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IMPORTANCE Approximately 65% of adults in the US consume sugar-sweetened beverages
daily.

OBJECTIVE To study the associations between intake of sugar-sweetened beverages,
artificially sweetened beverages, and incidence of liver cancer and chronic liver disease
mortality.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort with 98 786 postmenopausal
women aged 50 to 79 years enrolled in the Women’s Health Initiative from 1993 to 1998 at
40 clinical centers in the US and were followed up to March 1, 2020.

EXPOSURES Sugar-sweetened beverage intake was assessed based on a food frequency
questionnaire administered at baseline and defined as the sum of regular soft drinks and fruit
drinks (not including fruit juice); artificially sweetened beverage intake was measured at
3-year follow-up.

MAIN OUTCOMES AND MEASURES The primary outcomes were (1) liver cancer incidence, and
(2) mortality due to chronic liver disease, defined as death from nonalcoholic fatty liver
disease, liver fibrosis, cirrhosis, alcoholic liver diseases, and chronic hepatitis. Cox
proportional hazards regression models were used to estimate multivariable hazard ratios
(HRs) and 95% CIs for liver cancer incidence and for chronic liver disease mortality, adjusting
for potential confounders including demographics and lifestyle factors.

RESULTS During a median follow-up of 20.9 years, 207 women developed liver cancer and
148 died from chronic liver disease. At baseline, 6.8% of women consumed 1 or more
sugar-sweetened beverage servings per day, and 13.1% consumed 1 or more artificially
sweetened beverage servings per day at 3-year follow-up. Compared with intake of 3 or fewer
servings of sugar-sweetened beverages per month, those who consumed 1 or more servings
per day had a significantly higher risk of liver cancer (18.0 vs 10.3 per 100 000 person-years
[P value for trend = .02]; adjusted HR, 1.85 [95% CI, 1.16-2.96]; P = .01) and chronic liver
disease mortality (17.7 vs 7.1 per 100 000 person-years [P value for trend <.001]; adjusted HR,
1.68 [95% CI, 1.03-2.75]; P = .04). Compared with intake of 3 or fewer artificially sweetened
beverages per month, individuals who consumed 1 or more artificially sweetened beverages
per day did not have significantly increased incidence of liver cancer (11.8 vs 10.2 per 100 000
person-years [P value for trend = .70]; adjusted HR, 1.17 [95% CI, 0.70-1.94]; P = .55) or
chronic liver disease mortality (7.1 vs 5.3 per 100 000 person-years [P value for trend = .32];
adjusted HR, 0.95 [95% CI, 0.49-1.84]; P = .88).

CONCLUSIONS AND RELEVANCE In postmenopausal women, compared with consuming 3 or
fewer servings of sugar-sweetened beverages per month, those who consumed 1 or more
sugar-sweetened beverages per day had a higher incidence of liver cancer and death from
chronic liver disease. Future studies should confirm these findings and identify the biological
pathways of these associations.
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C hronic liver disease is a major cause of mortality and
liver cancer.1 Between 1985 and 2015, the annual inci-
dence of liver cancer increased from 3.0 to 9.4 per

100 000 in the US. In 2023, it was anticipated that there would
be 41 210 new cases of liver cancer.2 Risk factors for liver can-
cer include chronic hepatitis B virus (HBV) infection, hepati-
tis C virus (HCV) infection, metabolic disorders (type 2 diabe-
tes, obesity, and metabolic syndrome), excessive alcohol
consumption, and aflatoxin-contaminated foods such as pea-
nuts and corn.3 However, approximately 40% of patients with
liver cancer do not have these risk factors.3 Epidemiological
studies on dietary factors and liver cancer and chronic liver dis-
ease mortality are limited. Therefore, it is important to iden-
tify dietary risk factors for liver cancer and chronic liver dis-
ease mortality.

Between 2017 and 2018, more than 65% of US adults con-
sumed sugar-sweetened beverages daily.4 Epidemiologic stud-
ies have reported positive associations of sugar-sweetened bev-
erages with risk of breast, colorectal, and prostate cancers.5 Two
cohort studies including 553 874 and 477 206 participants re-
ported a potential association between sugar-sweetened bev-
erage intake and risk of liver cancer.6,7 However, neither study
reported rates of liver cancer among women. Additionally, one
prospective study reported that consumption of sugar-
sweetened beverages was associated with higher risk of non-
alcoholic fatty liver diseases.8 However, whether higher sugar-
sweetened beverage intake is associated with chronic liver
disease mortality remains unknown. Artificially sweetened
beverages are healthier alternatives of sugar-sweetened
beverages,9 but animal-based studies reported that artifi-
cially sweetened beverage intake was associated with nonal-
coholic fatty liver diseases.10

This study evaluated whether intake of sugar-sweetened
beverages or artificially sweetened beverages was associated
with higher rates of liver cancer and chronic liver disease mor-
tality in the Women’s Health Initiative (WHI).

