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Abstract

Objectives: To determine if higher artificially sweetened beverage intake is associated with 

higher prevalence of urinary incontinence symptoms.

Methods: We conducted a secondary analysis of data from the Women’s Health Initiative 

Observational Study. Our analytic cohort included 80,388 women. Participants who answered 

questions about beverage consumption and urinary incontinence symptoms at a 3 year follow 

up visit were included. Demographic characteristics were compared between three groups 

of beverage consumers: never to <1 serving/week, 1–6 servings/week, and ≥1 serving/day. 

Multivariable logistic regression models were constructed to estimate odds and type of urinary 

incontinence and adjust for potential confounders.
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Results: Most participants (64%) were rare consumers of artificially sweetened beverages, 

with 13% (n= 10,494) consuming ≥1 serving/day. The unadjusted odds of reporting urinary 

incontinence were 10–12% higher in women consuming 1–6 servings/week (OR 1.10, 95% CI 

1.06–1.14) or ≥1 serving/day (OR 1.12, 95% CI 1.07– 1.18) vs never to <1 serving/week. In 

multivariable analyses, women consuming ≥1 serving/day (ref: never to <1 serving/week) had 

10% higher odds of reporting mixed urinary incontinence (OR 1.10, 95% CI 1.02– 1.19). There 

were no significant differences for stress or urgency urinary incontinence symptoms between 

groups.

Conclusions: When compared to never to <1 serving/week, women consuming ≥1 serving/day 

of artificially sweetened beverages had 10% greater odds of reporting mixed urinary incontinence 

after adjustments. Amount of artificially sweetened beverage consumption was not associated with 

stress or urgency urinary incontinence symptoms.

Keywords

incontinence; urinary incontinence; artificial sweeteners; artificially sweetened beverages; mixed 
incontinence; stress incontinence

Introduction:

Lower urinary tract symptoms (LUTS) affect approximately 30% of women (1,2), and 

urinary incontinence (UI) affects nearly 20% of women over age 50 (3,4). UI is 

also associated with significant comorbidities, including cognitive impairment, functional 

decline, falls, fractures, stroke, depression, and poor quality of life (5–7). Collectively, UI is 

thought to account for more than $60 billion in annual direct costs in the United States (8), 

and efforts to reduce this burden would have a significant impact on health care.

Anecdotally, several foods and drinks such as artificially sweetened beverages (ASB)s are 

thought to have adverse effects on the bladder and lower urinary tract. Thus, many clinicians 

recommend avoiding ASBs to reduce LUTS and UI, though evidence to support this 

recommendation is lacking. In rat models, artificial sweeteners have been shown to enhance 

detrusor muscle contraction (16), but limited evidence exists establishing a relationship 

between ASB intake and UI symptoms in humans. While studies have investigated the link 

between LUTS and UI with fluid intake and carbonated drinks (9–15), the relationship 

between ASBs and UI has been understudied.

The objective of this study was to examine the association between ASB consumption and 

UI symptoms. We hypothesized that higher levels of reported ASB consumption would 

be associated with higher prevalence of reported UI symptoms. We also aimed to identify 

whether ASB consumption was differentially associated with different types of UI (stress 

urinary incontinence, or SUI; urgency urinary incontinence, or UUI; and mixed urinary 

incontinence, or MUI).
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Methods:

The Women’s Health Initiative Observational Study (WHI-OS) is a prospective, multicenter 

cohort study of 93,676 postmenopausal women. Detailed methods have been previously 

published elsewhere (17). Briefly, women between the ages of 50 and 79 years old 

were identified at 40 clinical centers across the United States and enrolled from 1993 to 

1998. Women completed several self-administered questionnaires and WHI staff collected 

anthropometric measures at enrollment and throughout follow-up. In a follow up visit 3 

years after enrollment, participants completed a questionnaire that asked them to estimate 

their consumption of ASB. Women also completed self-administered UI questionnaires at 

baseline and after 3 years of follow-up. The overall WHI protocol was approved by the 

institutional review boards of participating institutions, and all participants provided written 

informed consent for their study activities.

