3 frontiers ‘ Frontiers in Endocrinology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Andrea Sansone,
University of Rome Tor Vergata, Italy

REVIEWED BY
Annamaria Morelli,
University of Florence, Italy
Giulia Rastrelli,

University of Florence, Italy

*CORRESPONDENCE
Hequn Chen
chenhequnxy@126.com
Fang Huang
huangfang@163.com

These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Reproduction,

a section of the journal
Frontiers in Endocrinology

RECEIVED 21 June 2022
ACCEPTED 27 July 2022
PUBLISHED 16 August 2022

CITATION

LiY, Liu M, Cui Y, Zhu Z, Chen J,
Zeng F, Gao M, Li Y, Huang F and
Chen H (2022) Increased risk of
testosterone deficiency is associated
with the systemic immune-
inflammation index: a population-
based cohort study.

Front. Endocrinol. 13:974773.

doi: 10.3389/fendo.2022.974773

COPYRIGHT

© 2022 Li, Liu, Cui, Zhu, Chen, Zeng,
Gao, Li, Huang and Chen. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Endocrinology

TyPE Original Research
PUBLISHED 16 August 2022
p0110.3389/fendo.2022.974773

Increased risk of testosterone
deficiency is associated with the
systemic immune-inflammation
iIndex: a population-based
cohort study

Yongchao Li*?, Minghui Liu*, Yu Cui', Zewu Zhu',
Jinbo Chen?, Feng Zeng*, Meng Gao®, Yang Li*,

Fang Huang'**' and Hequn Chen***!

‘Department of Urology, Xiangya Hospital, Central South University, Changsha, China,

2National Clinical Research Center for Geriatric Disorders, Xiangya Hospital, Central South
University, Changsha, China

Purpose: This study aimed to explore the relationship between serum
testosterone levels and systemic immune-inflammation index (SII).

Methods: Complete Sl and serum testosterone data of men over 20 years of age
were retrieved from the 2011-2016 National Health and Nutrition Examination
Survey to conduct a prevalence survey. To calculate Sll, the platelet count was
multiplied by the neutrophil-to-lymphocyte count ratio. Isotope dilution liquid
chromatography and tandem mass spectrometry were employed to measure
serum testosterone concentration. Testosterone deficiency (TD) was defined as
a serum testosterone level < 300ng/dl. Weighted proportions and multivariable
regression analyses were used to analyze the association between Sll and TD.

Results: Overall, the data of 7389 participants were analyzed, The SlI ranged
from 1.53 - 6297.60. Of the participants, 28.42% had a low serum testosterone
level (< 300 ng/dl). In the fully adjusted multivariable logistic model, the second
quartile (OR: 1.27, p = 0.0737), the third quartile (OR: 1.43, p = 0.0090), and the
fourth quartile (OR:1.48, p = 0.0042) of Sl significantly increased the TD
incidence rate, with the lowest quartile of the Sl as a reference. For subgroup
analysis, statistically significant associations were observed in participants aged
20-40, obese, non-hypertensive, and non-diabetic. The interaction test revealed
no significant effect on this connection.

Conclusions: There was a positive relationship between a high SII and an
increased prevalence of TD in a nationwide sample of adult men in the United
States. Further prospective studies on a larger scale are warranted to confirm
the causality between SIl and TD.
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Introduction

Testosterone is a vital sexual hormone in men that is
generated from the testes and the adrenal glands and is
essential for reproduction and sexuality (1, 2). Testosterone
deficiency (TD) is a highly common issue, and research has
reported that it affects approximately 20% - 50% of American
men (3, 4). Although TD can occur in men at any age, 7% of men
develop TD after the age of 50, and this percentage increases as
they get older (1). Symptoms caused by low testosterone levels
can adversely lower a person’s quality of life both sexually and
non-sexually. Low libido, erectile dysfunction, and difficulty in
achieving orgasm are common symptoms (5). In addition, low
energy, poor concentration, and depression were included.
Furthermore, testosterone levels have been linked to muscle
mass, bone strength, and iron metabolism. Thus, clinical
attention should be paid to TD (1, 6).

Studies have examined the possible effect of the process of
inflammation on testosterone and suggest that increased
oxidative stress can lead to inflammation, which can negatively
impact testosterone levels (7, 8). Bobjer et al. showed a
correlation between low testosterone levels and pro-
inflammatory mediators among relatively young men who had
no metabolic diseases (9). A prevalence study conducted by
Maggio et al. suggested a significantly negative correlation
between testosterone and IL-6 in older men (10). Moreover,
experimental studies have demonstrated that pro-inflammatory
cytokines can control testosterone release by regulating the
hypothalamic-pituitary-gonadal axis (11). These findings
reiterated that increased levels of pro-inflammatory cytokines
may cause an increase in TD.

