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Intake of Sugar-sweetened Beverages and Fecundability
in a North American Preconception Cohort

Elizabeth E. Hatch,* Amelia K. Wesselink,® Kristen A. Hahn,* James J. Michiel ?
Ellen M. Mikkelsen,® Henrik Toft Sorensen,® Kenneth J. Rothman,** and Lauren A. Wise*

Background: Dietary factors, including sugar-sweetened beverages,
may have adverse effects on fertility. Sugar-sweetened beverages
were associated with poor semen quality in cross-sectional studies,
and female soda intake has been associated with lower fecundability
in some studies.

Methods: We evaluated the association of female and male sugar-
sweetened beverage intake with fecundability among 3,828 women
planning pregnancy and 1,045 of their male partners in a North Ameri-
can prospective cohort study. We followed participants until pregnancy
or for up to 12 menstrual cycles. Eligible women were aged 21-45
(male partners >21), attempting conception for <6 cycles, and not
using fertility treatments. Participants completed a comprehensive
baseline questionnaire, including questions on sugar-sweetened bever-
age consumption during the previous 4 weeks. We estimated time-to-
pregnancy from follow-up questionnaires completed every 2 months
by the female partner. We calculated adjusted fecundability ratios
(FR) and 95% confidence intervals (Cls) according to intake of sugar-
sweetened beverages using proportional probabilities regression.
Results: Both female and male intakes of sugar-sweetened beverages
were associated with reduced fecundability (FR =0.81; 95% CI=0.70,
0.94 and 0.78; 95% CI = 0.63, 0.95 for >7 sugar-sweetened beverages
per week compared with none, for females and males, respectively).
Fecundability was further reduced among those who drank >7 servings
per week of sugar-sweetened sodas (FR = 0.75, 95% CI = 0.59, 0.95
for females and 0.67, 95% CI = 0.51, 0.89 for males).

Conclusions: Sugar-sweetened beverages, particularly sodas and
energy drinks, were associated with lower fecundability, but diet soda
and fruit juice had little association.
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pproximately 10%-15% of North American couples

experience infertility, defined as the inability to con-
ceive after 12 or more months of attempting pregnancy.'
Both female and male factors contribute to infertility, with
estimates of 39% of cases due to a female factor alone, 20%
to a male factor, 33% to both male and female factors, and
8% with unknown cause.? Thus, identifying modifiable fac-
tors in both partners that can improve fertility (e.g., diet)
could help couples avoid expensive and stressful fertility
treatments.

The amount of added sugar in the American diet
increased by 19% between 1970 and 2005.3 Much of this
increase stems from consumption of sugar-sweetened bev-
erages, which on average supply 33% of total added sugar
intake.® Sodas are the largest component of sugar-sweetened
beverages in the United States.* US intake of high fructose
corn syrup (HFCS), the most common sweetener in sodas,
has increased substantially since 1970.° Intake of HFCS in
Canada has also increased since 1994,% but levels of other
added sugars have declined over the last few decades, and
Canadians consume 50% less soda than US citizens.” Soda
consumption has been linked to weight gain and type 2 dia-
betes,®® but few studies have investigated consumption of
soda, either sugar-sweetened or diet, in relation to female or
male fertility. Higher intake of sugar-sweetened beverages
has been associated with earlier menarche!® and elevated
follicular estradiol, but not with anovulation.'! Sugar-sweet-
ened beverages are important contributors to high glycemic
load diets,'? which in turn have been related to increased risk
of ovulatory infertility.!> Findings for female soda consump-
tion and fertility are mixed'*!” but, with the exception of a
recent study in an infertility clinic population,'® most studies
were designed primarily to evaluate caffeine, and have not
comprehensively evaluated sugar-sweetened beverages or
diet sodas and fertility. In males, three cross-sectional stud-
ies reported an association between soda consumption and
poor semen quality,'*! but semen quality may be a poor
proxy for male fecundity.?? Here, we use data from a pro-
spective cohort study of North American pregnancy plan-
ners to examine the association between female and male
preconception sugar-sweetened beverage consumption and
fecundability.
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METHODS

Study Population

Pregnancy Study Online (PRESTO) is an ongoing
Internet-based cohort study of pregnancy planners from the
United States and Canada that began enrollment in June
2013. Couples are eligible if trying to conceive and not using
contraception or fertility treatments. Female participants are
21-45 years of age; male partners are >21 years of age. The
study methods are described elsewhere.?* Briefly, female par-
ticipants complete a comprehensive web-based baseline ques-
tionnaire and are encouraged to invite their male partner to
complete a one-time baseline questionnaire. Ten days after
completing the baseline questionnaire, participants complete
a separate food frequency questionnaire (FFQ) developed by
the National Cancer Institute.?*?> Women complete follow-up
questionnaires every 8 weeks up to 12 months or until con-
ception, whichever comes first. Of the 4,856 women enrolled
through May 2017, we excluded 830 who had been attempting
conception >6 cycles at entry, 155 with insufficient/implau-
sible dates of last menstrual period (LMP), and 43 pregnant at
study entry, leaving 3,828 women in analyses of sugar-sweet-
ened beverage intake by women. A total of 2,126 of these
women (56%) invited their male partners, of whom 1,045
(49%) enrolled and were included in analyses of intake of
sugar-sweetened beverages by males. PRESTO was approved
by the Institutional Review Board at Boston Medical Center
and all participants provided informed consent.

