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GRAPHICAL ABSTRACT

PUBLIC SUMMARY
■   Onset age of metabolic-associated fatty liver disease (MAFLD) is a key factor of cardiovascular diseases (CVD).

■   The incident CVD risks are the highest in the MAFLD patients who were diagnosed at a young age (<45 years).

■   The risks gradually declined with each decade increase in MAFLD onset age in Chinese community-based cohort.

■   The intensive prevention strategies of CVD and adequate therapy in young MAFLD patients are highlighted.
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Whether  the early-onset  metabolic-associated fatty  liver  disease (MAFLD)
would  promote  the  development  of  cardiovascular  disease (CVD)  remains
unknown. To investigate the association between MAFLD and the risks of
incident  CVD  across  different  new-onset  age  groups,  we  included  67,160
participants  free  of  MAFLD  and  CVD  at  baseline  (2006-2007)  from  the
Kailuan  study.  During  the  follow-up  from  baseline  to  December  31,  2015,
24,772  new-onset  MAFLD  cases  were  identified.  Each  new-onset  MAFLD
case  was  matched  by  one  control  subject  randomly  (age  ±  1  year,  sex-
matched). Then 24,772 case-controls were followed up for CVD events. The
end  of  follow-up  was  the  first  occurrence  of  a  CVD  event,  the  loss  of  the
follow-up  date,  or  the  end  of  the  follow-up  (December  31,  2019).  Cox
proportional  hazard  regression  models  with  age  as  the  time  scale  were
used to evaluate the hazard ratios (HRs) of  incident CVD. During an aver-
age  follow-up  of  8.27  years,  2,881  cases  of  CVD  were  identified.  After
multivariate adjustment, the CVD risk gradually declined with each decade
of increase in the MAFLD onset age. MAFLD cases younger than 45 years
had the highest CVD risk (hazard ratio, HR, 2.64 [1.87-3.72]), while the CVD
risk was attenuated in the 45 to 54 years (HR, 1.41,  [1.21-1.65]).  However,
the HRs in two groups older than 55 years were not statistically significant
(HR,  1.10  [0.96-1.25]  and  1.05  [0.91-1.22]).  Therefore,  the  onset  age  of
MAFLD  is  an  important  predictor  of  CVD  risk.  Our  finding  highlights  the
importance  of  intensive  prevention,  screening,  and  management  of  CVD
risk among individuals with early-onset MAFLD (diagnosis at <45 years).
 

INTRODUCTION
To better reflect metabolism-related etiology and disease heterogeneity,  a

panel of international hepatologists highlighted the need to rename and rede-
fine  non-alcoholic  fatty  liver  disease  (NAFLD)  as  metabolic-associated  fatty
liver disease (MAFLD) in 2020.1,2 This proposal  has been endorsed by many
liver  associations  in  Europe,3 the  Asia  Pacific,4 Oceania,5 Africa,6 and  South
America.7 MAFLD affects approximately a quarter of the global adult popula-
tion2 and become the most prevalent chronic liver disease worldwide,  caus-
ing  a  substantial  burden  on  public  health  with  global  social  and  economic
implications.8,9 In  recent  decades,  the  prevalence  of  MAFLD  in  the  young
population has increased substantially  owing to  the increasing popularity  of
unhealthy lifestyles.2,10 Therefore, MAFLD poses a great threat to public health
worldwide, especially in young populations.

Cardiovascular disease (CVD) is the leading cause of disability and mortal-
ity  in  China  and  worldwide.11,12 A  systematic  review13 revealed  that  over  the
past  20 years,  the incidence of  CVD among young people (18-50 years old)
has  remained  stable  or  even  increased,  in  contrast  to  the  declining  trend
among adults over 50 years old. An autopsy study of 2,876 subjects showed
that  atherosclerosis,  the  underlying  cause  of  coronary  heart  disease  (CHD),
begins and increases rapidly during the 15-34 years.14 For a long time, tradi-
tional prevention efforts of CVD were mainly focused on the middle-aged and
elderly population.15 It is worth noting that future CVD is more likely to occur
in  young  individuals  who  are  always  overlooked  by  the  current  treatment
thresholds.16,17 Prior  studies  have  demonstrated  that  early  exposure  to  CVD
risk factors (high blood pressure, diabetes, and high lipid levels) would lead to

a  higher  risk  of  adverse  outcomes  (e.g.,  CHD,  stroke,  and  heart  failure)
compared  with  exposure  later  in  life.18 Therefore,  early  identification  and
prevention of CVD in the young population is urgently needed.

