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Objective: To examine the relationship between dairy food intake and semen parameters.
Design: Longitudinal study.
Setting: Academic medical center fertility clinic.
Patient(s): One hundred fifty-five men.
Intervention(s): None.
Main Outcome Measure(s): Total sperm count, sperm concentration, progressive motility, morphology, and semen volume.
Result(s): 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/d) had 33% (95% confidence interval [CI] 1, 55) higher sperm concentration and 9.3 percentage
units (95% CI 1.4, 17.2) higher sperm motility than men in the lowest quartile of intake (%0.28 servings/d). 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 percentage units (95% CI 3.0, 14.4) 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/d) had 53.2% (95% CI 9.7,
75.7) lower sperm concentration than men in the lowest tertile of cheese intake (<0.43 servings/d).
Use your smartphone
Conclusion(s): Our findings suggest that low-fat dairy intake, particularly low-fat milk, is
related to higher sperm concentration and progressive motility, whereas cheese intake is
related to lower sperm concentration among past or current smokers. (Fertil Steril�
2014;101:1280–7. �2014 by American Society for Reproductive Medicine.)
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nfertility affects 10%–15% of identified. Emerging evidence suggests different stages of pregnancy (6), dairy
I reproductive-aged couples (1, 2).
Although 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
Received October 15, 2013; revised and accepted Feb
M.C.A. has nothing to disclose. N.D.B. has nothing to

nothing to disclose. C.T. has nothing to disclose.
disclose. J.E.C. has nothing to disclose.

M.C.A. and N.D.B. should be considered similar in au
Supported by National Institutes of Health grants R0

mental Health Sciences, P30 DK046200 from N
Kidney Diseases. M.C.A. and A.J.G. were suppo
Service Award T32 DK 007703-16 from Nationa
Diseases.

Reprint requests: Myriam C. Afeiche, Ph.D., Departme
665 Huntington Avenue, Boston, Massachusett

Fertility and Sterility® Vol. 101, No. 5, May 2014 001
Copyright ©2014 American Society for Reproductive
http://dx.doi.org/10.1016/j.fertnstert.2014.02.003

1280
that environmental estrogens (E) may be
related to lower semen quality (4). A
particularly prevalent exposure route to
environmental E is by consumption of
dairy foods (5). Because commercial
milk is a mixture of milk from cows at
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products contain detectable amounts of
E and other hormones that increase
during pregnancy (7, 8) and account for
60%–80% of intake of E 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 spermmorphology andprogressive
motility among healthy young men (12).
Other researchers have reported higher
intake of full-fat dairy products among
oligoasthenoteratospermic men (11) and
of dairy products in general among as-
thenospermic (10) men. In addition,
full-fat dairy foods are an important
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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 amongmen attending a fertility clinic in Boston,
Massachusetts.
MATERIALS AND METHODS
Study Population

Men in subfertile couples presenting for evaluation at theMas-
sachusetts General Hospital Fertility Center were invited to
participate in an ongoing study of environmental factors
and fertility (16). Men from couples using their own gametes
for IUI or assisted reproductive technologies (ART), aged 18–
55 years, 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%) re-
cruited through March 2012. Of these, 161 men produced
one or more semen samples after the completion of the FFQ.
We excluded men with incomplete semen analysis data
(n ¼ 5) and azoospermic men (n ¼ 1). Because diet was as-
sessed once, we also excluded all semen samples (47 samples
from 8 men) that were collected >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, 155men with a to-
tal of 338 semen sampleswere included in the analysis; 57men
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 theMassachusetts General Hospi-
tal, 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 48 hours 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 cate-
gory (2–3 days). Semen samples were liquefied at 37�C for
20 minutes before analysis. Sperm morphology was deter-
mined 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 1 g/mL.
Sperm concentration and motility were assessed with
computer-aided semen analysis (Hamilton-Thorne, Bio-
sciences, Ceros, version 14). The percentage of motile sperm
was classified according to World Health Organization guide-
lines as progressive and total (progressive þ nonprogressive)
(18). Total sperm count was calculated as sperm
concentration � ejaculate volume. Similarly, total motile
count was calculated as sperm concentration � ejaculate
volume � total motility.
VOL. 101 NO. 5 / MAY 2014
Dietary Assessment

