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ABSTRACT
Background: Animal studies have shown that a high intake of galac-
tose, a breakdown product of lactose, increases ovarian toxicity. Few
epidemiologic studies, to our knowledge, have examined the association
between dairy intake and fertility, and they have had conflicting findings.
Objective: We prospectively evaluated dairy intake in relation to
fecundability among women who were planning for pregnancy.
Design: Data were derived from preconception cohort studies in
Denmark (Snart Foraeldre) and North America [PRESTO (Pregnancy
Study Online)] in which women completed a validated food-frequency
questionnaire 10 d after enrollment. The dietary intake of dairy foods
and their constituents was calculated based on reported frequencies,
mean serving sizes, and standard recipes for mixed foods. Outcome
data were updated every 8 wk for 12 mo or until reported conception.
Analyses were restricted to 2426 women attempting pregnancy for #6
cycles at study entry. Fecundability ratios (FRs) and 95% CIs were
estimated with the use of proportional probabilities regression models
adjusted for potential confounders.
Results: FRs for total dairy intake ($18 compared with,7 servings/wk)
were 1.37 (95% CI: 1.05, 1.78) among 1126 Snart Foraeldre partic-
ipants and 1.04 (95% CI: 0.78, 1.38) among 1300 PRESTO partici-
pants (pooled FR: 1.11; 95% CI: 0.94, 1.31). The elevated FR for
total dairy intake among Snart Foraeldre participants was limited to
milk consumption and found only among women aged ,30 y. There
was no clear association between low- or high-fat dairy intake and
fecundability in either cohort. Although there was little evidence of
an association between dietary intake of calcium, potassium, magne-
sium, or vitamin D and fecundability, a greater consumption of phos-
phorus and lactose was associated with slightly higher fecundability
in both cohorts.
Conclusions: Associations between dairy intake and fecundability were
generally small and inconsistent across cohorts. Our findings do not
support the hypotheses that a greater consumption of high-fat dairy
improves fertility or that a greater consumption of lactose or low-fat dairy
harms fertility. Am J Clin Nutr doi: 10.3945/ajcn.116.138404.

Keywords: fertility, Internet, prospective studies, dairy, lactose,
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INTRODUCTION

Approximately 10–15% of couples experience infertility,
clinically defined as the inability to conceive after 12 mo of

unprotected intercourse (1). Few modifiable risk factors for in-
fertility have been identified. Because fertility treatments are
expensive, have modest success rates, and create a psychological
burden for those affected, it is important to identify modifiable
causes of reduced fertility, such as diet.

Animal studies have shown that a high intake of galactose, a
breakdown product of lactose, increases the risk of ovarian
toxicity (2–4). Moreover, women with galactosemia, a heredi-
tary disease that affects galactose metabolism, are at increased
risk of premature ovarian failure (5–7). To date, only a few
studies to our knowledge have examined the association be-
tween dairy intake and fertility in women, and findings have
been inconclusive (8–11). An ecologic study reported an inverse
correlation between per-capita milk consumption and fertility
rates (8). In contrast, a small case-control study reported that
milk intake was associated with a reduced risk of infertility (9).
The largest study, a prospective cohort study of female nurses,
found that ovulatory infertility was positively associated with
low-fat dairy intake and inversely associated with high-fat dairy
intake but found little association with lactose consumption
(10). A study of 232 women attending a fertility clinic reported
an inverse association between total dairy intake and live birth
rates, but only among women aged $35 y (11).

In light of the inconsistent results from previous studies, we
assessed the influence of dairy consumption on time to pregnancy
(TTP)6 in 2 preconception cohort studies: Snart Foraeldre (Denmark)
and PRESTO (Pregnancy Study Online) (North America). We also
evaluated the micronutrients commonly found in dairy products,
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including calcium, phosphorus, potassium, magnesium, vitamin D,
and lactose. Dietary recommendations in the United States are to
consume $3 daily servings of low-fat milk or equivalent dairy
products (12). Canada has similar recommendations (2–3 servings
of milk or milk alternatives each day) (13). Denmark has one of
the highest levels of per-capita milk intake in the world (296 kg/y),
followed closely by the United States (254 kg/y) and Canada
(207 kg/y) (14). Danish recommendations include the intake of
low-fat dairy products equivalent to 0.25–0.50 L/d (1–2 cups/d)
(15). Thus, clarification of the extent to which dairy intake influ-
ences fertility has important public health implications.

METHODS

Study population

The Snart Foraeldre (Soon Parents) study is an Internet-based
prospective cohort study of pregnancy planners in Denmark.
Snart Foraeldre is an expansion of the earlier Snart Gravid (Soon
Pregnant) study (16, 17). Recruitment for Snart Foraeldre began
in 2011 with advertisements placed on Danish health-related
websites and blogs. Eligible women were aged 18–45 y, resi-
dents of Denmark, planning a pregnancy, in a stable relation
with a male partner, and not receiving fertility treatment. En-
rollment and primary data collection were conducted via online
self-administered questionnaires. Beginning in January 2013,
10 d after enrollment, participants were invited to complete a
comprehensive food-frequency questionnaire (FFQ) designed
specifically for this population (18).

