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A B S T R A C T

Background: Fish are rich in omega-3 polyunsaturated fatty acids and vitamin D, which can promote testosterone synthesis and secretion.
However, some contaminants present in fish may disrupt testosterone production.
Objective: This study aimed to investigate the association between fish intake (total, fatty, and lean fish) and serum testosterone levels in
older males.
Methods: This cross-sectional study included 1545 Japanese males aged 60–69 y who participated in the baseline survey of the Hitachi
Health Study II. Fish intake was estimated using a validated brief-type self-administered diet history questionnaire. Total testosterone levels
were measured by chemiluminescence immunoassay. Multivariable linear regression analysis was used to analyze the association between
fish intake and serum testosterone levels.
Results: Higher total fish intake was associated with higher levels of serum testosterone, with an adjusted mean [95% confidence interval
(CI) of 5.63 (5.43, 5.83) and 5.99 (5.78, 6.20)] ng/mL for the 1st and 4th quartiles of total fish intake, respectively (P for trend ¼ 0.06).
When analyzing fatty and lean fish separately, higher intake of lean fish, but not fatty fish, was associated with higher levels of serum
testosterone: adjusted mean (95% CI): 5.63 (5.43, 5.82) and 6.00 (5.79, 6.20) ng/mL for the 1st and 4th quartiles of lean fish intake,
respectively (P for trend ¼ 0.01).
Conclusions: Among older males, higher intake of total fish, particularly lean fish, was associated with higher serum testosterone levels.
Curr Dev Nutr 20xx;x:xx.
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Introduction

Testosterone, a hormone secreted mainly by Leydig cells in
the testis of males, plays an important role not only in regulating
reproductive function but also in maintaining bone mineral
density, muscle strength, and cognitive function [1]. Low
testosterone levels are associated with higher risks of dementia
[2], type 2 diabetes [3], and all-cause mortality in males [4].
Abbreviations: BDHQ, brief-type self-administered diet history questionnaire; CI
polychlorinated biphenyl; PUFA, polyunsaturated fatty acid; MET, metabolic equiva
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Serum testosterone levels decline with age [5], but lifestyle
modifications, such as increased physical activity can attenuate
this decline in older males [6].

Diet may also affect serum concentrations of testosterone [7],
which is synthesized from cholesterol through a series of enzy-
matic reactions and is regulated by pituitary gonadotropin
luteinizing hormone [8]. Fish contains several key nutrients
involved in testosterone synthesis and secretion, such as vitamin
, confidence interval; HbA1c, hemoglobin A1c; IQR, interquartile range; PCB,
lent rate; OR, odds ratio; SD, standard deviation.
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D [9], omega-3 polyunsaturated fatty acids (n-3 PUFAs) [10,11],
and protein [12]. Animal experiments showed that n-3 PUFAs
promoted luteinizing hormone-simulated testosterone synthesis
by increasing the responsiveness of gonadotropin receptors in
Leydig cells [10]. Vitamin D may enhance testosterone produc-
tion in Leydig cells by regulating the expression of genes related
to testosterone synthesis [9]. In humans, clinical trials have
demonstrated that supplementation of fish oil rich in n-3 PUFAs
[13,14] or vitamin D [15,16] increased serum testosterone levels
in males. On the other hand, fish also contain environmental
contaminants, including methylmercury and polychlorinated
biphenyls (PCBs), which can inhibit serum testosterone pro-
duction owing to their reproductive toxicity [17–20].

Although fish contain both nutrients and contaminants that
may affect serum testosterone levels differently, evidence is
scarce for the association between fish intake and serum testos-
terone levels. Only one study of 178 middle-aged male boat
captains and anglers in the United States showed that fish con-
sumption was positively correlated with serum testosterone
levels [19]. Furthermore, given that fatty fish typically contain
higher amounts of n-3 PUFAs and vitamin D than lean fish [21],
it is reasonable to assume that fatty fish intake is more strongly
associated with serum testosterone levels than lean fish intake.
No studies, however, examined the respective association of lean
and fatty fish intake with serum testosterone levels.

This study aimed to examine the association between fish
intake and serum testosterone levels among older males in
Japan, one of the highest fish-consuming countries in the world
and where a variety of fish is consumed [22,23].