Ascertainment of ASB consumption and UI symptoms:

In this study, we included data from all women who participated in the WHI-OS who 

answered questions about ASB consumption and UI symptoms at their year 3 follow-up visit 

(n = 80,388). We excluded participants if they did not complete the incontinence questions 

or did not complete the annual follow-up question at year 3 about ASB consumption (n = 

13,288). The question regarding ASBs was as follows: “During the past three months, how 

often did you drink these beverages?” (Beverages refer to “diet drinks such as diet [soda] 

or diet fruit drinks,” with a 12 fl. oz. can as a reference serving size.) Frequency of ASB 

consumption was described in nine categories: never or less than one serving per month 

(reference), 1–3 per month, 1 per week, 2–4 per week, 5–6 per week, 1 per day, 2–3 per 

day, 4–5 per day, 6 or more per day. These categories were collapsed for our analysis into 3 

categories: never or less than one per week (reference), 1–6 per week, and 1 or more per day.

We defined prevalent UI as answering “yes” to the question “Have you ever leaked even 

a very small amount of urine involuntarily and you couldn’t control it?” on the year 3 

follow-up questionnaire. We further categorized UI subtype using responses to the question 

“When do you usually leak urine?” Participants were defined as having urgency UI (UUI) 

if they selected only “When I feel the need to urinate and can’t get to the toilet fast 

enough,” stress UI (SUI) if they selected only “When I cough, laugh, sneeze, lift, stand 

up or exercise,” and mixed UI (MUI) if they selected multiple responses to this question. 

Those who answered that they leaked urine but did not have answers that fit into the above 

categories were classified as having “unknown/other” incontinence.

We collected data on demographic variables of participants including age, race, ethnicity, 

neighborhood socioeconomic status (nSES), body mass index (BMI), parity, use of diuretic 

medications, diabetes, hypertension, hormone therapy use, history of myocardial infarction, 

and history of congestive heart failure that was reported either during the participant’s initial 

screening visit or at their year 3 follow up visit. We also abstracted data on additional dietary 

or activity variables that could possibly relate to UI symptoms, including smoking history, 

alcohol intake, recreational physical activity, diet quality or healthy eating index (HEI), 

caffeine intake, and water consumption. NSES was defined based on U.S. census tracts from 

the 2000 census, with index ranges from 0 to 100 where higher scores indicate more affluent 
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tracts (18). Diet quality was assessed using the Healthy Eating Index 2015 score, which 

is a measure of diet quality that assesses conformity to US Dietary Guidelines 2015 (19). 

Self-reported recreational physical activity was assessed using information about duration, 

frequency, and intensity of activity, as previously described (20).

Descriptive statistics were reported by ASB consumption groups, and comparisons were 

made using chi-square tests for categorical variables and ANOVA for continuous variables. 

A multivariable logistic regression model was constructed to estimate odds of reporting 

UI and adjusted for potential confounders including age, race, ethnicity, nSES, smoking, 

alcohol, caffeine, parity, diuretic use, diabetes, water consumption, BMI, hormone therapy 

use, physical activity, and diet quality (HEI). Cases with incomplete data were not included 

in adjusted models. All analyses were performed using SAS statistical software version 9.4 

(SAS Institute Inc, Cary, NC), and all statistical testing with a significance level of 0.05.

Results:

Demographic features of the cohort are shown in Table 1. Most participants (64%) 

were infrequent consumers of ASBs, with 13% (n= 10,494) consuming ≥1 serving/day. 

Women who consumed a higher number of ASBs were younger, had lower neighborhood 

socioeconomic status, were more likely to be White and not of Hispanic origin, had 

higher BMIs and lower parity. They were also more likely to have diabetes, hypertension, 

congestive heart failure (CHF), a history of a myocardial infarction (MI), and use diuretic 

medications and hormone therapy. Women with higher ASB consumption were more 

commonly smokers, were less physically active, and had poorer quality diets; they also 

drank less alcohol and water but consumed more caffeine than women with lower ASB 

consumption.

Most women (74.7%) in the cohort reported UI symptoms, with 27.2% reporting SUI, 

27.3% reporting UUI, 14.4% reporting MUI, and 5.8% reporting other/unknown type of 

incontinence (Table 2). Women with higher ASB consumption were more likely to report UI 

symptoms, specifically SUI and MUI, but not UUI.