Assessment of Sugar-sweetened Beverage
Intake

On the baseline questionnaire, female and male par-
ticipants reported their average soda consumption (number
of 12-ounce servings per week) in the past month, selecting
from a list of popular sodas. Responses to an open-ended
category for “other soda” were categorized as sugar-
sweetened or diet. Total sugar-sweetened soda intake was
calculated by summing the number of 12-ounce servings
of Coca-Cola, Pepsi, Mountain Dew, Dr. Pepper, Sprite,
Fanta, and “other” sugar-sweetened sodas. Total diet soda
represented the sum of the number of 12-ounce servings of
Fresca, Diet Coca-Cola, Diet Pepsi, Diet Mountain Dew,
Diet Dr. Pepper, Coke Zero, Zevia, and “other” diet sodas.
In addition, participants reported consumption of popular
energy drinks (e.g., Red Bull, Monster, Five-Hour Energy,
Rockstar, Full Throttle, Sobe No Fear, Amp, Sobe Adren-
aline Rush, Tab Energy, and Monster XXL). They also
answered an open-ended question on other types of sugar-
sweetened energy drinks. For each positive response, they
were asked to report the number of cans/bottles consumed
per week. Consumption of sugar-sweetened sports drinks
(e.g., Gatorade) and fruit juices was elicited as part of a list
of other beverages asking: “Did you drink any of the fol-
lowing beverages in the past month?”
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Assessment of Time-to-pregnancy

We estimated time-to-pregnancy (TTP) using data from
the female questionnaires (screening, baseline, and follow-
up). Women reported their pregnancy attempt time (in months
and menstrual cycles) at baseline. Those with regular men-
strual cycles were asked their usual menstrual cycle length.
For women with irregular cycles, we estimated cycle length
based on date of LMP at baseline and on prospectively-
reported LMP dates during follow-up. We estimated TTP
in discrete cycles as follows: [(menstrual cycles of attempt
time at baseline) + [(LMP date from most recent follow-up
questionnaire — date of baseline questionnaire)/cycle length]
+ 1].2° Participants who did not complete any follow-ups
(n = 443 females and 49 males) were assigned one cycle of
observation; their outcome information was imputed (see
multiple imputation procedures below).

Assessment of Covariates

The female and male baseline questionnaires collected
data on age, race/ethnicity, education, income, reproductive
history, cigarette smoking, caffeine and alcohol intake, sleep
duration, perceived stress using the 10-item Perceived Stress
Scale,”” depressive symptoms using the Major Depression
Inventory,?®?° height, weight, physical activity, intercourse
frequency, and use of methods to improve chances of con-
ception (e.g., charting cycles, monitoring cervical mucus).
Body mass index was calculated as weight (kg) divided by
height (m?). Total metabolic equivalents (METSs) of physical
activity were calculated by multiplying the average number
of hours per week engaging in various activities by meta-
bolic equivalents estimated from the Compendium of Physi-
cal Activities.3**! Female dietary variables (i.e., total caloric
intake and Healthy Eating Index [HEI] score) were collected
on the FFQ.*?

Data Analysis

Analyses were run separately among the 3,828 female
and the 1,045 male participants. Average weekly intake of
sugar-sweetened and diet sodas, sugar-sweetened energy
drinks, sports drinks, and fruit juices was categorized into 0,
1, 2-6, and =7 servings per week and also modeled continu-
ously using restricted cubic splines.’® Total sugar-sweetened
beverage consumption was calculated by summing the weekly
servings from all such beverages.

Couples contributed menstrual cycles to follow-up until
pregnancy, initiation of fertility treatment, cessation of preg-
nancy attempts, withdrawal, loss to follow-up, or completion
of 12 cycles, whichever came first. To account for variation in
time trying to conceive at study entry (range: 0—6 cycles) and
avoid left truncation bias,** we analyzed observed cycles at
risk using the Anderson-Gill data structure.’® We used propor-
tional probabilities regression to estimate fecundability ratios
(FRs), defined as the cycle-specific probability of conception
comparing the exposed with unexposed.?
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We controlled for variables hypothesized to be associ-
ated with sugar-sweetened beverage consumption and subfer-
tility. Female beverage models were adjusted for the following
female variables from the baseline questionnaire: age (<25,
25-29, 30-34, =35 years), race/ethnicity (white/non-Hispanic
vs. not), education (<college degree, college graduate, gradu-
ate school), annual household income (<$50,000, $50,000—
$99,999, $100,000-$149,999, >$150,000), smoking history
(current regular, current occasional, former, never), BMI
(continuous and categorical: <25, 25-29, 30-34, >35kg/m?),
physical activity (<10, 10-19, 20-39, 240 MET-hours/week),
caffeine intake (<100, 100-199, 200-299, >300mg/day),
alcohol intake (0, 1-6, 7-13, 214 drinks/week), sleep dura-
tion (<7, 7-8, 29 hours/night), perceived stress scale score
(<10, 10-19, 20-29, >30), intercourse frequency (<1, 1, 2-3,
>4 times/week), and doing something to improve chances
of conception (yes, no). In a subanalysis, we also controlled
for Healthy Eating Index and total energy intake calculated
from the female FFQ. Male beverage models were adjusted
for male and female age (<30, 30-34, =35 years) and male
and female BMI (continuous and categorical), as well as male
versions of all variables listed above. Sugar-sweetened and
diet sodas were mutually adjusted, and estimates for all other
individual beverages (energy drinks, sports drinks, and juice)
were adjusted for intake of sugar-sweetened sodas.

