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aureus (S. aureus). However, the role of sex-steroids in colonisation among men is largely
unknown. Thus, the aim of this study was to investigate possible associations between
circulating sex-steroids and nasal carriage of S. aureus in a general male population. The popu-
lation-based Tromse6 study (2007-2008) included 752 males aged 31-87 years with serum
sex-steroids measured by liquid chromatography tandem mass spectrometry and two nasal
swab samples for the assessment of S. aureus carriage. Multivariable logistic regression models
were used to study the association between sex-steroid concentrations and S. aureus persistent
nasal carriage (two positive swabs vs. others), while adjusting for potential confounding factors.

S. aureus persistent nasal carriage prevalence was 32%. Among men aged 55 years and above
(median age 65 years), there was an inverse dose-response relationship between serum concentra-
tion of testosterone and persistent nasal carriage, and carriers had significantly lower mean levels
of testosterone (P=0.028, OR=0.94 per nmol/l change in testosterone; 95% CI=0.90-0.98).
This association was attenuated when adjusting for body mass index and age (OR=0.96
per nmol/l change in testosterone; 95% CI=0.91-1.01). There was no association in the total
population. This large population-based study suggests that testosterone levels may be inversely
related to S. aureus persistent nasal carriage in older men. Future studies addressing biological
mechanisms underlying the male predisposition to S. aureus colonisation and infection may foster
preventive interventions that take sex-differences into account.

Background

Epidemiological research has shown that men are at increased risk of several different infec-
tious diseases [1]. However, data addressing the underlying biological mechanisms are scarce.
Staphylococcus aureus (S. aureus) is more frequent in men compared to women, both as a
nasal coloniser and as a causative infectious agent [2, 3]. Nasal colonisation is a major risk
factor for S. aureus infection [4]. Thus, the identification of biological pathways underlying
© The Author(s), 2022. Published by sex differences in nasal colonisation is important not only to enable a better understanding
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lence of S. aureus nasal carriage. To our knowledge, no epidemiological study has examined
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Thus, the aim of this study was to examine possible associa-
tions between endogenous sex-steroids and S. aureus nasal car-
riage in a large male population sample.

Methods

We used data from male participants in the population-based
Tromse6 study (2007-2008), North Norway, 66% attendance.
The study included measurement of height and weight, blood
samples and interview and questionnaire on lifestyle and health.
Trained nurses at the 6th Tromse Study screening centre collected
nasal swab samples from 1741 male participants. Each nasal ves-
tibule was sampled with the same NaCl (0.9%)-moistened sterile
rayon-tipped swab which was rotated three times. The swabs were
immediately placed in transport medium (Amies Copan, Brescia,
Italy) and stored at 4 °C for a maximum of 3 days. Personnel at
the Department of Microbiology and Infection Control,
University Hospital of North Norway, (UNN) Tromse analysed
the microbiological samples. The specimens were cultured on
blood agar (Oxoid, UK) for growth control and chromID-plates
(SAID) for S. aureus detection (bioMérieux, Marcy [I’Etoile,
France). The agar plates were incubated for 42-48h at 37 °C.
To retain high specificity, colony morphology was examined,
and the most dominating colony type on the SAID plate was con-
firmed as S. aureus by the Staphaurex plus agglutination test
(Murex Diagnostic Ltd, Dartford, UK). Growth of any bacterial
colonies on agar plates was registered as a valid culture. A second
set of nasal swabs was collected with a median interval of 28 days.

Among the 1741 male participants that provided a nasal swab
sample, serum concentrations of sex-steroids were measured in
888 individuals (because of limited funding and additional con-
sent for blood sampling). After exclusion of 19 individuals taking
antibiotics the last 24 h and 117 individuals with only one nasal
sample, 752 men were included in the present analysis.

Liquid chromatography tandem mass spectrometry (LCMS/
MS) was used to measure serum concentrations of testosterone,
androstenedione, 17a-hydroxyprogesterone (17-OH progesterone)
and progesterone [7]. Serum concentrations of gonadotropins
(luteinising hormone (LH) and follicle-stimulating hormone
(FSH), binding proteins (sex-hormone binding globulin (SHBG)
and albumin)), dehydroepiandrostenedione sulphate (DHEAS)
and 25-hydroxyvitamin D were assessed by immunoassay methods.
Estimation of bioavailable testosterone (free and albumin-bound
testosterone) was performed using the equation ‘(testosterone/
SHBG) x 10’ [9].