Participants completed a previously validated 131-item 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 op-
tions that ranged from never to six or more times per day.
Fifteen 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 Depart-
ment 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 deattenuated 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 skimmilk 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, char-
acterized by intakes of fish, low-fat dairy, fruits, vegetables,
whole grains; and the Western Pattern, characterized by pro-
cessed and red meats, fried fish and seafood, butter, marga-
rine, 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 rela-
tion 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 (CI). Popula-
tion marginal means (24) were used to present marginal pop-
ulation averages adjusted for the covariates in the model.
Total sperm count and sperm concentration were log-
transformed to more closely approximate a normal distribu-
tion. Results for these parameters were back-transformed to
allow presentation of results in the original scale. Tests for
1281
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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 examination was not a confounder
either but was included in multivariate models as a proxy
for knowledge of one's fertility to aid in identifying and ac-
counting for reverse causation. Exclusion of abstinence
time and history of infertility examination 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.
Because saturated fat intake has been previously related to
lower semen quality (14, 15), and full-fat dairy is an impor-
tant 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.

We performed a series of sensitivity analyses to evaluate
the robustness of our findings. Specifically, we conducted an-
alyses [1] restricted to the first post-FFQ sample of each man,
[2] restricted to samples collected within 90 days after
completion of the FFQ, [3] restricted to men who gave only
one sample, [4] restricted to men with two samples only,
and [5] restricted to men with three or more samples. We as-
sessed effect modification of dietary associations with semen
parameters by BMI (<25 kg/m2 andR25 kg/m2) and smoking
status (ever and never smokers) using cross-product terms.
We analyzed the data using SAS (version 9.2; SAS Institute
Inc.), and two-sided P values %.05 were considered statisti-
cally significant.
RESULTS
Participants were primarily white (83%), had never smoked
(63%), and had a mean (SD) age of 36.5 years (�4.9) years.
Most (71%) were overweight or obese (BMI R25 kg/m2).
Forty-six percent of men had one or more semen analysis pa-
rameters below the 2010World Health Organization reference
values (18) in their first semen analysis: 12% had<15 million
sperm/mL, 42% had <40% motile sperm, 39% had <4%
morphologically normal sperm, 17% had <1.5 mL ejaculate
volume, and 12% had a total sperm count <39 million. The
median (interquartile range) time between FFQ return and
the first semen sample was 158 days (interquartile range,
1282
82–258 d) and the time between FFQ return and the last semen
sample was 266 days (interquartile range, 160–408 d)
(Supplemental Fig. 1, available online). 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 white and never-smokers. They also had lower intakes of
polyunsaturated fats and higher intakes of total calories,
cold breakfast cereal, dairy protein, saturated and monoun-
saturated 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 (P¼ .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 in-
verse associations of cheese intake with total sperm count
(P¼ .06) and progressive motility (P¼ .07) (Table 2). Compared
with men in the lowest tertile of cheese intake (<0.43 serv-
ings/d), men in the highest tertile (0.82–2.43 servings/d) 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 with 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 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 (P¼ .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 indepen-
dent of overall food choices, as captured by data-derived di-
etary 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 (P¼ .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
(P¼ .004). Low-fat milk intake was also associated with
higher total motile count (Fig. 1).

Results of our different sensitivity analyses were in the
same direction regardless of how many samples were used
or time-related exclusions (Supplemental Table 1, available
VOL. 101 NO. 5 / MAY 2014
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TABLE 1

Participants' characteristics according to quartiles of dairy food intake.

Dairy food intake (quartiles, Q)

P valueQ1 (lowest) Q2 Q3 Q4 (highest)

N 39 39 38 39
Range (servings/d) 0.02–1.32 1.39–1.86 1.90–2.69 2.71–5.77

Median (IQR) or N (%)
Demographics

Age (y) 37 (33, 40.2) 36.4 (32.8, 39) 36.2 (33.8, 38.4) 35.8 (32.9, 41) .93
Race/ethnicity, N (%) .43

White, not Hispanic 28 (71.8) 36 (92.3) 30 (79.0) 35 (89.7)
Black 2 (5.1) 0 (0.00) 1 (2.6) 1 (2.6)
Asian 5 (12.8) 1 (2.6) 3 (7.9) 1 (2.6)
Hispanic or Latino 4 (10.3) 2 (5.1) 4 (10.5) 2 (5.1)

Body mass index (kg/m2) 26.2 (22.7, 29.9) 27.8 (26.5, 29.2) 27.1 (24.8, 29.4) 26.7 (23.7, 28.6) .15
Smoker, N (%) .04

