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Abstract

Context: Obesity seems to decrease levels of testosterone. It is still unknown what role 
inflammation plays in the secretion of testosterone in men.
Objective: The objective is to study the association between levels of C-reactive protein 
and testosterone and its role in predicting biochemical hypogonadism in men.
Design: This was a longitudinal observational study between 2002 and 2014 in Sweden.
Patients or other participants: At the first visit, a random population sample of 1400 men 
was included, and 645 men fulfilled a similar protocol at a 10-year follow-up visit. After 
exclusion, 625 men remained to be included in the final analyses.
Main outcome measure(s): Serum concentrations of testosterone and C-reactive 
protein (CRP) were measured at both visits. Bioavailable testosterone was calculated. 
Biochemical hypogonadism was defined as total testosterone levels <8 nmol/L.
Results: At the first visit and in the longitudinal analyses, a strong association was found 
between high levels of CRP and low levels of calculated bioavailable testosterone even 
after adjustments for age, waist–hip ratio, hypertension, smoking, type 2 diabetes, and 
leisuretime physical activity (B = −0.31, 95% CI −0.49 to −0.13, P = 0.001, B = −0.26,  
95% CI −0.41 to −0.11, P = 0.001). Similarly, increase with one s .d . in CRP was associated 
with increased risk of having hypogonadism after adjustment in the final model (odds 
ratio (OR) 1.76, 95% CI 1.12–2.78, P = 0.015, OR 1.80, 95% CI 1.16–2.78, P =0.008).
Conclusions: In this representative cohort of men in southwestern Sweden, high levels 
of CRP were longitudinally associated with low concentrations of calculated bioavailable 
testosterone and increased risk of biochemical hypogonadism.

Introduction

Low testosterone as well as high C-reactive protein (CRP) 
levels have been associated with increased risk for all-cause 
mortality in men (1, 2, 3, 4). Testosterone concentration 
decreases with aging, and if reaching hypogonadic levels 
in adulthood, this is defined as late-onset hypogonadism 
(LOH), according to the European Association of Urology 
(EAU) (5). EAU guidelines from 2019/2021 and Swedish 
National Guidelines consider male hypogonadism to be 
defined as an integration between clinical hypogonadism, 

a triad of symptoms (erectile dysfunction, low libido, 
and loss of morning erections), and biochemical 
hypogonadism with the strongest predicting value of total 
testosterone (TT) level <8 nmol/L or a TT range between  
8 and 11 nmol/L and free testosterone <220 pmol/L (5, 6). 
In men with LOH, symptoms may be mild and are often 
confused with both aging and other comorbidities (5). It 
has previously been observed that testosterone, through its 
androgen receptors, regulates the expression of cytokines, 
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providing a modulating role in the inflammatory response 
(2, 7). In addition, recent clinical studies have suggested 
a bidirectional association between concentrations of 
cytokines stimulated by obesity and testosterone (8). 
Studies have proposed that obesity, comorbidities, and 
aging play a central role in this association, promoting 
androgen deficiency by the secretion of adipocytokines 
and CRP (5, 7).

Bianchi et al. found in their systematic review that the 
vast majority of studies showed an association between 
low testosterone concentrations and high CRP levels in 
men (2). Due to the cross-sectional design of studies, 
it is challenging to understand the direction of these 
associations. To the best of our knowledge, no studies have 
examined a longitudinal association between high CRP 
concentration and the development of hypogonadism.

Therefore, the aim of this study was to investigate the 
longitudinal association between CRP and testosterone 
concentrations. More specifically, we investigated whether 
high levels of CRP are associated with an increased risk of 
developing biochemical hypogonadism.

Materials and methods

Design

The study was a longitudinal observational study.

