M KEZFR(EFMR) 2024, 55(3) :653-661 _
J Sichuan Univ (Med Sci) doi: 10.12182/20240560503 PES

R T T T 5 PR B 2 : — T B A 51 B T 5T
¥ 7. 0% H, & E, o8 B, V@A, § #°

DU IR AEAE P AL LA A/ DU N 2R PE R DU BR e A 3 5 AR e & OB 610041)

[HE] BH T —IRBAS AR AT EE , AL EAS DRI 190 R S R0 A 2 e 2 ) Xof BB 28 A2
Fik AT IEEAYRTT (UK Biobank, UKB), A1 A RN E252 T 3k R EE A 912687 A . fii FHAR IV F4E 41 (fatty liver
index, FLDYE W& R#8HR. 58 MRIRHARE R AR . PO M BRI . @ LT LUF T Hii: Ak
LR BN T IR, ORI S KON (UNFESE AN IR | R8P BE O ) 5 LA BRI 7K A 028 (CARAN GG 3] v BE AR ) o AR
A T TS S T, N parametric g-formulafifil iz 550 5 F AR T XS FLI M, 48R AEUKBA
B, Joie LRI AT el , A8 L TARIN EEEE , DRI 30 5 0 S A FLDK A G 5 AR R SEAR L, AR RS 4%
A RLL SEARMFLUK A G, &8 Joit B AT AT Gy, SRS 238 i 25 58 Jin R 107 28 M A JXURS: , G SRl HA 4k
R, £0I W] e LU AR BT A AR, AIFI W] ol AR 9 S A B RN T AR BOR AR (L5 B 30 Hr

(SR ils lRRE BRI A Hirikse AT

Hypothetical Alcohol Consumption Interventions and Hepatic Steatosis: A Longitudinal Study in a Large Cohort
ZHANG Ning, ZHANG Yuan, WEI Jun, XIANG Yi, HU Yifan, XIAO Xiong”. Department of Epidemiology and
Biostatistics, West China School of Public Health and West China Fourth Hospital, Sichuan University, Chengdu 610041,
China
A Corresponding author, E-mail: xiaoxiong.scu@scu.edu.cn

[ Abstract] Objective Non-alcoholic fatty liver disease (NAFLD) and alcohol-associated fatty liver disease
(ALD) are the most common chronic liver diseases. Hepatic steatosis is an early histological subtype of both NAFLD and
ALD. Excessive alcohol consumption is widely known to lead to hepatic steatosis and subsequent liver damage. However,
reported findings concerning the association between moderate alcohol consumption and hepatic steatosis remain
inconsistent. Notably, alcohol consumption as a modifiable lifestyle behavior is likely to change over time, but most
previous studies covered alcohol intake only once at baseline. These inconsistent findings from existing studies do not
inform decision-making concerning policies and clinical guidelines, which are of greater interest to health policymakers
and clinician-scientists. Additionally, recommendations on the types of alcoholic beverages are not available. Usually,
assessing the effects of two or more hypothetical alcohol consumption interventions on hepatic steatosis provides answers
to questions concerning the population risk of hepatic steatosis if everyone changes from heavy drinking to abstinence, or
if everyone keeps on drinking moderately, or if everyone of the drinking population switches from red wine to beer? Thus,
we simulated a target trial to estimate the effects of several hypothetical interventions, including changes in the amount of
alcohol consumption or the types of alcoholic beverages consumed, on hepatic steatosis using longitudinal data, to inform
decisions about alcohol-related policymaking and clinical care. Methods This longitudinal study included 12687
participants from the UK Biobank (UKB), all of whom participated in both baseline and repeat surveys. We excluded
participants with missing data related to components of alcohol consumption and fatty liver index (FLI) in the baseline
and the repeat surveys, as well as those who had reported liver diseases or cancer at the baseline survey. We used FLI as an
outcome indicator and divided the participants into non-, moderate, and heavy drinkers. The surrogate marker FLI has
been endorsed by many international organizations' guidelines, such as the European Association for the Study of the
Liver. The calculation of FLI was based on laboratory and anthropometric data, including triglyceride, gamma-glutamyl
transferase, body mass index, and waist circumference. Participants responded to questions about the types of alcoholic
beverages, which were defined in 5 categories, including red wine, white wine/fortified wine/champagne, beer or cider,
spirits, and mixed liqueurs, along with the average weekly or monthly amounts of alcohol consumed. Alcohol
consumption was defined as pure alcohol consumed per week and was calculated according to the amount of alcoholic
beverages consumed per week and the average ethanol content by volume in each alcoholic beverage. Participants were
categorized as non-drinkers, moderate drinkers, and heavy drinkers according to the amount of their alcohol
consumption. Moderate drinking was defined as consuming no more than 210 g of alcohol per week for men and 140 g of

