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Abstract

Our objective was to examine associations of adult weight gain and nonalcoholic fatty liver disease (NAFLD). Cross-sectional
interview data from 844 residents in Wan Song Community from October 2009 to April 2010 were analyzed in multivariate
logistic regression models to examine odds ratios (OR) and 95% confidence intervals (Cl) between NAFLD and weight change
from age 20. Questionnaires, physical examinations, laboratory examinations, and ultrasonographic examination of the liver
were carried out. Maximum rate of weight gain, body mass index, waist circumference, waist-to-hip ratio, systolic blood
pressure, diastolic blood pressure, fasting blood glucose, cholesterol, triglycerides, uric acid, and alanine transaminase were
higher in the NAFLD group than in the control group. HDL-C in the NAFLD group was lower than in the control group. As weight
gain increased (measured as the difference between current weight and weight at age 20 years), the OR of NAFLD increased
in multivariate models. NAFLD OR rose with increasing weight gain as follows: OR (95%CI) for NAFLD associated with weight
gain of 20+ kg compared to stable weight (change <5 kg) was 4.23 (2.49-7.09). Significantly increased NAFLD OR were
observed even for weight gains of 5-9.9 kg. For the “age 20 to highest lifetime weight” metric, the OR of NAFLD also increased
as weight gain increased. For the “age 20 to highest lifetime weight” metric and the “age 20 to current weight” metric, insulin
resistance index (HOMA-IR) increased as weight gain increased (P<0.001). In a stepwise multivariate regression analysis,
significant association was observed between adult weight gain and NAFLD (OR=1.027, 95%CIl=1.002-1.055, P=0.025).
We conclude that adult weight gain is strongly associated with NAFLD.
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Introduction

Over the past several decades, mainland China has  Wuhan has approximately doubled over only the past 7 to

witnessed not only rapid economic growth but also a rapid
increase in the incidence of obesity and excess weight,
phenomena that tend to accompany such growth.
According to the first comprehensive National Health
Survey, 60 million (4.6%) and 200 million (15%) of the
mainland Chinese population were obese and overweight,
respectively, in 2004 (1,2). The increased incidence of
obesity and excess weight has led to an increased
incidence of obesity-related diseases, including type 2
diabetes and both fatty liver disease and nonalcoholic
fatty liver disease (NAFLD). Whereas the incidence of
NAFLD in the general population of mainland China
almost doubled over the last 10 to 15 years (3), the
incidence of NAFLD in the populations of Shanghai and

10 years (4,5). Specifically, it was found to have increased
from 13 to 25% in a sample of residents undergoing
routine health examinations in the Shuiguohu district of
Wuhan (5) and from 4 to 14% in a sample of Shanghai
BaoSteel Group employees (4).

Emerging as the most common cause of persistently
elevated liver enzymes in many countries, NAFLD is
frequently associated with metabolic abnormalities related
to insulin resistance, including central obesity, dyslipide-
mia, hypertension, and hyperglycemia. As such, NAFLD
is considered a hepatic manifestation of metabolic
syndrome. Because the clinical spectrum of NAFLD
ranges from bland steatosis with a benign clinical course
to cirrhosis with serious complications, including liver
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failure and hepatocellular carcinoma, it is extremely
important to identify the risk factors for this disease to
assist in its prevention. To contribute to this endeavor, this
population-based, cross-sectional study collected inter-
view data from a large sample of residents of the city of
Wuhan, China, to examine the relationship between
incidence of NAFLD and extent of weight gain after the
age of 20 years.

Material and Methods

Subject selection

The participants were all residents of Wan Song
Community in the city of Wuhan, China, a mature
residential community of 8600 men and women aged 40
to 60 years. A multistage-stratified cluster sampling design
was used to recruit an approximately equal number of male
and female participants and an approximate number of
participants aged from 40 to 49 years and from 50 to 60
years between October 2009 and April 2010. A total of
1214 eligible subjects (621 men, 593 women) were able to
complete the study. The inclusion criteria for further
participation were i) be permanent residents in Wan Song
Community and ii) be of ages between 40 and 60 years
old. The exclusion criteria were as follows: i) lack of data
regarding alcohol consumption, ii) lack of data regarding
weight history, iii) loss of more than 5 kg from the age of 20
years, iv) positive test for hepatitis B virus surface antigen
or hepatitis C virus antibody, v) hepatic enzyme concen-
tration greater than three times the upper normal limit, vi)
overt hypo- or hyperthyroidism, vii) cancer, or viii) sono-
graphic evidence of chronic liver disease at baseline. Of
the potential subjects, 844 (426 men and 418 women) of a
mean age of 50.0 £6.2 years met all the inclusion criteria
and none of the exclusion criteria. All subjects completed
a standard questionnaire that collected data on alcohol
intake, smoking habits, typical pattern of physical activity,
medical history, family history of diabetes, and regular
medication use.

