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Abstract

Background and Aims: We compared lung function 
parameters in nonalcoholic fatty liver disease (NAFLD) 
and metabolic dysfunction-associated fatty liver disease 
(MAFLD), and examined the association between lung 
function parameters and fibrosis severity in MAFLD. Meth-

ods: In this cross-sectional study, we randomly recruited 
2,543 middle-aged individuals from 25 communities across 
four cities in China during 2016 and 2020. All participants 
received a health check-up including measurement of an-
thropometric parameters, biochemical variables, liver ul-
trasonography, and spirometry. The severity of liver dis-
ease was assessed by the fibrosis (FIB)-4 score. Results: 
The prevalence of MAFLD was 20.4% (n=519) and that of 
NAFLD was 18.4% (n=469). After adjusting for age, sex, 
adiposity measures, smoking status, and significant alco-
hol intake, subjects with MAFLD had a significantly lower 
predicted forced vital capacity (FVC, 88.27±17.60% vs. 
90.82±16.85%, p<0.05) and lower 1 s forced expiratory 
volume (FEV1, 79.89±17.34 vs. 83.02±16.66%, p<0.05) 
than those with NAFLD. MAFLD with an increased FIB-4 
score was significantly associated with decreased lung 
function. For each 1-point increase in FIB-4, FVC was di-
minished by 0.507 (95% CI: −0.840, −0.173, p=0.003), 
and FEV1 was diminished by 0.439 (95% CI: −0.739, 
−0.140, p=0.004). The results remained unchanged when 
the statistical analyses was performed separately for men 
and women. Conclusions: MAFLD was significantly asso-
ciated with a greater impairment of lung function param-
eters than NAFLD.
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tion than Nonalcoholic Fatty Liver Disease. J Clin Transl Hepa-
tol 2022;10(2):230–237. doi: 10.14218/JCTH.2021.00306.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the most 
common causes of chronic liver disease, affecting ∼30% of 
adults worldwide.1 Convincing evidence indicates that NAFLD 
is a “multisystem” disease that affects multiple extrahepatic 
organ systems, including the respiratory system, cardiovas-
cular system, endocrine system, and others.2–6 Jung et al.7 
first reported that NAFLD was associated with decreased 
lung function. Although decreased lung function is associated 
with older age, obesity, smoking, and air pollution,8 recent 
observational studies have reported an association between 
NAFLD and lung function.7,9–17 Lonardo et al.18 also recently 
proposed that it would be the time to “cross the diaphragm 
between NAFLD and chronic obstructive pulmonary disease 
(COPD)”. A meta-analysis of six observational studies includ-
ing 133,707 participants of predominantly Asian ethnicity re-
ported a significant association between NAFLD and impaired 
lung function.19 Moreover, it has been reported that individu-
als with NAFLD had significant reductions in both FVC and 
FEV1

20,21 that worsened with the severity of NAFLD, espe-
cially with higher fibrosis stage.9,16,22 A Korean cohort study 
also showed that the risk for incident NAFLD increased with 
decreasing quartiles of both FEV1 (%) and FVC (%), regard-
less of smoking history, over a mean follow-up of ∼6 years.15

The current definition of NAFLD requires the exclusion of 
significant alcohol consumption and other secondary caus-
es of chronic liver disease. More recently, an international 
panel of experts has proposed to change the terminology 
from NAFLD to metabolic dysfunction-associated fatty liver 
disease (MAFLD), and also proposed a new set of diagnos-
tic criteria to better define this common liver disease.23–25 
Therefore, MAFLD has been proposed as a more suitable 
definition to describe the fatty liver disease related to un-
derlying metabolic dysfunction,26–28 and a more accurate 
definition for identifying those patients, who are at in-
creased risk of developing extrahepatic complications, such 
as cardiovascular disease and chronic kidney disease.29,30

However, to the best of our knowledge, whether the re-
naming of NAFLD to MAFLD better identifies patients who 
are also at increased risk of impaired lung function is cur-
rently unknown. Therefore, the primary aim of this large 
cross-sectional study was to compare lung function param-
eters in NAFLD and MAFLD populations, and to examine 
the associations between lung function parameters and 
fibrosis severity in MAFLD.

