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Abstract
Background  There are limited data on the long-term adverse clinical outcomes of adults with metabolic dysfunction-
associated fatty liver disease (MAFLD).
Methods  This is a single-centre prospective study of a well-characterized cohort of MAFLD patients who underwent liver 
biopsy and followed every 6–12 months for adverse clinical outcomes.
Results  The data for 202 patients were analyzed [median age 55.0 (48.0–61.3) years old; male, 47.5%; obese, 88.6%; dia-
betes mellitus, 71.3%; steatohepatitis, 76.7%; advanced fibrosis, 27.2%]. The median follow-up interval was 7 (4–8) years. 
The cumulative incidence of liver-related events, cardiovascular events, malignancy and mortality was 0.43, 2.03, 0.60 and 
0.60 per 100 person-years of follow-up, respectively. Liver-related events were only seen in patient with advanced fibrosis 
at 9.1% vs 0% in patient without advanced liver fibrosis (p < 0.001). The cumulative incidence of liver-related events among 
patients with advanced fibrosis was 1.67 per 100 person-years of follow-up. When further stratified to bridging fibrosis and 
cirrhosis, the cumulative incidence of liver-related events was 1.47 and 3.85 per 100 person-years of follow-up, respectively. 
Advanced fibrosis was not significantly associated with cardiovascular events, malignancy or mortality. The cumulative 
incidence of liver-related events, cardiovascular events, malignancy and mortality were not significantly different between 
patients with and without steatohepatitis and between obese and non-obese patients. However, liver-related events were only 
seen among obese patients.
Conclusion  Overall, the cumulative incidence of liver-related event is low in patients with MAFLD, but it is much higher 
among those with advanced fibrosis. However, there is a relatively high cumulative incidence of cardiovascular event among 
patients with MAFLD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) has been increas-
ing alongside the increasing prevalence of obesity worldwide 
with a recent meta-analysis estimating its global prevalence 

to be a staggering 29.8% [1]. In Asia, the prevalence of 
NAFLD has increased significantly over time from 25.3% 
between 1999 and 2005, to 28.5% between 2006 and 2011, 
and 33.9% between 2012 and 2017 [2]. The current under-
standing of the prognosis of the disease is largely based on 
retrospective post hoc analyses of existing data sets, mostly 
from Western populations [3, 4, 5, 6, 7]. Data from prospec-
tive cohort studies, especially from Asian populations, is 
severely lacking. These data are crucial, from being used in 
estimating the burden of the disease, to informing policy-
makers, to the planning of clinical trials, etcetera. Further-
more, in 2020, a new term, metabolic dysfunction-associated 
fatty liver disease (MAFLD), was proposed for the disease. 
The diagnosis of MAFLD is made in a person with fatty 
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liver based on imaging, noninvasive score, or histology, if 
the person is overweight or obese, has type 2 diabetes mel-
litus (T2DM), or has at least two metabolic risk abnormali-
ties [8, 9]. The rationale for and argument against the new 
nomenclature is not the focus of this paper, and are covered 
elsewhere [10, 11]. The new term and its definition have 
been endorsed by the Asian Pacific Association for the Study 
of the Liver [12], and the Malaysian Society of Gastroen-
terology and Hepatology [13, 14], among others. Studies 
on long-term outcome of the disease using the new term 
MAFLD are needed. Therefore, the primary objective of this 
study is to provide long-term clinical outcome data of adult 
patients with MAFLD. In addition, this study aimed to com-
pare the severity of liver disease and the clinical outcomes of 
obese and non-obese MAFLD patients, an area that has seen 
contrasting results in the literature so far [15].

Methods

Adult NAFLD patients (> 18 years old) seen at the Gastro-
enterology and Hepatology Clinic who underwent a liver 
biopsy were invited to participate in this study. All subjects 
had ultrasound evidence of fatty liver with exclusion of sig-
nificant alcohol intake, consumption of medications that can 
lead to hepatic steatosis, viral hepatitis B and C infection 
and other causes of chronic liver disease, where indicated 
[16]. Liver biopsy was performed when steatohepatitis was 
suspected (e.g., persistently elevated serum aminotrans-
ferase level, high liver stiffness measurement, obese patients 
with the metabolic syndrome), and if the patient agreed to 
undergo the procedure.