Study population

This was a population-based, longitudinal, observational 
study. The study population has previously been described, 
but in brief, a random population sample based on the 
census registry was selected between 2002 and 2005, and 
a follow-up visit was performed in the same population 
in 2012–2014 (9). The selected population was based on 
the census in two municipalities, Vara and Skövde, in 
southwestern Sweden. In total, 2816 participants completed 
the study protocol and were included at visit one (baseline). 
The focus of this cohort study was the detection of early 
cardiometabolic disorders, and thus the age of participants 
ranged between 30 and 74, with oversampling of subjects 
between 30 and 50 years of age. During 2012–2014, a 
second visit was carried out, and a representative sample 
was invited to participate with almost identical protocols 
as at visit one. Participants who did not participate in the 
second visit or had missing information on anthropometric 
measures, testosterone levels, sex hormone-binding 
globulin (SHBG), smoking, hypertension, leisure-time 

physical activity (LTPA), or diabetes were excluded, leaving 
a remainder of 641 men. Individuals with CRP >10 mg/dL 
were excluded in this study, in line with recommendations 
from the American Heart Association and others indicating 
that CRP levels >10 mg/dL at these levels signify clinical 
inflammation, most often caused by an infection (10). 
Subsequently, male participants who completed the second 
visit but who were found to have a CRP >10 mg/L at the first 
visit were also excluded. A total of 625 men were included 
in the final analyses (Fig. 1). Biochemical hypogonadism 
was defined as TT <8 nmol/L in accordance with other  
studies (6, 11, 12).

Data collection

Trained study nurses collected information regarding 
history of chronic diseases and medication as well 
as performed anthropometric and blood pressure 
measurements. Blood pressure was measured in the supine 
position after 5 min of rest at baseline and follow-up. 
Similar procedures were performed at both visits (13). 
Diabetes mellitus type II (T2D) and hypertension were 
defined according to the World Health Organization and 
European Society of Cardiology, respectively (14, 15). 
Validated questionnaires were used to collect information 
on lifestyle including smoking, alcohol use, and LTPAs (16).

Assessment of androgen hormones and 
CRP biomarkers

Blood samples were drawn in the morning and frozen 
at −82°C. Serum concentrations of testosterone were 
measured using RIA. At baseline, Access Testosterone 
Assay from Beckman-Coulter (cat no. 2003, 386982A, 
RRID:AB_2895595) was used (coefficient of variation 
(CV) = 7–8%), and at follow-up, testosterone concentrations 
were assessed using Elcsys Testosterone II Assay (Roche cat 
no. 05200067, RRID:AB_2783736) from Roche Diagnostics 
(intraassay CV = 1.6–2.6%, interassay CV = 2.3–5.1%) (17). 
The limit of quantification was 1 nmol/L. As measurement 
techniques changed during follow-up time, we compared 
similar age groups at both baseline and follow-up in 
order to estimate the change in concentration due to 
method change. We found that the new method gave 
11% higher results compared to the method used at 
baseline, and this increase was similar for every age group. 
Henceforth, TT at follow-up was multiplied with 0.89 as 
a computed variable. A strong association between the 
concentration of testosterone at baseline and at follow-up 
was observed (Pearson correlation 0.617, P < 0.001). At 
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both baseline and follow-up analyses of the participants, 
testosterone samples were 95.3% successful. Calculation 
of bioavailable testosterone was done using the formula 
according to Vermuelen et  al. (18). At both visits, RIA 
was used to analyze SHBG (19). High-sensitivity CRP 
(hs-CRP) serum concentrations (intraassay CV = 1.8–6.2%, 
interassay CV = 2.8–11%) (20) were assessed with RIA at 
the Department of Clinical Chemistry, Skåne University 
Hospital.

Statistical analysis

Characteristics of the study population were assessed using 
descriptive statistics to calculate means and confidence 
intervals. Continuous variables were reported with means 
and s.d. Due to right-sided skewness, levels of hsCRP 
were log10-transformed at baseline (logCRP). Descriptive 
statistics were used to standardize baseline logCRP 
variables in all analyses. Outcomes were measured as the 
change in one standardized unit of CRP. Evaluation of the 
association between logCRP and testosterone was made 
through cross-sectional linear regression both at the first 
visit and in the longitudinal analyses. Testosterone was set 

