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Abstract Background Studies have reported the association between weight gain and nonalcoholic fatty 
liver disease (NAFLD) in the Asian population. We investigated the association between weight 
gain, NAFLD and significant fibrosis measured by transient elastography in a representative 
Unites States sample.

Methods A cross-sectional study of 2849 participants was performed using the 2017-2018 
National Health and Nutrition Examination Survey. We defined NAFLD by controlled attenuation 
parameter (CAP) scores and significant fibrosis (≥F2) by liver stiffness measurements using 
transient elastography, in the absence of other causes of chronic liver disease. A questionnaire that 
assessed weight change over 1 (short term) and 10 years (long term) was utilized.

Results Age-  and sex-adjusted odds ratios (OR) for NAFLD, comparing the third and fourth 
quartiles (weight-gain group) with the second quartile (weight-stable group, reference), 
were 1.61  (95% confidence interval [CI] 1.07-2.43) and 3.58  (95%CI 2.19-5.86), respectively. 
The association between weight gain and NAFLD remained significant after adjustment for 
demographic and metabolic risk factors (OR 1.87, 95%CI 1.19-2.95 for CAP score ≥263 dB/m; OR 
2.23, 95%CI 1.48-3.35 for CAP ≥285 dB/m). In terms of significant fibrosis, multivariate-adjusted 
OR for significant fibrosis were 1.99  (95%CI 1.05-3.79 for the third quartile) and 3.12  (95%CI 
1.46-6.65 for the fourth quartile), respectively. A  statistically significant association between 
weight gain over 1 year and NAFLD was noted, whereas no such association was found between 
weight gain and significant fibrosis.

Conclusion Weight gain over 10  years was associated with increased odds of NAFLD and 
significant fibrosis.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a growing 
healthcare burden worldwide, with an estimated global 
prevalence of 25% [1]. NAFLD comprises a broad spectrum 
of diseases, from nonalcoholic fatty liver to nonalcoholic 
steatohepatitis (NASH), significant fibrosis and end-stage 
liver disease, such as cirrhosis and hepatocellular carcinoma. 
Patients with NAFLD and fibrosis have a significantly increased 
risk of cardiovascular disease and liver-related mortality [2,3]. 
Hospitalization rates and the economic burden from NAFLD 
have increased compared to other etiologies of liver diseases 
in the United States (US) [4,5]. It is estimated that NAFLD is 
the most common cause of the rapidly increasing liver-related 
mortality worldwide [6].

Obesity has been identified as a risk factor in the 
pathogenesis of NAFLD and progression to NASH and 
fibrosis [7]. From 50-75% of obese individuals have NAFLD [7]. 
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Obesity and weight gain were associated with the progression 
of liver fibrosis, defined by a noninvasive marker, in an Asian 
population with NAFLD [8]. It has been shown that fibrosis 
stage predicts severe liver disease and mortality in patients 
with NAFLD [9]. Although liver biopsy remains the gold 
standard for histological evaluation, transient elastography is a 
reliable noninvasive test to measure and monitor liver fibrosis, 
as well as to assess hepatic steatosis measured by the controlled 
attenuation parameter (CAP) [10]. A  recent meta-analysis 
reported an association between weight loss interventions 
and improvement in NASH, but not in fibrosis [11]. Several 
studies have reported an association between weight gain and 
ultrasonography-diagnosed NAFLD, as well as fibrosis by 
noninvasive markers, in Asian control groups [8,12]. However, 
no studies have evaluated the impact of weight gain over 
10 years on the risk of NAFLD as well as NAFLD-associated 
significant fibrosis, as measured by transient elastography, 
in the US population. Because of the lack of an approved 
pharmacologic treatment for NAFLD or fibrosis, there is a need 
to better understand modifiable risk factors for NAFLD as well 
as NAFLD-associated fibrosis to reduce the disease burden and 
associated healthcare costs. Therefore, we aimed to investigate 
the association between weight gain in the short-  and long-
term and NAFLD, as well as NAFLD-associated significant 
fibrosis measured by transient elastography, in the general US 
population.

Materials and methods

Study population

We analyzed data from the contemporary National Health 
and Nutrition Examination Survey (NHANES) 2017-2018. The 
NHANES dataset includes anthropometric measures as well 
as comprehensive questionnaires covering sociodemographic 
and lifestyle information, including weight history and 
detailed laboratory tests [13]. Ten-year data concerning weight 
were available for adults over 36  years; therefore, a total of 
3843 participants were identified with a complete weight 
history. Five hundred forty-nine participants were excluded 
because of ineligible transient elastography or an incomplete 
examination. In addition, participants with viral hepatitis 
(presence of the hepatitis B surface antigen and/or hepatitis C 
virus RNA; n=62), exposure to steatogenic medications (such 
as amiodarone, corticosteroid, methotrexate, tamoxifen and 
valproate) for more than 6 months (n=69), significant alcohol 
consumption, defined as >30 g/day in men and >20 g/day in 
women [1], (n=83), and incomplete waist circumference data 
(n=114) were excluded. We also excluded participants with a 
medical history of fatty liver disease (n=79), medical history 
of other liver diseases (viral hepatitis, autoimmune hepatitis, 
primary biliary cholangitis, primary sclerosing cholangitis, 
α-1 antitrypsin deficiency, hemochromatosis, Wilson’s disease, 
alcohol related liver disease, liver cancer, liver fibrosis; n=32), 
and participants with HIV (n=6). Finally, a total of 2849 
participants were included in this analysis (Fig. 1).