Much later, following the commencement of the study, 
the new term MAFLD was conceptualized. In view of 
this important development, additional analyses were per-
formed to characterize the enrolled subjects based on the 
new term and its definition. The proportion of subjects with 
MAFLD and type 2 diabetes mellitus, MAFLD without type 
2 diabetes mellitus but who were overweight or obese, lean 
MAFLD without type 2 diabetes mellitus who had at least 
2 metabolic risk abnormalities, and non-MAFLD steatosis 
was determined [17]. Furthermore, when diabetes mellitus, 
overweight or obesity, and the presence of at least 2 meta-
bolic risk abnormalities were considered as separate risks, 
the proportion of subjects who had 1, 2 and 3 risks was 
determined [18].

Enrolled subjects were followed every 6–12 months. 
Demographic, clinical, anthropometric and laboratory data 
were collected using a standard protocol. Height and weight 
were recorded using standard equipment. Overweight was 
defined as body mass index (BMI) 23–24.9 kg per m2 while 
obesity was defined as BMI ≥ 25 kg per m2 [19]. Waist cir-
cumference was measured in the standing position at the 

midpoint between the lowest margin of the least palpable rib 
and the top of the iliac crest. Central obesity was defined as 
a waist circumference of > 90 cm for male and > 80 cm for 
female [20]. Venous blood was sampled after an overnight 
fast for complete blood count, blood glucose, glycated hemo-
globin (HbA1c), lipid profile and liver profile. The diagnosis 
of diabetes mellitus was either self-reported, or based on 
the use of medication for diabetes mellitus, fasting blood 
glucose (FBS) level > 7.0 mmol/L or HbA1c > 6.5% [21]. 
The diagnosis of hypertension was either self-reported, or 
based on the use of medication for hypertension, systolic 
blood pressure (SBP) ≥ 130 mmHg or diastolic blood pres-
sure (DBP) ≥ 85 mmHg [22]. Dyslipidemia was either self-
reported, or based on the use of lipid-lowering medication, 
total cholesterol ≥ 5.2 mmol/L, triglycerides ≥ 1.7 mmol/L, 
HDL cholesterol < 1.0 mmol/L for male or < 1.3 mmol/L for 
female or LDL cholesterol ≥ 3.4 mmol/L [23].

Liver biopsy and histological assessment

At baseline, ultrasonography-guided percutaneous liver 
biopsies were performed by experienced operators (W.K.C, 
S.M.) using 18G Temno II semiautomatic biopsy needle 
(Cardinal Health, Dublin, OH). Liver biopsy slides were 
stained with hematoxylin and eosin (H&E) and Masson’s 
trichrome. An experienced histopathologist (N.R.N.M) who 
was blinded to the clinical data examined the liver biopsy 
slides and reported the findings based on the Non-alcoholic 
Steatohepatitis (NASH) Clinical Research Network (CRN) 
Scoring System [24]. Steatohepatitis was defined as the pres-
ence of steatosis, lobular inflammation, and hepatocyte bal-
looning (≥ grade 1 each), while advanced liver fibrosis was 
defined as histological fibrosis stage 3 or 4.

Outcomes

Outcomes that occurred during the follow-up period and the 
date of occurrence were recorded as per reported by patient 
and corroborated with electronic medical records if the 
patient was admitted to our hospital. The outcomes included 
liver-related events (i.e., gastroesophageal varices, variceal 
bleeding, ascites, hepatocellular carcinoma, spontaneous 
bacterial peritonitis, hepatorenal syndrome, hepatic enceph-
alopathy), cardiovascular events (i.e., acute myocardial 
infarction, revascularization, congestive cardiac failure and 
stroke), extra-hepatic malignancies, and mortality. Patients 
with history of cardiovascular event prior to enrolment into 
the study were excluded from the analysis on cardiovascular 
events. The cause of death was based on information pro-
vided by the deceased’s family member. Data was collected 
until November 2021. Telephone call was made if a subject 
was not seen in the clinic for > 12 months. A letter was sent 
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to re-establish contact if a subject was uncontactable after 
telephone call attempts on three different days.

