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background: The objective of this study was to examine the relation between dietary fats and semen quality parameters.

methods: Data from 99 men with complete dietary and semen quality data were analyzed. Fatty acid levels in sperm and seminal plasma
were measured using gas chromatography in a subgroup of men (n ¼ 23). Linear regression was used to determine associations while adjust-
ing for potential confounders.

results: Men were primarily Caucasian (89%) with a mean (SD) age of 36.4 (5.3) years; 71% were overweight or obese; and 67% were
never smokers. Higher total fat intake was negatively related to total sperm count and concentration. Men in the highest third of total fat
intake had 43% (95% confidence interval (CI): 62–14%) lower total sperm count and 38% (95% CI: 58–10%) lower sperm concentration
than men in the lowest third (Ptrend ¼ 0.01). This association was driven by intake of saturated fats. Levels of saturated fatty acids in sperm
were also negatively related to sperm concentration (r ¼ 20.53), but saturated fat intake was unrelated to sperm levels (r ¼ 0.09). Higher
intake of omega-3 polyunsaturated fats was related to a more favorable sperm morphology. Men in the highest third of omega-3 fatty acids
had 1.9% (0.4–3.5%) higher normal morphology than men in the lowest third (Ptrend ¼ 0.02).

conclusions: In this preliminary cross-sectional study, high intake of saturated fats was negatively related to sperm concentration
whereas higher intake of omega-3 fats was positively related to sperm morphology. Further, studies with larger samples are now required
to confirm these findings.
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Introduction
Infertility affects �10–15% of couples attempting to conceive (Hull et al.,
1985; Mosher and Pratt, 1991) during their reproductive lifespan. A male
factor is identifiable in 40–60% of couples and is the sole etiology in
�20% of all couples seeking assistance for infertility (Thonneau et al.,
1991; Wang et al., 1997). Few risk factors for male infertility are
known. Smoking, heavy use of marijuana, alcohol intake, cocaine use
and exposure of testes to heat have all been implicated but with conflict-
ing results (Smith and Asch, 1987; Bracken et al., 1990; Wang et al., 1997;
Kunzle et al., 2003; Jung and Schuppe, 2007; Practice Committee of
American Society for Reproductive Medicine, 2008; Practice Committee
of the American Society for Reproductive Medicine in collaboration with
the Society for Reproductive Endocrinology and Infertility, 2008;
Anderson et al., 2010). Moreover, the role of other modifiable factors
on male fertility remains largely unexplored.

Little is known of how diet may influence male reproductive poten-
tial. Emerging literature supports the hypothesis that specific nutri-
tional factors can affect semen quality (Chavarro et al., 2008;
Mendiola et al., 2009, 2010; Vujkovic et al., 2009). Furthermore,
animal data suggest that dietary fats may affect male fertility (Blesbois
et al., 2004; Mitre et al., 2004; Estienne et al., 2008; Stoffel et al.,
2008; Bongalhardo et al., 2009; Roqueta-Rivera et al., 2010).
Human and animal studies have also correlated a specific fatty acid
composition of sperm with semen quality (Zalata et al., 1998;
Conquer et al., 1999; Gulaya et al., 2001; Aksoy et al., 2006; Tavilani
et al., 2006, 2007; Safarinejad et al., 2010). Yet, the potential role of
dietary fat intake on semen quality in humans has received little atten-
tion. The objective of this study was to investigate the relation
between dietary fats and semen quality parameters among men
attending a fertility clinic.
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Materials and Methods

Study population
Couples presenting for evaluation at the Massachusetts General Hospital
Fertility Center, MA, USA, were invited to participate in an ongoing
study of environmental factors and fertility (Hauser et al., 2006). Male part-
ners, aged 18–55 years and without a history of vasectomy, from couples
using their own gametes for intrauterine insemination or assisted repro-
duction technologies were eligible for the present analysis. Of the 173
men recruited between December 2006 and August 2010 (�60% of
the men were invited to participate), 109 completed a dietary assessment
questionnaire. We excluded from the analysis men with incomplete semen
analysis data (n ¼ 8), azoospermia (n ¼ 1) or missing data on critical cov-
ariates (n ¼ 1), leaving 99 men for this analysis. The study was approved
by the Institutional Review Boards of the Harvard School of Public
Health and Massachusetts General Hospital, and informed consent was
obtained from all participants. Upon entry, all subjects were administered
a brief lifestyle and medical questionnaire by a trained research nurse and
were asked to complete a full detailed questionnaire addressing lifestyle
and medical history at home. Height and weight were measured on site
by a research nurse.

Dietary exposure assessment
Diet was assessed using a previously validated 131-item food frequency
questionnaire (FFQ) (Rimm et al., 1992). Men were asked to report
how often, on average, during the previous year they had consumed speci-
fied amounts of each food, beverage and supplement included in the ques-
tionnaire. Options for frequency of food intake included nine categories
ranging from never to six or more times per day. Nutrient intakes were
estimated by summing the nutrient contribution of all items after taking
into consideration the brand and types of fats used in cooking and
baking. The nutrient content of each item on the questionnaire and the
specified portion size or dose were obtained from a nutrient database
derived from the US Department of Agriculture (United States Depart-
ment of Agriculture and Agriculural Research Service, 2008) and additional
information was obtained from the manufacturers. Intakes of total fat and
major types of fat were expressed as the percentage of energy consumed.

