UROLOGY

RESEARCH
& PRACTICE

Seasonal Variation in Serum Testosterone Levels:
Evidence from 2 Large Institutional Databases

ABSTRACT

Objective: Seasonal variations in testosterone levels have been reported in some stud-
ies, but the results are inconsistent. In this study, we aimed to determine if clinically rel-
evant seasonal variability in testosterone levels exists using a large cohort of men from
2 different institutions, 1 located in an area with seasons (Pittsburgh, Pa) and 1 without
seasons (Miami, Fla).

Methods: Using 2 institutional databases, testosterone levels were obtained for men
ages 18-99 from 2010 to 2021 who had at least 2 morning testosterone levels drawn
within a 2-year period. All samples were analyzed with liquid chromatography with
tandem mass spectrometry. To avoid potential confounding by testosterone altering
medications patients who were currently or previously on exogenous testosterone,
endogenous testosterone-stimulating medications, testosterone-suppressing medica-
tions, and aromatase inhibitors were excluded from the study.

Results: There were 9495 and 16171 total testosterone levels measured from Miami
and Pittsburgh, respectively, with all men having 2 or more levels. There was no statisti-
cally significant variation in testosterone levels for the overall cohort in Pittsburgh or
Miami, respectively. Additionally, when stratified by age group, no individual groups
were found to have significant seasonal variability.

Conclusion: Our findings suggest that although there is differing total testosterone
levels between men who reside in 2 different climates, there is no significant vari-
ability in testosterone levels between seasons. Therefore, testosterone levels can be
checked and interpreted without the need to account for the season during which
they were drawn.
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Introduction

Awareness of testosterone deficiency and the benefits of initiating hormone replacement
for men has increased over the past decade. The prevalence of low testosterone in men
over 45 years old is reported to be around 39%. It is estimated that nearly 6.5 million men
between the ages of 30 and 70 years will have symptomatic testosterone deficiency by the
year 2025.% Low testosterone levels have been shown to be associated with a wide range
of issues including erectile dysfunction, cardiovascular comorbidities, diabetes mellitus,
osteoporosis, emotional lability, and metabolic syndrome.? Clinical manifestation of low tes-
tosterone may include sleep disturbance, low libido, subfertility, loss of body hair, anemia,
reduced strength/physical performance, and increased body fat.* Testosterone therapy (TT)
can correct symptoms associated with testosterone deficiency. Testosterone therapy has the
potential to improve libido, erectile function, anemia, increase bone mass density, improved
glycemic control, and depressive mood.>*
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For accurate evaluation clinicians must consider the variations that
testosterone undergoes in the human body.” The diurnal variation of
testosterone is well characterized; its levels peak in the morning and
decline during the day.2® Thus, per American Urological Association
guidelines, it is recommended to check morning levels of testoster-
one for accurate evaluations of testosterone deficiency.'®'" However,
there is a lack of consensus on whether there are significant seasonal
variations in serum testosterone levels. Several studies have reported
possible peaks and troughs across seasons.'>'> Both Dabbs and Lee
showed a peak of testosterone levels in winter, while Ballatsella et al
and Zornitski et al reported that testosterone peaks in summer.
Conversely, other studies concluded that there are no seasonal varia-
tions in testosterone.’s"’

Our objective was to determine if there is clinically relevant seasonal
variability in testosterone levels. We utilized retrospective data of
serum testosterone levels in a large cohort of men from 2 different
institutions, 1 located in an area with seasons (Pittsburgh, Pa) and
1 without seasons (Miami, Fla). We hypothesized that there would
be significant seasonal variability for Pittsburgh, Pa, and that there
would be no significant variability for Miami, Fla.

Material and Methods

Using 2 institutional databases, testosterone levels were obtained for
men ages 18-99 from 2010 to 2021 who had at least 2 morning tes-
tosterone levels drawn within a 2-year period for any reason. Seasons
were defined as December 21-March 19 for winter, March 20-June
20 for spring, June 21-September 1 for summer, and September 2—
December 20 for autumn. Patients were divided into age groups that
were defined as men aged 18-40, 41-50, 51-60, 61-70, and over 70
years old. All samples were analyzed with liquid chromatography
with tandem mass spectrometry (LC-MS/MS). To avoid potential
confounding by testosterone altering medications patients who
were currently or previously on exogenous testosterone, endog-
enous testosterone stimulating medications (clomiphene citrate
and hCG), testosterone-suppressing medications [gonadotropin
hormone-releasing hormone (GnRH) agonist and GnRH antagonist],
and aromatase inhibitors were excluded from the study. This study
was reviewed and approved by the institutional review board from
the University of Miami and the University of Pittsburgh (22030010).
Additionally, this study was deemed exempt from need to obtain
informed consent as it was retrospective in nature.