Methods

Study design and participants
Data for this cross-sectional study were obtained from the

baseline survey of the Hitachi Health Study II, an ongoing
prospective study of current and former employees and their
spouses of Hitachi, Ltd., Japan [24,25]. A total of 3250 in-
dividuals (89.4% males) received a health check-up, including
cognitive function screening, at the Hitachi Health Care Center
(Ibaraki prefecture) between April 2017 and March 2020; of
whom, 2101 were in their 60s. In each fiscal year, we invited
participants aged 60, 63, 66, and 69 y (as of March 31, the last
date of the fiscal year) to answer 2 questionnaires on overall
health-related lifestyle and dietary habits, enabling us to cover
those aged 60–69 y over the 3-y baseline period. Of 1663
health check-up examinees aged 60, 63, 66, and 69 y (95.7%
males), 1574 males agreed and filled out the questionnaires. No
female participated in the questionnaire survey. For this study,
we excluded those without results from both questionnaires (n
¼ 21) and those without the data on fish intake (n ¼ 2) or
testosterone levels (n ¼ 6), leaving 1545 males for the analysis
(Figure 1).

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki. All procedures involving
human subjects were approved by the Ethics Committee of the
National Center for Global Health and Medicine (approval
number: NCGM-G-002208) and the Hitachi Health Care Center.
Written informed consent was obtained from all participants
before their participation in the present study.
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Dietary intake assessment
Information on dietary intake was assessed using the brief-

type self-administered diet history questionnaire (BDHQ) [26,
27]. The BDHQ assesses dietary habits during the preceding
month and is designed to calculate the daily intake of commonly
consumed 58 food items in Japan, including 38 solid foods
(including 5 fish items), 12 beverages, and 8 seasonings. Fixed
portion sizes of food items were derived from several recipe
books for Japanese dishes. Fish intake was calculated based on
the reported frequency of fish intake and the fixed portion size
[26,27]. Total fish intake was calculated by summing the
following 5 items: fatty fish (including sardines, mackerel, saury,
amberjack, herring, eel, and fatty tuna), lean fish (including
salmon, trout, white meat fish, freshwater fish, and bonito),
dried fish and salted fish, small fish with bones, and canned tuna
[27]. Shellfish was not included in the calculation of total fish
intake. Salmon was classified as a lean fish because of the rela-
tively low-fat content of salmon commonly consumed in Japan
(for example, chum salmon, 3.7 g fat/100 g) [28]. Canned tuna
was not incorporated in either the lean or fatty fish because it
contains much lower amounts of fish-derived n-3PUFAs,
including eicosapentaenoic acid and docosahexaenoic acid, than
common fatty and lean fish [28,29]. Dietary intake of total en-
ergy, ethanol, and selected nutrients were assessed using an ad
hoc computer algorithm for the BDHQ, according to the Standard
Tables of Food Composition in Japan, 2010 [28]. Intakes of fish,
n-3 PUFAs, vitamin D, cholesterol, magnesium, and zinc were
energy-adjusted using the density method [30]. Protein (% en-
ergy) was calculated by multiplying protein intake (g/d) by 4
(Atwater factor), divided by total energy intake (kcal/d), and
multiplied by 100.

The validity of the BDHQ for Japanese adults using semi-
weighted dietary records as the gold standard has been pub-
lished elsewhere [27,31,32]; the Spearman’s correlation
coefficients were 0.36 for energy-adjusted intake of fish and
shellfish [27], and 0.27 for vitamin D [32]. The Pearson corre-
lation coefficients were 0.38 for total energy intake, and that of
energy-adjusted nutrient intake was 0.57 for protein, 0.41 for n-3
PUFA, 0.43 for cholesterol, 0.68 for magnesium, and 0.56 for
zinc [31].

Testosterone levels
Peripheral venous blood samples were collected between

8:00 and 10:00 a.m. and stored in freezers at �80�C until anal-
ysis. They were transferred to the laboratory (LSI Medience Co.)
for measurement of serum total testosterone. Total testosterone
was measured using the chemiluminescence immunoassay
method with Architect testosterone II kits (Architect i2000 SR;
Abbott). The intra-assay coefficient of variation of the kit is
2.0%–5.1% in samples with testosterone concentrations of
0.5–35 nmol/L (0.1–10.1 ng/mL). Low testosterone levels are
defined as total testosterone concentrations <3.0 ng/mL based
on the American Urological Association guideline [33].