Of 3128 Snart Foraeldre participants, we excluded 533 who did
not complete$1 follow-up questionnaire, 52 whose last menstrual
period (LMP) was .6 mo before study entry, and 77 who had
missing or implausible LMP information or who were pregnant at
study entry. Furthermore, in an effort to avoid misclassifying diet
because of subfertility, we limited our analyses to the 2053 women
who had been trying to conceive for #6 cycles at study entry.
Among these, 1166 women completed the FFQ once it was
implemented (83% completion). We then excluded 24 women
with implausible total energy intake (,600 or .3800 kcal/d)
and 16 who had .12 missing food items on the FFQ. The final
analytic sample included 1126 women. Snart Foraeldre was
approved by the Danish Data Protection Agency and the
Boston University Medical Center Institutional Review Board.

PRESTO (19) is also an Internet-based prospective cohort
study of pregnancy planners in the United States and Canada
modeled after Snart Foraeldre. Recruitment began in June 2013.
Eligible women were aged 21–45 y, planning a pregnancy, not
receiving fertility treatments, and in a stable relation with a male
partner. PRESTO participants were invited to complete a
baseline questionnaire and the National Cancer Institute’s
Dietary Health Questionnaire (DHQ) II (20), a web-based FFQ,
10 d after enrollment (63% completion). In total, 2600 eligible
participants completed the baseline questionnaire. We excluded
445 women with no follow-up data, 35 whose baseline LMP was
.6 mo before study entry, and 41 with missing or implausible
LMP data or who were already pregnant at study entry. Of the
1791 remaining women who had been trying to achieve preg-
nancy for#6 cycles at study entry, 471 did not complete the FFQ.
We excluded 20 women with implausible total energy intake
(,600 or .3800 kcal/d) for a final analytic sample of 1300

women. PRESTO was approved by the Boston University
Medical Center Institutional Review Board.

In both cohorts, the online baseline questionnaire ascertained
information on demographics, lifestyle and behavioral factors,
and reproductive and medical history. To update exposure and
covariate data over time and to ascertain changes in pregnancy
status, self-administered online follow-up questionnaires were
completed every 8 wk for 12 mo or until a reported conception.
Participants in both studies provided online informed consent.
Figure 1 presents a flowchart of analytic exclusions for each
cohort.

Assessment of dairy intake

Total dairy intake was estimated with the use of the nutrient
composition of all food items on the FFQ and validated in each
population (18, 20). Total dairy intakewas calculated by summing all
servings of dairy from individual foods and mixed recipes. Dairy
items composed primarily of fat (i.e., butter, cream, sour cream, or
cream cheese) were not included. High-fat dairy intake was cal-
culated by summing all servings of whole milk, evaporated and
condensed milk, whole-milk yogurt, regular cheese, regular ice
cream, chocolate milk, and high-fat dairy products in mixed recipes.
Low-fat dairy intake was calculated by summing all servings of
skim, 0.5%, 1%, and 2% milk, reduced-fat chocolate milk, low-fat
yogurt, cottage and ricotta cheese, low-fat cheese, low-fat ice cream,
frozen yogurt and sherbet, and low-fat dairy products in mixed
recipes. In the Snart Foraeldre dietary validation study, deattenuated
correlation coefficients comparing the FFQ to 4-d food records were
0.49 for high-fat dairy intake and 0.66 for low-fat dairy intake (18).
In the DHQ validation study, deattenuated correlation coefficients
comparing the FFQ to repeated 24-h dietary recalls were 0.78 for
total dairy intake, 0.84 for milk, and 0.62 for cheese (20).

We calculated dietary intake of micronutrients found in dairy
foods, including calcium, phosphorus, potassium, vitamin D,
magnesium, and lactose, with the use of the Danish nutrient
database in Snart Foraeldre and the National Cancer Institute’s
Diet*Calc software version 1.5.0 in PRESTO (21). In multivari-
able models, we controlled separately for the use of multivitamins
and nutritional supplements, which were ascertained on the
baseline questionnaire (see Data analysis).

Assessment of TTP

We calculated TTP with the use of data from the baseline and
follow-up questionnaires. Women with regular menstrual cycles,
defined as the ability to predict when one’s next menstrual period
would start, were asked to report their usual menstrual cycle
length. Among women with irregular cycles, we estimated men-
strual cycle length based on LMP date at baseline and prospec-
tively reported LMP dates during follow-up. We estimated TTP
with the use of the following formula: (days of trying to conceive
at study entry/cycle length) + [(LMP date from most recent
follow-up questionnaire 2 date of baseline questionnaire)/
cycle length] + 1 (22).