as the dependent variable (TT and calculated bioavailable 
testosterone (cBT)) with logCRP as the independent 
variable. Data were adjusted in theoretical models for 
possible confounding variables where Model 1 included 
age and waist-to-hip ratio (WHR) as continuous variables. 
Model 2 included the comorbidities hypertension, 
smoking, T2D, and LTPA assessed as continuous variables. 
Similar models using BMI instead of WHR were also tested. 
In the longitudinal analyses, adjustments were also made 
for baseline (total and calculated bioavailable) testosterone 
measurement. Logistic regression analyses were used to 
evaluate the association between logCRP and biochemical 
hypogonadism in both cross-sectional and longitudinal 
analysis, using similar models as in the linear regression 
analyses. Participants with biochemical hypogonadism, 
that is, TT levels <8 nmol/L at the first visit, were excluded 
from the longitudinal analyses. General linear models were 
used to compare the mean changes in stratified age groups 
in both total and cBT as well as SHBG over time. Data were 
processed using SPSS Statistics, version 26/27.

Ethical considerations

Written informed consent was given by all participants. 
The study protocol was approved by the Regional Ethical 
Review Board in Gothenburg, Sweden (D-nr Ö 199-01 and 
036-12).

Results

Levels of sex hormones and aging

Mean age at the first visit was 49.2 ± 11.6 and 58.9 ±  
11.8 years at the second visit (Table 1). Levels of TT 
remained almost constant until the age of 50, after which 
they declined somewhat more slowly compared to the 
decrease in cBT (Fig. 2A and B). Moreover, an increase in 
levels of SHBG was observed with aging (Fig. 2C). High CRP 
was associated with low cBT and SHBG levels at both visits 
(Fig. 3A and B).

Prevalence of biochemical hypogonadism in the 
study population

At visit one, 35 (5.6%) subjects were identified with 
biochemical hypogonadism. At the 10-year follow-up, 
a total of 56 participants (8.7%) presented with 
testosterone levels below 8 nmol/L, at the second 
visit. However, when participants with biochemical 
hypogonadism at baseline were excluded, a total of  

Figure 1
Flow chart of the study population.
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38 men (6.4%) were found to develop low testosterone 
levels during the observation period.

CRP and testosterone cross-sectional analyses

In the cross-sectional analysis at the first visit, a statistically 
significant association was found between hsCRP and cBT, 
adjusting for age and WHR in Model 1 (β = −0.32, 95% CI 
−0.49 to −0.15, P < 0.001) as well as smoking, hypertension, 
T2D, and LTPA in Model 2 (β = −0.31, 95% CI −0.49 to −0.13, 
P = 0.001) (Table 2). Similar results were found between 
hsCRP and TT in Model 1 (β = −0.97, 95% CI −1.37 to 0.57, 
P < 0.001) and in the fully adjusted model (β = −0.96, 95% 
CI −1.38 to 0.54, P < 0.001).

CRP and testosterone longitudinal analyses

A significant association was observed between baseline 
hsCRP and cBT when adjusted for age and WHR in Model 
1 (β = −0.39, 95% CI −0.55 to −0.22, P < 0.001), including 
further adjustment for cBT in baseline in Model 2 (β = −0.27, 
95% CI −0.42 to −0.12, P = < 0.001) as well as additional 
adjustment for smoking, hypertension, T2D, and LTPA 
in Model 3 (β = −0.26, 95% CI −0.41 to −0.11, P < 0.001)  
(Table 2). Furthermore, a significant association was 
found between baseline hsCRP and TT in follow-up when 
adjusting for age and WHR (β = −0.93, 95% CI −1.39 to 
−0.47, P < 0.001).