The systemic immune-inflammation index (SII), A relatively
novel inflammatory biomarker, is integrated with absolute blood
counts of neutrophils, lymphocytes, and platelets (12). It has
been identified as a better indicator of local and systemic
inflammatory processes than other traditional factors in the
human body. Several studies have reported that SII is associated
with various malignant diseases, such as liver cancer (12),
intestinal carcinoma (13), pancreatic carcinoma (14),
carcinoma of the uterine cervix (15), and lung cancer (16). In
addition, the SII has been proven to be a prognostic marker for
major cardiovascular events. Yang et al. found that the higher
the SII levels in CAD patients, the greater the risk of future
cardiac death, nonfatal MI, and nonfatal stroke (17). Therefore,
according to these studies, we believe that SII is an outstanding
index of inflammation.

To date, research concerning the relationship between
testosterone and inflammation has primarily concentrated on

Abbreviations: BMI, Body mass index; CI, Confidence intervals; IL,
Interleukin; NHANES, National Health and Nutrition Examination Survey;
ORs, Odds ratios; SII, Systemic immune-inflammation index; TD,

Testosterone deficiency.
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inflammatory factors, such as interleukin-1(IL-1), IL-6, and
TNF-o (10, 18). However, the relationship between the SII
and TD has not yet been assessed. Therefore, we evaluated the
effect of SII on testosterone levels in participants of the National
Health and Nutrition Examination Survey (NHANES) in the
United States. We speculate that the incidence of TD will
increase with an increase in the SII level.

Materials and methods
Data source and study population

Undertaken by the Centers for Disease Control and
Prevention, the NHANES is used to evaluate the general
health and nutritional status of the American population. All
study participants provided written informed consent and
underwent an ethical review by the National Center for Health
Statistics Ethics Review Board. The Institutional Review Board of
Northwestern University’s Feinberg School of Medicine
determined that this study did not require a review. The data
in this study were restricted to 2011-2012, 2013-2014, and 2015-
2016 continuous data cycles. We excluded women, those
aged <20 years, and those with insufficient data of SII and
serum testosterone. Initially, the number of participants was
29902, women (n=15151), patients under 20 years old (n=6506),
and those with missing data for serum testosterone (n=836) and
SII (n=20) were excluded from the final analysis, Overall, 7389
qualified participants were included in our study (Figure 1). For
more details on the survey design, methodology, and protocols,
please visit the NHANES website (http://www.cdc.gov/nchs/
nhanes.htm).

Exposure and outcome definitions

SII, as an exposure variable, was obtained by calculating the
total peripheral platelets count x neutrophil-to-lymphocyte ratio
(N/L) (SII = PxN/L) (12). The serum total testosterone level in
NHANES was determined by precise isotope dilution liquid
chromatography and tandem mass spectrometry. The main
consequence was the correlation between SII and serum total
testosterone levels of < 300ng/dl, following the guidelines of TD
in the American Urological Association (19).

Covariates

Based on a previous study (20), latent variables confounding
the correlation between the SII and serum total testosterone were
considered in the multivariable models. The covariates were age,
body mass index (BMI), race, coronary artery sickness, heart
failure, stroke, smoking status, alcohol consumption,
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Excluded females(N=15151)

Excluded age < 20 years (N=6506)

Excluded incomplete date of
testosterone (N=836)

N=7389

FIGURE 1
The selection process of NHANES 2011-2016.

educational qualifications, hypertension, diabetes, urine
creatinine, triglycerides, and serum total cholesterol. The
NHANES divides race/ethnicity into non-Hispanic white, non-
Hispanic black, Mexican American, and other Hispanics.
Qualifications were divided into grades 9 and below, grades 9
to 11, high school graduates, partial college or post-secondary
qualifications, and college or higher qualifications. The
participants were asked, “Have you ever smoked more than
100 cigarettes in your entire life?”, and were accordingly grouped
into smokers and non-smokers based on their answers. BMI was
categorized as <25, 25-29.9, or >30 kg/m>. Obesity was defined
as a body mass index of > 30. Participants who answered “yes” to
the question “drinking at least 12 alcoholic beverages in a year”
were considered to have a history of drinking. A history of high
blood pressure can be determined by the answer: “Have you ever
been told by a doctor that you had hypertension?” Defined
diabetes as being “told by a doctor you have diabetes.” Urinary
creatinine, triglycerides, and serum total cholesterol levels were
derived from the standard biochemistry profiles.