Methods
Study Population
The WHI is a large prospective study composed of 161 808
postmenopausal women aged 50 to 79 years, enrolled at 40
clinical centers in the US between 1993 and 1998.11 The study
was approved by the institutional review board of the
Fred Hutchinson Cancer Center (IR# 3467-EXT).12 Partici-
pants gave written consent for participation and medical rec-
ords review. The study included 68 132 women who partici-
pated in 4 overlapping clinical trials, and 93 676 women
participated in the observational study. This study excluded
participants with implausible total energy intake (<600 kcal/
day or >5000 kcal/day), history of cancer at baseline (except
for nonmelanoma skin cancer), and those missing sugar-
sweetened beverage intake or covariate data (Figure 1).

Assessment of Beverage Intake
Participants in the WHI were asked to report their usual
intake of regular soft drinks (not diet) or fruit drinks (Tang,

Kool-Aid, Hi-C, and other fruit drinks not including fruit
juice) from “never or less than once per month” to “6 or more
per day” and serving sizes from small (6 fl oz) to large (18 fl
oz) during the past 3 months on a baseline food frequency
questionnaire.13 On the annual follow-up questionnaire at
year 3, the WHI Observational Study participants were asked
about intake of diet drinks or diet fruit drinks in the past 3
months with a median size of 12 fl oz. Total sugar-sweetened
beverage intake was defined as the sum of regular soft drinks
and fruit drinks. The original categories were collapsed into 3
groups for sugar-sweetened beverages or artificially sweet-
ened beverages: never or 3 or fewer servings per month; 1 to
6 servings per week; and 1 or more servings per day. The
median intake of each category was assigned to create con-
tinuous variables.

Liver Cancer and Chronic Liver Disease Mortality
Ascertainment
The 2 primary outcomes were incident liver cancer and
chronic liver disease mortality. These outcomes were
assessed through March 1, 2020. People who developed liver
cancer were excluded from the outcome of chronic liver dis-
ease mortality. Incident liver cancers were assessed using
self-administered questionnaires (every 6 months for the
clinical trial and annually for the observational study). The
diagnosis was verified and adjudicated through centralized
review of pathology reports, discharge or consultant summa-
ries, operative and radiology reports, or tumor registry
abstracts.14 Cause of death was determined using medical
record or death certificate review using International Classifi-
cation of Diseases, Ninth Revision (ICD-9) and ICD-10 codes
through March 1, 2020. Chronic liver disease death (exclud-
ing liver cancer) was defined as death from nonalcoholic fatty
liver diseases, liver fibrosis, cirrhosis, alcoholic liver diseases,
and chronic hepatitis (ICD-9: 571; ICD-10: K70, K73, and
K74).15 Overall, 95.6% of causes of death were determined
either by medical records or the National Death Index. The
specificity and sensitivity of the algorithm via the National
Death Index in the test and training sets were 98%.16

Key Points
Question Is greater intake of sugar-sweetened beverages
associated with greater risk of liver cancer or chronic liver disease
mortality?

Findings In 98 786 postmenopausal women followed up for a
median of 20.9 years, compared with consuming 3 servings or less
of sugar-sweetened beverages per month, women consuming 1 or
more servings per day had significantly higher rates of liver cancer
(18.0 vs 10.3 per 100 000 person-years; adjusted hazard ratio
[HR], 1.85) and chronic liver disease mortality (17.7 vs 7.1 per
100 000 person-years; adjusted HR, 1.68).

Meaning Compared with 3 or fewer sugar-sweetened beverages
per month, consuming 1 or more sugar-sweetened beverages per
day was associated with a significantly higher incidence of liver
cancer and death from chronic liver diseases.
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Covariates Assessment
Potential confounders and effect modifiers were identified
based on published literature,17 which were then integrated into
a directed acyclic graph to inform the modeling approach (eFig-
ure 1 in Supplement 1). Self-administered questionnaires were
used to collect baseline information on demographic vari-
ables (age at entry, self-reported race and ethnicity, educa-
tion), hormone or oral contraceptive use, family history of can-
cer, use of nonsteroidal anti-inflammatory drugs, self-
reported diabetes, total energy intake per day (calculated from
the food frequency questionnaire), modified alternate healthy
eating index (AHEI), smoking, alcohol intake, body mass in-
dex (BMI), waist-hip ratio, and physical activity (eAppendix
in Supplement 1).

