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study question: Is dairy food consumption associated with live birth among women undergoing infertility treatment?

summaryanswer: There was a positive association between total dairy food consumption and live birth among women ≥35 years of age.

what is known already: Dairy food intake has been previously related to infertility risk and measures of fertility potential but its re-
lation to infertility treatment outcomes are unknown.

study design, size, duration: Our study population comprised a total of 232 women undergoing 353 in vitro fertilization (IVF) treat-
ment cycles between February 2007 and May 2013, from the Environment and Reproductive Health study, an ongoing prospective cohort.

participants/materials, setting, methods: Diet was assessed before assisted reproductive technology (ART) treatment
using a validated food frequency questionnaire. Study outcomes included ovarian stimulation outcomes (endometrial thickness, estradiol levels
and oocyte yield), fertilization rates, embryo quality measures and clinical outcomes (implantation, clinical pregnancy and live birth rates). We used
generalized linear mixed models with random intercepts to account for multiple ART cycles per woman while simultaneously adjusting for age,
caloric intake, BMI, race, smoking status, infertility diagnosis, protocol type, alcohol intake and dietary patterns.

main results and the role of chance: The age- and calorie-adjusted difference in live birth between women in the highest
(.3.0 servings/day) and lowest (,1.34 servings/day) quartile of dairy intake was 21% (P ¼ 0.02). However, after adjusting for additional cov-
ariates, this association was observed only among women ≥35 years (P, interaction ¼ 0.04). The multivariable-adjusted live birth (95% CI) in
increasing quartiles of total dairy intake was 23% (11, 42%), 39% (24, 56%), 29% (17, 47%) and 55% (39, 69%) (P, trend ¼ 0.02) among
women ≥35 years old, and ranged from 46 to 54% among women ,35 years old (P, trend ¼ 0.69). There was no association between dairy
intake and any of the intermediate outcomes.

limitations, reasons for caution: The lack of a known biological mechanism linking dairy intake to infertility treatment out-
comes calls for caution when interpreting these results and for additional work to corroborate or refute them.

wider implications of the findings: Dairy intake does not appear to harm IVF outcomes and, if anything, is associated with
higher chances of live birth.
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Introduction
One in six couples experiences infertility at some point in their repro-
ductive life (Hoffman and Williams, 2012). While women’s age and
BMI are the best characterized risk factors for infertility, emerging litera-
ture suggests that diet may also impact a couple’s ability to get pregnant
independent of a woman’s weight (Vujkovic et al., 2010; Gaskins et al.,
2014; Mumford et al., 2014). Dairy foods contribute 9% of calories to
the average American diet (U.S. Department of Agriculture et al.,
2011) and their share continues to increase (U.S. Department of Agricul-
ture, 2003). Previous work suggests that this trend may be of concern. In
rodent studies, high amounts of galactose intake, which in humans is
solely derived from dairy foods, cause reduced ovulatory rates and pre-
mature ovarian failure (POF) (Swarts and Mattison, 1988; Bandyopad-
hyay et al., 2003). Moreover, in the USA and other in Western
countries, milk and dairy products contain measurable amounts of repro-
ductive hormones (Garcı́a-Peláez et al., 2004; Pape-Zambito et al., 2010)
as cows are milked up to the third trimester of pregnancy (Daxenberger
et al., 2001).

Nevertheless, human studies investigating the association of dairy
products and female fertility have yielded inconsistent results (Cramer
et al., 1994; Greenlee et al., 2003; Chavarro et al., 2007; Toledo et al.,
2011). While milk consumption was associated with age-related
decreases in fertility rates in a 31-countries ecologic study (Cramer
et al., 1994), a subsequent case–control study found that women who
consumed three or more glasses of milk per day had a 70% lower risk
of infertility when compared with women who did not consume milk
(Greenlee et al., 2003). Moreover, a prospective cohort study found
that intake of high-fat dairy foods was associated with a lower risk of ovu-
latory infertility, while intake of low-fat dairy foods was associated with a
higher risk of ovulatory infertility (Chavarro et al., 2007). Of note, no
study has so far examined whether dairy food intake is related to out-
comes of women undergoing assisted reproduction. Thus, in this
study, we evaluated dairy food intake in relation to live birth per initiated
cycle among women undergoing infertility treatment at an academic
medical center in Boston, MA, USA. In addition, we made use of inter-
mediate outcomes to gain insights into the potential biological mediators
of this relation. We hypothesized that intake of total and full-fat dairy
foods would be associated with lower chances of live birth.