Statistical analysis

A standard statistical software (SPSS 26.0; SPSS, Chi-
cago, IL, USA) was used for data analysis. Continuous 
variables were expressed as mean ± standard deviation or 
median (interquartile range) and analyzed using t test or 
Mann–Whitney test, where appropriate. Categorical vari-
ables were expressed as percentages and analyzed using Chi 
Square test or Fisher’s exact test, where appropriate. The 
cumulative incidence of outcome events was determined by 
dividing the number of incident events during follow-up by 
the number of person-years at risk. Analysis of cumulative 
incidence of outcome events was further stratified based on 
the presence of steatohepatitis, advanced liver fibrosis and 
whether subjects were obese or non-obese. Comparison 
of outcome events between groups were performed using 
Kaplan–Meier curves and log-rank test. Cox proportional 
hazards regression analysis was used to identify independ-
ent risk factors associated with outcomes of interest, where 
appropriate. A p value of < 0.05 was considered statistically 
significant for all analyses.

Results

Baseline patient characteristics

Subject enrolment commenced in May 2012 and ended in 
January 2018. Majority (86%) of patients who underwent 

liver biopsy during the enrolment period agreed to participate 
in the study. The study flowchart is shown in Fig. 1. The data 
for 202 patients were analyzed. Baseline patient characteris-
tics are presented in Table 1. The median age of the study 
population was 55 (48–61) years, and 47.5% were male. The 
study population mainly consisted of ethnic Malays (47%), 
followed by Chinese (28.2%), and Indians (23.8%). Majority 
of patients were obese (88.6%) and centrally obese (95.5%) 
with a median BMI of 29.3 (27.1–32.4) kg per m2. The propor-
tion of patients who were lean and overweight was 3.0% and 
8.4%, respectively. Central obesity was present in 66.7% and 
83.3% of patients who were lean and overweight, respectively. 
Majority of patients had diabetes mellitus (71.3%), hyperten-
sion (85.6%) and dyslipidemia (94.1%), while prior cardio-
vascular event was present in 9.4% of the patients. Majority of 
the patients had steatohepatitis (76.7%), and the distribution of 
fibrosis stages is as follows: F0, 25.2%; F1 40.6%; F2, 6.9%; 
F3, 24.8%; and F4, 2.5%. Advanced liver fibrosis was pre-
sent in 27.3% of the patients. All patients fulfilled the criteria 
for MAFLD. The proportion of patients with MAFLD and 
diabetes mellitus, MAFLD without diabetes mellitus but who 
were overweight or obese, and lean MAFLD without diabetes 
mellitus who had at least 2 metabolic risk abnormalities were 
71.3%, 27.2% and 1.5%, respectively. Furthermore, when we 
considered diabetes mellitus, overweight or obesity, and the 
presence of at least 2 metabolic risk abnormalities as separate 
risks, we found that 11.9%, 26.2% and 61.9% of our study 
population had 1, 2 and 3 risks, respectively.

Factors associated with steatohepatitis

Patients with steatohepatitis had greater BMI and waist cir-
cumference and were more likely to have central obesity, 

Fig. 1   Study flowchart
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diabetes mellitus and hypertension (Supplementary Table 1). 
They have higher serum HbA1c, ALT, AST and GGT levels 
and a lower serum albumin level. Patients with steatohepa-
titis were more likely to have advanced liver fibrosis. On 
multivariate analysis, independent factors associated with 
steatohepatitis were presence of diabetes mellitus [odds 
ratio (OR) 2.38; 95% confidence interval (CI) 1.01–5.60; 
p value = 0.048] and advanced fibrosis (OR 14.39; 95% CI 
1.81–114.06; p value = 0.012). (Supplementary Table 2).