Methods

Study design and data collection

Between 2016 and 2020, we ran a national noncommuni-
cable and chronic-disease management program that we 
developed to identify risk factors and pathogenesis of COPD 
based on clinical bioinformatics technology and epidemiol-
ogy.31 The program randomly recruited a total of 8,375 indi-
viduals 40 years of age or older from 25 communities across 
four cities (Wenzhou, Shanghai, Fuzhou, and Zhengzhou) in 
Central and Southeast China. In the program, there were 
2,960 individuals, who had undergone both spirometry and 
liver ultrasound examinations. As shown in Figure 1, we ex-
cluded those (1) who had acute or chronic lung diseases, 
except COPD, (2) with lung cancers or other extrapulmonary 

malignancies, and (3) who were missing important clinical 
and laboratory data from the study. The remaining 2,543 
adults were included in the final analysis. The study was 
approved by the Institutional Review Board at each hospital 
involved in the study (no. 2016134). All participants signed 
an informed consent to participate in the study.

At each visit, standardized self-administered questionnaires 
were administered to collect detailed information on demo-
graphic characteristics, alcohol consumption, smoking habits, 
physical activity, medical history, and any clinical symptoms 
associated with lung diseases. Serum lipids, liver enzymes, 
glucose, and other biochemical blood measurements were 
determined in all participants after an overnight fast by 
standard laboratory procedures. Body mass index (BMI, kg/
m2) was calculated. Waist circumference was measured while 
standing, with the measurement taken horizontal to the floor 
at the midpoint between the lowest rib and the iliac crest. 
Hypertension was defined as a systolic blood pressure (SBP) 
≥130 mmHg and diastolic blood pressure (DBP) ≥85 mmHg 
and/or use of antihypertensive drugs. Type 2 ddiabetes mel-
litus (T2DM) was defined by a fasting glucose ≥7.0 mmol/L 
(≥126 mg/dL) or glycated hemoglobin (HbA1c ≥6.5% or ≥48 
mmol/mol) and/or use of any glucose-lowering agents.

Criteria for diagnosing NAFLD and MAFLD

Experienced radiologists performed liver ultrasonography in 
all participants. The radiologists were blinded to the clinical 
and laboratory details of participants and captured liver im-
ages in a standard manner. Diagnosis of hepatic steatosis was 
mainly based on the increased echogenicity of the liver rela-
tive to the echogenicity of the renal cortex or spleen paren-
chyma.32 The diagnosis of NAFLD was based on the evidence 
of hepatic steatosis and exclusion of significant alcohol con-
sumption defined as ≥21 drinks/week for men and 14 drinks/
week for women and other competing causes for hepatic ste-
atosis, as shown in Figure 1.33 The diagnosis of MAFLD was 
based on the evidence of hepatic steatosis on ultrasonogra-
phy and presence of at least one of the following three meta-
bolic risk factors: (1) overweight or obesity (i.e., a BMI ≥23 
kg/m2 for Asian people; (2) established T2DM according to 
the diagnostic criteria described above; or (3) metabolic dys-
regulation. Metabolic. Dysregulation included at least two of 
the following seven metabolic risk abnormalities: (1) a waist 
circumference ≥90 cm for men, and ≥80 cm for women; (2) 
blood pressure ≥130/85 mmHg or drug treatment; (3) tri-
glycerides ≥1.70 mmol/L (≥150 mg/dL) or drug treatment; 
(4) high-density lipoprotein (HDL) cholesterol <1.0 mmol/L 
for men and <1.3 mmol/L for women; (5) prediabetes status 
defined as a fasting glucose between 5.6 and 6.9 mmol/L, 
or HbA1c between 5.7 and 6.4%; (6) a homeostasis model 
assessment-estimated insulin resistance (HOMA-IR) score 
≥2.5; and (7) a plasma C-reactive protein >2 mg/L.24

Lean participants with NAFLD who did not have T2DM or 
metabolic dysregulation (as above) were defined as having 
nonmetabolic dysfunction-associated (non-MD)-NAFLD.30 
The fibrosis 4 (FIB-4) score = age × AST (IU/L) / [platelet 
count (×109/L) × ALT (IU/L)0.5] was used to noninvasively 
assess the presence of advanced liver fibrosis.34,35

Spirometry

Trained medical personnel who were blinded to the clini-
cal and laboratory details of participants, performed the 
spirometry following American Thoracic Society criteria.36 
Forced vital capacity (FVC) and forced expiratory volume 
in the first second (FEV1) were recorded and the predicted 
FEV1 and FVC were calculated as previously described.37
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Statistical analysis

