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STUDY QUESTION: [s intake of fatty acids related to semen quality among young men?
SUMMARY ANSWER: The intake of trans fatty acids is inversely related to total sperm count in healthy young men.

WHAT IS KNOWN ALREADY: Spain has seen an increase in the proportion of calories consumed as fat over the same period that a down-
ward trend in semen quality has been observed. In addition, rodent models suggest that trans fat intake may severely affect testicular function.
STUDY DESIGN, SIZE, DURATION: Cross-sectional study of 209 men recruited between October 2010 and November 201 |.
PARTICIPANTS/MATERIALS, SETTING, METHODS: A group of 209 healthy young university students |8—23 years of age provided
a semen sample and completed a previously validated food frequency questionnaire. The association between intake of fatty acids with semen
quality parameters (sperm concentration, motility, morphology and total count) was assessed using multivariate linear regression.

MAIN RESULTS AND THE ROLE OF THE CHANCE: Trans fatty acid intake was inversely related to total sperm count after adjusting for
potential confounders (P, trend = 0.03). The multivariate adjusted mean (95% confidence interval) total sperm count in increasing quartiles of
trans fat intake was 144 (1 10—190), 113 (87—148), 100 (18— 130) and 89 (69— | 17). There also was an inverse association between cholesterol
intake and ejaculate volume (P, trend = 0.04). No other statistically significant relations were observed.

LIMITATIONS, REASONS FOR CAUTION: The cross-sectional design of the study limits causal inference, we cannot exclude the pos-
sibility of unmeasured confounding and there was insufficient statistical power to identify modest associations.

WIDER IMPLICATIONS OF THE FINDINGS: The results of this study, together with previous experimental work in rodents and bio-
marker studies among infertility patients, suggest that intake of trans fatty acids may be related to lower semen quality. Although the data
provide further evidence that diet is a modifiable factor that could impact male fertility, it is not known whether the observed differences in
sperm count translate into differences in fertility.
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Introduction

Whether sperm counts have been decliningin Western countries during
recent decades is a matter of ongoing research and debate in reproduct-
ive medicine (Carlsen et al., 1992; Fisch et al., 1996; Paulsen et al., 1996;
Vierula etal., 1996; Handelsman, 1997; Swan etal., 1997, 2000; Skakke-
bzk et al., 2006). In southern Spain we have estimated a yearly rate of
decline of 1.9% during the last 10 years (Mendiola et al., 2013).
However, the potential causes of this downward trend in semen
quality remain unclear.

Increasing evidence suggests that diet may have an impact on semen
quality (Eskenazi et al., 2005; Mendiola et al., 2009; Gaskins et dl.,
2012; Minguez-Alarcon et al., 2012). While this remains an emerging
field and data are still scarce, two recent studies have found an inverse
association between dietary fats and semen quality (Attaman et al.,
2012; Jensen et al., 2013). Specifically, saturated fat intake was inversely
related to sperm concentration and total sperm count among US fertility
patients (Attaman et al., 2012), and young Danish men (Jensen et al.,
2013). In addition, experimental evidence in rodent models suggests
that intake of trans fats can cause impaired spermatogenesis and testicu-
lar damage (Jensen, 1976; Hanis et al., 1989).

Spain, like the USA (Putnam et al., 2002; Briefel and Johnson, 2004;
Nielsen and Popkin, 2004), has seen an increase in the proportion of cal-
ories consumed as fat over the same period where a downward trend in
semen quality has been observed (Varela-Moreiras et al., 2010). It is
unknown, however, whether the findings from the previous studies
can be generalized to Spain or other Mediterranean countries.
To further examine the potential impact of dietary fat intake on
semen quality in young healthy men, we evaluated the relationship
between intake of fatty acids and semen quality among young men in
southern Spain.

Material and Methods

The Murcia Young Men’s Study was a cross-sectional study carried out
between October 2010 and November 201 | in the Murcia Region of Spain.
It included healthy young university students between 18 and 23 years of
age. Written informed consent was obtained from all subjects. The Research
Ethics Committee of the University of Murcia approved this study.

Recruitment flyers were posted at university campuses to invite students
to participate in this study. To be included in the study men had to be univer-
sity students, bornin Spain after 3|1 December 1987, and able to contact their
mother and ask her to complete a questionnaire regarding her pregnancy
with the participant. A total of 240 students contacted the study staff. Of
these, 17 subjects were ineligible (5 had not been born in Spain; 9 had not
been born after 31 December 1987; and 3 were not able to contact their
mother). Of the remaining 223 men (92.9%), 215 completed a study visit
and agreed to participate in the study. We further excluded 6 men who
reported implausible total caloric intake leaving 209 men (87.1%) for the
current analysis.

During the study visit, men completed questionnaires on lifestyle, diet,
smoking and quality of life, underwent an andrological examination and pro-
vided a semen sample. A €50 gift card was given to men completing the study.

Physical examination

Body weight and height were measured using a digital scale (Tanita SC 330-S,
London, UK). BMI was calculated as weight in kilograms divided by squared

height in meters. Presence of varicocele or other scrotal abnormalities was
also evaluated, and classified as no varicocele, only detected during Valsalva
procedure, palpable or visible. Testicular volume was measured using a
Prader orchidometer (Andrology Australia, Clayton, Victoria, Australia).
All physical examinations were performed by the same investigator (J.M.)
to minimize variability in study procedures.

