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A B S T R A C T

Testosterone is one possible biomarker for depression risk among men and women. Both high and low levels of testosterone have been associated with depression, at
least among men. Testosterone may be associated only with specific symptoms of depression, which might help to explain inconsistencies in previous results.

We examined the cross-sectional associations between total testosterone and the specific symptoms of depression using pooled data across three cycles of NHANES
(2011–2012, 2013–2014, and 2015–2016). The sample included 4253 men and 5102 women. Testosterone was modelled as 1) a dichotomous (low testosterone cut-
off <300 ng/dL for men and 15 ng/dL for women) and 2) a continuous variable using cubic splines.

In men, very low testosterone was weakly associated with problems with appetite, whereas very high testosterone was associated with sleep problems and weakly
associated with tiredness. There were no consistent symptom-specific associations among women.

These findings provide only suggestive evidence for symptom-specific associations between testosterone and depression, mainly related to somatic complaints.
Further data are needed to assess the reliability of these associations.
1. Introduction

Testosterone levels may represent one important biomarker for
depression risk. In men, lower testosterone has been associated with
higher risk of depression [1–3], and this association has also been shown
with the more specific measure of “free testosterone” that measures
bioactive levels of testosterone not attached to sex hormone-binding
globulin (SHBG; [2,4]). However, some studies have suggested that
both low and high levels of testosterone might be related to elevated
depression risk [5]. There are fewer studies of testosterone and depres-
sion among women, with elevated depression risk being associated with
low [6] or high [7,8]; testosterone levels. Two meta-analytic studies on
testosterone replacement reported that testosterone therapy was
accompanied by decreasing levels of depressive symptoms among men
[9,10]. However, it is not clear how results from testosterone replace-
ment populations generalize to the general population as it has been
suggested that there is not consistent association among healthy men
[11].

Studies of testosterone have almost always assessed depression as a
single continuum, without considering possible differences between
specific symptoms of depression. Studies on other risk factors of
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depression—inflammation [12,13] and social risk factors [14] for
example—have shown that some risk factors may be more important for
specific depression symptoms but not others. In a study of depression
subtypes (Rodgers et al., 2015), atypical depression subtype (e.g.,
increased appetite, sleeping too much, mood reactivity towards positive
events) was associated with lower testosterone levels among men when
compared to melancholic depression (e.g., chronic sadness and anhe-
donia) or the control group. In addition, there is a study suggesting that
testosterone was associated with anxiety disorder and social and specific
phobias amongmen, but not depression itself [15]. Another study [16] of
older men found the testosterone-regulating gene CAG-repeat length to
be associated especially with suicidal ideas, anxiety, “deterioration of
general well-being” and depressive mood. Also more complex associa-
tions of CAG-repeat length have been found [17]. However, there seem to
be no studies comparing whether low and high levels of testosterone are
differently associated with the specific symptoms of depression. Such
information might be useful in better understanding the role of testos-
terone in the etiology of depression and clarifying why both low and high
testosterone levels have been associated with elevated risk of depression.

In the present study, we used data from the repeated National Health
and Nutrition Examination Studies (NHANES) to examine the cross-
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sectional association between testosterone and specific symptoms of
depression in men and women.

2. Methods

2.1. Participants and study design

Participants were from the National Health and Nutrition Examina-
tion Surveys (NHANES) of 2011–2012, 2013–2014, and 2015–2016. The
NHANES is a program of studies designed to assess the health and
nutritional status of adults and children in the United States. Each year,
the survey examines a nationally representative sample of about 5000
people and uses a stratified, multistage probability sampling design.
Health measurements are performed in mobile examination centers and
health interviews are conducted in respondents’ homes. The NHANES
studies are carried out by the U.S. National Center for Health Statistics
(NCHS) of the Centers for Disease Control and Prevention (CDC). The
datasets can be freely obtained directly from their website (https://
www.cdc.gov/nchs/nhanes/index.htm) or via the Inter-university Con-
sortium for Political and Social Research (ICPSR; https://www.icpsr.
umich.edu/web/ICPSR/series/39). The authors do not own the data,
so the data were not archived in any additional data repositories.
NHANES received approval from the National Center for Health Statistics
Ethics Review Board, and all participants provided informed consent.