Materials and Methods

Study population
Subfertile couples attending the Massachusetts General Hospital (MGH) fer-
tility center were invited to enroll in the Environment and Reproductive
Health (EARTH) study, an ongoing prospective cohort started in 2006 to
identify environmental and nutritional determinants of fertility among
couples (Hauser et al., 2006). A food frequency questionnaire (FFQ) was
introduced in 2007. At enrollment, trained research nurses administered a
general health questionnaire (about demographics, lifestyle and medical
history) and carried out an anthropometric assessment. Our initial study
population consisted of the 316 women who completed at least one in
vitro fertilization (IVF) treatment cycle between February 2007 and May
2013. We excluded 76 women who were missing diet information and 8
women for whom diet was assessed more than 3 months after treatment
had already started, resulting in 232 women with 353 cycles in our analytic
dataset. Characteristics of women included and excluded from the analysis

were similar except that excluded women had a higher percentage of
cycles that failed before embryo transfer and diminished ovarian reserve
and endometriosis. The women were then followed during each of their
treatment cycles until either a live birth was achieved or they discontinued
their treatment at MGH. The sample size for each outcome depends on
the success of the previous stage. Out of 353 initiated cycles (including 30
cryopreserved cycles and 18 donor oocyte cycles), there were 305 fresh
IVF cycles. Of these fresh cycles, oocytes were retrieved from 288 cycles
while 17 fresh cycles were canceled or converted to intrauterine insemin-
ation cycles (IUI). A total of 322 cycles had an embryo transfer: 277 fresh
cycles with successful fertilization and embryo development, 28 cryopreser-
vation cycles and 17 donor oocyte cycles. After embryo transfer, there were
207 implantations, 185 clinical pregnancies and 149 cycles with live birth.

Ethical approval
All women signed an informed consent document. The study was approved
by the Human Subject Committees of the Harvard School of Public Health
and MGH.

Clinical management and assessment
of outcomes
Our primary outcome of interest was live birth per initiated cycle. However,
we made use of intermediate outcomes to gain insights into the potential bio-
logical mediators of the dairy intakes and live birth relation.

After completing a cycle of oral contraceptives, women underwent one of
three controlled ovarian stimulation IVF treatment protocols on Day 3 of
induced menses: (i) luteal phase GnRH-agonist protocol, (ii) follicular
phase GnRH-agonist/Flare protocol or (iii) GnRH-antagonist protocol. In
the luteal phase GnRH-agonist protocol, the Lupron dose was reduced at,
or shortly after, the start of ovarian stimulation with FSH/hMG. FSH/hMG
and GnRH-agonist or GnRH-antagonist was continued to the day of trigger
with Human Chorionic Gonadotrophin (hCG), 36 h before oocyte retrieval.
Estradiol levels were measured throughout the monitoring phase of the sub-
ject’s IVF treatment cycle (Elecsys Estradiol II reagent kit, Roche Diagnostics).
Oocyte retrieval was performed when follicle sizes on transvaginal ultrasound
reached 16–18 mm and the estradiol level reached at least 500 pg/ml.
Endometrial thickness was also monitored by ultrasound during this phase
and the thickness reached on the day of hCG trigger injection was recorded.

Trained embryologists identified the total numberof oocytes retrieved per
cycle and classified them as germinal vesicle, metaphase I, metaphase II (MII)
or degenerated. Oocytes underwent either IVF or intracytoplasmic sperm in-
jection (ICSI) as clinically indicated. Oocytes were checked for fertilization
17–20 h after insemination and those fertilized were graded as either nor-
mally fertilized (two pronuclei) or abnormally fertilized (one or poly pro-
nuclear). The resulting embryos were assessed for quality according to
their morphological characteristics on Day 3 and assigned a score between
1 (best) and 5 (worst), with grades 3, 4 and 5 considered poor quality.
Embryo cleavage rate was assessed by counting the number of cells in the
embryo on Day 3. Embryos that had reached 6–8 cells were considered
to be cleaving at a normal rate, embryos with 5 cells or fewer wereconsidered
to be slow cleaving, and embryos with 9 or more cells were considered to
have accelerated cleavage. For this analysis, embryos were classified as
best quality if they had 4 cells on Day 2, 8 cells on Day 3, and a morphologic
quality score of 1 or 2 on Days 2 and 3. The number of embryos transferred
was determined using the American Society for Reproductive Medicine’s
embryo transfer guidelines (Practice Committee of American Society for
Reproductive Medicine and Practice Committee of Society for Assisted
Reproductive Technology, 2013) and that was not in any way influenced by
study participation.

Clinical outcomes were assessed among women who underwent an
embryo transfer. Successful implantation was defined as an elevation in
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plasma b-hCG levels above 6 IU/l after embryo transfer. Clinical pregnancy
was defined as an elevation inb-hCG with the confirmation of an intrauterine
pregnancy by ultrasound, first performed at 6 weeks of gestation. Live birth
was defined as the birth of a neonate on or after 24 weeks gestation. All clin-
ical outcomes were abstracted from the patients’ medical records.