Statistical Analysis
Descriptive statistics were calculated according to categories
of sugar-sweetened beverage or artificially sweetened bever-
age intake, including medians for continuous variables and per-
centages for categorical variables.

For liver cancer, person-years were calculated from the
date of baseline enrollment (sugar-sweetened beverage
analyses) or the date for questionnaire return at 3-year
follow-up (artificially sweetened beverage analyses) until the
date of diagnosis of liver cancer, date of death, or the end of
follow-up (March 1, 2020), whichever came first. For chronic
liver disease mortality, person-years were calculated from the
date at baseline (sugar-sweetened beverage analyses) or the
date at 3-year follow-up (artificially sweetened beverage
analyses) until the date of death due to chronic liver disease
or the end of follow-up. Deaths or liver cancers occurring

before the year 3 visit were excluded for artificially sweet-
ened beverage analyses. Time to first liver cancer or to
chronic liver disease death was analyzed using Kaplan-Meier
methods to calculate cumulative probabilities by categories
of beverage intake. Cox proportional hazards regression mod-
els were used to estimate age- and energy-adjusted and
multivariable-adjusted hazard ratios (HRs) and 95% CIs.
Potential confounding factors were selected a priori including
age at entry, race and ethnicity, education, smoking status,
alcohol intake, BMI, physical activity, total energy intake,
nonsteroidal anti-inflammatory drugs use, family history of
cancer, oral contraceptive use, postmenopausal hormone
therapy, and self-reported diabetes.18 The median intake of
each category was modeled as a continuous variable to calcu-
late the P value for trend. The proportionality assumptions of
the hazard models across beverage categories were visually
examined by using the Schoenfeld residual plot with no vio-
lations observed. Several sensitivity analyses and substitu-
tion analyses by replacing beverages with coffee or tea were
performed (eAppendix in Supplement 1).

To address the potential influence of HBV or HCV infec-
tion status on the associations between beverages and the pri-
mary outcomes, the Spearman correlations between HBV and
HCV infection status and sugar-sweetened beverage or artifi-
cially sweetened beverage intake were calculated using data
from the National Health and Nutrition Examination Survey
(NHANES 2007-2018 [n = 23 520]), a nationally representa-
tive survey,19 and a subsample of the WHI (n = 214) with the
available HBV and HCV data. Additional information about the
HBV and HCV measurement can be found in eAppendix in
Supplement 1.

Figure 1. Potential Participants, Exclusions, and Cohort Development for the Women’s Health Initiative

93 676 Women aged 50-79 y in the Women’s
Health Initiative Observational Study

29 294 Women aged 50-79 y in the Women’s Health Initiative
Dietary Modification Trials comparison group

98 786 Included in the analysis of sugar-sweetened beverages
(includes 207 confirmed cases of liver cancer and 148
who died of chronic liver diseaseb)
77 173 ≤3 servings/moc

14 921 1-6 Servings/wkc

6692 ≥1 Serving/dc

64 787 Included in the analysis of artificially sweetened beverages
(includes 133 confirmed cases of liver cancer and 74 who
died of chronic liver diseaseb)
41 332 ≤3 servings/moc

14 949 1-6 Servings/wkc

8506 ≥1 Serving/dc

 

58 183 Excluded from the artificially sweetened beverage analyses
29 294 Participants in the Dietary Modification Trials

9461 Baseline diagnosis of cancera

3564 Missing data for covariates (smoking, alcohol intake,
body mass index, energy intake, family history of cancer)

3074 Implausible energy (<600 or >5000 kcal/d)
12 790 Missing data for artificially sweetened beverage

intake at follow-up year 3 

24 184 Excluded from the sugar-sweetened beverage analyses
12 266 Baseline diagnosis of cancera

5345 Missing data for covariates (smoking, alcohol intake,
body mass index, energy intake, family history of cancer)

3924 Implausible energy (<600 or >5000 kcal/d)
2649 Missing data for sugar-sweetened beverage intake 

122 970 Combined study population

a This exclusion indicates all cancers except nonmelanoma skin cancer (ie, patients with nonmelanoma skin cancer were not excluded).
b Indicates new cases of liver cancer and confirmed deaths over a median 20.9 years of follow-up.
c One serving was defined as 12 fl oz or 355 mL.
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Two-sided P values less than .05 were considered statis-
tically significant. All statistical analyses were performed in
SAS version 9.4 (SAS Institute).

Results
A total of 98 786 postmenopausal women were included in
analyses for sugar-sweetened beverage intake (Figure 1). After

excluding participants missing artificially sweetened bever-
age intake data, the sample size was 64 787 for artificially sweet-
ened beverage analyses (eTable 1 in Supplement).

