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Abstract

The intake of the n-3 fatty acids alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) has been related to testosterone levels in epidemiological analyses.
The aim of this study was to assess whether the n-3 fatty acids affects testosterone levels in post-
myocardial infarction (MI) patients, who are at risk of testosterone deficiency. In a double-blind,
placebo-controlled trial of low-dose supplementation of n-3 fatty acids, we included 1850 male
post-MI patients aged 60—-80 y who participated in the Alpha Omega Trial. Patients were
randomly allocated to margarines that provided 400 mg/d of EPA-DHA (n=453), 2 g/d of ALA
(n=467), EPA-DHA plus ALA (n=458), or placebo (n=472). Serum testosterone levels were
assessed at baseline and after 41 months using whole day blood samples obtained at the subjects’
home or at the hospital. Subjects were on average age of 68.4 (SD 5.3) years old and had baseline
mean serum total testosterone of 14.8 (SD 5.6) nmol/L. The four randomized groups did not differ
for baseline characteristics. ALA, EPA-DHA, and EPA-DHA plus ALA supplementation did not
affect serum total testosterone compared to placebo. Moreover, n-3 fatty acid supplementation did
not affect the risk of incident testosterone deficiency (n=76 with total testosterone <8.0 nmol/L).
We conclude that n-3 fatty acids supplementation did not affect serum total testosterone in men
who had had a M.
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Introduction

Long-chain n-3 polyunsaturated fatty acids include eicosapentaenoic acid (EPA, C20:5n3)
and docosahexaenoic acid (DHA, C22:6n-3) derived from fish, and alpha-linolenic acid
(ALA, C18:6n3) from vegetable origin. Supplementation with these n-3 fatty acids has
become popular in Western countries, because of reports suggesting a variety of health
benefits including a reduced risk of cardiovascular diseases (Léon et al., 2008). Whereas
testosterone administration decreases (Giltay et al., 2004b) and estrogen administration
increases (Giltay et al., 2004b; Giltay ef al., 2004a) DHA levels, there are also indications
from /n vitro studies and studies in animals and humans n-3 fatty acid intake affect androgen
secretion and metabolism (Nagata et a/., 2000; Gromadzka-Ostrowska, 2006). If so, several
aspect of male physiology would be affected. Testosterone is not only involved in male
reproduction and sexual arousal, but also affects bone mineral density, prostate gland
physiology, and erythropoiesis (Kaufman and Vermeulen, 2005; Dandona and Dhindsa,
2011). Although n-3 fatty acids may affect male fertility (Wathes et a/., 2007) and the risk of
(androgen-sensitive) prostate cancer (Akaza et al., 2009; Rose, 1997; Norrish et al., 1999;
Terry et al., 2001; Leitzmann et al., 2004; Augustsson et al., 2003; De Stefani et al., 2000;
Gann et al., 1994; Harvei et al,, 1997; Newcomer et al., 2001; Brouwer et al., 2004), it is
unclear whether these effects are partially mediated through altered testosterone levels.

An observational study in 69 Japanese men aged 43-88 years showed that EPA and DHA
intake was associated with lower total testosterone levels. Only one small experimental
study did assess the effects of n-3 fatty acids on serum testosterone in men. Using a cross-
over design in 13 men with hypertension and 13 nonhypertensive men, a very high dose of 5
g of EPA-DHA did not affect testosterone levels after 30 days (Hughes et al., 1990). Two
other trials were conducted in women with the polycystic ovary syndrome and showed
inconsistent results on serum total testosterone. (Phelan et al,, 2011; Vargas et al., 2011)

In the present randomized, double-blind, placebo-controlled study we assessed the effects of
EPA-DHA (400 mg/d), ALA (2 g/d), or both on serum testosterone levels during 41 months
of follow-up in 1850 male patients who survived a myocardial infarction (MI). We aimed to
assess whether in these older men with coronary heart disease, who are at risk of
testosterone deficiency (Malkin ef a/., 2010), n-3 fatty acids affect serum testosterone
compared to placebo.