Never smoker 25 (64.1) 20 (51.3) 23 (60.5) 30 (76.9)
Past smoker 12 (30.8) 19 (48.7) 13 (34.2) 6 (15.4)
Current smoker 2 (5.1) 0 (0.00) 2 (5.3) 3 (7.7)

Abstinence time <2 d
N (%)a

10 (25.6) 9 (23.1) 8 (21.1) 8 (20.5) .97

Diet
Total energy intake

(kcal/d)
1,461.5 (1,178.3, 2,241.3) 1,996.9 (1,635.4, 2,258.3) 2,184.2 (1,829.4, 2,520.1) 2,321.6 (1,935.6, 2,808.0) < .0001

Caffeine intake (mg/d) 113.5 (37.9, 283.5) 218.4 (71.4, 281.4) 181.6 (86.8, 253.5) 170.2 (80.8, 286.1) .58
Alcohol intake (g/d) 7.0 (2.7, 16.6) 13.3 (7.5, 22.6) 8.3 (3.6, 19.0) 10.6 (2.0, 19.2) .39
Cold breakfast cereal, 1

or more servings/d,
N (%)

9 (23.1) 18 (46.2) 27 (71.1) 23 (59.0) < .0001

Cooked oatmeal or oat
bran, 1 or more
servings/d, N (%)

3 (7.7) 7 (18.0) 7 (18.4) 7 (18.0) .46

Saturated fat (% energy) 9.6 (8, 11.2) 10.6 (8.8, 11.6) 10.4 (9, 11.9) 11.1 (8.8, 12.8) .15
Monounsaturated fat

(% energy)
12.3 (10.8, 15.2) 12.7 (11.8, 14.9) 11.9 (10.3, 13.6) 11.4 (10, 13.3) .06

Polyunsaturated fat
(% energy)

6.1 (5.1, 7.4) 6.5 (5.1, 7.6) 5.6 (4.7, 6) 5.4 (4.2, 6.1) .001

Trans fat (% energy) 1.1 (0.8, 1.3) 1.0 (0.8, 1.2) 0.9 (0.8, 1.1) 1.0 (0.8, 1.2) .55
Protein intake

(% energy)
15.7 (13.8, 17.3) 16.4 (14.7, 18.8) 16.1 (14.8, 17.5) 15.9 (14.5, 18) .72

Dairy protein intake
(% energy)

1.9 (1.4, 3) 3 (2.3, 3.6) 3.4 (2.8, 4) 4.6 (3.8, 5.8) < .0001

Prudent pattern score �0.5 (�1.1, 0.2) �0.1 (�0.8, 0.6) 0.1 (�0.4, 0.6) 0.1 (�0.4, 0.7) .01
Western pattern score �0.5 (�0.9, 0.1) 0 (�0.6, 0.5) �0.1 (�0.4, 0.6) 0 (�0.9, 0.9) .07

Reproductive history
Male factor infertility

diagnosis, N (%)
16 (41.0) 14 (35.9) 11 (29.0) 15 (38.5) .73

Previous infertility
examination (N (%)

28 (71.8) 29 (74.4) 29 (76.3) 32 (82.1) .76

Undescended testes,
N (%)

1 (2.6) 0 (0.00) 2 (5.3) 3 (7.7) .34

Varicocele, N (%) 3 (7.7) 6 (15.4) 2 (5.3) 4 (10.3) .54
Any reproductive

surgery, N (%)b
2 (5.1) 4 (10.3) 4 (10.5) 6 (15.4) .55

Note: P values taken from Kruskal-Wallis test for continuous variables, Fisher's exact test for categorical variables. IQR ¼ interquartile range.
a Calculated for the first sample for each man.
b Report of any of the following: orchidopexy, varicocelectomy, hydrocelectomy, hernia repair, urethral repair, hypospadias repair, sympathectomy, bladder neck surgery, or other reproductive
surgery.
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online). 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 con-
centration, on the other hand, was modified by smoking
(P¼ .01, heterogeneity). 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
(P¼ .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 (P¼ .62) among never-smokers.
VOL. 101 NO. 5 / MAY 2014
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. Furthermore,
the association between low-fat dairy and sperm
1283



TABLE 2

Adjusted semen quality parameters (mean [95% confidence interval]) according to intake of full-fat dairy foods.