Dietary assessment
Participants completed a previously validated 131-item FFQ (Rimm et al.,
1992). They were asked to report how often, on average, they consumed
specific amounts of each foods, beverages and supplements, during the pre-
vious year. Participants were asked to indicate the multivitamin and supple-
ment brands, dose and frequency of use. The FFQ had nine categories for
food intake frequency options that ranged from never to six or more times
per day. There were 15 questions in the FFQ that addressed dairy intake.
The nutrient content of each food, its specific portion size and supplements
was calculated by the nutrient database from the US Department of Agricul-
ture (U.S. Department of Agriculture ARS, 2012) with additional information
from manufacturers when necessary. Assessment of dairy food intake using
this questionnaire has been validated against prospectively collected diet
records in a separate population (Salvini et al., 1989). The de-attenuated cor-
relation between specific dairy foods assessed with the FFQ and the 1 year
average of prospectively collected diet records ranged from 0.57 for hard
cheese to 0.94 for yogurt (Salvini et al., 1989). For our analysis, cheese was
defined as the sum of cream cheese and other cheeses. Low-fat milk was
defined as the sum of skim milk and reduced fat (1 and 2%) milk. Full-fat
dairy intake was defined as the sum of whole milk, cream, ice cream and
cheese. Low-fat dairy was defined as the sum of low-fat milk, yogurt and
cottage cheese. Total dairy food intake was defined as the sum of full-fat
and low-fat dairy. Non-dairy protein intake was calculated as the difference
between protein intake and dairy protein intake. Similarly, we calculated non-
dairy fat and non-dairy carbohydrate intake. We used two data-derived
dietary patterns to describe general patterns of food consumption
(Gaskins et al., 2012): the ‘prudent pattern’, characterized by intakes of
fish, fruits, cruciferous vegetables, yellow vegetables, tomatoes, leafy green
vegetables and legumes; while the Western pattern was characterized by
high intakes of processed meat, full-fat dairy, fries, refined grains, pizza and
mayonnaise. Women received a score on each of these patterns ranging
from 22.9 to 4.7 with higher scores indicating higher adherence to each of
these dietary patterns.

Statistical analysis
We first summarized participant characteristics and compared them across
quartiles of total dairy food intake. We used the Kruskal–Wallis test to
compare differences in continuous measures across categories of dairy
intake and x2 tests and an extended Fisher’s Exact test (when one or more
cell counts were ≤5) for categorical variables. We used multivariate general-
ized linear mixed models with random intercepts to account for multiple ART
cycles per woman. A Poisson distribution and log link function were stipu-
lated for oocyte counts and a binomial distribution and logit link function
were stipulated for fertilization, embryo quality and clinical outcomes. Peak
estradiol was evaluated with a normal distribution and identity link function.
Tests for linear trends (Rosner, 2000) were conducted using the median
values of each quartile of dairy intake as a continuous variable. Data are pre-
sented as population marginal means, adjusted for covariates (Searle et al.,
1980). Specific dairy foods were first considered as quintiles and when the
distribution was too narrow, we categorized them as quartiles or tertiles.

Confounding was assessed using prior knowledge regarding biological
relevance as well as descriptive statistics from our study population. Covari-
ates considered in full models included: calorie intake (continuous), age (con-
tinuous), BMI (continuous), race (white versus other), smoking status (ever
smoker versus other), infertility diagnosis (male factor, female factor or

unexplained infertility), treatment protocol type (Luteal phase agonist,
Flare or GnRH-antagonist), alcohol intake (continuous) and dietary patterns
(continuous). The full-fat dairy models were additionally adjusted for low-fat
dairy and vice versa. We further examined whether dairy macronutrients
were associated with outcomes using the nutrient density method
(Willett, 2013) where energy bearing nutrients are expressed as the percent-
age of total calories. Covariates were similar to the ones mentioned above
with three exceptions: models were not adjusted for dietary patterns but
instead for the non-dairy portion of that macronutrient and adding a term
for total fat, protein or carbohydrate intake.

To account for the potential for exposure misclassification as time
between diet assessment and outcome assessment increased, we conducted
a sensitivity analysis restricting to each women’s first ART cycle (n ¼ 232
women, 232 cycles). We also assessed effect modification of dietary associa-
tions with outcomes by BMI (,25 versus ≥25 kg/m2), smoking status
(never versus ever smokers), age (,35 versus ≥35 years) and infertility diag-
nosis type (male, female and unexplained) using cross-product terms in the
final multivariable model. These analyses were adjusted for the same covari-
ates as in the main analysis (mentioned above). SAS (Versions 9.3 and 9.4;
SAS Institute, Inc., Cary, NC, USA) was used for all statistical analyses.

Results
Our study population consisted of 232 women who collectively under-
went 353 ART cycles. The women’s mean age (SD) was 35.2 (4.5)
years; the majority was white (81%) and had never smoked (72%).
The women’s mean BMI was 24.2 (4.2) kg/m2, and 9% were obese
(BMI . 30 kg/m2). The majority of women (79%) reported undergoing
a previous infertility exam; 46% had a previous IUI cycle and 25% a pre-
vious IVF cycle. Cheese was the most commonly consumed dairy food
(32%), followed by low-fat milk (29%) and yogurt (19%). Total dairy
intake was positively related to total energy intake, dairy fat and
protein intakes, and the Western food pattern score and negatively
related to alcohol intake (Table I).