Semen analysis
A semen sample was produced on site by masturbation and collected into
a sterile container. Subjects were asked to refrain from ejaculation for 48 h
prior to sample production. At the time of production, the specific length
of abstinence was obtained. After collection, the sample was liquefied at
378C for 20 min before analysis and maintained at 378C during the assess-
ment. All specimens were analyzed within 45 min of collection. Sperm
counts and percentage motility were determined with the use of
computer-aided semen analysis (CASA) (Hamilton-Thorne Version
10HTM-IVOS) using 2 Chamber Lejaw slides (Leja, The Netherlands). A
5 ml well-mixed, homogeneous sample was applied to each chamber
of the Leja slide. Two known concentrations of Accu-beadw+
(Hamilton-Thorne, Inc., Beverly, MA, USA) were used each day for
quality control and to confirm accuracy of the CASA counting. The Leja
slide was placed on the warm CASA stage and analyzed. A manual
count of the same sample was also performed and discrepancies .10%
required a repeat count. On manual count, sperm concentration was
obtained by averaging the total number of sperm in both chambers on
the Leja slide. At least 100 sperm cells were counted for motility assess-
ment. Reference values from the World Health Organization (WHO)
were used to assess sperm concentration and motility (World Health
Organization, 1999). Sperm morphology was quantified using strict

Kruger criteria (Kruger et al., 1988) after seminal smears were made on
a glass slide and stained with Diff-Quik (Siemens Healthcare Diagnostics,
Inc., Newark, DE, USA). A total of 200 sperm per sample were analyzed
per laboratory protocol.

Fatty acid analysis
Fatty acid levels in sperm and seminal plasma were measured at the
Department of Nutrition, Harvard School of Public Health, Boston, MA,
USA, in a subsample of men (n ¼ 23), chosen based on the availability
of stored semen. Fatty acid content was analyzed using gas chromatog-
raphy by modifying a protocol previously developed for the measurement
of fatty acids in blood products and adipose tissue. Briefly, semen was
separated into 250 ml aliquots and stored at –808C until analysis. Imme-
diately before analysis, semen was thawed, mixed with 500 ml of
phosphate-buffered saline and centrifuged at 600 g for 12 min to pellet
the sperm. After centrifugation, the supernatant seminal plasma was
removed and replaced with 500 ml normal saline to wash seminal fluid
from cells. This process was repeated two times, combining the superna-
tants into a single sample. Fatty acids from sperm or seminal plasma were
extracted in a mixture of isopropanol and hexane containing 50 mg of
2,6-di-tert-butyl-P-cresol as an antioxidant. Fatty acids were then trans-
methylated with methanol and sulfuric acid, as previously described
(Zock et al., 1996, 1997; Baylin et al., 2005). After esterification,
samples were evaporated, redissolved in iso-octane and quantified by
gas-liquid chromatography using a fused silica capillary cis/trans column
(SP2560, Supelco, Belafonte, PA, USA). Peak retention times were identi-
fied by comparison with known fatty acid standards (NuCheck Prep,
Elysium, MN, USA). The area of each peak was analyzed with ChemSta-
tion A.08.03 software (Agilent Technologies) and expressed as a
percentage of total fatty acids.

Statistical analysis
There were 99 men with complete semen quality and dietary data. These
men were divided into three groups according to tertiles of intake of total
fat and major fat categories. We first calculated the mean levels and 95%
confidence intervals (CIs) of semen quality parameters (total sperm count,
sperm concentration, motility and morphology) for each tertile intake. We
then used linear regression to estimate the mean difference in semen
quality parameters for categories of increasing fat intake while accounting
for differences in total energy intake, age, abstinence time, BMI, smoking
and intake of alcohol and caffeine. Additional terms for intakes of
protein and the remaining types of fatty acids to simulate the isocaloric
substitution of fat for carbohydrates were included (Willett and Stampfer,
1998). In addition, we also fit a second set of regression models where fat
intake was modeled as a continuous variable. Total sperm count and
sperm concentration were log-transformed to meet the distributional
assumptions of linear regression. Tests for linear trends (Rosner, 2000)
were conducted using the median values of each tertile intake of total
fat and major fatty acid group as a continuous variable, and semen
quality parameters as the outcome of interest.

In the subgroup of men for whom sperm and seminal plasma fatty acid
composition was available (n ¼ 23), we estimated Pearson correlation
coefficients of sperm and seminal plasma fatty acid levels with intakes of
the respective fatty acid, adjusting for age and total energy intake. Likewise,
we estimated Pearson correlation coefficients of sperm and seminal
plasma fatty acid levels with semen quality parameters, adjusting for age,
abstinence time, BMI, smoking status and intake of alcohol and caffeine.
Lastly, we evaluated whether any association identified was modified by
the primary infertility diagnosis or previous infertility exam by introducing
cross-product terms between fat intake and the potential modifier and
evaluating the statistical significance of this interaction term. Analyses
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were conducted using Statistical Analysis Software (SAS) version 9.2 (SAS
Institute, Inc., Cary, NC, USA). Results were considered significant when
P , 0.05.

Results
Men were primarily Caucasian (89%) with a mean (SD) age of 36.4
(5.3) years; 71% were overweight (BMI: 25.0–29.9 kg/m2) or obese
(BMI of 30.0 kg/m2 or greater); and 67% were never smokers.
There were no appreciable differences in demographic or clinical char-
acteristics of patients across categories of total fat intake (Table I).
Overall, 41 men (41%) had a normal semen analysis, while 12 (12%)
had a sperm concentration ,20 million/ml, 52 (53%) had ,50%
motility and 32 (32%) had abnormal sperm morphology.

In crude analysis, total fat intake was negatively related to the total
count and to sperm concentration (Table II). When modeling fat

intake as a continuous variable, increasing total fat intake by 5% of
total calories was associated with an 18% (95% CI: 24% to 230%)
lower total sperm count (data not shown). The associations of total
fat intake with lower sperm count and concentration appeared to
be primarily driven by intake of saturated fat (data not shown).
Increasing saturated fat intake by 5% of total calories at the expense
of carbohydrates was associated with a 38% (263 to 5%) lower
total count, whereas the same 5% intake increase from monounsatu-
rated fat (11% (230 to 76%)) or polyunsaturated fat (212% (254 to
66%)) at the expense of carbohydrates was unrelated to the total
sperm count (data not shown). In addition, in crude analysis higher
intake of omega-3 polyunsaturated fatty acids (PUFAs) was associated
with higher normal sperm morphology. Men in the highest tertile of
omega-3 fatty acid intake had a 2.2 (95% CI: 0.7 to 3.4) higher
percentage of morphologically normal sperm than men in the lowest
tertile of intake.