Subjects and methods

Patients

The present study made use of the design and infrastructure of the Alpha Omega Trial, a
double-blind placebo-controlled trial aimed to examine whether cardiovascular diseases can
be prevented by low-dose supplementation of omega-3 fatty acids in margarines during 41
months, as described in detail elsewhere (Geleijnse et al., 2010; Kromhout et a/., 2010). In
brief, 4,837 free-living Dutch post-MI patients aged 60-80 years were randomized to
receive one of four margarines. Blood was drawn twice in 2,531 patients (52.3% of the
cohort). Of these participants, 2279 were men who were randomized before August 2005
and scheduled to complete the intervention before 1 January 2009 (Figure 1). After 1
January 2009, blood was no longer collected because of budgetary constraints (Geleijnse et
al., 2010), and changes in testosterone levels could not be assessed. Of the 2279 men, 429
did not participate in the present analysis because 182 men died, 55 had prevalent or
incident prostate cancer, or received androgen(-deprivation) therapy, 57 were scheduled to
but did not provide blood samples at both time points, and 135 refused a final examination
for various reasons (Figure 1). 1850 patients remained for the present study. Baseline
examination took place between May 15th 2002 until August 1 2005, while the final
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examination took place between October 12th 2005 until January 27th 2009. The mean time
interval between the two blood samples was 41.4 (SD 1.2) months. The Alpha Omega Trial
was conducted in accordance with the Helsinki Declaration and approved by a central
medical ethics committee in the Netherlands. Written informed consent was obtained from
all patients. The data and safety monitoring board monitored the safety of the patients.

with n-3 fatty acids

Patients were randomly allocated to daily intake of ~20 grams of trial margarines that
provided 400 mg of EPA-DHA (ratio 3:2), 2 grams of ALA, 400 mg of EPA-DHA plus 2
grams of ALA (EPA-DHA + ALA), or placebo, for 41 months. Oleic acid was exchanged
for n-3 fatty acids. Actual treatment was preceded by 4—6 weeks on placebo margarine for
logistic reasons. Trial margarines were completely identical, except for n-3 fatty acids and
oleic acid. Compliance was monitored via margarine tub counts, telephone interviews,
patient diaries, as well as in randomly selected patients after 20 and 41 months, in whom n-3
fatty acids in plasma cholesteryl esters were assessed as an objective measure of
compliance.

Data collection and follow-up procedures

Patients were interviewed and physically examined by trained research nurses at home or in
the hospital. Information on demographic variables, lifestyle habits, current health status and
medical history were collected by self-administered questionnaires (Geleijnse et al., 2010).
Diabetes was considered to be present if a patient reported having received the diagnosis
from a physician, was taking antidiabetic drugs, or had an elevated plasma glucose level
(=7.8 mmol per liter [140.5 mg per deciliter] in the case of patients who had fasted more
than 4 hours or 211.1 mmol per liter [200.0 mg per deciliter] in the case of nonfasting
patients). Anthropometric measurements included the body mass index (BMI; kg/m?).
Subjects were categorized for the highest attained level of education, current smoking and
alcohol use. Medication was coded according to the Anatomical Therapeutic Chemical
Classification System (ATC), with C02, C03, C07, C08, and C09 for blood pressure
lowering drugs and C10 for lipid modifying drugs. Dietary data were collected by a 203-
item food frequency questionnaire, including the intake of different types of fish (Geleijnse
et al., 2010).

After 41 months, patients were re-invited for an interview and physical examination. The
vital status of all patients was monitored via municipal registries and by telephone
interviews after 41 months of follow-up, and no loss to follow-up occurred. Incident prostate
cancer was monitored and included fatal cases and verified hospital admissions for prostate
cancer. Men with prevalent and incident prostate cancer were excluded from the present
analysis, because of the common use of anti-androgenic treatment (Akaza et a/., 2009).

