease 
(NAFLD) in lean individuals demonstrated a significant 
association with Serum HDL-C level (p=0.015) but there 
was no association with age (p=0.097), sex (p=0.123), 
diabetes mellitus (p=0.089), hypertension (p=0.165) 
and serum triglycerides level (p=0.432) as shown in 
Table 2. On data stratification, Metabolic Syndrome in 
lean individuals had a significant association with Serum 
HDL-C level (p=0.023) and lean NAFLD (p=0.013); 
however, no association was seen with age (p=0.897), 
sex (p=0.463), diabetes mellitus (p=0.089), hypertension 
(p=0.465) and serum triglycerides level (p=0.302) as 
shown in Table 3.
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DISCUSSION
NAFLD is becoming a vital health concern due to its 
increasing prevalence. The prevalence of NAFLD 
varies from 15% to 32% in Asian countries and Indian 
subcontinent [8, 9]. NAFLD patients are more prone 
to increased insulin resistance, dysfunctional glucose 
metabolism, and an elevated risk of diabetes mellitus 
development. NAFLD is also an independent risk factor 
for various chronic diseases including cardiovascular 
diseases, colorectal malignancy, atrial fibrillation, 

and thyroid dysfunction [4, 5]. NAFLD may be seen 
in normal-weight and lean individuals also, having 
distinct metabolic characteristics including higher 
serum transaminase levels, less insulin sensitivity, less 
severe necro-inflammatory activity, and liver fibrosis 
as compared to NAFLD in obese and overweight 
individuals [7, 11] Prevalence of NAFLD reported by Kim 
et al. [15] in non-obese, non-diabetic adults was 23.4% 
(16.1% normal-weight versus 34.4% overweight group). 
All-cause NAFLD was seen in 33.6% of the general 
Pakistani population [16]. The major cause of NAFLD, 
according to the National Health Survey of Pakistan 
conducted in 2006, was obesity seen in 25% [17]. 
A hospital-based study in Pakistan by Naiz et al. [18] 
showed NAFLD in 13.5%. NAFLD may be utilized as a 
predictor of various metabolic diseases and a cause of 
cryptogenic liver fibrosis in patients with normal weight. 

There is very scarce literature about the natural history, 
therapeutic strategies, and prognosis of NAFLD in 
lean patients. It has been reported that mortality risk in 
Asians is more strongly associated with having low BMI 
than high BMI when compared to Cucasians [19] Cruz 
et al. [20] found cumulative survival to be significantly 
shorter in lean patients with NAFLD as compared to 
overweight or obese patients with NAFLD (p-value 
<0.02). Lean NAFLD is more associated with the male 
sex, non-Caucasian race, lower serum transaminase 
levels, lower prevalence of central obesity, diabetes, 
hypertriglyceridemia, hypertension, and Metabolic 
Syndrome; however, they had more severe lobular 
inflammation when compared to obese/overweight 
NAFLD patients. In the present study, 38 patients had 
NAFLD out of the 230 enrolled. Among these 38 patients 
with NAFLD, 11 (28.9%) had diabetes mellitus, 13 
(34.2%) had hypertension, 29 (76.3%) had raised serum 
triglyceride levels and 27 (71.0%) had decreased HDL-
Cholesterol levels. However, a significant association 
of NAFLD was only seen with serum HDL-Cholesterol 
level (p=0.015). Feng et al. [9] showed lean NAFLD was 
strongly associated with diabetes mellitus, hypertension, 
and Metabolic Syndrome as compared to overweight and 
obese NAFLD indicating an elevated risk for metabolic 
disturbances, cardiovascular morbidity, and mortality. In 
the present study, 24 patients had Metabolic Syndrome 
of the 230 enrolled. Among these 24 patients with 
Metabolic Syndrome, 21 (87.5%) had NAFLD showing 
a significant association (p=0.013).

In the present study, Diabetes Mellitus was seen in 104 
(45.2%) patients. Out of these 104 patients, 11 (10.5%) 
patients had NAFLD while 14 (13.5%) had Metabolic 
Syndrome. There was no significant association of 
diabetes mellitus with either NAFLD (p=0.089) or 
Metabolic Syndrome (p=0.089) in the present study. 
However, it has been postulated that NAFLD may 
predict the development of diabetes mellitus and both 
these conditions serve to aid the progression of the 
other through shared genetic metabolic pathways [21, 

Table 2: Comparison of demographic variables and Non-Alcoholic 
Fatty Liver Disease (NAFLD).

Demographic 
Variables

Non-Alcoholic Fatty Liver Disease
p-value

Present n(%) Absent n(%)
Age:

0.09720-45 years 21 (15.9) 111 (84.1)
46-70 years 17 (17.3) 81 (82.7)
Sex:

0.123Male 24 (18.4) 106 (81.6)
Female 14 (14.0) 86 (86.0)
Diabetes Mellitus:

0.089Present 11 (10.5) 93 (89.5)
Absent 27 (21.4) 99 (78.6)
Hypertension:

0.165Present 13 (12.7) 89 (87.3)
Absent 25 (19.5) 103 (80.5)
Serum Triglycerides Level:

0.432Normal 09 (10.1) 80 (89.9)
Raised 29 (20.5%) 112 (79.5)
Serum HDL Level:

0.015Normal 11 (12.5) 77 (87.5)
Decreased 27 (19.0) 115 (81.0)

Table 3: Comparison of demographic variables and metabolic 
syndrome.