In the subset of 1,045 couples with information from
both males and females, we mutually adjusted female and
male total sugar-sweetened beverage intake and sugar-sweet-
ened soda intake (0, 1, 2-6, =7 servings/week). Among the
161 couples with complete FFQ data, we computed Pearson
correlation coefficients between female and male Healthy Eat-
ing Index.

We evaluated female and male intake of sugar-sweet-
ened beverages jointly to look for evidence of synergistic
effects. We also assessed whether associations between sugar-
sweetened beverage consumption and fecundability varied
by attempt time at study entry (<3 vs. 3—6 cycles), female
age (<30 vs. 230 years), and female and male BMI (<25 vs.
>25kg/m?).

Missing data ranged from 0% (female age, intercourse
frequency) to 2.5% (household income). Because the male
FFQ was not implemented until November 2015, only 161
males have completed it, limiting our ability to control for
additional dietary variables in males. We used multiple impu-
tation to impute missing covariate values.’” Analyses were
conducted using SAS software (Version 9.4, SAS Institute,
Cary, NC).®

RESULTS
Among the 3,828 women included in the study, 330
(8.6%) initiated fertility treatment and 824 (22%) were lost to
follow-up before completion of 12 cycles. Among the 2,674
couples who completed the study, 2,276 (85%) became preg-
nantand 398 (10%) were censored at 12 cycles. Men consumed

© 2018 Wolters Kluwer Health, Inc. All rights reserved.

an average of 2.4 sugar-sweetened sodas (standard deviation
[SD]: £13.6), 1.6 diet sodas (SD: +4.4), 1.0 glasses of fruit
juice (SD: +2.3), 0.5 servings of energy drinks (SD: +1.9), and
0.5 sports drinks per week (SD: 1.6 servings). Women con-
sumed an average of 1.3 sugar-sweetened sodas (SD: +3.6),
1.2 diet sodas (SD: +3.9), 0.9 glasses of fruit juice (SD: +2.1),
0.2 servings of energy drinks (SD: £0.9), and 0.3 sports drinks
(SD: £1.7). Most men consumed only one type of sugar-
sweetened beverages (39%), 27% consumed two types, 13%
consumed three types, and 2.2% consumed more than three
types; 19% consumed no sugar-sweetened beverages. A simi-
lar pattern was found for females (31% consumed none, 41%
consumed one, 21% consumed two, 5.4% consumed three,
and 1.2% consumed more than 3). Individual beverages were
not strongly correlated with each other: the strongest corre-
lation among males was between sugar-sweetened sodas and
energy drinks (Pearson’s correlation coefficient () = 0.31).
The strongest correlation among females was between energy
drinks and sports drinks (= 0.22). Male and female beverage
intakes were not strongly correlated (sugar-sweetened bever-
ages: r = 0.21; sugar-sweetened sodas: » = 0.27). The aver-
age Healthy Eating Index score for females was 67.9 (range:
24.3-92.4). We found moderate correlation between male and
female Healthy Eating Index score ( = 0.39) among the 161
couples with both FFQs.

Women who consumed more sugar-sweetened bever-
ages were slightly younger and were more likely to be non-
white (Table 1). Participants who drank more sugar-sweetened
beverages were more likely to smoke, have a higher BMI,
lower physical activity, lower Healthy Eating Index scores
and higher caloric intake, and lower education and household
income. Intercourse frequency and using methods to improve
conception were similar across categories of sugar-sweetened
beverage consumption.

