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Abstract

Background—Hypovitaminosis D is common in obesity and insulin resistant states. Increased

fat mass in patients with non-alcoholic fatty liver disease (NAFLD) may contribute to

hypovitaminosis D.

Aims—To determine the relation between plasma vitamin D concentration, severity of disease

and body composition in NAFLD.

Methods—Plasma vitamin D concentration was quantified in 148 consecutive biopsy proven

patients with NAFLD (non alcoholic steatohepatitis-NASH: n=81; and hepatic steatosis n=67) and

healthy controls (n=39). NAFLD was scored using the NASH CRN criteria. Body composition

was quantified by bioelectrical impedance analysis and abdominal CT image analysis.

Results—Plasma vitamin D concentration was significantly lower in NAFLD (21.2±10.4 ng/ml)

compared to healthy controls (35.7±6.0 ng/ml). Higher NAFLD activity scores were associated

with lower plasma concentration of vitamin D (r2=0.29; p<0.001). Subgroup analysis among

patients with NAFLD showed that patients with NASH had significantly lower (p<0.01) vitamin

D levels than those with steatosis alone (18.1±8.4 vs. 25.0±11.3 ng/ml). Low concentrations of

vitamin D were associated with greater severity of steatosis, hepatocyte ballooning and fibrosis

(p<0.05). On multivariate regression analysis, only severity of hepatocyte ballooning was

independently associated (p=0.02) with low vitamin D concentrations. Plasma vitamin D

(p=0.004) and insulin concentrations (p=0.03) were independent predictors of the NAFLD activity

score on biopsy. Patients with NAFLD had higher fat mass that correlated with low vitamin D

(r2=0.26; p=0.008).
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Conclusions—Low plasma vitamin D concentration is an independent predictor of the severity

of NAFLD. Further prospective studies demonstrating the impact of vitamin D replacement in

NAFLD patients are required.
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Introduction

The high and increasing prevalence of hypovitaminosis D in the US population [1, 2] is of

particular concern given the increasingly recognized immunomodulatory, anti-inflammatory

and anti fibrotic effects of Vitamin D [3, 4]. Hypovitaminosis D is also more severe and

frequent in insulin resistant states [5, 6]. Non alcoholic fatty liver disease (NAFLD) is the

hepatic component of the metabolic syndrome and its associated insulin resistance [7]. Two

human studies from Europe suggest that hypovitaminosis D is associated with increasing

severity of non alcoholic fatty liver disease independent of other components of the

metabolic syndrome [8, 9]. In the larger study, NAFLD was not diagnosed by histology [8].

In the other study in 60 subjects, patients with NAFLD had hypovitaminosis D and lower

vitamin D concentrations were reported with more severe pathological features of NAFLD

[9].

Body composition also impacts vitamin D levels [10, 11]. Increasing body fat mass has been

identified to be an independent predictor of hypovitaminosis D with approximately 1.3

nmol/l reduction per 1kg/m2 increase in body mass index [12] even though body mass index

is a relatively crude index of body composition since it consists of bone mass, skeletal

muscle and fat mass. Increased body fat correlates with lower plasma vitamin D levels [13,

14]. Higher body fat mass is also associated with worsening insulin resistance [15] and

potentially more severe hepatic consequences and histological measures of NAFLD.

Vitamin D concentrations are lower with worsening insulin resistance and hypovitaminosis

D may predispose to development of diabetes mellitus [16, 17]. Insulin resistance has been

reported to result in reduction in skeletal muscle mass, and reduced muscle mass has also

been reported in patients with diabetes mellitus [18]. Sarcopenia or loss of skeletal muscle

mass and relative sarcopenia, or the ratio of muscle to fat mass, co-exist with obesity, and

have additive effects on insulin resistance [19, 20]. However, skeletal muscle loss and

relative sarcopenia have not been convincingly shown to be directly related to vitamin D

concentrations [21, 22]. There are few reports on the effect of vitamin D on skeletal muscle

mass and strength [21, 23] with weakness and reduced muscle mass in subjects with

hypovitaminosis D [24]. These data show that increased fat mass, relative sarcopenia,

insulin resistance and hypovitaminosis D co-exist. NAFLD is a disorder of insulin resistance

and obesity, the relation between changes in body composition and vitamin D concentrations

in patients with NAFLD are not known and relation between body composition and vitamin

D concentrations in this population is not known.