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

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

Table I Characteristics of men attending a fertility clinic according to pretreatment categories of total fat intake.

Total fat intake P-value*

Low Intermediate High

Median intake (range), % of calories 26 (19–29) 32 (30–33) 37 (34–44)

N 32 34 33

Age, years 36.4 (5.6) 36.0 (5.1) 36.9 (5.5) 0.80

BMI, kg/m2 26.8 (3.9) 27.4 (3.8) 26.8 (4.5) 0.78

Caffeine intake, mg/day 161 (135) 204 (113) 159 (123) 0.25

Alcohol intake, g/day 14 (19) 18 (13) 14 (14) 0.50

Total energy intake, kcal/day 2043 (718) 2058 (568) 2154 (585) 0.74

Smoking status, %

Never smoker 59 74 67 0.70

Past smoker 34 21 30

Current smoker 6 6 3

Race/ethnicity, %

White/Caucasian 78 94 94 0.16

African American 6 0 3

Asian 6 6 3

Other 9 0 0

Primary infertility diagnosis, %

Ovulatory disorder 10 18 10 0.91

Other female factor 34 23 33

Male factor 22 21 24

Unexplained 34 38 33

Previous infertility exam, % 66 76 79 0.49

Abstinence time, days 5.1 (10.3) 8.1 (30.9) 3.4 (2.4) 0.60

Semen analysis

Total sperm count ,40 million/ml, % 0 12 3 0.12

Concentration ,20 million/ml, % 3 18 15 0.14

Motility ,50% motile, % 59 53 45 0.55

Morphology ,4% normal, % 34 32 30 0.96

Normal semen analysisa, % 38 41 45 0.82

aAbove World Health Organization reference values for concentration and motility and Kruger criteria for morphology.
*P-value from the analysis of variance for continuous variables and Fisher’s exact test for categorical variables.
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Adjustment for total energy intake, age, abstinence time, BMI,
caffeine intake, alcohol consumption and smoking status increased
the strength of the associations of saturated fat intake with lower
sperm count and sperm concentration. Men in the highest third of
saturated fat intake had a 41% (214 to 260%) lower sperm concen-
tration than men in the lowest third (Ptrend ¼ 0.01). Higher intake of
omega-3 PUFA was related to a more favorable sperm morphology
(Ptrend ¼ 0.01) (data not shown).

Further adjustment for protein intake and the remaining types of fat
attenuated the associations of monounsaturated and saturated fats
with sperm count and sperm concentration (Table III). In these
models, monounsaturated fat intake was no longer related to the
sperm count or concentration. However, men in the highest tertile
of saturated fat intake had a 38% lower sperm concentration than
men in the lowest tertile, even though the test for the linear trend

was no longer significant. Moreover, total fat intake remained inversely
associated with the sperm count and concentration in these models.
Likewise, intake of omega-3 PUFAs remained positively associated
with normal sperm morphology. There was a suggestion that
omega-3 PUFA intake was related to a lower percentage of sperm
with head defects: men in the upper two tertiles of omega-3 PUFA
intake had 2.6% (26.2 to 0.9%) fewer sperm with head defects
than men in the lowest tertile of intake (data not shown). However,
this relation failed to reach statistical significance (P ¼ 0.15).
Omega-3 PUFA intake was unrelated to the percentage of sperm
with mid-piece or tail defects (data not shown). The results of
models using fat intakes as continuous variables closely mirrored the
results based on tertiles of intake (data not shown).

We examined the correlation of dietary fatty acids with sperm and
seminal plasma levels of the respective fatty acid in a subgroup of men

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

Table II Semen quality parameters (mean (95% CI)) of men by intake of total fat and major fatty acid groups.

Intake median,
% of calories

n Total sperm count
(millions)

Sperm concentration
(millions/ml)

Sperm motility
(% motile)

Sperm morphology
(% normal)

Total fat

26 32 211 (158–283) 81 (61–107) 47 (39–55) 6.0 (5.0–7.1)

32 34 113 (85–150)* 49 (38–65)* 48 (41–56) 5.9 (5.0–7.0)

37 33 125 (94–166)* 51 (39–67)* 46 (38–54) 5.9 (4.8–6.9)

Ptrend** 0.01 0.01 0.86 0.84

Saturated

8 32 209 (156–280) 85 (65–112) 52 (44–59) 6.6 (5.5–7.6)

10 35 116 (88–155)* 48 (37–63)* 46 (38–53) 5.9 (4.9–6.9)

13 32 122 (91–164)* 50 (38–65)* 44 (36–51) 5.4 (4.4–6.5)

Ptrend** 0.02 0.01 0.15 0.12

Monounsaturated

10 32 201 (150–270) 84 (64–111) 47 (39–55) 5.5 (4.5–6.6)

12 33 119 (89–159)* 46 (35–60)* 48 (41–56) 6.4 (5.4–7.4)

15 34 124 (93–165)* 52 (40–68)* 46 (39–54) 5.9 (4.9–6.7)

Ptrend** 0.03 0.02 0.83 0.62

Polyunsaturated

4.2 33 165 (122–222) 73 (55–95) 45 (38–53) 5.4 (4.4–6.4)

5.6 33 135 (100–183) 54 (41–72) 47 (39–54) 5.8 (4.8–6.9)

7.3 33 132 (98–178) 50 (38–67) 49 (42–57) 6.6 (5.6–7.7)

Ptrend** 0.31 0.07 0.50 0.09

Omega-6

3.8 32 164 (121–222) 73 (55–97) 45 (37–53) 5.1 (4.1–6.1)

4.8 34 134 (100–180) 53 (41–71) 46 (39–54) 6.2 (5.2–7.2)

6.0 33 134 (100–182) 52 (39–68) 50 (42–58) 6.5 (5.5–7.6)

Ptrend** 0.37 0.09 0.32 0.05

Omega-3

0.4 34 132 (99–178) 62 (47–82) 45 (37–52) 5.0 (4.0–6.0)

0.5 35 163 (122–218) 60 (46–79) 50 (24–57) 5.8 (4.9–6.8)