Other covariates
Information on marital status, education, employment status,

household income, sleep duration during weekdays, and leisure-
time physical activity was obtained using the study-specific
questionnaire, whereas that on smoking status, comorbidities,



Participants without results of both questionnaires 
(n=21)

Analytic sample (n=1545)

Eligible participants of the questionnaire survey for the Hitachi 
Health Study II (aged 60, 63, 66, or 69 years) (n=1574)

Participants without the data on fish intake (n=2)

Participants without the data on testosterone (n=6)

FIGURE 1. Flowchart of participants included in the present analysis.
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and medication use was obtained using the questionnaire
embedded in the health check-up. Leisure-time physical activity
was expressed as the sum of metabolic equivalents (METs)
multiplied by the duration of time engaged across activities with
different intensity. Blood pressure was measured using an auto-
matic sphygmomanometer. Body height and weight were
measured to the nearest 0.1 kg and 0.1 cm, respectively. BMI was
calculated as weight in kilograms divided by the squared height
in meters. Hypertension was defined as systolic blood pressure
�140 mmHg or diastolic blood pressure �90 mmHg based on
the Japanese Society of Hypertension guidelines [34], or
self-reported use of antihypertensive medication. Plasma glucose
was measured using the glucose oxidase enzyme-electrode
method (A&T), and hemoglobin A1c (HbA1c) was measured
using the high-performance liquid chromatography method
(HLC723-G9, TOSOH). Diabetes was defined as fasting plasma
glucose �126 mg/dL or HbA1c �6.5% based on the American
Diabetes Association criteria [35]. Those receiving anti-diabetic
treatment were also classified as having diabetes.

Treatment of missing data
The proportion of missing data for each covariate was as

follows: marital status: 1.4%, education: 0.1%, employment
status: 3.5%, diabetes: 0.3%, use of cholesterol/triglyceride-
lowering medication: 26.3%, household income: 1.0%, sleep
duration: 0.4%, and physical activity: 5.9%. Multiple imputa-
tions for missing data were performed using the chained equa-
tion method, assuming that analyzed data were missing at
random [36]. All variables used in the analysis were included in
the creation of 20 imputed datasets with predictive mean
matching (the closest 3 observations were drawn). Each imputed
3

dataset was analyzed, and the results across imputations were
combined using Rubin’s rules [37].

Statistical analysis
We compared the characteristics of study participants across

the quartiles of energy-adjusted intake of total, fatty, and lean
fish. Multivariable linear regression analysis was performed to
estimate and compare the adjusted means of total testosterone
levels at each quartile of intake of total, lean, and fatty fish.
Model 1 was adjusted for age (y, continuous). Model 2 was
additionally adjusted for marital status (married or others), ed-
ucation (<10, 10–12, or �13 y), current work (employed or
unemployed), household income (<3, 3–5.9, or �6 million
Japanese yen/y), BMI (kg/m2, continuous), smoking status
(never, former, or current), use of cholesterol- or triglyceride-
lowering drugs (yes or no), alcohol consumption (nondrinkers;
drinkers consuming <23, 23–45.9, or �46 g ethanol/d), sleep
duration (<7, 7–7.9, or �8 h/d), leisure-time physical activity
(METs h/wk, quartile), total energy intake (kcal/d, continuous),
cholesterol intake (mg/1000 kcal, continuous), zinc intake (mg/
1000 kcal, continuous), and magnesium intake (mg/1000 kcal,
continuous). These covariates were selected based on previous
literature [6,8,38–40]. In the analysis examining the association
between lean or fatty fish intake and serum testosterone levels,
the model was further adjusted for the combined intake of salted
fish and dried fish, small fish with bones, and canned tuna
(which were classified as neither lean nor fatty fish), as well as
for lean or fatty fish for mutual adjustment. The P value for the
trend was calculated by treating the quartile variable of fish
intake as a continuous term in the model. Sensitivity analysis was
performed to investigate the potential impact of very high fish



FIGURE 2. Distribution of serum total testosterone levels of 1545
males aged 60–69 y.x

TABLE 1
Participant characteristics

Total Total fish

Q1

Participants, n 1545 387
Total fish (g/1000 kcal) [median (min–
max)]

14 (0–19.