We pooled data across three cycles of NHANES (2011–2012,
2013–2014, and 2015–2016). First, we identified participants aged 18
years and older with data on testosterone (7805 men and 8273 women).
Participants with a testosterone level above the normal range (more than
1100 ng per deciliter (ng/dL) for men and 70 ng/dL for women) [18,19]
were excluded (47 men and 186 women). Participants with missing in-
formation on depressive symptoms (3372 men and 2825 women), or any
covariate (133 men and 160 women) were also excluded, resulting in a
final sample size of 9355 (4253 men and 5102 women).

2.2. Measures

Depressive symptoms were assessed using the Patient Health Ques-
tionnaire (PHQ-9) [20]. The nine items of the questionnaire query how
often the participant had been bothered by specific depression symptoms
during the last 2 weeks, each self-rated on a 4-point response scale (0 ¼
Not at all, 1¼ Several days, 2¼More than half the days, 3¼Nearly every
day). Corresponding to the DSM-IV criteria of depression, PHQ items
measure cognitive and emotional symptoms (“have little interest in doing
things” (little interest); “feeling down, depressed or hopeless” (feeling
down); “feeling bad about yourself or that you are a failure” (feeling
bad); “trouble concentrating”; “thoughts that you would be better off
dead” (suicidality)) and somatic symptoms (“trouble falling or staying
asleep, or sleeping too much” (sleep problems); “feeling tired or having
little energy” (feeling tired); “poor appetite or overeating” (appetite
problems); “moving or speaking slowly or beingmore restless than usual”
(psychomotor change)). We first calculated a depressive symptom sum
score (range 0–27) that reflected the severity of depression. Next, we
dichotomized the items so that values 0 and 1were coded as no symptom,
and values 2 and 3 were coded as endorsing the symptom.

Total testosterone levels were measured in serum using isotope dilu-
tion liquid chromatography tandem mass spectrometry by the National
Center for Environmental Health, Centers for Disease Control and Pre-
vention (https://www.icpsr.umich.edu/web/ICPSR/series/39). Total
testosterone was measured with LC-MS/MS [21]; NHANES web page htt
ps://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/TST_G.htm). Testos-
terone was isolated from 100 μL serum by 2 serial liquid–liquid extrac-
tion steps and quantified with [13C] stable isotope–labelled testosterone
as the internal standard. Imprecision over 2 years was <4.8%, and the
limit of detection was 0.3 ng/dL (0.01 nmol/L). Vials were stored under
appropriate frozen (�20 �C) conditions until they were shipped testing.
More detailed descriptions of the specimen collection and laboratory
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protocols are provided in the NHANES Laboratory Procedures Manual
(https://wwwn.cdc.gov/nchs/data/nhanes/2011-2012/manuals/2
011-12_Laboratory_Procedures_Manual.pdf).

Covariates included age, body mass index (BMI), alcohol use (no
heavy use/heavy use at least once during the previous 12 months),
smoking (yes/no), and physical activity (moderate or vigorous, no
vigorous but at least moderate, or vigorous). For women, information
about being pregnant (yes/no) was also included in the analysis.

2.3. Statistical analysis

Modelling was performed in R Statistical Software (version 3.6.1)
using the svyglm function [22]. The complete code is freely available on
GitHub (https://github.com/Gluschkoff/tst-depr). Statistical signifi-
cance for all tests was set at p < .05, and all tests were two-tailed. Given
the exploratory nature of the study, nonsignificant associations with p
values < .10 are also noted.