0.8 30 135 (98–185) 53 (39–71) 47 (39–55) 7.2 (6.1–8.2)*

Ptrend** 0.93 0.41 0.77 0.003

*Significantly different from men in the lowest tertile of intake at P , 0.05.
**P for trend from a linear regression model where the semen quality parameter was the outcome of interest and a variable with the median intake in each intake category was the
predictor.
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(n ¼ 23) (Table IV). Overall, dietary fatty acids were unrelated to the
sperm or seminal plasma levels of the same fatty acid. Modest correla-
tions were observed for dietary oleic acid with levels in seminal plasma
(r ¼ 0.54); dietary eicosapentanoic acid (EPA) with seminal plasma
levels (r ¼ 0.32); dietary docosahexanoic acid (DHA) with seminal
plasma levels (r ¼ 0.44) and total dietary omega-6 PUFAs with
seminal plasma levels (r ¼ 0.26).

We also examined the correlation of sperm and seminal plasma
fatty acids with semen quality parameters in this subgroup of 23 men
(Table V). Sperm levels, and to a lesser extent seminal plasma levels,
of saturated fatty acids were inversely related to sperm concentration
and motility. Correlation between total saturated fatty acids and
sperm concentration reached statistical significance. Conversely,
sperm and seminal plasma levels of omega-3 PUFAs (primarily sperm
DHA and seminal plasma EPA) were positively related to sperm

concentration and motility, with seminal plasma EPA and sperm
concentration reaching statistical significance. Lastly, we examined
whether the associations observed between total fat intake and satu-
rated fat intake with sperm count and concentration, as well as the rela-
tion between omega-3 fatty acids and sperm morphology, were
modified by a history of previous infertility exam or the presence of
abnormalities in the semen analysis. There was no evidence that any
of the observed associations was significantly different in groups of
men defined by a previous infertility exam or having a concurrently
abnormal semen analysis.

Discussion
In this study, our results showed moderate associations between
dietary fats and semen quality, some of which reached statistical

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

Table III Adjusteda difference (95% CI) in semen quality parameters of men by intake of total fat and major fatty acid
groups.

Intake median,
% of calories

n Total sperm count
(% difference)

Sperm concentration
(% difference)

Sperm motility
(% motile)

Sperm morphology
(% normal)

Total fat

26 29 Ref. Ref. Ref. Ref.

32 31 246 (264, 212)* 237 (257, 28)* 3 (28, 13) 0.4 (21.0, 1.8)

36 31 243 (262, 214)* 238 (258, 210)* 0 (211, 10) 0 (21.3, 1.4)

Ptrend 0.01 0.01 0.99 0.90

Saturated

8 29 Ref. Ref. Ref. Ref.

10 32 240 (266, 24)* 238 (260, 24)* 28 (220, 4) 21.1 (22.7, 0.4)

13 30 235 (261, 9) 238 (262, 0)* 211 (224, 2) 21.6 (23.3, 0.1)

Ptrend 0.20 0.10 0.13 0.08

Monounsaturated

10 29 Ref. Ref. Ref. Ref.

12 30 236 (259, 21)* 243 (262, 214)* 1 (211, 13) 1.1 (20.4, 2.7)

15 32 229 (258, 22) 229 (257, 16) 21 (215, 13) 0.7 (21.1, 2.6)

Ptrend 0.28 0.26 0.83 0.50

Polyunsaturated

4.2 30 Ref. Ref. Ref. Ref.

5.6 30 211 (242, 34) 220 (247, 20) 3 (28, 14) 0.2 (21.2, 1.7)

7.3 31 213 (247, 43) 235 (260, 4) 3 (29, 15) 0.6 (21.1, 2.2)

Ptrend 0.58 0.07 0.62 0.50

Omega-6

3.8 29 Ref. Ref. Ref. Ref.

4.9 31 27 (241, 46) 222 (249, 18) 2 (210, 13) 0.6 (20.9, 2.1)

6.0 31 215 (249, 43) 231 (257, 13) 7 (26, 20) 0.7 (21.0, 2.4)

Ptrend 0.55 0.15 0.27 0.43

Omega-3

0.4 31 Ref. Ref. Ref. Ref.

0.5 32 48 (22, 124) 6 (229, 57) 4 (26, 15) 0.8 (20.5, 2.2)

0.7 29 33 (218, 113) 22 (262, 53) 5 (27, 18) 1.9 (0.4, 3.5)*

Ptrend 0.30 0.89 0.42 0.02

*Significantly different from men in the lowest tertile of intake at P , 0.05.
aAdjusted for protein intake, remaining fatty acids, total energy intake, age, abstinence time, BMI, caffeine intake, alcohol consumption and smoking status.
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significance. Total fat intake was negatively related to total sperm count
and sperm concentration. These associations appeared to be driven
primarily by intake of saturated fat. Conversely, intake of omega-3
PUFAs was positively correlated to normal sperm morphology.
Although dietary fats were not strongly associated with sperm or
seminal plasma fatty acid levels, fatty acid composition of sperm and
seminal plasma had modest correlations with semen quality.

To our knowledge, no previous study has evaluated the relation
between habitual dietary fat intake and semen quality parameters.
However, our results can be compared to some extent with previous
cross-sectional analyses of diet and semen quality. Our data are in
agreement with the results of a Spanish study showing intake of pro-
cessed meat, an important source of saturated fats, to be associated
with poorer semen quality (Mendiola et al., 2009). In contrast, men
adhering to a traditional Dutch dietary pattern (high in meat products)
had higher sperm concentration when compared with men who con-
sumed a diet with high intake of fruits, vegetables and fish (Vujkovic
et al., 2009). Clearly, further research on the relation between
dietary fats and semen quality is warranted.