Definition of NAFLD and significant fibrosis

We used previously proposed methods for the definition of 
NAFLD and significant fibrosis [14,15]. The FibroScan model 
502 V2 Touch (Echosens, Waltham, MA) was equipped with 
medium or extra-large probes, which were used to estimate 
the CAP score and liver stiffness. Elastography results were 
considered as invalid and subsequently excluded if any of the 
following were present: <10 complete stiffness measurements 
out of up to 30 attempts, interquartile range/median ratio 
>30%, or <3 h of fasting before the examination [14,16,17]. We 
included individuals with serum aminotransferase <5  times 
the upper limit of the normal range. The interobserver 
reliability was 0.94 for CAP and 0.86 for liver stiffness [14,16]. 
We defined suspected NAFLD (≥S1) as CAP scores ≥263 dB/m 
(cutoff of sensitivity fixed at 90%) [14,18]. For the sensitivity 
analysis, we defined CAP scores ≥285 dB/m (cutoff optimizing 
sensitivity and specificity) as suspected NAFLD [14,18]. While 
most studies assign a cutoff of >250  dB/m for significant 
steatosis (>33% of hepatic steatosis), a prior study suggested 
a cutoff of 288  dB/m to detect >5% hepatic steatosis [19]. It 
should be noted that the CAP score can be affected by several 
factors, such as diabetes, body mass index, and NAFLD [19]. 
Liver stiffness of ≥8 kPa (≥F2) [10,19,20]. was used to define 
significant fibrosis in the cohort and among individuals with 
NAFLD.

Definition of weight changes

Weight changes over 10  years were calculated as the 
difference between present weight and weight 10 years before. 
Likewise, weight changes over a year were calculated as the 
difference between present weight and weight 1  year before. 
Weight changes were categorized into 4 weighted quartiles 
for 1 and 10 years, respectively. Weight changes over 10 years 
were categorized as follows: quartile 1, <-7 pounds (-3.18 kg); 
quartile 2, -7 pounds (-3.18 kg) to 6 pounds (2.72 kg); quartile 
3, 6 pounds (2.72  kg) to 20 pounds (9.07  kg); and quartile 
4, ≥20 pounds (9.07 kg). For the weight changes over a year, 
we categorized quartiles as follows: quartile 1, <-5 pounds 
(-2.27 kg); quartile 2, -5 pounds (-2.27 kg) to 0 pounds; quartile 
3, 0-4 pounds (1.81 kg); and quartile 4, ≥4 pounds (1.81 kg). 
We used quartile 2 (weight-stable group) as the reference 
group. We categorized quartile 3 and quartile 4 as the weight-
gain group and quartile 1 as the weight-loss group.

Statistical analysis

In view of the complex sampling design employed by the 
NHANES, we used appropriate sample weights to reconstruct 
representative data of the US population. According to quartiles 
for weight changes, baseline characteristics were compared 
using the χ2 -test for categorical variables or linear regression 
for continuous variables. Data are shown as the weighted mean 
± standard error or weighted frequency with 95% confidence 
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intervals (CI), as appropriate. We used multivariate logistic 
regression analyses to determine the independent association 
between weight changes, NAFLD and NAFLD-associated 
fibrosis, after adjusting for multiple demographic and metabolic 
confounders, including age, sex, race/ethnicity, education 
level, marital status, smoking status, hypertension, diabetes, 
total cholesterol, high-density lipoprotein-cholesterol, physical 
activity, and weight circumference (model 2). We performed 
analyses using STATA 15.1 (StataCorp., College Station, Texas, 
USA).

Results

Weight changes over 10  years and NAFLD/significant 
fibrosis

As shown in Table 1, individuals in the weight-gain groups 
(quartiles 3 and 4) tended to be younger, female, Hispanic, 
non-Hispanic Black, current smokers, and more likely to have 
hypertension and diabetes compared to individuals in the 
weight-stable group. As expected, individuals in the weight-
gain group had a higher body mass index, waist circumference, 
alanine aminotransferase, and gamma-glutamyl transferase 
than individuals in the weight-stable group. The prevalence of 
NAFLD (CAP scores of ≥263 dB/m) in the weight-gain group 
(68.8%, 95%CI 61.5-75.3 for quartile 4) was higher compared to 
the weight-stable group (44.4%, 95%CI 38.4-50.6 for quartile 2). 
Using another definition for NAFLD (CAP scores ≥285 dB/m), 
similar trends were noted (Table 1). The prevalence of NAFLD 
in the weight-loss group (quartile 1) was slightly higher than or 
comparable with that in the weight-stable group.