Over a median 20.9 years of follow-up, 207 new cases of
liver cancer and 148 chronic liver disease deaths were con-
firmed. Approximately 6.8% (6692) of women consumed 1 or
more servings of sugar-sweetened beverages per day, and 13.1%
(8506) consumed 1 or more artificially sweetened beverages
per day (Table 1). At enrollment, women who consumed more

Table 1. Characteristics of Participants in the Women’s Health Initiative According to Sugar-Sweetened Beverage
and Artificially Sweetened Beverage Intake

Variables

Sugar-sweetened beverage intake (n = 98 786)a Artificially sweetened beverage intake (n = 64 787)a

Never to ≤3/mo 1-6/wk ≥1/d Never to ≤3/mo 1-6/wk ≥1/d
No. 77 173 14 921 6692 41 332 14 949 8506

Age, median (IQR), y 63.0 (58.0-69.0) 62.0 (56.0-68.0) 60.0 (55.0-66.0) 64.0 (58.0-70.0) 63.0 (57.0-68.0) 60.0 (55.0-66.0)

Race and ethnicityb

Hispanic 2.8 6.0 6.8 3.1 3.1 3.0

Non-Hispanic Black 5.1 16.0 22.1 6.4 6.4 6.0

Non-Hispanic White 88.0 72.7 66.4 85.4 87.1 87.8

Other 4.2 5.2 4.6 5.0 3.4 3.2

Education

<High school 3.7 7.2 9.2 3.7 4.0 4.5

High school or some college 52.0 58.5 59.4 50.9 53.4 54.2

≥4 y of college 44.3 34.3 31.4 45.3 42.6 41.3

Never use of alcohol 9.5 14.0 15.9 10.6 9.4 11.2

Alcohol intake, median (IQR),
drinks/wk

0.4 (0-3.2) 0.2 (0-1.4) 0 (0-0.8) 0.4 (0-3.2) 0.4 (0-3.2) 0.4 (0-2.6)

Smoking status

Never 50.2 57.1 52.9 52.9 50.3 46.3

Past 44.4 35.4 35.6 41.4 44.8 46.7

Current 5.5 7.5 11.5 5.7 4.8 7.0

Medication use

Nonsteroidal
anti-inflammatory drug

54.1 53.5 52.3 49.9 54.9 56.5

Oral contraceptive 41.6 42.3 45.6 39.6 44.6 48.5

Menopausal
hormone therapy

61.6 58.6 54.1 61.0 64.6 63.9

Family history of cancer 64.2 61.9 60.7 63.8 64.3 64.3

Self-reported diabetes 5.5 4.1 5.5 3.0 6.6 9.2

History of liver disease 2.3 2.5 2.4 2.3 2.1 2.4

Body mass index, median (IQR)c 26.2 (23.3-30.1) 27.3 (24-31.4) 28.6 (24.9-33.4) 25.2 (22.6-28.7) 26.8 (23.9-30.7) 27.8 (24.6-32.2)

Waist-hip ratio, median (IQR)d 0.80 (0.75-0.85) 0.81 (0.76-0.86) 0.82 (0.77-0.87) 0.79 (0.75-0.84) 0.80 (0.75-0.85) 0.81 (0.76-0.86)

Recreational physical activity,
median (IQR),
metabolic equivalent h/wk

10.5 (3.8-19.5) 7.3 (1.7-15) 5.0 (0.5-13) 10.5 (3.8-21) 10.5 (3.8-20) 9.1 (2.5-18.8)

Total energy intake,
median (IQR), kcal/d

1451 (1131-1830) 1583 (1217-2025) 1849 (1426-2385) 1409 (1094-1786) 1442 (1119-1821) 1472 (1136-1887)

Modified alternate
healthy eating index,
median (IQR)e

48.9 (42.4-55.4) 44.7 (39.1-51.1) 42.2 (36.6-48.4) 50.5 (43.6-57.7) 48.9 (42.6-55.6) 46.9 (40.4-53.6)

a Percent values are reported unless otherwise indicated.
b Race and ethnicity data were collected because the association between

beverage intake and liver outcomes could differ by participants’ race and
ethnicity. The information was collected by asking the question: “How would
you describe your racial or ethnic group?” Six response options were given:
American Indian or Alaska Native, Asian or Pacific Islander, Black or
African American (not of Hispanic origin), Hispanic/Latino, White
(not of Hispanic origin), or other.

c Calculated as weight in kilograms divided by height in meters squared.

d In the sugar-sweetened beverage intake group, 356 had missing values for
waist-hip ratio, and 243 in the artificially sweetened beverage intake group
had missing values.

e Values were calculated by excluding the sugar-sweetened beverage component
from the alternate healthy eating index. The alternate healthy eating index
grades diet quality based on 11 foods and nutrients that prevent chronic diseases
(range, 0 to 110 [with higher scores indicating healthier diets]).
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sugar-sweetened beverages were younger, less physically ac-
tive; higher proportions were non-Hispanic Black, never drank
alcohol; and they had a lower education level, higher BMI, a
lower modified AHEI score, and higher total energy intake.
Women who consumed more artificially sweetened bever-
ages were younger, had a higher BMI, and a lower modified
AHEI score (Table 1).