Female SSB and Fecundability

Compared with no consumption of sugar-sweetened
beverages, female consumption of >7 servings per week was
associated with decreased fecundability after adjustment for
potential confounders (FR = 0.81; 95% CI = 0.70, 0.94) but
there was little association with fewer than seven servings
per week (Table 2). Female consumption of sugar-sweetened
sodas, a subset of all SSB, was also associated with reduced
fecundability, with FRs of 0.87 (95% CI = 0.77, 0.98) and
0.75 (95% CI = 0.59, 0.95) for 2—6 and =7 servings per week
versus none, respectively. There was little association between
diet soda consumption and fecundability (Table 2). Female
consumption of energy drinks was associated with reduced
fecundability (FR = 0.61, 95% CI = 0.29, 1.32 for =7 serv-
ings vs. none), but these estimates were imprecise. Fruit juice
intake was not appreciably associated with fecundability, and
fecundability ratio estimates for intake of sports drinks did not
follow a dose-response pattern and were imprecise. Among
the subset of 2,518 women who filled out an FFQ, adjustment
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TABLE 1.
Beverage Consumption

Baseline Characteristics of 3,828 Female and 1,045 Male Pregnancy Planners in Relation to Sugar-sweetened

Female Sugar-sweetened Beverage
Consumption (Drinks/Week)

Male Sugar-sweetened Beverage
Consumption (Drinks/Week)

Characteristic® 0 1 2-6 27 0 1 2-6 27
Number of subjects 1,752 542 1,071 463 332 134 342 237
Age (mean, years) 30.7 30.1 29.5 28.6 319 322 31.6 31.1
Partner’s age (mean, years) 32.0 32.1 31.9 31.6 30.0 30.2 30.1 29.4
Healthy Eating Index score (mean)® 70.3 68.3 66.0 61.0 66.8 62.8 62.6 55.4
Partner’s SSB intake (mean, drinks/week)® 2.7 4.2 53 10.1 0.9 1.2 2.1 3.8
Alcohol intake (mean, drinks/week) 34 3.5 3.4 2.7 6.0 5.8 6.3 6.8
Caffeine intake (mean, mg/day) 120.3 112.2 110.5 142.5 181.4 160.1 165.9 191.0
BMI (mean, kg/m?) 26.1 26.8 27.3 28.2 27.2 26.7 27.6 28.6
Partner’s BMI (mean, kg/m?) 27.6 28.0 28.1 28.3 25.6 26.1 26.4 28.0
Physical activity (mean, MET-hours/week) 37.9 33.7 34.8 30.7 34.7 354 34.1 29.7
Total caloric intake (mean, kcal/day)* 1,498 1,573 1,635 1,852 1,571 1,712 1,753 1,793
PSS-10 score (mean) 15.1 15.5 16.0 17.1 14.1 13.4 14.8 15.1
MDI score (mean) 8.7 9.8 10.3 12.9 8.9 8.4 9.0 9.9
Ever pregnant/ever impregnated partner (%) 42 50 50 56 43 39 40 53
Parous (%) 26 31 30 38 - - - -
Sleep duration <7 hours/night (%) 20 19 25 35 30 23 32 44
Intercourse frequency <I time/week (%) 20 23 20 22 18 18 23 20
Doing something to improve chances (%) 77 74 73 71 77 79 72 79

2All characteristics are adjusted for age at baseline.

®Among 2,518 females and 161 males who completed the food frequency questionnaire.

¢Among 1,045 couples where both partners participated.

BMI indicates body mass index; MDI, Major Depression Inventory; PSS, Perceived Stress Score; SSB, sugar-sweetened beverages.

for Healthy Eating Index and total energy intake had little
effect on the estimates (FR for >7 sugar-sweetened sodas =
0.66; 95% CI=0.47,0.91). Among the subset of females with
male partners in the study, adjustment for male sugar-sweet-
ened beverage intake also had little effect (data not shown).

Male SSB and Fecundability

Consumption of sugar-sweetened beverages by males
was associated with reduced fecundability (FRs = 0.85 [95%
CI=0.72, 1.01] and 0.78 [95% CI = 0.63, 0.96] for two to six
and more than seven servings per week vs. none, respectively).
Lower fecundability was also seen among male consumers of
sugar-sweetened sodas (FR = 0.67 [95% CI = 0.51, 0.89]) but
was not evident for diet sodas (FR =0.96 [95% CI =0.72, 1.22])
for at least seven servings per week versus none (Table 3). The
largest reduction in fecundability was seen in men who con-
sumed seven or more energy drinks per week (FR = 0.42; 95%
CI = 0.20, 0.90). Men who consumed the most fruit juices and
sports drinks appeared to have slightly higher fecundability, but
estimates were imprecise. Controlling for female intake of the
same beverages had little effect on the results; for example, the
FR for male intake of >7 sugar-sweetened sodas increased from
0.67 to 0.72, after controlling for female intake. We also adjusted
the male models for female Healthy Eating Index and total
energy intake which produced similar results (data not shown).
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Table 4 presents the results for the joint effects of male
and female sugar-sweetened beverage and sugar-sweetened
soda consumption. Compared with the referent category (both
partners drink <1 beverage per week), all other combinations
showed reduced fecundability. In general, the strongest effects
were seen among couples where both partners had high intake
but the effects were approximately additive, with little indi-
cation of any interaction.’® The Figure A, B presents results
of the analyses using restricted cubic splines for female and
male sugar-sweetened soda consumption. Both splines show a
decline in fecundability with increasing intake.

