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Abstract: Objective To investigate the association of comprehensive control of multiple metabolic risk factors with the risk of all-
cause mortality in patients with metabolic dysfunction-associated steatotic liver disease (MASLD) and its quantitative effect.
Methods A retrospective cohort study was conducted based on the data from National Health and Nutrition Examination Survey
(NHANES) in 2003—2018. A total of 29 458 participants were enrolled, including 12 528 patients with MASLD and 16 930 non-
MASLD controls. The control status of nine risk factors was assessed, i.e., hypertension, diabetes, liver fibrosis (assessed by
fibrosis-4 index [FIB-4] ) , aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio, serum albumin, renal
function (assessed by serum creatinine) , systemic inflammation (assessed by neutrophil count) , smoking, and physical activity.
According to the status of comprehensive risk factor control, the patients with MASLD were further divided into low-control group
with 1 107 patients, moderate-control group with 7 042 patients, and high-control group with 4 379 patients. A total of 397
participants were enrolled in the external validation cohort, among whom there were 266 participants with MASLD and 131
participants without MASLD. The Kruskal-Wallis H test was used for comparison of continuous data between multiple groups, and
the chi-square test was used for comparison of categorical data between groups. The Cox proportional hazards model incorporating
complex sampling weights for NHANES data were used to investigate the association between the degree of risk factor control and
all-cause mortality, and the Kaplan-Meier curve, the log-rank test, restricted mean survival time (RMST) , and population
attributable fraction (PAF) were used for further assessment. The robustness of the findings was validated in an independent
clinical cohort (n=397). Results The cohort study based on the NHANES database showed that during the median follow-up time
of 6.7 years, 1 171 deaths occurred among the 12 528 patients with MASLD. There was a significant reduction in mortality risk with
the increase in the number of risk factors controlled (trend test: ¥*=65.06, P<0.001). Compared with the low-control group, the
mortality risk decreased successively in the moderate-control group (hazard ratio [HR]=0.59, 95% confidence interval [ CI] :
0.51—0.69) and the high-control group (HR=0.36, 95%CI: 0.27—0.48) , and the mortality risk was reduced by 22% for each
additional risk factor controlled (HR=0.78, 95%CI: 0.74—0.82). The PAF analysis showed that AST/ALT ratio control (PAF=
19.2%) and physical activity (PAF=18.9%) were the largest contributors. The survival analysis of the sub-cohort constructed based
on nearest neighbor matching (with a maximum follow-up time of 13.3 years) showed that there was a significant difference in
cumulative survival rate between the MASLD groups with different control levels and the non-MASLD group (P<0.001). The RMST
analysis further quantified the survival benefit of each group, and the high-control group had the longest 10-year RMST (9.88
years) , which was superior to that of the non-MASLD group (9.43 years) , the moderate-control group (9.33 years), and the low-
control group (7.96 years). The multivariable-adjusted model analysis of the complete cohort showed that compared with the non-
MASLD population, the MASLD patients in the low-control group had a significant increase in mortality risk, the moderate-control
group had a comparable mortality risk, and the high-control group had a significantly lower mortality risk. The subgroup analysis
showed a significant protective effect of comprehensive control in both male and female individuals (P<0.05) , and the interaction

analysis suggested a potentially stronger protective effect in female individuals (P, =0.031). The protective effect was

or interaction

statistically significant in patients aged =60 years (P<0.05). There was a significant difference in protective effect across the groups

=0.821). In

stratified based on waist circumference (P<0.05), but there was no significant interaction between groups (P, . vuciion
the external validation cohort, among the 397 participants, there were 72 cases of all-cause mortality (18.1%). The survival
analysis showed a significant gradient increase in the survival rate of MASLD patients with the increase in the level of control (P=

0.022). The RMST analysis showed that the moderate- and high-control groups had a better RMST than the non-MASLD group at 5
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years (4.47 years vs 4.56 years vs 4.40 years) , with a more significant survival advantage at 10 years (8.67 years vs 8.95 years vs
8.44 years). The Cox regression analysis showed that, with the low-control MASLD group as the reference, there was a significant
reduction in mortality risk in the moderate-control group (HR=0.41, 95%CI: 0.21—0.81) and the high-control group (HR=0.32,
95%CI: 0.14—0.71) ; with the non-MASLD population as the reference, there was a significant increase in mortality risk in the
low-control group (HR=2.02, 95%CI: 1.03—3.95) , with a comparable mortality risk in the moderate-control group (HR=0.83,
95%CI: 0.48—1.44) and the high-control group (HR=0.66, 95%CI: 0.30—1.38) , and the point estimates of the effects were
highly consistent with the main study. Conclusion Among MASLD patients, better control of metabolic risk factors is associated

with a lower mortality risk. Achieving optimal control can eliminate the excess mortality risk associated with MASLD, thereby

helping patients achieve a better survival prognosis than the general population.
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Table 1 Baseline characteristics of study group according to the degree of risk factor control
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Table 2 Associations between the degree of joint risk factor control and mortality risk among individuals with MASLD