Dietary assessment

We used avalidated (Vioque, 1995; Vioque etal.,2007,2013) 101-food item
semi-quantitative food frequency questionnaire (FFQ) to assess the usual
intake of foods and nutrients (available at: http://bibliodieta.umh.es/files/
2011/707/CFAI101.pdf). Men were asked to report how often, on average,
they had consumed each food item over the pastyear. Serving sizes were spe-
cified for each food item in the FFQ. The questionnaire offered nine options
for frequency of consumption for each food, ranging from never or less than
once a month to 6 or more times/day. Nutrient values for each food in the
questionnaire were obtained from food composition tables of the US De-
partment of Agriculture and supplemented with Spanish sources (Palma
etal., 2008; U.S. Department of Agriculture, 2010). Intake of energy-bearing
nutrients was adjusted for total energy intake using the multivariate nutrient
density method while non-energy-bearing nutrients were adjusted using the
nutrient residual method (Willett, 2013).

The reproducibility and validity of this FFQ is comparable with other widely
used FFQs (Willett et al., 1985; Block et al., 1990; Vioque and Gonzalez,
1991; Ocké et al., 1997; Willet, 1998; Subar et al., 2001). The mean correl-
ation coefficients between nutrientintakes estimated using prospectively col-
lected diet records and those estimated with the FFQ were 0.47 for validity
and 0.40 for reproducibility (Vioque, 1995). This FFQ also showed satisfac-
tory biochemical validity when compared with plasma levels of carotenoids
and vitamin C in an elderly population with a high prevalence of obesity
(Vioque et al., 2007).

Semen analysis

Men were asked to abstain from ejaculation for at least 48 h before sample
collection, but were not excluded if they failed to follow this instruction
(n = 30). Abstinence time was recorded as the time between current and
previous ejaculation as reported by the study subject. Men collected
semen samples by masturbation at the clinic; no lubricants were used. Ejacu-
late volume was estimated by specimen weight, assuming a semen density of
1.0 g/ml. Sperm concentration was evaluated by hemocytometer (Improved
Neubauer; Hauser Scientific, Inc., Horsham, PA, USA). Spermatozoa were
classified as either motile orimmotile according to the World Health Organ-
ization (WHO) criteria (WHO, 2010) and the percentage of motile sperm
(progressive 4+ non-progressive) was calculated. Smears for morphology
were prepared, air-dried, fixed, Papanicolaou stained and assessed using
strict criteria (Menkveld et al., 1990). Total sperm count (volume X sperm
concentration) was also calculated. The same specialist biologist carried
out all the semen analyses. An external quality control on semen samples
throughout the study period was carried outin collaboration with the Univer-
sity of Copenhagen’s Department of Growth and Reproduction. In order to
assess inter-laboratory variation in sperm concentration analysis, five sets of
duplicate semen samples (600 | each) were sent by mail during the study
period from the University of Copenhagen’s Department of Growth and Re-
production to the Murcia Andrology Laboratory. The specimens were
blinded, undiluted fresh sperm samples from regular semen donors that
were preserved by adding 10 pl of a 3 M sodium azide solution per | ml of
the ejaculate after liquefaction. No systematic differences in the results
were identified. The mean inter-examiner coefficient of variation was
4.0%, ranging between |.7 and 7.1%.
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Statistical analyses

Semen volume, sperm concentration, total sperm count and percentage of
morphologically normal sperm showed non-normal distributions and were
transformed using the natural log (In) before analysis. Men were divided
into quartiles of dietary fatty acids intake. Men with the lowest intake of
each fat category were considered as the reference group. To test for asso-
ciations across quartiles of intake, Kruskal—Wallis tests were used for con-
tinuous variables, and y? tests for categorical variables. Linear regression
was used to examine the association of each fatty acid category with
semen quality parameters. Tests for linear trend were performed using the
median values of fat categories in each quartile as a continuous variable
and semen parameters as the response variable. Confounding was assessed
using a hybrid method that combines previous knowledge using directed
acyclic graphs and a statistical method on change in point estimated, in
which the potential covariate was not retained in final models, if it resulted
in a change in the B-coefficient of <10% (Weng et al., 2009). Using this
method, final models included BMI (kg/m?), smoking (current smoker
versus not current smoker), ejaculation abstinence time (hours), alcohol
intake (g/day) and caffeine intake (mg/day). Total calorie intake, intake of
fiber and protein, and the remaining types of fat were included in the
model, regardless of statistical significance, to allow the interpretation of
the regression parameter of interest as the isocaloric substitution of a specific
type of fat for the same amount of energy from carbohydrates (Willett,
2013). Intakes of micronutrients previously related to semen quality in this
population (vitamin C, [-cryptoxantine, lycopene and [-carotene)
(Minguez-Alarcén et al., 2012) were also forced into the model. Time to
start semen analysis (minutes) was also included in models for sperm motility.
We used analysis of covariance (ANCOVA) to calculate adjusted semen
parameters for each quartile by relevant covariates. Regression coefficients
for outcomes that were log-transformed for analysis (volume, concentration,
total count and morphology) were exponentiated (‘back-transformed’) to
allow the presentation of adjusted means in the scale variables that were ori-
ginally measured. Multivariate ANCOVA models were created with continu-
ous semen parameters as dependent variables, and fatty acid categories and
covariates as independent variables. We considered that an association was
present when we found a statistically significant linear trend across quartiles.
Alltests were two-tailed and the level of statistical significance was setat 0.05.
Statistical analyses were performed with the IBM Statistical Package for the
Social Sciences 19.0 (IBM Corporation, Armonk, NY, USA).