Assessment of covariates

Information on potential confounders (including age, race/ethnicity,
education, height, weight, physical activity, smoking, alcohol
consumption, last method of contraception, parity, and use of
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supplements or multivitamins) was reported on the baseline
questionnaire. We calculated BMI as kg/m2. In Snart Foraeldre,
total metabolic equivalents (METs) per week were calculated
with the use of the short-form International Physical Activity
Questionnaire by summing the MET-hours from walking, mod-
erate physical activity, and vigorous physical activity (h/wk3 3.3
METs, 4 METs, and 8 METs, respectively) (23). In PRESTO,
total MET-hours per week were calculated by multiplying the
mean number of hours per week spent engaging in various ac-
tivities by METs estimated from the Compendium of Physical
Activities (24). The values for the various activities have been
published elsewhere (25). The potential confounders examined for
the 2 cohorts were identical except for race/ethnicity (ascertained
in PRESTO only) and education, which was ascertained dif-
ferently across the 2 studies.

Data analysis

We first performed parallel analyses across the 2 cohorts and
then harmonized the data to carry out a pooled analysis. For ease
of comparison, the same categories for servings of dairy intake
were used in each cohort and were based on the underlying
distribution of nutrient intake in both cohorts combined. Women
contributed at-risk menstrual cycles to the analysis from study
entry until a reported pregnancy (68.8% in Snart Foraeldre and
63.2% in PRESTO) or a censoring event (initiation of fertility
treatment: 6.2% in Snart Foraeldre and 11.1% in PRESTO; loss to
follow-up: 16.5% in Snart Foraeldre and 11.1% in PRESTO; or
12 cycles of attempts: 8.5% in Snart Foraeldre and 14.6% in
PRESTO), whichever came first. Couples that did not conceive

within 12 cycles of attempted conception were censored at
12 cycles because that is the typical amount of time after which
couples seek infertility treatment (26). To account for the vari-
ation in attempts at study entry (range: 0–6 cycles) and to reduce
bias caused by left truncation (27), we analyzed observed cycles
only with the use the Anderson-Gill data structure (28). For
example, if a woman enrolled with 3 cycles of attempts and then
conceived during her sixth cycle, she would contribute cycles 4–6
to the analysis. We used proportional probabilities regression
models to estimate fecundability ratios (FRs), defined as the ratio
of the cycle-specific probability of conception comparing exposed
with unexposed women (29, 30). This model controls for the de-
cline in fecundability over time by adjusting for binary indicators
of the cycle number at risk. We evaluated trends by modeling each
exposure with the use of a single continuous variable measured in
units of cup equivalents. We reported the trend by calculating the
FR and 95% CI for a unit increase in each dairy variable. We also
analyzed restricted cubic splines for nonlinear associations.

Potential confounders were selected based on the literature and
an assessment of a causal diagram. We included potential risk
factors for subfertility that were associated with dairy intake.
Final models were adjusted for age, BMI, smoking history, parity,
alcohol use, physical activity, last method of contraception, and
current regular use of multivitamins or folic acid. PRESTO
models were additionally adjusted for race/ethnicity and edu-
cation. Snart Foraeldre models were additionally adjusted for
vocational training. Models for dairy foods were adjusted for
energy intake by including a continuous total energy intake variable
(kilocalories per day) in the regressionmodels.Models for individual
dietary micronutrients (e.g., calcium) were adjusted for total

FIGURE 1 Flowchart of participant exclusions in the Snart Foraeldre and PRESTO dairy analyses, 2013–2016. Women excluded for having implausible
LMP data included those whose baseline LMP was .6 mo before the date of study entry, those whose LMP date was later than the date the baseline
questionnaire was completed, those who were pregnant at study entry and had been pregnant for .1 menstrual cycle length, and nonpregnant women who
provided no new LMP during follow-up. FFQ, food-frequency questionnaire; LMP, last menstrual period; PRESTO, Pregnancy Study Online.
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energy intake with the use of the nutrient residual method (31), as
well as for individual supplements of relevance (e.g., calcium
supplements in analyses of dietary calcium). We also examined
the calcium:phosphorus ratio because it is an indicator of calcium
bioavailability (32). Models of high- and low-fat dairy intake and
individual dairy foods (milk, cheese, yogurt) were further ad-
justed for total dairy intake to assess the effect of substituting
1 type of dairy food for another. In pooled analyses, regression
models included a term for the cohort (PRESTO compared with
Snart Foraeldre), and the race of all Snart Foraeldre participants
was categorized as white. Education variables were harmonized
into a single variable as follows: #12 y education = no vocational
training, semiskilled worker, basic training, or fundamental educa-
tion; 13–15 y education = ,3 y higher education; 16 y education =
3–4 y higher education; and $17 y education = .4 y higher
education.