Since NAFLD has been reported in 20–30% of the Western population [25], the present

prospective study was conducted to determine the prevalence of hypovitaminosis D and its
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relation to body composition in patients with NAFLD compared with controls. Plasma

concentration of vitamin D was evaluated in relation to both liver histology scored using the

NASH Clinical Research Network histological criteria [26] and whole body total fat mass

and fat free mass using bioelectrical impedance analysis (BIA). We also used CT image

analysis that is used as a method to precisely quantify body composition based on skeletal

muscle and fat areas [27–29].

Subjects and Methods

Design

We included 148 consecutive outpatients with non-alcoholic fatty liver disease being

followed in the metabolic liver clinic after exclusion of those with recent acute illness,

clinical evidence of cancer, renal disease and those with medications known to affect

vitamin D metabolism. Subjects underwent detailed history and physical examination,

alcohol intake was quantified and use of other confounding medications recorded.

Laboratory investigations including amino transferases, blood urea nitrogen, serum

creatinine and vitamin D concentration were performed in the clinical core laboratory. The

diagnosis of NAFLD was confirmed in all patients by liver biopsy and exclusion of other

causes of chronic liver disease (alcohol intake >20g/d, viral hepatitis B or C, autoimmune

hepatitis, and the use of hepatotoxic drugs). During the same period, 39 healthy subjects

with no known chronic diseases, normal transaminases and hepatic ultrasound were included

as controls.

Vitamin D concentration

For biochemical measurements including vitamin D concentrations, venous blood was

drawn after an overnight fast and assays done in the clinical core laboratory using standard

automatic colorimetric methods. Since vitamin D concentrations depend on geography,

seasonal variation and exposure to sunlight, all subjects were residents within the greater

Cleveland area and vitamin D concentrations were obtained between October and February

when the duration of exposure to sunlight for both controls and patients with NAFLD was

similar.

Hepatic histology

An experienced hepatopathologist (AK) masked to the patients’ clinical details scored the

biopsy using the NASH CRN criteria for NAFLD severity [26]. Briefly, severity was scored

for the degree of steatosis from 0–3, fibrosis from 0–4, inflammation from 0–3 and

hepatocyte ballooning degeneration from 0–2. The diagnosis of NASH vs. no NASH was

based on the pathologist’s overall evaluation of the histology and not the NAS number.

Metabolic components

Components of metabolic syndrome [30] including waist circumference, type 2 diabetes

mellitus and systemic hypertension were documented and plasma triglyceride and high

density cholesterol were determined in patients with NAFLD. Young healthy controls

(n=32) were enrolled from the family members of the patients in the outpatient family

medicine clinic and subjects who came for routine physical examination, in whom illnesses
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were excluded on clinical, biochemical and imaging studies and were on no medications for

acute or chronic diseases. Since body composition was one of the measures in patients with

NAFLD, the healthy controls were not matched for age or body weight.

Body composition measures

Body composition was quantified using an RJL Quantum X tetrapolar bioelectrical

impedance analyzer (RJL Industries, Clinton Twn, MI). Fat mass and fat free mass were

determined using the manufacturer recommended software. Body mass index was measured

using the height (measured with a fixed stadiometer) and weight. Blood pressure was

measured with a standard manometer prior to the office visit. Information on daily alcohol

consumption and other characteristics were obtained from all participants as part of clinical

care using the AUDIT questionnaire. In 61 patients with NAFLD, CT of the abdomen was

done as part of clinical care. This subset of patients did not have Vitamin D levels measured.