Results

Study participants were young [median interquartile range (IQR) = 20.4
(19.6,21.4) years], predominantly Caucasian (97.6%), and had a median
BMI of 23.7 (IQR: 21.8, 25.5) kg/m? (Table ). Almost one-third were
current smokers and all of them considered themselves to be in good
or excellent general health. Regular (> |/week) alcohol consumption
has highly prevalent; 55% reported liquor consumption, 26% reported
red wine consumption, and 80% reported beer consumption. The
median (IQR) values for semen analysis parameters were 42.9 x 10¢/
ml (IQR: 21.9, 72.2 x 10°/ml) for sperm concentration; 121.5 (IQR:
65.4,212.7) x 108 for total sperm count; 8.9% (IQR: 6.0, 13.9%) for
morphologically normal sperm; and 57.2% (IQR: 50.7, 63.8%) for
sperm motility. Men with higher fat intake were less likely to be
smokers, had slightly shorter abstinence time, were slimmer, had
lower intakes of vitamin C and B-cryptoxantine and a slightly lower
total energy intake.

Total fat intake was positively related to sperm motility in unadjusted
analyses (Table IlI). Compared with men in the lowest quartile (Q1) of

total fat, men in Q2, Q3 and Q4 had 2.4 (95% confidence interval (Cl)
—1.5,6.3),4.6 (0.6, 8.6) and 4.0 (0, 8.0) % units higher sperm motility.
This association was driven by saturated fat intake (P for trend =
0.02). Adjustment for potential confounders attenuated the associations
of total and saturated fat intakes with sperm motility (Table IIl). Men in
the top quartile (Q4) of saturated fat intake had —21% (95% Cl —72
to 26%) lower sperm concentration than men in the bottom quartile
but this difference was not statistically significant (P = 0.7). When we
evaluated the relation of specific fatty acids with semen parameters,
intake of stearic acid remained positively related to sperm motility in
multivariate models (data not shown). The adjusted percentage of
motile sperm (95% Cl) for men in increasing quartiles of stearic acid
intake was 54.3 (51.0, 57.5), 55.9 (52.9, 58.9), 56.3 (53.4, 59.2) and
61.9 (58.3, 65.6) (P for trend = 0.02).

Cholesterol intake was inversely related to ejaculate volume after
adjusting for potential confounders (Table [Il). In the multivariable
adjusted model, ejaculate volume was —33% (95% Cl —74 to —8%)
lower in men in the highest quartile of cholesterol intake compared
with men in the lowest quartile, and there was a statistically significant
linear trend of lower volume with increasing cholesterol intake (P =
0.04).

Intake of trans fatty acids, which were primarily derived from French
fried potatoes and commercially baked items, was inversely related to
total sperm count in unadjusted models (Table Il). The total sperm
count for men in the second, third and fourth quartiles of intake was
14, 33 and 37% lower than men in the lowest quartile of intake, respect-
ively. The inverse association between trans fatty acids intake and total
sperm count remained statistically significant after adjusting for potential
confounders (Table IIl). After adjustments, total sperm count for men in
increasing quartiles of trans fat intake was 23, 35 and 49% lower than that
of meninthe lowest quartile ofintake (Fig. |). There was also a suggestion
of an inverse relation between trans fat intake and sperm concentration.
Men in the second, third and fourth quartiles of trans fat intake had 28, 22
and 22% lower sperm concentration than men in the bottom quartile but
these differences were not statistically significant (P =0.14, 0.25 and
0.29, respectively). Intakes of mono-unsaturated and poly-unsaturated
fatty acids (PUFAs) were unrelated to semen parameters.

Discussion

We evaluated the association of fatty acid intake and semen quality
among young men from Southern Spain. Intake of trans fatty acids, pri-
marily derived from French fried potatoes and commercially baked
items, was inversely related to total sperm count. Intake of trans fats
and other major types of fat was comparable with that observed in the
general Spanish population (Hulshof et al., 1999; Spanish Food Safety
and Nutrition Agency, 2011). We also found a positive association
between stearic acid intake and sperm motility and an inverse association
between cholesterol intake and ejaculate volume. Intake of other fatty
acids was not significantly related to semen parameters.

To our knowledge, this is the first study to report a relation between
intake of trans fats and semen quality parameters in humans. These find-
ings are, nevertheless, consistent with previously published experimental
and human data. In rodent models, trans fatty acids supplementation
resulted in significant reproductive damage. Male rodents fed hydroge-
nated oils instead of non-hydrogenated vegetable oils accumulate trans
fats in the testis (Jensen, 1976; Privett et al., 1977). Furthermore, this



Table I Demographic characteristics of men in the Murcia Young Men’s Study among total fat intake quartiles.

Age (years)

Caucasian, n (%)

BMI (kg/m?)