Continuous variables were expressed as means ± stand-
ard deviation (SD); categorical variables were expressed as 
numbers or percentages (%). Differences of continuous var-
iables were compared by one-way analysis of variance and 
differences of categorical variables were compared by chi-
squared tests. Separate analyses were performed by sex. 
Multivariable linear regression analysis was performed to 
examine the independence of associations between MAFLD 
and lung function tests after adjusting for age, sex, adiposi-
ty measures, smoking status, presence of significant alcohol 
intake (≥21 drinks/week for men and 14 drinks/week for 
women), and other potential confounding variables. The re-
sults were reported as beta coefficients and 95% confidence 
intervals (CIs). All statistical tests were two-sided and a 
p-values <0.05 (two-tailed) was considered to be statisti-
cally significant. SPSS version 22.0 (IBM Corp., Armonk, NY, 
USA) was used for the statistical analysis.

Results

Participant characteristics

In total, 2,543 middle-aged Chinese adults were included 
and their clinical and biochemical characteristics and lung 
function parameters are shown in Table 1. There were 519 

individuals with MAFLD (20.4%) and 469 (18.4%) with 
NAFLD. Compared with the non-MAFLD group, those with 
MAFLD were younger and had higher levels of serum liver 
enzymes, white blood cell (WBC) counts, and total hemo-
globin as well as a significant impairment of lung function, 
mainly FVC, predicted FVC (%), and predicted-FEV1 (%). 
Individuals with MAFLD also had a greater prevalence of 
metabolic syndrome, T2DM, dyslipidemia, and hyperten-
sion. The two groups of individuals did not significantly dif-
fer by sex, smoking status, presence of prior COPD, and 
FEV1/FVC ratio. Individuals with NAFLD also had a lower 
FVC, predicted FVC (%), predicted-FEV1 (%) and a greater 
prevalence of metabolic syndrome, T2DM, and dyslipidemia 
compared with the non-MAFLD group. Differences of FEV1, 
and FEV1/FVC in the two groups were not significant.

Lung function in MAFLD and NAFLD non-MD-NAFLD 
participants

Table 2 shows the comparisons of lung function tests be-
tween participants with NAFLD and different groups with 
MAFLD. Differences in lung function tests were adjusted for 
age, sex, adiposity, smoking status and, significant alco-
hol intake (by analysis of covariance). Compared with the 
NAFLD or non-MD-NAFLD groups, individuals with MAFLD 
had the lowest FVC, predicted FVC (%), FEV1, and predict-
ed-FEV1 (%) values. In addition, those with MAFLD and co-
existent T2DM had lower predicted FVC (%) and predicted 

Fig. 1.  Flowchart of subject recruitment. 
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FVC (%) than MAFLD patients without T2DM,. Similarly, 
lung function tests of patients with MAFLD were worse even 
after stratification by obesity status.

Relation between lung function tests and fibrosis se-
verity

Table 3 shows the lung function tests stratified by increas-
ing quartiles of FIB-4 score in participants with MAFLD or 
NAFLD. The mean values of most lung function tests pro-
gressively decreased across FIB-4 quartiles, in both NAFLD 

and in MAFLD.
Table 4 shows the unadjusted and adjusted changes in 

lung function tests for a 1-point increase in FIB-4 score 
in patients with MAFLD. Univariable linear regression (un-
adjusted model 1) found that the severity of liver fibrosis 
(the FIB4 score) was inversely related to FVC, FEV1, and 
predicted FVC (%). For each one-point increase in the FIB-
4 score, FVC (%) decreased by 6.441 (95% CI: −12.032, 
−0.851, p=0.024), FVC decreased by 0.748 (95% CI: 
−1.002, −0.495, p<0.001), and FEV1 decreased by 0.587 
(95% CI: −0.796, −0.378, p<0.001). As shown in Table 4, 
the results remained unchanged in multivariable regression 

Table 1.  Clinical and biochemical characteristics and lung function in participants with and without MAFLD and NAFLD

Characteristic Non-MAFLD MAFLD p* Non-NAFLD NAFLD p**

2,024 (79.6) 519 (20.4) 2,074 (81.6) 469 (18.4)