Associations were stronger among couples trying
for fewer than three cycles at entry, but were absent among
couples who had been trying for three to six cycles at entry
(eTable 1; http://links.lww.com/EDE/B319). Associations
did not vary appreciably across strata of female age (data not
shown). Among females, results were similar across BMI
strata (eTable 2; http://links.lww.com/EDE/B319). Among
overweight and obese males (BMI > 25kg/m?), who consti-
tuted 65% of our study population, consumption of >7 serv-
ings of sugar-sweetened soda per week was strongly associated
with reduced fecundability compared with no consumption
(FR = 0.60; 95% CI = 0.44, 0.83), whereas among normal
weight males, the FR was 0.89 (95% CI = 0.50, 1.58). We
found little change when sugar-sweetened and diet sodas were
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TABLE 2. Sugar-sweetened Beverage Consumption by Females and Fecundability

Beverage No. of No. of
(Servings/Week) Pregnancies Cycles

Unadjusted
FR (95% CI)

Adjusted®
FR (95% CI)

Adjusted®
FR (95% CI)

Sugar-sweetened beverages (total)

0 1,083 6,975
1 323 2,120
2-6 592 4,137
>7 219 2,036
Sugar-sweetened sodas
0 1,604 10,141
1 257 1,981
2-6 278 2,341
>7 78 805
Diet sodas
0 1,612 10,956
1 222 1,310
2-6 270 2,101
>7 113 901
Sugar-sweetened energy drinks
0 2,062 14,094
1 93 683
2-6 55 403
>7 7 88
Fruit juices
0 1,591 10,898
1 169 1,066
2-6 386 2,748
>7 71 556
Sports drinks
0 2,028 13,836
1 111 655
2-6 68 683
>7 10 94

1.0 (ref)

0.99 (0.89, 1.1)
0.96 (0.87, 1.1)
0.72 (0.62, 0.83)

1.0 (ref)

0.86 (0.76, 0.97)
0.80 (0.71, 0.90)
0.64 (0.51, 0.81)

1.0 (ref)

1.1 (1.0, 1.3)
0.91 (0.81, 1.0)
0.94 (0.78, 1.1)

1.0 (ref)
0.97 (0.79, 1.2)
1.0 (0.78, 1.3)

0.55(0.26, 1.2)

1.0 (ref)
1.1(091,1.2)
0.97 (0.87, 1.1)
0.86 (0.69, 1.1)

1.0 (ref)

1.1 (0.96, 1.4)
0.71 (0.57, 0.90)
0.74 (0.42, 1.3)

1.0 (ref)

1.0 (0.91, 1.1)
1.0 (0.92, 1.1)
0.81 (0.70, 0.94)

1.0 (ref)

0.89 (0.79, 1.0)
0.87(0.77, 0.98)
0.75 (0.59, 0.95)

1.0 (ref)
1.1(0.95,1.2)
0.95(0.84, 1.1)
1.0 (0.83, 1.2)
1.0 (ref)

0.99 (0.81, 1.2)
1.1(0.84,1.4)

0.61(0.29, 1.3)

1.0 (ref)
1.1(0.94, 1.3)
1.0 (0.90, 1.1)
0.91(0.73, 1.1)

1.0 (ref)
12(1.0, 1.4)
0.78 (0.62, 0.98)
0.86 (0.49, 1.5)

1.0 (ref)

0.88 (0.78, 1.0)
0.86 (0.76, 0.98)
0.74 (0.59, 0.94)

1.0 (ref)
1.1(0.93,1.2)
0.92 (0.81, 1.1)
0.97 (0.79, 1.2)

1.0 (ref)

1.0 (0.81,1.2)
1.1 (0.84, 1.4)
0.59 (0.28, 1.3)

1.0 (ref)
1.1(0.95, 1.3)
1.02 (0.92, 1.1)
0.94(0.75, 1.1)

1.0 (ref)

1.2 (1.0, 1.5)
0.81 (0.65, 1.0)
0.88 (0.50, 1.6)

2Adjusted for female age, race/ethnicity, education, income, smoking history, body mass index, physical activity, caffeine intake, alcohol intake, sleep duration, Perceived Stress
Score-10 score, intercourse frequency, and doing something to improve chances of conception.
bAdditionally adjusted for diet soda intake (for sugar-sweetened soda models), or for sugar-sweetened soda intake (for all other models).

mutually adjusted for each other, or when other beverage types
were adjusted for consumption of sugar-sweetened sodas. As a
sensitivity analysis to evaluate possible residual confounding
by caffeine, we compared FRs for caffeinated and decaffein-
ated sodas; both groups comprise a mixture of sugar-sweet-
ened and diet sodas. FRs for caffeinated and decaffeinated
sodas were similar (data not shown).

DISCUSSION

In this preconception cohort study of North American
pregnancy planners, both female and male consumption of
any sugar-sweetened beverages were associated with reduced
fecundability. The associations were driven mainly by intake
of sugar-sweetened sodas. Energy drink consumption also
was associated with reduced fecundability, but numbers were
small. We found little consistent evidence for associations

© 2018 Wolters Kluwer Health, Inc. All rights reserved.

between consumption of diet soda, sport drinks, or fruit juice
and fecundability. Adjustment for caffeine intake had little
effect on our results. Similarly, adjustment for female and
male BMI had minimal effects, but the association between
intake of sugar-sweetened soda and fecundability was stron-
ger among overweight and obese men.