Statistical analysis
SII values were divided into quartiles for the logistic

regression analysis to model the connection between quartile
levels of SII and the odds of low testosterone levels. The lowest
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quartile was used as the reference for each case. Differences
between categorical and continuous variables were evaluated
using the Pearson’s chi-squared test and Student’s t-test for the
SII groups. The mean * standard deviation was used to express
continuous variables, while proportions were used to present
categorical variables. Using the generalized additive model
(GAM), a nonlinear relation was identified. The association
between the SII and TD was examined using multivariable
logistic regression with three different models. Model 1 was
not adjusted for covariates. In model 2, adjustments were made
for age and race. Age, race, education level, BMI, coronary artery
disease, heart failure, stroke, smoking status, alcohol
consumption, hypertension, diabetes, urine creatinine,
triglycerides, and serum cholesterol were adjusted in Model
3.We further applied four subgroups analyses on the
connection of SIT with TD with variables covering age (20-40/
40-60/=60 years), obesity (yes or no), hypertension (yes or no),
and diabetes (yes or no) since these variables are known as
prespecified possible effect modification. An interactive item was
added to examine the correlations across groups. Statistical
software packages R and Empower software (http://www.
empowerstats.com, X&Y Solutions, Inc., Boston, MA) were
used for all statistical analyses and NHANES sampling weights
were considered. Odds ratios (ORs) and 95% confidence
intervals (CI) were calculated for each target. Statistical
significance was considered at a two-tailed p <0.05.
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Results
Basic characteristics of the participants

A total of 7389 participants had complete data on SII and
serum testosterone levels. Table 1 lists the characteristics of the
study population based on testosterone levels. The incidence of
TD is 28.42. The SII of TD patients was significantly higher than
that of non-TD patients (526.03 + 308.27 vs 481.41 + 318.79, p
<0.001), Men presenting with normal total testosterone levels
were relatively younger (p <0.001) and had a lower mean BMI (p
<0.001), lower triglycerides (p <0.001), and lower urine
creatinine (p=0.002) than men with lower total testosterone
levels. Furthermore, participants with lower testosterone levels
were more likely to develop diabetes, high blood pressure, heart
failure, and coronary heart disease. The other socio-
demographic differences were not significant (Table 1).

Association between Sll and increased
serum testosterone

Smooth curve fitting showed that after adjusting for age,
BM]I, race, coronary artery disease, heart failure, stroke, smoking
status, alcohol consumption, education level, hypertension,
diabetes, urine creatinine, triglycerides, and serum total
cholesterol, SII not linearly associated with TD prevalence
(Figure 2). Then we performed a two-piecewise linear
regression model to calculate the threshold effect of the SII on
TD according to the smoothing plot. we found the inflection
points were 742.5. On the left of the inflection point, the P value
was 0.0019. However, we observed no relationship between SII
and TD on the right of the inflection point (P>0.05)
(Supplementary Table 1). We then conduct a logistic
regression analysis by transforming the SII from a continuous
variable into a classified variable (quartile 1:1.53-302.4, quartile
2:302.50-424.53, quartile 3:424.63-601.33, quartile 4:601.59-
6297.60). As is shown in Table 2, a strong positive correlation
existed between the SII quartiles and TD, and the OR values of
TD increased with an increase in SII in the non-adjusted logistic
regression model (OR=1.60; 95% CI, 1.38-1.84, p<0.0001). This
meaningful relevance also exists in the adjusted I-model. In the
fully adjusted model (Adjusted II), the OR values of TD in the
highest SII quartile were significantly higher than those in the
lowest quartile (OR=1.48; 95% CI, 1.13-1.93,
p=0.0042) (Table 2).