Age, years 65.87±7.68 64.89±8.00 0.038 65.97±7.73 64.39±7.72 0.006

Male sex 1,245 (61.5) 299 (57.6) 0.107 1,275 (61.5) 269 (57.4) 0.099

Ever-smoker 943 (46.6) 231 (44.6) 0.220 958 (46.8) 205 (43.8) 0.322

Alcohol use 309 (15.3) 136 (26.2) <0.001 334 (16.1) 111 (23.6) <0.001

BMI, kg/m2 23.59±2.63 27.81±2.60 <0.001 23.63±2.75 27.66±2.63 <0.001

Waist circumference, cm 84.16±8.70 94.2±9.98 <0.001 84.63±8.75 93.30±11.36 <0.001

Systolic blood pressure, mmHg 136.84±20.24 141.01±18.05 <0.001 137.27±20.31 139.52±17.62 0.015

Diastolic blood pressure, mmHg 80.77±11.86 83.06±11.15 <0.001 80.91±11.89 82.69±10.95 0.013

Lung function tests

  FVC, L 2.80±0.88 2.60±0.82 <0.001 2.78±0.88 2.69±0.80 0.038

  FVC, % predicted value 95.18±19.43 88.19±17.66 <0.001 94.36±19.70 91.07±16.97 0.001

  FEV1, L 2.24±0.66 2.07±0.67 <0.001 2.21±0.67 2.16±0.64 0.172

  FEV1, % predicted value 86.53±18.29 79.95±17.87 <0.001 85.57±18.73 83.28±16.80 0.015

  FEV1 /FVC 81.03±8.43 80.65±11.03 0.225 80.74±9.08 80.23±8.78 0.417

Comorbidities

  COPD 225 (11.1) 68 (13.1) 0.218 231 (11.3) 58 (12.4) 0.470

  Type 2 diabetes 169 (8.6) 132 (26.3) <0.001 196 (9.5) 126 (26.9) <0.001

  Metabolic syndrome 204 (10.1) 206 (39.7) <0.001 237 (11.4) 173 (36.9) <0.001

  Hypertension 680 (33.6) 199 (38.6) 0.044 712 (34.3) 167 (35.6) 0.599

  Dyslipidemia 641 (31.7) 250 (48.2) <0.001 665 (32.1) 226 (48.2) <0.001

Laboratory tests

  WBC count, 109/L 6.05±1.71 6.52±1.66 <0.001 6.04±1.71 6.44±1.62 <0.001

  Hemoglobin, g/L 141.99±14.31 144.08±14.70 0.003 141.24±14.31 144.05±14.63 0.002

  Platelet count, 109/L 220.06±56.78 220.39±55.96 0.901 218.70±55.43 224.78±56.74 0.262

  FPG, mmol/L 5.73±1.55 6.53±2.00 <0.001 5.70±1.38 6.56±2.14 <0.001

  ALT, U/L 20.29±10.80 32.43±15.32 <0.001 19.86±10.25 34.55±24.28 <0.001

  AST, U/L 24.61±12.02 26.78±15.66 0.001 24.58±12.09 26.69±15.14 <0.001

  TC, mmol/L 4.96±1.31 4.79±1.39 0.013 4.95±1.31 4.81±1.39 0.066

  TG, mmol/L 1.66±1.18 2.22±1.50 <0.001 1.67±1.17 2.26±1.57 <0.001

  LDL, mmol/L 3.10±0.95 2.91±0.94 <0.001 3.08±0.95 2.93±0.95 0.002

  HDL, mmol/L 1.38±0.39 1.19±0.30 <0.001 1.38±0.39 1.22±0.34 <0.001

*p for non-MAFLD vs. MAFLD; **p for non-NAFLD vs. NAFLD. Data are n (%) or mean±standard deviation, as indicated. ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in the first second of exhalation; FVC, forced 
vital capacity; FPG, fasting plasma glucose; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; 
NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; WBC, white blood cells.
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after adjusting for sex, age, prior COPD, smoking status, 
and significant alcohol intake (adjusted model 2), as well 
as in regression models additionally adjusting for adipos-

ity, blood pressure, WBC count, total hemoglobin, serum 
transaminases, fasting glucose, and the plasma lipid profile 
(adjusted models 3). For instance, in adjusted model 2, we 