Adjusted odds of reporting UI symptoms relative to level of ASB consumption are shown in 

Table 3. The unadjusted odds of reporting UI were 10–12% higher in women who consumed 

1 serving of ASB at least weekly vs rare consumption (OR 1.10, 95% CI 1.06–1.14 for those 

who consumed 1–6 servings of ASBs/week, and OR 1.12, 95% CI 1.07– 1.18 for those 

who consumed ≥1 servings of ASBs daily). These associations were no longer seen after 

adjustments (Figure 1). In multivariable adjusted models investigating type of UI, women 

consuming ≥1 ASB serving per day compared to <1 serving/week had 10% higher odds of 

reporting MUI (OR 1.10, 95% CI 1.02– 1.19) but no significant differences for SUI or UUI 

symptoms were seen between those consuming <1 serving/week vs 1–6 servings/week or ≥1 

servings/day.

Discussion:

In this analysis of the Women’s Health Initiative Observational Study, the largest US 

cohort study of postmenopausal women, we found that higher ASB consumption was not 
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associated with odds of reporting SUI or UUI symptoms. When compared to <1 serving/

week, women consuming ≥1 ASB per day had 10% greater odds of reporting MUI after 

adjusting for potential confounders. This study is the largest study to date investigating the 

relationship between artificially sweetened beverages and urinary incontinence symptoms 

in postmenopausal women. While previous studies have shown a relationship between 

reduction in certain fluids and lower urinary tract symptoms (14), the specific relationship 

between ASBs and UI has been understudied, despite guidelines recommending avoidance 

of bladder irritants like ASBs to control LUTS (21).

In this cohort, we found higher ASB consumption to be associated with factors known to 

be associated with UI symptoms, including elevated BMI, increased caffeine consumption, 

diagnosis of diabetes, and diuretic use, among others. Since these variables were likely 

to be significant confounders in the association between ASB intake and UI symptoms, 

our multivariable logistic regression models were important in understanding the role that 

ASBs specifically may play in reporting incontinence symptoms. We constructed a model to 

adjust for variables like BMI, physical activity, diet quality, and other medical comorbidities 

known to be related to UI (22), and after adjustments neither SUI nor UUI symptoms 

were associated with ASB consumption. These findings suggest that the association of ASB 

intake with UI was confounded by BMI and comorbidities. It is possible that women with 

UI chose to limit beverage consumption, and reverse causation bias may have led to more 

UI in women reporting lower beverage consumption. The potential for reverse causation bias 

may mask any true association between increased ASB consumption and prevalence of UI, 

though the lack of association after adjustments for confounders remains notable.

While the association between ASB consumption and MUI symptoms was significant, 

potential reasons for this link while other incontinence types lack a relationship are not 

clear. It is possible that the association of ASBs with bladder irritation may be synergistic 

when multiple UI pathologies exist, and it is also possible that additional confounders 

were present in the group that reported MUI which were not measured and influenced our 

results. Additionally, a 10% increased odds of reporting MUI symptoms with high ASB 

consumption is of uncertain clinical significance, and this study utilized a sample with 

extremely high statistical power to detect even small differences between groups. Since 

the lower bound of the confidence interval was low (1.01), it is possible that the clinical 

significance of this finding is limited. As behavior change is often difficult to achieve, 

particularly regarding reduction of fluid intake and reduction in consumption of bladder 

irritants (14), these findings suggest that clinicians may find greater utility in focusing 

behavior change counseling on behaviors likely to have more of an impact on UI symptoms 

like total volume of fluid intake rather than beverage type. Additionally, as consumption 

of ASBs can also be important in avoiding sugar-sweetened beverages (which may have 

more deleterious effects on health that also worsen incontinence, including weight gain, 

development/worsening of diabetes, etc.), clinicians could consider redirecting counseling 

efforts away from avoiding ASBs for this reason.