In secondary analyses, we evaluated the extent to which the
relation between dairy intake and fecundability varied by preg-
nancy attempts at study entry (,3 compared with 3–6 cycles) and
age (,30 compared with $30 y). We assessed effect measure
modification by conducting stratified analyses and calculating the
FRs across strata along with their 95% CIs. Our rationale for
stratifying the data by attempts at enrollment was to assess the
extent to which reverse causation could have explained our results
(e.g., if subfertility caused a change in dairy intake). Because the
prevalence of ovulatory infertility increases with age, we stratified
the data by age to better approximate the outcome examined in
NHS (Nurses’ Health Study) II (10). Out of concern that parity
could be a causal intermediate (33, 34), models were stratified by
parity and fit with and without control for parity.

We used multiple imputation to impute missing covariate data
(35). Covariate missingness in Snart Foraeldre ranged from 0%
(age, dairy intake, and energy intake) to 6% for calcium sup-
plements. In PRESTO, covariate missingness ranged from 0%
(age, education, dairy intake, supplement use, and energy) to
0.8% for physical activity. Within each cohort, we used PROCMI
to create 5 imputed data sets based on imputation models with
$100 covariates. We combined coefficients and SEs across the
imputed data sets with the use of PROC MIANALYZE. Anal-
yses were conducted with the use of SAS version 9.4 (SAS
Institute) (36).

RESULTS

From 2013 to 2016, 1126 Snart Foraeldre participants con-
tributed 774 pregnancies and 4307 menstrual cycles of pregnancy
attempts, and 1300 PRESTO participants contributed 822 preg-
nancies and 5649 menstrual cycles of attempts. Fecundability was
higher in Snart Foraeldre than in PRESTO for most cycles, but the
differences were small (Figure 2). The FR comparing overall
fecundability in PRESTO with Snart Foraeldre was 0.85 (95% CI:
0.76, 0.95) after adjusting for all covariates plus total dairy intake.

Daily servings of dairy foods (means 6 SDs) were consis-
tently higher in Snart Foraeldre than in PRESTO: total dairy
(2.32 6 1.17 compared with 1.396 0.82), high-fat dairy (0.76 6
0.48 compared with 0.75 6 0.60), low-fat dairy (1.56 6 1.29
compared with 0.62 6 0.72), milk (1.14 6 0.92 compared with
0.64 6 0.79), cheese (0.72 6 0.78 compared with 0.52 6 0.30),
and yogurt (0.41 6 0.35 compared with 0.23 6 0.25). The top 3
foods contributing to total dairy consumption in Snart Foraeldre

were “mini milk” (0.5% fat content), skim milk (,0.5% fat
content), and 27% milk-fat cheese; in PRESTO, the respective
foods were full-fat cheese, low-fat yogurt, and low-fat cheese. In
Snart Foraeldre, total dairy intake was positively associated with
caffeine intake and education and inversely associated with in-
tercourse frequency (Table 1). In PRESTO, dairy intake was
positively associated with parity, early menarche, and cycle ir-
regularity and inversely associated with education, nonwhite
race/ethnicity, and smoking.

In Snart Foraeldre, total dairy ($18 compared with,7 servings/
wk—FR: 1.37; 95% CI: 1.05, 1.78) and milk consumption ($14
compared with ,4 servings/wk—FR: 1.39; 95% CI: 1.07, 1.79)
was positively associated with fecundability (Table 2). In
PRESTO, there was little association between fecundability and
total dairy, high-fat dairy, low-fat dairy, or milk consumption, but
cheese intake was associated with higher fecundability. FRs corre-
sponding to cheese consumption of 2–3, 4–6, and$7 servings/wk
relative to ,2 servings/wk were 1.10 (95% CI: 0.92, 1.31),
1.29 (95% CI: 1.05, 1.57), and 1.39 (95% CI: 1.02, 1.89),
respectively. Only the positive association between milk and
fecundability persisted in pooled analyses. Omitting parity
from the models made little difference in the FRs (data not
shown).

We stratified by pregnancy attempts at study entry to account
for potential changes in diet that may have occurred because of
difficulty conceiving (Table 3). In Snart Foraeldre, total dairy
intake remained positively associated with fecundability only
among women with ,3 cycles of attempts at entry. In PRESTO,
there was little association with dairy intake in either stratum.
When the data were pooled, total dairy intake was not appre-
ciably associated with fecundability in either stratum of attempt
time; the FRs across age strata were close to 1.0.

Results for total dairy and high-fat dairy intake were in-
consistent across age (Table 4). In Snart Foraeldre, total dairy
intake was positively associated with fecundability among
women aged ,30 y only, and this finding persisted in pooled
analyses, albeit driven entirely by the Snart Foraeldre results.
In PRESTO, a modest positive association between high-fat
dairy intake and fecundability was observed among women
aged ,30 y ($10 compared with ,4 servings/wk—FR: 1.30;

FIGURE 2 Conditional probability of conception per menstrual cycle of
attempt time stratified by cohort. PRESTO, Pregnancy Study Online.

4 of 11 WISE ET AL.



95% CI: 0.86, 1.96) but not $30 y. The association was
markedly attenuated in pooled analyses, with FRs across strata
close to 1.0.