The  early  onset  age  of  MAFLD  (defined  as  diagnosis  at  <45  years)  may
carry information on both the longer duration of  MAFLD and early  exposure
to CVD risk factors. Recent cohort studies have found that early-onset major
metabolic  diseases,  such  as  hypertension,19 diabetes,20-22 hyperuricemia,23

and metabolic syndrome,24 are closely associated with a higher risk of CVD.
In addition to systemic metabolic dysfunction, MAFLD represents the hepatic
manifestation of a multisystem disorder.2 A review summarized that the liver
injury in NAFLD may lead to an atherogenic profile, the local necro-inflamma-
tory  changes  of  nonalcoholic  steatohepatitis  may  enhance  systemic
metabolic inflammation, and fibrogenesis may occur concurrently in both the
liver and the myocardium.25 Up to now, there is limited prospective evidence
on whether early-onset MAFLD patients have a higher risk of CVD than late-
onset  MAFLD  patients  (defined  as  diagnosis  at  >55  years),  which  have
important  clinical  and  public  health  implications.  Accordingly,  based  on  a
large  prospective  cohort  study,  we  aimed  to  examine  the  association
between MAFLD and the risk of incident CVD across different MAFLD onset-
age groups. 

MATERIALS AND METHODS 

Study design and participants
Our study was based on the Kailuan cohort, an ongoing prospective cohort

study  conducted  in  Tangshan  City,  China.  The  detailed  study  design  and
procedures  have  been  described  elsewhere.26 (Supplemental  Information:
Method  and  Materials)  According  to  the  inclusion  and  exclusion  criteria,  a
total  of  67,160  participants  were  included  at  baseline.  From  baseline  to
December 31, 2015, 24,772 new-onset MAFLD patients were diagnosed. The
date  of  new-onset  MAFLD  was  defined  as  the  examination  date  when
MAFLD was first determined. Each new-onset MAFLD case was matched by
one control subject randomly (age ± 1 year, sex-matched). The follow-up for
the  incident  case  started  at  the  time  the  new-onset  MAFLD  was  identified,
while the follow-up of the matched controls started at the same year the inci-
dent case was identified. For instance, a new-onset MAFLD case (48 years of
age)  was  identified  in  2008.  Meanwhile,  the  matched  control  was  randomly
selected from the non-MAFLD participants 47 to 49 years of age when they
attended  the  resurvey  in  2008  (both  initiated  the  follow-up in  2008).  Ulti-
mately,  a  total  of  24,772  case-control  pairs  were  included  in  the  analyses
(Figure S1). The study was conducted with the guidelines of the Declaration
of Helsinki  and approved by the Kailuan General Hospital  Ethics Committee.
All  participants  agreed  to  participate  in  the  study  and  provided  written
informed consent. 

Exposure - new-onset MAFLD
New-onset MAFLD was defined according to the recent consensus criteria

in  2020  as  follows.1,2 All  the  participants  in  the  Kailuan  cohort  undergo
screening  ultrasonography  (PHILIPS  HD-15).  MAFLD  was  diagnosed  as  the
presence of hepatic steatosis with one of the following: i) overweight or obese
[body mass index (BMI) >23 kg/m2];  ii)  Lean/normal weight (BMI <23 kg/m2)
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with least 2 metabolic risk abnormalities; iii) T2DM. Metabolic risk abnormali-
ties were defined as the presence of at least two metabolic risk abnormalities:
(1) waist circumference ≥90/80 cm in Asian men and women; (2) blood pres-
sure ≥130/85  mmHg  or  specific  medications  treatment;  (3)  plasma  triglyc-
eride (TG) ≥1.70 mmol/L or specific medications treatment; (4) plasma high-
density  lipoprotein-cholesterol  (HDL-C)  <1.0  mmol/L  for  men  and  <1.3
mmol/L  for  women  or  specific  medications  treatment;  (5)  prediabetes  (i.e.,
fasting glucose levels 5.6 to 6.9 mmol/L); (6) plasma high-sensitivity C-reac-
tive protein (hs-CRP) level >2 mg/L. The homeostasis model assessment of
insulin resistance score was unavailable in our study. T2DM was defined as a
fasting blood  glucose  (FBG)  level  of  ≥7.0  mmol/L,  the  use  of  an  oral  hypo-
glycemic agent or insulin,  or a self-reported physician diagnosis (Figure S2).
The  date  of  MAFLD  onset  was  defined  as  the  date  of  examination  when
MAFLD  was  first  diagnosed.  In  addition,  subjects  were  classified  as  early-
onset  if  they  were  diagnosed at  <45 years  of  age (early-onset  MAFLD),  and
were defined as late-onset if they were diagnosed older than 55 years (late-
onset MAFLD). 

