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The positive association between circadian syndrome and metabolic dysfunction—

associated steatotic liver disease: an analysis of the NHANES database
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Department of Gastroenterology, Betjing Shijitan Hospital, Capital Medical University, Beijing 100038, China

Abstract: Objective To investigate the association between circadian syndrome (CireS) and metabolic dysfunction—associated
steatotic liver disease (MASLD). Methods Utilizing data from the 2017—2020 US National Health and Nutrition Examination
Survey (NHANES), 2 060 adults aged =20 years were included. MASLD was diagnosed based on vibration —controlled
transient elastography (CAP =274 dB/m) and metabolic risk criteria. CircS was defined as meeting =4 components
(abdominal obesity, dyslipidemia, hypertension, hyperglycemia, sleep duration <6 h/day, depressive symptoms). Multivariable
logistic regression was used to analyze the association between CircS, the number of CireS components, and MASLD [odds
ratio (OR) and 95% confidence interval (CI)], adjusting for demographic and lifestyle confounders. Subgroup analyses were
performed, and a MASLD risk prediction nomogram was constructed using LASSO -selected variables. Results Among the
participants, 786 (38.2%) had MASLD and 839 (40.7%) had CircS. The fully adjusted model revealed a significant positive
association between CireS and MASLD (OR=3.95, 95% CI: 3.19-4.90). The number of CircS components showed a dose—
response relationship with the presence of MASLD (P for trend <0.05), with individuals having =6 components exhibiting the
highest odds of MASLD (OR=8.35, 95% CI: 5.27-13.50). Subgroup analysis indicated a stronger association in younger
adults aged <50 years (OR=5.69, 95% CI: 4.12-7.87). The nomogram incorporating CircS demonstrated moderate predictive
ability (training set AUC=0.715). Conclusion This study is the first to reveal an independent positive association between
CircS and MASLD, particularly pronounced in younger adults, with a dose —response relationship. CircS may serve as a
potential association marker for MASLD, suggesting that interventions targeting circadian rhythm disruption could represent a
novel prevention and management strategy.
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Figure 1 Participant selection flowchart
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Table 1 Baseline characteristics comparison of the MASLD group versus the non—-MASLD group [n(%), M (Pss, Pss) ]

TR MASLD(n=786) 4 MASLD(n=1274) ittt PiH
AR () 53 (40, 64) 46 (32, 61) -6.304 <0.001
PE5 4.875 0.027
Fk 399 (50.8) 583 (45.8)
Lk 387 (49.2) 691 (54.2)
Filrjize 34.977 <0.001
BIFEEEA 134 (17.0) 127 (10.0)
HApGBEF A 70 (8.9) 131 (10.3)
EFEHET A 312 (39.7) 451 (35.4)
EPEHEA A 161 (20.5) 349 (27.4)
PGP W A 70 (8.9) 142 (11.1)
At 39 (5.0) 74 (5.8)
HHKF 18.524 <0.001
INT 9 AR 43 (5.5) 67 (5.3)
9~ 11 4E42¢ 7 76 (9.7) 111 (8.7)
A /R AR D LT 200 (25.4) 258 (20.3)
T AR BRI 2= L 287 (36.5) 442 (34.7)
REFARR K LA 240 180 (22.9) 396 (31.1)
FIHEAFIA G L 2512 0.296
<13 187 (23.8) 306 (24.0)
13~35 320 (40.7) 478 (37.5)
>335 279 (35.5) 490 (38.5)
WS AR T 26.616 <0.001
CL WS sk Rl 526 (66.9) 726 (57.0)
Tell / B / 5y 154 (19.6) 270 (21.2)
ARG5S 106 (13.5) 278 (21.8)
I 113.865 <0.001
= 454 (57.8) 438 (34.4)
i 332 (42.2) 836 (65.6)
Wi BRI 157.765 <0.001
= 279 (35.5) 156 (12.2)
o 507 (64.5) 1118 (87.8)
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(5:3%)
FHAE MASLD(n=786) 4k MASLD(n=1274) Gt PE
RN ) 2.425 0.119
= 38 (4.8) 44 (3.5)
w 748 (95.2) 1230 (96.5)
S TRINIA 12.046 <0.001
= 355 (45.2) 477 (37.4)
w 431 (54.8) 797 (62.6)
KA R 10.788 0.001
B 519 (66.0) 928 (72.8)
W 267 (34.0) 346 (27.2)
o DR B AR S B A Bl 20.893 <0.001
= 49 (6.2) 159 (12.5)
w 737 (93.8) 1115 (87.5)
R T R 220.556 <0.001
b= 481 (61.2) 358 (28.1)
i 305 (38.8) 916 (71.9)
BT AR A LY 236.719 <0.001
<3 305 (38.8) 916 (71.9)
4 196 (24.9) 189 (14.8)
5 210 (26.7) 138 (10.8)
=6 75 9.5) 31 (2.4)
BMI(kg/m?) 33 (29, 38) 27 (23, 30) -21.619 <0.001
ALT(U/L) 21(15,32) 16 (12,22) -12.843 <0.001
AST(U/L) 20 (16, 25) 19 (15,22) -4.275 <0.001
UA(pumol/L) 345 (286, 405) 303 (250, 357) -10.629 <0.001
Cr( pmol/L) 74 (61, 88) 74 (64, 88) -1.629 0.103
TC( mmol/L) 4.71 (4.09, 5.48) 4.60 (4.01, 5.33) -2.162 0.031