We also found that higher intake of omega-3 PUFAs was significantly
related to a more favorable sperm morphology as well as a suggestion of
a lower frequency of head defects. Our data are in agreement with two
clinical trials examining the effect of omega-3 fatty acids on semen
quality. Conquer et al. randomized 28 Canadian asthenozoospermic
men to placebo, or 400 or 800 mg of DHA for 3 months, and DHA
supplementation failed to improve sperm motility or concentration, in
agreement with our null findings for these parameters, while results
on sperm morphology were not reported (Conquer et al., 2000). Safar-
inejad randomized 238 Iranian oligoasthenoteratospermic men to

receive a supplement containing 1840 mg EPA and DHA or placebo
for 32 weeks (Safarinejad, 2011) and found that omega-3 fatty acid
supplementation increased the total percentage of sperm with
normal morphology, in agreement with our findings. In addition, supple-
mentation also improved total sperm count, concentration and motility,
and, in agreement with our data, supplementation significantly
increased sperm and seminal plasma EPA and DHA. Differences in
the patient population, omega-3 fatty acid dose and duration of use,
background omega-3 fatty acid intake and involvement of unspecified
amounts of omega-6 fatty acid (corn oil) in placebo may account for dif-
ferences across studies. Furthermore, our results are also supported by
animal data. Dietary supplementation of omega-3 fatty acid in the boar
improved sperm morphology in specific breeds, while results regarding
the total sperm number and motility have been inconsistent (Mitre
et al., 2004; Estienne et al., 2008; Yeste et al., 2011). Despite the
consistency of our findings with previous human and animal data,
there is currently no known biological mechanism to account for the
relation between omega-3 fatty acid intake and improved normal
sperm morphology or specific morphological defects.

We examined the correlation between dietary fatty acids and levels
of each fatty acid in sperm and seminal plasma in a subgroup of 23
men for whom sperm and seminal fatty acid composition was avail-
able. Overall, dietary fatty acids were unrelated with the sperm or
seminal plasma levels of the same fatty acid. This is not an unexpected
finding, especially for saturated fat intake, as saturated fatty acids can
be synthesized endogenously from acetyl CoA. Therefore, the pres-
ence of saturated fatty acids at a cellular level may serve as a
marker for de novo lipogenesis and enzymatic activity. In contrast,
PUFAs are essential fats as they are not synthesized endogenously
by mammals and must be obtained from foods, such as cold water
fish, flax seeds and nuts, or in supplements. Nonetheless, only
modest correlations were observed between dietary intake of
omega-3 PUFA and fatty acid levels in sperm or seminal plasma.
This may be related to imperfect measures of dietary intake or may
reflect the increased local metabolism at the level of the testes, as
expression of enzymes involved in PUFA metabolism and those
involved in de novo lipogenesis are elevated in the testes, specifically
in Sertoli cells, when compared with other body tissues (Leonard
et al., 2000; Tvrdik et al., 2000; Zhang et al., 2001; Saether et al.,
2003; Mandal et al., 2004). Peripheral (i.e. Sertoli cell) conversion
rates of PUFAs in the testis may also be substantially higher. Thus,
fatty acid composition of sperm and seminal plasma may reflect
both diet and local metabolism of both unsaturated and saturated fats.

Sperm levels, and to a lesser extent seminal plasma levels, of satu-
rated fatty acids were negatively related to sperm concentration and
motility. This is in agreement with previous work showing higher satu-
rated fatty acid concentrations in sperm of asthenozoopermic (Aksoy
et al., 2006; Tavilani et al., 2006) and oligospermic males when com-
pared with normozoospermic subjects (Aksoy et al., 2006). Similarly,
sperm and seminal plasma levels of omega-3 PUFAs, specifically sperm
DHA and seminal plasma EPA, were positively related to sperm
concentration and motility. These findings are consistent with those
presented in the literature. Levels of omega-3 PUFAs in human
sperm, specifically DHA, have been positively correlated to sperm
concentration, motility and morphology (Zalata et al., 1998;
Conquer et al., 1999; Gulaya et al., 2001; Aksoy et al., 2006; Tavilani
et al., 2006, 2007; Safarinejad et al., 2009; Safarinejad, 2011).

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

Table IV Adjusteda Pearson correlation coefficients (r)
between dietary fatty acid intake and fatty acid levels in
sperm and seminal plasma in men attending a fertility
clinic (n 5 23).

Fatty acid Sperm fatty acids Seminal plasma
fatty acids

Total saturated 0.09 0.00

Palmitic 20.07 20.04

Stearic 0.18 0.18

Total monounsaturated 20.04 0.32

Palmitoleic 0.10 20.24

Oleic 0.04 0.54

Total polyunsaturated 0.05 0.16

Omega-3 0.10 0.26

a-Linolenic 20.10 20.25

EPA 20.12 0.32

DHA 0.10 0.44

Omega-6 0.05 0.26

Linoleic 0.04 0.19

Arachidonic 20.02 20.02

EPA, eicosapentanoic acid; DHA, docosahexanoic acid.
For this sample size, all correlation coefficients ≥|0.43| are significant at P , 0.05.
aAdjusted for age and total energy intake.
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It is important to consider the strengths and limitations of our study.
To our knowledge, this is the largest study to date examining the influ-
ence of specific dietary fats on male fertility. A potential limitation of
this study is the use of a FFQ to assess habitual dietary intake.
Although the FFQ has been shown to have adequate validity and
reproducibility for use in epidemiological studies (Willett and Lenart,
1998), it is nonetheless prone to measurement error usually leading
to attenuation of the associations of interest. In addition, analysis of
a single semen sample from each participant should be acknowledged,
although it has been suggested that analysis of multiple semen samples
per subject may not be superior in research studies (Carlsen et al.,
2005; Stokes-Riner et al., 2007). Furthermore, use of disposable
chambers for analyzing sperm concentration and motility may result
in an underestimation of sperm concentration in men with oligo-
spermia when compared with the method using the haemocytometer
(Tomlinson et al., 2001). However, consistent use of the Leja slides

throughout our study allows relative comparisons to be made. In
addition to the small sample size for fatty acid analysis, another
important limitation of this study is the possibility that any of the
observed associations is the result of reverse causation, specifically
that men with abnormal semen quality changed their diet in response
to knowing that they have semen quality abnormalities. We believe,
however, that reverse causation is an unlikely explanation for our find-
ings. First, the observed associations with dietary fat intake are not in
the direction that would be expected in the case of reverse causation.
If men had adjusted their diet in response to a diagnosis of abnormal
semen quality, one would expect that men with abnormal semen para-
meters would improve the quality of their diet, resulting in spurious
associations between intake of higher quality fats (e.g. n-3 fatty
acids) and lower semen quality, as well as higher intake of low
quality fats (e.g. saturated fat) and higher semen quality. Secondly,
we would not expect that men with a low sperm concentration

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

Table V Adjusteda Pearson correlation coefficients of sperm and seminal plasma fatty acid levels with semen quality
parameters in men attending a fertility clinic (n 5 23).