SR F FCRIER) R TA) — ﬁﬂ’“(%%;’;&iﬁ e PAF()

A 2 il A
Rtz 20 337/1 107 51.05 1.00 1.00
LRECTEE] 745/7 042 15.65 0.31(0.27 ~ 0.36) 0.59(0.51 ~ 0.69)
I 2H 89/4 379 2.94 0.06(0.05 ~ 0.07) 0.36(0.27 ~ 0.48)

B2 AR R 0.56(0.54 ~ 0.59) 0.78(0.74 ~ 0.82)

ELA S 5 9 2 s il
FIB-4 #5%% 361/8 512 6.12 0.19(0.17 ~0.21) 0.76(0.63 ~ 0.92) 8.3
AST/ALT e A ¥ 120/2 930 6.19 0.39(0.32 ~ 0.47) 0.79(0.64 ~ 0.98) 19.2
HEAY 1117/12 170 13.52 0.46(0.35 ~ 0.61) 0.45(0.33 ~ 0.62) 1.6
JilING 708/9 980 10.31 0.34(0.30 ~ 0.39) 0.74(0.65 ~ 0.84) 5.7
rppkr 4 i 1063/11 634 13.53 0.74(0.60 ~ 0.90) 0.63(0.50 ~ 0.79) 2.7
i I > 351/6 608 7.68 0.36(0.32 ~ 0.41) 0.77(0.67 ~ 0.88) 12.4
T 750/10 022 10.88 0.39(0.35 ~ 0.44) 0.77(0.66 ~ 0.91) 4.8
W AR 25, > 444/6 827 9.65 0.51(0.46 ~ 0.58) 0.76(0.66 ~ 0.88) 12.2
s 283/4 495 9.36 0.57(0.50 ~ 0.66) 0.75(0.65 ~ 0.87) 18.9

TE: DI TERR LA I WSIRAR L R /K R/ B 1/ S EC R A ML 2L 3R 1 AR B L A AR I T Hi =R |
WE R BN y- 25 BT 5 2) FOR 5% XU N ZOR 2 il RS AT LU . FIB-4 485, 2T 4 fb-4 5805 AST, KA G 24 ZE RO s ALT, N2

FR A B RO B HR XU L ; €T, 845 IXTB] s PAF , AHEA IR 36

1.00
0.75
iR
& 050
H
+ 3EMASLDZA
0251 - gimsla
-+ hiEHI4A
P<0.000 1
L
0.00 iz 1T
0 2 4 6 8 10 12 14
T B8] (5F)
XU AR
+ 12407 11333 9169 7020 4814 2821 913 0
+ 4364 4035 3206 248 1791 1124 337 0
+ 6958 6340 5114 3905 2768 1669 515 0
~ 1085 949 713 515 346 188 57 0

2 : MASLD, AR D 5 R A5 AR SCAR D M9
1 AREfEMK EZEEH K FH MASLD 853 MASLD £
R4 F R LK Kaplan-Meier 4 77 # 4
Figure 1 Kaplan-Meier survival curves: Comparison of
cumulative survival rates among MASLD patients with
different levels of risk factor control and non-MASLD controls
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Figure 2 Forest plot: All-cause mortality risk in MASLD
patients with the non-MASLD group as reference
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Table 3 Subgroup analysis of associations between the degree of joint risk factor control and mortality risk among individuals

with MASLD
s | 2 73 | 2 B s | 2
v e L R
5] 0.031
‘e 0.59(0.46 ~ 0.75) <0.001 0.36(0.22 ~ 0.58) <0.001
3B 0.67(0.55 ~0.81) <0.001 0.46(0.32 ~ 0.66) <0.001
IS 0.575
>60 % 0.63(0.53 ~ 0.74) <0.001 0.35(0.23 ~0.52) <0.001
<60 % 0.77(0.48 ~ 1.23) 0.269 0.57(0.31 ~ 1.04) 0.067
I el 0.821
T+ (>100 cm) 0.64(0.55 ~ 0.75) <0.001 0.44(0.32 ~ 0.60) <0.001
1% (<100 ¢cm) 0.67(0.40 ~ 1.10) 0.112 0.38(0.17 ~ 0.83) 0.016