Table 2.  Comparison of age, sex, BMI, smoking status, and lung function tests between subjects with NAFLD and different groups of subjects with 
MAFLD

Variable Age, 
years

BMI, 
kg/m2, 
mean±SD

Men, 
n (%)

Current 
smoker, 
n (%)

FVC, L, 
mean± 
SD

FVC, % of 
predicted, 
mean±SD

FEV1, L, 
mean±SD

FEV1, % of 
predicted, 
mean±SD

FEV1/
FVC, %, 
mean±SD

MAFLD (n=519) 64.89± 
8.00

27.81±2.59 292 
(58.1)

127 
(24.5)

2.61± 
0.67

88.27±17.60* 2.08±0.57* 79.89±17.34* 80.04± 
10.23

NAFLD (n=469) 64.34± 
7.73#

27.66±2.67 269 
(57.4)

116 
(24.8)

2.67± 
0.75#

90.82±16.85 2.16±0.53# 83.02±16.66 81.08± 
8.32

Non-MD-NAFLD 
(n=177)

62.75± 
9.06&

27.37±2.92 98 
(55.3)

42 
(23.9)

2.86± 
0.73&

94.24±16.68& 2.24±0.65 84.70±19.58& 80.35± 
10.60

P for trend$ 0.006 0.150 0.097 0.592 <0.001 <0.001 0.010 0.006 0.008

MAFLD without 
T2DM (n=379)

64.41± 
6.53

28.04±2.59 211 
(55.7)

89 
(23.5)

2.63± 
0.74

89.69±15.64 2.09±0.59 81.40±17.24 80.00± 
10.53

MAFLD with 
T2DM (n=140)

66.16± 
6.21

27.19±2.49 88 
(65.9)

35 
(25.2)

2.49± 
0.67

85.16±16.45 2.01±0.51 77.04±19.12 81.20± 
11.45

P 0.027 0.001 0.161 0.528 0.0.004 0.009 0.190 0.008 0.251

MAFLD with BMI 
<23 (n=55)

63.49± 
9.05

23.48±1.31 19 
(34.5)

13 
(24.1)

2.33± 
0.67

79.08±18.01 1.81±0.56 75.45±19.21 78.67± 
12.23

MAFLD with BMI 
≥23 (n=464)

65.06± 
7.86

28.32±2.20 280 
(60.3)

107 
(23.1)

2.65± 
0.76

89.00±17.26 2.10±0.23 80.28±17.12 80.42± 
10.34

P 0.169 <0.001 <0.001 0.571 0.019 0.008 0.009 0.030 0.437

Differences in lung function tests (FVC, FEV1 and FEV1/FVC ratio) were adjusted for age, sex, adiposity (BMI and waist circumference), smoking status and alcohol intake 
by analysis of covariance. *p<0.05 for MAFLD vs. NAFLD; #p<0.05 for NAFLD vs. Non-MD-NAFLD; &p<0.05 for MAFLD vs. Non-MD-NAFLD; $p<0.05 for comparisons 
among the NAFLD, MAFLD and Non-MD-NAFLD groups. BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume measured in the first second of 
exhalation; T2DM, Type 2 diabetes; NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; non-MD-NAFLD, nonmetabolic 
dysfunction-NAFLD.

Table 3.  Lung function tests stratified by increasing FIB-4 quartiles in patients with MAFLD or NAFLD

MAFLD (n=519)

FIB-4 quartiles

Quartile 1  
(0–0.38, 
n=130)

Quartile 2  
(0.38–0.49, 
n=129)

Quartile 3  
(0.49–0.67, 
n=131)

Quartile 4  
(0.67–3.91, 
n=129)

p

Lung function tests

  FVC, L 2.92±0.81 2.72±0.82 2.49±0.78 2.26±0.72 <0.001

  FVC, % of predicted value 90.60±17.03 89.24±16.64 87.72±17.41 84.80±16.21 0.056

  FEV1, L 2.29±0.69 2.19±0.68 2.02±0.69 1.77±0.59 <0.001

  FEV1, % of predicted value 86.12±12.16 81.14±16.43 80.18±16.63 76.72±19.82 <0.001

  FEV1/FVC, % 81.10±7.41 80.94±10.24 79.46±8.16 78.89±12.99 0.227

NAFLD (n=469)
Quartile 1  
(0–0.36, 
n=115)