Statistical analyses were performed using Stata/MP 15.1 for
Macintosh, with significance level set to P <0.05. Univariable
associations were assessed by y” test, Student’s ¢ test, or Mann-—
Whitney U test. Multivariable logistic regression models were
fitted to estimate odds ratios (ORs) and 95% confidence intervals
(CIs) for S. aureus persistent nasal carriage by change in sex-
steroid concentrations, while adjusting for potential confounders.
A sensitivity analysis on an age-stratified population (cut-off 55
years, median age) was performed, as both concentration of
serum androgens and S. aureus persistent nasal carriage were
inversely related to age. DAGitty 3.0 was used for model selection,
and possible interactions were assessed for in the final model.

Results

Among the 752 males, age 31-87 years, the prevalence of S. aur-
eus persistent nasal carriage was 32%. Persistent nasal carriers
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Table 1. Associations between hormonal status and S. aureus persistent nasal
carriage in men

Persistent nasal carriage®
OR® (95% CI)

Testosterone, nmol/l 0.98 (0.95-1.01)
Bioavailable testosterone, nmol/l 0.96 (0.83-1.12)
Androstenedione, nmol/l 1.03 (0.91-1.17)
Dehydroepiandrostenedione, nmol/l 0.96 (0.89-1.03)
17a-hydroxyprogesterone, nmol/l 0.97 (0.87-1.08)
Progesterone, nmol/l 1.11 (0.62-1.98)
Sex-hormone binding globulin, nmol/l 0.99 (0.98-1.00)
Albumin, nmol/l 0.96 (0.88-1.04)
Luteinising hormone, IU 0.99 (0.94-1.03)
Follicle-stimulating hormone, 1U 1.00 (0.98-1.01)

Adjusted odds ratios (OR) and 95% confidence intervals (95% CI) of carriage by one unit
increase in serum hormone biomarkers The Tromsg6 study, n=752.

?Persistent nasal carriage: two S. aureus culture positive nasal swab samples.

PAdjusted for age and body mass index (BMI) in multivariable logistic regression analysis.

were younger, had lower vitamin D levels and lower prevalence
of current smoking than others (intermittent or non-carriers;
results not shown).

We found no association between any circulating sex-steroid
and S. aureus nasal carriage in the total population when adjust-
ing for age and body mass index (BMI) in a multivariable logistic
regression model (Table 1).

Among men aged 55 and above, persistent nasal carriers had
lower mean serum concentration of both testosterone and
SHBG compared to others (P=0.028 and 0.052, respectively,
Table 2). Men aged 55 and above had lower odds of persistent
nasal carriage with lower concentration of testosterone (OR =
0.94 per nmol/l change in testosterone; 95% CI=0.90-0.98).
When adjusting for BMI, the OR for persistent nasal carriage
was 0.96 (95% CI=0.91-1.01) per nmol/l increase in testosterone
in the oldest age group (result not shown).

There was an inverse dose-response relationship between
serum testosterone concentration and S. aureus persistent car-
riage. The dose-response relationship was most evident among
men aged 55 and above (Fig. 1).

Discussion

In a recent study among women in the Tromse6 study, we showed
that higher levels of testosterone and bioavailable testosterone
were associated with lower prevalence of S. aureus nasal carriage
[7]. In the present study of the male population, we found no stat-
istically significant associations of sex-steroids, gonadotropins and
binding-proteins with the prevalence of S. aureus carriage when
adjusting for BMI and age. In the age-stratified sensitivity ana-
lysis, we found an inverse association for testosterone among
the oldest group (>55 years).