T LI 2T 2278 1 B Cox LU BB ASERY , IR 1 FREEWCA K ASIAAR B 0T /K R/ R L i/ MR BB 4T 8 1 PR
ARBL AL IR TE] |l =S R E S RO - A B . HR, R L O, B AR X )

R4 SMERIRIERA TR B RS B T H T2 E 5 HA R LT

Table 4 Baseline characteristics of the external validation cohort according to the degree of risk factor control

o 4E MASLD 4 MASLD 4 (n=266) -
i E<n=131> ML (n=36) ¥R (n=157) E#HI(n=73) RE P
AR (%) 48(32 ~ 64) 70(56 ~75) 57(45~69) 41(33~51) H=63.153 <0.001
Bl(%)] 66(50.38) 18(50.00) 76(48.41) 35(47.95) X'=0.167 0.983
I 15 SR [ (%) ] X’=39.735 <0.001

THER 52(39.69) 2(5.46) 38(24.20) 42(57.53)

Zy 79(60.31) 34(94.44) 119(75.80) 31(42.47)
AR [B1(%) ] 63(48.09) 24(66.67) 79(50.32) 18(24.66) X'=20.944 <0.001
MR [51(%) ] 79(72.4) 19(65.52) 90(73.77) 38(71.70) X=0.806 0.848
REAICN 46(35.11) 35(97.22) 99(63.06) 10(13.70) X’=92.350 <0.001
BRI (%) ] 13(9.92) 27(75.00) 29(18.47) 2(2.74) X=102.531 <0.001
IREFEH (kg/m®) 23.96(21.75 ~ 26.66) 35.62(29.73 ~ 38.85) 32.20(29.70 ~ 36.00) 34.21(31.71 ~39.00) H=205.108 <0.001
JEEFE (em ) 88.0(80.3~95.7) 118.0(108.4 ~ 126.2) 108.8(103.4 ~ 116.4) 110.0(105.1 ~117.3) H=191.221 <0.001
FIB-4 15 % 1.01(0.74~1.77)  1.62(1.41~2.14) 1.24(0.83~1.57) 0.77(0.53~0.91) H=70.135 <0.001
AST/ALT o fi 1.24(1.00~1.46)  1.13(1.03~1.37)  1.10(0.92~1.30)  0.85(0.68 ~1.07) H=55.217 <0.001
FH# A (g/dL) 42(4.0~4.4) 4.1(3.9~42) 42(4.0~44) 42(4.1~44) H=6.403  0.094
rRPER A B (107uL)  3.7(3.0~4.9) 4.7(33~6.4) 42(3.1~5.1) 44(3.6~5.1)  H=10.328 0.016
WLEF (mg/dL) 0.85(0.72~1.01)  1.12(0.86~1.41)  0.90(0.77 ~1.04)  0.84(0.72~0.94) H=18.841 <0.001
ML/ (% 10°/1) 220.0(188.5 ~260.0) 199.0(166.8 ~244.3) 235.0(202.0 ~294.0) 258.0(221.0 ~313.0) H=25.928 <0.001
FEALIMLT A A (%) 5.5(52~5.7) 6.6(5.8~7.1) 5.8(5.4~6.1) 5.5(53~5.8) H=52.335 <0.001

Hl =R (mg/dL)

v-r R BEEE RSB (U/L)

84.0(65.0 ~ 130.5)
16.0(12.0 ~ 25.5)

193.0(131.3 ~227.5) 151.0(108.0 ~ 227.0) 154.0(103.0 ~240.0) H=76.175 <0.001
27.0(18.8 ~35.5)

23.0(18.0~35.0)  28.0(19.0~52.0) H=49.836 <0.001

T 1)AE MASLD 20 AR 4 b il 26 | e 4 2 4 20 ) oA 5 2) AF MASLD 2Rk 22 451 I il 2B ke 2 7 51 v skl 4 e 2 35 48] s s il 41
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Figure 3 Kaplan-Meier survival curves by metabolic
control status in the external validation cohort
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Figure 4 Forest plot: All-cause mortality risk in the
external validation cohort of MASLD patients by level of risk
factor control
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