Although there were no notable associations in either cohort
between fecundability and dietary calcium, calcium:phosphorus
ratio, potassium, magnesium, or vitamin D intake, FRs for
phosphorus ($1400 compared with ,1200 mg/d) ranged from
1.28 to 1.30 in each cohort and was 1.18 in pooled analyses
(Table 5). Adjusting for individual supplements in each re-
spective model did not change the FRs appreciably (data not
shown). Likewise, further adjusting for protein (grams per
day), an important contributor to phosphorus intake, made little
difference in the phosphorus association (data not shown). Finally,
FRs for lactose intake ($30 compared with,10 g/d) ranged from
1.24 to 1.25 in each cohort and was 1.15 in pooled analyses.

DISCUSSION

In this study ofDanish andNorth American pregnancy planners,
associations between dairy consumption and fecundability were
inconsistent. In the Snart Foraeldre cohort, intakes of total dairy
and milk were associated with increased fecundability. However,
the association between total dairy intake and fecundability was
found only among young women aged,30 y. This finding persisted
in pooled analyses across the cohorts, but there was no dose-response
relation. In the PRESTO cohort, there was little association between

fecundability and dairy intake, although cheese and high-dairy intake
was associated with increased fecundability, but only among women
aged ,30 y. However, neither of these findings persisted in the
pooled analysis. Finally, there was little evidence of an associa-
tion between fecundability and dietary consumption of calcium,
potassium, or vitamin D in either cohort. In contrast, intakes of
phosphorus and lactose were weakly positively associated with
fecundability in both cohorts.

Four prior studies have evaluated the association between dairy
intake and female fertility. An ecologic study of 31 countries
found a positive correlation between per-capita milk consump-
tion and age-related declines in fertility (8). Like all ecologic
studies, the analysis lacked individual-level data on potential
confounders. Results from a subsequent case-control study
among couples attending a Wisconsin health clinic conflicted
with the ecologic data (9). Women who consumed $3 glasses
milk/d had a 70% lower risk of infertility than nonconsumers
(9). As in all case-control studies in which participants are
queried about exposures after their infertility diagnosis, recall
bias is a possible threat to validity. In NHS II, a prospective
cohort study of US nurses, ovulatory infertility was inversely
associated with high-fat dairy and positively associated with
low-fat dairy; lactose intake was not markedly associated with
risk (10). Finally, in a 2016 prospective cohort study of women
aged 24–44 y undergoing infertility treatment, dairy food intake
was not associated with implantation or clinical pregnancy but

TABLE 1

Baseline characteristics of 2426 women in Snart Foraeldre and PRESTO by weekly dairy intake, 2013–20161

Characteristics

Snart Foraeldre (n = 1126) PRESTO (n = 1300)

Dairy consumption, cup equivalents/wk Dairy consumption, cup equivalents/wk

,7 7–9 10–17 $18 ,7 7–9 10–17 $18

n 119 176 439 392 458 364 382 96

Age, y 27.2 6 4.1 28.0 6 4.2 28.6 6 4.1 28.7 6 4.4 29.9 6 3.9 30.4 6 4.0 30.3 6 4.0 29.9 6 4.2

Partner’s age, y 30.2 6 4.7 30.7 6 5.2 30.8 6 5.2 30.4 6 5.0 32.5 6 5.5 32.0 6 4.6 32.1 6 4.9 31.8 6 5.5

Nonwhite or Hispanic, % — — — — 14.5 13.9 9.8 7.2

Less than college degree,2 % 35.7 24.9 18.8 21.6 18.9 15.3 14.5 26.7

Regular multivitamin

intake, %

61.3 53.5 57.8 63.3 85.5 89.7 87.0 82.9

Age at menarche ,12 y, % 16.9 9.3 12.6 12.9 19.6 22.1 24.0 26.1

Irregular cycles, % 22.0 15.6 17.0 16.9 13.4 13.6 14.0 21.1

Parous, % 31.7 34.8 31.4 37.9 26.2 25.2 28.4 42.0

BMI, kg/m2 23.7 6 5.2 24.2 6 5.1 24.3 6 5.0 23.8 6 4.7 25.5 6 5.8 26.1 6 6.3 26.4 6 6.6 27.0 6 8.1

Exercise, MET-h/wk 61.5 6 66.1 66.8 6 70.3 61.0 6 64.1 71.3 6 68.1 42.0 6 28.1 41.6 6 27.8 41.3 6 30.8 34.9 6 21.7

Current smoker, % 6.1 7.7 5.5 4.9 5.2 2.2 4.1 0.9

Alcohol intake, drinks/wk 2.4 2.8 2.7 2.4 3.9 64.4 3.4 6 4.4 3.0 6 3.7 2.8 6 5.7

Caffeine intake, mg/d 196.8 6 237.1 165.5 6 190.1 208.3 6 239.9 222.5 6 232.3 110.6 6 103.4 113.6 6 103.3 118.1 6 106.5 99.0 6 110.9