Outcome - the first occurrence of a CVD event
The  primary  outcome  in  our  study  was  the  first  occurrence  of  the  CVD

event during follow-up, and the secondary outcomes were the CVD subtypes
including  myocardial  infarction  (MI)  and  stroke  [ischemic  stroke  (IS)  and
hemorrhagic  stroke  (HS)].  Experts  determined  outcomes  according  to  the
International  Classification  of  Diseases,  10th  Revision  (ICD-10)  codes.  The
specific codes are as follows: MI,  I21; IS,  I63; HS, I60-I61.27,28 Information on
the major CVD outcomes was retrieved from the Municipal Social Insurance
Institution,  the  Hospital  Discharge  Register  from  Kailuan  General  Hospital,
and its  11 affiliated hospitals  annually  during follow-up.  MI  was determined
based  on  the  patient’s typical  clinical  symptoms,  positive  electrocardio-
graphic  changes,  abnormal  cardiac  biomarkers,  and  coronary  angiography
findings according to the World Health Organization’s Multinational Monitor-
ing  of  Trends,  Determinants  in  Cardiovascular  Disease  criteria29 and  the
Fourth  Universal  Definition  of  Myocardial  Infarction  (2018).30 Stroke  was
diagnosed  according  to  the  World  Health  Organization  criteria  based  on
combined typical  neurological  signs  and  neuroimaging  imaging  examina-
tions,  including  computed  tomographic  or  magnetic  resonance  imaging
scans.31 The  end  of  follow-up  was  the  first  occurrence  of  a  CVD  event,  the
loss of the follow-up date, or the end of the follow-up (December 31, 2019). 

Covariates
Other related variables were collected through self-reported questionnaires,

basic  anthropometric  measurements,  and blood tests biennially  since 2006.
Participants’ information  on  age,  sex,  educational  level,  physical  activity,
smoking  status,  alcohol  intake  status,  sodium  intake,  history  of  diabetes  or
hypertension, and use of medications (antidiabetic, antihypertensive, or anti-
hyperlipidemic)  were  collected  via  face-to-face  interviews  using  a  standard
questionnaire. The concentrations of FBG, low-density lipoprotein cholesterol
(LDL-C), HDL-C, hs-CRP, and alanine aminotransferase (ALT) were measured
by  a  Hitachi  747  auto-analyzer  (Hitachi,  Tokyo,  Japan)  on  the  day  of  blood
collection.  Details  of  data collection and definitions of  covariates are shown
in  the  supplemental  material  (Supplemental  Information:  Method  and
Materials). 

Statistical analysis
Baseline characteristics were shown as mean standard deviation (SD) for

normally distributed continuous variables, median (25th-75th percentiles) for
non-normally  distributed  continuous  variables,  and  percentages  N  (%)  for
categorical variables. Continuous variables were compared using analysis of
variance,  Student’s  t-tests,  or  Mann-Whitney U  tests,  and  categorical  vari-
ables were compared with the chi-squared test.

The new-onset MAFLD participants were divided into four groups based on
the  age  at  diagnosis:  <45  years,  45-54  years,  55-64  years,  and  ≥65  years.
When the risk of the outcome event does not follow an exponential distribu-
tion with increasing age, age is no longer suitable to be included as a covari-
ate in the adjustment model. 32 In this study, the risk of CVD with age was not
exponentially distributed. There was a difference in the risk of CVD between a

50-year-old  followed  for  10  years  and  a  60-year-old  followed  for  10  years.
Therefore, we used the Cox proportional hazards regression models with age
as the underlying time scale33 to estimate the association of MAFLD with the
risk  of  incident  CVD  across  different  MAFLD  onset-age  groups.  This
approach  takes  into  account  the  differences  in  the  effect  of  follow-up
according  to  age  and  duration.  The  multivariable-adjusted  model  was
adjusted for  heart  rate,  uric  acid,  estimated glomerular  filtration rate (eGFR),
ALT, smoking status (never, former, or current smoker), alcohol consumption
(never, former,  light,  moderate,  or  heavy),  physical  activities  (never,  occa-
sional, or regular),  sodium intake (low, moderate, or high intake), and educa-
tional level (high school or beyond, yes/no).

To  assess  the  robustness  of  our  study  findings,  we  further  performed
several  sensitivity  analyses:  (1)  We  excluded  current  drinkers  to  reduce  the
influence  of  alcohol;  (2)  We excluded participants  with  hepatitis  B,  cirrhosis,
and  cancer  to  reduce  the  potential  influence;  (3)  The  use  of  medication
(antidiabetic, antihypertensive, or antihyperlipidemic) were adjusted addition-
ally  in  the  Cox  proportional  hazards  regression  models;  (4)  We  further
conducted similar analyses by excluding participants with the use of medica-
tions  (antidiabetic,  antihypertensive,  or  antihyperlipidemic)  (5)  We  repeated
our  analyses  of  incident  CVD using  Fine-Gray  models  instead,  which  would
account  for  death  as  a  competing  risk;  (6)  As  the  data  did  not  satisfy  the
proportional  hazards  assumption,  we  further  tested  the  results  with  the
weighted Cox proportional hazards regression models,34 (7) We excluded the
CVD events that occurred within the first year of the follow-up period to mini-
mize potential reverse causation; (8) In addition, we further conducted strati-
fied  analyses  according  to  sex;  (9)  We  explored  the  associations  of  MAFLD
with the risks of fatal or non-fatal CVD events across different new-onset age
groups; (10) Given that MAFLD is a new definition updated from NAFLD, we
conducted  sensitivity  analyses  among  the  NAFLD  participants;  (11)  We
further conducted the dose-response relations between age at MAFLD diag-
nosis  and  the  risk  of  CVD  using  the  %RCS  Reg  SAS  macro  program.  The
reference  age  was  the  10th  percentile  of  each  age  group,  which  were  29.1
years, 46.2 years, 55.9 years, and 66.0 years for <45 years, 45-54 years, 55-64
years, and ≥65 years, respectively. The dose-response relations between age
at  MAFLD diagnosis  and the risk  of  CVD were evaluated by restricted cubic
spline, with 4 knots placed at 5th, 35th, 65th, and 95th of the age distribution.