Association Between Sugar-Sweetened Beverages,
Artificially Sweetened Beverages,
and Rates of New Liver Cancer Diagnoses
Rates of liver cancer were 18.0 per 100 000 person-years in
women who consumed 1 or more sugar-sweetened beverages
per day and 10.3 per 100 000 person-years in women who

consumed 3 or fewer per month (P value for trend = .02;
multivariable-adjusted HR, 1.85 [95% CI, 1.16-2.96]; P = .01)
(Figure 2 and Table 2). There were no statistically significant
associations with intake of regular soft drinks (≥1/day vs
≤3/month, 16.9 vs 10.7 per 100 000 person-years [P value for
trend = .18]; HR, 1.66 [95% CI, 0.97-2.85]; P = .06) or fruit
drinks (≥1/day vs ≤3/month, 19.3 vs 10.5 per 100 000 person-
years [P value for trend = .06]; HR, 1.71 [95% CI, 0.75-3.92];
P = .20) with liver cancer. Replacing 1 serving per day of
sugar-sweetened beverages with 1 serving per day of coffee
or 1 serving of tea was associated with nonsignificant lower
liver cancer incidence (eFigure 2 in Supplement 1).

Higher intake of artificially sweetened beverages was not
associated significantly with liver cancer risk (Table 2).

Figure 2. Cumulative Probability of Liver Cancer and Chronic Liver Disease Mortality, According to Categories
of Sugar-Sweetened Beverage Intake
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Association Between Sugar-Sweetened Beverages,
Artificially Sweetened Beverages,
and Chronic Liver Disease Mortality
Rates of chronic liver disease mortality were 17.7 per 100 000
person-years in women who consumed 1 or more sugar-
sweetened beverages per day and 7.1 per 100 000 person-
years in women who consumed 3 or fewer per month
(P value for trend <.001; multivariable-adjusted HR, 1.68
[95% CI, 1.03-2.75]; P = .04) (Table 3 and Figure 2). Rates of
chronic liver disease mortality were 19.8 per 100 000 person-
years in women who consumed 1 or more soft drinks per day
compared with 7.2 per 100 000 person-years in women who
consumed 3 or fewer regular soft drinks per month (P value
for trend <.001; multivariable-adjusted HR, 1.80 [95% CI,
1.07-3.03]; P = .03). Fruit drinks were not associated signifi-
cantly with chronic liver disease mortality (1 or more per day
vs 3 or fewer per month, 9.6 vs 7.5 per 100 000 person-years
[P value for trend = .33]; HR, 0.95 [95% CI, 0.30-3.02];
P = .93). Replacing sugar-sweetened beverages with coffee or

tea was not significantly associated with chronic liver disease
mortality (eFigure 2 in Supplement 1).

Artificially sweetened beverage intake was not associ-
ated significantly with chronic liver disease mortality
(Table 3).

Sensitivity Analyses
Results were similar after additional adjustment for coffee or
tea intake, history of liver diseases, modified AHEI, added
sugar, waist-hip ratio, or without adjusting for BMI and self-
reported diabetes (eTables 2 and 3 in Supplement 1). Similar
results were observed across BMI or waist-hip ratio groups.
However, the association between sugar-sweetened bever-
ages and liver cancer was significantly greater among women
without obesity (P for interaction = .01) (eTable 4 in Supple-
ment 1). The positive association between sugar-sweetened
beverage intake and liver cancer persisted when excluding
first 2-year cases, liver diseases at baseline, diabetes at base-
line, participants in the clinical trials, or participants with

Table 2. Associations Between Sugar-Sweetened and Artificially Sweetened Beverage Intake and Liver Cancer Risk in the Women’s Health Initiative,
1993-2020

Beverages

Consumption categoriesa

P value for trendbNever to ≤3 servings/mo 1-6 servings/wk ≥1 serving/d
Sugar-sweetened beverages