Total dairy intake was positively associated with live birth in analyses
adjusted for age and total energy intake (Table II). The age- and
calorie-adjusted difference in live birth between women in the lowest and
women in the highest quartile of dairy intake was 21% (P-value¼ 0.02).
This association was attenuated and became no longer significant
after adjustment for other potential confounders including BMI, race,
smoking status, infertility diagnosis, stimulaiton protocol, alcohol intake
and dietary patterns. In these models, the adjusted difference in live
birth between women in the lowest and women in the highest quartile
of dairy intake was 16% (P-value ¼ 0.10). No significant association of
live birth with intakes of full-fat and low-fat dairy was observed. When
individual dairy foods were examined in relation to clinical outcomes,
no associations between specific dairy foods and these outcomes was
observed (Table III), and dairy protein, dairy fat, lactose, dairy vitamin
D and dairy calcium were also not associated with clinical outcomes
(data not shown). When we evaluated intermediate end-points of
ART, total dairy intake was unrelated to ovarian stimulation outcomes
(Supplementary data, Table SI), fertilization (Supplementary data,
Table SII), or embryo quality (Supplementary data, Table SIII).

In a sensitivity analysis restricted to the first ART cycle, to reduce the
possibility of misclassification of true dairy intake, total dairy intake was
not associated with live birth (Supplementary data, Table SIV). The
results were similar to those within the full sample with multivariable-
adjusted percentages (95% CI) of 39% (26, 54%), 46% (33, 60%), 40%
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Table I Demographic and dietary characteristics of 232 women in the EARTH Study by quartile of total dairy intake.

Total dairy intake Pa

Q1 (lowest) Q2 Q3 Q4 (highest)

n 58 58 58 58

Range, servings/day ,1.34 1.38–1.94 1.96–2.97 3.02–6.15

Median (IQR) or n women (%)

Personal characteristics

Age (years) 34.0 (32.0, 37.0) 35.0 (33.0, 38.0) 35.0 (32.0, 39.0) 36.0 (33.0, 40.0) 0.09

White/Caucasian, n (%) 45 (77.6) 44 (75.9) 49 (84.5) 49 (84.5) 0.51

Body mass index (kg/m2) 22.8 (21.1, 25.6) 24.0 (21.0, 26.8) 22.9 (21.2, 25.0) 23.4 (21.6, 27.7) 0.52

Ever smoker, n (%) 19 (32.8) 10 (17.2) 18 (31.0) 19 (32.8) 0.18

Baseline reproductive characteristics

Initial infertility diagnosis (%) 0.20

Male factor 14 (24.1) 25 (43.1) 19 (32.8) 24 (41.4)

Female factor

Endometriosis 2 (3.5) 0 (0) 4 (6.9) 3 (5.2)

Tubal factor 7 (12.1) 3 (5.2) 2 (3.5) 5 (8.6)

Diminished ovarian reserve 3 (5.2) 4 (6.9) 3 (5.2) 7 (12.1)

Ovulation disorders 4 (6.9) 6 (10.3) 8 (13.8) 2 (3.5)

Uterine disorders 0 (0) 1 (1.7) 1 (1.7) 0 (0)

Unexplained 28 (48.3) 19 (32.8) 21 (36.2) 17 (29.3)

Initial treatment protocol (%) 0.73

Antagonist 5 (8.6) 7 (12.1) 4 (6.9) 7 (12.1)

Flareb 8 (13.8) 5 (8.6) 5 (8.6) 9 (15.5)

Luteal phase agonistc 45 (77.6) 46 (79.3) 49 (84.5) 42 (72.4)

Day 3 FSH, IU/ld 6.5 (5.4, 7.9) 6.9 (5.9, 8.5) 6.8 (5.7, 8.2) 6.9 (5.8, 8.1) 0.75

Previous infertility exam, n (%) 44 (75.9) 46 (80.7) 48 (82.8) 44 (75.9) 0.73

Previous IUI, n (%) 24 (41.4) 27 (45.6) 28 (48.3) 27 (46.6) 0.89

Previous IVF, n (%) 10 (17.2) 17 (29.3) 19 (32.8) 13 (22.4) 0.22

Embryo transfer day, n women (%) 0.28

No embryos transferred 7 (12.1) 4 (6.9) 6 (10.3) 4 (6.9)

Day 2 6 (10.3) 2 (3.5) 2 (3.5) 2 (3.5)

Day 3 21 (36.2) 27 (46.6) 29 (50.0) 33 (56.9)

Day 5 22 (37.9) 17 (29.3) 18 (31.0) 15 (25.9)

Oocyte donor or cryo cycle 2 (3.5) 8 (13.8) 3 (5.2) 4 (6.9)

Number of embryos transferred, n women (%) 0.08

No embryos transferred 7 (12.1) 4 (6.9) 6 (10.3) 4 (6.9)

1 embryo 4 (6.9) 6 (10.3) 9 (15.5) 6 (10.3)

2 embryos 41 (70.7) 32 (55.2) 32 (55.2) 28 (48.3)

3+ embryos 4 (6.9) 8 (13.8) 8 (13.8) 16 (27.6)

Oocyte donor or cryo cycle 2 (3.5) 8 (13.8) 3 (5.2) 4 (6.9)

Dietary characteristics

Total energy intake (kcal/day) 1397 (1104, 1733) 1571 (1369, 1973) 1856 (1505, 2276) 1989 (1724, 2469) ,0.0001

Caffeine intake (mg/day) 106.7 (26.8, 216.2) 125.3 (57.0, 201.7) 93.9 (51.6, 175.7) 94.4 (30, 225.4) 0.52