CRP and biochemical hypogonadism cross-sectional 
and longitudinal analyses

When assessing the relationship between hsCRP levels 
and biochemical hypogonadism, similar models were 
used (Table 3). In the cross-sectional analyses, an increase 
of one s.d. of hsCRP was associated with a higher risk of 
having biochemical hypogonadism in both models (odds 
ratio (OR) 1.90, 95% CI 1.22 to 2.94, P = 0.004 and OR 1.76, 
95% CI 1.12 to 2.78, P = 0.015). In the longitudinal analyses, 
an increase of one unit of hsCRP was associated with a 
significantly increased risk of developing biochemical 
hypogonadism, independent of confounders (OR 2.03, 
95% CI 1.34 to 3.06, P = 0.001 and OR 1.80, 95% CI 1.16–
2.78, P = 0.008). The magnitude of the effect was observed to 
be lower when adjusting for BMI in all fully adjusted models 
although the same direction in the association was observed 
(data not shown). Sensitivity analyses at baseline showed 
that the association between levels of CRP and testosterone 
in the whole cohort was similar to the association in the 
subgroup of the participants that were examined at both 

visits (estimates presented in the fully adjusted model,  
analyzing total cohort population of 1400 men at visit  
1 (β = −0.19, 95% CI −0.315 to −0.064, P = 0.003)).

Discussion

In this prospective study, we observed a strong association 
between high levels of high-sensitive CRP and low 
concentrations of bioavailable testosterone in men in both 
cross-sectional and longitudinal analyses, independent 
of other relevant cardiometabolic and lifestyle factors. 
Furthermore, high levels of hsCRP were associated with an 
increased risk of developing biochemical hypogonadism 
after 10 years. The increment of hsCRP with one 
s.d. was associated with more than doubled risk of 
developing biochemical hypogonadism during follow-up, 
independent of possible confounders (Table 3).

This study confirms earlier cross-sectional observations 
regarding the inverse association between hsCRP and 
testosterone concentrations in men (shown in Fig. 3A), 
including the decline of testosterone levels with aging 
(shown in Fig. 2A and B) (21, 22, 23, 24). So far, there are 
only a few prospective studies with repeated measurements 
of testosterone and defined biochemical hypogonadic 

Table 1 Characteristics of the study population at both visits. 
BMI 26.86 ± 3.29.

 Visit 1 (n= 625), 
mean ± s .d ./n (%)

Visit 2 (n= 625), 
mean ± s .d ./n (%)

Age (years) 49.2 ± 11.64 58.9 ± 11.8
Systolic blood pressure 

(mmHg)
124 ± 15.5 127 ± 13.95

Diastolic blood pressure 
(mmHg)

72 ± 9.9 77 ± 10.52

Waist-to-hip ratio 0.94 ± 0.06 0.97 ± 0.65
BMI 26.86 ± 3.29 27.5 ± 3.63
CRP (mg/L) 1.76 ± 1.6 2.56 ± 5.9
Serum testosterone 

(nmol/L)
14.3 ± 4.46 15.8 ± 5.74

Smokers 81 (14.4) 57 (9.1)
Level of leisure-time 

physical activity
Sedentary 52 (8.3) 71 (11.3)
Low level of physical 

activity
329 (52.8) 327(52.3)

Moderate level of physical 
activity

220 (35.3) 190 (30.4)

Strenuous physical activity 21 (3.3) 37 (5.9)
Sex hormone-binding 

globulin (nmol/L)
32.8 ± 13.5 46.5 ± 19.89

Diabetes mellitus tpe 2 20 (3.1) 52 (8.3)
Hypertension 95 (10.4) 189 (30.2)
Biochemical hypogonadis 35 (5.6) 56 (8.9)

CRP, C-reactive protein.
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Figure 2
Mean concentrations of total testosterone (A), 
calculated bioavailable testosterone (B) and SHBG (C) 
in different age groups, Vara-Skövde cohort. A constant 
and significant decrease in bioavailable testosterone 
was observed with increasing age, as well as increase 
of SHBG with age.
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levels at different time points. To the best of our 
knowledge, no study has earlier presented data confirming 
a longitudinal association between inflammation at 
baseline and a decrease in both levels of cBT and TT, defined 
as biochemical hypogonadism. This is the main novel 
finding in the present study. Moreover, our data indicate 
that CRP, a marker of inflammation, per se can predict the 
development of biochemical hypogonadism regardless of 
anthropometric measures such as WHR and BMI.

There is a great number of studies investigating the 
association of testosterone levels with inflammatory 
markers, seemingly to confirm evidence of the association, 
remaining significant even after adjustments for obesity. 