Factors associated with advanced liver fibrosis

Patients with advanced liver fibrosis were older, had greater 
waist circumference and were more likely to have diabetes 
mellitus (Supplementary Table 3). They have higher serum 
FBS, HbA1c, AST and GGT levels and lower serum creati-
nine and platelet levels. Patients with advanced liver fibro-
sis were more likely to have steatohepatitis. On multivari-
ate analysis, independent factors associated with advanced 
liver fibrosis were age (OR 1.05; 95% CI 1.01–1.10; p 
value = 0.027), presence of diabetes mellitus (OR 3.23; 95% 
CI 1.10–9.54; p value = 0.034), platelet count (OR 0.99; 95% 
CI 0.99–1.00; p value = 0.025) and presence of steatohepati-
tis (OR 15.63; 95% CI 1.93–126.84; p value = 0.010) (Sup-
plementary Table 4).

Incidence of liver‑related events, cardiovascular 
events, malignancy and mortality

The median follow-up interval was 7 (4–8) years and the 
total follow-up was 1164 person-years. Five patients (2.5%) 
developed liver-related events (gastroesophageal varices 
detected on screening endoscopy, n = 3; variceal hemor-
rhage, n = 1; and ascites and hepatocellular carcinoma, 
n = 1). Cardiovascular events developed in 22 patients 
(12.0%; acute myocardial infarction, n = 9; stroke, n = 8; 
revascularization, n = 4; and congestive cardiac failure, 
n = 1). Seven patients (3.5%) developed extra-hepatic malig-
nancy (hematological malignancy, n = 2; colon cancer, n = 1; 
breast cancer; n = 1; cervical cancer, n = 1; thyroid cancer, 

Table 1   Baseline patient characteristics

Overall population, n = 202

Age, years 55.0 (48.0–61.3)
Male, n (%) 96 (47.5)
Ethnicity, n (%)
 Malay 95 (47)
 Chinese 57 (28.2)
 Indian 48 (23.8)
 Others 2 (1)

Diabetes mellitus, n (%) 144 (71.3)
Hypertension, n (%) 173 (85.6)
Dyslipidemia, n (%) 190 (94.1)
Prior cardiovascular event, n (%) 19 (9.4)
Body mass index, kg per m2 29.7 (27.1–32.6)
Waist circumference, cm 99.7 ± 10.9
Lean, n (%) 6 (3.0)
Overweight, n (%) 17 (8.4)
Obesity, n (%) 179 (88.6)
Central obesity, n (%) 193 (96.0)
SBP, mmHg 138 (128–148)
DBP, mmHg 82 (75–89)
FBS, mmol/L 6.3 (5.3–8.3)
HbA1c, % 7.1 (5.9–8.0)
TG, mmol/L 1.6 (1.2–2.1)
TC, mmol/L 4.6 (4.0–5.2)
HDL, mmol/L 1.2 (1.0–1.4)
LDL, mmol/L 2.5 (2.0–3.2)
Albumin, g/L 41.2 ± 3.6
Bilirubin, µmol/L 10 (8–14)
ALP, U/L 76 (61–93)
ALT, U/L 52 (35–88)
AST, U/L 36 (26–54)
GGT, U/L 70 (38–124)
Creatinine, µmol/L 72 (59–90)
Platelet, × 109/L 267 (224–306)
Steatosis, n (%)
 0 3 (1.5)
 1 64 (31.7)
 2 109 (54)
 3 26 (12.9)

Lobular inflammation, n (%)
 0 1 (0.5)
 1 129 (63.9)
 2 67 (33.2)
 3 5 (2.5)

Hepatocyte ballooning, n (%)
 0 45 (22.3)
 1 105 (52.0)
 2 52 (25.7)

Fibrosis, n (%)
 0 51 (25.2)
 1 82 (40.6)

SBP systolic blood pressure, DBP diastolic blood pressure, FBS fast-
ing blood sugar, HbA1c hemoglobin A1c, TG triglyceride, TC total 
cholesterol, HDL high-density lipoprotein, LDL low-density lipopro-
tein, ALP alkaline phosphatase, ALT alanine aminotransferase, AST 
aspartate aminotransferase, GGT​ gamma-glutamyl transferase

Table 1   (continued)

Overall population, n = 202

 2 14 (6.9)
 3 50 (24.8)
 4 5 (2.5)

Advanced fibrosis, n (%) 55 (27.2)
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n = 1; and ureteric cancer, n = 1). Seven patients (3.5%) died 
(causes of death included acute myocardial infarction, n = 2; 
liver cancer, n = 1; pneumonia, n = 1; thyroid cancer, n = 1; 
coronavirus disease, n = 1; unknown, n = 1). The cumula-
tive incidence of liver-related events, cardiovascular events, 
malignancy and mortality was 0.43, 2.03, 0.60, and 0.60 per 
100 person-years of follow-up, respectively.