Sperm count Sperm concentration Sperm motility Sperm morphology

Sperm fatty acids

Total saturated 20.35 20.56 20.26 0.03

Palmitic 20.31 20.45 20.33 20.11

Stearic 20.00 20.21 20.28 20.17

Total monounsaturated 0.10 0.09 20.21 20.09

Palmitoleic 0.16 0.31 0.00 0.05

Oleic 0.10 0.01 20.20 20.08

Total polyunsaturated 0.25 0.34 0.30 0.07

Omega-3 0.28 0.36 0.32 0.07

a-Linolenic 0.15 0.23 0.15 0.27

EPA 0.15 0.24 0.15 0.27

DHA 0.29 0.38 0.32 0.07

Omega-6 0.23 0.31 0.26 0.07

Linoleic 0.22 0.27 0.22 0.07

Arachidonic 0.23 0.31 0.17 0.25

Seminal plasma fatty acids

Total saturated 20.15 20.34 20.27 20.04

Palmitic 20.08 20.23 20.31 0.09

Stearic 20.13 20.33 20.52 0.05

Total monounsaturated 20.07 0.10 0.23 20.09

Palmitoleic 0.01 0.13 20.04 20.31

Oleic 0.03 20.04 0.26 0.12

Total polyunsaturated 0.10 0.04 0.30 0.17

Omega-3 0.12 0.08 0.33 0.17

a-Linolenic 20.03 0.14 0.14 20.34

EPA 0.39 0.43 0.38 0.19

DHA 0.09 0.04 0.29 0.17

Omega-6 0.09 0.04 0.28 0.16

Linoleic 0.07 0.02 0.22 0.16

Arachidonic 0.07 0.00 0.29 0.15

aAdjusted for age, abstinence time, smoking status and BMI.
For this sample size, all correlation coefficients ≥|0.43| are significant at P , 0.05.
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would adjust their diet differently compared with men with low sperm
motility or poor morphology. As a result, we would expect that
spurious associations created by reverse causation would be observed
for all semen quality parameters simultaneously. In contrast, we
observed specific associations for total and saturated fat with sperm
concentration (but not motility or morphology), and for n-3 fatty
acids with morphology (but not concentration or motility). In addition,
if knowledge of one’s semen quality led to changes in diet resulting in a
spurious association, we would expect that the associations would be
limited to men with greater knowledge of their fertility status.
However, our data suggest that the observed associations do not
differ according to whether or not men had previous infertility
exams or whether or not they had a concurrent abnormal analysis.
Lastly, it is important to acknowledge that cross-sectional studies
are weak in terms of their usefulness in establishing causality. It is
therefore important that the relation between fat intake and semen
quality be evaluated in other studies, ideally in prospective studies.

In summary, we observed significant relationships between dietary
fats and specific measures of semen quality. Diets containing higher
amounts of PUFAs and lower amounts of saturated fats were asso-
ciated with more favorable semen quality parameters. Given the lim-
itations of the current study, in particular the fact that it is a
cross-sectional analysis and that it is the first report of a relation
between dietary fat and semen quality, it is essential that these findings
be reproduced in future work. However, adopting these lifestyle mod-
ifications may not only be beneficial for reproductive health but also
for global general health.

Acknowledgements
We gratefully acknowledge the study participants, research nurses
Myra G. Keller, R.N.C., B.S.N and Jennifer B. Ford, B.S.N., R.N. and
Massachusetts General Hospital Fertility Center Laboratories Director
Diane L. Wright Ph.D., HCLD.

Authors’ roles
This study was designed by J.A.A., T.L.T., R.H. and J.E.C. Data analysis
was performed by J.A.A. and J.E.C. J.A.A drafted the manuscript. J.F.
and H.C. adapted and developed the method to measure sperm and
seminal plasma fatty acids using gas chromatography and performed
these assays. All authors provided substantial intellectual contributions
and approved the final version of the manuscript.

Funding
This work was supported by grants ES009718 and ES000002 from the
National Institute of Environmental Health Sciences, and DK46200
from National Institute of Diabetes and Digestive Kidney Diseases.

Conflict of interest
None declared.

References
Aksoy Y, Aksoy H, Altinkaynak K, Aydin HR, Ozkan A. Sperm fatty acid

composition in subfertile men. Prostaglandins, Leukot Essent Fatty Acids
2006;75:75–79.

Anderson K, Nisenblat V, Norman R. Lifestyle factors in people seeking
infertility treatment - a review. Aus NZ J Obstet Gynaecol 2010;50:8–20.

Baylin A, Kim MK, Donovan-Palmer A, Siles X, Dougherty L, Tocco P,
Campos H. Fasting whole blood as a biomarker of essential fatty acid
intake in epidemiologic studies: comparison with adipose tissue and
plasma. Am J Epidemiol 2005;162:373–381.

Blesbois E, Douard V, Germain M, Boniface P, Pellet F. Effects of n-3
polyunsaturated dietary supplementation on the reproductive capacity
of male turkeys. Theriogenology 2004;61:537–549.

Bongalhardo DC, Leeson S, Buhr MM. Dietary lipids differentially affect
membranes from different areas of rooster sperm. Poul Sci 2009;
88:1060–1069.