Quantiles of dairy intake [range,
servings/d] N

Total sperm
count (million)

Sperm concentration
(million/mL)

Progressive
motility (% motile)

Sperm morphology
(% normal)

Ejaculate
volume (mL)

Full-fat dairy fooda

Quartile 1 [0.00–0.57] 37 137 (105–177) 57.7 (43.3–76.9) 28.4 (24.0–32.8) 6.8 (5.7–7.8) 2.7 (2.3–3.2)
Quartile 2 [0.59–0.94] 40 110 (85–143) 46.3 (35.5–60.4) 27.6 (23.0–32.2) 5.9 (4.9–7.0) 2.7 (2.3–3.0)
Quartile 3 [0.96–1.67] 39 126 (98–161) 52.5 (39.6–69.5) 26.5 (21.0–32.1) 6.4 (5.5–7.4) 2.7 (2.3–3.0)
Quartile 4 [1.68–5.45] 39 114 (87–149) 43.6 (33.0–57.6) 22.9 (18.1–27.7) 5.8 (4.6–7.0) 2.9 (2.5–3.4)

P trend .65 .35 .08 .47 .41
Cheeseb

Tertile 1 [0.00–0.43] 43 134 (107–167) 54.3 (42.6–69.2) 28.9 (24.9–32.8) 6.8 (5.9–7.7) 2.9 (2.4–3.3)
Tertile 2 [0.45–0.80] 56 133 (109–163) 58.2 (47.2–71.8) 27.3 (23.9–30.8) 6.4 (5.6–7.2) 2.6 (2.3–2.9)
Tertile 3 [0.82–2.43] 56 101 (81–127) 39.2 (30.8–49.9) 23.4 (19.0–27.9) 5.6 (4.6–6.6) 2.8 (2.5–3.1)

P trend .06 .03 .07 .11 .95
Cream

Tertile 1 [0.00] 39 99 (77–128) 40.8 (31.9–52.2) 23.4 (19.5–27.3) 5.5 (4.6–6.4) 2.7 (2.3–3.1)
Tertile 2 [0.02–0.08] 65 125 (105–150) 53.1 (43.6–64.6) 28.2 (24.8–31.5) 6.6 (5.8–7.4) 2.7 (2.4–2.9)
Tertile 3 [0.14–2.0] 51 135 (107–169) 52.9 (41.4–67.6) 26.4 (21.7–31.1) 6.4 (5.5–7.2) 2.9 (2.5–3.2)

P trend .27 .51 .97 .65 .38
Ice cream

Tertile 1 [0.00–0.02] 51 128 (105–156) 48.9 (40.1–59.8) 24.8 (21.5–28.1) 6.4 (5.5–7.2) 2.9 (2.6–3.2)
Tertile 2 [0.08] 55 106 (85–133) 44.0 (34.6–55.8) 26.7 (21.9–31.5) 6.1 (5.2–7.0) 2.7 (2.4–3.0)
Tertile 3 [0.14–2.00] 49 132 (107–164) 57.8 (46.4–72.1) 27.9 (24.2–31.6) 6.3 (5.4–7.1) 2.7 (2.3–3.0)

P trend .41 .12 .34 .96 .41
Whole milk

None 96 114 (98–134) 48.8 (41.3–57.7) 26.7 (23.4–30.0) 6.0 (5.4–6.6) 2.7 (2.4–2.9)
Any [0.02–1.00] 59 135 (110–165) 51.3 (41.3–63.7) 25.9 (22.6–29.3) 6.6 (5.8–7.5) 2.9 (2.6–3.2)

P value (comparing two groups) .23 .73 .75 .25 .31
Note: Adjusted for age, total energy intake, body mass index, smoking status, abstinence time, previous infertility diagnosis, race, and dietary patterns.
a Includes cheese, cream, ice cream, and whole milk.
b Includes cream cheese and other cheese.

Afeiche. Dairy intake and semen quality. Fertil Steril 2014.

ORIGINAL ARTICLE: ANDROLOGY
concentration appeared to be explained in part by dairy
protein intake. We also observed an inverse relation
between cheese intake and sperm concentration that
TABLE 3

Adjusted semen quality parameters (mean [95% confidence interval]) ac

Quantiles of dairy intake
[range, servings/d] N

Total sperm
count (million)

Sperm concent
(million/mL

Low-fat dairy fooda

Quartile 1 [0.00–0.28] 39 111 (86–144) 40.9 (31.8–52
Quartile 2 [0.30–0.75] 39 114 (87–151) 48.9 (36.7–65
Quartile 3 [0.77–1.20] 39 129 (100–166) 51.5 (38.6–68
Quartile 4 [1.22–3.54] 38 135 (103–177) 61.2 (46.1–81