The number of liver-related events, cardiovascular events, 
malignancy and mortality and the corresponding cumulative 
incidence per 100 person-years of follow-up are shown in 
Table 2. There was no significant difference in the cumu-
lative incidence of liver-related events (p = 0.894), car-
diovascular events (p = 0.098), malignancy (p = 0.232) and 
mortality (p = 0.594) between patients with and without 
steatohepatitis (Fig. 2). However, liver-related events were 
only seen in patients with advanced liver fibrosis at 9.1% vs 
0% in patient without advanced liver fibrosis (p < 0.001). 
When further stratified to bridging fibrosis and cirrhosis, the 
cumulative incidence of liver-related events was 1.47 and 
3.85 per 100 person-years of follow-up, respectively. There 
was no significant difference in the cumulative incidence of 
cardiovascular events (p = 0.741), malignancy (p = 0.825), 
and mortality (p = 0.303) between patients with and without 
advanced liver fibrosis (Fig. 3).

Factors associated with cardiovascular events

On univariate analysis, factors associated with cardiovas-
cular events were age, ethnicity, presence of diabetes mel-
litus, waist circumference, fasting blood glucose, HbA1c, 
triglyceride, HDL cholesterol, albumin, ALT and creatinine 
level (Table 3). On multivariate analysis, only serum creati-
nine level was found to be associated with cardiovascular 
events with a hazard ratio of 1.02 (95% CI 1.00–1.05, p 
value = 0.019). Analyses on factors associated with liver-
related events, malignancy and mortality were not performed 
due to the small number of these events.

Severity of liver disease at baseline and outcomes 
in non‑obese patients

Among non-obese patients, the percentage of patients with 
steatohepatitis and advanced liver fibrosis was 60.9% and 
21.7%, respectively. The corresponding percentages among 
obese patients were 78.8% and 27.9%, respectively. Non-
obese patients were older, less likely to have central obe-
sity and had lower waist circumference and higher serum 
albumin level. Among non-obese patients, the cumulative 
incidence of liver-related events, cardiovascular events, 
malignancy and mortality was 0.00, 0.77, 1.49, and 1.49 
per 100 person-years of follow-up, respectively. The cor-
responding cumulative incidence among obese patients was 
0.49, 2.21, 0.49 and 0.49 per 100 person-years of follow-up, 

respectively. The cumulative incidence of liver-related 
events, cardiovascular events, malignancy and mortality 
were not significantly different between obese and non-obese 
patients (p = 0.385, 0.240, 0.161 and 0.178, respectively).