Testosterone assessment

Standardized blood handling procedures for the Alpha Omega Trial are described in detail
elsewhere (Giltay et al., 2003). Briefly, two single whole day blood samples were obtained
at the subjects' home or at the hospital at baseline and after 41 months. Tubes were packaged
in sealed envelopes and sent via standard postal service to a central laboratory. Of blood
samples collected during the pilot study, 89% was delivered at the laboratory within 24
hours and 96% within 48 hours. Blood samples were immediately processed and stored at
-80°C. Testosterone levels was measured using the 2"d generation testosterone
immunoassay (Architect i2000 analyzer; Abbott Diagnostics, Abbott park, IL, USA). This
testosterone assay showed a very strong correlation with our ID-LC-MS/MS testosterone
assay (Pearson’s r=0.97; testosterone levels >4.0 nmol/L) (Bui et al., 2010). Intra- and inter-
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assay variation of the assay above the levels of 2 nmol/L was 4% and 6%, respectively, and
the lower limit of quantification was 0.1 nmol/L.

Data analysis

Results

Baseline characteristics in the four groups are presented as mean + standard deviation,
median with interquartile range (IQR) or percentage. Differences between groups were
tested by one-way analysis of variance (ANOVA) or chi-squared test, depending on the
variable. Pearson’s correlation coefficient was used to analyze the association between
baseline and 41 month testosterone levels.

Changes in testosterone levels after 41 months in the three n-3 fatty acid groups versus the
placebo group were assessed by ANOVA, and analysis of covariance (ANCOVA) for
multivariable models that included age, body mass index, education level, marital status,
smoking status, alcohol use, baseline testosterone, and times of blood sampling. Crude and
adjusted treatment effects are presented with 95% confidence intervals (CI). The effect of
n-3 fatty acids on risk of testosterone deficiency (total testosterone levels < 8.0 nmol/L)
(Wang et al.,, 2009; Wu et al., 2010) was assessed by logistic regression after exclusion of
144 (7.8%) patients with testosterone deficiency at baseline. Crude and adjusted odds ratios
(OR) are presented with 95% CI. The main analyses were repeated after exclusion of non-
compliant patients, who consumed <80% of the time trial margarine. A two-sided P-value
<0.05 was considered statistically significant. No adjustments were made for multiple
comparisons. SPSS for Windows version 17.0 (SPSS Inc., Chicago, IL, USA) was used for
data-analysis.

Baseline characteristics of the 1850 included male post-MI patients were well-balanced over
the groups due to randomization (Table 1). The average intake of trial margarine was 20.2
(SD 3.5) g/d and 96.8% of the patients consumed =80% of the time the supplied margarines.
The median intervention period was 41.3 (IQR, 40.7-41.9) months, including 4-6 weeks on
placebo margarine. At baseline, 144 (7.8%) men had a serum total testosterone level below 8
nmol/L and 460 (24.9%) between 8 and 12 nmol/L. The average time of blood sampling was
11:20 h at baseline (15t and 99t percentiles 8:00 and 15:54 h), and 11:43 h at 41 months
follow-up (15t and 99t percentiles 8:30 and 16:15 h).

There were large changes in n-3 fatty acid levels in plasma cholesteryl esters in the three n-3
FA groups versus placebo, that were maintained throughout the intervention period. Serum
ALA was 67% and 71% higher than baseline values after 41 months of ALA and EPA-
DHA plus ALA supplementation, respectively. Serum EPA was 55% and 119% higher, and
serum DHA was 29% and 36% higher after EPA-DHA and EPA-DHA plus ALA
supplementation, respectively. Blinding was successful, because 74.6% patients could not
tell which margarine they had used and the remaining patients were unable to do better than
chance. The four groups did not differ significantly in gastrointestinal complaints, skin
problems, or other side effects (P’s>0.2) (Kromhout et a/., 2010). None of the visits to an
emergency department, hospitalizations, or other serious adverse events could be related to
use of trial margarines, as judged by the data and safety monitoring board.