Table  2 shows univariate and multivariate analyses 
regarding the association between weight changes over 

10 years and NAFLD. When NAFLD was defined as a CAP 
score of ≥263  dB/m, the weight-gain groups had increased 
odds of NAFLD compared to the weight-stable (reference) 
group in the age- and sex-adjusted model (odds ratio [OR] 
1.61, 95%CI 1.07-2.43 for quartile 3; OR 3.58, 95%CI 2.19-
5.86 for quartile 4). After adjustment for age, sex, race/
ethnicity, education level, marital status, smoking status, 
hypertension, diabetes, total cholesterol, high-density 
lipoprotein cholesterol and physical activity, individuals who 
gained over 9.1 kg (20 pounds over 10 years) and composed 
quartile 4 had significantly greater odds of NAFLD (OR 
2.63, 95%CI 1.72-4.02). For every kg gained, the odds of 
NAFLD increased by 3% (OR 1.03, 95%CI 1.01-1.04), after 
adjustment for multiple confounders. The addition of waist 
circumference to the model reduced the OR for NAFLD, 
but it remained significant (OR 1.87, 95%CI 1.19-2.95). This 
result suggests that the association between weight changes 
and NAFLD might be partly mediated by abdominal obesity. 
When sensitivity analyses were performed using a CAP score 
of ≥285 dB/m, similar and statistically significant associations 
between weight gain and NAFLD were observed in the 
univariate and multivariate models.

In terms of significant fibrosis (Table  3), the weight-gain 
groups had greater odds of significant fibrosis compared to the 
weight-stable group in the age- and sex-adjusted model (OR 
2.42, 95%CI 1.27-4.62 for quartile 3; OR 4.90, 95%CI 2.52-
9.56 for quartile 4). After adjustment for demographic and 
metabolic risk factors, the weight-gain groups had significantly 
greater odds of significant fibrosis compared to the weight-
stable group (OR 2.15, 95%CI 1.19-3.87 for quartile 3; OR 3.73, 
95%CI 1.86-7.46 for quartile 4). For every 1 kg of weight gain, 
the odds of significant fibrosis increased by 3% (OR 1.03, 95%CI 
1.01-1.06). When waist circumference was included in the 
model, the association between weight changes and significant 
fibrosis was attenuated, but remained statistically significant. 

NHANES 2017-2018
Adults ≥36 years and available weight history questionnaire (n=3,843)

Transient elastography available (n=3,294)

Final sample (n= 2,849)

Exclusion (n=445)
HCV-RNA (+) or HBsAg (+) (n=62)

HIV (+) (n=6)
Significant alcohol consumption (n=83)

Exposure to steatogenic medications (n=69)
Missing data of waist circumference (n=114)

History of fatty liver disease (n=79)
History of other liver diseases (n=32)

Figure 1 Flow chart showing cohort selection 
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Table 1 Characteristics of the study population according to weight change over 10 years. (n=2849)

Characteristics Quartiles of weight change

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value

Age (years) 60.1±0.7 58.8±0.7 55.6±0.7 51.8±0.6 <0.001

Sex (% men) 52.4
(44.4-60.1)

49.9
(43.0-56.7)

44.5
(37.2-52.1)

38.9
(33.5-44.7)

0.061

Body mass index (kg/m2) 27.8±0.4 27.3±0.3 29.1±0.5 34.1±0.3 <0.001

Waist circumference (cm) 98.5±0.9 96.7±0.9 100.6±1.5 110.6±0.8 <0.001

Hypertension (%) 51.6
(45.1-58.0)

37.7
(32.2-43.5)

42.1
(36.1-48.4)

44.2
(38.8-49.8)

0.005

Diabetes (%) 26.4
(20.5-33.2)

15.0
(11.0-20.2)

14.7
(12.0-17.7)

19.4
(15.7-23.6)

0.002

Ethnicity (%)
Non-Hispanic White

Non-Hispanic Black

Hispanic

Non-Hispanic Asian

Other

69.3
(60.6-76.8)

9.9
(6.6-14.6)

11.3
(8.1-15.5)

4.1
(2.8-5.9)

5.5
(2.9-9.9)

68.8
(61.8-74.9)

5.5
(3.5-8.5)

12.3
(9.2-16.3)

9.1
(5.9-13.7)

4.4
(2.0-9.2)

64.9
(59.4-70.1)

9.7
(6.8-13.6)

15.4
(11.4-20.4)

7.2
(4.7-10.7)

2.9
(1.4-5.9)

61.3
(53.2-68.8)

16.1
(11.5-22.1)

14.1
(10.6-18.9)

3.5
(2.4-5.2)

5.0
(2.7-9.0)

0.001

Smoking (%)
Never

Current smoker

Ex-smoker

52.0
(47.0-57.0)

29.4
(25.9-33.1)

18.6
(15.0-22.8)

62.5
(56.6-68.1)

26.0
(20.6-31.3)

11.9
(7.6-18.2)

62.0
(55.7-67.9)

27.7
(23.6-32.2)

10.3
(7.0-14.9)

54.4
(49.0-60.0)

31.9
(26.4-38.0)

13.7
(10.8-17.2)

0.027

High education (%) 87.6
(84.4-90.1)

90.6
(86.7-93.5)

91.0
(88.1-93.2)

88.0
(84.6-90.6)

0.170

Married (%) 68.7
(63.2-73.8)

69.1
(62.2-75.2)