Statistical analysis

T-tests were used to compare demographic variables between cit-
ies given their normal distributions. A panel regression model was
used to evaluate differences in testosterone levels by season in each

MAIN POINTS

- There is no significant variability in testosterone levels between
seasons.

« Interestingly, our study did show a statistically significant differ-
ence in mean total testosterone concentrations between Miami
and Pittsburgh, with men in Miami having higher testosterone
levels.

- Testosterone levels can be checked and interpreted without the
need to account for the season during which they were drawn.
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respective city. Panel regression is a statistical technique imple-
mented to analyze the relationship of a series of independent vari-
ables collected in pooled cross-sectional observations over time
with a dependent variable, and it has been used in longitudinal data
analysis.'® This model controls for the effects of unbalanced and/or
heterogeneous data (i.e., data collected on subjects at nonuniform
time points with an uneven number of observations). A series of
independent t-tests were used to compare variability of testosterone
levels between age groups from each location. A P-value of .05 was
considered statistically significant. All statistical analyses were per-
formed with R version 4.1.1.

Results

There were 9495 and 16171 total testosterone levels measured
from Miami and Pittsburgh respectively, with all patients having 2 or
more levels. Miami patients were older on average than those from
Pittsburgh (59 vs. 52 respectively). Additionally, patients from Miami
had statistically higher overall testosterone levels than those from
Pittsburgh (417 ng/dL vs. 397 ng/dL, P < .01; Table 1). This statistically
significant difference between mean testosterone levels continued
between the locations when stratifying by age group (P < 0.01). The
median time between testosterone levels for the Pittsburgh cohort
was 169 and for the Miami cohort it was 469 days. As expected,
mean temperature and minutes of daylight for each city were vari-
able between the 2 cities. The mean temperature difference between
Miami and Pittsburgh was 36°F in the winter and this difference
decreased to 11°F in the summer. There was no statistically signifi-
cant seasonal variation in testosterone levels in Pittsburgh or Miami,
for the overall cohorts respectively (Table 2). Patients had their low-
est testosterone level during the summer in Pittsburgh AT of -2.65
ng/dL (P=.63). Patients had their lowest testosterone levels during
Spring in Miami AT of -4.28 ng/dL (P=.47). However, these variations
were not large enough to be considered statistically significant nor
clinically relevant. When stratified by age group, there was no consis-
tent peak or trough testosterone level by season across each age cat-
egory. Furthermore, no age groups exhibited statistically significant
seasonal variability (Table 3).

Discussion

We present one of the largest cross-sectional studies to date that has
been conducted to evaluate for seasonal changes in testosterone.
The results of our study were contrary to the initial hypothesis, we
report that men’s testosterone levels did not vary from season to sea-
son. This was the case regardless of age or whether the local climate
experiences a high degree of seasonal variability as seen by the lack
of significant seasonal testosterone fluctuations from patients tested
in either Miami or Pittsburgh. Thus, our results support that there is
no significant seasonal variation in testosterone levels.

Previous studies have demonstrated conflicting results, with some
reporting variability having peaks of testosterone in warmer months
and some having their testosterone peaks in colder months'*151920
while others report no discernable variation from season to sea-
son.'6172122 Although these studies have reported statistically sig-
nificant differences in testosterone levels by season, this does not
necessarily indicate clinical significance. Lee et al report that in their
cross-sectional evaluation of middle aged policemen a peak-to-
trough difference of 1.48ng/mL."” Santi et al report an average peak
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Table 1. Study Demographics

Table 3. Changes in Testosterone Levels by Season

Pittsburgh Miami
(N=16171) (N=9495) P
Age (M + IQR) [years]* 52 +21 59+ 20 <.01
Median time between 169 469
testosterone measurements
(days)
Number of follow-up (p) 24 2.8 <.01
Overall total testosterone 397 + 288 417 + 242 <.01
(n +SD) [ng/dL]
Spring (p + SD) 398 + 294 412 + 246
Summer (p = SD) 394 + 256 417 + 226
Fall (p + SD) 401+ 311 417 + 237
Winter (p + SD) 396 + 295 422 + 259
Age <.01
18-40 443 + 260 418 + 342
41-50 446 + 283 397 + 305
51-60 418 + 249 403 + 247
61-70 408 + 213 392 + 251
>70 393 +219 366 + 262
Mean temperature (°F)
Spring 51 78
Summer 73 84
Fall 55 75
Winter 32 68
Mean daylight (minutes)
Spring 794 801
Summer 872 780
Fall 671 661
Winter 592 682

Winter: December 21-March 19, Spring: March 20-June 20, Summer: June 21-Sep-
tember 1, Autumn: September 2-December 20.

M, median; p, mean.