In the BACH study (1559 male participants), a significant 
association was found between CRP and both total and 
free testosterone levels independent of age, obesity, and 
comorbidities (25). Similarly, a cross-sectional study by 
Tsilidis et al., including data from the NHANES population 
(809 participants), found that men with low testosterone 
were at higher risk of having high CRP independent of total 
body weight, age, medication, or other comorbidities (23). 
In a cross-sectional study on Finnish non-diabetic men 
(1896 participants), results suggested metabolic syndrome 
as a great contributor to the high CRP–low testosterone 
relationship (21). Moreover, Kaplan et  al. confirmed an 
inverse association as men with a higher occurrence of 

Figure 3
A scatterplot presenting the association between 
baseline CRP and calculated bioavailable 
testosterone (A) and SHBG (B) at both visits.
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defined metabolic components were found to have higher 
hsCRP levels (22). In a 5-year long observational study  
(1344 male participants), Haring et al. reported no significant 
association between sex hormone concentration and hsCRP, 
although an association was found with prothrombotic 
and oxidative markers (26). The study did not report any 
results on the levels of sex hormones at follow-up and it is 
unclear whether the hypothesis of inflammatory markers 
predicting levels of testosterone was investigated.

Other cross-sectional studies suggest that obesity 
largely could explain in most part the association between 
inflammatory markers and testosterone levels (27, 28, 29, 
30, 31). Furthermore, Zhang et al. (1989 male participants) 

reported in their cross-sectional study an inverse 
association between CRP and total and free testosterone as 
well as SHBG, independent of obesity, insulin resistance, 
and metabolic syndrome (24). However, the association 
between CRP and testosterone declined significantly when 
adjusted for visceral obesity. Similar to their findings, we 
observed a substantial change in the estimates when WHR 
or BMI was added to the models. This change in estimates 
was larger in the cross-sectional analyses than in the 
longitudinal ones (Table 3).

A partial contributor to the explanation of 
bidirectionality on the relationship could be reported 
on obesity-induced cytokines which have been shown to 

Table 2 Association between C-reactive protein and calculated bioavailable testosterone. Linear regression analyses were 
computed and two theoretical models were built. 

β 95% CI P

Cross-sectional analyses at baseline (n  = 625)
 Unadjusted model
  −0.59 −0.77 to −0.42 <0.0001
 Adjusted for age and WHR at baseline
  −0.32 −0.49 to −0.15 <0.001
 Adjusted for age, WHR, hypertension, smoking, T2D and LTPA at baseline
  −0.31 −0.49 to −0.13  0.001
Longitudinal analyses (n  = 625)
 Unadjusted model
  −0.69 −0.86 to −0.53 <0.0001
 Adjusted for age and WHR at baseline
  −0.39 −0.55 to −0.22 <0.001
 Adjusted for age, WHR, and calculated bioavailable testosterone at baseline
  −0.27 −0.42 to −0.12 <0.001
 Adjusted for age, WHR, calculated bioavailable testosterone in baseline, hypertension, smoking, T2D, and LTPA at baseline
  −0.26 −0.41 to −0.11 0.001

LTPA, leisure-time physical activity; P, significance; T2D, type 2 diabetes; WHR, waist-to-hip ratio; β, standardized coefficient of the association..

Table 3 Association between C-reactive protein and biochemical hypogonadism. Linear regression analyses were computed and 
two theoretical models were built. 

OR 95% CI P

Cross-sectional analyses at baseline (n  = 625)
 Unadjusted model
  2.61 1.74–3.92 <0.0001
 Adjusted for age and WHR at baseline
  1.90 1.22–2.94 0.004
 Adjusted for age, WHR, hypertension, smoking, T2D, and LTPA at baseline
  1.76 1.12–2.78 0.015
Longitudinal analyses (n  = 590)
 Unadjusted model
  2.33 1.58–3.43 <0.0001
 Adjusted for age and WHR at baseline
  2.03 1.34–3.06 0.001
 Adjusted for age, WHR, hypertension, smoking, T2D, and LTPA at baselinea