Current smoker, n (%)

Abstinence time (h)

Varicocele, n (%)

History of cryptorchidism, n (%)
Semen volume (ml)

Sperm concentration (millions/ml)
Total sperm count (millions)
Sperm motility (PR + NPR) (%)
Morphologically normal sperm (%)
Testicular volume (ml)

Calories intake (kcal/day)
Carbohydrates intake (g/day)
Fiber intake (g/day)

Protein intake (g/day)

Saturated fat intake (g/day)
Monounsaturated fat intake (g/day)
Polyunsaturated fat intake (g/day)
Trans fatty acid intake (g/day)
Vitamin C intake (mg/day)
Lycopene intake (jug/day)
B-carotene intake (j.g/day)
Cryptoxantine intake (jg/day)
Alcohol intake (g/day)

Caffeine intake (mg/day)

Physical activity (h/week)

TV watching (h/week)

Total cohort (n = 209)

3.0
42.9
121.5
57.2
8.9
21.0
2278.0
230.2
19.8
104.9
29.5
40.3
14.5
1.7
113.1
3938.7
2465.3
276.8
6.8
77.0
9.0
20.0

(19.6-21.4)
(97.6)
(21.8-25.5)
(32.5)
(59.5-92.0)
(15.3)

(1.9)

(2.0, 4.0)
21.9,72.2)
(65.4,212.7)
(50.7, 63.8)

(6.0, 13.9)
(19.5,24.0)
(1896.1-2828.6)
(202.0-252.9)
(16.4-23.4)
(94.1-115.4)
(25.0-33.1)
(36.0-45.0)
(12.8-16.4)
(1.2-2.2)
(77.1-142.3)
(2425.9-5893.4)
(1488.1-4213.3)
(160.1-414.9)
(3.3-137)
(24.6-159.6)
(6.0-13.0)
(14.0-41.0)

QI (n = 54)
208 (19.6-21.4)
53 (98.1)
241 (222-25.8)
24 (444)
785  (65.0-92.3)
5 (9.3)
0 (0
32 (25.4.1)
504 (18.9,71.5)
1343 (73.0,210.6)
545 (48.7,60.8)
100 (6-0, 14.0)
220 (20.0,24.5)
24436 (2107.3-2946.3)
2677 (250.7-297.3)
29  (172-267)
99.0 (87.6-113.6)
236 (20.5-26.4)
330 (303-358)
126 (11.3-14.0)
15 (1.0-2.0)
129.1  (85.2-161.3)
34669  (2359.7-5528.5)
2284  (1357.5-3992.2)
3428 (187.0-519.1)
95  (3.2-20.4)
834 (37.0-173.1)
9.0  (6.0-14.0)
245 (14.0-36.5)

Q2 (n = 54)
206 (193-213)
52 (963)

241 (21.9-263)
13 (4.1
660  (53.8-87.0)
8 (148)
2 (37
29 (19.37)
434 (27.9,687)
1.1 (55.7,219.2)
557 (49.9, 63.0)
89 (5.5, 14.0)
225 (20.0,24.5)

21321 (1775.1-2958.9)

2423 (224.7-252.0)

215 (17.9-247)
105.1  (95.6—118.6)
29.1  (26.8-30.6)
388 (36.8-40.2)
140 (12.9-15.4)
17 (1.3-23)

1236 (95.1-154.7)
46239  (2618.8-6105.5)
31123 (1651.6-5036.3)

3289  (231.9-4293)

6.1  (3.4-125)
822  (25.7-159.5)

9.0  (6.0-12.0)
250  (14.0-45.5)

Q3 (n=52)
200  (19.5-21.0)
51 (98.1)

26 (21.2-252)
I5  (28.8)
740 (56.8-100.8)
9 (173)
I (19)
26 (20,34
434 (207,83.1)
105.6  (46.5, 190.6)
592 (54.0,64.8)
89 (6.0, 16.0)
200 (19.0,23.38)

23128 (1818.3-2912.0)

2155 (202.6-231.4)

192 (16.5-22.7)
107.1  (94.8-119.9)
302 (28.4-33.1)
432 (41.0-450)
155  (14.4-16.9)
19 (1.5-2.3)

105.6  (77.4—134.1)
40795  (2590.5-5883.5)
2899.4  (1670.2-4383.6)

2780  (164.5-419.2)

7.1 (33-129)
623 (18.0-106.4)
100 (6.0-14.0)
225 (14.0-41.0)

Q4 (n = 49)

204 (19.5-21.9)

48 (98.0)

234 (21.8-255)

14 (28.6)

710 (56.0-93.5)

10 (20.4)

I (20

32 (23,44
370 (19.3,73.0)
1303 (75.2,242.3)
580  (50.5,67.5)

89 (5.5, 13.9)

210 (19.0,23.0)
22635 (1899.4-2904.4)
1912 (170.4-203.2)

173 (14.6—19.8)

1083  (98.8-115.1)

372 (31.6-41.6)

479  (46.0-544)

167  (14.1-19.6)

13 (0.9-1.8)

822 (67.1-114.1)
34838  (2176.8-5133.9)
21089  (1520.5-3174.6)

163.9  (110.9-267.0)
47 (1.9-106)

440  (24.6-1637)
70  (40-13.5)

200 (14.0-35.0)

P-value®

Continuous variables are shown as median and interquartile range (IQR) unless otherwise indicated.

PR, progressive; NPR, non-progressive.

?For continuous variables, Kruskal—Wallis analyses of variance were used to test for associations across quartiles of intake. For categorical variables, X tests were used to test the associations between quartiles of intake.
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Table Il Crude associations of fatty acid and cholesterol intakes with semen parameters (n = 209).