Alcohol intake (g/day) 13.0 (2.3, 23.0) 7.2 (2.3, 20.9) 6.9 (1.3, 12.9) 5.3 (1.4, 12.5) 0.05

Fat intake (% energy) 31.5 (28.6, 36.6) 32.4 (27.4, 36.2) 33.3 (28.1, 36.2) 32.5 (28.8, 35.2) 0.98

Dairy fat intake (% energy) 4.1 (2.7, 6.7) 6.9 (4.6, 8.7) 7.8 (5.6, 10.3) 9.4 (7.1, 12.1) ,0.0001

Protein intake (% energy) 16.4 (14.4, 18.0) 16.1 (14.6, 18.2) 16.3 (14.4, 17.9) 16.9 (15.7, 18.1) 0.18

Dairy protein intake (% energy) 2.4 (1.6, 3.4) 3.8 (2.8, 4.4) 4.2 (3.3, 5) 5.2 (4.2, 6.4) ,0.0001

Continued
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(28, 54%) and 56% (42, 70%) for increasing quartiles of intake (P, trend ¼
0.15). Just as in the primary analysis, we observed no association
between live birth and intakes of either full-fat or low-fat dairy.

The association between total dairy intake and live birth was signifi-
cantly modified by women’s age (P, interaction ¼ 0.04). Dairy food
intake was positively related to live birth among women ≥35 years
(P, trend ¼ 0.02) but not among younger women (P, trend ¼ 0.69)
(Fig. 1). Across increasing quartiles of dairy intake, the sample size for
women ,35 years old was 32, 26, 27 and 20, respectively; it was 26,
32, 31 and 38, respectively, for women ≥35 years old. A similar
pattern was observed when this stratified analysis was restricted to the
first ART cycle. Among women ≥35 years, the multivariable-adjusted
live birth rate (95% CI) in the first cycle for increasing quartiles of dairy
food intake was 16% (6, 35%), 50% (31, 69%), 35% (20, 54%) and 53%
(35, 71%) and for women ,35 years, it was 51% (32, 70%), 50% (30,
70%), 52% (32, 71%) and 60% (35, 81%) (P, interaction ¼ 0.06). There
was no evidence of effect modification by BMI, or smoking or infertility
type (P, heterogeneity .0.05 in all cases).

Discussion
In this prospective cohort of women undergoing infertility treatment with
assisted reproductive technologies, intake of dairy foods was positively
associated with live birth among women ≥35 years of age. This relation
did not differ between full-fat and low-fat dairy foods and did not appear
to be driven by one single dairy food item. Dairy food intake was not
related to ovarian response to stimulation, embryological, implantation
or clinical pregnancy outcomes.

The positive association between dairy food intake and live birth in
ART was unexpected. Given the inconsistency of the existing literature
and suggested biological effects of dairy foods on reproductive function,
we anticipated either an inverse relation or no association. Most of the
concern for potential adverse reproductive consequences of dairy
food consumption on human fertility stem from work on rodent
models of the ovary and its function and an early ecological study. Specif-
ically, rodent models show that compared with mice fed a standard diet,
galactose-exposed mice exhibit an increased rate of atresia and a
decreased state of follicular reserve (Bandyopadhyay et al., 2003).

In an ecological study, Cramer and collaborators compared per capita
milk consumption and age-specific fertility rates across 31 countries and
found that countries with higher per capita milk consumption had lower
age-specific fertility rates (Cramer et al., 1994). Nevertheless, the con-
cerns raised by these studies have not been corroborated by subsequent
epidemiologic studies. In a case–control study, women who consumed
three or more glasses of milk each day had a 70% lower risk of infertility
when compared with women who did not consume milk (Greenlee et al.,
2003). Moreover, a prospective cohort study reported no association
between total dairy intake and risk of infertility due to anovulation (Cha-
varro et al., 2007). However, this overall null finding was due to the fact
that intake of high-fat dairy foods was associated with a lower risk of ovu-
latory infertility, and intake of low-fat dairy foods was associated with a
higher risk of ovulatory infertility (Chavarro et al., 2007). To our knowl-
edge, no previous studies have evaluated whether intake of dairy foods is
related to outcomes of infertility treatment. Therefore, it is possible that
dairy foods may have different relations with infertility risk and with infer-
tility treatment outcomes, where many of the potential biological pro-
cesses necessary for fertility are modified, bypassed or externalized.

............................................................................................................

.............................................................................................................................................................................................

