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Abstract

Objective—To examine the relationship between dairy food intake and semen parameters

Design—Longitudinal study

Setting—Men attending academic medical center fertility clinic in Boston, MA

Patients—155 men

Interventions—None

Main Outcome Measures—total sperm count, sperm concentration, progressive motility, and

morphology

Results—Low-fat dairy intake was positively related to sperm concentration and progressive

motility. On average, men in the highest quartile of intake (1.22–3.54 servings/day) had 33%

(95% confidence interval (CI) 1, 55) higher sperm concentration and 9.3 (95%CI 1.4, 17.2)
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percentage units higher sperm motility than men in the lowest quartile of intake (≤0.28 servings/

day). These associations were primarily explained by intake of low-fat milk. The corresponding

results for low-fat milk were 30% (95%CI 1,51) higher sperm concentration and 8.7 (95%CI 3.0,

14.4) percentage units higher sperm motility. Cheese intake was associated with lower sperm

concentration among ever smokers. In this group, men in the highest tertile of intake (0.82–2.43

servings/day) had 53.2% (95%CI 9.7, 75.7) lower sperm concentration than men in the lowest

tertile of cheese intake (<0.43 servings/day).

Conclusions—Our findings suggest that low-fat dairy intake, particularly low-fat milk, is

related to higher sperm concentration and progressive motility, while cheese intake to lower sperm

concentration among past or current smokers.
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Introduction

Infertility affects 10–15% of reproductive-aged couples (1, 2). While reproductive

abnormalities in the male partner are identified in as many as 58% of the couples evaluated

for infertility (3), few risk factors for abnormal semen quality have been identified.

Emerging evidence suggests that environmental estrogens may be related to lower semen

quality (4). A particularly prevalent exposure route to environmental estrogens is via

consumption of dairy foods (5). Because commercial milk is a mixture of milk from cows at

different stages of pregnancy (6), dairy products contain detectable amounts of estrogens

and other hormones that increase during pregnancy (7, 8) and account for 60–80% of intake

of estrogens from foods in Western countries (9). Intake of milk and other dairy products

has been related to lower semen quality in some studies (10–12), but not others (13). We

have previously reported that intake of full-fat dairy foods is associated with a lower sperm

morphology and progressive motility among healthy young men (12). Others have reported

higher intake of full-fat dairy products among oligoasthenoteratospermic men (11) and of

dairy products in general among asthenospermic (10) men. In addition, full fat dairy foods

are an important source of saturated fat which has been previously related to low sperm

counts (14, 15). Thus we hypothesized that full-fat dairy products would be related to lower

semen quality. We examined this hypothesis among men attending a fertility clinic in

Boston, Massachusetts.

Materials and Methods

Study population

Men in subfertile couples presenting for evaluation at the Massachusetts General Hospital

(MGH) Fertility Center were invited to participate in an ongoing study of environmental

factors and fertility (16). Men from couples using their own gametes for intrauterine

insemination or assisted reproductive technologies, aged 18–55, and without a history of

vasectomy were eligible. A food frequency questionnaire (FFQ) was introduced in April

2007, and was completed by 188 of the 246 men (76%) recruited through March 2012. Of
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these, 161 men produced one or more semen samples after the completion of the FFQ. We

excluded men with incomplete semen analysis data (n=5) and azoospermic men (n=1).

Because diet was assessed once, we also excluded all semen samples (47 samples from 8

men) that were collected more than 18 months after FFQ completion to minimize any

influence that misclassification of dairy intake due to true intake changes over time might

have on the associations. After exclusions, 155 men with a total of 338 semen samples were

included in the analysis; 57 men provided only 1 sample, 51 men provided 2 samples, and

47 men provided 3 or more samples. At enrollment, trained personnel administered a general

health questionnaire (asking about demographics, lifestyle, and reproductive disorders such

as varicocele and surgical scars) and men completed an anthropometric assessment at the

clinic. The study was approved by the Human Subject Committees of the Harvard School of

Public Health and the MGH, and informed consent was obtained from all participants.