The study was approved by the Research Ethics
Committee of the Union Hospital, Tongji Medical College,
and all participants gave written informed consent.

Subject groups

In accordance with the experimental methods of
Cohen et al. (6), the subjects were divided into four
groups according to the extent of weight change since
age 20: i) between -5 and +5 kg, ii) between +5 and
+9.9 kg, iii) between +10 and +19.9 kg, and iv) +20 kg
or more. They were also divided into four more groups
according to the difference between their maximum
weight and weight at age 20, using the same weight
ranges listed above.

Collection of interview data
The subjects provided written informed consent before
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participating in a comprehensive, in-person interview
collecting various data regarding background, lifestyle,
alcohol intake, smoking habits, physical activity, medical
history, family history of diabetes, medication use, and
weight, including current weight, weight at age 20 years,
highest weight (excluding weight during pregnancy), and
weight at each life decade (20, 30, 40, 50, and 60 years).
The maximum rate of weight gain was calculated as the
maximum weight change over 10 years divided by the
weight before the change.

Collection of clinical and laboratory data

Height and weight were measured with subjects
wearing light clothing without shoes. Body mass index
(BMI) was calculated as weight in kilograms divided by
the square of the height in meters. Waist circumference
(WC) was measured at the midpoint between the lower
margin of the last palpable rib and the top of the iliac crest.
Hip circumference (HC) was measured around the widest
portion of the buttocks. Waist-to-hip ratio (WHR) was
calculated as WC divided by HC. Blood pressure was
measured with a mercury sphygmomanometer on the
right arm with subjects in the sitting position after a 5-min
rest.

Blood samples were obtained in the morning after an
overnight fast. Fasting plasma glucose (FPG), uric acid
(UA), alanine transaminase (ALT), total cholesterol (TC),
HDL-C, LDL-C, and triglycerides (TG) were measured.
Fasting serum insulin was measured by radioimmunoas-
say. The insulin resistance index [homeostasis model
assessment-insulin resistance (HOMA-IR)] was calcu-
lated using the modified HOMA model: (fasting insulin x
fasting glucose)/22.5, which was developed by Haffner
et al. (7).

Liver ultrasonography was performed by an experi-
enced ultrasonographist using an Aloka model 1400 real-
time ultrasonographic unit with a 3.5-MHz probe (Medical
Technologies, Australia).

Diagnosis of NAFLD

Diagnosis of NAFLD was based on the presence of
an ultrasonographic pattern consistent with “bright liver”
(brightness and posterior attenuation) with stronger
echoes in the hepatic parenchyma than in the renal
parenchyma, vessel blurring, and narrowing of the lumen
of the hepatic veins in the absence of findings suggestive
of other chronic liver disease. Because we had already
excluded other known liver diseases, all cases with fatty
liver were in accordance with the Chinese diagnostic
criteria for NAFLD (alcohol consumption less than 40 g
per week and without consideration of alteration of liver
enzymes).

Statistical analysis

Data are reported as means = SD. Variables that are
not normally distributed, such as the HOMA-IR score,

www.bjournal.com.br



Association between adult weight gain and NAFLD in China

were log-transformed before analysis. The unpaired
Student t-test for continuous variables or the chi-square
test for percentages was used to compare groups.
Multivariate logistic regression analysis was performed
to determine the association of adult weight gain with
NAFLD. All statistical analyses were performed using
the SPSS 13.0 software package (USA). Results with P
values less than 0.05 were considered to be statistically
significant.

Results

Characteristics of study population

Maximum rate of weight gain, BMI, WHR, systolic
blood pressure (SBP), diastolic blood pressure (DBP),
FPG, TC, TG, UA, and ALT in the NAFLD group were
higher than in the control group (P<0.01), and HDL-C in
the NAFLD group was lower than in the control group
(Table 1).

Multivariate-adjusted odds ratios (95%CI) were used
for the NAFLD group by category of adult weight change
among 844 residents.

Table 1. Clinical characteristics of the study subjects.