Cases of liver cancer, No. 153 31 23

No. of participants 77 173 14 921 6692

Unadjusted rate/100 000 person-years 10.3 10.8 18.0 .02

Age and energy-adjusted HR (95% CI)c 1 [Reference] 1.12 (0.76-1.65) 2.03 (1.30-3.18) .003

Multivariable-adjusted HR (95% CI)d 1 [Reference] 1.10 (0.74-1.64) 1.85 (1.16-2.96) .01

Soft drinks

Cases of liver cancer, No. 169 22 16

Unadjusted rate/100 000 person-years 10.7 9.7 16.9 .18

Age and energy-adjusted HR (95% CI)c 1 [Reference] 0.96 (0.61-1.50) 1.86 (1.10-3.14) .06

Multivariable-adjusted HR (95% CI)d 1 [Reference] 0.94 (0.60-1.48) 1.66 (0.97-2.85) .14

Fruit drinks

Cases of liver cancer, No. 189 12 6

Unadjusted rate/100 000 person-years 10.5 15.0 19.3 .06

Age and energy-adjusted HR (95% CI)c 1 [Reference] 1.51 (0.84-2.72) 1.93 (0.85-4.36) .04

Multivariable-adjusted HR (95% CI)d 1 [Reference] 1.38 (0.76-2.51) 1.71 (0.75-3.92) .11

Artificially sweetened beveragese

Cases of liver cancer, No. 83 30 20

No. of participants 41 332 14 949 8506

Unadjusted rate/100 000 person-years 10.2 10.1 11.8 .70

Age and energy-adjusted HR (95% CI)c 1 [Reference] 1.06 (0.70-1.61) 1.37 (0.83-2.24) .29

Multivariable-adjusted HR (95% CI)d 1 [Reference] 0.99 (0.65-1.51) 1.17 (0.70-1.94) .66

Abbreviation: HR, hazard ratio.
a One serving defined as 12 fl oz or 355 mL.
b The median intake of each category was modeled as a continuous variable to

calculate the P value for trend.
c Results were from the Cox proportional hazards model adjusting for age at

entry (continuous) and total energy intake (quartile).
d Results were from the Cox proportional hazards model additionally adjusting

for race and ethnicity (Hispanic, non-Hispanic Black, non-Hispanic White,
other), education (<high school, high school or some college, >college),
smoking status (non-smoker, past smoker, current smoker), alcohol

consumption (nondrinker, past drinker, <1 drink/month, <1 drink/week, 1-<7
drinks/week, �7 drinks/week), body mass index (<18.5, 18.5-<25, 25-<30,
30-<35, 35-<40, �40 [calculated as weight in kilograms divided by height in
meters squared]), physical activity (quartile), nonsteroidal anti-inflammatory
drugs use (yes, no), family history of cancer (yes, no), prior oral contraceptive
use (yes, no), postmenopausal hormone therapy (yes, no), and self-reported
diabetes (yes, no).

e For artificially sweetened beverage analyses, we used the 3-year follow-up as
the baseline in the observational study (64 787 participants).
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alcohol intake of 1 or more drinks per day (eTable 5 and 6 in
Supplement 1).

Correlations Between Sugar-Sweetened Beverages,
Artificially Sweetened Beverages, and HBV
or HCV Infection Status
Sugar-sweetened or artificially sweetened beverage intake
was not associated with prevalent HBV (sugar-sweetened
beverage ρ = 0.002 [P = .74]; artificially sweetened beverage
ρ = −0.003 [P = .69]) and HCV infection status (sugar-
sweetened beverage ρ = −0.001 [P = .87]; artificially sweet-
ened beverage ρ = −0.003 [P = .67]) in the NHANES. In a
study nested within the WHI with available HBV/HCV infec-
tion status, no correlation of sugar-sweetened beverage
intake with HBV (ρ = −0.001 [P = .94]) or HCV infection sta-
tus (ρ = 0.002 [P = .74]) was observed. Similarly, artificially

sweetened beverage intake was not associated with HBV
(ρ = 0.066 [P = .44]) or HCV in the WHI (ρ = −0.015 [P = .86]).

Discussion
Results reported in this study demonstrated a statistically
significant association of greater sugar-sweetened beverage
intake and increased risk of liver cancer and chronic liver dis-
ease mortality. There were no statistically significant associa-
tions of artificially sweetened beverage intake with liver can-
cer or chronic liver disease mortality.

The World Cancer Research Fund/American Institute for
Cancer Research concluded that sugar-sweetened beverages in-
creased the risk of overweight and obesity but due to limited evi-
dence, did not describe an association of sugar-sweetened

Table 3. Associations Between Sugar-Sweetened and Artificially Sweetened Beverage Intake and Chronic Liver Disease Mortality in the Women’s
Health Initiative, 1993-2020

Beverages

Consumption categoriesa

P value for trendbNever to ≤3 servings/mo 1-6 servings/wk ≥1 serving/d
Sugar-sweetened beverages

Cases of chronic liver disease mortality,
No.