Semen analysis

Semen samples were obtained on site by masturbation and collected into a sterile plastic

container. Men were instructed to abstain from ejaculation for 48hs before producing the

sample and to report the specific time of abstinence; 18 men (19 semen samples) did not

report their last ejaculation date and were assigned to the most common abstinence time

category (2–3 days). Semen samples were liquefied at 37°C for 20 min before analysis.

Sperm morphology was determined using Kruger’s strict criteria and results were expressed

as percent normal spermatozoa (17). Ejaculate volume was estimated by sample weight

assuming a density of 1g/mL. Sperm concentration and motility were assessed with

computer-aided semen analysis (Hamilton-Thorne Version 10HTM-IVOS). The percentage

of motile sperm was classified according to World Health Organization guidelines as

progressive and total (progressive + non-progressive) (18). Total sperm count was calculated

as sperm concentration x ejaculate volume. Similarly, total motile count was calculated as

sperm concentration x ejaculate volume x total motility.

Dietary assessment

Participants completed a previously validated 131-item food frequency questionnaire (FFQ)

at home (19). They were asked to report how often, on average, they consumed specific

foods during the previous year. The FFQ had nine categories for intake frequency options

that ranged from never to six or more times per day. 15 questions in the FFQ addressed

dairy intake. The nutrient content of each food and the specific portion size was calculated

by the nutrient database from the US Department of Agriculture (20) with additional

information from manufacturers when necessary. Assessment of dairy food intake using this

questionnaire has been validated against prospectively collected diet records representing 1

year of a diet (21). The de-attenuated correlation of dairy food intakes assessed with the

FFQ and the 1 year average of prospectively collected diet records ranged from 0.52 for

cottage cheese to 0.88 for skim milk (21). Low-fat milk was defined as the sum of skim milk

and low-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. We used two data-derived dietary patterns to describe general patterns of food

consumption (22): the “Prudent Pattern”, characterized by intakes of fish, low-fat dairy,
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fruits, vegetables, whole grains; and the “Western Pattern”, characterized by processed and

red meats, fried fish and seafood, butter, margarine, full-fat dairy, French fries, refined

grains, pizza, snacks, high energy drinks, mayonnaise, and sweets. We then calculated a

summary score, ranging from −1.7 to 3.7 for the prudent pattern and −2.1 to 5.0 for the

western pattern, reflecting how closely each man followed each of these dietary patterns

(where higher scores reflect closer adherence).

Statistical analysis

We first summarized participant characteristics and compared them across quantiles of dairy

food intake. We used the Kruskal-Wallis test to compare differences in continuous measures

across categories of dairy intake and an extended Fisher’s Exact test for categorical

variables. Linear mixed models with random intercepts were used to examine the relation

between dairy food intake and semen parameters while adjusting for potential confounders

and accounting for the correlation between multiple semen samples provided by the same

man. Specifically, in these regression models, we compared semen quality parameters (total

sperm count, sperm concentration, progressive motility, morphology, and semen volume)

for men in increasing quantiles of dairy food intake in relation to those of men in the lowest

quantile (reference). Robust estimators of the variance (23) were used in the computation of

95% confidence intervals. Population marginal means (24) were utilized to present marginal

population averages adjusted for the covariates in the model. Total sperm count and sperm

concentration were log-transformed to more closely approximate a normal distribution.

Results for these parameters were back-transformed to allow presentation of results in the

original scale. Tests for linear trend were performed using the median values of dairy intake

in each category as a continuous variable and semen parameters as the response variable.