P trend .26 .06
Low-fat milkc

Tertile 1 [0.00–0.10] 47 101 (81–127) 40.3 (31.9–50
Tertile 2 [0.14–0.57] 57 129 (105–159) 52.6 (42.3–65
Tertile 3 [0.80–2.64] 51 135 (109–168) 57.5 (44.8–73

P trend .08 .05
Yogurtd

Tertile 1 [0.00–0.08] 55 109 (88–136) 45.0 (36.5–55
Tertile 2 [0.10–0.30] 49 127 (102–159) 47.3 (37.2–60
Tertile 3 [0.36–1.16] 51 130 (106–159) 58.7 (46.8–73

P trend .35 .08
Note: Adjusted for age, total energy intake, body mass index, smoking status, abstinence time, pre
a Includes low fat milk, yogurt, and cottage cheese.
b P < .05 compared with men in the lowest category of intake.
c Includes skim milk and 1% and 2% milk.
d Includes frozen yogurt, plain yogurt, and flavored yogurt.
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appeared to be restricted to ever-smokers. These associa-
tions were independent of overall food choices as captured
by data-derived dietary patterns.
cording to intake of low-fat dairy foods.

ration
)

Progressive motility
(% motile)

Sperm morphology
(% normal)

Ejaculate
volume (mL)

.5) 21.6 (17.7–25.5) 6.4 (5.3–7.5) 3.0 (2.6–3.4)

.2) 26.5 (22.1–30.9) 5.5 (4.7–6.4) 2.6 (2.2–3.0)

.5) 27.5 (23.2–31.8)b 7.1 (6.0–8.1) 2.8 (2.5–3.2)

.3)b 30.9 (24.4–37.4)b 6.0 (4.8–7.2) 2.5 (2.0–3.0)
.03 .72 .44

.9) 20.8 (17.6–24.1) 5.9 (5.1–6.8) 2.7 (2.4–3.1)

.3) 28.8 (25.4–32.2)b 6.3 (5.4–7.1) 2.8 (2.4–3.1)

.7)b 29.5 (24.8–34.3)b 6.5 (5.6–7.5) 2.7 (2.3–3.1)
.003 .36 1.00

.4) 27.7 (23.8–31.7) 6.4 (5.6–7.2) 2.8 (2.4–3.1)

.2) 23.6 (19.9–27.3) 5.9 (4.9–6.9) 2.9 (2.7–3.2)

.5) 27.9 (23.4–32.3) 6.4 (5.6–7.3) 2.5 (2.2–2.9)
.65 .72 .31

vious infertility diagnosis, race, and dietary patterns.
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FIGURE 1

Total motile count by intakes of (A) low-fat dairy and (B) low-fat milk. Models adjusted for age, total energy intake, body mass index, smoking
status, abstinence time, previous infertility diagnosis, race, and dietary patterns. P ¼.11 for panel A and P ¼ .03 for panel B.
Afeiche. Dairy intake and semen quality. Fertil Steril 2014.
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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
E 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 solu-
ble, 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, although we had pre-
viously related cheese intake with lower semen quality among
healthy young men (12), the previously observed relation was
with sperm morphology rather than with concentration. Pre-
vious studies suggesting that sex steroids from dairy may
have limited biological activity also argue against this hy-
pothesis (25–27). 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 (28) that have
been related to lower sperm parameters (29) or that this asso-
ciation is a chance finding. Further examination of this rela-
tion is warranted.

We found strong positive relations of low-fat dairy foods
intake, particularly of low-fat milk, with sperm concentration
and motility. Although 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 circu-
lating levels of IGF-1 in free living populations (30,31) and
increases in IGF-1 levels in feeding trials (32,33). Intake of
protein from animal sources, which appeared to account for
the association between low-fat dairy and sperm concentra-
tion, increases postprandial insulinemia in animal and human
VOL. 101 NO. 5 / MAY 2014
feeding experiments (34,35). In addition, experimental
models show that insulin rescues spermatogenesis in type 1
diabetic mice (36) and increases total sperm count and
sperm motility in type 1 diabetic rats (37), whereas IGF-1 pro-
tects equine Leydig cells from undergoing apoptosis in vitro
(38). Given that spermatogenesis is a process of active cell di-
vision requiring insulin and that IGF-1 can bind and activate
Leydig cell insulin receptors (39), it is possible that the
observed relations of low-fat dairy with higher sperm concen-
tration and motility represent a biological effect in humans.
Although insulin and IGF-1 cannot cross the blood-testis bar-
rier in humans (36), 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.