74.2
(70.1-77.9)

67.3
(61.1-73.0)

0.304

Total cholesterol (mg/dL) 187.2±3.0 197.2±3.5 198.2±3.3 198.9±2.7 0.003

High-density lipoprotein cholesterol (mg/dL) 55.0±1.3 56.6±1.3 54.2±1.0 50.7±0.8 0.002

Triglyceride (mg/dL) 119.6±5.1 112.2±6.9 111.6±3.2 135.2±9.8 0.149

Fasting glucose (mg/dL) 119.6±4.9 110.7±1.4 110.4±1.6 114.1±2.1 0.265

Hemoglobin A1c (%) 5.92±0.06 5.71±0.05 5.75±0.04 5.88±0.04 0.952

Fasting insulin (pmol/L) 70.3±7.5 65.5±5.8 79.4±8.4 98.2±7.3 0.021

Alanine aminotransferase (IU/L) 19.0±0.6 20.6±0.5 21.4±0.7 24.8±0.8 <0.001

Aspartate aminotransferase (IU/L) 20.9±0.5 21.1±0.3 21.3±0.5 21.2±0.3 0.565

Gamma glutamyl transferase (IU/L) 25.7±1.5 25.4±1.1 28.4±1.1 32.0 ± 1.0 0.006

NAFLD (CAP ≥263 dB/m, %) 48.4
(40.2-56.7)

44.4
(38.4-50.6)

53.3
(46.5-60.1)

68.8
(61.5-75.3)

<0.001

NAFLD (CAP ≥285 dB/m, %) 35.0
(28.8-41.8)

29.1
(23.9-35.6)

35.8
(28.6-43.8)

56.5
(50.0-62.8)

<0.001

Significant fibrosis (≥F2, %) 8.9
(5.9-13.0)

3.9
(2.3-6.4)

8.1
(6.1-10.8)

13.6
(10.7-17.2)

<0.001

Data are shown as the weighted mean ± standard error or weighted frequency (95% confidence interval), as appropriate 
Triglycerides, fasting glucose, fasting insulin were calculated from fasting subjects only
Range of quartile 1, <-7 (-3.18 kg) pounds; quartile 2, -7 pounds (-3.18 kg) to 6 (2.72 kg) pounds; quartile 3, 6 pounds (2.72 kg) to 20 pounds; and quartile 4, 
≥20 pounds (9.07 kg)
CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease
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Sensitivity analyses were conducted among individuals with 
NAFLD using the different definitions of NAFLD based on 

different CAP score cutoff. Overall, the results were identical to 
those obtained using the cohort.

Table 2 Multivariate odds ratio for NAFLD based on weight changes over 10 years

Quartile Age, sex-adjusted model Multivariate model 1 Multivariate model 2

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

NAFLD (CAP ≥263 dB/m)
1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

1.13 (0.73-1.73)
1

1.61 (1.07-2.43)
3.58 (2.19-5.86)
1.03 (1.01-1.05)

0.562

0.026
<0.001
0.001

0.84 (0.52-2.03)
1

1.31 (0.84-2.03)
2.63 (1.72-4.02)
1.03 (1.01-1.04)

0.216

0.216
<0.001
0.005

0.94 (0.58-1.51)
1

1.24 (0.78-1.96)
1.87 (1.19-2.95)
1.01 (1.00-1.03)

0.782

0.344
0.010
0.041

NAFLD (CAP ≥285 dB/m)
1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

1.26 (0.81-1.97)
1

1.51 (0.96-2.39)
4.05 (2.54-6.44)
1.03 (1.02-1.04)

0.280

0.074
<0.001
<0.001

1.00 (0.64-1.57)
1

1.24 (0.82-1.85)
3.02 (2.03-4.48)
1.02 (1.01-1.04)

0.993

0.282
<0.001
<0.001

1.14 (0.77-1.68)
1

1.14 (0.77-1.68)
2.23 (1.48-3.35)
1.01 (1.00-1.02)

0.492

0.492
0.001
0.009

Multivariate model 1 was adjusted for age, sex, race/ethnicity, education level, marital status, smoking status, hypertension, diabetes, total cholesterol, high-
density lipoprotein cholesterol, and leisure-time physical activity, using appropriate sampling weights
Multivariate model 2 was adjusted for waist circumference in addition to model 1, using appropriate sampling weights
Range of quartile 1, < -7 (-3.18 kg) pounds; quartile 2, -7 pounds (-3.18 kg) to 6 (2.72 kg) pounds; quartile 3, 6 pounds (2.72 kg) to 20 pounds; and quartile 4, 
≥20 pounds (9.07 kg)
CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval

Table 3 Multivariate odds ratio for significant fibrosis based on weight change over 10 years

Quartile Age, sex-adjusted model Multivariate model 1 Multivariate model 2

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Total population
1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

2.32 (1.15-4.71)
1

2.42 (1.27-4.62)
4.90 (2.52-9.56)
1.04 (1.02-1.06)

0.023

0.011
<0.001
0.001

1.57 (0.81-3.04)
1

2.15 (1.19-3.87)
3.73 (1.86-7.46)
1.03 (1.01-1.06)