Potential confounders were baseline characteristics that have been associated with dairy

intake and semen analysis, in our own analysis or in prior studies. Based on these criteria, all

models were adjusted for age, body mass index (BMI), smoking status, race, and caloric

intake. Abstinence time was associated with semen parameters but not with dairy intake and,

therefore, was not a confounder. Following convention in semen quality studies, however,

we included abstinence time in our multivariate adjusted models. History of previous

infertility exam was not a confounder either but was included in multivariate models as a

proxy for knowledge of one’s fertility in order to aid in identifying and accounting for

reverse causation. Exclusion of abstinence time and history of infertility exam did not

change the results. We further adjusted for principal components-derived dietary patterns,

which have been previously related to semen parameters (22), to determine whether any

observed association was specific to a particular dairy food or whether the overall food

selection patterns explained the association. Since saturated fat intake has been previously

related to lower semen quality (14, 25), and full-fat dairy is an important source of saturated

fat, we further adjusted models for fat intake to explore whether any observed association

was accounted for by fat intake. Similarly, we examined whether intake of breakfast cereals

accounted for the association of milk and semen quality because intake of breakfast cereals

is associated with milk intake and breakfast cereals contain large amounts of added vitamins

and minerals which have been related to higher semen quality.
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We performed a series of sensitivity analyses to evaluate the robustness of our findings.

Specifically, we conducted analyses a) restricted to the first post-FFQ sample of each man,

b) restricted to samples collected within 90 days after completion of the FFQ, c) restricted to

men who gave only 1 sample, d) restricted to men with 2 samples only, and e) restricted to

men with 3 or more samples. Last, we assessed effect modification of dietary associations

with semen parameters by BMI (<25 kg/m2 and ≥25 kg/m2) and smoking status (current and

never/former smokers) using cross-product terms. We analyzed the data using SAS (version

9.2; SAS Institute Inc., Cary, NC, USA), and two-sided p-values ≤ 0.05 were considered

statistically significant.

Results

Participants were primarily Caucasian (83%), had never smoked (63%), and had a mean

(SD) age of 36.5 (4.9) years. The majority (71%) were overweight or obese (BMI ≥25

kg/m2). Forty six percent of men had one or more semen analysis parameters below the

2010 WHO reference values (18) in their first semen analysis: 12% had <15 million

sperm/mL, 42% had <40% motile sperm, and 39% had <4% morphologically normal sperm,

17% had <1.5mL ejaculate volume and 12% had a total sperm count <39 million. The

median (interquartile range (IQR)) time between FFQ return and 1st semen sample was 158

days (IQR=82 to 258); and the time between FFQ return and last semen sample was 266

days (IQR =160 to 408) (Supplementary Figure 1). The number of semen samples produced

by each man was not related to dairy intake, infertility diagnosis, or semen quality

parameters. Cheese (34%) and low-fat milk (28%) accounted for more than half of all dairy

food intake.

Men with a high intake of dairy foods were more likely to be Caucasian and never smokers.

They also had lower intakes of poly-unsaturated fats and higher intakes of total calories,

cold breakfast cereal, dairy protein, saturated and mono-unsaturated fats, and ranked higher

in the Prudent Pattern score (Table 1).

Full-fat dairy food intake was not associated with semen parameters but cheese intake was

associated with lower sperm concentration (p-trend=0.03) (Table 2). Adjustment for dairy

fat intake did not change the relation between cheese intake and sperm concentration. There

was also a suggestion of inverse associations of cheese intake with total sperm count (p-

trend=0.06) and progressive motility (p-trend=0.07) (Table 2). Compared to men in the

lowest tertile of cheese intake (<0.43 servings/day), men in the highest tertile (0.82–2.43

servings/day) had 31.9% (95% CI −82.9, 4.8) lower total sperm count, 38.5 (95% CI −98.3,

3.2) lower sperm concentration, and 5.4% units (95% CI −0.7, 11.6) lower progressive

motility.

Low-fat dairy foods, on the other hand, were positively related to sperm concentration and

progressive motility (Table 3). Compared to men in the lowest quartile of low-fat dairy

intake, men in the highest quartile had 33.3% (95% CI 0.6, 55.2) higher sperm concentration

and 9.3% units (95% CI 1.4, 17.2) higher progressive motility. This association was driven

by intake of low-fat milk (Table 3). Men in the highest tertile of low-fat milk intake had

29.9% (95% CI 0.6, 50.5) higher sperm concentration and 8.7% (95%CI 3.0, 14.4) higher
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progressive motility than men in the lowest tertile. Adjustment for dairy protein intake

attenuated the association of low-fat milk intake with sperm concentration. In a model

including an additional term for dairy protein intake, the adjusted means (95% CI) in

increasing categories of low-fat milk intake were 41.0 (32.1, 52.5), 52.4 (42.2, 65.2), 56.1

(42.2, 74.6) million sperm/mL (p-trend=0.14) Adjustment for dairy protein intake had no

impact on the relation between low-fat milk intake and sperm motility.