NAFLD group Control group

N 215 629
Age (years) 50.36 + 6.5 499 + 6.1
Gender (male) 128 305
BMI (kg/m?) 274 + 3.6 239 + 3.0
WC (cm)

Male 93.1 + 7.9* 847 £ 7.3

Female 89.5 + 6.2* 81.1 £ 5.9
WHR

Male 0.93 + 0.06* 0.88 + 0.05

Female 0.89 + 0.05* 0.86 + 0.03
SBP (mmHg) 129.7 + 19.1* 120.6 + 19.0
DBP (mmHg) 85.0 + 11.7* 79.1 £ 11.3
FPG (mM) 5.43 + 1.22* 494 + 0.96
TC (mM) 5.11 + 0.99* 4.88 + 0.98
TG (mM) 214 £ 1.17* 1.64 £ 1.27
HDL-C (mM) 1.31 +£ 0.29* 1.58 + 0.42
LDL-C (mM) 2.87 + 0.84 277 £ 0.74
UA (uM) 328.6 + 84.5* 301.6 + 90.6
ALT (U/L) 379 + 21.6* 27.7 £ 20.2
Maximum rate of 17.40 + 15.08* 9.51 + 12.01

weight gain (%)

Data are reported as means + SE. NAFLD: nonalcoholic fatty liver
disease; BMI: body mass index; WC: waist circumference; WHR:
waist-to-hip ratio; SBP: systolic blood pressure; DBP: diastolic
blood pressure; FPG: fasting plasma glucose; TC: total choles-
terol; TG: triglycerides; HDL-C: high-density lipoprotein choles-
terol; LDL-C: low-density lipoprotein cholesterol; UA: uric acid;
ALT: alanine transaminase. *P<0.01 vs control group (unpaired
Student t-test and chi-square test).
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The proportion of participants who were overweight or
obese (BMI>25 kg/m?) at enrollment was 49.8%. At age
20, a much higher proportion (97%) of the participants
were healthy or thin (BMI<25 kg/m?). Most (84.3%) of
the participants reported gaining weight since age 20. As
weight gain increased (measured as the difference
between current weight and weight at age 20), the odds
ratios (OR) of NAFLD increased in multivariate models.
NAFLD OR rose with increasing weight gain: OR (95%CI)
for NAFLD associated with weight gain of 25+ kg
compared to stable weight (change <5 kg) was 4.23
(2.49-7.09). Significantly increased NAFLD OR were
observed even for weight gains of 5-9.9 kg. For the “age
20 to highest lifetime weight” metric, the OR of NAFLD also
increased as weight gain increased (Table 2).

HOMA-IR by category of adult weight change among
844 residents

For the age 20 to highest lifetime weight and the “age
20 to current weight” metric, HOMA-IR is the significant
difference between each group and increased as weight
gain increased (P<0.001; Figure 1).

Stepwise multivariate regression analysis of NAFLD

Stepwise multivariate regression analysis adjusted for
rate of maximum weight change (calculated as maximum
weight change over 10 years divided by weight before
change), a history of hyperglycemia and hyperlipidemia,
BMI, WHR, TC level, TG level, FPG level, and HOMA-IR
score revealed that BMI (B=1.252, P<0.001), FPG
level (B=1.623, P<0.05), HOMA-IR score (=3.001,
P<0.01), and TG level (B=1.18, P<0.05) were signifi-
cantly associated with rate of maximum weight change.
The incidence of NAFLD was also found to be significantly
associated with rate of maximum weight change
(B=1.027, P<0.05; Table 3).

Discussion

In this cross-sectional study of 844 residents of a
mature residential community in the city of Wuhan, a
decrease in HDL-C levels and varying degrees of
increases in BMI, WC, WHR, SBP, DBP, TC level, TG
level, UA level, and ALT level were observed in subjects
with NAFLD compared to subjects without NAFLD, a
finding that is in accordance with previous studies. A more
significant finding is that adult weight gain is strongly
associated with the incidence of NAFLD, as evidenced by
the observation that i) the rate of maximum weight gain
was significantly greater in subjects with NAFLD com-
pared to subjects without NAFLD; ii) the OR of having
NAFLD increased with an increasing difference between
current weight and weight at age 20 after multifactor
adjustments; iii) the OR of having NAFLD increased with
an increasing difference between maximum weight and
weight at age 20 after multifactor adjustments, and iv) a
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Table 2. Multivariate-adjusted odds ratios (95%CI) for nonalcoholic fatty liver disease by category of adult weight change among 844

residents in Wansong Community from October 2009 to April 2010.

N OR 95%ClI P

Weight gain [current-age 20] (kg)

Stable 183 1.0 Ref.