All  statistical  analyses  were  conducted  using  the  SAS  9.4  software  (SAS
Institute,  Cary,  NC).  Two-sided P < 0.05  was  considered  statistically  signifi-
cant. 

RESULTS 

Baseline characteristics
A total of 24,772 new-onset MAFLD cases were identified during the aver-

age  follow-up duration  of  6.40  years.  The  basic  characteristics  of  partici-
pants with new-onset MAFLD and their corresponding controls are shown in
Table  1.  Most  variables  were  significantly  different  between  MAFLD  cases
and controls (all P values < 0.05), except for physical exercise. Compared with
controls,  patients with MAFLD had higher levels of  heart  rate,  systolic  blood
pressure (SBP), diastolic blood pressure (DBP), FBG, BMI, LDL-C, TG, hs-CRP,
uric  acid,  and  ALT,  a  higher  prevalence  of  smoking,  alcohol  consumption
(light, moderate, and heavy), hypertension, diabetes, and use of antihyperten-
sive, antidiabetic, and antihyperlipidemic medications, as well as high sodium
intake.

Table 1 also illustrates the basic characteristics of the new-onset MAFLD
participants  across age groups.  There  were 5,255 participants  at  <45 years,
8,027 participants at 45 to 54 years, 7,552 participants at 55 to 64 years, and
3,938  participants  at  ≥65  years.  Specifically,  compared  with  late-onset
MAFLD  participants,  early-onset  MAFLD  participants  had  higher  ALT  levels,
with  average ALT levels  of  22.0  U/L  and 17.0  U/L  for  those  under  45  years
and over 65 years. Among individuals diagnosed with MAFLD under 45 years,
there  were  higher  levels  of  TG  and  eGFR,  a  higher  proportion  of  smoking,
alcohol  consumption  (light  and  moderate),  hepatitis  B,  high  sodium  intake,
and lack of physical  activity.  Additionally,  the levels of SBP, FBG, LDL-C, hs-
CRP, the prevalence of hypertension and diabetes, and the proportion of anti-
hypertensive and antidiabetic medication usage increase with the age group
rising. 
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Table 1.  Basic characteristics for the study participants

Variables
Total patients, No. (%) (N = 49,544)

P Value a
Patients by MAFLD onset age, No. (%)

P Value aNon-MAFLD
(n = 24,772)

New-onset MAFLD
(n = 24,772)

<45Y
(n = 5,255)

45-54Y
(n = 8,027)

55-64Y
(n = 7,552)

≥65Y
(n = 3,938)

Age, years 53.8 ± 11.7 53.8 ± 11.7 - 37.4 ± 5.6 50.5 ± 2.9 59.4 ± 2.7 71.7 ± 5.2 <0.001

Sex, male 19,466 (78.6) 19,466 (78.6) - 4,401 (83.7) 5,895 (73.4) 5,798 (76.8) 3,372 (85.6) <0.001

Heart rate (beats/min) 73.4 ± 10.0 74.1 ± 10.2 <0.001 74.5 ± 9.8 74.2 ± 9.6 73.5 ± 10.4 74.3 ± 11.2 <0.001

SBP (mmHg) 129.1 ± 19.6 134.0 ± 19.4 <0.001 124.5 ± 14.7 131.3 ± 17.6 137.9 ± 19.8 144.9 ± 20.5 <0.001

DBP (mmHg) 82.2 ± 10.7 85.4 ± 10.8 <0.001 83.1 ± 10.0 85.9 ± 10.8 86.6 ± 10.8 84.9 ± 11.1 <0.001

FBG (mmol/L) 5.5 ± 1.4 5.7 ± 1.5 <0.001 5.3 ± 1.0 5.7 ± 1.5 5.8 ± 1.6 5.9 ± 1.7 <0.001

BMI (kg/m2) 23.3 ± 2.8 25.8 ± 2.7 <0.001 26.2 ± 2.7 25.6 ± 2.6 25.7 ± 2.7 25.6 ± 2.8 <0.001

LDL-C (mmol/L) 2.6 (2.1-3.1) 2.7 (2.2-3.2) <0.001 2.6 ± 0.8 2.7 ± 0.9 2.8 ± 1.0 2.9 ± 0.9 <0.001

HDL-C (mmol/L) 1.5 ± 0.5 1.4 ± 0.5 <0.001 1.4 ± 0.6 1.4 ± 0.5 1.4 ± 0.5 1.4 ± 0.6 <0.001