0.166

0.014
0.001
0.005

1.62 (0.83-3.16)
1

1.99 (1.05-3.79)
3.12 (1.46-6.65)
1.03 (1.00-1.05)

0.144

0.037
0.006
0.023

Among subjects with 
NAFLD (CAP ≥263 dB/m)

1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

1.67 (0.77-3.63)
1

1.95 (0.89-4.24)
3.14 (1.48-6.67)
1.03 (1.01-1.06)

0.180

0.088
0.005
0.017

1.35 (0.61-3.00)
1

1.82 (0.93-3.54)
2.64 (1.30-5.36)
1.03 (1.00-1.06)

0.431

0.075
0.010
0.042

1.31 (0.58-2.98)
1

1.72 (0.82-3.61)
2.39 (1.10-5.19)
1.03 (1.00-1.06)

0.492

0.143
0.030
0.058

Among subjects with 
NAFLD (CAP ≥285 dB/m)

1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1kg increase

1.48 (0.73-2.97)
1

1.76 (0.81-3.83)
2.48 (1.23-4.97)
1.04 (1.01-1.06)

0.253

0.140
0.014
0.004

1.25 (0.55-2.85)
1

1.61 (0.87-2.99)
2.36 (1.17-4.74)
1.03 (1.01-1.06)

0.565

0.120
0.019
0.011

1.22 (0.52-2.85)
1

1.55 (0.78-3.11)
2.21 (1.02-4.80)
1.03 (1.01-1.06)

0.624

0.195
0.045
0.017

Multivariate model 1 was adjusted for age, sex, race/ethnicity, education level, marital status, smoking status, hypertension, diabetes, total cholesterol, high-
density lipoprotein-cholesterol, and leisure-time physical activity, using appropriate sampling weights
Multivariate model 2 was adjusted for waist circumference in addition to model 1, using appropriate sampling weights
Range of quartile 1, < -7 (-3.18 kg) pounds; quartile 2, -7 pounds (-3.18 kg) to 6 (2.72 kg) pounds; quartile 3, 6 pounds (2.72 kg) to 20 pounds; and quartile 4, 
≥20 pounds (9.07 kg)
CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval
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Weight changes over 1 year and NAFLD/significant fibrosis

As shown in Supplementary Table  1, individuals in the 
weight-gain groups (quartiles 3 and 4) tended to be younger, 
more obese, female, Hispanic, non-Hispanic Black, current 
or ex-smokers, and more likely to have higher levels of liver 
enzymes compared to individuals in the weight-stable group. 
Consistent with previous results using weight changes over 
10 years, the prevalence of NAFLD in the weight-gain group 
was higher than that in the weight-stable group, regardless 
of differences in the definition of NAFLD. Results of logistic 
regression analyses are presented in Table 4. Individuals who 
gained more than 1.81 kg (4 pounds; quartile 4) over a year had 
significantly greater odds of NAFLD (OR 3.55, 95%CI 2.31-
5.47) in the age- and sex-adjusted model. When we considered 
demographic and metabolic risk factors (model 1) as well 
as waist circumference (model 2), the association between 
weight changes and NAFLD remained statistically significant 
(OR 3.91, 95%CI 2.32-6.58 for model 1; OR 3.15, 95%CI 1.76-
5.67 for model 2). In addition, the odds of NAFLD increased 
significantly with every 1-kg increase over a year (OR 1.04, 
95%CI 1.01-1.06). Sensitivity analyses were performed using 
a CAP score of ≥285 dB/m. Overall, the results were similar 
to those obtained using a CAP score of ≥263 dB/m. Regarding 
significant fibrosis in the total population (Table 5), individuals 
who gained more than 1.81 kg (4 pounds; quartile 4) over a 
year had greater odds of significant fibrosis in the age-  and 
sex-adjusted model and multivariate model 1. However, this 
association became non-significant after waist circumference 
was taken into consideration. In addition, the odds of 
significant fibrosis were not linearly associated with weight 
gain (per 1-kg increase). Among individuals with NAFLD, 
weight gain of more than 1.81 kg (4 pounds; quartile 4) over a 

year was not associated with significant fibrosis in the age- and 
sex-adjusted model or in the multivariate models, regardless of 
the definition of NAFLD.

Discussion

This study demonstrates the impact of weight gain 
over the short (1  year) and long (10  year) term on the 
risk of NAFLD and significant fibrosis, as measured by 
transient elastography. The current study found that 
adults who gained more than 9.07  kg (20 pounds) over 
10  years had over 2-fold greater odds of NAFLD and an 
approximately 3-fold greater odds of significant fibrosis 
than those with stable weights. We found that weight gain 
over 10 years was associated with a greater risk of NAFLD 
and NAFLD-associated significant fibrosis, independently 
of demographic and metabolic risk factors. In addition, 
individuals who gained at least 1.81 kg (4 pounds) over a 
year had over 3-fold greater odds of NAFLD compared with 
those with stable weights.