In our population-based data, there was a strong inverse asso-
ciation between age and serum testosterone (results not pre-
sented), that is consistent with the described progressive decline
in testosterone levels in healthy men between 25 and 75 years
[10]. The decline in prevalence of S. aureus nasal carriage across
adulthood is well known [11]. Both age-related changes in
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Table 2. Serum concentrations of sex-steroids, gonadotropins and binding proteins by S. aureus nasal carrier state

<55 years n=387%

>55 years n =365°

Persistent carriage Others® Persistent carriage Others®
n=141 n=246 P-value® n=96 n=269 P-value®
Testosterone nmol/l 14.73 (5.97) 14.72 (5.63) 0.728 13.22 (4.51) 14.89 (5.90) 0.028
Bioavailable testosterone® nmol/! 4.19 (1.21) 4,18 (1.32) 0.944 2.97 (0.94) 2.94 (0.92) 0.845
Androstenedione nmol/l 3.02 (1.70) 2.89 (1.10) 0.353 2.43 (0.94) 2.50 (1.09) 0.777
Dehydroepiandrostenedione nmol/l 5.51 (2.19) 5.51 (2.62) 0.601 3.29 (2.32) 3.45 (2.10) 0.259
17a-hydroxyprogesterone nmol/l 2.56 (1.21) 2.62 (1.59) 0.778 2.49 (1.45) 2.61 (1.79) 0.497
Progesterone nmol/l 0.23 (0.23) 0.22 (0.24) 0.608 0.23 (0.27) 0.23 (0.31) 0.889
Sex-hormone binding globulin nmol/l 37.11 (16.59) 38.22 (16.50) 0.377 47.81 (17.92) 53.25 (21.49) 0.052
Albumin nmol/l 47.69 (2.00) 47.64 (2.42) 0.949 46.17 (2.51) 46.54 (2.36) 0.198
Luteinising hormone U 4.25 (2.13) 4.87 (3.69) 0.137 7.06 (5.30) 7.18 (5.50) 0.952
Follicle-stimulating hormone 1U 5.63 (3.12) 7.05 (10.52) 0.242 13.02 (14.27) 12.59 (13.45) 0.564

Age group (median split) in men. Data are presented as mean (s.0.). The Tromse6 study.
s.D., standard deviation.
#Number may vary due to missing values.

POthers; Intermittent carriers (one positive nasal samples of two samples in total) or non-carriers (two negative nasal samples of two samples in total).

“Mann-Witney U test.
dcalculated by the equation ‘(testosterone/SHBG) x 10°.

Predictive Margins with 95% Cls (< 55 years, n=387)

Predictive Margins with 95% Cls (=55 years, n=365)
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Fig. 1. Probability of S. aureus persistent nasal carriage according to serum testosterone concentration ((nmol/l), range 0.4-44.3). The Tromseg6 study, male

participants.

testosterone and bacterial flora may be adaptations to ageing, but
the contribution of ageing per se vs. lifestyle/nutrition and
comorbidities (i.e. confounding factors) to these changes is not
clear. Importantly, when adjusting for both age and BMI in our
analysis, we found no statistically significant associations between
sex-steroid concentrations and S. aureus nasal carriage. Thus, we
cannot conclude that testosterone is a predictor for S. aureus nasal
carriage in men.

In this study, we collected only one venous blood sample for ana-
lysis of sex-steroid hormones. Male sex-steroid hormones are diur-
nal, but less so compared to women and this may result in a more
representative value with only one measurement. Testosterone in
men has a circadian rhythm with optimal sampling from 8 to 10
am. In our study, the blood samples were taken from 8 am to
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8 pm, thus attenuating a potential underlying population effect
through non-random measurement bias towards the null. Studies
have shown that the circadian rhythm is lost in elder men [12],
and we believe that the stratified model of men over 55 years of
age better represent the true underlying population effect.

We are not able to conclude from our data that circulating sex-
steroid concentrations are related to S. aureus nasal carriage in
men. This is in contrast to our recent findings in women [7],
and may represent, among others, imprecision in measurements,
a too broad age range, or a different relationship between sex-
steroids and immunity in men and women. The role of endogenous
sex-steroids in S. aureus colonisation should be addressed in future
prospective studies. Future studies will benefit on including a larger
study size and standardised measurements on sex-steroids.
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