Triglycerides (mmol/L) 1.1 (0.8-1.5) 1.4 (1.0-2.1) <0.001 1.6 (1.1-2.4) 1.5 (1.0-2.2) 1.4 (1.0-2.0) 1.3 (0.9-1.8) <0.001

hs-CRP (mg/L) 0.9 (0.4-2.0) 1.3 (0.6-2.9) <0.001 1.2 (0.6-2.6) 1.3 (0.7-2.7) 1.4 (0.6-2.9) 1.6 (0.7-3.5) <0.001

Uric acid (μmol/L) 281.1 ± 79.2 308.8 ± 87.8 <0.001 318.4 ± 96.7 301.2 ± 87.3 306.4 ± 82.2 316.3 ± 85.0 <0.001

eGFR (mL/min/1.73m2) 88.8 ± 19.2 87.9 ± 19.6 <0.001 99.1 ± 20.5 90.2 ± 18.5 84.4 ± 16.7 74.9 ± 16.0 <0.001

ALT (U/L) 17.0 (12.0-23.0) 19.0 (14.0-26.0) <0.001 22.0 (16.0-30.0) 19.0 (14.0-26.0) 19.0 (14.0-25.0) 17.0 (13.0-22.0) <0.001

Smoking status <0.001 <0.001

　Never 14,655 (59.2) 14,190 (57.3) 2,506 (47.7) 4,182 (52.1) 4,715 (62.4) 2,787 (70.8)

　Former smoker 853 (3.4) 1,008 (4.1) 220 (4.2) 307 (3.8) 303 (4.0) 178 (4.5)

　Current smoker 8,579 (34.6) 8,874 (35.8) 2,463 (46.9) 3,410 (42.5) 2,262 (30.0) 739 (18.8)

Alcohol intake status <0.001 <0.001

　Never 15,723 (63.5) 14,756 (59.6) 2,336 (44.5) 4,380 (54.6) 5,105 (67.6) 2,935 (74.5)

　Former 362 (1.5) 408 (1.6) 73 (1.4) 146 (1.8) 122 (1.6) 67 (1.7)

　Light 6,155 (24.8) 6,530 (26.4) 2,191 (41.7) 2,313 (28.8) 1,476 (19.6) 450 (14.0)

　Moderate 1,179 (4.8) 1,431 (5.8) 340 (6.5) 498 (6.2) 443 (5.9) 150 (3.8)

　Heavy 1,133 (4.6) 1,469 (5.9) 300 (5.7) 658 (8.2) 366 (4.9) 145 (3.7)

Physical activities 0.532 <0.001

　No physical activity 5,547 (22.4) 5,414 (21.9) 1,376 (26.2) 2,020 (25.2) 1,314 (17.4) 704 (17.9)

　Occasional physical activity 12,582 (50.8) 12,636 (51.0) 2,924 (55.6) 4,155 (51.8) 3,758 (49.8) 1,799 (45.7)

　Regular physical activity 3,422 (13.8) 3,467 (14.0) 469 (8.9) 923 (11.5) 1,367 (18.1) 708 (18.0)

Sodium intake <0.001 <0.001

　Low intake 3,178 (12.8) 2,963 (12.0) 694 (13.2) 1,038 (12.9) 805 (10.7) 426 (10.8)

　Moderate intake 15,701 (63.4) 15,486 (62.5) 3,269 (62.2) 5,066 (63.1) 4,791 (63.4) 2,360 (59.9)

　High intake 1,932 (7.8) 2,337 (9.4) 629 (12.0) 824 (10.3) 615 (8.1) 269 (6.8)

High school or beyond, yes 1,850 (7.5) 2,034 (8.2) <0.001 1,237 (23.5) 424 (5.3) 222 (2.9) 151 (3.8) <0.001

Antihypertensive medications 1,659 (6.7) 2,627 (10.6) <0.001 235 (4.5) 791 (9.9) 981 (13.0) 620 (15.7) <0.001

Antidiabetic medications 376 (1.5) 576 (2.3) <0.001 30 (0.6) 157 (2.0) 235 (3.1) 154 (3.9) <0.001

Antihyperlipidemic medications 120 (0.5) 231 (0.9) <0.001 37 (0.7) 79 (1.0) 70 (0.9) 45 (1.1) 0.1656

Hypertension b 2,101 (8.5) 3,289 (13.3) <0.001 318 (6.1) 1,024 (12.8) 1,212 (16.0) 735 (18.7) <0.001

Diabetes c 610 (2.5) 858 (3.5) <0.001 44 (0.8) 235 (2.9) 346 (4.6) 233 (5.9) <0.001

Hepatitis B (+) 958 (3.9) 766 (3.1) <0.001 214 (4.1) 269 (3.3) 208 (2.8) 75 (1.9) <0.001

Continuous variables were presented as mean ± standard deviation (SD) or median (25th-75th percentiles), while categorical variables were presented as N (percentage).
a P values were derived from Student’s t-tests or Mann-Whitney U tests for continuous variables according to the data distribution, and Chi-square tests or Fisher's exact test for
the categorical variables. b Hypertension was defined if SBP ≥140 mmHg or DBP ≥90 mmHg during measurement, or if the participant self-reported physician diagnosis, or use of
antihypertensive medications. c Diabetes was defined if the fasting glucose level was ≥7.0 mmol/L, or the participant self-reported physician diagnosis, or use of antidiabetic
medications (insulin or oral hypoglycemic agents). Hepatitis B was defined if the participant's HBsAg was positive. Abbreviations: MAFLD, metabolic dysfunction–associated
fatty liver disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; ALT, alanine aminotransferase; HBsAg, hepatitis B
surface antigen.