T ALT N2 TR 2 SE A RSl 5 AST D R AU MR L 2l s UA D BRI Cr JULIST 3 TC Ay S JIE [T e

&2 CireS Z157F CireS HIAHELAFENS LU M(Pss, Prs) ,n(%) |
Table 2 Baseline characteristics comparison of the CireS group versus the non—CireS group [ M (P, Pss), n(%) ]

CireS(n=839) JE CireS(n=1221) Giitit P1H
() 60 (45, 69) 42 (29, 56) -18.288 <0.001
PE5 0.510 0.475
5 392 (46.7) 590 (48.3)
u 447 (53.3) 631 (51.7)
Filrjize 13.597 0.018
HBIFHEEEA 102 (12.2) 159 (13.0)
HABPGHEAF A 83 (9.9) 118 (9.7)
EHIEIRSUN 337 (40.2) 426 (34.9)
EIHIEIV R YN 210 (25.0) 300 (24.6)
AEVHIES W 65(7.7) 147 (12.0)
HoAte 42 (5.0) 71 (5.8)
AHIKF 25.396 <0.001
INT 9 ARG 55 (6.6) 55 (4.5)
9 ~ 11 4E4% 85 (10.1) 102 (8.4)
R E A /RIS D B DA 204 (24.3) 254 (20.8)
o R AR B2 2 E 308 (36.7) 421 (34.5)
REFARR L B2 187 (22.3) 389 (31.9)
FREAFILA ST H 5.128 0.080
<13 211 (25.1) 282 (23.1)
13 ~35 339 (40.4) 459 (37.6)
>335 289 (34.4) 480 (39.3)
WS IR T 61.102 <0.001
A G 514 (61.3) 738 (60.4)

Tl / BUS / 5y 225 (26.8) 199 (16.3)
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CireS(n=839) 3k CireS(n=11221) St PIH
A4 3k 1 100 (11.9) 284 (23.3)
L 529611 <0.001
Pt 609 (72.6) 283 (23.2)
= 230 (27.4) 938 (76.8)
Ve 304.551 <0.001
= 336 (40.0) 99 (8.1)
w 503 (60.0) 1122 (91.9)
SN 55.924 <0.001
= 66 (7.9) 16 (1.3)
w 773 (92.1) 1205 (98.7)
W AR 75 20.999 <0.001
= 389 (46.4) 443 (36.3)
w 450 (53.6) 778 (63.7)
AAEATH 2.567 0.109
B 573 (68.3) 874 (71.6)
i 266 (31.7) 347 (28.4)
o A R S AR B 22281 <0.001
b= 53 (6.3) 155 (12.7)
o 786 (93.7) 1066 (87.3)
MASLD 220.556 <0.001
= 481 (57.3) 305 (25.0)
w 358 (42.7) 916 (75.0)
BMI(kg/m?) 31 (28,37) 27 (23, 31) -16.173 <0.001
ALT(U/L) 19 (14, 28) 16 (12, 24) -6.191 <0.001
AST(U/L) 19 (16, 24) 19 (16, 23) -1.483 0.138
UA(pwmol/L) 333 (280, 399) 303 (250, 363) -7.702 <0.001
Cr( pmol/L) 76 (64, 91) 73 (63, 85) -3.304 <0.001
TC(mmol/L) 4.63 (3.93,5.48) 471 (4.09, 5.35) -0.801 0.423