Discussion

In this prospective study on a well-characterized cohort 
of MAFLD patients with baseline liver biopsy who had a 
median follow-up of 7 years, we found the occurrence of 
liver-related events, cardiovascular events, malignancy and 
mortality to be 0.43, 2.03, 0.60, and 0.60 per 100 person-
years of follow-up, respectively. The cumulative incidence of 
liver-related events is relatively low at 0.43 per 100 person-
years of follow-up. This is despite our study including only 
patients who had undergone a liver biopsy, which indicates 
that they were suspected to have more severe liver disease 
clinically at baseline. This translated to the relatively high 
percentage of patients with histological steatohepatitis and 
advanced fibrosis at 76.7% and 27.3%, respectively, which is 
consistent with that seen in tertiary care biopsy populations 
[25]. The finding of our study is similar to a multi-centre 
study by Sanyal and colleagues in the United States [26], 
which found the cumulative incidence of liver-related events 
to be 0.46 per 100 person-years of follow-up. Their study 
included 1773 patients (definite or borderline steatohepati-
tis, 75%; advanced fibrosis, 30%) with median follow-up of 
4 years. This relatively low cumulative incidence of liver-
related events is an important consideration in the planning 
of clinical trials because the Food and Drug Administra-
tion requires a study drug (following conditional approval 
based on histological response) to demonstrate reduction 
in liver-related events for it to be granted full approval. For 
this, clinical trials will need to include an adequately large 
number of patients with more severe liver disease to see 
a sufficient number of liver-related events within the time 
frame of the study. In fact, we only observed liver-related 
events among patients with advanced fibrosis in our study, 
and the incidence of liver-related events increased from 
bridging fibrosis to cirrhosis. This exponential increase in 
cumulative incidence of liver-related events is similar to that 
observed by Sanyal and colleagues [26], with the cumula-
tive incidence being 0.99 and 2.69 per 100 person-years of 
follow-up among patients with bridging fibrosis and cirrho-
sis, respectively. This is also consistent with the results of a 
meta-analysis, which found that fibrosis stage is the single 
most important predictor of liver-related mortality with the 
risk increasing exponentially with increasing fibrosis stage 
[4].

Although the cumulative incidence of liver-related events 
is low, MAFLD contributes significantly to the burden of 
chronic liver disease due to its very high prevalence in the 
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general population. In Malaysia, over half of its adult popu-
lation is overweight or obese [27], and the prevalence of 
NAFLD has been estimated to be 22.7% based on a study 
on health check individuals [28], and as high as 37.4% in a 
similar and more recent study [29]. NAFLD is now the most 
common etiology of cirrhosis and/or hepatocellular carci-
noma among patients seen in our clinic [30], and a recent 
study found an over two-fold increase in the proportion of 
hepatocellular carcinoma due to cryptogenic cause (most of 
which is recognized to be due to NAFLD), from 16.4% in an 
earlier study to 34.2%. Furthermore, this was not including 
the 7.4% of patients who had a diagnosis of nonalcoholic 
steatohepatitis (NASH) prior to the diagnosis of hepatocel-
lular carcinoma [31, 32]. NASH is already recognized as one 
of the leading etiologies among adults awaiting liver trans-
plantation and the most rapidly growing indication for liver 
transplantation in patients with hepatocellular carcinoma in 
the United States [33, 34]. The burden of NAFLD has been 
projected to continue to increase globally [35, 36]. However, 
besides liver-related complications, MAFLD patients are 
also at risk of cardiovascular events due to its close associa-
tion with the metabolic syndrome [37]. In fact, cardiovascu-
lar disease has long been recognized as the leading cause of 
mortality in patients with NAFLD [37, 38]. In our study, we 
found cardiovascular disease to be the leading cause of mor-
tality and the cumulative incidence of cardiovascular events 
to be 2.03 per 100 person-years of follow-up with no signifi-
cant difference between patients with and without steatohep-
atitis, advanced fibrosis or obesity. The cumulative incidence 
of cardiovascular events in our study is much higher than the 
cumulative incidence of cardiovascular events of 0.83 per 
100 person-years of follow-up reported by Sanyal and col-
leagues, which may be due to ethnic and genetic differences 
as well as differences in the burden and optimal treatment 
of concomitant metabolic risk factors. Asians are known to 
develop metabolic complications at lower BMI than their 
Caucasian counterparts [39]. Besides that, a retrospective 
study and a subsequent prospective study in several Asian 
centres found high rates of suboptimal treatment of meta-
bolic risk factors among patients with NAFLD [40, 41].

All in all, there is an urgent need to coordinate and 
streamline the care of patients with MAFLD. Patients with 
more severe liver disease (i.e., advanced fibrosis or cirrho-
sis) need to be identified and referred to specialist for fur-
ther management. On the other hand, patients with milder 
disease should remain in primary care, where they are best 
managed [14]. An example of this is by using serum alanine 
aminotransferase (ALT) and/or aspartate aminotransferase 
(AST) level among patients with type 2 diabetes mellitus, 
who are at higher risk of more severe liver disease [14, 21]. 
As seen in this study, diabetes mellitus is an independent 
factor associated with both steatohepatitis and advanced 
fibrosis. As serum ALT and AST level may be normal in SB
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patients with NASH [42], simultaneous assessment of liver 
fibrosis (e.g., with a two-step approach i.e., Fibrosis-4 index, 
followed by liver stiffness measurement for patients with 
elevated Fibrosis-4 index) [14, 21, 43, 44] will complement 
the evaluation and serves as a safety net to identify patients 
with more severe liver disease but normal serum ALT and/
or AST level.