Quartile 2 
(0.36–0.48, 
n=114)

Quartile 3 
(0.48–0.64, 
n=115)

Quartile 4 
(0.64–3.16, 
n=115)

p

Lung function tests

  FVC, L 2.92±0.82 2.78±0.83 2.61±0.82 2.36±0.69 <0.001

  FVC, % of predicted value 93.43±17.48 91.43±15.56 89.06±17.67 89.37±16.93 0.152

  FEV1, L 2.36±0.64 2.29±0.65 2.11±0.64 1.91±0.56 <0.001

  FVC, % of predicted value 85.54±16.55 84.09±15.56 82.06±17.79 80.97±17.17 0.155

  FEV1/FVC, % 81.30±9.42 81.20±9.45 80.95±12.46 79.86±10.62 0.548

*One-way analysis of variance. FIB-4, fibrosis 4 score; FVC, forced vital capacity; FEV1, forced expiratory volume measured in the first second of exhalation; NAFLD, 
nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; non-MD-NAFLD, nonmetabolic dysfunction-NAFLD.
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found that each one-point increase in the FIB-4 score was 
associated with a significant reduction in both FVC (−0.507 
95% CI: −0.840, −0.173, p=0.003) and FEV1 (−0.439 95% 
CI: −0.739, −0.140, P=0.004).

Lung function tests in MAFLD and NAFLD non-MD-
NAFLD participants stratified by sex

The aforementioned results remained essentially unchanged 
even when we performed separate statistical analyses by 
sex. As shown in Supplementary Tables 1–4, we found that 
the trends in impairment of lung function were compara-
ble in men and women with MAFLD, but that the impair-
ment in lung function appeared to be greater in men than 
in women, after adjusting for age ≥65 years, pre-existing 
COPD, smoking status, significant alcohol intake, adiposity 
measures, and other potential confounding factors (Table 
S4, adjusted model 3).

Discussion

The main findings of this large cross-sectional study were 
that both MAFLD and NAFLD were significantly associated 
with decreased lung function tests (i.e., FVC and FEV1) in 
middle-aged Chinese adults after adjustment for multiple 
potential confounding factors. The observed decreases in 
lung function were significantly greater in participants with 
MAFLD than in those with NAFLD. Furthermore, the reduc-
tions in FEV1 and FVC in those with MAFLD increased pro-
gressively with the severity of liver fibrosis, as noninvasive-
ly assessed by the FIB-4 score.

To the best of our knowledge, this is the first observa-
tional study that aimed to compare lung function param-
eters in NAFLD and MAFLD populations and to examine the 
association between lung function parameters and MAFLD 
fibrosis severity as assessed noninvasively by FIB-4 score. 
As summarized in Supplementary Table 5, previous obser-
vational studies reported that NAFLD was associated with 
impaired lung function tests,9,12,19–21,38 and that the asso-
ciation worsened as the histological severity of NAFLD pro-
gressed to a higher fibrosis stage.16 Moreover, some studies 
have shown a significant association between NAFLD and 
the presence of COPD or chronic restrictive pulmonary dis-
eases.12,15,17 Although most of the aforementioned studies 
were cross-sectional and NAFLD was diagnosed by ultra-
sonography, they support the existence of an association 
between NAFLD and COPD.

The precise pathogenic mechanisms underpinning the 

association between MAFLD and reduced lung function tests 
remain poorly understood. The lungs and the liver are both 
highly vascular organs with dual blood supplies, and both 
are involved in antigen processing and are master regula-
tors of energy homeostasis.18 It might thus be hypothesized 
that MAFLD and its associated metabolic disorders, prin-
cipally obesity and T2DM, may promote systemic chronic 
inflammation, increased oxidative stress, increased insulin 
resistance, and lipotoxicity,10,39,40 which may induce lung 
function impairment in the long-term, possibly by activation 
of bronchial inflammation, lung fibrosis, and hypotrophy of 
airway respiratory muscles. As low-grade chronic inflam-
mation is associated with both impaired lung function and 
NAFLD,41,42 some studies have shown that increased plas-
ma C-reactive protein concentrations are associated with 
impaired lung function.43–45 Impaired lung function may 
subsequently promote increased insulin resistance, oxida-
tive stress, and low-grade chronic inflammation, all of which 
may contribute to NAFLD progression.46,47 Nevertheless, fu-
ture prospective cohort studies are required to better eluci-
date the direction of the relationship between impaired lung 
function and fatty liver disease.