Age (y) 63.5 (3.5) 63.5 (3.5)
Marital status, married 90.6 90.8
Education, <10 y 5.0 4.9
Employment status, employed 71.4 73.0
Household income, <3 million Japanese
yen/y

30.3 29.1

Current use of cholesterol/triglyceride-
lowering
medication

23.4 25.8

Comorbidities
Diabetes1 23.2 24.4
Hypertension2 48.2 47.0
Dyslipidemia3 59.0 63.8
Cancer 6.6 5.7
Chronic kidney disease 1.3 1.6
Cardiovascular disease 11.8 12.4

BMI (kg/m2) 24.2 (3.1) 24.4 (3.0)
Smoking status, current 22.1 22.7
Sleep duration, <7 h/d 37.4 40.3
Physical activity on leisure, �10
METs h/wk

35.0 34.2

Dietary intake (/d)
Total energy (kcal) 1957 (554) 1821 (554
Alcohol (g) [median (IQR)] 12.1 (1.0–30.1) 10.2 (0.2–
Protein (% energy) 14.8 (2.9) 12.7 (2.3)
Cholesterol (mg/1000 kcal) 195.3 (74.0) 167.3 (79
n-3 PUFAs (g/1000 kcal) 1.4 (0.5) 1.0 (0.3)
Vitamin D (μg/1000 kcal) 7.2 (4.4) 3.2 (1.1)
Zinc (mg/1000 kcal) 4.3 (0.7) 4.1 (0.7)
Magnesium (mg/1000 kcal) 136.7 (28.2) 124.3 (26

Data are presented as percentages or mean (standard deviation) except wh
Abbreviations: BMI, body mass index; IQR, inter quartile range; HbA1c, he
1 Defined as fasting plasma glucose �126 mg/dL, HbA1c �6.5%, and/or
2 Defined as systolic blood pressure�140 mmHg, diastolic blood pressure

hypertension.
3 Defined as low-density lipoprotein-cholesterol�140 mg/dL, triglyceride

self-reported medical history or medication use for dyslipidemia.
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intake on the association by excluding participants with a total
fish intake exceeding 100 g/1000 kcal (n ¼ 20).

To investigate whether a dose-response association existed
between fish intake and predicted serum testosterone levels, we
ran the model while treating fish intake as a cubic polynomial
(that is, in terms of fish intake, fish intake2, and fish intake3). All
data on fish intake were used in the analysis, but data were
truncated at 108.5 g/1000 kcal for total fish, 46.3 g/1000 kcal
for lean fish, and 35.2 g/1000 kcal for fatty fish (99% of the
distribution) because of the limited number of data whenmaking
a cubic spline plot. P value for linearity was calculated by
treating fish intake as a continuous variable in the model. Lo-
gistic regression was also performed to calculate the odds ratios
(OR) and 95% confidence interval (95% CI) for having low
testosterone levels (<3.0 ng/mL) across the quartiles of fish
intake. All statistical analyses were conducted using Stata ver.
intake

Q2 Q3 Q4

386 386 386
7) 24 (19.8–29.4) 36 (29.5–44.6) 58 (44.9–162.9)

63.3 (3.5) 63.4 (3.4) 63.9 (3.5)
91.1 88.7 91.6
4.4 2.6 8.0
71.1 70.8 70.7
27.2 33.9 30.9

20.9 23.1 24.0

22.0 21.4 25.1
47.7 48.2 50.0
58.8 59.1 54.4
8.0 7.8 4.9
1.6 0.8 1.3
10.6 12.2 12.2
23.9 (2.9) 24.4 (3.5) 24.1 (3.1)
23.6 23.1 19.2
39.5 36.1 33.6
34.8 35.6 35.5

) 1942 (506) 2005 (552) 2060 (574)
30.1) 12.0 (1.0–28.7) 14.3 (1.2–33.4) 11.9 (1.2–28.6)

13.8 (2.0) 15.0 (1.9) 17.8 (2.6)
.7) 180.8 (62.7) 192.3 (60.0) 240.8 (70.6)