The post-MI patients had a mean baseline testosterone level of 14.8 (SD 5.6) nmol/L, which
did not differ among the four groups (p=0.94; Table 1). Baseline and 41 month testosterone
levels were strongly correlated in the placebo group (r=0.73; P<0.001). Table 2 shows the
effect of n-3 fatty acid treated groups vs. placebo on changes in testosterone levels. We
found no effects for ALA, EPA-DHA, nor for the combination on changes in total
testosterone levels, although there was a tendency of borderline statistical significance for a
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decline in testosterone levels in the group treated with ALA compared to placebo (of —0.50
nmol/L; SD 0.26; P=0.052). In a sensitivity analysis in 691 men with both baseline and
follow-up blood sampling between 8-11 am findings remained similar, with no statistically
significant differences in any of n-3 fatty acid treated groups compared to placebo (all P’s in
adjusted analyses >0.2).

There were 76 incident cases of testosterone deficiency (4.5%), who had a mean testosterone
level of 6.6 [SD 1.3] nmol/L. These 76 men had a mean decline of 3.8 (SE 0.3) nmol/L over
41 months of follow-up. N-3 fatty acid supplementation had no effect on incident
testosterone deficiency (Table 2). Similar findings were obtained in multivariable analysis
and after exclusion of 60 non-compliers.

Discussion

We found no effects of EPA-DHA or ALA supplementation on serum total testosterone
levels in post-MI patients. This can be considered reassuring, because significant modulation
of serum testosterone would have raised clinical concerns with respect to male reproduction
function (e.g., erectile function and sperm quality) or other androgen-related physiology
such as body composition (e.g., bone mineral density, muscle development, fat distribution),
prostate gland physiology, and erythropoiesis (Kaufman and Vermeulen, 2005; Dandona
and Dhindsa, 2011). Moreover, low-dose n-3 fatty acids in margarines were well tolerated.
These findings further supports the safety of the consumption of n-3 fatty acids.

Our findings of effects on serum total testosterone is consistent with a cross-over trial with
high-dose n-3 fatty acids in 26 men (Hughes et a/., 1990). Two other trials were done in
women with the polycystic ovary syndrome characterized by hyperandrogenism. In the first
randomized trial in 22 women, 1.9g EPA and DHA per day for 6 weeks did reduce
bioavailable testosterone levels compared to placebo oil, while total testosterone levels
decreased nonsignificantly (Phelan et al., 2011). The other trial with either fish oil, flaxseed
oil or soybean oil for 6 weeks in 51 women did not show differential effects among the 3
randomized groups on serum total testosterone levels (Vargas et al., 2011).

Testosterone deficiency has been linked to poor cardiovascular health, especially in old age
(Araujo et al., 2011). Serum testosterone levels in men decline after age 30 years. In healthy
young men (aged 20 to 30 years) morning levels of serum total testosterone vary between 12
and 35 nmol/L (i.e., 350 and 1000 ng/dL) (Harman et al., 2001), and these values are
generally also applied as reference values for elderly men. At age 75, morning total
testosterone levels have decreased by one third, while the sensitivity of target tissues to
testosterone is also lowered with increasing age (Wu et al., 2008). Low testosterone has been
associated with increases in abdominal fat mass, dyslipidaemia, hypertension, insulin
resistance, type 2 diabetes mellitus, and the metabolic syndrome (Stellato et al., 2000; Oh et
al., 2002; Dandona and Dhindsa, 2011; Brand et al., 2011), and predicted future
cardiovascular events and overall mortality in several prospective cohort studies in men
from the general population (Haring et al., 2010; Jones, 2010; Araujo et al., 2011). Ina
prospective cohort study among 930 British men with coronary heart disease, testosterone
deficiency (defined as a total testosterone levels <8.1 nmol/L) was found in 17% and
predicted overall mortality (Malkin et al., 2010). A low testosterone level is strongly related
to obesity, and especially when extra fat is present in the abdominal regions. Waist
circumference, a reliable indicator of abdominal obesity, was inversely associated with total
testosterone levels (Svartberg ef al., 2004). It is however unclear whether testosterone
deficiency is causally related to obesity, as central fat deposits have a high degree of
aromatase activity that metabolizes testosterone into estradiol. Nevertheless, testosterone
replacement reduces waist circumference and BMI in hypogonadal obese men (Kalinchenko
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et al., 2010; Jones, 2010). In our study, we found that 8% of post-MI patients had a
testosterone level below 8 nmol/L and 33% below 12 nmol/L, but that n-3 fatty acids
supplementation did not affect these levels nor the risk of testosterone deficiency.