A previous meta-analysis demonstrated a positive 
association between obesity and risk of NAFLD [21]. 
Several studies have demonstrated an association between 
weight gain, NAFLD and liver fibrosis in the Asian 
population [8,22,23]. Another study that evaluated 88 biopsy-
proven patients with NAFLD over a 1-year follow up showed 
fibrosis progression in those with significant weight gain, 
defined as more than 5  kg [24]. The current study used a 
lower cutoff (1.81  kg, 4 pounds) over one year and did not 
demonstrate a significant association between weight gain 
and significant fibrosis. This may be explained by the fact 

Table 4 Multivariate odds ratio for NAFLD based on weight change over 1 year

Quartile Age, sex-adjusted model Multivariate model 1 Multivariate model 2

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

NAFLD (CAP ≥263 dB/m)
1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

2.11 (1.40-3.19)
1

1.71 (1.00-2.91)
3.55 (2.31-5.47)
1.02 (1.00-1.04)

0.002

0.049
<0.001
0.029

1.83 (1.25-2.68)
1

1.78 (1.02-3.09)
3.91 (2.32-6.58)
1.04 (1.01-1.06)

0.004

0.041
<0.001
0.006

1.45 (0.95-2.21)
1

1.63 (0.84-3.18)
3.15 (1.76-5.67)
1.04 (1.01-1.06)

0.081

0.139
0.001
0.005

NAFLD (CAP ≥285 dB/m)
1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

1.93 (1.10-3.39)
1

1.57 (0.95-2.62)
2.77 (1.69-4.53)
1.02 (0.99-1.04)

0.014

0.076
0.001
0.124

1.43 (0.88-2.31)
1

1.40 (0.82-2.39)
2.46 (1.50-4.03)
1.03 (1.00-1.05)

0.136

0.198
0.002
0.034

1.12 (0.69-1.81)
1

1.26 (0.67-2.35)
1.91 (1.12-3.26)
1.02 (1.00-1.05)

0.621

0.445
0.021
0.033

Multivariate model 1 was adjusted for age, sex, Race/ethnicity, education level, marital status, smoking status, hypertension, diabetes, total cholesterol, high-
density lipoprotein-cholesterol, and leisure-time physical activity, using appropriate sampling weights
Multivariate model 2 was adjusted for waist circumference in addition to model 1, using appropriate sampling weights
Range of quartile 1, <-5 pounds (-2.27 kg); quartile 2, -5 pounds (-2.27 kg) to 0 pounds; quartile 3, 0 pounds to 4 pounds (1.81 kg); and quartile 4, ≥4 pounds 
(1.81 kg)
CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval
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that significant liver fibrosis takes time to progress or regress. 
However, our study found that weight gain over 10  years 
may increase the risk of NAFLD and significant fibrosis in 
a representative sample of the US general population, which 
is consistent with prior studies [8,21-24]. The fibrosis stage, 
not NASH, has been shown to predict mortality and the 
time for developing advanced liver disease in NAFLD [9]. As 
there are no approved pharmacologic treatments for NAFLD 
or fibrosis, avoiding weight gain may be another preventive 
option for NAFLD and significant fibrosis [25]. Thus, 
interventions aimed to prevent significant weight gain over a 
long-term period may prevent advanced liver disease in the 
general population and those with NAFLD.

Previous studies support the association between 
weight gain and the development of liver fibrosis and 
NAFLD  [12,26-28]. Studies have demonstrated that short-
term weight gain is an independent risk factor for NAFLD 
among nonobese Asian individuals [12,27]. However, 
no prior studies have investigated the long-term effect of 
weight gain in non-Asian populations. A recent prospective 
cohort study from Korea with a median follow up of 6 years 
reported that obesity and weight gain were associated with 
progression of liver fibrosis, assessed using the aspartate 
aminotransferase to platelet ratio index (APRI) [8]. 
However, that study had some limitations. The investigators 

Table 5 Multivariate odds ratio for significant fibrosis based on weight change over 1 year

Quartile Age, sex-adjusted model Multivariate model 1 Multivariate model 2

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Total population
1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

1.95 (0.91-4.18)
1

1.31 (0.62-2.76)
2.53 (1.30-4.93)
1.01 (0.98-1.04)

0.084

0.448
0.009
0.630

1.61 (0.66-3.89)
1

1.29 (0.52-3.20)
2.17 (1.11-4.23)
1.01 (0.98-1.03)

0.270

0.553
0.026
0.578

1.41 (0.55-3.65)
1

1.21 (0.45-3.27)
1.82 (0.86-3.85)
1.01 (0.98-1.03)

0.450

0.687
0.108
0.573

Among subjects with 
NAFLD (CAP ≥263 dB/m)

1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

1.34 (0.48-3.73)
1

1.03 (0.40-2.64)
1.20 (0.55-2.59)
1.01 (0.97-1.05)

0.553

0.944
0.629
0.522

1.18 (0.38-3.63)
1

1.06 (0.34-3.28)
1.25 (0.50-3.12)
1.00 (0.98-1.03)

0.763

0.916
0.613
0.845

1.13 (0.35-3.66)
1

1.08 (0.33-3.47)
1.18 (0.44-3.14)
1.00 (0.98-1.03)

0.824

0.895
0.728
0.851

Among subjects with 
NAFLD (CAP ≥285 dB/m)