alcohol per week for women. We defined the following hypothetical interventions for the amount of alcohol consumed:
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sustaining a certain level of alcohol consumption from baseline to the repeat survey (e.g., none to none, moderate to
moderate, heavy to heavy) and changing from one alcohol consumption level to another (e.g., none to moderate,
moderate to heavy). The hypothetical interventions for the types of alcoholic beverages were defined in a similar way to
those for the amount of alcohol consumed (e.g., red wine to red wine, red wine to beer/cider). We applied the parametric
g-formula to estimate the effect of each hypothetical alcohol consumption intervention on the FLI. To implement the
parametric g-formula, we first modeled the probability of time-varying confounders and FLI conditional on covariates.
We then used these conditional probabilities to estimate the FLI value if the alcohol consumption level of each participant
was under a specific hypothetical intervention. The confidence interval was obtained by 200 bootstrap samples.
Results
drinkers, 63.68% were sustained moderate drinkers, and 14.74% were sustained heavy drinkers, while 8.39% changed

For the alcohol consumption from baseline to the repeat surveys, 6.65% of the participants were sustained non-

from heavy drinking to moderate drinking. Regarding the types of alcoholic beverages from baseline to the repeat surveys,
27.06% of the drinkers sustained their intake of red wine. Whatever the baseline alcohol consumption level, the
hypothetical interventions for increasing alcohol consumption from the baseline alcohol consumption were associated
with a higher FLI than that of the sustained baseline alcohol consumption level. When comparing sustained non-drinking
with the hypothetical intervention of changing from non-drinking to moderate drinking, the mean ratio of FLI was 1.027
(95% confidence interval [CI]: 0.997-1.057). When comparing sustained non-drinking with the hypothetical intervention
of changing from non-drinking to heavy drinking, the mean ratio of FLI was 1.075 (95% CI: 1.042-1.108). When
comparing sustained heavy drinking with the hypothetical intervention of changing from heavy drinking to moderate
drinking, the mean ratio of FLI was 0.953 (95% CI: 0.938-0.968). The hypothetical intervention of changing to red wine in
the UKB was associated with lower FLI levels, compared with sustained consumption of other types of alcoholic
beverages. For example, when comparing sustaining spirits with the hypothetical intervention of changing from spirits to
red wine, the mean ratio of FLI was 0.981 (95% CI: 0.948-1.014). Conclusions
consumption, interventions that increase alcohol consumption could raise the risk of hepatic steatosis in Western

Regardless of the current level of alcohol

populations. The findings of this study could inform the formulation of future practice guidelines and health policies. If
quitting drinking is challenging, red wine may be a better option than other types of alcoholic beverages in Western
populations.
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Dietary score (median [IQR])

Total physical activity/(MET h/d), median [IQR]
Insomnia symptoms/case (%)

Depressive symptoms/case (%)

Anxiety symptoms/case (%)

BMI/(kg/m”"), mean (SD)

FLI (mean [SD])

4.00 (3.00, 5.00)
4.13 (1.91, 7.96)
9352 (73.7)
402 (3.3)
359 (2.9)

26.74 (4.28)
44.84 (29.23)

656 KA R 4 55%
#* 1 UKBEE5EMNEZRESFHETHT (n=12687)
Table 1 The baseline and repeat survey characteristics of the study participants in the UKB (n=12687)
Characteristic Baseline survey Repeat survey
Age/yr., mean (SD) 57.13 (7.36) 61.35 (7.35)
Female/case (%) 5926 (46.7)
White race/case (%) 12438 (98.0)
Low education level/case (%) 1031 (8.2)
Socioeconomic status (median [IQR]) —2.81 (—4.03, -0.93)
Menopausal status in female/case (%)
Pre-menopause 1253 (21.1) 597 (10.1)
Post-menopause 3765 (63.5) 4423 (74.6)
Not sure 904 (15.3) 902 (15.2)
Family history/case (%) 9534 (75.1)
Self-reported hypertension/case (%) 2834 (22.3) 3300 (26.0)
Self-reported diabetes/case (%) 471 (3.7) 651 (5.1)
Current smoking/case (%) 822 (6.5) 575 (4.5)

4,00 (3.00, 5.00)
4.24 (2.03,7.87)
9526 (75.1)
380 (3.1)
291 (2.3)

26.79 (4.34)
46.27 (28.66)

FLI: fatty liver index, BMI: body mass index. The data are expressed as mean (standard deviation), median (interquartile range), or percentage. Low

education level is defined as none of advanced (A/AS) levels, ordinary level (O-level), general certificate of secondary education, and the other equivalent or
higher levels. Socioeconomic status is defined on the basis of the Townsend deprivation index. Family history refers to self-reported history of hypertension,
stroke, or CVD from at least one first-degree relative (biological parents and siblings) in the baseline survey. The dietary score is based on the consumption of 7

dietary components ranging from 0 to 7%,

%2 UKBSE5HEELZRESFHTMNRERIFE (n=12687)