Specific measures of skeletal muscle and abdominal fat area were quantified using the

Image J software [29, 31]. Total adipose tissue, subcutaneous visceral adipose tissue and

skeletal muscle cross-sectional areas (psoas, paraspinal, abdominal wall) were measured at

the level of L4 (Figure 1) using standard Hounsfield unit ranges (adipose tissue: −190 to

−30; skeletal muscle: −29 to +150)[32]. In an additional separate control group of 46 healthy

subjects who had CT abdomen for unspecified abdominal pain, muscle and fat areas were

quantified as described above. Inter-observer agreement was determined by intraclass

correlation (ICC) for muscle and adipose tissue area measured independently by two

investigators (SD, VB). The ICC was 0.975 or higher for each of the areas measured by the

2 investigators. The Bland Altman plot was used to analyze the agreement between body

composition measured using BIA (fat free and fat mass) and CT image analysis (total

muscle and fat area) and overall agreement was defined by the mean of differences or bias.

Two standard deviations representing 95% confidence intervals were used to show the limits

of agreement (Figure 2).

All data were collected prospectively and studies were approved by the Institutional Review

Boards at MetroHealth Medical Center and at the Cleveland Clinic, Cleveland, Ohio.

Statistical Analyses

All data are presented as mean±SD unless specified. Qualitative variables were compared

using the chi square test. Quantitative and rating variables were compared using ANOVA

with Bonferroni’s correction or the Student’s ‘t’ test for data that was normally distributed

and the Kruskall Wallis test or the Mann Whitney test for skewed data. The Spearman

correlation coefficient was calculated for associations of quantitative variables. Since there

were no gender differences in plasma vitamin D concentrations, they were pooled for

analyses. Multivariable logistical regression analysis was performed to identity predictors

for the presence and severity of NAFLD. The co-variates included vitamin D concentration

in plasma, age, gender, body mass index, whole body fat and fat free mass, plasma insulin

and glucose. Separate regression models were tested with the individual components of the

metabolic syndrome. P values <0.05 were considered statistically significant. Statistical

analyses were performed using the SPSS v20.0 (IBM, Armonk, NY).
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Results

Clinical characteristics

The baseline clinical, biochemical and body composition characteristics are shown in table

1. Young healthy controls were chosen to obtain concurrent normal body composition

values. The gender ratio and height of the healthy control subjects was similar to that in

patients with NAFLD. Patients with NAFLD were older, weighed more and had higher

blood glucose, and serum transaminases (p<0.01). The characteristics of patients with

NAFLD are shown in table 2. Among patients with NAFLD, 67 had steatosis alone and 81

had NASH. There were 17 patients with cirrhosis concurrent with NASH. Patients with

NASH were more insulin resistant (higher plasma glucose, insulin and HOMA scores), had

more severe injury on histology (steatosis, inflammation, ballooning, and fibrosis), greater

NAS, higher amino transferases and lower vitamin D concentrations.

Body composition

Body mass index and absolute fat mass, fat free mass and fat mass to fat free ratio measured

by BIA were higher (p<0.001) in patients with NAFLD compared to controls (Table 1). In

contrast, BIA measured fat mass, fat free mass, fat mass to whole body weight or fat free

mass were not different between patients with and without NASH (Table 2).

On image analysis, patients with NAFLD had significantly lower psoas, paraspinal,

abdominal wall and total muscle area and higher visceral and total fat area but not

subcutaneous fat as compared to controls (Table 3). These differences persisted even when

normalized for height of the subjects. In addition, all muscle areas were significantly lower

in NASH and NASH cirrhosis compared to those with steatosis alone (Table 3). Only

muscle area correlated inversely (r2=0.482; p<0.001) with the NAS. Measures of fat mass

including whole body fat mass, fat/fat free mass ratio, visceral and subcutaneous fat area on

CT did not correlate with the NAS.