Gained 5-14.9 kg 328 1.26 (1.03-2.54) <0.001

Gained 15-24.9 kg 227 245 (1.74-4.08) <0.001

Gained 25+ kg 106 4.23 (2.49-7.09) <0.001
Weight gain [most-age 20] (kg)

Stable 171 1.0 Ref.

Gained 5-14.9 kg 327 1.94 (1.26-3.54) <0.001

Gained 15-24.9 kg 243 3.60 (2.17-6.06) <0.001

Gained 25+ kg 103 5.23 (4.49-9.09) <0.001

Adjusted for age, gender, BMI at age 20. Stable weight change is gain or loss of less than 5 kg. Multivariate logistic regression analysis

was used for statistical analyses.

statistically significant relationship was found between
rate of maximum weight gain (OR=1.016, 95%CIl=
1.002-1.031) and incidence of NAFLD corrected by BMI,
WHR, history of hyperlipidemia and diabetes, FPG level,
HOMA-IR score, TC level, and TG level, all of which
indicate that adult weight gain is associated with incidence
of NAFLD.

Although many studies have attempted to elucidate
the relationship between obesity and NAFLD, few have
examined the relationship between adult weight gain and
NAFLD. Among the few that have, a 5-year prospective

study of 2895 Koreans aged between 20 and 79 years
found that the weight change is closely related to the
course of NAFLD (8). Although the study concluded that
weight gain can increase the severity of NAFLD, it did
not rule out the effect of current weight on incidence of
NAFLD. In a retrospective analysis of physical examina-
tion data collected from 5860 Chinese workers, Fan et al.
(9) found that the presence of obesity and related
metabolic disorders at baseline and the increase in weight
and fasting serum TG levels at follow-up are important
predictors in the development of NAFLD. In contrast, the
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Figure 1. HOMA-IR by category of adult weight
change among 844 residents in Wansong
Community from October 2009 to April 2010.
Adjusted for age, gender, and BMI at age 20.
Stable weight change is gain or loss of less than
5 kg. HOMA-IR was log-transformed before
analysis for it was not normally distributed.
*P<0.05 vs stable group (unpaired Student t-
test).
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Table 3. Independently associated factors of nonalcoholic fatty liver disease.

Variables P Adjusted OR 95%Cl

BMI <0.001 1.252 1.105-1.418
FPG 0.02 1.623 1.081-2.438
HOMA-IR 0.004 3.001 1.417-6.365
TG 0.018 1.182 1.029-1.357
Maximum weight growth rate 0.025 1.027 1.002-1.055

Adjusted for history of hyperlipidemia and hyperglycemia, body mass index (BMI), waist-to-hip ratio (WHR), cholesterol, triglyceride
(TG), insulin resistance index (HOMA-IR), fasting plasma glucose (FPG). Multivariate logistic regression analysis was used for

statistical analyses.

current study found that adult weight gain is associated
with NAFLD, which is independent of current weight.
Several studies have reported that adult weight gain
is an independent risk factor for insulin resistance-related
diseases, such as type 2 diabetes, coronary athero-
sclerotic heart disease, and hypertension. Among them, a
prospective study following 6789 men for 20 years found
that adult weight gain is associated with increased risk of
cardiovascular disease and diabetes, whereas weight
loss is associated with significant reduction in risk of
cardiovascular disease and diabetes, regardless of
whether individuals are overweight or normal weight at
baseline (10). Likewise, a cross-sectional study found a
strong positive association between weight gain and OR
of developing diabetes, such that the relative risk for
diabetes increased with an increase in adult weight gain
(6). A prospective study following 82,473 American
women for 16 years found that adult weight gain remains
closely related to the development of hypertension, even
after the effect of current BMI has been excluded (11).
These findings indicate that insulin resistance is signifi-
cantly involved in the pathogenic mechanism underlying
NAFLD, playing a central role as an initiator of the “first
hit” according to the widely accepted “two-hit hypothesis”
(12). Based on the observation that the HOMA-IR score
increased with an increase in body weight after multifactor
adjustments in the current study, we hypothesized that
insulin resistance might play an important role in the
development of NAFLD induced by adult weight gain.
The role of adult weight gain in the pathogenic
mechanism underlying the development of NAFLD
remains unclear. Rapid improvement in nutrition can
induce substantial increases in weight within a short
period, which is often followed by excessive growth of
body fat. One animal study reported a rapid increase in
the weight of rats that resumed normal feeding after a
period of dietary restriction (13). Moreover, although the
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