Bracken MB, Eskenazi B, Sachse K, McSharry JE, Hellenbrand K,
Leo-Summers L. Association of cocaine use with sperm
concentration, motility, and morphology. Fertil Steril 1990;53:315–322.

Carlsen E, Swan SH, Petersen JH, Skakkebaek NE. Longitudinal changes in
semen parameters in young Danish men from the Copenhagen area.
Hum Reprod (Oxford, England) 2005;20:942–949.

Chavarro JE, Toth TL, Sadio SM, Hauser R. Soy food and isoflavone intake
in relation to semen quality parameters among men from an infertility
clinic. Hum Reprod (Oxford, England) 2008;23:2584–2590.

Conquer JA, Martin JB, Tummon I, Watson L, Tekpetey F. Fatty acid
analysis of blood serum, seminal plasma, and spermatozoa of
normozoospermic vs. asthenozoospermic males. Lipids 1999;
34:793–799.

Conquer JA, Martin JB, Tummon I, Watson L, Tekpetey F. Effect of DHA
supplementation on DHA status and sperm motility in
asthenozoospermic males. Lipids 2000;35:149–154.

Estienne MJ, Harper AF, Crawford RJ. Dietary supplementation with a
source of omega-3 fatty acids increases sperm number and the
duration of ejaculation in boars. Theriogenology 2008;70:70–76.

Gulaya NM, Margitich VM, Govseeva NM, Klimashevsky VM,
Gorpynchenko II, Boyko MI. Phospholipid composition of human
sperm and seminal plasma in relation to sperm fertility. Arch Androl
2001;46:169–175.

Hauser R, Meeker JD, Duty S, Silva MJ, Calafat AM. Altered semen quality
in relation to urinary concentrations of phthalate monoester and
oxidative metabolites. Epidemiology (Cambridge, MA) 2006;17:682–691.

Hull MG, Glazener CM, Kelly NJ, Conway DI, Foster PA, Hinton RA,
Coulson C, Lambert PA, Watt EM, Desai KM. Population study of
causes, treatment, and outcome of infertility. BMJ (Clinical research ed.)
1985;291:1693–1697.

Jung A, Schuppe HC. Influence of genital heat stress on semen quality in
humans. Andrologia 2007;39:203–215.

Kruger TF, Acosta AA, Simmons KF, Swanson RJ, Matta JF, Oehninger S.
Predictive value of abnormal sperm morphology in in vitro fertilization.
Fertil Steril 1988;49:112–117.

Kunzle R, Mueller MD, Hanggi W, Birkhauser MH, Drescher H,
Bersinger NA. Semen quality of male smokers and nonsmokers in
infertile couples. Fertil Steril 2003;79:287–291.

Leonard AE, Bobik EG, Dorado J, Kroeger PE, Chuang LT, Thurmond JM,
Parker-Barnes JM, Das T, Huang YS, Mukerji P. Cloning of a human
cDNA encoding a novel enzyme involved in the elongation of long-
chain polyunsaturated fatty acids. Biochem J 2000;350(Pt 3):765–770.

Mandal MN, Ambasudhan R, Wong PW, Gage PJ, Sieving PA, Ayyagari R.
Characterization of mouse orthologue of elovl4: Genomic organization
and spatial and temporal expression. Genomics 2004;83:626–635.

8 Attaman et al.

 at T
he U

niversity of B
ritish C

olom
bia L

ibrary on M
arch 29, 2012

http://hum
rep.oxfordjournals.org/

D
ow

nloaded from
 

http://humrep.oxfordjournals.org/


Mendiola J, Torres-Cantero AM, Moreno-Grau JM, Ten J, Roca M,
Moreno-Grau S, Bernabeu R. Food intake and its relationship
with semen quality: a case-control study. Fertil Steril 2009;
91:812–818.

Mendiola J, Torres-Cantero AM, Vioque J, Moreno-Grau JM, Ten J,
Roca M, Moreno-Grau S, Bernabeu R. A low intake of antioxidant
nutrients is associated with poor semen quality in patients attending
fertility clinics. Fertil Steril 2010;93:1128–1133.

Mitre R, Cheminade C, Allaume P, Legrand P, Legrand AB. Oral intake of
shark liver oil modifies lipid composition and improves motility and
velocity of boar sperm. Theriogenology 2004;62:1557–1566.

Mosher WD, Pratt WF. Fecundity and infertility in the United States:
incidence and trends. Fertil Steril 1991;56:192–193.

Practice Committee of American Society for Reproductive Medicine.
Smoking and infertility. Fertil Steril 2008;90:S254–S259.

Practice Committee of the American Society for Reproductive Medicine in
collaboration with the Society for Reproductive Endocrinology and
Infertility. Optimizing natural fertility. Fertil Steril 2008;90:S1–S6.

Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC.
Reproducibility and validity of an expanded self-administered
semiquantitative food frequency questionnaire among male health
professionals. Am J Epidemiol 1992;135:1114–1126; discussion 1127–1136.

Roqueta-Rivera M, Stroud CK, Haschek WM, Akare SJ, Segre M, Brush RS,
Agbaga MP, Anderson RE, Hess RA, Nakamura MT. Docosahexaenoic
acid supplementation fully restores fertility and spermatogenesis in male
delta-6 desaturase-null mice. J Lipid Res 2010;51:360–367.

Rosner B. Fundamentals of Biostatistics. Pacific Grove, CA: Duxbury Press,
2000.

Saether T, Tran TN, Rootwelt H, Christophersen BO, Haugen TB.
Expression and regulation of delta5-desaturase, delta6-desaturase,
stearoyl-coenzyme a (coa) desaturase 1, and stearoyl-coa desaturase
2 in rat testis. Biol Reprod 2003;69:117–124.

Safarinejad MR. Effect of omega-3 polyunsaturated fatty acid
supplementation on semen profile and enzymatic anti-oxidant capacity of
seminal plasma in infertile men with idiopathic oligoasthenoteratospermia:
a double-blind, placebo-controlled, randomised study. Andrologia 2011;
43:38–47.