Intercourse frequency, %

,1 time/wk 18.4 18.8 17.2 14.0 16.6 21.7 23.1 18.5

$4 times/wk 25.5 15.1 17.3 16.5 14.5 11.9 16.1 13.7

Trying to improve chances 61.5 76.2 73.7 71.4 74.2 75.3 73.9 75.7

Last method of

contraception, %

Hormonal 57.1 61.8 62.0 61.5 39.2 42.1 42.3 46.1

Barrier 36.7 35.3 34.4 35.2 41.7 38.8 40.3 34.6

1All values are means6 SDs unless otherwise indicated. Baseline enrollment took place from 2013 to 2015 in both cohorts. Follow-up continued through

2016. With the exception of age, all characteristics were age-standardized to the cohort at baseline. One cup = 250 mL. MET-h, metabolic equivalent hours;

PRESTO, Pregnancy Study Online.
2 Equivalent to no vocational training, semiskilled worker, basic training, or fundamental education in Denmark.
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was positively associated with live births among women aged$35 y
(11). The association was not influenced by dairy fat content or
specific kinds of dairy foods.

Comparing our results with previous studies is challenging
because of methodologic differences. For example, NHS II (10)
examined diet in relation to the risk of ovulatory infertility, but we
examined all types of subfertility. If dairy intake influences
ovulatory infertility but not other types of infertility (e.g., tubal
blockage or endometriosis), results from our study might be
attenuated. It is unclear why NHS II found a stronger inverse
association between high-fat dairy and ovulatory infertility
among older women (.32 y), whereas PRESTO found a stronger
association between high-fat dairy and fecundability among
younger women (,30 y). If polycystic ovarian syndrome is the
primary cause of ovulatory dysfunction among younger women
and diminished ovarian reserve is the primary cause of ovulatory
dysfunction among older women, findings among older women
should have been similar across the studies. Although the ecologic

(8), case-control (9), and fertility clinic (11) studies are compa-
rable to our study in terms of outcome definition (i.e., all-cause
infertility), these studies differ in their timing of dietary intake
measurement relative to outcome assessment and modeling of the
outcome (dichotomization of TTP infertility compared with an
evaluation of the full range of TTP). For instance, in fertility clinic
populations (11), the timing of dietary assessment may have been
several months or years after the diagnosis of infertility, whereas
for most women in this cohort, diet was assessed soon after
conception attempts began and before the diagnosis of infertility.
Our study agrees with most (10, 11) but not all (8) previous
studies in providing support against the hypothesis of ovarian
toxicity via galactose-lactose pathways (2–4).

Diet is difficult to measure. Although there were reasonable
correlations between the FFQ and dietary recalls in each of the
validation studies (18, 20), some misclassification is inevitable.
Because diet was assessed prospectively before the occurrence
of infertility, any misclassification in our study is likely to be

TABLE 3

Dairy intake and fecundability stratified by attempt time at study entry, 2013–20161

Exposure, cup

equivalents/wk

Snart Foraeldre (n = 1126) PRESTO (n = 1300)
Pooled cohorts’

adjusted FR2Pregnancies, n Cycles, n Adjusted FR3 Pregnancies, n Cycles, n Adjusted FR3

,3 Cycles of attempt at study entry

Total dairy

,7 52 356 Reference 215 1293 Reference Reference

7–9 89 470 1.26 (0.92, 1.73) 175 1087 0.97 (0.81, 1.16) 1.03 (0.88, 1.20)

10–17 216 1221 1.20 (0.90, 1.61) 172 1217 0.88 (0.72, 1.08) 0.98 (0.84, 1.14)

$18 214 1039 1.45 (1.06, 1.99) 43 308 1.00 (0.73, 1.38) 1.13 (0.94, 1.37)

High-fat dairy

,4 226 1276 Reference 261 1670 Reference Reference

4–6 220 1192 1.00 (0.83, 1.19) 209 1382 1.03 (0.86, 1.23) 1.02 (0.90, 1.16)

7–9 73 347 1.13 (0.87, 1.46) 80 449 1.28 (0.99, 1.66) 1.20 (1.00, 1.44)

$10 52 271 1.00 (0.74, 1.36) 55 404 1.08 (0.77, 1.50) 0.97 (0.78, 1.21)

Low-fat dairy

,4 90 516 Reference 367 2288 Reference Reference

4–6 116 696 0.97 (0.72, 1.31) 137 867 1.00 (0.82, 1.22) 0.99 (0.84, 1.16)

7–13 199 1040 0.98 (0.70, 1.37) 77 598 0.87 (0.66, 1.13) 0.98 (0.81, 1.18)

$14 166 834 0.82 (0.55, 1.23) 24 152 1.03 (0.64, 1.66) 0.94 (0.72, 1.23)

Between 3 and 6 cycles of attempt at study entry

Total dairy

,7 22 108 Reference 78 642 Reference Reference

7–9 30 205 0.81 (0.48, 1.39) 57 466 1.07 (0.77, 1.48) 1.00 (0.76, 1.31)