REPORT

4  　　　The Innovation Medicine 2(2): 100064, June 14, 2024 www.the-innovation.org/medicine

https://www.the-innovation.org/medicine
https://www.the-innovation.org/medicine
https://www.the-innovation.org/medicine


Adverse cardiovascular disease outcomes
The  incident  CVD  risk  of  MAFLD  stratified  by  the  MAFLD  onset  age  is

shown in Figure  1.  During  an  average  follow-up of  8.27  years,  we  identified
2,881  cases  of  CVD (including  568  cases  of  MI,  2,110  cases  of  IS,  and  352
cases of HS, with 58 overlap cases for MI and stroke, and 91 overlap cases
for  IS  and HS).  After  multivariate  adjustment,  the  risk  of  CVD was generally
higher  in  the new-onset  MAFLD population than in the non-MAFLD popula-
tion across the age range. Interestingly, the risk estimates gradually declined
with  each  decade  of  increase  in  the  MAFLD  onset  age.  MAFLD  patients
whose onset age was younger than 45 years had the highest CVD risk among
all age groups (HR, 2.64 [1.87-3.72]). For the age groups of 45 to 54 years, the
HR (95% CI) for CVD was 1.41 (1.21-1.65). However, the HR (95% CI) for CVD
was not statistically significant in the age groups of 55 to 64 and older than
65 years groups (HR, 1.10 [0.96-1.25] and 1.05 [0.91-1.22], respectively). 

Subgroup analysis of cardiovascular diseases
Similar  results  were  obtained  for  stroke  and  IS  in  the  subtype  analyses

(Figure  2).  MAFLD cases  whose  onset  age  was  younger  than  45  years  had
the highest risk in all age groups with an HR (95% CI) of 3.16 (2.13-4.69) for
stroke and 3.76 (2.41-5.86) for IS. For the participants with onset age of 45 to
54 years, the HR (95% CI) was 1.40 (1.18-1.66) for stroke and 1.48 (1.23-1.77)
for  IS.  However,  the  HRs  (95%  CI)  for  stroke  and  IS  were  not  statistically
significant in the age groups of 55 to 64 and older than 65 years groups. It is
worth noting that almost all HRs (95% CI) in MI and HS were not statistically
significant,  which could be limited by the relatively  small  sample size of  the
cases.  Nevertheless,  we  still  observed  a  higher  MI  risk  among the  relatively
early-onset MAFLD group (45 to 54 years) compared with the onset groups
older than 55 years. 

Sensitivity analysis
The  findings  were  generally  similar  to  the  primary  analysis  in  sensitivity

analyses excluding current drinkers (N = 31,647) (Table S1), analyses exclud-
ing participants with hepatitis B, cirrhosis, and cancer (N = 45,976) (Table S2),
analyses with Fine-Gray models to account for the competing risk of mortal-
ity  (N  =  49,544)  (Figure  S5),  analyses  using  weighted  Cox  proportional
hazards regression models  (N = 49,544)  (Table  S4),  and analyses excluding
the CVD outcome events occurring within the first year of the follow-up (N =
49,072) (Table S5). The findings did not materially change among the analy-
ses  of  new-onset  MAFLD  patients  with  non-fatal  CVD  (N  =  48,828)  or  fatal
CVD  (N  =  46,756)  (Figures  S6-S7)  and  analyses  of  NAFLD  patients  across
age groups (N =  34,624)  (Figures  S8-S9). The finding also  did  not  substan-
tially  differ  among  subgroup  analyses  by  sex  among  new-onset  MAFLD
patients (N = 49,544) (Table S6). A similar trend was observed among those
male patients with new-onset MAFLD. It is worth noting that almost all  HRs
(95% CI) in MI, stroke, IS and HS were not statistically significant in females,
which could be limited by the relatively small  sample size of cases. In addi-
tion,  the  observed  associations  did  not  materially  change  in  analyses  with
additional adjustment  for  the  use  of  medication  (antidiabetic,  antihyperten-
sive,  or  antihyperlipidemic)  (N  =  49,544)  (Figures  S3-S4)  and  analyses
excluding participants  with  the  use  of  medications  (antidiabetic,  antihyper-
tensive, or antihyperlipidemic) (N = 44,478) (Table S3).