HALT I N IR AT R B (AST R R A SR 2 M \UA IR (Cr ILIF . TC Sy M [

2.2 Cires /2 MASLD Z ] #) % 2 CireS 5 MASLD B (0R=3.95,95% CI: 3.19 ~4.90), CircS /%
A BRI BT 25 R WL 3. ARA 1CR L) IR CireS 5 MASLD S5 B F RN KR (P ux<0.05),
5 MASLD &% & % IE 4 & (OR=4.04, 95% CI. 5 CireS 4050 <3 PHIAMMAMILL, A =6 12401
3.35~4.88), WHELARWE MR PGS (B 2), Ok SR MASLD U I 5 = (OR=8.35, 95% CI:
RN A FTH(OR=4.11,95% CI: 3.33 ~5.07), #—  527~13.50),

R S 2T B AT MR R G (A 3), IEAH DGR AR

< 3 CireS Fl MASLD Z[H B G R logistic BIIA53HT4E

Table 3 Logistic regression analysis of the association between CireS and MASLD

et I 1 FEY 2 I 3
- OR 95% CI P1H OR 95% CI PiE OR 95% CI P{H
CirsS
?I_|< N — — — —_ —
= 4.04 3.35~4.88 <0.001 4.11 3.33~5.07 <0.001 3.95 3.19 ~4.90 <0.001
CireS B (1)
<3 — — — — — —
4 3.11 2.46 ~3.95 <0.001 3.13 2.43~4.03 <0.001 2.97 2.30~3.85 <0.001
5 4.57 3.56 ~5.88 <0.001 4.83 3.68 ~ 6.37 <0.001 4.62 3.50 ~6.12 <0.001
=6 7.27 473~1140  <0.001 7.82 500~1249  <0.001 8.35 527~13.50  <0.001
Pyl <0.001 <0.001 <0.001

AR 1 ORPRBEAR G R 2 JBE TARRS MO R Y 3 PR AR R R T K RIEARICA S BN LG SRR D KRR
ORARAT g L R i i A5 B AT 2l

2.3 T TR 3 AT AN BKAEHAE  CL4.12 ~7.87, P<0.001) ., X HEAEFI K, A1
FKEES, WL 4, WA BT HAR , TEFER <50 £ 12 J2(<50 % vs. =50 %)X} CireS 5 MASLD (1) 5k
5# 9, CireS 5 MASLD 196BE5E (OR=5.69,95%  {FAETEA BN (P x<0.05), Mi7EEH] Fhik 2
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Figure 2 LASSO regression analysis was used to screen the factors most associated with MASLD, and the results of the predictive modeling

were based on this
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x4 ANEPFASF CireS F1 MASLD % 5
Table 4 Association between CireS and MASLD in different

subgroups
W2H OR (95% CI) Py Pnff
(X)) 0.003
<50 569 (4.12~7.87)  <0.001
=50 3.00 228 ~3.95)  <0.001
531 0.496
Bk 3.82(2.81~5.18)  <0.001
Lotk 3.93(2.88~535  <0.001
FEA 0.993
BPEFERE A 537 (2.74~10.52)  <0.001
HABPGIEF A 3.04 (1.49 ~ 6.21) 0.002
AEVEIEF AN 408 (2.88~5.77)  <0.001
B[ YN 332(2.13~5.17)  <0.001
PGP WA 4.80 (220 ~ 10.48)  <0.001
HAy 3.82(1.28 ~ 11.44) 0.016
AHIKF 0.856
INTF 9 AR 2EDT 5.61 (1.85~17.07) 0.002
9 ~ 11 AF2ED)) 5.18 (2.51 ~10.69)  <0.001
i EA: /A
‘ 436 (2.69~7.04)  <0.001
AT
BRSO R sl Rl
. 439 (3.03~636)  <0.001
=2
KEEARR R LL F2E 297 (1.97 ~4.46)  <0.001
USRS 0.111
O 5k [+ s 354 (271 ~461)  <0.001
el / B US /oy )E 374 (2.33~6.00)  <0.001
ARG RS 6.95(3.78 ~12.78)  <0.001
W AR 150 0.407
= 5.08(3.62~7.13)  <0.001
4 3.52(2.65~4.67)  <0.001
KA R 0.753
Bz 4.06(3.13~527)  <0.001
R 3.90 (2.66 ~5.74)  <0.001
o DA P A
0.212
BRI B
= 3.82 (3.06~4.76)  <0.001
5 6.97 (2.62~18.53)  <0.001

MASLD f83 Z [BIFAAEA ST IEAH DG, HX R OCIRAE AR
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Figure 3 Calibration curve of the internal validation model using

the bootstrap method
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