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Association of macronutrient energy proportion combinations with
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Abstract : Objective To investigate the association between different macronutrient energy supply proportion combinations and
non — alcoholic fatty liver disease (NAFLD). Methods Using data from adult participants in the National Health and Nutrition
Examination Survey (NHANES) 1999—2018, the energy supply proportions of fat, carbohydrate, and protein were calculated.
Nutrient clusters were constructed using a three — dimensional nutrient space sequential partitioning method. Weighted logistic
regression was employed to analyze the association between clusters and NAFLD, along with interaction and subgroup analyses.
K - means clustering was used as a sensitivity analysis. Results Compared with the most common energy supply pattern
(Cluster 1; moderate fat, medium — high carbohydrate, moderate protein), clusters characterized by medium — high fat,
medium/low — medium carbohydrate, and moderate protein ( Cluster 3 and 4) were significantly associated with an increased
risk of NAFLD. In the fully adjusted model, both Cluster 3 (OR =1.367, 95% CI.; 1.142 —1.636) and Cluster 4 (OR =
1.462, 95% CI 1. 137 — 1. 879) showed elevated risks. Interaction analysis indicated a borderline significant interaction with
hypertension (P =0.053), while no significant interactions were found for other covariates (P >0.05). Sensitivity analysis
results were consistent with the main findings. Conclusion Macronutrient proportion combinations are significantly associated
with NAFLD risk. A dietary pattern of medium — high fat paired with medium/low carbohydrate is associated with higher risk,
highlighting the importance of dietary structure regulation for guiding NAFLD prevention and management.
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Fig.1 Flowchart of participant selection
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Fig.3 Proportion and classification of each cluster
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Table 1 Macronutrient energy contribution profiles across
nutrient combination clusters

: femifitae it mokfbawit  HA Bt S
KB TR ek () TR
1 25.0~37.5 50.0~62.5 12.5~25.0 5 190.00
2 25.0~37.5 37.5~50.0 12.5~25.0 4 401.00
3 37.5~50.0 37.5~50.0 12.5~25.0 4 137.00
4 37.5~50.0 25.0~37.5 12.5~25.0 1 356.00
5 25.0~37.5 50.0 ~62.5 0.0~12.5 1 662.00
6 12.5~25.0 50.0 ~62.5 12.5~25.0 804.00
7 37.5~50.0 37.5~50.0 0.0~12.5 715.00
8 12.5~25.0 62.5~75.0 12.5~25.0 667.00
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Table 2 Baseline characteristics of participants

iU

Non - Nafld

Nafld

At (n=18932) (n=10502) (n=8430) itk gt
SERE (# ,x£s) 50.90 +17.46 48.88 +18.26 53.41 +16.06 7.747 <0.001
PRI (%) ] 237.195 <0.001
Fiis 12 298.00(64.96) 6 319.00(60.17) 5979.00(70.93)
Beg s 6 634.00(35.04) 4 183.00(39.83) 2451.00(29.07)
M n(%) ] 114.962 <0.001
EVREEREA 2442.00(12.90) 1 153.00(10.98) 1289.00(15.29)
TP RA 3556.00(18.78) 2 003.00(19.07) 1553.00(18.42)
BT E A 10 082.00(53.25) 5 583.00(53.16) 4499.00(53.37)
oAb e 2852.00(15.06) 1763.00(16.79) 1 089.00(12.92)
HBEKF[n(%)] 83.575 <0.001
(SR 5] 3039.00(16.05) 1556.00(14.82) 1.483.00(17.59)
fr TR A ) rh e 3922.00(20.72) 2004.00(19.08) 1 918.00(22.75)
FEHR L 2R T 11 971.00(63.23) 6 942.00(66.10) 5 029.00(59.66)
IEURARDL [ n( % ) ] 157.225 <0.001
B i5 /[ J& 12 835.00(67.80) 6901.00(65.71) 5934.00(70.39)
B/ e/ R 3342.00(17.65) 1771.00(16.86) 1571.00(18.64)
ARG 2755.00(14.55) 1 830.00(17.43) 925.00(10.97)
R AL n(%) ] 16.619 <0.001
<1.5 3 638.00(19.22) 1 976.00(18.82) 1 662.00(19.72)
1.5~3.5 6 991.00(36.93) 3 782.00(36.01) 3209.00(38.07)
>3.5 8 303.00(43.86) 4 744.00(45.17) 3559.00(42.22)
FREH (xx5) 2173.54 +811.32 2 160.23 +802.23 2190.12 £822.25 8.667 0.004
B L AE L 34.46 +6.79 33.98 £6.73 35.06 £6.83 1.923 <0.001
/K HEBE L 48.87 +7.98 49.43 £7.91 48.17 £8.00 2.320 <0.001
AR L 16.02 +3.29 15.93 £3.32 16.13 £3.26 5.363 <0.001
ER(n(%) ] 133.965 <0.001
1 5190.00(27.41) 3039.00(28.94) 2151.00(25.52)
2 4401.00(23.25) 2 463.00(23.45) 1 938.00(22.99)
3 4 137.00(21.85) 2 076.00(19.77) 2 061.00(24.45)
4 1.356.00(7.16) 639.00(6.08) 717.00(8.51)
5 1 662.00(8.78) 1 003.00(9.55) 659.00(7.82)
6 804.00(4.25) 481.00(4.58) 323.00(3.83)
7 715.00(3.78) 399.00(3.80) 316.00(3.75)
8 667.00(3.52) 402.00(3.83) 265.00(3.14)
WE PRI 963.298 <0.001
7w 16 239.00(85.78) 9 750.00(92.84) 6 489.00(76.98)
= 2693.00(14.22) 752.00(7.16) 1 941.00(23.02)
TR ML 965.326 <0.001
7 10 076.00(53.22) 6 650.00(63.32) 3 426.00(40.64)
= 8 856.00(46.78) 3 852.00(36.68) 5 004.00(59.36)
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BACTIR B2 2% 2026 4F55 53 #5585 4 #1  Modern Preventive Medicine, 2026, Vol. 53, NO. 4 - 619 -