Figure S10 illustrated the dose-response relations between age at MAFLD

diagnosis  and  the  risk  of  CVD.  We  found  that
the  early-onset participants  (defined  as  diag-
nosis at  <45  years)  had  a  higher  risk  of  inci-
dent CVD compared to other MAFLD onset-age
groups.
 

DISCUSSION
In  this  large  community-based  cohort  study  in  China,  we  observed  that

CVD risk gradually declined with each decade increase in MAFLD onset age.
Notably, the highest incidence of CVD risk was observed in participants with
early-onset MAFLD (onset age <45 years). This study provides a novel insight
that the MAFLD onset age is an important risk stratification in the prevention,
screening, and management of future CVD risk.

Systematic reviews  have  summarized  that  NAFLD  was  strongly  associ-
ated with an increased risk of CVD.35,36 However, given that MAFLD is a new
definition  updated  from  NAFLD  and  combined  liver  fatty  lesions  and
metabolic abnormalities,  there is a lack of studies to assess the association
between  MAFLD  and  CVD  risk.  In  line  with  our  findings,  a  cohort  study  of
nearly  9  million  middle-aged Korean  adults  found  that  MAFLD  was  associ-
ated  with  a  significantly  higher  risk  of  incident  CVD events,  including  MI,  IS,
heart failure, or CVD-related death after a 10-year follow-up.37 Furthermore, a
liver biopsy study reported that patients with NAFLD or MAFLD had interme-
diate or high cardiovascular risk (defined by atherogenic ratios; the risks were
25.7% and  36.4%,  respectively,  for  NAFLD  and  MAFLD)  and  a  higher  inci-
dence of CVD (12.8% and 20.1%, respectively).38 A systematic meta-analysis
of  22  studies  involving  379,801  patients  also  summarized  that  MAFLD
patients were more likely to have cardiovascular risk factors, including hyper-
tension (OR, 1.17 [1.07-1.29]; P = 0.0007) and diabetes (OR, 1.09 [1.00-1.19]; P
= 0.0420).39 Given  that  CVD  remains  a  leading  cause  of  death  and  disease
burden both globally,11,40 even a modest increase in CVD risk would translate
into  a  large  burden  of  excess  morbidity  and  mortality.  Nevertheless,  the
current  guidelines  do  not  consider  MAFLD  onset  age  as  an  important  risk
stratifier of CVD.1,4 The patients with MAFLD have the hepatic manifestation
of a multisystem disorder.2 The liver  injury in these patients would indepen-
dently contribute to the pathogenesis of CVD.25 So far, few studies have had
sufficient  support  to  investigate  MAFLD  diagnosis  across  the  entire  age
range, which is important for early prevention and identification of suscepti-
ble individuals with CVD throughout the lifespan.

However,  the  mechanisms  underlying  this  observed  association  remain
unknown.  Several  plausible  interpretations  are  proposed.  First,  early-onset
MAFLD  patients  had  a  longer  MAFLD  duration  than  later-onset  MAFLD
patients.  An  international  multidisciplinary  consensus  statement  on  MAFLD
and CVD risk indicates that MAFLD and CVD share multiple cardiometabolic
risk factors, including systemic low-grade inflammation, endothelial dysfunc-
tion,  increased  oxidative  stress,  insulin  resistance,  and  an  atherogenic
lipoprotein profile.41 Therefore,  early-onset MAFLD cases may have a longer
duration of CVD risk factors, which may provide a pathological basis for CVD
development.  Specifically,  several  pathophysiological  mechanisms that  may
promote the development of  CVD in patients with MAFLD include activation
of the renin-angiotensin system,42 some shared genetic polymorphisms (e.g.,
PNPLA3 I148M, and TM6SF2 E167K),43,44 and dysregulated gut microbiota.45,46

Second,  compared  with  late-onset  MAFLD  patients,  most  early-onset
patients  tend  to  ignore  their  current  health  problems  and  are  especially
unlikely  to  be  aware  of  their  future  heightened cardiometabolic  risk,47 which
would  subsequently  translate  into  a  great  CVD  burden.  Thus,  given  that
current strategies48 mainly emphasize MAFLD treatment in middle-aged and
elderly  individuals  while  overlooking  the  significant  cardiometabolic  risks  of
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Figure 1.  Forest  plot  of  the  hazard  ratios  (95%
confidence  interval)  for  incident  cardiovascular
disease among the new-onset MAFLD participants
across  age  groups  (N  =  49,544) The  models  were
adjusted for  heart  rate,  uric  acid,  eGFR,  ALT,  smok-
ing  status,  alcohol  consumption,  physical  activity,
sodium  intake,  and  education  level.  Abbreviations:
CI, confidence interval; CVD, cardiovascular disease;
MAFLD,  metabolic  dysfunction–associated  fatty
liver disease.