To our knowledge, only three studies have evaluated
female soda intake and fecundability. A study of 221 preg-
nancy planners in North Carolina reported a 50% reduction
in fecundability associated with one caffeinated soft drink per
day'#; similarly, a large Danish preconception cohort study
found that sweetened sodas were associated with reduced
fecundability (FRs = 0.91 for less than one, 0.72 for one, and
0.58 for two sugar-sweetened sodas/day), whereas results for
diet soda were inconsistent (FRs = 0.97 for less than one,
1.07 for one, and 0.79 for two diet sodas/day, respectively).'®
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TABLE 3. Sugar-sweetened Beverage Consumption by Males and Fecundability

Beverage No. of No. of Unadjusted Adjusted?® Adjusted” Adjusted®
(Servings/Week) Pregnancies Cycles FR (95% CI) FR (95% CI) FR (95% CI) FR (95% CI)
Sugar-sweetened beverages (total)

0 226 1,243 1.0 (ref) 1.0 (ref) - 1.0 (ref)

1 90 516 0.99 (0.80, 1.2) 0.97(0.78, 1.2) - 0.97(0.77, 1.2)

2-6 222 1,463 0.87(0.74, 1.0) 0.85(0.72, 1.0) - 0.87(0.73, 1.0)

>7 134 1,075 0.76 (0.63, 0.93) 0.78 (0.63, 0.96) - 0.83 (0.67, 1.0)
Sugar-sweetened sodas

0 375 2,115 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1 115 652 1.0 (0.85, 1.2) 0.97 (0.80, 1.2) 0.96 (0.79, 1.2) 0.96 (0.79, 1.2)

2-6 125 988 0.77 (0.64, 0.93) 0.76 (0.63, 0.93) 0.76 (0.62, 0.92) 0.79 (0.64, 0.96)

>7 57 542 0.66 (0.51, 0.86) 0.67 (0.51, 0.89) 0.67 (0.50, 0.89) 0.72 (0.54, 0.96)
Diet sodas

0 473 3,048 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1 61 344 1.2 (0.90, 1.5) 1.1(0.87, 1.4) 1.1(0.83, 1.4) 1.1(0.82, 1.4)

2-6 91 583 0.99 (0.81, 1.2) 1.0 (0.82, 1.3) 1.0 (0.80, 1.3) 1.0 (0.79, 1.3)

>7 47 322 0.93 (0.71, 1.2) 0.96 (0.72, 1.3) 0.90 (0.67, 1.2) 0.93 (0.68, 1.3)
Sugar-sweetened energy drinks

0 565 3,515 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1 53 349 0.94 (0.73, 1.2) 0.94 (0.72, 1.2) 0.95(0.73, 1.2) 0.97 (0.74, 1.3)

2-6 47 307 0.95(0.72, 1.3) 0.96 (0.71, 1.3) 0.97 (0.72, 1.3) 1.0 (0.74, 1.4)

>7 7 126 0.42 (0.21, 0.87) 0.42 (0.20, 0.90) 0.44 (0.21, 0.94) 0.44 (0.20, 0.93)
Fruit juices

0 472 3,072 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1 47 296 0.97 (0.74, 1.3) 1.0 (0.78, 1.4) 1.1(0.81, 1.4) 1.1(0.82, 1.5)

2-6 25 758 1.0 (0.87, 1.3) 1.0 (0.86, 1.3) 1.1 (0.89, 1.3) 1.1(0.88, 1.3)

>7 28 171 1.2 (0.82, 1.6) 1.2 (0.86, 1.8) 1.3(0.87, 1.8) 1.2(0.85, 1.8)
Sports drinks

0 557 3,509 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1 50 333 0.93(0.71, 1.2) 0.89 (0.68, 1.2) 0.92(0.70, 1.2) 0.93(0.71, 1.2)

2-6 57 405 0.90 (0.70, 1.2) 0.92(0.71, 1.2) 0.97 (0.74, 1.3) 1.0 (0.77, 1.3)

>7 8 50 1.2 (0.61,2.1) 1.20 (0.64, 2.3) 1.3(0.71,2.5) 1.5(0.78, 2.8)

2Adjusted for male age, education, smoking, body mass index, race/ethnicity, alcohol intake, caffeine intake, Perceived Stress Score-10 score, physical activity, and female age,
body mass index, total household income, intercourse frequency, and use of methods to improve chances of conception.
bAdditionally adjusted for daily servings of diet soda (for sugar-sweetened soda model) or daily servings of sugar-sweetened soda (all other models).

¢Additionally adjusted for female beverage intake.