Subgroup analysis

After modulating all possible confounding factors, we found
that participants in quartile 4 developing TD was 2.07 times that
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of the quartile 1 among obese group (OR 2.07; 95% CI 1.41-3.04; p
=0.0002). No statistically significant association was observed
among men with normal weight. Meanwhile, only the 20-40 age
group had a significant correlation, and the OR value of the
highest SII quartile reporting TD was 2.11 times that of the lowest
SIT quartile (OR=2.11; 95%CI, 1.23-3.62, p= 0.0066). However, for
participants aged 40-60, the OR value of quartile 2 reporting TD
was 1.50 times that of the lowest SII quartile (OR=1.50; 95%ClI,
0.97-2.32, p= 0.0698); for participants with aged > 60 years, the
OR value of quartile 3 reporting TD was 1.49 times that of the
lowest SIT quartile (OR=1.49; 95%ClI, 0.96-2.32, p= 0.0763). Both
two associations were close to meet the statistical significance.
Moreover, participants in quartile 4 had a 66% higher risk of TD
(OR 1.66; 95% CI 1.15-2.38; p =0.0063) than men without
hypertension in quartile 1. Furthermore, participants in quartile
4 had a 50% higher risk of TD (OR 1.50; 95% CI 1.11-2.02; p
=0.0088) than men without diabetes in quartile 1. The interaction
test revealed that no significant correlation existed between SII
and TD among all levels, suggesting that there was no significant
dependence on age, obesity, high blood pressure, or diabetes (all p
for interaction >0.05) (Figure 3).

Discussion

TD, also known as hypogonadism, due to testicular
dysfunction or hypothalamic-pituitary dysfunction and it can
either develop congenitally or acquired (5). TD is often
overlooked because of its insidious and nonspecific clinical
presentation (21). Evidence suggests that TD is associated with
a variety of diseases, including obesity, cardiovascular disease,
and depression. The association between inflammation and
testosterone has been widely investigated since chronic
inflammation is one of the pathogeneses of numerous
diseases (8, 22). According to recent research, testosterone
plays a vital role in regulating inflammation (23). For example,
as a common urological disease, the progression of benign
prostatic hyperplasia involves chronic inflammation and
immune disorders (24). The etiopathogenesis of benign
prostate hyperplasia is believed to be the infiltration of
activated CD4+ T lymphocytes and the release of
inflammatory cytokines (25). In 2009, Filippi S et al.
established an animal model of hypogonadism induced by a
high-fat diet (26). They found that the histological changes in
the prostate were inflammation and stromal disorder, and such
changes could be completely reversed by testosterone
supplementation (26). Subsequently, they conducted a
clinical retrospective study, by observing the prostatectomy
specimens from patients with benign prostate hyperplasia in
the histological characteristics of inflammatory infiltration
(27). They found that the inflammatory infiltration and
testosterone levels were significantly negatively correlated.
Moreover, hypogonadism increased the risk of prostate gland
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TABLE 1 Sociodemographic and clinical characteristics of the 7389 subjects related to the NHANES 2011-2016 cycle according to normal vs. low

total testosterone level (ng/dl).

Normal (>300ng/dl)

Sample size, n (%) 5289 (71.58%)
Total testosterone, mean + SD(ng/dl) 489.58 + 167.71
Age, in years, mean *+ SD 47.81 £ 17.65

Age, group class, n (%)

20-40 2000 (37.81%)
40-60 1691 (31.97%)
60+ 1598 (30.21%)

Race/ethnicity, n (%)

Mexican American 728 (13.76%)
Other Hispanic 522 (9.87%)

Non-Hispanic White 2020 (38.19%)
Non-Hispanic Black 1162 (21.97%)
Other Race 857 (16.20%)
BMI, mean * SD (kg/m?) 2742 +527
BMI group class, n (%)

Normal(<25kg/m?) 1814 (34.30%)
Overweight (25-30 kg/mz) 2021 (38.21%)
Obese (30+ kg/m?) 1402 (26.51%)
unknown 52 (0.98%)

Education level, n (%)

Less than 9th grade 515 (9.74%)
9th-11th grade 738 (13.95%)
High school graduate 1223 (23.12%)
Some college or AA degree 1456 (27.53%)
College graduate or above 1356 (25.64%)
unknown 1 (0.02%)
Creatinine, urine, mean + SD (mg/dl) 138.95 + 84.08
SII, mean + SD 481.41 + 318.79
Total cholesterol, mean + SD (mmol/L) 4.85 £ 1.06
Triglycerides, mean + SD (mmol/L) 1.39 + 1.10
Smoking status, n (%)

Yes 2790 (52.75%)
No 2495 (47.17%)
Unknown 4 (0.08%)
Alcohol consumption, n (%)

Yes 4094 (77.41%)
No 793 (14.99%)
Unknown 402 (7.60%)

Hypertension, n (%)