 
 

REPORT

The Innovation Medicine 2(2): 100064, June 14, 2024　　　  5



early-onset MAFLD in young people, our research findings will provide critical
information for policy development. By contrast, we did not observe a signifi-
cant  association  between  late-onset  MAFLD  (defined  as  diagnosis  at  >55
years)  and  the  risk  of  incident  CVD.  A  potential  explanation  includes  that
MAFLD patients,  by  definition,1,2 may  have  fatty  liver  lesions,  obesity,  type  2
diabetes, hypertension, and dyslipidemia, which are also risk factors for CVD.
Therefore, the participants who were diagnosed with MAFLD at an older age,
have a shorter duration of liver injury and metabolic abnormalities, which may
have a lower CVD risk compared with younger people with MAFLD. Further-
more,  compared  with  older  people,  young  people  tended  to  adhere  to
unhealthy  lifestyles  (e.g.,  long  duration  of  sedentary  behavior,  high-calorie
diets, etc.),2,10 which would accelerate the development of CVD. Further large
cohort studies are warranted to evaluate the association between late-onset
MAFLD and the risk of incident CVD to confirm these findings and verify the
biological pathways.

Our  study had several  strengths.  To our  knowledge,  this  study is  the  first

prospective  study  to  evaluate  the  association
of  early-onset  MAFLD  with  incident  CVD  risk
during  an  average  follow-up  duration  of  8.27
years.  To  minimize  the  impact  of  confounding
factors,  we  randomly  selected  a  control  group
without  MAFLD in  the same year,  matched for
age  (±1  year)  and  sex.  In  addition,  the  major
strengths  include  the  large  sample  size,
prospective design, comprehensive coverage of
electronic  health  data,  and  biennial  follow-up
with good data quality.

However, some limitations of this study need
to be  acknowledged.  First,  the  hepatic  steato-
sis was  explored  through  abdominal  ultra-
sound examination in  our  study.  A  liver  biopsy
is the gold standard for diagnosing fatty liver.49

Even  though,  ultrasound  examination  is  the
most widely used and cost-effective non-inva-
sive  diagnostic  method.8 A  meta-analysis
showed  that  compared  with  histology,  the
overall  sensitivity  and  specificity  of  ultrasound
in detecting moderate to severe fatty liver were
84.8%  (95%  CI:  79.5-88.9)  and  93.6%  (95%  CI:
87.2-97.0),  respectively,50 which  showed  fair
reliability  of  ultrasonography  for  the  detection
of fatty  liver.  Furthermore,  international  guide-
lines  have  recognized  the  role  of  ultrasound
examination  in  large  epidemiological  studies.2

Second,  the  data  of  the  homeostasis  model
assessment-insulin  resistance  score  was  not
available in our study. Some MAFLD cases may
be missed and the risk  of  CVD may be under-
estimated. Third, we defined the age of onset of
MAFLD  as  the  date  of  examination  when  the
patient was first diagnosed with MAFLD minus
the  patient's  birth  date.  The  estimated  age  of
onset  may  not  be  accurate  for  all  individuals.
Nevertheless, we objectively diagnosed the new-
onset MAFLD cases with the biennial follow-up,
which enabled us to minimize the potential bias

(within  two  years).  Moreover,  we  categorized  the  MAFLD  onset  age  group
into 10-year intervals,  which may lead to less influence on the classification
of the onset age group. In addition, we acknowledge that the true onset date
could be any time between follow-up visits and that there is a measurement
error in this estimation, but we deemed that this type of measurement error
could  be  random,  and  the  proportion  of  subsequent  misclassification  into
different  age  groups  would  be  small  and  would  not  substantially  affect  our
results.  Fourth,  the  aspartate  aminotransferase  (AST)  levels  were  not
measured in our study. Therefore, we were unable to calculate the non-inva-
sive liver  fibrosis  score  to  assess  the  severity  of  MAFLD.  Finally,  all  partici-
pants were employees and retirees of the Kailuan community in China, with a
high  proportion  of  male  participants.  Therefore,  the  generalizability  of  our
findings should  be  tested  in  other  demographic,  racial,  and  ethnic  popula-
tions.

Our findings address the importance of intensive prevention strategies for
CVD  and  adequate  therapy  in  young  MAFLD  patients.  The  rates  of  MAFLD
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Figure 2.  Forest  plot  of  the  hazard  ratios  (95%
confidence interval)  of  the  subtypes  of  cardiovas-
cular  disease  of  the  new-onset MAFLD  partici-
pants  across age groups (N =  49,544) The models
were  adjusted  for  heart  rate,  uric  acid,  eGFR,  ALT,
smoking  status,  alcohol  consumption,  physical
activity, sodium intake, and education level. Abbrevi-
ations:  CI,  confidence  interval;  MAFLD,  metabolic
dysfunction–associated  fatty  liver  disease;  MI,
myocardial  infarction;  IS,  ischemic  stroke;  HS,
hemorrhagic stroke.
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awareness,  treatment,  and  control  are  relatively  low  among  young  adults,51

and current guidelines do not include the onset age of MAFLD in the preven-
tion and early identification of CVD.4 Future guideline iterations may add revi-
sions that denote management approaches for early-onset MAFLD patients.
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