Table I Continued

Total dairy intake Pa

Q1 (lowest) Q2 Q3 Q4 (highest)

Carbohydrate intake (% energy) 49.8 (45.7, 54.5) 48.3 (43.5, 56.5) 50.3 (46.5, 53.5) 49.9 (44.2, 54.8) 0.95

Lactose intake (% energy) 1.9 (1.1, 3.3) 3.6 (2.3, 4.7) 3.8 (2.6, 4.7) 3.9 (2.8, 6.9) ,0.0001

Prudent pattern score 20.3 (20.9, 0.4) 20.2 (20.7, 0.3) 20.1 (20.8, 0.4) 0 (20.5, 0.5) 0.39

Western pattern score 20.6 (21.1, 0.1) 20.2 (20.9, 0.2) 0.1 (20.5, 0.7) 0.4 (20.2, 0.9) ,0.0001

Total folate (mg/day) 975 (773, 1386) 1197 (811, 1460) 1158 (835, 1391) 1224 (832, 1450) 0.61

Vitamin B12 (mg/day) 11.9 (7.7, 16.9) 11.9 (9.9, 16.5) 11.5 (9.6, 16.2) 13.7 (10.8, 17.1) 0.39

Calcium (mg/day) 1008 (830, 1430) 1190 (1031, 1545) 1238 (1040, 1516) 1358 (1162, 1625) 0.001

Dairy calcium (mg/day) 361 (249, 528) 588 (426, 729) 662 (484, 796) 813 (535, 986) ,0.0001

Calcium from supplements (mg/day) 401 (222, 435) 398 (233, 417) 399 (232, 407) 400 (294, 413) 0.63

Total vitamin D (IU/day) 570 (431, 746) 585 (506, 723) 557 (432, 677) 600 (491, 707) 0.51

Dairy vitamin D (IU/day) 35 (24, 100) 101 (53, 168) 92 (56, 132) 110 (59, 173) ,0.0001

Vitamin D from supplements (IU/day) 169 (7, 516) 201 (46, 438) 180 (37, 466) 194 (31, 209) 0.87

Multivitamin use, n (%)e 51 (89.5) 50 (89.3) 52 (89.7) 51 (87.9) 0.99

IUI, intrauterine insemination; IVF, in vitro fertilization; IQR, interquartile range.
aFrom Kruskal–Wallis test for continuous variables and x2 tests and fisher exact tests (when one or more cell counts were ≤5) for categorical variables.
bFollicular phase GnRH-agonist/Flare protocol.
cLuteal phase GnRH-agonist protocol.
dSample size by quartiles of total dairy intake n ¼ 48, 44, 50 and 52.
eA total of three women did not report whether or not they were consuming multivitamins. Sample size by quartiles of total dairy intake n ¼ 57, 56, 58 and 58.
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Clearly, further examination of the relation between dairy food intake
and pregnancy outcomes is needed.

It is not clear what biological mechanisms may mediate the observed
relation between dairy food intake and live birth among women ≥35
years. In our cohort, compared with women ,35, women ≥35 years
were more likely to have diminished ovarian reserve (13 versus 1%)
and tubal defects (9 versus 5%), but less likely to have ovulatory infertility
(5 versus 13%). Intake of dairy foods, and in particular of milk, is known to
influence circulating levels of IGF-I (Heaney et al., 1999; Giovannucci
et al., 2003) and through this mechanism, it is suspected to exert
effects on fetal growth. For example, milk consumption during pregnancy
has been associated with higher placental size and offspring size at birth in
the Danish National Birth Cohort (Olsen et al., 2007). Similarly, it has
been related to higher birthweight resulting from higher fetal weight
gain in the third trimester of pregnancy (Heppe et al., 2011). In a
case–control study of normal and PCOS IVF patients, among control
patients, lower serum insulin-like growth factor binding protein-3
(IGFBP-3) during ovarian stimulation was associated with higher likeli-
hood of pregnancy and ongoing pregnancy (Schoyer et al., 2007).
These results point out to the relevance of IGFBP-3 in the success of

assisted reproduction therapy. The most common points of treatment
failure in assisted reproduction are implantation followed by pre-clinical
and clinical pregnancy losses. Our findings of a lack of association with
pre-clinical end-points and a positive association with live births but
not with other clinical end-points are consistent with an interpretation
that dairy foods mayhave a positive influence on pregnancy maintenance.
Another equally likely interpretation is that these represent a chance
finding.

Although this study contributes to the scarce literature on this topic, it
does have limitations. First, while we adjusted for multiple factors includ-
ing dietary patterns, residual confounding by other variables that were
not measured or variables that were poorly measured is still possible.
We did not control for number of embryos transferred, because
embryo and transfer outcomes could be considered to be potential con-
sequences of dietary exposures in general and of dairy intake in particu-
lar, that could mediate in part any observed relation with clinical
outcomes following transfer (implantation, clinical pregnancy, live
birth). Hence, adjusting for number of embryos could be considered (in-
adequate) adjustment for an intermediate. Secondly, we cannot rule out
the possibility of measurement error given that we used a single diet

.............................................. ............................................. ...............................................