Demographic 
Variables

Metabolic Syndrome
p-value

Present n(%) Absent n(%)
Age:

0.89720-45 years 14 (10.6) 118 (89.4)
46-70 years 10 (10.2) 88 (89.8)
Sex:

0.463Male 15 (11.5) 115 (88.5)
Female 09 (9.0) 91 (91.0)
Diabetes Mellitus:

0.089Present 14 (13.5) 90 (86.5)
Absent 10 (8.0) 116 (92.0)
Hypertension:

0.465Present 16 (15.7) 86 (84.3)
Absent 08 (6.2) 120 (93.8)
Serum Triglycerides Level:

0.302Normal 06 (6.7) 83 (93.3)
Raised 18 (12.7) 123 (87.3)
Serum HDL Level:

0.023Normal 04 (4.5) 84 (95.5)
Decreased 20 (14.0) 122 (86.0)
Non-Alcoholic Fatty Liver Disease:

0.013Present 21 (55.3) 17 (44.7)
Absent 03 (1.5) 189 (98.5)
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22]. End-stage NAFLD leading to liver cirrhosis and 
hepatocellular carcinoma is a major indication of liver 
transplant globally [23]. Furthermore, the combined 
magnitude of diabetes mellitus and NAFLD is steadily 
increasing and requires better recognition both by the 
patients and their care providers [24]. Diabetes mellitus 
is a major chronic, often undiagnosed, global health 
problem that can affect all ages and either gender 
with an increased preponderance for a sedentary 
lifestyle. Various studies depict the disease burden of 
poorly-controlled diabetes mellitus in Pakistan and its 
association with cardiovascular disease and metabolic 
syndrome [25-27]. In Pakistan, diabetes mellitus was 
reported to be present in 11.2% of men and 9.1% 
of women with an urban population having a higher 
prevalence at 14.8% as compared to 10.3% in the rural 
population [28].

In China, Feng et al. [9] showed NAFLD to be present 
in 18.3% of lean individuals having BMI <24 kg/m2 and 
14.5% of these had Metabolic Syndrome. Feldman et al. 
[10] showed NAFLD in up to 8% of lean patients. In the 
present study, 230 lean patients were enrolled and 38 
(16.5%) patients had NAFLD while Metabolic Syndrome 
was seen in 24 (10.4%). Out of the 38 lean patients 
with NAFLD, 21 (55.3%) patients were aged 45 years 
or younger while 17 (44.7%) patients were 46 years or 
older. Twenty-four (63.2%) patients of lean-NAFLD were 
male as compared to 14 (36.8%) females. Metabolic 
syndrome represents a constellation of risk factors for 
type II diabetes mellitus and cardiovascular disease 
which occur simultaneously more frequently than by 
chance alone. These factors include hypertension, 
elevated fasting glucose, raised serum triglyceride, 
reduced HDL-cholesterol, and abdominal obesity [29]. 
It is becoming abundantly clear that these implications 
of metabolic disorders are related to insulin resistance 
and are seen more commonly in patients with abdominal 
obesity, especially those who have excess visceral or 
intra-abdominal adipose tissue [30]. Insulin Resistance 
leads to an inflammatory, atherogenic, and prothrombotic 
condition which not only increases the risk of Type II 
Diabetes Mellitus but also raises cardiovascular disease 
risk [31]. NAFLD has been linked strongly to insulin 
resistance, making NAFLD not only a consequence but 
also a cause of Metabolic Syndrome [32].

The treatment of NAFLD is challenging. The clinical 
practice relies on treating the components of Metabolic 
Syndrome [33]. Therefore lifestyle modifications based 
on weight loss, dietary changes, and exercise regimen 
are first-line. However, there is little reliable data that 
proves the usefulness of lifestyle changes in lean 
NAFLD [34]. Weight reduction may be especially helpful 
in lean NAFLD patients with visceral obesity. Jin et al. 
[35] found improvement in hepatic steatosis in up to 
86% of patients at the time of follow-up biopsy in NAFLD 
patients following dietary modification and exercise 
regimen. Weight reduction of ≥5%, higher baseline 
steatosis, and total cholesterol reduction of ≥10% was 
significantly associated with steatosis improvement 
in non-obese patients with NAFLD [34]. High fructose 

or cholesterol diet restriction may also be beneficial. 
Another important step is the treatment for dyslipidemia 
which is commonly present in lean NAFLD. Furthermore, 
secondary causes of fatty liver should be ruled out. 
The role of genetic linkage and factors in metabolic 
pathways, insulin sensitizer agents, anti-oxidant therapy, 
and cytoprotective agents in lean NAFLD are being 
investigated [34, 35]. 

The current study has some limitations as well which need 
to be considered. Based in a single center, the present 
study had a relatively small sample size and enrolled 
patients taking Out-Patient care only. Furthermore, the 
risk of cardiovascular and renal disease, colorectal 
malignancy, atrial fibrillation, and thyroid dysfunction 
should also be seen in lean NAFLD patients. Case-
control or cohort studies are better options but require 
more resources and time. Using the results of our study 
as baseline data, researchers could plan more studies 
and generate further evidence regarding the association 
of NAFLD in lean individuals and metabolic syndrome.

CONCLUSION
NAFLD was not an uncommon finding in the present 
study seen in almost one-fifth of lean patients enrolled. 
However, metabolic syndrome was fairly common in 
these lean individuals of NAFLD and was reported in 
more than one-half of the lean NAFLD patients. We 
recommend using the presence of NAFLD to predict 
underlying metabolic syndrome in lean individuals so that 
early detection and management may lead to decreasing 
morbidity and mortality in this group of individuals.
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