Table 2 Characteristics of alcohol consumption in UKB baseline and repeated surveys (1=12687)

Alcohol consumption Baseline survey Repeat survey

Capacity for alcohol/(g/week), mean (SD) 126.43 (119.15) 109.52 (108.12)

Level of drink/case (%)

None 963 (7.6) 1069 (8.4)
Moderate 8768 (69.1) 9256 (73.0)
Heavy 2956 (23.3) 2362 (18.6)

Changes in the level of alcohol consumption/case (%)

None to none 844 (6.65)
None to moderate 114 (0.90)
None to heavy 5(0.04)
Modest to none 202 (1.59)
Moderate to moderate 8079 (63.68)
Moderateto heavy 487 (3.84)
Heavy to none 23(0.18)
Heavy to moderate 1063 (8.39)

Heavy to heavy 1870 (14.74)

Moderate drinking is defined as <210 g/week for men and <140 g/week for women in the UKB. Levels exceeding those mentioned above are defined as

heavy drinking.
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3 UKBIRBABEZRESHAEREMEFE (n=11499)
Table 3 Characteristics of the types of alcoholic beverages among the drinkers in the UKB baseline and repeated surveys (n=11499)

Alcoholic beverages type

Baseline survey

Repeat survey

Type/case (%)
Red wine
Other wines
Beer/cider
Spirits
Mixed

Changes in the alcoholic beverages type among drinkers
from baseline to repeat survey/case (%)

Red wine to red wine
Red wine to other wines
Red wine to beer/cider
Red wine to spirits

Red wine to mixed
Other wines to red wine
Other wines to other wines
Other wines to beer/cider
Other wines to spirits
Other wines to mixed
Beer/cider to red wine
Beer/cider to other wines
Beer/cider to beer/cider
Beer/cider to spirits
Beer/cider to mixed
Spirits to red wine
Spirits to other wines
Spirits to beer/cider
Spirits to spirits

Spirits to mixed

Mixed to red wine
Mixed to other wines
Mixed to beer/cider
Mixed to spirits

Mixed to mixed

4205 (36.6)
2188 (19.0)
2793 (24.3)
482 (4.2)
1831 (15.9)

4158 (36.2)
2261 (19.7)
2817 (24.5)
535 (4.7)
1728 (15.0)

3112 (27.06)
363 (3.16)
197 (1.71)
79 (0.69)
454 (3.95)
304 (2.64)

1550 (13.48)
90 (0.78)
58 (0.50)
186 (1.62)
213 (1.85)
90 (0.78)

2200 (19.13)
48 (0.42)
242 (2.10)
60 (0.52)
48 (0.42)
51 (0.44)
279 (2.43)
44 (0.38)
469 (4.08)
210 (1.83)
279 (2.43)
71 (0.62)
802 (6.97)

In the UKB, other wines refer to white wine/fortified wine/champagne in our study. We showed the changes in the alcoholic beverages among drinkers in

both baseline and repeated surveys.

Screening

FLI(95%CI)

MD(95%Cl)

MR(95%CI)

Sustainer

None to none
Modest to modest
Heavy to heavy
Changer

None to none
None to modest
None to heavy

Modest to none
Modest to modest
Modest to heavy

Heavy to none
Heavy to modest
Heavy to heavy

47.614(45.767,49.462)
45.949(45.259,46.640)
48.552(47.381,49.722)

47.614(45.767,49.462)
48.903(46.620,51.185)
51.182(48.747,53.617)

44.661(43.136,46.187)
45.949(45.259,46.640)
48.229(47.274,49.184)

44.983(43.357,46.610)
46.272(45.240,47.304)
48.552(47.381,49.722)

0.000[Reference]
-1.665(-3.479,0.150)
0.937(-1.038,2.913)

0.000[Reference]
1.288(-0.136,2.712)
3.568(2.018,5.118)

-1.288(-2.712,0.136)
0.000[Reference]
2.280(1.544,3.016)

-3.568(-5.118,-2.018)
-2.280(-3.016,-1.544)
0.000[Reference]

1.000[Reference]
0.965(0.928,1.002)
1.020(0.977,1.062)

1.000[Reference]
1.027(0.997,1.057)
1.075(1.042,1.108)

0.972(0.941,1.003)
1.000[Reference]
1.050(1.034,1.066)

0.927(0.895,0.958)
0.953(0.938,0.968)
1.000[Reference]

B 1 FEUKBHRHIE R E B 8 T TFLIF F £ FF g &

Fig 1 The mean differences and mean ratio of FLI under the different hypothetical interventions for alcohol consumption in the UKB