Median for each quartile

Volume

Motile sperm

Morphologically
normal sperm

Sperm concentration

Total sperm count

Total fat
QI (31.44% of calories)
Q2 (36.33% of calories)
Q3 (39.97% of calories)
Q4 (45.45% of calories)
Prrend

Saturated
QI (9. 44% of calories)
Q2 (11.31% of calories)
Q3 (12.63% of calories)
Q4 (15.53% of calories)
Prrend

Monounsaturated
QI (13.86% of calories
Q2 (15.74% of calories
Q3 (17.65% of calories
Q4 (20.43% of calories

Z 22 22

Prrend

Polyunsaturated
Q1 (4.84% of calories)
Q2 (5.64% of calories)
Q3 (6.31% of calories)
Q4 (7.62% of calories)
Prrend

Omega-3
Q1 (0.51% of calories)
Q2 (0.62% of calories)
Q3 (0.74% of calories)
Q4 (0.91% of calories)
Prrend

Omega-6
Q1 (4.08% of calories)
Q2 (4.87% of calories)

3.1
2.9
2.2
3.1
0.9

2.9
2.7
2.6
3.0
0.7

3.2
2.6
2.7
2.7
0.3

2.7
2.5
3.1
3.0
0.3

3.1
2.7

2.8-3.6
2.1-3.0
2.1-23
2.7-38

2.6-3.6
29-34
1.9-2.6°
2.7-37

24-3.4
23-32
2.2-3.1
2.5-3.6

2.7-3.8
2.2-3.1
2.6-3.2
23-33

23-3.2
2.1-3.0
2.6-3.6
2.5-35

2.63-3.71
2.28-3.19

% 95% ClI
54.1 51.4-56.9
56.5 53.8-59.3
58.8 55.9-61.6%
58.2 55.3-61.1%
0.03
553 52.5-58.1
55.6 52.8-584
56.8 54.0-59.6
59.8 56.9-62.7%
0.02
555 52.7-58.2
55.9 53.1-58.7
59.5 56.7-62.3%
56.5 53.6-59.5
0.3
56.0 53.2-589
56.1 53.2-589
58.4 55.5-61.3
56.9 54.0-59.8
0.5
585 55.8-61.3
54.7 51.8-57.5
55.3 52.5-58.1
58.9 56.0-61.8
0.7
54.7 51.8-575
57.7 54.8-60.5

% 95% CI
8.8 7.4-10.9
8.5 7.1-10.0
9.2 77-11.0
8.2 6.9-9.8
0.7

8.9 7.5-10.6
8.1 6.8-9.6
9.6 8.1-11.5
8.1 6.8-9.7
0.6

8.8 74-104
8.2 6.9-9.8
9.0 7.5-10.6
8.7 7.3-104
0.9

8.8 74-104
9.1 7.6—10.8
9.1 7.7-10.8
7.8 6.5-9.3
0.3

9.5 8.0-11.3
8.6 7.2-10.2
7.1 6.0-8.4"
9.8 8.3-11.7
0.9

8.3 7.0-9.9
9.6 8.1-11.4

399
41.6
339
34.4

0.3

41.0
299
41.1
39.1

0.8

39.6
39.7
384
32.0

0.3

40.9
344
40.2
34.4

0.5

435
32.1
29.3
48.3

0.6

36.0
37.5

30.7-51.8
32.0-54.0
26.0—-44.1
26.2-45.2

31.6-53.3
23.1-388
31.6-53.4
29.8-51.4

30.5-51.5
30.5-51.7
29.5-50.0
24.3-42.0

31.4-53.1
26.5-44.8
30.9-52.3
26.2-452

33.7-56.2
24.7-41.6
22.6-37.9°
37.0-63.1

27.6—47.0
28.8-78.9

10¢ 95% ClI
120.4 94.2-154.2
104.9 82.2-133.2
96.0 74.7-123.3
122.5 94.5-158.7
0.9
124.2 97.0—159.2
107.7 84.0—137.8
90.5 70.8-115.6
123.2 95.5-159.0
0.9
112.8 88.2—144.5
106.5 83.2-136.5
101.6 79.4—130.1
122.4 94.1-159.0
0.8
130.1 101.6—166.5
90.3 70.7-115.4*
120.7 94.3-154.5
104.2 80.8—134.4
0.5
118.2 92.9-150.2
99.99 77.9-128.4
88.06 68.9-112.5
142.45 110.9-182.9
03
111.4 86.6—143.3
101.2 79.0—-129.0
Continued
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Table Il Continued

Median for each quartile

Volume

Motile sperm

Sperm concentration

Total sperm count

Q3 (5.42% of calories)
Q4 (6.73% of calories)
Prrend

Trans
QI (0.37% of calories)
Q2 (0.54% of calories)
Q3 (0.74% of calories)
Q4 (1.03% of calories)
Prrend

Cholesterol
QI (0.26 g/day)
Q2 (0.34 g/day)
Q3 (0.40 g/day)
Q4 (0.51 g/day)