Vitamin D concentrations

Plasma vitamin D concentrations were significantly (p<0.001) lower in patients with

NAFLD (21.2±10.4 ng/ml) compared with healthy controls (35.7±6.0 ng/ml). In patients

with NAFLD, vitamin D concentrations were significantly lower in NASH patients

compared to those with hepatic steatosis alone (table 2). Plasma vitamin D concentrations

were similar in patients with NASH alone (17.8±8.1 ng/ml) and in those with NASH

cirrhosis (19.4±10.2 ng/ml). Using a normal lower limit of plasma vitamin D concentration

30 ng/ml, 70.1% steatosis, 89.7% NASH and 84.6% of cirrhotic patients had

hypovitaminosis D while none of the controls had hypovitaminosis D. Amongst the study

subjects, vitamin D concentration correlated inversely with body weight (r2=0.15; p=0.001),

body mass index (r2=0.20; p=0.001), whole body fat mass on BIA (r2=0.26; p<0.001) and

visceral fat area (r2=0.24; p<0.001) (Figure 3). On the other hand, vitamin D concentration

did not correlate (p>0.1) with absolute fat free mass or the fat free mass expressed as a

percentage of whole body weight or fat mass.
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Vitamin D concentrations had a significant (p<0.001) inverse correlation (r2=0.29) with

NAS score. Amongst the NAS components, vitamin D concentrations correlated inversely

with the degree of steatosis (r2=0.26; p=0.001), ballooning (r2=0.17; p-0.04) and NAS score

(r2=0.22; p=0.007). As shown in figure 4, plasma concentration of vitamin D was

significantly lower (p<0.05) in patients with steatosis grade 2 or 3 compared to those with

grade 1. Similarly, patients with higher grades (2 or 3) lobular inflammation had lower

vitamin D. Higher grades of hepatocyte ballooning and fibrosis were also accompanied by

lower vitamin D concentrations. On multivariate regression analysis, the severity of

ballooning was the only NAS characteristic that was significantly associated (p=0.02) with

low plasma vitamin D. Of the non histological variables, only vitamin D (p=0.004) and

plasma insulin (p=0.03) independently predicted the NAS.

Among patients with NAFLD, metabolic syndrome was significantly more frequent

(p<0.02) in patients with NASH (81.5%) compared to those with steatosis alone (65.6%).

Patients with NAFLD with metabolic syndrome had lower (p<0.05) vitamin D concentration

(20.4±8.2 ng/dl) compared to those without the metabolic syndrome (23.5±7.2 ng/dl).

Components of metabolic syndrome were evaluated for their relation to the vitamin D

concentration in patients with NAFLD (Figure 5). Patients with more than 3 components of

metabolic syndrome had significantly lower vitamin D than those with 2 or fewer

components. Of these components, patients with diabetes mellitus had significantly lower

vitamin D. Patients with NASH had consistently lower vitamin D concentration than

steatosis alone, whether or not they had metabolic syndrome. Multivariate analysis showed

that presence of NASH and diabetes mellitus were independent predictors of low vitamin D

concentration (Table 4).

Discussion

The present study shows, in our large cohort of clinically and histologically well

characterized patients with NAFLD, significantly lower plasma concentrations of vitamin D

than in healthy controls. Plasma vitamin D was also significantly lower in patients with

NASH compared with those with steatosis alone. Presence of NASH and increasing scores

of steatosis, fibrosis and ballooning were accompanied by lower plasma vitamin D

concentration. The presence of metabolic syndrome was associated with hypovitaminosis D

and patients with 3 or more components had significantly lower plasma D concentrations. In

addition, only NASH and the presence of diabetes mellitus independently predicted lower

vitamin D levels. These data along with those from others [33] emphasize the importance of

insulin resistance on vitamin D levels and that low vitamin D levels can accelerate advanced

stages of liver disease. The liver injury associated with low vitamin D concentration may be

explained, in part, by a recent study that reported a TGFβ1/Smad3 mediated increase in

hepatic profibrotic genes [34]. In addition, hypovitaminosis D in humans and animals

contributes to increased oxidative stress and increased inflammation [35]. Vitamin D

inhibits the production of inflammatory cytokines and hypovitaminosis with a high fat diet

increases the expression of toll like receptors 2, 4 and 9 expression in rat livers [36].

Obesity as defined by body mass index is a risk factor for both NAFLD and hypovitaminosis

D [37]. In our patients, using BIA, whole body fat mass and fat free mass were significantly
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higher in patients with NAFLD than controls. Patients with NAFLD also had significantly

higher visceral and adipose tissue areas compared to that in controls quantified by CT image

analysis. These data on fat mass are consistent with previous data that the metabolic adverse

consequences of obesity are due to increased fat mass [38, 39] and adipose tissue mass is

higher in patients with NASH [40, 41].