*Based on age at first visit.

of testosterone levels in the summer months of 5.44 ng/mL, with
a trough in autumn where they found testosterone declined to an
average of 5.26 ng/mL.S" Another large study by Zornitzki found a
difference between peak and trough of 1 nmol/L."

Interestingly, our study did show a statistically significant differ-
ence in mean total testosterone concentrations between Miami
and Pittsburgh. This is unusual in that there has long been a nega-
tive association between testosterone levels and age, the cohort of
patients in Miami, despite being 7 years older on average, also had
higher average levels of testosterone.? Although this could be due to
several confounding factors inherent to the participants such as the
climate. Our finding is in agreement with a large study that showed

Table 2. Changes in Testosterone Levels by Season for the Entire Cohort

Pittsburgh Miami
AT (ng/dL) P AT (ng/dL) P
Winter Ref - Ref -
Spring 1.63 0.78 —4.28 A7
Summer —2.65 0.63 0.95 .87
Fall 5.63 0.34 1.71 .78

Miami Pittsburgh

AT (ng/dL) P AT (ng/dL) P
(18-40 years old)
Winter Ref - Ref -
Spring -13.02 0.46 14.75 .56
Summer —-11.54 0.51 14.09 .80
Fall —20.51 0.26 14.89 .69
(41-50 years old)
Winter Ref - Ref -
Spring 8.43 0.68 2.73 .85
Summer 517 0.79 -13.85 32
Fall 23.73 0.25 —5.60 .70
(51-60 years old)
Winter Ref - Ref -
Spring -12.03 0.35 16.65 .08
Summer —4.09 0.74 4.54 .62
Fall 0.34 0.98 12.61 19
(61-70 years old)
Winter Ref - Ref -
Spring -3.87 0.72 -8.96 43
Summer —8.40 0.43 9.50 .38
Fall 0.85 0.94 11.91 .31
(>70 years old)
Winter Ref - Ref -
Spring -3.22 0.73 -5.84 .68
Summer 13.67 0.13 —14.06 .30
Fall 0.09 0.99 10.43 A48

increased testosterone levels correlated to higher environmental
temperatures and longer daylight duration.” Conversely, there are
several studies that have reported higher average levels of testoster-
one in winter seasons.”>'*? The study by Lee et al also showed that,
when broken into quartiles by age, only the group of men of ages
48-57 showed statistically significant seasonal fluctuations in testos-
terone. In our study, we did not see any significant seasonal fluctua-
tion when stratifying by age.

Notably, most studies on the seasonality of testosterone levels were
conducted in only a few latitudes, with more northerly ones expe-
riencing great fluctuations in overall daylight that could confound
results in relation to the rest of the world. Two proposed hypotheses
for seasonal fluctuations in testosterone are circadian changes in
melatonin secretion and temperatures affecting Leydig cell activ-
ity, both of which have had evidence prior to suggested effects on
steroidogenesis.'”?** However, hyperthermia has shown negative
effects on steroidogenesis in rats, conflicting with theories that
warmer temperatures were directly causing elevated testosterone
levels.?** Additionally, melatonin administration over the short and
long term has shown no effect on serum testosterone levels.?*?’ The
major melatonin metabolite 6-sulfatoxymelatonin has been con-
nected to variable luteinizing hormone levels, but this effect did not
extend to testosterone levels.?® Finally, variability in sleep across sea-
sons does not appear to be a significant factor as total sleep duration
did not change between winter and summer in prior studies looking
at seasonal variation of testosterone.?®
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Our study must be interpreted in the context of several limitations.
First, we did not assess a variety of potentially significant patient char-
acteristics including ethnicity, body mass index, and medical comor-
bidities. Second, no information is available about free testosterone,
gonadotropins, estradiol, and liver function for our cohort. Thus, we
are not able to consider possible seasonal variation of bioavailable
testosterone, testosterone-to-estrogen ratio, or relationship of tes-
tosterones with gonadotropins. Third, we did not account for individ-
ual exposure to environments outside of their local areas, thus some
patients may have had a variable seasonal exposure due to travel.
Fourth, there is variability in temperature and daylight hours for the
locations that does not have a significant change of seasons (Miami,
Fla), which may confound results.

Despite these weaknesses, our study has several strengths. We pres-
ent findings of seasonal testosterone levels from the largest cohort
of men reported thus far, living at 2 separate latitudes, over a long
longitudinal time frame interval, without known testosterone-alter-
ing medications, and considered amounts of both daylight and local
temperatures. Our findings suggest that although there are differing
total testosterone levels between 2 different climates, there is no sig-
nificant variability in testosterone levels between seasons. Therefore,
testosterone levels can be checked and interpreted without the need
to account for the season during which they were drawn.
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