107 18 23

No. of participants 77 173 14 921 6692

Unadjusted rate/100 000 person-years 7.1 6.2 17.7 <.001

Age and energy-adjusted HR (95% CI)c 1 [Reference] 0.87 (0.53-1.44) 2.50 (1.57-3.99) <.001

Multivariable-adjusted HR (95% CI)d 1 [Reference] 0.71 (0.42-1.18) 1.68 (1.03-2.75) .08

Soft drinks

Cases of chronic liver disease mortality,
No.

115 14 19

Unadjusted rate/100 000 person-years 7.2 6.1 19.8 <.001

Age and energy-adjusted HR (95% CI)c 1 [Reference] 0.84 (0.48-1.47) 2.76 (1.67-4.56) <.001

Multivariable-adjusted HR (95% CI)d 1 [Reference] 0.68 (0.39-1.20) 1.80 (1.07-3.03) .11

Fruit drinks

Cases of chronic liver disease mortality,
No.

136 9 3

Unadjusted rate/100 000 person-years 7.5 11.1 9.6 .33

Age and energy-adjusted HR (95% CI)c 1 [Reference] 1.46 (0.74-2.87) 1.22 (0.39-3.83) .38

Multivariable-adjusted HR (95% CI)d 1 [Reference] 1.10 (0.55-2.20) 0.95 (0.30-3.02) .93

Artificially sweetened beveragese

Cases of chronic liver disease mortality,
No.

43 19 12

No. of participants 41 332 14 949 8506

Unadjusted rate/100 000 person-years 5.3 6.4 7.1 .32

Age and energy-adjusted HR (95% CI)c 1 [Reference] 1.24 (0.72-2.12) 1.41 (0.74-2.70) .47

Multivariable-adjusted HR (95% CI)d 1 [Reference] 1.01 (0.59-1.76) 0.95 (0.49-1.84) .92

Abbreviation: HR, hazard ratio.
a One serving defined as 12 fl oz or 355 mL.
b The median intake of each category was modeled as a continuous variable to

calculate the P value for trend.
c Results were from the Cox proportional hazards model adjusting for age at

entry (continuous) and total energy intake (quartile).
d Results were from the Cox proportional hazards model additionally adjusting

for race and ethnicity (Hispanic, non-Hispanic Black, non-Hispanic White,
other), education (< high school, high school or some college, >college),
smoking status (non-smoker, past smoker, current smoker), alcohol

consumption (non-drinker, past drinker, <1 drink/mo, <1 drink/week,
1-<7 drinks/week, �7 drinks/week), body mass index (<18.5, 18.5-<25, 25-<30,
30-<35, 35-<40, �40 [calculated as weight in kilograms divided by height in
meters squared]), physical activity (quartile), nonsteroidal anti-inflammatory
drugs use (yes, no), family history of cancer (yes, no), prior oral contraceptive
use (yes, no), postmenopausal hormone therapy (yes, no), and self-reported
diabetes (yes, no).

e For artificially sweetened beverage analyses, we used the 3-year follow-up as
the baseline in the observational study (64 787 participants).
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beverages with cancer risk.20 A meta-analyses including 27 co-
hort and 37 case-control studies reported positive associations
between sugar-sweetened beverage intake and cancers of the
breast and prostate.21 To our knowledge, only 2 prior studies
evaluated the association between sugar-sweetened beverages
and liver cancer. The European Prospective Investigation into
Cancer and Nutrition (EPIC) cohort reported an increased
hepatocellular carcinoma risk between participants who con-
sumed more than 6 soft drink cans per week and those consum-
ing less than 1 can per week (6.4 vs 2.8 per 100 000 person-
years; P value for trend = .01).6 This positive association was
mainly due to artificially sweetened soft drinks rather than sugar-
sweetened soft drinks. In data reported here, there was a posi-
tive association between sugar-sweetened beverages and liver
cancer (≥1 beverages/day vs ≤3 beverages/month, HR = 1.85)
without significant difference between regular soft drinks and
fruit drinks. The difference in findings may be due to different
consumption levels among people living in European coun-
tries compared with those living in the US. The mean regular soft
drink intake was less than 100 g per day in European countries22

but more than 200 g per day in the US.23 Another US study pool-
ing the Prostate, Lung, Colorectal, and Ovarian Cancer Screen-
ing Trial and the NIH-AARP (National Institutes of Health—
American Association of Retired Persons) Diet and Health Study
reported each additional serving of regular soda consumption
per day was associated with an 18% greater risk of liver cancer
among persons without diabetes.7 In our study, similar results
were observed among women without diabetes.