Yes 1702 (32.18%)
No 3579 (67.67%)
Unknown 8 (0.15%)
Diabetes, n (%)

Yes 585 (11.06%)
No 4701 (88.88%)
Unknown 3 (0.06%)

Frontiers in Endocrinology 05

Total testosterone

Low (<300ng/dl)

2100 (28.42%)
222.25 + 63.98
52.68 + 17.33

556 (26.48%)
725 (34.52%)
819 (39.00%)

295 (14.05%)
209 (9.95%)
864 (41.14%)
416 (19.81%)
316 (15.05%)
31.67 £ 7.00

275 (13.10%)

706 (33.62%)

1081 (51.48%)
38 (1.81%)

224 (10.67%)
284 (13.52%)
484 (23.05%)
592 (28.19%)
513 (24.43%)
3 (0.14%)
144.68 + 82.89
526.03 + 308.27
484 +£1.13

1.90 + 1.74

1115 (53.10%)
981 (46.71%)
4(0.19%)

1587 (75.57%)
358 (17.05%)
155 (7.38%)

961 (45.76%)
1138 (54.19%)
1 (0.05%)

471 (22.43%)
1628 (77.52%)
1 (0.05%)

P-value

<0.001
<0.001
<0.001

0.092

<0.001
<0.001

0.002
<0.001
0.545
<0.001
0.361

0.09

<0.001

<0.001

(Continued)
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Total testosterone

Normal (>300ng/dl) Low (<300ng/dl) P-value
Heart failure, n (%) <0.001
Yes 138 (2.61%) 126 (6.00%)
No 5144 (97.26%) 1968 (93.71%)
Unknown 7 (0.13%) 6 (0.29%)
Coronary artery disease, n (%) <0.001
Yes 213 (4.03%) 163 (7.76%)
No 5050 (95.48%) 1926 (91.71%)
Unknown 26 (0.49%) 11 (0.52%)
Stroke, n (%) 0.423
Yes 182 (3.44%) 84 (4.00%)
No 5105 (96.52%) 2015 (95.95%)
Unknown 2 (0.04%) 1 (0.05%)

BMI, body mass index; SII, systemic immune-inflammation index.

inflammation by five times, and the in vitro experiment
revealed that dihydrotestosterone had extensive anti-
inflammatory effects on testosterone cells (27). An animal
experiment by Monika F et al. showed evidence for an
immunomodulatory and protective effect of testosterone by
regulating the differentiation of T lymphocytes (28). In
contrast, excessive inflammation can in turn modulate the
hypothalamic-pituitary-gonadal axis and restrain testosterone
release (7, 11).

To the best for our knowledge, the relationship between SII
and TD has not been assessed. In this cross-sectional study
with 7389 enrolled participants, the relationship between SII
and serum testosterone levels was investigated in men and to

determine whether this relationship varies with age, obesity,
hypertension, and diabetes. The mean SII of participants with
TD was significantly higher than that of men without TD. In
addition, we discovered that men with a higher SII had an
increased risk of TD in an unadjusted logistic regression model.
This connection is consistent even after adjusting for all
possible confounders; compared to quartile 1, the risk of TD
was relatively higher in quartile 4. Notably, when we restricted
the participants to obese men, the risk of TD was significant.
Obese patients had a higher risk of TD than non-obese
patients, suggesting that a higher SIT accelerates testosterone
decline in obese patients. These results further support an
endocrine-disrupting role of inflammation. Epidemiological

Testosterane Deficieney

Systemic immune-inflammation index

FIGURE 2

The Nonlinear relationship between SIl and TD incidence rate. A smooth curve fitting between variables is represented by the solid red line. The
95% confidence interval of the fit is indicated by the blue line.The values were adjusted for age, race, BMI, coronary artery disease, heart failure,
stroke, smoking status, alcohol consumption, education level, hypertension, diabetes, triglycerides, urine creatinine, and serum total cholesterol.
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TABLE 2 Logistic regression analysis was used to assess the correlation between the prevalence of testosterone deficiency and SIl.

Non-adjusted”

SII* group

Quartile 1(Q1) Reference
Quartile 2(Q2) 1.15 (0.99, 1.33) <0.0744
Quartile 3(Q3) 1.40 (1.21, 1.62) <0.0001
Quartile 4(Q4) 1.60 (1.38, 1.84) <0.0001

SII group trend <0.0001
CI, confidence interval; OR, odds ratio.

“Presented in quartiles.