Linear regression models were fitted to examine the sex-specific as-
sociations of total testosterone with depression sum score and logistic
regression for associations with specific symptoms of depression. We first
examined the associations of low total testosterone. For this analysis,
total testosterone levels were dichotomized into low and normal cate-
gories (cut-off <300 ng/dL for men and <15 ng/dL for women) [18,19,
23]. To accommodate for more complex, potential non-linear associa-
tions, we next used restricted (also known as natural) cubic splines to
model the distribution of total testosterone (see Ref. [24].) A spline is
constructed of piecewise polynomials which pass through a set of data
values (i.e., knots). The spline included two boundary knots (the lowest
and highest values of testosterone) and two internal knots that were
placed at the 33rd and 66th percentiles of total testosterone (316.83 and
456.73 for men, 14.75 and 24.30 for women). Statistical significance of
the overall effect of total testosterone was tested with a Wald test.

After fitting unadjusted models, we adjusted for the effects of age,
BMI, alcohol use, smoking, physical activity (men and women), and
pregnancy status (women). As a sensitivity analysis, we repeated all the
analysis in the subsets of men and women who screened positive for at
least mild depression (PHQ9 sum score > 4). We also assessed the
sensitivity of our results to an alternative coding strategy where we used
log-transformed testosterone values instead of raw concentrations.

Following NHANES analytic and reporting guidelines, all analyses
were conducted using survey procedures to account for the complex sur-
vey design (including oversampling), survey nonresponse, and post-
stratification. The weighted sample is representative of the US Census
civilian noninstitutionalized population. No sampling biases are expected.

3. Results

Combining data from the NHANES 2011–2016 surveys gave us an
unweighted sample size of 9355 individuals (weighted ¼ 134 million).
Table 1 shows the sex-stratified demographic characteristics of the
sample and descriptive statistics.

3.1. Results for low total testosterone

In the unadjusted models for men, there was no association between
low total testosterone and depression sum score (β ¼ 0.03, 95% CI -0.04
to 0.11) or the specific symptoms, except for the symptom of feeling tired
(OR ¼ 1.27, 95% CI 1.04 to 1.54). After adjusting for age, alcohol use,
smoking, physical activity, and BMI, the association with feeling tired
attenuated (OR ¼ 1.18, 95% CI 0.98 to 1.43). In the unadjusted models
for women, there was no association between low total testosterone and
depression sum score (β ¼ 0.02, 95% CI -0.04 to 0.09) or the specific
symptoms. However, in the adjusted model, low testosterone was asso-
ciated with higher depression sum score (β ¼ 0.07, 95% CI 0.01 to 0.14).
The adjusted symptom-specific associations in men and women are
shown in Supplementary Fig. 1 in Appendix.
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Table 1
Sample characteristics and descriptive statistics.

Variable Men (n ¼
4253)

Women (n ¼
5102)

p for
difference

Mean (SD) or
%

Mean (SD) or %

Age (range 18–80) 45.51 (16.95) 47.88 (17.71) <0.001
BMI (range 13.60–82.10) 29.04 (6.38) 29.73 (7.81) <0.001
Smoker (“yes") 19% 16% 0.003
Heavy alcohol use (“yes") 18% 9% <0.001
Physical activity <0.001
No moderate or vigorous 45% 49%
No vigorous but at least
moderate

45% 45%

Vigorous 10% 6%
Pregnant (“yes") NA 1%
Depression sum score 4.11 (4.10) 4.86 (4.53) <0.001
Depressive symptoms (“yes")
Little interest 10% 12% 0.030
Feeling down 8% 10% 0.035
Sleep problems 21% 23% 0.078
Feeling tired 20% 26% <0.001
Appetite 10% 15% <0.001
Feeling bad 6% 9% <0.001
Trouble concentrating 8% 9% 0.009
Psychomotor change 5% 5% 0.156
Suicidality 2% 2% 0.968
Testosterone, total (ng/dL)y 404.89

(170.16)
21.79 (12.28) <0.001

Low total testosterone 29% 33%

Note. y range 1.23–1096.30 for men, 0.25–70 for women.