Our findings of no effect of EPA-DHA and ALA on total testosterone are of importance to
androgen-sensitive carcinogenesis of prostate cancer, one of the most common cancers in
men. Androgens are believed to play a central role in prostate cancer development and
progression, illustrated by the therapeutic effects of androgen-receptor blocking (Akaza et
al., 2009). However, meta-analyses have shown inconsistent associations between serum
total testosterone and a higher risk of prostate cancer.(Roddam ef a/., 2008) An in vitro study
suggested that the n-3 fatty acids (especially EPA-DHA) inhibit prostate cancer growth
(Rose, 1997). Most (Norrish et al.,, 1999; Terry et al., 2001; Leitzmann et al., 2004;
Augustsson ef al., 2003) but not all (Newcomer et al., 2001) prospective cohort and case-
control studies showed inverse associations between EPA and DHA levels or fish intake and
the risk of prostate cancer. Yet, a positive association between ALA intake and risk of
prostate cancer was found in some (De Stefani ef a/., 2000), though not all epidemiological
studies (Leitzmann et al., 2004). Plasma ALA levels were also positively associated with
prostate cancer among participants of the Physician’s Health Study (Gann et a/., 1994) and
in several case control studies (Harvei et al., 1997; Newcomer ef a/., 2001). In a meta-
analysis, a high versus low intake or blood levels of ALA was associated with a 70%
increased risk of prostate cancer (Brouwer et al., 2004). Thus, there might be a protective
effect of EPA-DHA intake on prostate cancer incidence and mortality, and a possible
detrimental effect of ALA. Our findings do not support the hypothesis that ALA increases
and EPA-DHA decreases testosterone levels, and thereby affect the risk of prostate cancer.

Limitations and strengths

Conclusion

The Alpha Omega Trial was designed for CVD endpoints (Kromhout et a/., 2010; Geleijnse
et al., 2010), and we had only data on total testosterone levels. Therefore, the effects of n-3
fatty acids on bioavailable and free testosterone, the biologically active fractions, could not
be examined. Furthermore, we tested for the effects of low-dose supplementation of n-3
fatty acids, that corresponded to the recommended dietary allowances of those fatty acids
(Elmadfa and Kornsteiner, 2009). It is therefore unclear whether higher doses of n-3 fatty
acids would have yielded similar results. Non-fasting serum samples were used and whole
day blood sampling was performed, and therefore extra biological variability in total
testosterone levels throughout the day was present. Finally, a clinical diagnosis of
hypogonadism could not be made, as we had not assessed symptoms of testosterone
deficiency and testosterone was not assessed in more than one separate blood sample. Our
study also has several strengths. Blinding was maintained throughout our study and
compliance was excellent, as reflected in substantial increases in serum EPA, DHA and
ALA in active treatment arms. Moreover, we are only aware of one small cross-over trial of
n-3 fatty acid supplementation on serum total testosterone levels in men (Hughes et al.,
1990).