Strengths of this study include the use of a large sample of postmenopausal women with 

detailed information on numerous demographic and behavioral variables. The ability to 

adjust for multiple potential confounders, including variables not commonly available in 
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most databases like diet quality and physical activity, makes this study uniquely suited to 

isolating the potential relationship between ASBs and UI symptoms. However, there are also 

several limitations to this study. The primary limitation of this study is the cross-sectional 

design, as causation and directionality of the results cannot be determined. Additionally, 

while the WHI-OS has detailed information about a large number of variables and 

behaviors, additional variables that were not measured or included in our models may have 

influenced our findings. Specifically, dietary factors known to influence urinary incontinence 

symptoms such as carbonated beverages may have varied among groups, and this could have 

confounded our results. We also did not have data regarding potentially confounding factors 

for incontinence treatment, including use of overactive bladder medications or history of 

surgical treatment for SUI that may have reduced UI prevalence. ASB consumption was 

also self-reported, and thus this data may contain inaccuracies from recall bias. Also, the 

urinary incontinence question on the year 3 questionnaire included all participants who 

reported ever having a urinary incontinence episode, rather than participants who reported 

frequent or regular UI episodes. Thus, the association of ASBs may have been more or 

less pronounced in women with more frequent incontinence episodes. Our analysis also did 

not investigate whether higher daily ASB intake (e.g. 2 or more servings daily) correlates 

more substantially with UI symptoms. Lastly, this study was also observational rather than a 

clinical trial, and observed associations do not necessarily indicate causation. Future studies 

should include prospective data collection in order to clarify the relationship between ASB 

consumption and prevalence or incidence of UI symptoms.

Conclusions:

In this study of postmenopausal women in the United States, consumption of ASBs was 

not significantly associated with UI symptoms, a finding that may directly impact patient 

counseling with respect to beverage and fluid management. Further study is needed in order 

to quantify the association of other beverages thought to be associated with LUTS and UI 

symptoms, which will offer patients more accurate information on the relative impact that 

fluid management is likely to have on their UI symptoms.
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Figure 1: 
Relationship Between ASB Consumption Frequency and Odds of Reporting UI Symptoms

ASB = artificially sweetened beverage; MUI = mixed urinary incontinence; SUI = stress 

urinary incontinence; UI = urinary incontinence; UUI = urgency urinary incontinence;

Frequency of ASB consumption is self-reported approximate number of 12 oz. servings 

consumed per unit time. Odds Ratios depicted are unadjusted and adjusted odds ratios for 

each type of UI symptoms comparing ASB consumption categories.
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Table 1a:

Characteristics of Participants by Frequency of Artificially Sweetened Beverage Consumption- Demographics

Frequency of Artificially Sweetened Beverage Consumption

Overall Never or <1 
serving /week

1–6 serving/week ≥1 serving/day

80,388 51,480 18,414 10,494

Mean (SD) or N 
(%)

Mean (SD) or N (%) Mean (SD) or N 
(%)

Mean (SD) or N 
(%)

P-value

Age (Mean (SD)) 66.6 (7.3) 67.3 (7.3) 66.0 (7.1) 64.4 (7.0) <.001

nSES (Mean (SD)) 76.3 (8.3) 76.4 (8.2) 76.2 (8.3) 76.0 (8.2) <.001

Missing 8,345 5,298 1,927 1,120

Race/Ethnicitya

American Indian or Alaskan 
Native

314 (0.4) 195 (0.4) 63 (0.3) 56 (0.5) <.001

Asian or Pacific Islander 2,293 (2.9) 1,727 (3.4) 387 (2.1) 179 (1.7)

Black or African American 5,552 (6.9) 3,610 (7.0) 1,267 (6.9) 675 (6.4)

Hispanic/Latino 2,557 (3.2) 1,661 (3.2) 572 (3.1) 324 (3.1)

White (not of Hispanic origin) 68,590 (85.3) 43,542 (84.6) 15,908 (86.4) 9,140 (87.1)

Unknown or not listed above 1,082 (1.3) 745 (1.4) 217 (1.2) 120 (1.1)

BMI (kg/m2)

<25 29,425 (39.7) 21,636 (45.4) 5,353 (31.6) 2,436 (25.5) <.001

25–<30 25,747 (34.7) 16,041 (33.6) 6,313 (37.3) 3,393 (35.5)

≥30 18,984 (25.6) 9,996 (21.0) 5,271 (31.1) 3,717 (38.9)

Missing 6,232 3,807 1,477 948

Number of Live Births

Never pregnant 8,116 (10.2) 5,342 (10.4) 1,721 (9.4) 1,053 (10.1) <.001

None 2,307 (2.9) 1,507 (2.9) 488 (2.7) 312 (3.0)