(P <0.001) 5 Cluster 4 (P <0.001) iy NAFLD XU}
ETHE TRV AR VR R R K IS IR
U Pir AR A S AR R AR 3 IR A%

Fafdt . Cluster 3 f9) OR {H =1.367 (P <0.001) , Cluster

41 ORH =1.462(P =0.003) , H AR ( Cluster
2.5 ~8) AU NAFLD KUY 2 Bk (WL 3)

R3 AFEFR LG4 EERS NAFLD &[5 7347

Table 3 Regression analysis of different nutritional ratio combination clusters and NAFLD

i i 1 Fim 2 B 3
e OR(95% CI) P OR(95% CI) P OR(95% CI) P
H£HE 5% 5% 5%

i) 1.007(0.852 ~1.191) 0.935 0.993(0.841 ~1.173) 0.937 0.973(0.827 ~1. 145) 0.740
A3 1.396(1.176 ~1.657) <0.001 1.382(1.160 ~1.646) <0.001 1.367(1.142 ~1.636) <0.001
P 4 1.628(1.265 ~2.093) <0.001 1.618(1.259 ~2.079) <0.001 1.462(1.137 ~1.879) 0.003
HERES 0.954(0.739 ~1.231) 0.714 0.994(0.761 ~1.298) 0.964 1.028(0.790 ~1.339) 0.834
R 6 0.870(0.672 ~1.127) 0.290 0.853(0.648 ~1.124) 0.256 0.918(0.707 ~1.192) 0.517
HRET 1.167(0.897 ~1.519) 0.248 1.211(0.908 ~1.614) 0.191 1.227(0.889 ~1.693) 0.212
T8 0.742(0.550 ~1.001) 0.051 0.744(0.549 ~1.007) 0.056 0.772(0.560 ~1.063) 0.112

2.4 RAz5zandr KHAEM SR, PEH
B KPS I 1 S AR 14 0 3 A LA
JI(FTA P - 381 >0.05) (3 4) , WALMIh, 75
L TEAE 2 RE BE T 5 NAFLD JRUR 2 1F 161 G156 EL 3
SMERE (AN Cluster 7) B35 X [ BS54 1, 25 F it
fH(WEES),

R4 AR SEISRERR AR

Table 4  Interaction analysis between covriates and nutrient
clusters

A5 (AR P-%H

e P 0.269
Fifvji% 0.093
HERE 0. 140
WS AR B 0.729
R LL 0.300
B PR 0.328
LRSI 0.498
i I 0.053

RS M RAEA RS FREERE T 095 A RO A

Table 5 Interaction and subgroup analyses of hypertension across
different nutrient clusters