1st quartile
2nd quartile
3rd quartile
4th quartile
Per 1 kg increase

1.16 (0.37-3.58)
1

1.00 (0.37-2.69)
1.19 (0.52-2.75)
1.02 (0.98-1.05)

0.788

0.997
0.659
0.277

1.11 (0.33-3.78)
1

1.07 (0.33-3.43)
1.35 (0.49-3.71)
1.01 (0.98-1.04)

0.851

0.906
0.535
0.419

1.11 (0.32-3.84)
1

1.12 (0.35-3.61)
1.34 (0.47-3.80)
1.01 (0.99-1.04)

0.858

0.841
0.555
0.411

Multivariate model 1 was adjusted for age, sex, Race/ethnicity, education level, marital status, smoking status, hypertension, diabetes, total cholesterol, high-
density lipoprotein-cholesterol, and leisure-time physical activity, using appropriate sampling weights
Multivariate model 2 was adjusted for waist circumference in addition to model 1, using appropriate sampling weights
Range of quartile 1, < -5 pounds (-2.27 kg); quartile 2, -5 pounds (-2.27 kg) to 0 pounds; quartile 3, 0 pounds to 4 pounds (1.81 kg); and quartile 4, ≥4 pounds 
(1.81 kg)
CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval

used ultrasound for the diagnosis of NAFLD and APRI 
for the assessment of liver fibrosis. It has been shown that 
transient elastography is superior to ultrasound for detecting 
mild hepatic steatosis (>5% of hepatocytes) and superior to 
APRI for detecting significant fibrosis [29,30]. Thus, we used 
transient elastography in our study to diagnose NAFLD and 
significant fibrosis. In addition, the current study has long-
term data on weight gain (over 10 years), which is a longer 
follow up than that in the recent prospective Korean study 
(6  years). Most of the studies that reported an association 
between weight gain, NAFLD and significant fibrosis 
were conducted in Asia (8,12,27). The current study used 
population-based data from the US, representing a more 
diverse race/ethnicity cohort.

The underlying mechanism behind the association 
between weight gain, NAFLD and liver fibrosis progression 
is not clearly understood. However, it is thought to be 
due to insulin resistance, inflammation, oxidative stress, 
and lipotoxicity that links to the progression of liver 
fibrosis [17,31-33]. However, one study showed a persistent, 
significant association between weight gain and noninvasive 
fibrosis assessment in NAFLD, after considering insulin 
resistance and high-sensitivity C-reactive protein [8]. This 
suggests multiple complex pathogenic mechanisms behind 
the association between weight gain and fibrosis in NAFLD. 
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Some adipokines, such as leptin and adiponectin, may 
play a role in the pathogenesis of liver fibrosis progression 
in NAFLD [17]. Leptin is a pro-fibrogenic cytokine, while 
adiponectin has anti-fibrogenic and anti-inflammatory 
properties [34]. Thus, dysregulation of these adipokines may 
explain the risk of significant fibrosis in individuals with 
obesity and NAFLD [31,34,35].

The current study has several strengths. We used 
the CAP score to define NAFLD. The CAP score is a 
parameter with high accuracy for mild hepatic steatosis 
(>5% of hepatocytes) and has a higher sensitivity in 
identifying NAFLD than ultrasonography or noninvasive 
serum panels for NAFLD [36]. In addition, we defined 
significant fibrosis using transient elastography, not 
noninvasive serum panels [29,30]. To date, there have 
been no prior studies focusing on the US population that 
have investigated the association between weight changes 
over 10  years, NAFLD and significant fibrosis, measured 
by transient elastography. Therefore, the findings of this 
study may be generalizable to the Western world, which 
shares similar demographic, lifestyle, and behavioral 
health patterns with those of the US.

The current study has also several limitations. First, 
we used a weight history questionnaire, which is at risk 
of recall bias. Second, this study cannot offer definitive 
conclusions regarding causality. Third, we were unable to 
obtain transient elastography data at baseline prior to 1 and 
10 years. Therefore, we were not able to provide NAFLD and 
significant fibrosis status at 1 and 10 years before, although we 
excluded participants with a medical history of fatty liver and 
liver fibrosis/cirrhosis. This may explain why weight loss was 
not inversely associated with NAFLD and significant fibrosis. 
The weight-loss group had a higher prevalence of diabetes, 
hypertension, NAFLD and significant fibrosis, and was 
older than the weight-stable group. In addition, because of 
limitations in the NHANES dataset, we were unable to obtain 
information regarding extrahepatic cholestasis or systemic 
diseases affecting the liver, which may be uncommon in 
the general population. Fourth, there is no universal cutoff 
to determine NAFLD using the CAP score or to determine 
significant fibrosis in NAFLD using liver stiffness by transient 
elastography. However, we used validated cutoff points for the 
CAP score and liver stiffness, based on previously published 
studies [10,19,20]. Fifth, our study design meant we were 
unable to retrieve medications that may affect the prevalence 
or the progression of NAFLD. Future studies will be needed 
to determine the impact of medication on the association 
between weight gain and NAFLD. Moreover, because of the 
complex survey design applied by the NHANES, we were 
unable to perform a post hoc analysis after adjustment for 
appropriate sample weights.