1.2 (0.3) 1.5 (0.3) 1.9 (0.4)
5.3 (0.9) 7.6 (1.3) 13.0 (4.3)
4.2 (0.6) 4.3 (0.6) 4.7 (0.6)

.4) 129.6 (25.8) 138.1 (22.4) 154.7 (28.1)

ere noted.
moglobin A1c; MET, metabolic equivalent; Q, quartile.
self-reported medical history or medication use for diabetes.
�90 mmHg, and/or self-reported medical history or medication use for

�150 mg/dL, high-density lipoprotein-cholesterol<40 mg/dL, and/or



TABLE 2
Adjusted means of serum testosterone levels and their 95% confidence intervals by quartiles of energy-adjusted fish intake

Q1 (n ¼ 387) Q2 (n ¼ 386) Q3 (n ¼ 386) Q4 (n ¼ 386) P for trend1

Total fish, median (min–max)
(g/1000 kcal)

14 (0, 19.7) 24 (19.8, 29.4) 36 (29.5, 44.6) 58 (44.9, 162.9)

Serum total testosterone levels (ng/mL), adjusted mean (95% CI)2

Model 13 5.58 (5.38, 5.79) 5.79 (5.59, 5.99) 5.57 (5.37, 5.77) 5.99 (5.79, 6.19)5 0.03
Model 24 5.63 (5.43, 5.83) 5.71 (5.51, 5.90) 5.62 (5.42, 5.81) 5.99 (5.78, 6.20)5 0.06

Lean fish, median (min–max)
(g/1000 kcal)

3 (0, 4.26) 6 (4.28, 7.29) 9 (7.31, 12.1) 19 (12.2, 75.5)

Serum total testosterone levels (ng/mL), adjusted mean (95% CI)2

Model 13 5.58 (5.38, 5.79) 5.60 (5.39, 5.80) 5.76 (5.56, 5.96) 6.00 (5.80, 6.20)5 <0.01
Model 24,6 5.63 (5.43, 5.82) 5.60 (5.41, 5.79) 5.71 (5.52, 5.91) 6.00 (5.79, 6.20)5 0.01

Fatty fish, median (min–max)
(g/1000 kcal)

3 (0, 4.2) 6 (4.3, 7.2) 9 (7.3, 10.9) 17 (11.0, 57.4)

Serum total testosterone levels (ng/mL), adjusted mean (95% CI)2

Model 13 5.72 (5.52, 5.92) 5.70 (5.50, 5.90) 5.69 (5.49, 5.90) 5.82 (5.62, 6.02) 0.52
Model 24,6 5.78 (5.59, 5.98) 5.73 (5.54, 5.92) 5.65 (5.46, 5.85) 5.77 (5.57, 5.97) 0.77

The number of participants in each quartile is the same for total, lean, and fatty fish intake.
Abbreviation: CI, confidence interval; MET, metabolic equivalent; Q, quartile.
1 P value for the trend is calculated by treating the quartiles of fish intake as a continuous term in linear regression model.
2 Estimated adjusted means and its 95% confidence interval of serum total testosterone level (ng/mL).
3 Adjusted for age (y, continuous).
4 Adjusted for age (y, continuous), marital status (married or others), education (<10, 10–12, or �13 y), employment status (employed or un-

employed), household income (<3, 3–5, 9, or�6 million Japanese yen/y), BMI (kg/m2, continuous), smoking status (never, former, or current), use
of cholesterol- or triglyceride-lowering drugs (yes or no), alcohol consumption (nondrinkers; drinkers consuming <23, 23–45.9, or �46 g ethanol/
d), sleep duration (<7, 7–7.9, or �8 h/d), leisure-time physical activity (METs h/wk, quartile), energy intake (kcal/d, continuous), cholesterol
intake (mg/1000 kcal, continuous), zinc intake (mg/1000 kcal, continuous), and magnesium intake (mg/1000 kcal, continuous).
5 The values show the quartile of fish intake significantly associated with serum testosterone levels, with the 1st quartile as a reference (P value

<0.05).
6 Further adjusted for the combined intake of salted fish and dried fish, small fish with bones, and canned tuna, as well as for lean or fatty fish for

mutual adjustment.
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18.0 (StataCorp LLC, College Station). All the reported P values
were 2-tailed, and statistical significance was set at P <0.05.