  1.80 1.16–2.78 0.008

LTPA, leisure-time physical activity; OR, odds ratio; P, significance; T2D, type 2 diabetes; WHR, waist-to-hip ratio; β, standardized coefficient of the 
association.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0141

https://ec.bioscientifica.com © 2022 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0141
https://ec.bioscientifica.com


A Osmancevic et al. e220141

PB–XX

11:7

antagonistically act on the reproductive stimulatory axis, 
impeding the effect on the hypothalamic KISS neuron 
which regulates the release of luteinizing hormone (LH), 
causing a decrease in the production of testosterone (5, 32). 
HsCRP has previously been described to interact with the 
mediators and further promote an inhibitory effect (33, 34, 
35, 36). Additional studies are needed to evaluate the role 
of CRP as a possible inflammatory mediator in testosterone 
deficiency.

Strengths and limitations

This is a large cohort-based study of men, representative 
of the population in Sweden. Although a large part of 
the cohort could not participate in this study due to 
loss-to-follow-up, sensitivity analyses showed similar 
characteristics between participants and non-participants 
at the second visit. The meticulous sampling of important 
information using validated instruments permitted 
adjustments for important variables. However, residual 
confounding cannot be excluded due to the observational 
nature of the study. Another strength of the study was the 
standardized sampling of blood specimens in the morning 
after fasting according to EAU guidelines, avoiding diurnal 
changes in the levels of sex hormones (5, 6, 37, 38).

A limitation was the change of the method used 
for measurements of testosterone during the study. We 
conducted adjustments based on age group levels of 
testosterone to overcome this problem; however, we 
acknowledge that measurements with identical methods 
would be preferred as according to Travison et  al., a 
temporal decline in testosterone levels has been found in 
men in recent cohorts when compared to men in the same 
age group from older cohorts (39). This is a methodological 
challenge for all long-term observational studies 
investigating the changes in sex hormones. However, the 
use of two measurements could also strengthen the study 
as it would permit the investigation of these associations 
in a prospective design. RIA technique has been considered 
a less reliable measurement method of testosterone levels 
compared to mass spectrometry, especially at lower 
levels (40). This could affect the precision and therefore 
increase the risk for type 2 error in the analyses. However, 
RIAs have been found to be used more often in clinical 
practice and have shown a justifiable correlation with 
mass spectrometry (6). According to the European Urology 
Association guidelines on testosterone measurement, 
both immuno-assay and mass spectrometry, providing 
a reference range for normal men, would be applicable 
with reliable results (6). Another limitation of the study 

is the possibility of evaluation of body composition with 
radiological techniques that could have given a more precise 
estimation of abdominal obesity. It is our opinion that the 
results should be similar as we did not find large differences 
when testing BMI and WHR in our models. Furthermore, 
the incidence of T2D and hypertension increases with 
age as well as required treatment, further affecting the 
inflammatory-hypogonadic relationship. Although, in this 
study, even though the prevalence of T2D and hypertension 
increased during follow-up time, the association remained 
statistically significant (data not shown).

Male hypogonadism is defined according to both 
biochemical findings and clinical symptoms, with highest 
predictive value shown by decreased morning erection, 
libido, and sexual desire (6). In our study, questionnaires 
on clinical symptoms were included only at the second 
visit. Therefore, we were only able to observe biochemical 
hypogonadism in the longitudinal analyses. Finally, CRP 
was used as a marker for sub-inflammatory concentrations 
in this study. However, CRP is known to be unspecific, and 
the use of other inflammatory markers such as IL-6 might 
provide a more precise estimate of inflammation (3, 36).

In conclusion, our study confirms an independent 
association between high levels of hsCRP and low 
bioavailable testosterone concentrations 10 years later, 
independent of cardiometabolic and lifestyle factors 
as well as baseline concentrations. Furthermore, 
hsCRP was observed to increase the risk of biochemical 
hypogonadism in men independent of age, obesity, and 
other confounders. Further studies are needed to confirm 
the longitudinal association between CRP and androgen 
levels, adjusting for different confounding cytokines and 
underlying mechanisms to better understand the possible 
impact of inflammation on sexual hormonal secretion and 
male health.
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