Despite our best effort, this study has several limita-
tions. First, we only included patients suspected to have 
more severe liver disease clinically who had undergone a 
liver biopsy. Therefore, the findings from our study are only 
applicable to a similar population and not to NAFLD or 
MAFLD patients in general. Secondly, although all included 
patients in our study fulfilled the MAFLD criteria, the find-
ings cannot be generalized to patients with MAFLD and 

other concomitant liver disease because our study popula-
tion only included patients who fulfilled both NAFLD and 
MAFLD criteria (i.e., overlapping NAFLD and MAFLD 
patients) [11]. We acknowledge that there is a need to look 
at the clinical outcomes of MAFLD patients with other 
concomitant liver disease (i.e., MAFLD only patients). We 
believe that such studies should look at each of the other 
concomitant causes of chronic liver disease separately, and 
that comparison should be made between patients with and 
without MAFLD for each of the other causes of chronic liver 
disease. Besides that, comparison should be made between 
patients with MAFLD without other concomitant liver dis-
ease and patients with MAFLD and each of the other causes 
of chronic liver disease. A systematic review and meta-
analysis that focused on the non-overlapping groups found 

Fig. 2   Kaplan–Meier curves showing comparison of outcome events, namely a liver-related events, b cardiovascular events, c malignancy, and d 
mortality between MAFLD patients with and without steatohepatitis (━━━, with steatohepatitis; - - - -, without steatohepatitis)
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the prevalence of fibrosis (based on liver stiffness measure-
ment or the fibrosis-4 score) to be highest in the MAFLD 
only group, intermediate in the overlapping NAFLD and 
MAFLD group, and lowest in the NAFLD only group [45]. 
In another study that was based on the National Health and 
Nutrition Survey III in the United States, the overall, cardio-
vascular and liver-related mortality was found to be not sig-
nificantly different between NAFLD and MAFLD patients 
[46]. However, this was likely due to the large proportion of 
overlapping NAFLD and MAFLD patients at 73.2%. The 
overlapping NAFLD and MAFLD group has been estimated 
to make up 79.9% (95% confidence interval 75.3–83.9%) of 
patients with fatty liver disease [45]. In a subsequent study 

using the same dataset from the National Health and Nutri-
tion Survey III, MAFLD was associated with increased mor-
tality risk in participants with and without excessive alcohol 
consumption, but participants with both MAFLD and exces-
sive alcohol consumption expressed the highest mortality 
risk [47]. It is interesting to note that all NAFLD patients 
included in this study fulfilled the MAFLD criteria naturally. 
This is not unexpected as the NAFLD patients included in 
this study were those who underwent a liver biopsy due to 
suspicion of having more severe liver disease, and NAFLD 
patients with more severe liver disease are likely to fulfil the 
criteria for MAFLD as well. Indeed, studies have shown that 
the serum ALT and AST levels and the prevalence of fibrosis 

Fig. 3   Kaplan–Meier curves showing comparison of outcome events, namely a liver-related events, b cardiovascular events, c malignancy, and d 
mortality between MAFLD patients with and without advanced liver fibrosis (━━━, with advanced fibrosis; - - - -, without advanced fibrosis)
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were not significantly different between NAFLD patients 
who did not fulfil the criteria for MAFLD (i.e., NAFLD 
only patients) and subjects with no fatty liver disease [45], 
and that NAFLD only patients have extremely low risk of 
liver-related mortality [46].