Although the observed relations appeared to be independent of overall food choices, as

captured by data-derived dietary patterns, we further examined the possibility of residual

confounding by breakfast cereal intake. The adjusted sperm concentrations (95% CI) in

increasing tertiles of low-fat milk intake were 39.1 (30.7, 49.8), 52.2 (42.0, 64.8), and 59.6

(45.8, 77.5) million sperm per mL in models further adjusted for cereal breakfast intake (p-

trend=0.03). The corresponding values for progressive motility were 20.4% (16.9, 23.8),

28.7% (25.2, 32.1), and 30.2% (24.9, 35.4) progressively motile sperm (p-trend=0.004).

Low-fat milk intake was also associated with higher total motile count (Figure 1).

Results of our different sensitivity analyses were in the same direction regardless of how

many samples were used or time-related exclusions (Supplementary table 1). There was no

evidence of effect modification by BMI or smoking for the observed associations with low-

fat dairy or low-fat milk. The association of cheese intake and sperm concentration, on the

other hand, was modified by smoking (p, heterogeneity = 0.01). The adjusted sperm

concentration in increasing tertiles of cheese intake was 63.8 (39, 104.2), 63.3 (47.9, 83.7),

and 29.9 (20.1, 44.3) million per mL (p-trend=0.009) among ever smokers (past and

current), and 49.9 (39, 63.8), 53.1 (39.9, 70.6), and 46.4 (34.9, 61.6) million per mL (p-

trend=0.62) among never smokers.

Discussion

We prospectively investigated the association of dairy foods intake and semen quality

parameters in a cohort of men attending a fertility clinic and found that low-fat dairy food

intake was associated with higher sperm concentration and motility. This association was

driven by intake of low-fat milk and was independent of overall food choices as captured by

data-derived dietary patterns. Further, the association between low-fat dairy and sperm

concentration appeared to be explained in part by dairy protein intake. We also observed an

inverse relation between cheese intake and sperm concentration that appeared to be

restricted to ever smokers. These associations were independent of overall food choices as

captured by data-derived dietary patterns.

The inverse relation between cheese intake and sperm concentration among smokers is not

entirely consistent with our initial hypothesis that full-fat dairy products would be associated

with lower semen quality regardless of smoking status. Favoring this hypothesis, decreased

sperm production, manifested in lower concentration, could be the result from of estrogens

from dairy contributing to a negative feedback loop on LH and FSH. Some of our findings,

however, argue against this hypothesis. For example, because sex steroids are lipid soluble,

we expected that adjustment for dairy fat intake would attenuate associations between full

fat dairy foods and semen quality but this was not the case. Also, while we had previously
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related cheese intake with lower semen quality among healthy young men (12), the

previously observed relation was with sperm morphology rather than with concentration.

Previous studies suggesting that sex steroids from dairy may have limited biological activity

also argue against this hypothesis (26–28). Furthermore, the association of cheese intake and

sperm concentration was restricted to ever smokers raising the possibility that this relation

may be reflective of unhealthy behaviors not adequately captured in this study. Equally

plausible alternative hypotheses include the possibility that this relation is reflective of

environmental contaminants present in full-fat dairy products (29) that have been related to

lower sperm parameters (30) or that this association is a chance finding. Further examination

of this relation is warranted.