1 7,374 (9.2) 4,755 (9.3) 1,647 (9.0) 972 (9.3)

2–4 52,485 (65.7) 33,338 (65.2) 12,230 (66.8) 6,917 (66.3)

5+ 9,590 (12.0) 6,195 (12.1) 2,214 (12.1) 1,181 (11.3)

Missing 516 343 114 59

Data expressed as N (%) unless otherwise indicated. P-value is chi-square for categorical variables and ANOVA for continuous variables. Measures 
were collected or updated to year 3 except race/ethnicity.

a
WHI Race and Ethnicity Variables for this analysis were defined and collected at baseline enrollment (1993–1998) on Form 2, Question #15, 

which asked participants to “describe your race or ethnic group.” 6 categories were options: (1) American Indian or Alaska Native; (2) Asian 
or Pacific Islander (ancestry is Chinese, Indo- Chinese, Korean, Japanese, Pacific Islander, Vietnamese); (3) Black or African-American (not 
of Hispanic origin); (4) Hispanic/Latino (ancestry is Mexican, Cuban, Puerto Rican, Central American, or South American); (5) White (not of 
Hispanic origin); and, (“6”) Other (Specify). [Notes: “Other” was checked by 1849 participants; 413 participants left the question blank; therefore, 
the data are “missing”.] For this analysis, the group that selected “other” is listed as “unknown or not listed above.”

BMI: body mass index

Kg: kilograms
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M2: meters squared

nSES: neighborhood socioeconomic status

SD: standard deviation
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Table 1b:

Characteristics of Participants by Frequency of Artificially Sweetened Beverage Consumption- Medical 

Comorbidities

Frequency of Artificially Sweetened Beverage Consumption

Overall Never or <1 serving /week 1–6 serving/week ≥1 serving/day

80,388 51,480 18,414 10,494

N (%) N (%) N (%) N (%) P-value

Treated Diabetes 4,390 (5.5) 1,804 (3.5) 1,450 (7.9) 1,136 (10.8) <.001

Missing 75 51 11 13

Treated Hypertension 28,655 (36.0) 17,611 (34.6) 6,975 (38.3) 4,069 (39.1) <.001

Missing 786 516 184 86

History of MI 2,202 (2.7) 1,342 (2.6) 537 (2.9) 323 (3.1) 0.006

Missing

History of CHF 1,192 (1.5) 675 (1.3) 312 (1.7) 205 (2.0) <.001

Missing

Hormone Therapy use

Never used 26,654 (33.2) 17,685 (34.4) 5,691 (30.9) 3,278 (31.2) <.001

Past user 11,198 (13.9) 7,354 (14.3) 2,471 (13.4) 1,373 (13.1)

Current user 42,519 (52.9) 26,429 (51.4) 10,250 (55.7) 5,840 (55.7)

Missing 17 12 2 3

Diuretic medication use (current) 14,059 (18.4) 8,426 (17.2) 3,499 (20.1) 2,134 (21.6) <.001

Missing 4,157 2,547 980 630

Data expressed as N (%) unless otherwise indicated. P-value is chi-square for categorical variables and ANOVA for continuous variables. Measures 
were collected or updated to year 3.

CHF: congestive heart failure

MI: myocardial infarction
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Table 1c:

Characteristics of Participants by Frequency of Artificially Sweetened Beverage Consumption- Behaviors

Frequency of Artificially Sweetened Beverage Consumption

Overall Never or <1 serving /week 1–6 serving/week ≥1 serving/day

80,388 51,480 18,414 10,494

N (%) N (%) N (%) N (%) P-value

Smoking status

Never Smoked 40,817 (51.4) 26,872 (52.8) 9,168 (50.4) 4,777 (46.0) <.001

Past Smoker 34,902 (43.9) 21,554 (42.4) 8,347 (45.9) 5,001 (48.1)

Current Smoker 3,737 (4.7) 2,438 (4.8) 690 (3.8) 609 (5.9)

Missing 932 616 209 107

Recreational Physical Activity (MET 
hours/week) (Mean (SD))