Recently, an international panel of experts proposed a 
change in name and definition of NAFLD to MAFLD.48 How-
ever, the criteria for diagnosing MAFLD and NAFLD are dis-
tinct, and to the best of our knowledge, there is currently 
no published research related to MAFLD and lung func-
tion. Thus, given the emerging worldwide epidemic of this 
metabolic liver disease, it is important to ascertain if the 
newly proposed definition of MAFLD is more able to identify 
subjects with impaired lung function compared to the old 
NAFLD definition. In our study, we made some key observa-
tions. Firstly, both MAFLD and NAFLD definitions were as-
sociated with significant reductions in lung function param-
eters in Chinese people, but the reductions was significantly 
greater in patients with MAFLD than in those with NAFLD. 
Secondly, patients with MAFLD and T2DM or overweight/
obesity had greater decreases in lung function than their 
counterparts without T2DM or overweight/obesity. Thirdly, 
patients with MAFLD and increased FIB-4 scores had worse 
lung function, even after adjusting for sex, age, smoking 
status, significant alcohol intake, BMI, pre-existing T2DM, 
and other potential confounding factors. Fourthly, patients 
with non-MD-NAFLD had the best lung function parameters 
compared with the MAFLD and NAFLD groups. As patients 
with MAFLD have various metabolic abnormalities, especial-
ly overweight/obesity and T2DM, that may adversely affect 
lung function, it is clinically important to manage and con-
trol the underlying metabolic disorders related to MAFLD.

Our study has some important limitations that should be 

Table 4.  Changes in lung function tests for 1-point increase in FIB-4 score in participants with MAFLD (n=519)

Unadjusted model 1 p Adjusted model 2 p Adjusted model 3 p

FVC, L −0.748 (−1.002, 
−0.495)

<0.001 −0.420 (−0.753, 
−0.088)

0.014 −0.507 (−0.840, 
−0.173)

0.003

FVC, % of 
predicted value

−6.441 (−12.032, 
−0.851)

0.024 −1.816 (−7.564, 
−3.932)

0.535 −8.824 (−19.554, 
−1.906)

0.107

FEV1, L −0.587 (−0.796, 
−0.378)

<0.001 −0.245 (−0.380, 
−0.042)

0.015 −0.439 (−0.739, 
−0.140)

0.004

FEV1, % of 
predicted value

−4.039 (−9.724, 
1.646)

0.163 −1.342 (−7.083, 
4.435)

0.652 −6.053 (−16.621, 
4.515)

0.260

FEV1 /FVC, % 0.996 (−2.524, 4.516) 0.579 1.563 (−1.949, 
5.074)

0.382 1.299 (−7.671, 
−5.073)

0.688

Data are beta coefficients (95% CI). Model 1: univariable linear regression analysis (unadjusted model); Model 2: adjusted for age ≥65 years, sex, prior COPD, smok-
ing status and significant alcohol intake; Model 3: adjusted for the same covariates of model 2 plus adiposity measures (BMI and waist circumference), blood pressure, 
WBC count, hemoglobin, serum transaminases, fasting glucose, and plasma lipid profile.
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mentioned. Firstly, we used liver ultrasonography and FIB-4 
scores for noninvasive diagnosing and staging of NAFLD or 
MAFLD. Secondly, the participants recruited from commu-
nity hospitals were mostly middle-aged and elderly, which 
may have contributed to worse lung function compared with 
the normal population. Thirdly, the cross-sectional design of 
the study did not allow any temporal and causal inferences 
of the observed significant associations between decreased 
lung function volumes and MAFLD or MAFLD-related liver 
fibrosis. Finally, the findings should be confirmed in differ-
ent ethnic groups.

In conclusion, the results of our study show that both 
MAFLD and NAFLD were associated with significant reduc-
tions of FEV1 and FVC in a large hospital-based cohort of 
middle-aged Chinese adults. The reductions in lung volumes 
were significantly greater in participants with MAFLD than in 
those with NAFLD. Reduced lung function parameters were 
also associated with higher FIB-4 scores in MAFLD. We sug-
gest that future prospective and mechanistic studies are 
needed to decipher the existing but complex links between 
MAFLD and impaired lung function.
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