Results

The participants had a mean (standard deviation [SD]) age of
63.5 (3.5) y and a mean (SD) serum total testosterone level of 5.7
(2.0) ng/mL. The distribution of serum total testosterone levels is
shown in Figure 2. Themedian (interquartile range [IQR]) intake
of total, fatty, lean, and other fish (including dried fish and salted
fish, small fish with bones, and canned tuna) was 29 (20–45), 7
(4–11), 7 (4–12), and 13 (8–21) g/1000 kcal, respectively. Par-
ticipants with a higher intake of total fish tended to sleep longer
and have a higher intake of total energy, cholesterol, protein,
vitamin D, n-3 PUFAs, zinc, and magnesium (Table 1). Similar
results were obtained when comparing the characteristics across
the quartiles of lean and fatty fish (Supplemental Tables 1 and 2).

Higher intake of total fish was associated with higher levels of
serum testosterone; the adjusted means (95% CIs) were 5.63
(5.43, 5.83) and 5.99 (5.78, 6.20) ng/mL for the 1st and 4th
quartiles of total fish intake, respectively (Model 2: P for trend ¼
0.06, Table 2). These associations were virtually unchanged after
excluding those with a total fish intake of �100 g/1000 kcal
(Supplemental Table 3). When analyzing fatty and lean fish
separately, a higher intake of lean fish, but not fatty fish, was
associated with higher levels of serum testosterone; the adjusted
means (95% CIs) were 5.63 (5.43, 5.82) and 6.00 (5.79, 6.20)
5

ng/mL for the 1st and 4th quartiles of lean fish intake, respec-
tively (Model 2: P for trend ¼ 0.01, Table 2). Spline analysis
showed a steady increase in serum testosterone levels with
increasing total fish intake or lean fish intake (P for linearity for
total fish ¼ 0.02, Figure 3A; P for linearity for lean fish <0.001,
Figure 3B). Higher total or lean fish intake was associated with
lower, albeit not statistically significant, odds of low testosterone
levels (<3.0 ng/mL): ORs (95% CI) for the highest intake of total
fish and lean fish were 0.54 (0.25, 1.16) and 0.70 (0.33, 1.47),
respectively (Supplemental Table 4).

Discussion

Among older Japanese males, those with a higher intake of
total fish had higher serum testosterone levels. When analyzing
the association in relation to fatty and lean fish intake separately,
we found that a higher intake of lean fish, but not fatty fish, was
associated with higher levels of serum testosterone.

A previous study of 178 middle-aged United States males
showed a positive correlation between sport-caught fish con-
sumption and serum testosterone levels, with no adjustment for
other dietary and nondietary lifestyle factors [19]. Compared
with the participants of the United States study, those in the
present study are older (weighted mean: 49.4 y compared with
mean 63.5 y) and leaner (weighted mean: 27.2 kg/m2 compared
with mean: 24.2 kg/m2) and had higher testosterone concentra-
tions (weighted mean: 3.9 ng/mL compared with mean: 5.7
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FIGURE 3. Cubic spline curve plot of the association between fish intake and serum testosterone levels. (A) total fish, (B) lean fish, and (C) fatty fish.
Solid line represents the predicted levels of serum testosterone based on observed data of fish intake, and colored background represents its 95%
confidence intervals. The model (Model 2) is adjusted for age (y, continuous), marital status (married or others), education (<10, 10–12, or �13 y),
employment status (employed or unemployed), household income (<3, 3–5,9, or �6 million Japanese yen/y), BMI (kg/m2, continuous), smoking
status (never, former, or current), use of cholesterol- or triglyceride-lowering drugs (yes or no), alcohol consumption (nondrinkers; drinkers
consuming <23, 23–45.9, or �46 g ethanol/d), sleep duration (<7, 7–7.9, or �8 h/d), leisure-time physical activity (metabolic equivalents h/wk,
quartile), energy intake (kcal/d, continuous), cholesterol intake (mg/1000 kcal, continuous), zinc intake (mg/1000 kcal, continuous), and magnesium
intake (mg/1000 kcal, continuous). In the separate analysis of lean and fatty fish, the model was further adjusted for the combined intake of salted
fish and dried fish, small fish with bones, and canned tuna, as well as for lean or fatty fish for mutual adjustment.
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ng/mL). The present study of Japanesemales in their 60s expands
the previous United States research regarding sport-caught fish
consumption by linking circulating testosterone to the usual
consumption of fish while accounting for known lifestyle de-
terminants, including physical activity and sleep duration.