13.6 (14.6) 14.0 (14.8) 13.4 (14.0) 12.3 (14.0) <.001

Missing 153 99 32 22

HEI 2015 (Mean (SD)) 67.8 (10.3) 68.5 (10.3) 67.5 (9.6) 64.8 (10.4) <.001

Missing 561 363 122 76

Caffeine (mg) (Mean (SD)) 143.6 (124.2) 141.7 (123.2) 147.1 (123.5) 146.5 (129.7) <.001

Missing 561 363 122 76

Water consumption (8oz serving)

<1/day 8,597 (10.7) 5,042 (9.8) 2,154 (11.7) 1,401 (13.4) <.001

1–5/day 53,292 (66.3) 33,867 (65.8) 12,231 (66.5) 7,194 (68.6)

≥6/day 18,457 (23.0) 12,552 (24.4) 4,017 (21.8) 1,888 (18.0)

Data expressed as N (%) unless otherwise indicated. P-value is chi-square for categorical variables and ANOVA for continuous variables. Measures 
were collected or updated to year 3.

HEI: Healthy Eating Index

MET: Metabolic Equivalent of Task, where 1 MET = ratio of the rate of energy expended during an activity to the rate of energy expended at rest.

Mg: milligrams

Oz: ounces

SD: standard deviation
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Table 2:

Urinary Incontinence Symptoms of Participants by Frequency of Artificially Sweetened Beverage 

Consumption

Frequency of Artificially Sweetened Beverage Consumption

Overall Rare (Never or <1 
serving /week)

Frequent (1–6 serving /
week)

Daily (≥1 serving /day)

80,388 51,480 18,414 10,494

N (%) N (%) N (%) N (%) P-value

Urinary Incontinence (UI)

No 20,319 (25.3) 13,364 (26.0) 4,452 (24.2) 2,503 (23.9) <.001

Yes 60,069 (74.7) 38,116 (74.0) 13,962 (75.8) 7,991 (76.1)

Urinary Incontinence Type

None 20,319 (25.3) 13,364 (26.0) 4,452 (24.2) 2,503 (23.9) <.001

Stress (SUI) 21,876 (27.2) 13,835 (26.9) 5,077 (27.6) 2,964 (28.2)

Urge (UUI) 21,967 (27.3) 14,061 (27.3) 5,143 (27.9) 2,763 (26.3)

Mixed (MUI) 11,550 (14.4) 7,096 (13.8) 2,755 (15.0) 1,699 (16.2)

Unknown/Other 4,676 (5.8) 3,124 (6.1) 987 (5.4) 565 (5.4)

Data expressed as N (%) unless otherwise indicated. P-value is chi-square for categorical variables and ANOVA for continuous variables. Measures 
were collected or updated to year 3.

MUI: mixed urinary incontinence; SUI: stress urinary incontinence; UI: urinary incontinence; UUI: urge urinary incontinence
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Table 3:

Odds Ratios and 95% Confidence Intervals for Artificially Sweetened Beverage Consumption and Urinary 

incontinence

Artificially Sweetened Beverage

Never or <1/week 1–6/week 1 or more/day

Urinary Incontinence N 51,480 18,414 10,494

Adjusted OR (95% CI) ref 1.01 (0.97–1.06) 1.04 (0.98–1.11)

Type of incontinence

Urge N 14,061 5,143 2,763

Adjusted OR (95% CI) ref 1.05 (1.00–1.11) 1.05 (0.98–1.13)

Stress N 13,835 5,077 2,964

Adjusted OR (95% CI) ref 0.99 (0.94–1.05) 1.02 (0.95–1.09)

Mixed N 7,096 2,755 1,699

Adjusted OR (95% CI) ref 1.02 (0.96–1.09) 1.10 (1.01–1.19)

Unknown N 3,124 987 565

Adjusted OR (95% CI) ref 0.90 (0.82–0.98) 0.98 (0.87–1.10)

Type of incontinence compared to No urinary incontinence in polytomous logistic regression. The model adjusted for age, race/ethnicity, NSES 
(neighborhood socioeconomic status), smoking, alcohol, caffeine, # live births, diuretic use, diabetes, water consumption, BMI, Hormone Therapy 
use, physical activity, diet quality (HEI). Cases with incomplete data were not included in adjusted models (N=64,464)
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