.............................................. ............................................. ...............................................
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Table II Association between dairy intake and clinical outcomes per initiated cycle in 232 women (353 cycles) from the
EARTH Study.a

Successful implantation Clinical pregnancy Live birth

Quartile
(range, servings/day)

Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted mean (95% CI)

Model 1b Model 2c Model 1b Model 2c Model 1b Model 2c

Total dairy

,1.34 0.52 (0.40, 0.63) 0.58 (0.46, 0.70) 0.48 (0.36, 0.60) 0.54 (0.41, 0.66) 0.34 (0.24, 0.46) 0.38 (0.26, 0.52)

1.38–1.94 0.64 (0.53, 0.74) 0.65 (0.53, 0.75) 0.55 (0.44, 0.66) 0.56 (0.44, 0.67) 0.42 (0.31, 0.54) 0.42 (0.30, 0.54)

1.96–2.97 0.52 (0.41, 0.63) 0.48 (0.37, 0.60) 0.50 (0.39, 0.62) 0.46 (0.34, 0.58) 0.44 (0.32, 0.56) 0.39 (0.27, 0.52)

3.02–6.15 0.67 (0.57, 0.77) 0.66 (0.54, 0.76) 0.60 (0.49, 0.71) 0.59 (0.47, 0.70) 0.55 (0.43, 0.66)* 0.54 (0.41, 0.66)

P-trendd 0.12 0.46 0.19 0.59 0.02 0.10

Full-fat dairye

,0.59 0.46 (0.35, 0.58) 0.49 (0.36, 0.62) 0.44 (0.33, 0.57) 0.46 (0.33, 0.59) 0.34 (0.23, 0.47) 0.36 (0.24, 0.50)

0.61–0.98 0.65 (0.54, 0.75)* 0.65 (0.54, 0.75) 0.60 (0.49, 0.70) 0.61 (0.49, 0.72) 0.44 (0.33, 0.56) 0.44 (0.33, 0.57)

1.00–1.59 0.65 (0.53, 0.75)* 0.63 (0.51, 0.74) 0.55 (0.44, 0.67) 0.53 (0.41, 0.65) 0.45 (0.33, 0.57) 0.42 (0.30, 0.55)

1.61–4.24 0.61 (0.50, 0.71) 0.61 (0.48, 0.72) 0.55 (0.44, 0.66) 0.55 (0.42, 0.67) 0.51 (0.40, 0.63) 0.51 (0.38, 0.63)

P-trend 0.31 0.49 0.50 0.70 0.08 0.18

Low-fat dairyf

,0.47 0.58 (0.46, 0.68) 0.61 (0.50, 0.72) 0.52 (0.41, 0.64) 0.56 (0.44, 0.68) 0.40 (0.29, 0.52) 0.43 (0.31, 0.55)

0.48–0.89 0.58 (0.45, 0.69) 0.58 (0.45, 0.70) 0.50 (0.38, 0.63) 0.49 (0.36, 0.62) 0.39 (0.27, 0.52) 0.37 (0.25, 0.51)

0.90–1.18 0.55 (0.44, 0.65) 0.54 (0.43, 0.64) 0.48 (0.38, 0.59) 0.47 (0.36, 0.59) 0.42 (0.31, 0.53) 0.42 (0.31, 0.53)

1.20–5.30 0.67 (0.56, 0.77) 0.66 (0.54, 0.76) 0.64 (0.52, 0.74) 0.62 (0.49, 0.73) 0.53 (0.41, 0.65) 0.51 (0.38, 0.63)

P-trend 0.33 0.74 0.25 0.62 0.14 0.39

aAll analyses were conducted using generalized linear mixed models with random intercepts, binomial distribution, logit link function and compound symmetry correlation structure.
bData are presented as predicted marginal means (95% CI) for the proportion with the indicated outcome, adjusted for total calorie intake and age.
cData are presented as predicted marginal means (95% CI) for the proportion with the indicated outcome, adjusted for total calorie intake, age, BMI, race, smoking status, infertility
diagnosis, protocol type, alcohol intake and dietary patterns.
dTest for trend were performed using the median level of dairy in each quartile as a continuous variable in the model.
eAdjusted for footnote ‘b’ and low-fat dairy.
fAdjusted for footnote ‘b’ and full-fat dairy.
Full-fat dairy includes whole milk, cream, ice cream and cheese; low-fat dairy includes reduced fat milk, yogurt and cottage cheese.
*Indicates a P , 0.05 comparing that quartile versus first quartile.
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Table III Association between specific dairy foods and estimated proportion with clinical outcomes in 232 women
(353 cycles) from the EARTH Study.a

N women Successful implantation Clinical pregnancy Live birth

Adjusted mean proportion
(95% CI)b

Cheesec

,0.22 58 0.58 (0.45, 0.70) 0.54 (0.41, 0.67) 0.41 (0.29, 0.55)

0.28–0.45 47 0.54 (0.42, 0.66) 0.48 (0.35, 0.60) 0.37 (0.26, 0.50)

0.51–0.94 70 0.60 (0.49, 0.71) 0.57 (0.46, 0.68) 0.48 (0.37, 0.60)

1.00–3.00 57 0.65 (0.53, 0.76) 0.55 (0.42, 0.67) 0.45 (0.32, 0.58)

P-trendd 0.32 0.63 0.46

Cream

,0.02 99 0.59 (0.50, 0.67) 0.53 (0.44, 0.62) 0.42 (0.33, 0.51)

0.08–0.14 57 0.67 (0.56, 0.77) 0.61 (0.49, 0.72) 0.47 (0.35, 0.59)

0.43–2.00 76 0.55 (0.45, 0.65) 0.50 (0.39, 0.60) 0.43 (0.33, 0.54)