Our observations are consistent with previous reports that obesity and insulin resistance

were inversely correlated with plasma vitamin D concentrations [6, 10, 11, 13]. Our data,

however, extend these observations by providing a direct inverse relation between vitamin D

and fat mass measured either by BIA and CT image analysis. It has been suggested that

visceral fat is metabolically more active [39, 42] and consistently, our data show that

visceral rather than whole body fat that correlated the best with low plasma vitamin D

concentration. Although obesity, as quantified by waist circumference, forms a component

of the metabolic syndrome, on multivariate analysis, we observed that NASH and diabetes

mellitus- but not obesity- were independent predictors of hypovitaminosis D suggesting that

it was the metabolic and hepatic consequences of insulin resistance that contributed to the

hypovitaminosis D. These findings are consistent with previous reports that the severity of

insulin resistance was accompanied by low vitamin D concentrations and that on follow up,

patients with hypovitaminosis D were at risk of glucose intolerance [5, 43, 44].

On the other hand, there have been no data that systematically evaluated skeletal muscle

mass in fatty liver. Since insulin resistance is associated with sarcopenia or loss of muscle

mass [45], our observation of higher fat free mass in NAFLD was surprising but similar to

the data reported in obese subjects [46]. However, the ratio of fat to fat free mass showed

that patients with NAFLD had a higher relative fat and a lower relative fat free mass. This

was similar to previous data that the relative muscle mass correlated with insulin sensitivity

[19, 20]. Our data therefore suggest that even though absolute fat free mass is higher in

patients with NAFLD, as a relative proportion to their fat mass, they were sarcopenic.

Consistent with this interpretation, direct measurement of skeletal muscle area on CT

showed that patients with NAFLD had significantly lower psoas and paraspinal muscle area

compared to that in healthy controls. Furthermore, the total fat to muscle area was also

higher in NASH than steatosis suggesting that patients with NASH have more severe

sarcopenic obesity. These data are of significance given the recognition that relative

sarcopenia identified by the ratio of fat and muscle mass is associated with insulin resistance

and metabolic syndrome [47–49]. Our data on the altered fat to fat free mass in patients with

NAFLD suggests that the liver-adipose tissue-skeletal muscle axis may be dysregulated in

these patients. Recent data on the regulatory role of skeletal muscle secreted protein, irisin

on adipose tissue function [50] [51] as well as TGFβ superfamily member, myostatin on

insulin resistance [52, 53] suggest that these molecular abnormalities may play a

contributory role in the development and progression of NAFLD. These exciting and

potential novel molecular abnormalities can not only explain the body composition

abnormalities in these patients, but also can be novel therapeutic targets in NAFLD.

Since vitamin D is a major regulator of bone mass, we expected that fat free mass would be

lower in NAFLD patients who have low plasma concentrations of vitamin D. Previous data

in adults have, however, shown that bone density is not significantly altered in NAFLD [54].
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Even though our patients with NAFLD had lower muscle mass, plasma vitamin D was not

significantly correlated with the muscle mass on CT image analysis. Others have also

reported that plasma vitamin D did not correlate with muscle mass [22]. Consistently, we

observed in patients with NAFLD that muscle and fat free mass did not correlate with low

plasma vitamin D concentration. We thus, demonstrate for the first time that body

composition, specifically, fat mass rather than BMI or fat free mass is an independent

predictor of hypovitaminosis D in patients with NAFLD.

A number of mechanisms could contribute to the low plasma vitamin D in NAFLD.

Increased fat mass in NAFLD may allow a greater volume of distribution of vitamin D in

the adipose tissue compartment with lower plasma concentration [55, 56]. It has also been

suggested that obese subjects are sedentary and have reduced sunlight along with

consumption of high caloric foods low in mineral and vitamin content that may also

contribute to the low vitamin D [9, 57]. Although we did not specifically evaluate the

duration of exposure to sunlight, by measuring plasma vitamin D in both controls and

patients with NAFLD in a similar low daytime period, we reduced the effect of differential

exposure to sunlight. The active metabolite of vitamin D is formed in the liver and it is

possible that low vitamin D is a consequence of hepatocellular dysfunction in NAFLD. This

is, however unlikely, because vitamin D supplementation normalizes plasma vitamin D in

patients with cirrhosis demonstrating that hepatic 25 hydroxylation is preserved even in the

presence of advanced liver disease [58].