A previous analysis of PRESTO data found little association
between female caffeinated sodas and fecundability; noncaf-
feinated sodas were not evaluated.'” Sugar-sweetened and diet
sodas were associated with a higher risk of ovulatory infertility
in the Nurses’ Health Study, but neither caffeine nor fructose
content explained these findings.!*> A recent study conducted
among 340 women receiving in vitro fertilization found that
those who drank sugar-sweetened sodas and energy drinks had
fewer oocytes retrieved and lower fertilization rates compared
with women who did not drink these beverages.'®

No prior prospective studies to our knowledge have
evaluated male soda consumption and fecundability. A
Canadian retrospective cohort study of 1,277 couples found
little association between colas (diet and regular com-
bined) and fecundability.*® Three cross-sectional studies of
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sugar-sweetened beverages in relation to semen quality have
been conducted.'*?! A study of 2,544 Danish males found
poorer semen quality among men who drank more than 14
0.5-L bottles of cola per week compared with men who did
not drink colas; findings were not explained by caffeine con-
tent.?’ A study among 189 US men 18-22 years of age found
that progressive sperm motility, but not count, concentration,
or morphology, was reduced by 9.8% (95% CI = 1.9, 17.8)
in the highest (=1.3 12-ounce servings) compared with the
lowest quartile (<0.2 servings) of daily sugar-sweetened bev-
erage intake."” A Chinese study reported a dose-response
relation between colas and lower semen volume.?! Stud-
ies have indicated that male caffeine intake may reduce fer-
tility!7#142; among these is an earlier report from PRESTO
(n = 662 males),"” which found that male consumption of

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Female and Male Sugar-sweetened Beverage Consumption and Fecundability

No. of No. of Unadjusted Adjusted®
Beverage (Servings/Week) Pregnancies Cycles FR (95% CI) FR (95% CI)
Sugar-sweetened beverages
Female <1/week, male <1/week 255 1,392 1.0 (ref) 1.0 (ref)
Female <1/week, male 2—6/week 138 773 0.97 (0.81, 1.2) 0.95(0.78, 1.2)
Female <1/week, male >7/week 61 462 0.78 (0.60, 1.0) 0.77 (0.59, 1.0)
Female 2—6/week, male <1/week 51 302 0.95(0.73, 1.3) 1.0 (0.75, 1.3)
Female 2—6/week, male 2—6/week 75 570 0.77 (0.61, 0.97) 0.76 (0.59, 0.98)
Female 2—6/week, male >7/week 49 355 0.85(0.64, 1.1) 0.91 (0.67, 1.2)
Female >7/week, male <1/week 10 65 0.78 (0.44, 1.4) 0.71 (0.40, 1.3)
Female >7/week, male 2—6/week 9 120 0.46 (0.23, 0.92) 0.50 (0.24, 1.0)
Female >7/week, male >7/week 24 258 0.57 (0.38, 0.85) 0.61(0.39, 0.94)
Sugar-sweetened sodas
Female <1/week, male <1/week 457 2,494 1.0 (ref) 1.0 (ref)
Female <1/week, male 2—6/week 100 704 0.83 (0.68, 1.0) 0.81 (0.66, 1.0)
Female <1/week, male >7/week 30 291 0.61(0.42, 0.87) 0.57 (0.39, 0.83)
Female 2—6/week, male <1/week 31 232 0.78 (0.56, 1.1) 0.79 (0.55, 1.1)
Female 2—6/week, male 2—6/week 21 247 0.55(0.38, 0.83) 0.57 (0.37, 0.88)
Female 2—-6/week, male >7/week 21 178 0.76 (0.50, 1.2) 0.88 (0.56, 1.4)
Female >7/week, male <1/week 2 41 0.29 (0.07, 1.1) 0.30 (0.08, 1.2)
Female >7/week, male 2—6/week 4 37 0.45(0.12, 1.7) 0.41(0.10, 1.7)
Female >7/week, male >7/week 6 73 0.48 (0.21, 1.1) 0.49 (0.20, 1.2)

2Adjusted for male and female age, body mass index, education, race/ethnicity, smoking, physical activity, caffeine intake, alcohol intake, sleep duration, Perceived Stress Score-10
score, annual household income, intercourse frequency, and doing something to improve chances of conception.

>300 mg of caffeine per day was associated with slightly lower
fecundability. Coffee (=2 cups per day), caffeinated sodas (=1
can per day), and energy drinks (=1 serving per day), but not
black or green tea, were each associated with lower fecund-
ability. We were unable to evaluate sugar-sweetened, noncaf-
feinated beverages separately in the current study because of
small numbers. Adjustment for total caffeine intake had virtu-
ally no effect on our estimates for sugar-sweetened beverages
and thus caffeine is unlikely to explain our findings. In addi-
tion, when we compared effects of caffeinated with noncaf-
feinated sodas, results were similar, suggesting that caffeine
is not responsible for the observed reductions in fecundability.