Chronic liver disease was the fourth leading cause of death
for women aged 45 to 54 years and the fifth leading cause of
death for men aged 45 to 64 years in 2019 in the US.24 How-
ever, evidence for the associations between diet and chronic
liver disease mortality is limited. To our knowledge, this is the
first study to report a positive association between sugar-
sweetened beverage intake and chronic liver disease mortal-
ity. This finding is consistent with a meta-analysis of 6 stud-
ies, which reported that higher intake of sugar-sweetened
beverages was associated with a 40% increased odds of non-
alcoholic fatty liver diseases (OR, 1.40 [95% CI, 1.07-1.82]).25

The Framingham Heart Study reported that 1 or more serv-
ings per week of sugar-sweetened beverages was associated
with a 77% increased incident odds of nonalcoholic fatty liver
diseases compared with people who did not drink sugar-
sweetened beverages (OR, 1.77 [95% CI, 1.11-2.83]).8

Replacing sugars with artificial sweeteners may reduce ca-
loric intake.26 However, data regarding artificial sweeteners and
risk of cancer have been mixed. In this study, a statistically sig-
nificant association between artificially sweetened bever-
ages and liver cancer was not observed. Discrepancies be-
tween results reported here and in prior literature may be due
to the types or doses of sweeteners commonly used in the US
and in European countries. The European Food Safety Author-
ity have approved 2 additional sweeteners (cyclamate and neo-
hesperidine DC) than the US.27 Although these artificial sweet-
eners are considered to have no carcinogenic risk, based on a
2004 literature review,28 further studies are needed to evalu-
ate associations between different artificial sweeteners and
liver cancer risk, considering its increasing consumption.29

This study was not able to discern the biologic pathways
by which sugar-sweetened beverage consumption was asso-
ciated with adverse liver outcomes. Potential pathways
include the following considerations. First, sugar sweetened
beverages are associated with obesity,30 and obesity is a risk
factor for liver diseases. However, adjustments for BMI or
waist-hip ratio did not alter the estimates meaningfully. Sec-
ond, high intake of sweetened beverages may lead to rapid
and dramatic increases in blood glucose, further resulting in
insulin resistance, a risk factor of liver cancer and liver dis-
eases.31 Third, sugar-sweetened beverages are associated
with liver fat accumulation.32 Fourth, adverse changes in
the gut microbiome33 can influence liver health. Fifth, sugar-
sweetened beverage–associated metabolites such as taurine
and phenylalanine were associated with hepatocellular
carcinoma.34,35 Sixth, added sugar from liquid sources, such
as soft soda and fruit drinks, is rapidly absorbed, which
might lead to metabolic conditions and liver problems.36 Sev-
enth, chemicals contained in these sugar-sweetened bever-
ages might contribute to detrimental effects, such as caramel
color, citric acid, natural flavors, organic diol, and others.37

This study had several strengths including its large and geo-
graphically dispersed cohort and the 20.9-year length of follow-
up. Liver cancer cases were verified with medical record re-
view, and data on death due to chronic liver disease was
confirmed with medical records or the National Death Index.

Limitations
This study had several limitations. First, only 2 questions on
sugar-sweetened beverage intake (regular soft drinks and
fruit drinks) and 1 question about artificially sweetened bever-
age intake were administered to participants. Second, detailed
information about sugar content or sweetener type was un-
available, preventing quantification of subtypes of sugar-
sweetened beverages or artificially sweetened beverages such
as sports drinks. Third, the study was observational and cau-
sality cannot be inferred. Fourth, the effect of changes in bev-
erage intake over time could not be assessed. Fifth, the study
may have been confounded by unmeasured factors, such as HBV
or HCV infections. However, given no corrections between HBV
or HCV infection status and beverage consumption in this study,
the observed associations are unlikely to be substantially con-
founded by HBV or HCV infection. Sixth, chronic liver disease
mortality rather than incidence data were used because chronic
liver disease registries are not available yet in the US. Seventh,
only 207 liver cancer cases and 148 chronic liver disease deaths
were included in this study, which limited statistical power.

Conclusions
In postmenopausal women, compared with consuming 3 or
fewer servings of sugar-sweetened beverages per month,
people who consumed 1 or more sugar-sweetened beverages
per day had higher rates of liver cancer and higher rates of
death due to chronic liver disease. Future studies should con-
firm these findings and identify the biological pathways of
these associations.
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