We found strong positive relations of low-fat dairy foods intake, particularly of low-fat milk,

with sperm concentration and motility. While not part of our original hypothesis, this finding

may reflect known effects of low-fat dairy intake on circulating insulin growth factor-1

(IGF-1) and insulin levels. Low-fat milk intake is associated with higher circulating levels of

IGF-1 in free living populations (31, 32) and increases IGF-1 levels in feeding trials (33,

34). Intake of protein from animal sources, which appeared to account for the association

between low-fat dairy and sperm concentration, increases post-prandial insulinemia in

animal and human feeding experiments (35, 36). Moreover, experimental models show that

insulin rescues spermatogenesis in type I diabetic mice (37) and increases total sperm count

and sperm motility in type I diabetic rats (38) while IGF-1 protects equine Leydig cells from

undergoing apoptosis in vitro (39). Given that spermatogenesis is a process of active cell

division requiring insulin and that IGF-1 can bind and activate Leydig cell insulin receptors

(40), it is possible that the observed relations of low-fat dairy with higher sperm

concentration and motility represent a biological effect in humans. Although insulin and

IGF-1 cannot cross the blood-testis barrier in humans (37), the observed association could

represent their effects on Leydig cells (which are outside of the blood testis barrier), Sertoli

cells (which create the blood testis barrier) or spermatogonia (also outside of the blood testis

barrier). Given the limited data available, further work is needed to clarify whether the

observed associations represent true biological effects and whether these are mediated by the

mechanisms described above.

Our findings are in partial agreement with existing literature among subfertile men.

Mendiola et al. found that oligoasthenoteratospermic men had lower intakes of skimmed

milk than controls (11). In addition, in a case-control study of asthenospermic men in Iran,

the odds of asthenospermia were significantly lower with increasing intake of skim milk

(10). These two studies also found that risk of oligoasthenoteratospermia increased with

intake of full-fat dairy products (11) and that risk of asthenospermia was marginally elevated

with higher intake of total dairy products (p-trend=0.06) (10). Nevertheless, a third cross-

sectional study among fertility patients in the Netherlands, found that dairy intake was

unrelated to semen quality (13). In addition, we have previously reported no association

between low-fat dairy and semen quality and inverse relations of cheese intake with sperm

morphology among healthy young men (12).

Although this study contributes to the scarce literature on this topic, it does have limitations.

First, because all participants were male partners in subfertile couples presenting for
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evaluation at a fertility center, and many (76%) had previously undergone fertility

evaluations, it is possible that they would have changed specific aspects of their diet in

response to having difficulties conceiving or specific knowledge of their semen quality.

However, dairy food intake is generally not regarded as a risk factor for low semen quality

or male factor infertility so it is unlikely men would have instituted this specific dietary

change. Moreover, we tried to minimize the possibility of reverse causation by limiting the

analysis to semen analyses performed after completion of the dietary assessment in order to

maintain a strictly prospective analysis of dairy food intake in relation to semen parameters.

An additional limitation of an infertility clinic population is that results may not be

generalizable to men without known fertility problems. However, around half (47%) of the

men in this population had no detectable problems in their semen analysis, ruling out male

factor infertility. On the other hand, men in this study are comparable to men in fertility

clinics nationwide and therefore results could be informative to men facing fertility

problems. Strengths of this study include the use of a previously validated diet assessment

questionnaire (19), and the assessment and adjustment for a variety of other lifestyle factors

that could be potential confounding variables. Another major strength is the use of multiple

samples on most men given that semen parameters are known to be highly variable within-

person (18).

In summary, we prospectively investigated dairy foods intake in relation to semen quality

among men attending a fertility clinic in an academic medical center and found that low-fat

dairy foods, especially low-fat milk, were positively associated with sperm concentration

and progressive motility resulting in higher total motile sperm counts. We also found that

cheese intake was associated with lower sperm concentration among ever smokers.

Although the observed relations are biologically plausible, data on the relation of diet in

general and dairy foods in particular with semen quality or male factor infertility remains

limited. Therefore, additional prospective studies of this relation are needed including

studies exploring the biological mechanisms explaining these associations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
a Adjusted for age, total energy intake, body mass index, smoking status, abstinence time, previous infertility diagnosis, race,

and dietary patterns

* P-value <0.05 compared to men in the lowest tertile of intake
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