I. M€a€att€anen et al. Comprehensive Psychoneuroendocrinology 6 (2021) 100044
3.2. Results using splines to model testosterone

In the unadjusted models for men, there was no association between
total testosterone and depression sum score (p ¼ .104). As for the un-
adjusted symptom-specific associations, testosterone was associated with
Fig. 1. Predicted depression sum scores and predicted probabilities of specific sympt
predictions were obtained from cubic spline regression models with sampling wei
predicted values reflect a situation where the covariates are set at their mean or mod
predicted probability (i.e., prevalence) for each depressive symptom. The red line c
significantly higher than at the average level of total testosterone (p < .05). The shade
for the association between total testosterone and the depressive symptom (Wald test
referred to the Web version of this article.)
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sleep problems (p¼ .032), feeling tired (p¼ .019) and appetite problems
(p ¼ .042). After adjusting for age, alcohol use, smoking, physical ac-
tivity, and BMI, the association remained significant for sleep problems
(p¼ .032), but no longer for feeling tired (p¼ .077) or appetite problems
(p ¼ .055).

In the unadjusted models for women, there were no associations be-
tween total testosterone and depression sum score (p ¼ .699) or indi-
vidual depressive symptoms. After adjusting for age, alcohol use,
smoking, physical activity, BMI, and pregnancy, testosterone was asso-
ciated with appetite problems (p ¼ .034).

The results from the splines analysis were further inspected by
examining the model-predicted probabilities of symptom endorsement at
different levels of testosterone. Although the overall non-linear effects of
testosterone were not significant for most of the symptoms, extreme
levels of testosterone appeared be associated with a higher probability of
symptom endorsement for some specific symptoms (see Figs. 1 and 2). An
examination of the predicted probabilities for men showed that, if
compared to a total testosterone level of 400 ng/dL (which roughly
corresponds to the average and median values of testosterone in men),
testosterone level of 150 ng/dL or lower was associated with a higher
probability of appetite problems (corresponding to an odd ratio (OR)
1.81 at 150 ng/dL), a level of 760 ng/dL or higher with a higher prob-
ability of sleep problems (OR 1.44 at 760 ng/dL), a level of 1000 ng/dL or
higher with a higher probability of feeling tired (OR 1.82 at 1000 ng/dL,
all p values < .05).

In women, the probability of endorsing a specific symptom was not
higher at the extreme levels of testosterone compared to a total testos-
terone level of 20 ng/dL, which roughly corresponds to the average and
median values of testosterone in women.

3.3. Sensitivity analysis

As for of the associations of low testosterone, the results with subsets
of men and women who screened positive for at least mild depression
oms of depression across different levels of testosterone in men (n ¼ 4251). The
ghts, adjusting for age, BMI, alcohol use, smoking, and physical activity. The
e. The dashed lines indicate the predicted mean of depression sum score and the
olor marks total testosterone levels at which the probability of the symptom is
d light red regions represent a 95% confidence interval band. *p < .05; yp < .10
). (For interpretation of the references to color in this figure legend, the reader is



Fig. 2. Predicted depression sum scores and predicted probabilities of specific symptoms of depression across different levels of testosterone in women (n ¼ 5102).
The predictions were obtained from cubic spline regression models with sampling weights, adjusting for age, BMI, alcohol use, smoking, physical activity, and
pregnancy. The predicted values reflect a situation where the covariates are set at their mean or mode. The dashed lines indicate the predicted mean of depression sum
score and the predicted probability (i.e., prevalence) for each depressive symptom. The shaded light red regions represent a 95% confidence interval band. *p < .05 for
the association between total testosterone and depression or individual depressive symptom (Wald test).
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were similar as in the main analysis in terms of direction and (non-)
significance (see Supplementary Fig. 2 for symptom-specific associa-
tions). The only exception was that the (weak) association between low
testosterone and depression sum score which was observed in women in
the main analysis was not supported in the sensitivity analysis. As for the
analysis using splines (Supplementary Figs. 3 and 4), the sensitivity
analysis supported the results of the main analysis with regard to the
association between higher testosterone and sleep problems in men. This
association was, however, non-significant, likely due to wider confidence
intervals attributable to the smaller sample size. In contrast to the main
analysis, higher testosterone was associated with suicidality in women (p
¼ .024).