In conclusion, weight gain over 10  years is associated 
with greater odds of NAFLD and significant fibrosis in 
US adults, independently of known demographic and 
metabolic risk factors. In addition, weight gain over a 
year is closely associated with an increase in the odds of 
NAFLD.
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Supplementary Table 1 Characteristics of the study population according to weight changes over 1 year

Characteristics Quartiles of weight change

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value

Age (years) 56.7±0.7 58.4±1.0 57.2±0.6 54.2±0.7 0.025
Sex (% men) 43.7

(37.5-50.1)
50.0

(39.3-60.7)
49.9

(44.1-55.8)
41.0

(35.0-47.4)
0.192

Body mass index (kg/m2) 30.4±0.5 26.8±0.6 29.2±0.4 31.1±0.4 0.309
Waist circumference (cm) 103.6±1.1 96.6±1.6 100.5±1.0 104.5±1.0 0.630
Hypertension (%) 48.0

(40.1-56.0)
36.6

(25.6-49.2)
43.1

(37.0-49.4)
44.0

(37.5-50.8)
0.377

Diabetes (%) 26.0
(21.2-31.4)

16.1
(10.7-23.6)

17.6
(14.3-21.6)

14.4
(10.5-19.4)

0.006

Ethnicity (%) 
Non-Hispanic White

Non-Hispanic Black

Hispanic

Non-Hispanic Asian

Other

59.9
(52.0-67.4)

12.3
(9.0-16.6)

16.2
(12.7-20.5)

3.3
(2.2-4.8)

8.3
(4.7-14.1)

68.8
(59.7-76.7)

8.6
(4.7-15.5)

10.9
(6.5-17.7)

9.8
(5.9-15.9)

1.8
(0.8-4.3)

71.4
(63.5-78.2)

7.6
(5.1-11.2)

11.0
(7.7-15.4)

7.1
(4.5-10.9)

3.0
(2.0-4.4)

61.4
(53.0-69.2)

13.8
(9.5-19.7)

15.6
(12.0-20.0)

5.1
(3.5-7.4)

4.1
(2.7-6.2)

<0.001

Smoking (%)
Never 

Current smoker

Former smoker

51.2
(44.8-57.6)

29.8
(25.3-34.9)

19.0
(14.7-24.2)

68.0
(57.7-76.5)

25.5
(17.8-35.0)

6.7
(3.3-13.2)

60.1
(55.2-64.8)

27.6
(24.3-31.1)

12.4
(9.7-15.7)

57.1
(52.1-61.9)

30.2
(24.0-37.2)

12.8
(9.2-17.5)

0.036

High education (%) 88.1
(84.4-91.0)

90.9
(85.8-94.3)

89.1
(86.2-91.5)

89.3
(85.3-92.3)

0.734

Married (%) 64.0
(57.2-70.3)

69.7
(59.7-78.2)

74.0
(71.0-76.9)

68.0
(62.5-73.0)

0.028

Total cholesterol (mg/dL) 190.2±2.8 194.7±4.3 195.5±2.0 202.0±2.5 0.009
High-density lipoprotein cholesterol 
(mg/dL)

53.1±0.9 55.8±1.6 54.3±1.0 53.6±1.0 0.802

Triglyceride (mg/dL) 114.8±4.4 115.5±14.0 115.9±6.7 134.9±9.3 0.078
Fasting glucose (mg/dL) 114.8±2.4 111.9±3.0 115.6±3.1 109.2±1.6 0.214
Hemoglobin A1c (%) 5.90±0.05 5.78±0.08 5.83±0.04 5.74±0.02 0.007
Fasting insulin (pmol/L) 93.3±10.3 64.2±7.1 67.0±3.1 85.5±6.8 0.343
Alanine aminotransferase (IU/L) 20.3±0.5 21.3±1.0 21.2±0.6 23.5±0.5 0.005
Aspartate aminotransferase (IU/L) 20.5±0.3 20.8±0.5 21.1±0.3 21.9±0.4 0.019
Gamma glutamyl transferase (IU/L) 27.7±1.1 26.0±2.1 27.7±1.3 29.9±1.0 0.149
NAFLD (CAP ≥263 dB/m, %) 55.1

(49.5-60.5)
38.6

(28.5-49.7)
50.9

(45.0-56.8)
65.9

(59.7-71.5)
<0.001

NAFLD (CAP ≥285 dB/m, %) 40.9
(33.8-48.4)

27.6
(19.4-37.7)

37.0
(33.1-41.0)

48.5
(41.0-56.0)

0.004

Significant fibrosis (≥F2, %) 9.7
(6.9-13.4)

5.5
(3.0-9.9)

7.0
(5.2-9.3)

11.6
(8.2-16.1)

0.038

Data are shown as the weighted mean ± standard error or weighted frequency (95% confidence interval) as appropriate
Triglycerides, fasting glucose, fasting insulin were calculated from fasting subjects only
Range of quartile 1, <-5 pounds (-2.27 kg); quartile 2, -5 pounds (-2.27 kg) to 0 pounds; quartile 3, 0 pounds to 4 pounds (1.81 kg); and quartile 4, ≥4 pounds (1.81 kg)
CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease
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