Safarinejad MR, Hosseini SY, Dadkhah F, Asgari MA. Relationship of
omega-3 and omega-6 fatty acids with semen characteristics, and
anti-oxidant status of seminal plasma: a comparison between
fertile and infertile men. Clin Nutr (Edinburgh, Scotland) 2009;
29:100–105.

Safarinejad MR, Hosseini SY, Dadkhah F, Asgari MA. Relationship of
omega-3 and omega-6 fatty acids with semen characteristics, and
anti-oxidant status of seminal plasma: a comparison between fertile
and infertile men. Clin Nutr 2010;29:100–105.

Smith CG, Asch RH. Drug abuse and reproduction. Fertil Steril 1987;
48:355–373.

Stoffel W, Holz B, Jenke B, Binczek E, Gunter RH, Kiss C, Karakesisoglou I,
Thevis M, Weber AA, Arnhold S et al. Delta6-desaturase (FADS2)
deficiency unveils the role of omega3- and omega6-polyunsaturated
fatty acids. EMBO J 2008;27:2281–2292.

Stokes-Riner A, Thurston SW, Brazil C, Guzick D, Liu F, Overstreet JW,
Wang C, Sparks A, Redmon JB, Swan SH. One semen sample or 2?
Insights from a study of fertile men. J Androl 2007;28:638–643.

Tavilani H, Doosti M, Abdi K, Vaisiraygani A, Joshaghani HR. Decreased
polyunsaturated and increased saturated fatty acid concentration in
spermatozoa from asthenozoospermic males as compared with
normozoospermic males. Andrologia 2006;38:173–178.

Tavilani H, Doosti M, Nourmohammadi I, Mahjub H, Vaisiraygani A,
Salimi S, Hosseinipanah SM. Lipid composition of spermatozoa in
normozoospermic and asthenozoospermic males. Prostaglandins Leukot
Essent Fatty Acids 2007;77:45–50.

Thonneau P, Marchand S, Tallec A, Ferial ML, Ducot B, Lansac J, Lopes P,
Tabaste JM, Spira A. Incidence and main causes of infertility in a resident
population (1,850,000) of three French regions (1988–1989). Hum
Reprod (Oxford, England) 1991;6:811–816.

Tomlinson M, Turner J, Powell G, Sakkas D. One-step disposable
chambers for sperm concentration and motility assessment: how do
they compare with the World Health Organization’s recommended
methods? Hum Reprod 2001;16:121–124.

Tvrdik P, Westerberg R, Silve S, Asadi A, Jakobsson A, Cannon B,
Loison G, Jacobsson A. Role of a new mammalian gene family in the
biosynthesis of very long chain fatty acids and sphingolipids. J Cell Biol
2000;149:707–718.

United States Department of Agriculture and Agriculural Research Service.
USDA National Nutrient Database for Standard Reference, Release 21. Url:
Http://www.Ars.Usda.Gov/ba/bhnrc/ndl, 2008.

Vujkovic M, de Vries JH, Dohle GR, Bonsel GJ, Lindemans J, Macklon NS,
van der Spek PJ, Steegers EA, Steegers-Theunissen RP. Associations
between dietary patterns and semen quality in men undergoing IVF/
ICSI treatment. Hum Reprod (Oxford, England) 2009;24:1304–1312.

Wang C, McDonald V, Leung A, Superlano L, Berman N, Hull L,
Swerdloff RS. Effect of increased scrotal temperature on sperm
production in normal men. Fertil Steril 1997;68:334–339.

Willett WC, Lenart E. Chapter 6: reproducibility and validity of food
frequency questionnaires. In: Willett WC (ed). Nutritional
Epidemiology, 2nd edn. New York: Oxford University Press, 1998.

Willett WC, Stampfer MJ. Chapter 11: implications of total energy intake
for epidemiologic analyses. In: Willett WC (ed). Nutritional Epidemiology,
2nd edn. New York: Oxford University Press, 1998.

World Health Organization. Who Laboratory Manual for the Examination of
Human Semen and Sperm-cervical Mucus Interaction, 4th edn. Cambridge,
UK: Cambridge University Press, 1999.

Yeste M, Barrera X, Coll D, Bonet S. The effects on boar sperm quality of
dietary supplementation with omega-3 polyunsaturated fatty acids differ
among porcine breeds. Theriogenology 2011;76:184–186.

Zalata AA, Christophe AB, Depuydt CE, Schoonjans F, Comhaire FH. The
fatty acid composition of phospholipids of spermatozoa from infertile
patients. Mol Hum Reprod 1998;4:111–118.

Zhang K, Kniazeva M, Han M, Li W, Yu Z, Yang Z, Li Y, Metzker ML,
Allikmets R, Zack DJ et al. A 5-bp deletion in elovl4 is associated
with two related forms of autosomal dominant macular dystrophy.
Nat Genet 2001;27:89–93.

Zock PL, Gerritsen J, Katan MB. Partial conservation of the sn-2 position of
dietary triglycerides in fasting plasma lipids in humans. Eur J Clin Invest
1996;26:141–150.

Zock PL, Mensink RP, Harryvan J, de Vries JH, Katan MB. Fatty acids in
serum cholesteryl esters as quantitative biomarkers of dietary intake
in humans. Am J Epidemiol 1997;145:1114–1122.

Dietary fat intake and male fertility 9

 at T
he U

niversity of B
ritish C

olom
bia L

ibrary on M
arch 29, 2012

http://hum
rep.oxfordjournals.org/

D
ow

nloaded from
 

Http://www.Ars.Usda.Gov/ba/bhnrc/ndl,
Http://www.Ars.Usda.Gov/ba/bhnrc/ndl,
Http://www.Ars.Usda.Gov/ba/bhnrc/ndl,
Http://www.Ars.Usda.Gov/ba/bhnrc/ndl,
Http://www.Ars.Usda.Gov/ba/bhnrc/ndl,
Http://www.Ars.Usda.Gov/ba/bhnrc/ndl,
Http://www.Ars.Usda.Gov/ba/bhnrc/ndl,
http://humrep.oxfordjournals.org/