Fish is a major dietary source of n-3 PUFAs, vitamin D, and
protein, which potentially enhances testosterone synthesis
[9–12]. These nutrients might underlie the association between
fish intake and serum testosterone levels. In male rats, a diet high
in n-3 PUFAs enhanced luteinizing hormone-stimulated testos-
terone synthesis [10]. In humans, n-3 PUFAs-enriched fish oil
supplementation resulted in elevated total testosterone levels in
males [13], and another study also found a similar, albeit not
statistically significant, increase in total testosterone levels [14].
Vitamin D enhances testosterone synthesis in Leydig cells of male
mice [9]. A few human studies [15,16,41], but not all [42,43],
showed vitamin D supplementation increased serum total
testosterone levels. Regarding protein, a meta-analysis of animal
studies found that a low-protein diet reduced testosterone levels
[12], possibly because of hypothalamic-pituitary-gonadal axis
dysfunction [44].

Contrary to our expectations, we found no association be-
tween fatty fish intake and serum testosterone levels. One
possible explanation for this finding is that environmental con-
taminants present in fatty fish offset the promoting effects of n-3
PUFAs and vitamin D on testosterone synthesis. Animal experi-
ments showed that some contaminants, such as dioxin and PCBs,
which are more concentrated in fatty fish than in lean fish [45,
46], reduced serum testosterone levels [47,48]. Among Japanese
adults, a higher intake of fatty coastal fish (for example, mack-
erel and sardine) is associated with higher blood levels of dioxins
and PCBs [49]. Some population-based studies in the United
States also showed that serum PCB levels were inversely asso-
ciated with serum testosterone levels [50–52].
6

In males, higher serum testosterone levels have been associ-
ated with lower fat mass, higher bone mineral density, and lower
insulin resistance [6]. A clinical trial in males demonstrated that
fish oil supplementation increased serum testosterone levels by
0.56 ng/mL, and this change was associated with improved in-
sulin resistance [13]. Another clinical trial among overweight
males showed that vitamin D supplements increased serum
testosterone levels by 0.78 ng/mL and decreased BMI by 2.1
kg/m2 [15]. The difference in serum testosterone levels between
the lowest and highest quartiles of total fish intake (0.36 ng/mL)
in our study is somewhat smaller than the changes reported from
these supplementation studies; it is thus unclear whether such a
modest difference has clinical significance. In our explanatory
analysis, however, there was a suggestion of decreased odds of
clinically defined low testosterone (<3.0 ng/mL) associated with
the highest fish intake.

This study has some limitations. First, the association derived
from a cross-sectional study does not necessarily indicate cau-
sality, although it is unlikely that serum testosterone levels in-
fluence fish intake. Second, the possibility of bias cannot be ruled
out because of residual confounding and unmeasured factors (for
example, contaminants derived from fish and fish size). Con-
sumption of larger fish, which are higher up the food chain and
contain higher concentrations of environmental contaminants,
may influence serum testosterone levels. Additional adjustments
for these factors may provide a better understanding of the as-
sociation between fish intake and serum testosterone levels.
Third, fish intake was self-reported; thus, there was a possibility
of misreporting in the type of fish consumed and its frequency.
Fourth, we only had data on total testosterone levels. Free
testosterone level, the bioavailable form of testosterone, may
more accurately reflect the circulating testosterone levels of
older Japanese males [53]. Finally, the study participants were
current or retired employees of 1 manufacturer in Japan, and
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thus, the present findings might not be generalizable to pop-
ulations with different background characteristics.

In conclusion, this cross-sectional study showed that a higher
intake of total or lean fish was associated with higher serum
testosterone levels among older Japanese males. Future studies
with measurements of specific biomarkers of fish consumption
(for example, n-3 PUFAs) and environmental contaminants can
contribute to a better understanding of the association between
fish intake and serum testosterone levels.
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