Our study has limitations but the strengths of the study significantly outweigh these

limitations. The control group was small relative to the NAFLD group and was not matched

for age or body weight. The primary goal of the control group was to demonstrate that in a

young healthy population, plasma vitamin D fell within the normal range of our laboratory

and this was shown in this group. Obesity is associated with a number of metabolic

consequences that have a negative impact on plasma vitamin D and hence non obese,

healthy subjects were included. A disease control group of patients with non NAFLD liver

diseases was not included since hypovitaminosis D has been reported in a number of other

liver diseases including hepatitis C where vitamin D status influences response to therapy

[33, 59].

Our data in combination with previously published studies provide compelling evidence for

routine screening for hypovitaminosis D in patients with NAFLD and treatment with

supplementation when needed. Longitudinal human data on the therapeutic benefit of

vitamin D in prevention of progression of disease are necessary.
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Figure 1. CT image analysis using NIH ImageJ software
(a) and (c) Original CT image in digital imaging and communications in medicine (DICOM)

format with (b) skeletal muscle and (d) adipose tissue thresholds applied with the

subcutaneous and visceral adipose tissue identified shown in red.
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Figure 2.
Bland Altman plots comparing body composition using bioelectrical impedance analysis and

CT image analysis. These showed a high degree of agreement between the two methods.

The X axis shows the average of the two methods and the Y axis shows the difference

between the two methods. Limits of agreement are shown by the confidence intervals shown

within the graph. (a) Muscle area measured by CT image analysis and lean body mass by

bioelectrical impedance analysis. (b) Fat area measured by CT image analysis and whole

body fat mass quantified by bioelectrical impedance analysis.
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Figure 3.
In patients with non alcoholic fatty liver disease (NAFLD) vitamin D concentration

correlated inversely with whole body fat mass (r2=0.27; p<0.05) measured by BIA and

visceral fat area (r2=0.41; p<0.01 ) on CT image analysis.
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Figure 4.
Box and whisker plots of vitamin D concentrations related to the steatosis, inflammation,

ballooning and fibrosis score on liver biopsy in patients with NAFLD. * p<0.05 ***

p<0.001.
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Figure 5.
Histograms showing the plasma vitamin D concentration in patients with differing numbers

of metabolic syndrome. Patients with more than 3 components had significantly lower

(plasma vitamin D compared to those with 3 or fewer metabolic components. p<0.05
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Table 1