Ptre nd

3.0
3.0
2.6
2.6
0.1

3.1
2.6
2.9
2.6
0.2

2.27-3.19
2.27-3.21

2.5-3.5
2.6-3.6
22-3.1
2.2-3.1

2.7-3.7
2.2-3.1
2.5-35
2.2-3.1

58.1
56.4
56.6
56.3

0.5

57.6
543
58.2
57.2

0.8

55.4-61.2
53.8-59.6

55.2-60.9
53.5-59.3
53.7-59.4
53.4-59.2

54.8-60.4
51.4-57.1
55.3-61.1
54.4-60.1

Morphologically
normal sperm

% ............. 95%c| .
9.4 79-11.2
7.5 6.3-8.9
0.3

7.7 6.5-9.1
8.8 7.4-104
9.4 79-112
8.9 7.4-10.6
0.3

8.6 7.2-10.3
8.6 7.3-10.3
9.0 7.6—10.7
8.4 7.1-10.0
0.9

45.4
352
338
36.1

0.3

326
39.9
37.2
40.7

0.3

31.3-53.1
27.0-46.3

34.9-59.0
26.9-45.9
26.0-44.0
27.7-47.0

25.1-42.3
30.6-51.9
28.5-48.7
31.1-53.1

106 95% ClI
124.3 96.9-159.5
105.4 81.8—136.1
0.9
135.4 106.1-173.0
118.3 91.9-152.0
97.8 76.3-125.6
93.9 73.4-120.2%
0.03
1.3 86.7—-142.9
116.3 90.6—149.2
109.2 84.9-140.6
104.4 8l1.1-1343
0.7

Cl, confidence interval.

“Significantly different to mean in the lowest quartile of intake at P < 0.05.
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Table 11l Multivariate adjusted® associations of fatty acid and cholesterol intakes with semen parameters (n = 209).

Median for each quartile

Volume

Motile sperm

Morphologically
normal sperm

Sperm concentration

Total sperm count

Total fat
QI (31.44% of calories)
Q2 (36.33% of calories)
Q3 (39.97% of calories)
Q4 (45.45% of calories)
Prrend

Saturated
QI (9. 44% of calories)
Q2 (11.31% of calories)
Q3 (12.63% of calories)
Q4 (15.53% of calories)
Prrend

Monounsaturated
QI (13.86% of calories
Q2 (15.74% of calories
Q3 (17.65% of calories
Q4 (20.43% of calories

Z 2 Z2 2

Pyrend

Polyunsaturated
Q1 (4.84% of calories)
Q2 (5.64% of calories)
Q3 (6.31% of calories)
Q4 (7.62% of calories)
Prrend

Omega-3
Q1 (0.51% of calories)
Q2 (0.62% of calories)
Q3 (0.74% of calories)
Q4 (0.91% of calories)
Prrend

Omega-6
Q1 (4.08% of calories)
Q2 (4.87% of calories)

3.1
2.9
22
32
0.9

3.0
2.8
2.5
3.0
0.9

3.2
2.7
2.6
2.8
0.5

2.7
2.6
2.9
3.0
0.3

3.2
2.7

2.5-3.6
2.1-29
2.1-3.0
2.8-4.0

2.6-3.7
24-34
1.9-2.6
2.6-3.9

24-3.7
23-33
2.1-3.0
2.5-37

2.6-3.9
22-32
2.1-3.0
23-34

22-33
2.1-3.1
24-35
2.5-37

2.5-39
23-3.2

542
56.7
58.6
58.8
0.06

55.7
55.5
56.7
60.6
0.06

56.3
56.3
59.0
56.4

0.9

56.4
56.0
58.5
57.1

0.7

593
55.4
54.7
58.4

0.8

54.8
57.4

51.1-57.4
53.8-59.6
55.6-61.6
55.6—-62.1

52.5-58.5
52.6-58.5
53.8-59.6
53.8-63.9

52.8-59.9
53.3-59.2
55.9-62.2
52.9-59.8

53.0-59.9
53.1-589
55.3-61.6
53.7-60.6

56.2-62.5
52.4-58.57
51.7-57.7
55.1-61.8

51.2-583
54.5-60.3

8.9
79
9.7
8.8
0.7

8.6
8.5
9.1
8.8
0.9

8.8
9.3
9.1
7.8
0.4

9.1
8.4
7.1
10.9
0.3

8.7
9.9

7.2-10.6
7.0-10.1
79-114
7.0-10.3

7.3-10.7
6.6-9.4

8.1-11.6
7.1-10.8

6.9-10.8
7.1-10.2
7.5-11.0
7.2—-10.9

7.2-10.9
7.8—11.1
7.5-10.9
6.4-9.6

7.5-11.0
7.0-10.1
59-85

8.9-13.2

7.0-10.8
83-11.8

44.5
40.9
33.2
31.8

0.6

45.0
30.9
40.5
35.6

0.7

35.8
37.8
41.8
34.6

0.8

43.7
34.0
39.7
33.1

0.3

42.1
33.6
28.0
49.6

0.4

37.0
36.9

33.1-59.9
31.1-53.8
25.1-43.9
23.4-43.1

33.4-60.5
23.5-40.5°
39.9-53.1
25.9-48.9

25.6-50.0
28.6—50.0
31.2-56.0
25.1-47.7

31.8-60.2
25.9-44.7
29.8-52.8
24.0-45.6

31.4-56.3
25.5-443
21.1-37.0
36.6—67.3

26.4-52.0
28.0-48.7

122.9
105.0
94.1
121.9

0.9

129.7
104.8
93.1
120.4

0.7

1.9
107.2
97.1
128.3

0.7

148.0
932
114.0
93.4
0.1

118.4
110.2
80.5
139.6
0.5

119.2
106.1

93.4-161.6
81.8—134.7
72.7-121.6
91.9-161.4

98.4-170.9
81.4-135.0
72.7-119.3
90.0—-161.1

82.3-152.2
83.0-138.5
74.2—-127.1
95.1-173.0

110.6—198.0
73.0-119.2°
87.9-147.8
69.8—125.17

90.6—154.8
85.0—142.7
62.0—104.5
105.4—184.8

87.0-163.4
82.5-136.5

Continued
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Table Il Continued

Median for each quartile Volume Motile sperm Morphologically Sperm concentration Total sperm count
normal sperm
m|95%c| % ................ 9 5%c| ..... % .............. 95%c| |o°/m|95%c| ..... I.(.).b. .............. 95%c| ........