Thirdly, we depended on patients’ self-reporting for 
outcome events during follow-up, which may be affected 
by recall bias. However, we corroborated with documenta-
tions in the electronic medical records for patients who were 
admitted in our hospital. Otherwise, discharge documents 
were reviewed, where available. Similarly, we depended on 
family members’ reporting on the date and cause of death 
for patients who have died. The cause of death was uncer-
tain for only one of the patients. Fourth, the relatively small 
number of outcome events has limited our analysis on asso-
ciated factors. Fifth, we aimed to compare between obese 
and non-obese patients, but the small number of non-obese 
patients as well as the relatively small number of outcome 
events has limited our analysis. However, we did not observe 
any liver-related events among non-obese patients, despite 
a substantial proportion of them having steatohepatitis and 
advanced fibrosis at baseline, which is due to the nature of 
their selection and inclusion into the study. Further studies 
with a larger number of patients are needed. In this study, 
we collected longitudinal anthropometric and laboratory 
data, including various non-invasive tests, but the results 
will be presented in separate papers due to the large amount 
of analysis, interpretation and discussion associated with 
them. There is an urgent need to demonstrate that non-inva-
sive tests could act as a surrogate for clinical endpoints due 
to the various limitations of liver biopsy in clinical trials. 

Besides that, temporal change in anthropometry and labora-
tory indices are difficult to capture and data on their impact 
on clinical outcomes, especially liver-related outcomes, is 
scarce in the literature.

In conclusion, we reported the cumulative incidence of 
liver-related events, cardiovascular events, malignancy and 
mortality in a cohort of well-characterized MAFLD patients. 
The cumulative incidence of liver-related events is relatively 
low despite a high proportion of patients with steatohepatitis 
and advanced fibrosis at baseline. However, patients with 
advanced fibrosis are at increased risk of liver-related events, 
supporting the need for a simple assessment and referral 
pathway for patients with MAFLD. Furthermore, cardiovas-
cular disease is the leading cause of mortality with a rela-
tively high cumulative incidence of cardiovascular events, 
highlighting the need to improve the control of metabolic 
risk factors among patients with MAFLD. Further in-depth 
studies on this cohort may provide evidence for the use of 
non-invasive tests as surrogate for clinical endpoints and 
enable us to assess the impact of temporal changes in anthro-
pometry and laboratory indices on liver-related outcomes in 
patients with MAFLD.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12072-​023-​10550-9.
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Table 3   Univariate and 
multivariate cox proportional 
hazards regression analyses 
of factors associated with 
cardiovascular events in patients 
with MAFLD

HbA1c was entered into multivariate analysis as it was considered a better indicator of glycemic profile and 
control than diabetes mellitus and fasting blood glucose
TG triglyceride, ALT alanine aminotransferase, HR hazard ratio, 95% CI 95% confidence interval

HR (95% CI) p value Adjusted HR (95% CI) p value

Age 1.06 (1.01–1.11) 0.021 1.06 (0.99–1.13) 0.119
Ethnicity
 Malay – – – –
 Chinese 1.20 (0.38–3.78) 0.758 0.78 (0.21–2.93) 0.710
 Indian 3.12 (1.16–8.41) 0.024 1.18 (0.38–3.67) 0.777
 Others 7.79 (0.94–64.58) 0.057 – 0.989

Diabetes mellitus 2.98 (1.01–8.85) 0.049 – –
Waist circumference, cm 1.04 (1.01–1.08) 0.017 1.04 (1.00–1.09) 0.070
Fasting blood glucose, mmol/L 1.20 (1.07–1.35) 0.002 – –
HbA1c, % 1.34 (1.09–1.66) 0.007 1.05 (0.80–1.36) 0.739
TG, mmol/L 1.40 (1.07–1.85) 0.016 1.18 (0.87–1.60) 0.276
HDL cholesterol, mmol/L 0.12 (0.02–0.76) 0.024 0.41 (0.04–4.51) 0.467
Albumin, g/L 0.87 (0.77–0.98) 0.024 0.95 (0.82–1.11) 0.538
ALT, U/L 0.99 (0.97–1.00) 0.033 0.99 (0.98–1.01) 0.203
Creatinine, µmol/L 1.04 (1.02–1.06)  < 0.001 1.03 (1.00–1.05) 0.017
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