AR OR(95% CI) P-%H

SR R (ref . 77) 0.053

3.759(3.021 ~4.679)
3.053(2.478 ~3.762)
2.554(2.025 ~3.221)
2.080(1.367 ~3.160)
2.427(1.753 ~3.359)
3.967(2.360 ~6.670)
1.853(0.974 ~3.528)
3.023(1.643 ~5.563)

© NN AW =
I BD D ORI AN RN RO RO

2.5 BESHT
2.5.1 ETF K- means BRFEWIIE R K-

means RIGEXT =2 8B IR RULRESEAT /04T, S
5ERS NS K, B EMI M EFWE (F6), L
“HAERR DT s K AL G AR B T R RRAE Y
Cluster 1 (R .0fH A5 33. 54% k7K 53.36% |
T 13.49% ) M Cluster 4 (H s Bg T 28 mK
&Y hEE ) A Cluster 8 (P IS 7 . Hh K Ak
KAL) R ) 9 NAFLD XURS: 2 3% 3%,
Cluster 4(P <0.001) .Cluster 8( P =0.003) (/L& 7).
A W BRRBSE B 5 F, HgE R 5 8 iR % &
ST —B(MER 1 .2) i — D R ESR AR

®6 AT K RS LERE TR R
Cluster — level nutrient profiles based on K — means

Table 6

clustering

e JEUDUER  EPURGUER BOKDUER RN
M ot () Koffi() Bhoi(n)  HAR

1 33.54 53.36 13.49 4 143
2 37.40 46.61 15.29 4 965
3 27.04 59.13 14. 14 3 285
4 43.48 40.11 15.82 3212
5 27.52 49.30 19.42 2 676
6 33.33 37.77 20.75 2 240
7 19.97 68.13 13.28 1 230
8 48. 17 29.13 19.89 1171
2.5.2 FETF MAFLD N & X W EIE A K5 AE

MAFLD 438 ], 35 T 2015—2018 J& B 80H , 1 4 fx
HbRUE TBT A2 S MAFLD 3 5], - 7E AR A (n =
2 575) MR =4 E R R A M A, &P S
FOTE B T NEFRRER RS REE
WA G55 BN, 5S4 (Cluster 1. FAEARNT
TR KA &Y SR 5 AR B, Cluster 4 (s
HEWs A RBR K AEA  h SF B ) 5 MAFLD AU
WEMKE(P=0.039) (WES) , MK ERRAEM
TS T —3L,
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F7 K- means BHERNFHEFRHGB T NAFLD XU ) CHK
Table 7 Association between dietary pattern clusters identified by K — means clustering and risk of NAFLD

— BUH | Fow 2 B 3

= OR(95% CI) P1{H OR(95% CI) P1{E OR(95% CI) P1H
HTEL 2% =% 2%

LR 2 1.070(0.915 ~1.251) 0.396 1.042(0.889 ~1.223) 0.608 1.056(0.896 ~1.244) 0.516
B3 0.930(0.773 ~1.120) 0.441 0.912(0.753 ~1.102) 0.338 0.971(0.800 ~1.179) 0.764
L4 1.495(1.244 ~1.797) <0.001 1.446(1.194 ~1.750) <0.001 1.416(1.157 ~1.734) <0.001
SEHBES 0.902(0.769 ~1.057) 0.201 0.883(0.749 ~1.040) 0.135 0.902(0.770 ~1.056) 0. 196
LR 6 1.308(1.075 ~1.591) 0.008 1.235(1.009 ~1.512) 0.041 1.200(0.972 ~1.483) 0.090
LR 0.802(0.623 ~1.031) 0.085 0.825(0.635 ~1.072) 0.149 0.876(0.660 ~1.162) 0.356
SERES 1.627(1.295 ~2.045)  <0.001 1.583(1.255 ~1.996)  <0.001 1.459(1.143 ~1.863) 0.003

&8 AFEIFRLHIAAERS MAFLD &[5 7347
Table 8 Regression analysis of different nutritional ratio combination clusters and MAFLD

. B A 2 il 3

= OR(95% CI) P{A OR(95% CI) P1{H OR(95% CI) P1E
i 2% 2% 2%

LR 2 0.911(0.569 ~1.461) 0.688 0.946(0.572 ~1.567) 0.817 0.981(0.568 ~1.697) 0.939
ERE3 1.114(0.802 ~1.546) 0.505 1.124(0.803 ~1.573) 0.467 1.124(0.761 ~1.659) 0.510
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