Q3 (5.42% of calories) 2.6 22-32 58.5 55.4-61.7 9.3 77-112 40.1 81.3-53.7 116.8 89.2—-152.8
Q4 (6.73% of calories) 2.7 22-33 57.3 53.9-60.7 7.3 59-89 35.8 29.9-49.4 99.7 74.1-134.0
Ptrend 0.5 0.5 0.1 0.8 0.4

Trans
QI (0.37% of calories) 3.0 2.5-3.6 58.3 55.1-61.6 8.2 6.7-9.9 45.7 33.8-61.8 144.3 109.5-190.0
Q2 (0.54% of calories) 3.0 2.5-26 56.5 53.4-59.6 9.2 7.6—11.0 333 25.0-44.4 113.5 87.1—148.1
Q3 (0.74% of calories) 2.6 2.2-3.1 56.9 53.9-60.0 9.5 79-113 35.8 27.2-47.1 100.5 77.9-129.8
Q4 (1.03% of calories) 2.6 22-32 56.2 53.0-59.4 8.3 6.9—-10.1 35.8 26.8-47.9 89.5 68.5—117.0°
Pirend 0.2 0.5 0.8 0.6 0.03

Cholesterol
QI (0.26 g/day) 3.6 29-44 59.8 56.3-63.3 7.6 6.1-9.5 32.7 23.4-45.7 122.1 89.4—166.8
Q2 (0.34 g/day) 2.6 2.2-3.0° 53.8 50.9-56.7° 8.5 7.1-10.2 413 31.3-54.4 117.2 90.8—151.3
Q3 (0.40 g/day) 2.8 2.3-33 57.9 55.0-60.9 9.6 8.0-11.5 36.0 27.1-47.9 103.1 79.4-133.9
Q4 (0.51 g/day) 2.4 1.9-2.9° 56.4 52.9-59.8 9.5 77-11.7 40.4 29.2-55.9 99.4 73.9-133.5
Pirend 0.04* 0.6 0.2 0.6 0.4

*Adjusted for BMI (kg/m?), smoking (current smoker versus not current smoker), ejaculation abstinence time (hours), alcohol intake (g/day), caffeine intake (mg/day), total caloric intake (kcal/day), fiber intake (%calories), protein intake
(%calories), intakes of the remaining fatty acids (% calories), vitamin C (mg/day), B-cryptoxantine (pg/day), lycopene (g/day) and B-carotene (pug/day). Models for sperm motility are further adjusted for time to start semen analysis (minutes).
PSignificantly different to mean in the lowest quartile of intake at P < 0.05.
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40+
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P, trend =0.03

D .
-20+ \

—-40

Percentage difference in total sperm count

-100

[0.12-0.47] [0.48-0.67]

\

\.

[0.68-0.88] [0.89-1.40]

Quartiles of trans fatty acid intake (% of calories)

Figure | Relative difference in total sperm count in young men by increasing quartiles of trans fatty acid intake. Values represent the percentual (relative)
difference and 95% confidence interval in total sperm count for men in the 2nd, 3rd and 4th quartile of trans fat intake when compared with men in the first
quartile ofintake. Models are adjusted for BMI (kg/m?), smoking (current smoker versus not current smoker), ejaculation abstinence time (hours), alcohol
intake (g/day), caffeine intake (mg/day), total caloric intake (kcal/day), fiber intake (%calories), protein intake (%calories), intakes of the remaining fatty
acids (% calories), vitamin C (mg/day), B-cryptoxantine (jg/day), lycopene (ug/day) and B-carotene (j.g/day).

type of supplementation with trans fatty acids leads to a number of
adverse male reproductive outcomes including decreased fertility,
decreased serum testosterone levels, decreased sperm count, motility
and normal morphology and, in extreme cases, arrest of spermatogen-
esis and testicular degeneration (Jensen, 1976; Hanis et al., 1989;
Veaute et al., 2007). Our findings are also consistent with a previous
report of an inverse association between sperm levels of trans fatty
acids and sperm concentration among fertility patients in the USA (Cha-
varroetal., 201 I), in which the amount of trans fatty acids in sperm mem-
branes was inversely related to sperm concentration. Chavarro et al.
(201 1) did not assess trans fatty acid intake and it was, therefore, not pos-
sible to assess the relation between trans fatty acid intake and sperm
levels. However, because trans fats cannot be synthesized endogenously,
and previous studies have found that trans fatty acid levels in other tissues
are good biomarkers of intake (Baylin et al., 2002, 2005; Sun et al., 2007),
the authors concluded that their findings suggested a deleterious effect of
trans fatty acid intake on spermatogenesis. The results of the current
study are in agreement with that interpretation.