Clinical, body composition and biochemical characteristics of study subjects

Factor Controls NAFLD

Number 39 148

Age 37.5 ± 10.6 49.9 ± 12.3**

Gender (M:F) 9:30 42:106

Height(cm) 167.0 ± 9.3 165.4 ±9.8

Weight(lbs) 149.0 ± 28.2 217.0 ± 53.6***

Body mass index (kg/m2) 25.5 ± 3.1 35.7 ± 7.0***

Fat free mass (lb) 52.1 ± 10.1 137.6 ± 37.3***

Fat free mass/body weight 70.0 ± 10.0% 63.9 ± 9.5%

Fat mass (lb) 23.2 ± 8.4 79.2 ± 31.2***

Fat mass/body weight 30.0 ± 10.0% 36.1 ± 9.5%

Fat mass/fat free mass 0.46 ± 0.17 0.61 ± 0.24**

Vitamin D (ng/ml) 35.7 ± 6.0 21.2 ± 10.4***

Albumin (g/dl) 4.0 ± 0.6 4. 1± 0.4

Bilirubin (mg/dl) 0.7 ± 0.4 0.7 ± 0.4

Glucose (mg/dl) 87.7 ± 5.7 117.3 ± 39.1***

Serum AST (IU/dl) 19.6 ± 6.4 38.7 ± 24.6***

Serum ALT (IU/dl) 18.9 ± 12.0 45.9 ± 30.0***

Serum calcium (mg/dl) 9.4 ± 0.4 9.4 ± 0.4

Serum phosphate (mg/dl) 3.8 ± 0.6 3.6 ± 0.6

Blood urea nitrogen (mg/dl) 10.2 ± 3.8 12.1 ± 5.1

Serum creatinine (mg/dl) 0.75 ± 0.20 0.83 ± 0.22

Values presented as Mean ± SD

**
p<0.01;

***
p<0.001
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Table 2

Patient Characteristics by disease group

Factor Steatosis (n=67) NASH(n=81)

Age 47.9 ± 12.3 51.4 ± 12.2

Gender (M:F) 18:49 24:57

Height(cm) 165.3 ± 9.0 165.5 ± 10.5

Weight(lbs) 214.3 ± 60.1 219.2 ± 48.0

Body mass index (kg/m2) 35.2 ± 7.8 36.1 ± 6.2

Glucose (mg/dl) 109.3 ± 35.5 123.8 ± 40.8*

Insulin (mU/L) 18.1 ± 11.1 27.5 ± 21.6**

HOMA IR 5.0 ± 3.9 9.3 ±10.4**

HbA1c gm% 6.2± 1.0 6.6 ± 1.6

Steatosis 1.2±0.8 2.3 ± 0.7***

Inflammation 0.9z ± 0.4 1.5 ± 0.7***

Fibrosis 1.0 ± 0.3 2.1 ± 1.2***

Ballooning 0.12 ± 0.03 1.4 ± 0.5***

NAS 2.3 ± 1.0 5.3 ± 1.1***

AST 33.6 ± 18.5 45.5 ± 26.9**

ALT 38.3 ± 29.9 52.2 ± 28.6**

Bilirubin 0.6 ± 0.3 0.8 ±0.4

Vitamin D (ng/ml) 25.0 ± 11.3 18.1 ± 8.4***

Fat wt (lb) 79.9 ± 33.0 78.7 ± 29.8

FFM wt(lb) 134.2 ± 37.4 140.5 ± 37.3

Fat mass/FFM 0.64 ± 0.24 0.59 ± 0.24

Fat % of wt 36.6 ± 8.7 35.7 ± 10.1

FFM % of wt 63.4 ± 8.7 64.3 ± 10.1

Values presented as Mean ± SD.

*
p<0.05

**
p<0.01;

***
p<0.001
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Table 3

Muscle and fat area on CT image analysis

Control Steatosis NASH NASH Cirrhosis

Number 46 25 26 10

Psoas area (cm2) 29.3 ± 4.1 26.4 ± 4.6a 20.3 ± 2.5 b 18.0 ± 3.0 d

Paraspinal area (cm2) 60.1± 9.5 51.4 ± 10.2 a 43.4 ± 4.4 b 39.7 ± 4.1 d

Abdominal Wall area (cm2) 78.9 ± 19.9 70.1 ± 17.4 a 62.1 ± 10.2 b 57.8 ± 13.0 d

Total muscle area (cm2) 167.5 ± 30.3 147.9±29.2 a 125.2 ±11.7 b 115.5 ± 16.9 d

Visceral Fat (cm2) 189.0 ± 58.6 413.5 ± 39.7 a 428.3 ± 25.5 a 336.4 ± 68.1 d

Subcutaneous Fat (cm2) 200.2 ± 52.1 204.3 ± 19.7 255.5 ± 90.3 200.7 ± 32.6 e

Total Fat (cm2) 389.3 ± 95.3 617.8 ± 46.8 c 683.8 ± 163.4 c 537.1 ± 95.7 d

Fat/Muscle area Ratio 2.4 ± 0.56 4.2 ± 1.5 a 5.4 ± 1.2 b 4.5 ± 2.2 d

a
p<0.01 control vs. steatosis

b
p<0.001 control vs. NASH and p<0.05 steatosis vs. NASH

c
p< 0.01 control vs. steatosis, NASH

d
p<0.01 vs. controls and steatosis

e
p<0.05 vs. NASH alone
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