10–17 82 496 0.94 (0.59, 1.49) 63 505 1.08 (0.77, 1.51) 1.01 (0.77, 1.32)

$18 69 412 1.05 (0.64, 1.71) 19 131 1.02 (0.61, 1.73) 1.08 (0.78, 1.50)

High-fat dairy

,4 88 523 Reference 95 843 Reference Reference

4–6 83 447 1.16 (0.86, 1.56) 69 467 1.23 (0.91, 1.66) 1.18 (0.96, 1.45)

7–9 20 140 0.94 (0.58, 1.50) 30 256 1.06 (0.69, 1.63) 0.99 (0.72, 1.36)

$10 12 111 0.70 (0.38, 1.28) 23 178 1.12 (0.67, 1.88) 0.87 (0.60, 1.27)

Low-fat dairy

,4 40 223 Reference 122 987 Reference Reference

4–6 44 239 1.09 (0.71, 1.66) 56 474 0.92 (0.66, 1.28) 0.96 (0.74, 1.25)

7–13 56 406 0.89 (0.55, 1.42) 29 201 1.20 (0.76, 1.90) 0.95 (0.69, 1.31)

$14 63 353 1.09 (0.60, 1.97) 10 82 0.75 (0.34, 1.66) 1.06 (0.67, 1.68)

1 Values in parentheses are 95% CIs. One cup = 250 mL. For the pooled results, the ratio of FRs for a 1-unit increase in dairy variables within strata of

attempts and 95% CIs for this ratio were 0.98 (0.89, 1.08) for total dairy, 1.06 (0.87, 1.30) for high-fat dairy, and 0.92 (0.78, 1.07) for low-fat dairy. FR,

fecundability ratio; PRESTO, Pregnancy Study Online.
2 Adjusted for total energy intake, age, BMI, smoking history, parity, alcohol intake, last method of contraception, physical activity, regular multivitamin

use, and study cohort.
3 Adjusted for total energy intake, age, and BMI. PRESTO models were additionally adjusted for race/ethnicity and education. High- and low-fat dairy

were additionally adjusted for total dairy intake. Snart Foraeldre models were additionally adjusted for vocational training.
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nondifferential, which would attenuate associations in the ex-
treme categories of dairy intake toward the null. In contrast, the
misclassification of diet in previous studies (9–11) could have
been differential, biasing results in an unpredictable direction.
For instance, infertile women may change dietary patterns to be
more healthful in an effort to improve fertility. Given that low-
fat dairy consumption is considered a healthful dietary practice
in the United States, this phenomenon may have produced a
spurious positive association between low-fat dairy intake and
infertility in studies in which the timing of dietary ascertainment
could have been months after women began trying to conceive
(but before an infertility diagnosis) (10).

Residual confounding cannot be ruled out as a possible ex-
planation of our findings. Although we controlled for a wide
range of potential confounders, there may have been other im-
portant confounders strongly associated with dairy intake and
fecundability that were unmeasured in our study. For example,
the positive association observed between total dairy intake and

fecundability in Snart Foraeldre could have resulted from residual
confounding by healthy lifestyles not captured by measured
variables such as exercise, adiposity, and energy intake. Con-
founding by male characteristics, including diet, is also possible
given that couples’ diets tend to be correlated (37), and male
factors may account for #50% subfertility. Whether these
phenomena would influence results more in one cohort but not
the other is unclear. Studies of dairy intake and male fertility
have been equivocal (38–40). Although chance variation is the
most likely explanation for variation in results across cohorts,
another contributing factor could be greater exposure to antibi-
otics (41–43) and estrogens (44–47) from commercial dairy
products in North America.

Strengths of this study include enrollment during the pre-
conception period, with more than two-thirds of women enrolled
during their first 3 cycles of attempted pregnancy. Information
was collected on a wide range of potential confounders, including
exercise, body size, and indicators of socioeconomic status. FFQs

TABLE 4

Dairy intake and fecundability stratified by age at baseline, 2013–20161

Exposure, cup

equivalents/wk

Snart Foraeldre (n = 1126) PRESTO (n = 1300)
Pooled cohorts’

adjusted FR2Pregnancies, n Cycles, n Adjusted FR3 Pregnancies, n Cycles, n Adjusted FR3

Age ,30 y

Total dairy

,7 51 364 Reference 141 872 Reference Reference

7–9 86 414 1.48 (1.08, 2.03) 107 725 0.96 (0.76, 1.21) 1.17 (0.98, 1.41)

10–17 192 1114 1.28 (0.95, 1.72) 117 783 0.96 (0.75, 1.23) 1.10 (0.92, 1.31)

$18 174 909 1.52 (1.10, 2.10) 35 242 1.05 (0.73, 1.50) 1.23 (0.99, 1.53)

High-fat dairy

,4 209 1160 Reference 165 1136 Reference Reference

4–6 201 1112 0.96 (0.80, 1.16) 137 890 1.15 (0.92, 1.43) 1.04 (0.90, 1.20)