Our findings are in partial agreement with existing liter-
ature among subfertile men. Mendiola et al. (11) found that
oligoasthenoteratospermic men had lower intakes of
skimmed milk than controls. In addition, in a case-control
study (10) of asthenospermic men in Iran, the odds of asthe-
nospermia were significantly lower with increasing intake
of skim milk. These two studies also found that the risk of oli-
goasthenoteratospermia increased with intake of full-fat
dairy products (11) and that risk of asthenospermia was
marginally elevated with higher intake of total dairy products
(P¼ .06) (10). Nevertheless, a third cross-sectional study (13)
among fertility patients in the Netherlands, found that dairy
intake was unrelated to semen quality. 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 partici-
pants were male partners in subfertile couples presenting
1285
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for evaluation at a fertility center, and many (76%) had pre-
viously undergone fertility evaluations, it is possible that
they would have changed specific aspects of their diet in
response to having difficulties conceiving or specific knowl-
edge of their semen quality. However, dairy food intake is
generally not regarded as a risk factor for low semen quality
or male factor infertility, therefore it is unlikely men would
have instituted this specific dietary change. In addition, we
tried to minimize the possibility of reverse causation by
limiting the analysis to semen analyses performed after
completion of the dietary assessment to maintain a strictly
prospective analysis of dairy food intake in relation to semen
parameters. Second, An additional limitation of an infertility
clinic population is that results may not be generalizable to
men without known fertility problems. However, approxi-
mately half (47%) of the men in this population had no detect-
able problems in their semen analysis, ruling out male factor
infertility. On the other hand, men in this study are compara-
ble 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 assess-
ment 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 progressivemotility,
resulting in higher total motile sperm counts. We also found
that cheese intakewas associatedwith lower sperm concentra-
tion 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 ormale factor
infertility remain limited. Therefore, additional prospective
studies of this relation are needed, including studies exploring
the biological mechanisms explaining these associations.
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SUPPLEMENTAL FIGURE 1

Study design overview showing the timing of semen sample collections. A total of 155 men with 338 semen samples were included in the analysis;
98 men provided only one sample, 51 men provided two samples, and 47 men provided three or more samples. FFQ ¼ food frequency
questionnaire; IQR ¼ interquartile range.
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SUPPLEMENTAL TABLE 1

Adjusted semen quality parameters (mean [95% confidence interval]) according to intake of dairy foods.

Original model
First post-FFQ

sample
Samples collected
within 90 days

Men with 1
sample only

Men with 2
samples only

Men with 3 D
samples

N 338 samples
among 155 men

155 samples
among 155 men

58 samples
among 44 men

57 samples
among 57 men

102 samples
among 51 men

179 samples
among 47 men

Sperm concentrationa

Low-fat dairy foodb 1.2 (1.1, 1.4) 1.2 (1.0, 1.4) 1.5 (1.0, 2.2) 1.4 (1.0, 1.9) 1.3 (0.9, 1.8) 1.2 (0.8, 1.7)
Low-fat milkc 1.2 (1.0, 1.4) 1.1 (0.9, 1.3) 1.4 (0.9, 2.1) 1.2 (0.8, 1.6) 1.3 (0.9, 1.8) 1.2 (0.8, 1.7)

Sperm progressive motility (% motile)
Low-fat dairy food 3.7 (0.7, 6.7) 3.9 (0.3, 7.5) 4.9 (�0.1, 9.9) 4.9 (�1.6, 11.5) 6.8 (0.7, 13.0) �0.1 (�4.5, 4.3)
Low-fat milk 3.7 (0.3, 7.0) 3.7 (�0.3, 7.7) 5.5 (0.3, 10.7) 4.9 (�2.3, 12.2) 6.2 (�0.8, 13.1) 0.2 (�4.0, 4.4)

Note: Sensitivity analyses comparing the original model–using all samples per man–to a restricted sample size. Results are in the same direction regardless of how many samples are used or time-
related exclusions; Adjusted for age, total energy intake, body mass index, smoking status, abstinence time, previous infertility diagnosis, race, and dietary patterns. FFQ ¼ food frequency
questionnaire.
a Interpreted as fold differences in sperm concentration (million/mL) associated with an increase in 1 serving/day.
b Includes low fat milk, yogurt, and cottage cheese.
c Includes skim milk and 1% and 2% milk.
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