We evaluated exposure information reported at base-
line, introducing potential for misclassification if beverage
consumption changed over time. Because we provided a list
of individual beverages for sodas and energy drinks, overes-
timation of these specific beverages may have occurred. Con-
versely, other types of sugar-sweetened beverages not on our
list may not have been captured (e.g., we did not distinguish
between sweetened and unsweetened tea and we only gave
examples of two brands of sports drinks instead of providing
a comprehensive list). In addition, the category “fruit juice”
likely includes both 100% juice and juice “drinks” with added
sugars. Any misclassification is likely to be nondifferential
across time-to-pregnancy categories, however, because bever-
age consumption was assessed prospectively before the occur-
rence of infertility. Furthermore, evidence that associations

© 2018 Wolters Kluwer Health, Inc. All rights reserved.

were stronger among couples who had been trying to conceive
for fewer than 3 cycles at study entry argues against reverse
causation.

Strengths of PRESTO include its prospective design and
a geographically dispersed study population.?* Male participa-
tion was optional, but we were still able to enroll a large num-
ber of male partners, and fecundability was similar among
males who participated and those who did not (eFigure 1;
http://links.Iww.com/EDE/B319). Most participants enrolled
near the beginning of their pregnancy attempt (66% within
the first 3 cycles), reducing the potential for selection bias and
reverse causation. However, we lacked information on male
dietary factors that may have confounded the observed asso-
ciations, such as total energy intake and consumption of high
glycemic or high-fat diets. When we controlled for female
Healthy Eating Index score (which was moderately correlated
with male scores), we found no material effect on our results
for either male or female intake of sugar-sweetened beverages.
Nevertheless, if a dietary pattern or food item among males
was positively associated with both sugar-sweetened beverage
consumption and subfertility, confounding would have exag-
gerated the inverse association between sugar-sweetened bev-
erages and fecundability.

Critics occasionally have questioned whether Internet-
based studies are prone to selection bias. The selection issues
related to Internet volunteers, however, applies more gener-
ally. Many cohort studies, including all randomized trials,
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FIGURE. Association between female (A) and male (B) sugar-sweetened soda intake and fecundability, fitted by restricted cubic
splines, PRESTO, 2013-2017. The reference level for the FR is 0 sugar-sweetened sodas/week. The curve for female sugar-sweet-
ened soda intake and fecundability is adjusted for female age, race/ethnicity, education, income, smoking history, BMI, physical
activity, caffeine intake, sleep duration, PSS-10 score, intercourse frequency, and doing something to improve chances of concep-
tion. The curve for male sugar-sweetened soda intake and fecundability is adjusted for male and female age, male race/ethnicity,
male and female BMI, education, income, and smoking. The splines are trimmed at the 99th percentile and have three knots at
2, 5, and 10 sugar-sweetened sodas/week. BMI indicates body mass index; PSS, Perceived Stress Score.

enroll volunteers, and some randomized trials recruit via the
Internet. Regardless of the method used to recruit volunteers
for a cohort study, recruitment of volunteers should not affect
validity of study results based on internal comparisons, unless
the relation between the study factors differed between those
who volunteer and those who do not, which seems unlikely.**
We see no reason that the relation between intake of sugar-
sweetened beverages and fecundability would differ between
Internet-recruited volunteers and nonparticipants. Further-
more, our study* and others*#® have shown that even when
participation at cohort entry differs by characteristics such as
age, parity, or smoking, measures of association are not biased
due to self-selection.

A possible mechanism for an association between
sugar-sweetened beverage consumption and fertility includes
increased insulin resistance, leading to oxidative stress,'*#
which may deleteriously affect semen quality,”® or ovulatory
function.** Among women with polycystic ovary syndrome,
who have high rates of insulin resistance, anovulation, and
infertility, diets with a low glycemic load improve menstrual
cycle regularity and insulin resistance.’® Moreover, the type
of sweetener found in sodas may matter. Most sodas in North
America are sweetened with HFCS and have higher fructose to
glucose ratios than other sugar-sweetened beverages.”! HFCS
has been associated with insulin resistance®” and fatty liver.>?
A small cross-over study found altered fatty acid synthesis
among men consuming fructose, compared with glucose or
sucrose,> and fatty acid composition may affect semen qual-
ity.>> Sugar-sweetened soda, but not diet soda or fruit juice,
was linked with shorter telomeres in a cross-sectional study of
5,000 individuals.’® Shorter telomeres indicate faster cellular
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aging®’ and have been associated with reduced male fertility,>
poorer embryo quality, and lower success of in vitro fertiliza-
tion.>® Exposure to bisphenol A, which is present in lining of
soda cans®® and may impair male®' and female® fertility, is an
unlikely explanation of our findings because we saw no mate-
rial association between diet sodas and fecundability.

In summary, we found an association between female
and male consumption of sugar-sweetened beverages and
reduced fecundability, which appeared to be driven mainly
by sugar-sweetened sodas, the most commonly consumed
sugar-sweetened beverages. We also found a large reduction in
fecundability among both females and males who consumed
more than one sugar-sweetened energy drink per day, but these
results were based on small numbers. Given the high levels of
sugar-sweetened beverages consumed by reproductive-aged
couples in North America, these findings could have impor-
tant public health implications.
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