7–9 57 316 0.98 (0.74, 1.30) 57 337 1.39 (1.02, 1.90) 1.14 (0.93, 1.40)

$10 36 213 0.85 (0.60, 1.21) 41 259 1.30 (0.86, 1.96) 1.00 (0.77, 1.29)

Low-fat dairy

,4 93 571 Reference 242 1551 Reference Reference

4–6 107 589 1.11 (0.83, 1.48) 81 550 1.00 (0.77, 1.30) 1.04 (0.87, 1.25)

7–13 162 860 1.10 (0.79, 1.53) 60 396 1.02 (0.74, 1.42) 1.08 (0.86, 1.34)

$14 141 781 0.87 (0.58, 1.32) 17 125 0.92 (0.52, 1.63) 0.89 (0.66, 1.21)

Age $30 y

Total dairy

,7 23 100 Reference 152 1063 Reference Reference

7–9 33 261 0.64 (0.39, 1.06) 125 828 1.00 (0.80, 1.24) 0.88 (0.72, 1.07)

10–17 106 603 0.82 (0.53, 1.28) 118 939 0.89 (0.70, 1.13) 0.88 (0.72, 1.09)

$18 109 542 0.97 (0.61, 1.54) 27 197 0.99 (0.65, 1.50) 0.98 (0.75, 1.28)

High-fat dairy

,4 105 639 Reference 191 1377 Reference Reference

4–6 102 527 1.15 (0.87, 1.50) 141 959 0.99 (0.80, 1.23) 1.07 (0.91, 1.27)

7–9 36 171 1.17 (0.80, 1.72) 53 368 1.10 (0.80, 1.51) 1.17 (0.91, 1.49)

$10 28 169 0.95 (0.61, 1.47) 37 323 0.92 (0.62, 1.36) 0.91 (0.68, 1.21)

Low-fat dairy

,4 37 168 Reference 247 1724 Reference Reference

4–6 53 346 0.79 (0.51, 1.22) 112 791 0.98 (0.78, 1.22) 0.92 (0.75, 1.12)

7–13 93 586 0.68 (0.43, 1.09) 46 403 0.83 (0.59, 1.16) 0.83 (0.64, 1.07)

$14 88 406 0.83 (0.48, 1.45) 17 109 1.14 (0.65, 2.02) 1.06 (0.74, 1.51)

1 Values in parentheses are 95% CIs. One cup = 250 mL. For the pooled results, the ratio of FRs for a 1-unit increase in dairy variables within strata of age

and 95% CIs for this ratio were 1.00 (0.91, 1.10) for total dairy, 1.07 (0.87, 1.32) for high-fat dairy, and 0.92 (0.82, 1.04) for low-fat dairy. FR, fecundability

ratio; PRESTO, Pregnancy Study Online.
2 Adjusted for total energy intake, age, BMI, smoking history, parity, alcohol intake, last method of contraception, physical activity, regular multivitamin

use, and study cohort.
3 Adjusted for total energy intake, age, and BMI. PRESTO models were additionally adjusted for race/ethnicity and education. Snart Foraeldre models

were additionally adjusted for vocational training.
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were validated in each population, and dietary data were collected
before conception. The relative validity of selected nutrients was
high. Despite all the shortcomings of FFQs, they still remain the
most feasible method for assessing long-term dietary patterns in
large epidemiologic studies (31, 48, 49).

Internet-based recruitment has been criticized because the
characteristics of those with and without Internet access differ,
and among those with Internet access, those who participate in
studies may differ from those who do not (50). However, this
recruitment method would not affect the validity of the study
results unless the relation between diet and fertility differed
substantially between Internet users and nonusers, which is
unlikely (51). Furthermore, other studies (52–54) have shown
that even when participation at cohort entry is related to char-
acteristics such as age, parity, or smoking, measures of associ-
ation are not biased because of self-selection. Concerns about
selection bias stemming from length-biased recruitment of women
with longer TTPs—or misclassification caused by changes in diet
over time as a result of subfertility—can be assessed by stratifying
by attempts at study entry (e.g.,,3 compared with 3–6 cycles) and,
if needed, controlled by restricting couples with fewer attempts at
study entry. In this analysis, we observed little evidence of such bias.

In conclusion, our study showed a complex and inconsistent
relation between dairy intake and fecundability among Danish
and North American pregnancy planners. Total dairy and milk
consumption was associated with increased fecundability in
Denmark, where most milk consumed is of the low-fat variety.
Nevertheless, the data showed no clear association between low-
or high-fat dairy consumption and fecundability in either cohort.
Although there was little evidence of an association between
fecundability and dietary intake of calcium, potassium, mag-
nesium, or vitamin D in either cohort, greater intakes of phos-
phorus and lactosewere associated with slightly higher fecundability
in both cohorts, contrary to the hypothesis that greater lactose intake
harms fertility. Our findings for high- and low-fat dairy intake do not
agree with previous studies, thus implying that it is premature to
recommend that women increase their intake of high-fat dairy
products to improve fecundity (55).
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