In conclusion, we found no effect of EPA-DHA and ALA supplementation on changes in
serum total testosterone. The risk of testosterone deficiency in elderly men who had had a
MI was not affected by low-dose n-3 fatty acids.
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5,665 Patients were
assessed for eligibility

A J
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828 (14.6%) Were excluded

165 Dropped out during screening process
431 Refused baseline examination
232 Did not meet inclusion criteria

during baseline examination

4,837 Post-MI patients
underwent randomization

v

v

v

v

1236 Were assigned to
placebo

1197 Were assigned to
ALA

1192 Were assigned to
EPA-DHA

1212 Were assigned to
EPA-DHA and ALA

L]

L]

L]

L]

591 Men were randomized
before August 2005

562 Men were randomized
before August 2005

560 Men were randomized
before August 2005

566 Men were randomized
before August 2005

57 Died

119 (20.1%) Drop-out

1 12 Prostate cancer >
16 No blood samples
34 Refusal / other

41 Died

95 (16.9%) Drop-out

12 Prostate cancer B
17 No blood samples
25 Refusal / other

41 Died

107 (19.1%) Drop-out

15 Prostate cancer B
8 No blood samples
43 Refusal / other

43 Died

A

A 4

A 4

\ 4

472 Men included
in analysis at 41-mo follow-up

467 Men included
in analysis at 41-mo follow-up

453 Men included
in analysis at 41-mo follow-up

458 Men included
in analysis at 41-mo follow-up

Figure 1.

Flow chart of the Alpha Omega Trial. Prostate cancer was defined as non-fatal prevalent or
incident prostate cancer (or the use of antiandrogenic or other androgen-modulating

medication).
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Table 2

Effects of n-3 fatty acids on serum total testosterone levels in 1850 male CHD patients.

Page 12

Variables Placebo ALA EPA-DHA EPA-DHA and ALA
(N=472) (N=467) (N=453) (N=458)
Baseline total testosterone, nmol/L
Mean (SE) 14,79+ 0.25 14,79+ 0.25 14.87 +0.28 14.64 + 0.26

Median (interquartile range)

41 months total testosterone, nmol/L

14.0 (10.8-17.9)

14.4 (11.1-17.7)

13.9 (11.0-17.6)

14.1 (11.1-17.3)

Mean (SE) 15.35+0.27 14.97 £ 0.26 15.13+0.28 15.28 +0.29
Median (interquartile range) 14.7 (11.1-185) 145(11.1-18.0) 14.5(11.3-18.2) 14.3(11.0-19.0)
Mean (SE) changes in total testosterone, nmol/L 0.56 +0.18 0.18+0.18 0.26 +0.21 0.64 +0.20
Nean (SE) changes in total testosterone vs. placebo, nmol/ 0 (ref) -0.38 £ 0.27 -0.31+0.27 0.08 +0.27
P-value 0.16 0.26 0.77
Adjusted mean changes in total testosterone vs. placebo, -0.50 + 0.26 -0.26 + 0.26 0.05+0.26
nmol/L4
P-value 0.052 0.26 0.84
No. of subjects without testosterone deficiency at baseline 434 436 416 420
Testosterone deficiency at 41 months 21 (4.8%) 19 (4.4%) 19 (4.6%) 17 (4.0%)
Odds ratio vs. placebo for testosterone deficiency at 41 1.0 (ref) 0.90 (0.48-1.69) 0.94 (0.50-1.78) 0.83 (0.43-1.60)
months?
P-value 0.74 0.85 0.58
Adjusted odds ratio vs. placebo for testosterone deficiency 1.0 (ref) 0.86 (0.42-1.74) 1.04 (0.52-2.08) 0.84 (0.41-1.74)

at 41 months@?

P-value

0.67

0.92

0.64

Abbreviations: ALA, alpha-linolenic acid (ALA); DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; MI myocardial infarction.

Numbers may not total to the column total because of missing values for some variables.

Data are reported as no. (%), mean + standard error (SE), or odds ratio (95% confidence interval).

a, .. . . . . . .
Adjusted for age, body mass index, education level, marital status, smoking status, alcohol use, baseline testosterone levels, and both times of

blood collection.

b - ] .
Testosterone deficiency was defined as a serum total testosterone level <8 nmol/L,(Wang et a/., 2009; Wu et al., 2010) and 136 men with

testosterone deficiency at baseline were excluded.
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