0.9 1 11
MR

FLI: fatty liver index; MD: mean difference; MR: mean ratio. The blue box represents the hypothetical interventions of sustaining alcohol consumption, the green box

represents the hypothetical interventions of reducing alcohol consumption, and the red box represents the hypothetical interventions of increasing alcohol consumption.
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Screening FLI(95%CI) MD(95%CI) MR(95%CI)
Sustainer
Red wine to red wine 47.960(46.038,49.882) 0.000[Reference]  1.000[Reference] L]
Other wines to other wines 45.696(44.719,46.674) -2.264(-4.244,-0.283) 0.953(0.913,0.992) L]
Beer/cider to beer/cider 46.512(45.168,47.857) -1.448(-3.705,0.810) 0.970(0.923,1.016) =
Spirits to spirits 46.680(45.525,47.834) -1.281(-3.395,0.834) 0.973(0.930,1.017) L]
Mixed to mixed 47.710(45.109,50.311) -0.250(-3.107,2.607) 0.995(0.935,1.054) -
Changer
Red wine to red wine 47.960(46.038,49.882) 0.000[Reference]  1.000[Reference] L]
Red wine to other wines ~ 48.442(46.047,50.837) 0.482(-1.002,1.965) 1.010(0.979,1.041) =
Red wine to beer/cider 48.950(46.521,51.378)  0.989(-0.519,2.498) 1.021(0.989,1.052)
Red wine to spirits 48.849(46.493,51.206) 0.889(-0.647,2.425) 1.019(0.986,1.051)
Red wine to mixed 49.584(46.856,52.312)  1.624(-0.215,3.462) 1.034(0.995,1.072) L]
Other wines to red wine 45.215(43.653,46.776) -0.482(-1.965,1.002) 0.989(0.957,1.022) =
Other wines to other wines 45.696(44.719,46.674) 0.000[Reference]  1.000[Reference] L]
Other wines to beer/cider  46.204(45.130,47.278)  0.508(-0.210,1.225) 1.011(0.995,1.027)
Other wines to spirits 46.104(45.146,47.062)  0.407(-0.309,1.123) 1.009(0.993,1.025)
Other wines to mixed 46.838(45.338,48.339)  1.142(-0.061,2.345) 1.025(0.999,1.051) =
Beer/cider to red wine 45.523(43.579,47.467) -0.989(-2.498,0.519) 0.979(0.946,1.011) =
Beer/cider to other wines ~ 46.005(44.742,47.267) -0.508(-1.225,0.210) 0.989(0.974,1.004) L]
Beer/cider to beer/cider 46.512(45.168,47.857) 0.000[Reference]  1.000[Reference] L]
Beer/cider to spirits 46.412(45.021,47.804) -0.100(-0.941,0.741) 0.998(0.980,1.016) L]
Beer/cider to mixed 47.147(45.499,48.794)  0.634(-0.632,1.901) 1.014(0.986,1.041) =
Spirits to red wine 45.791(44.032,47.549) -0.889(-2.425,0.647) 0.981(0.948,1.014) =
Spirits to other wines 46.272(45.130,47.415) -0.407(-1.123,0.309) 0.991(0.976,1.006) L]
Spirits to beer/cider 46.780(45.617,47.943)  0.100(-0.741,0.941) 1.002(0.984,1.020) L]
Spirits to spirits 46.680(45.525,47.834) 0.000[Reference]  1.000[Reference] L
Spirits to mixed 47.414(45.923,48.905) 0.735(-0.572,2.041) 1.016(0.988,1.044) =
Mixed to red wine 46.087(43.408,48.765) -1.624(-3.462,0.215) 0.966(0.928,1.004) L]
Mixed to other wines 46.568(44.279,48.858) -1.142(-2.345,0.061) 0.976(0.951,1.001) L]
Mixed to beer/cider 47.076(44.764,49.388) -0.634(-1.901,0.632) 0.987(0.960,1.013)
Mixed to spirits 46.976(44.738,49.214) -0.735(-2.041,0.572) 0.985(0.957,1.012)
Mixed to mixed 47.710(45.109,50.311) 0.000[Reference]  1.000[Reference] -
0.9 1 1.1
MR
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Fig 2 The mean differences and mean ratios of FLI under the different hypothetical interventions for alcoholic beverage types in the UKB

FLI: fatty liver index; MD: mean difference; MR: mean ratio.
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Table4 FEM analysis of the association between changes in alcohol

consumption and changes in FLI in the UKB

Alcohol consumption Point estimate 95% CI
Sustained non-drinking Reference -
Sustained modest drinking 0.72 —0.65, 2.10
Sustained heavy drinking 1.94 0.39, 3.49
Increased alcohol consumption 2.98 1.03, 4.94
Decreased alcohol consumption -1.00 -2.65, 0.65

CI: confidence interval.
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