As a final step, we assessed the sensitivity of our results to an alter-
native coding strategy where we used log-transformed testosterone
values instead of raw concentrations. In men, the results were similar to
those obtainedwith raw testosterone data with the exception that instead
of high testosterone, low testosterone values seemed to drive testoster-
one’s (weak) association with feeling tired. In women, a greater number
of significant associations were found when using log-transformed values
of testosterone. Log-transformed testosterone was associated with sleep
problems (p ¼ .038) and suicidality (p ¼ .025) in the unadjusted models,
and with appetite problems (p ¼ .033), feeling bad (p ¼ .029), and sui-
cidality (p ¼ .016) in the adjusted models. The associations were driven
by either low (sleep problems and appetite problems) or high levels of
testosterone (feeling bad and suicidality).

4. Discussion

In these nationally representative data from U.S. NHANES cohort
studies, we observed no consistent association of testosterone with a
depression sum score in either men or women. In men, very high
testosterone was associated with sleep problems and tiredness, whereas
very low testosterone was related to problems with appetite. However,
these associations were weak. While testosterone was associated with
appetite problems also in women, the association was significant only
after adjustments, suggesting an unreliable association. The analyses
4

using cut-off points for low testosterone, on the other hand, provided no
consistent results for neither sex.

Several studies have reported that lower total testosterone [1–3] and
lower free testosterone [2,4] are associated with higher risk of depression
in men. In addition, two meta-analytic studies also found that testos-
terone therapy was accompanied by decreasing levels of depressive
symptoms in men [9,10]. Our findings related to appetite problems
would be in line with these findings, although the present results did not
support an association between low testosterone and higher level of
overall depressive symptoms.

While many studies have focused on low testosterone as a risk factor
for depression, there is considerable evidence suggesting that higher
levels of testosterone may also be associated with elevated depression
risk among men [5]. In fact, one review suggested that high levels of
testosterone have been associated with depression even more consis-
tently than low levels [25]. In one study, change in testosterone levels,
rather than the level, was inversely associated with depression [26]. The
current associations of higher testosterone with sleep problems and fa-
tigue would be in agreement with this line of research. Very high
testosterone appears to be associated with “antisocial behavior, risk
behavior, unemployment, low paying jobs and being unmarried” [5],
which may, in turn, be risk factors for depression. Testosterone is not
associated with depression-related temperament traits [27].

Adjusted for BMI and other covariates, very low testosterone in
women was related to appetite problems. Previous cross-sectional studies
among women have found that both low [6] and high [7,8] levels of
testosterone may be associated with depression. According to another
study, testosterone and free testosterone increased among women who
had received antidepressant treatment [28], which might imply a reverse
direction of the causation. There is also some evidence for the association
from cross-sectional studies. Being overweight has previously been
associated with both high testosterone and high levels of depressive
symptoms, and free testosterone has been suggested to mediate the as-
sociation of overweight/obesity with depressive symptoms among
women [7]. Both activational and organisational effects of testosterone
are likely to contribute to the sex difference in depression [29].
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There are some limitations regarding the present study that should be
noted. One major limitation is the cross-sectional design of the NHANES
which precludes inferences of temporal or causal relationships between
testosterone and depressive symptoms. Second, given the exploratory
nature of the analysis, the potential for type 1 errors should be noted and
the results should be viewed as preliminary. Finally, the PHQ-9 items
measure only a subset of the symptoms of depression [30]. Apart from
the nine symptoms of the PHQ, other depressive symptoms were not
included in this study which may be counted as a limitation. We believe,
however that the PHQ gives a reliable estimate of depression and sepa-
rate depressive symptoms. The sample of the study is representative of
the general population. Thus, sampling bias is not expected.

5. Conclusions

The study provided only suggestive evidence for associations between
testosterone and specific symptoms of depression, mostly related to so-
matic complaints. Additional data are needed to test the reliability of
these associations.
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