P-trend 0.34 0.41 0.98

Whole milk

None 144 0.63 (0.56, 0.70) 0.57 (0.49, 0.64) 0.48 (0.41, 0.56)

0.02 41 0.49 (0.35, 0.62) 0.42 (0.29, 0.56) 0.32 (0.20, 0.46)

0.08–1.00 47 0.58 (0.45, 0.69) 0.54 (0.42, 0.66) 0.37 (0.26, 0.51)

P-value 0.59 0.90 0.22

Ice cream

,0.02 109 0.53 (0.45, 0.61) 0.49 (0.41, 0.58) 0.42 (0.34, 0.51)

0.08 79 0.69 (0.59, 0.77)* 0.60 (0.50, 0.70) 0.48 (0.38, 0.59)

0.14–1.00 44 0.59 (0.46, 0.71) 0.52 (0.39, 0.65) 0.38 (0.26, 0.52)

P-trend 0.19 0.46 0.81

Low-fat milke

,0.08 66 0.62 (0.51, 0.73) 0.57 (0.46, 0.68) 0.45 (0.33, 0.57)

0.10–0.28 41 0.55 (0.41, 0.68) 0.50 (0.36, 0.63) 0.39 (0.26, 0.54)

0.43–0.80 72 0.54 (0.43, 0.64) 0.47 (0.36, 0.57) 0.41 (0.31, 0.52)

0.82–4.00 53 0.68 (0.56, 0.78) 0.62 (0.5, 0.73) 0.47 (0.35, 0.60)

P-trend 0.28 0.37 0.58

Yogurtf

,0.08 53 0.55 (0.43, 0.66) 0.47 (0.35, 0.59) 0.34 (0.23, 0.47)

0.10–0.28 63 0.64 (0.53, 0.74) 0.57 (0.46, 0.68) 0.44 (0.33, 0.56)

0.30–0.57 57 0.61 (0.49, 0.71) 0.54 (0.42, 0.65) 0.45 (0.33, 0.57)

0.59–0.96 40 0.57 (0.43, 0.71) 0.55 (0.40, 0.69) 0.50 (0.35, 0.64)

1.00–2.28 19 0.62 (0.40, 0.80) 0.62 (0.39, 0.80) 0.54 (0.32, 0.75)

P-trend 0.93 0.41 0.11

Yogurt without frozen yogurt

,0.04 62 0.56 (0.44, 0.66) 0.49 (0.38, 0.61) 0.39 (0.28, 0.51)

0.08–0.16 56 0.63 (0.51, 0.74) 0.55 (0.43, 0.67) 0.44 (0.32, 0.56)

0.22–0.45 59 0.61 (0.49, 0.71) 0.55 (0.43, 0.66) 0.42 (0.31, 0.54)

0.51–2.14 55 0.60 (0.47, 0.71) 0.56 (0.44, 0.68) 0.49 (0.37, 0.62)

P-trend 0.84 0.55 0.34

aAll analyses were conducted using generalized linear mixed models with random intercepts, a binomial distribution, logit link function and compound symmetry correlation structure.
bData are presented as predicted marginal means (95% CI) for the proportion with the indicated outcome, adjusted for total calorie intake, age, BMI, race, smoking status, infertility
diagnosis, protocol type, alcohol intake and dietary patterns.
cIncludes cream cheese and other cheese.
dTest for trend were performed using the median level of dairy in each quartile as a continuous variable in the model.
eIncludes skim milk and 1 and 2% milk.
fIncludes frozen yogurt, plain yogurt and flavored yogurt.
*Indicates a P-value ,0.05 comparing that quartile versus first quartile.
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assessment. However, due to the prospective nature of our study, the
error would be expected to be non-differential which would lead to an
attenuation of the association. Thirdly, given the study sample size, we
had at least 80% statistical power to detect differences between the
top and bottom quartile of total dairy intake of 32% for successful
implantation, of 29% for clinical pregnancy and 20% for live birth.
However, the difference between the top and bottom quartile for
total dairy and live birth was 16%. Thus the limited sample size may
explain the lack of statistically significant associations of dairy intake
with live birth and other clinical outcomes. Finally, these results may
not be generalizable to women without known fertility problems. On
average, women in our study consumed 2.2 servings of dairy per day
while adult women in NHANES reported lower intakes (1.3 servings
per day) (Beydoun et al., 2008). However, women in this study are com-
parable with women in fertility clinics nationwide and therefore results
could be informative to women undergoing infertility treatment
(Chandra et al., 2014). Strengths of this study include its prospective
design, the use of a previously validated diet assessment questionnaire,
as well as the study size and complete follow-up which allowed us to
evaluate live birth as the main study outcome rather than ongoing
pregnancy rate.

In conclusion, there was a positive association between total dairy
intake and live birth among women ≥35 years of age undergoing ART.
These findings further suggest that dietary factors may impact treatment
outcomes among women undergoing infertility treatment. However, the
lack of previous data and of a known biological mechanism linking dairy
intake to infertility treatment outcomes calls for caution when interpret-
ing these results and for additional work to corroborate or refute them.

Supplementary data
Supplementary data areavailable athttp://humrep.oxfordjournals.org/.
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