In addition to the consistency of our findings with previous work, there
are known biologic effects of trans fatty acids that could explain their as-
sociation with decreased sperm count. In multiple species, including
humans, sperm membranes increase the relative amount of PUFAs, par-
ticularly of docosahexaenoic acid, during epididymal maturation (Hall
et al, 1991; Rana et al, 1991; Haidl and Opper, 1997; Lenzi et dl.,
2000; Ollero et al., 2000). The increase in the relative amount of
PUFAs appears to be mediated to a great extent by local fatty acid me-
tabolism, as evidenced by the high efficiency of Sertoli cells converting
[8-carbon PUFAs into 22- and 24-carbon PUFAs (Christophersen
etal., 1986; Retterstel et al., 1998, 2000), as well as the high expression
levels of the enzymes necessary for this metabolic process, including A5-
and Aé6-desaturase (Saether et al, 2003) and fatty acid elongases
(Leonard et al., 2000; Tvrdik et al., 2000; Zhang et al., 2001; Mandal
etal., 2004) in the testis and epididymis. Trans fatty acids decrease the ac-
tivity of the A5- and Aé-desaturases (Hill et al., 1982; Larqué et al., 2003)

potentially limiting the incorporation of long chain PUFAs into sperm
membranes, and, therefore, affecting spermatogenesis. Although it is
not known to what extent trans fats could impair these enzymes in the
testes, in a mouse model of FADS2 deficiency (the gene encoding
Aé-desaturase, the rate-limiting enzyme in the pathway), FADS2 ™"~
mice had major changes in testicular fatty acid composition and infertility
due to a profound impairment of spermatid elongation, evidenced by a
complete absence of normal spermatozoa or elongated spermatids in
the seminiferous tubules (Stroud et al., 2009). Although this mechanism
could explain our observation, it is unclear whether it is at play in human
spermatogenesis and to what extent trans fatty acids could impair it.

There was also an inverse relationship between cholesterol intake and
ejaculate volume. While we are unaware of previous reports of this asso-
ciation in humans, our findings are in agreement with previous experi-
mental work in rabbits. A cholesterol enriched diet (0.05%) resulted in
hypercholesterolemia, increased incorporation of cholesterol into
sperm membranes, decreased semen volume, decreased sperm motil-
ity, higher frequency of morphological abnormalities, and impaired cap-
acitation and acrosomal reaction (Saez Lancellottietal., 20 1 0). While our
findings for ejaculate volume are in agreement with this study, we did not
observe associations with sperm motility or morphology. It is possible
that the first effects of a high cholesterol diet might be on ejaculate
volume, and longer exposure would be needed to observe effects on
motility and morphology. It is also possible that hypercholesterolemia
might be necessary for the other reproductive effects observed in
rabbits to be evident. While we cannot test directly this hypothesis
because we did not measure serum cholesterol levels, study participants
were young healthy men and the expected frequency of hypercholester-
olemia among these men, given their demographic characteristics, is low.
Further research is necessary to evaluate the potentially deleterious
effects of dietary cholesterol on spermatogenesis.

We also found a positive association between stearic acid and sperm
motility. Attaman and collaborators reported inverse relations of sperm
motility with the concentration of stearic acid in spermatozoa and
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seminal plasma among fertility patients (Attaman etal., 2012). However,
stearic acid intake was not related to sperm concentration of this fatty
acid in spermatozoa or seminal plasma. Moreover, two previous
studies examining the relation between saturated fat intake and semen
quality have reported inverse relations with sperm concentration and
no relation with sperm motility (Attaman et al., 2012; Jensen et dl.,
2013). In contrast, men adhering to a traditional Dutch dietary pattern
(high in meat products, an important source of saturated fats) had
higher sperm concentration (Vujkovic et al., 2009). Our observed rela-
tion between stearic acid and sperm motility is unexpected and not con-
sistent with previous work. While it may represent a chance finding, itis
important to further evaluate this relation.

The present study has some limitations. First, the cross-sectional
design severely limits causal inference. However, by selecting young
men with untested fertility as the study population and not communicat-
ing the results of the semen analysis to them, participants were blinded to
the study outcomes. This minimizes the possibility that men had changed
their dietin response to their knowledge of the study outcome leading to
reverse causation, a common concern in cross-sectional studies. A
related concern is that, as is the case in all observational epidemiologic
studies, we cannot exclude the possibility of unmeasured confounding.
Nevertheless, we adjusted for a large number of known and suspected
confounders. In addition, the associations did not change dramatically
between the crude and fully adjusted models suggesting that unmeasured
confounding is not likely to explain the entirety of the observed relation.
Second, we only obtained one sample of semen for each subject. Never-
theless, others have found that one semen sample may be sufficient for
representing a man’s semen quality in epidemiological studies (Carlsen
et al., 2005; Stokes-Riner et al., 2007). Third, multiple statistical tests
could be a potential limitation of the current study. However, all these
analyses were based on a priori hypotheses and therefore biologically jus-
tifiable. In consequence, and in agreement with the prevailing view and
practice in epidemiology, we believe that adjustment for multiple com-
parisons is not necessary in studies such as this one. Last, although the
study is large relative to the usual size of semen quality studies, it did
not have sufficient power to identify modest associations such as those
observed for saturated and trans fat intake with sperm concentration.
In light of these limitations, it is important that the observed relations
are further evaluated in other studies. The strengths of our study
include the use of a previously validated FFQ (Vioque, 1995; Vioque
etal.,2007), the wide range of fatintake observed in the study population
and the comprehensive assessment of a wide range of potential confoun-
ders. In summary, we found an inverse relation of trans fatty acid intake,
derived primarily from hydrogenated oils, with total sperm count among
young healthy men in Spain. We also found an inverse relation between
cholesterol intake and ejaculate volume. Both findings are in agreement
with experimental work in rodents and the relation of trans fats with total
sperm count is also in agreement with previous work among fertility
patients. Whether the observed relations have any impact on fertility is
not known.
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