°Non-adjusted model adjusts for None.

“Adjust I model adjust for age, race.

OR (95%ClI), p-value

Adjust I° Adjust 11

Reference Reference
1.13 (0.97, 1.32) 0.1089
1.37 (1.18, 1.59) <0.0001
1.46 (1.26, 1.70) <0.0001
<0.0001

1.27 (0.9, 1.64) 0.0737

1.43 (1.09, 1.87) 0.0090

1.48 (1.13, 1.93) 0.0042
0.006

dAdjust IT model adjusts for age, race, BMI, coronary artery disease, heart failure, stroke, smoking status, alcohol consumption, education level, hypertension, diabetes, triglycerides, urine

creatinine, and serum total cholesterol.

surveys have shown that total testosterone in the blood is
inversely related to obesity (29), and the prevalence of TD is up
to 79% in obese individuals (30). Chronic inflammation is
considered the main reason for low testosterone levels in the
obese population because in a state of inflammation,
inflammatory cytokines are mainly derived from adipose
tissue, which can reduce testosterone production by
converting testosterone to estradiol (31). Furthermore,
adipose tissue also generates leptin, which negatively affects
the hypothalamic-pituitary-gonadal axis by inhibiting

gonadotropins on testicular interstitial cells, leading to a

Age  (year ) Normal, n (%) Low, n (%)
20 =Age<40 568 (28.40%) 123(22.12%) Q1
558 (27.90%) 121 (21.76%) Q2 —
487 (24.35%) 171(30.76%) Q3 .
387 (19.35%) 141 (25.36%) Q4
40 =Age< 60 450 (27.14%) 147 (20.28%) Q1
416 (24.60%) 194 (26.76%) Q2 H
451 (26.67%) 197 (27.17%) Q3 =
365 (21.58%) 187 (25.79%) Q4 —]
Age = 60 381 (23.84%) 196 (20.63%) Q1
387 (24.22%) 171(20.88%) Q2 —
348 (21.78%) 193 (23.57%) Q3 H
482 (30.16%) 286 (34.92%) Q4 B
Obese
Yes 347 (24.75%) 218(20.17%) Q1
364 (25.96%) 250 (23.13%) Q2 H
969 (26.32%) 289 (26.73%) Q3
322 (22.97%) 324 (29.97%) Q4
No 1048 (27.33%) 214 (21.81%) Q1
982 (25.61%) 231 (23.55%) Q2 H
905 (23.60%) 264(26.91%) Q3 H
900 (23.479%) 272(27.71%) Q4 H
Hypertension
Yes 406 (23.85%) 194 (20.19%) Q1
414 (24.32%) 211 (21.96%) Q2 —
393 (23.09%) 248(25.81%) Q3
489 (28.73%) 308 (32.05%) Q4 H
No 999 (27.91%) 245 (21.53%) Q1
947 (26.46%) 274 (24.08%) Q2 L
890 (24.87%) 313(27.50%) Q3 =
743 (20.76%) 306 (26.89%) Q4
Diabetes
Yes 114 (19.49%) 87 (18.47%) Q1
158 (27.01%) 102 (21.66%) Q2 —
145 (24.79%) 102 (21.66%) Q3 —
168 (28.72%) 180 (38.22%) Q4 —
No 1293 (27.50%) 351 (21.56%) Q1
1203 (25.59%) 384 (23.59%) Q2
1140 (24.25%) 459(28.19%) Q3
1065 (22.65%) 434(26.66%) Q4

FIGURE 3
The forest plot of correlation subgroup analysis between Sl and TD.
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decrease in androgen production (32). Interestingly, after
adjusting for confounding factors in the subgroup analysis,
we noted that there was no correlation between TD and SII in
people over 40 years of age; however, a significant correlation
was observed in people aged 20-40 years. Aging in men is
accompanied by a decrease in serum testosterone secretion. It
has been reported that testosterone levels in men drop by
approximately 1-1.6% per year after the age of 40 years (33).
However, men aged 20-40 year have a normal gonadal function
and rarely have metabolic diseases. Thus, we believe that SII is
directly related to the incidence of TD in men aged 20-40 years.

OR(95% CI), Adjusted P-value Ptrend P for interaction

Reference

e 1.07 (0.64,1.81) 0.7890 0.0026 03062
— 145 (0.86,2.46) 0.1628
————s—————— 211(1.23,362)0.0066
Reference
—=—— 150 (0.97,2.32) 0.0698 04166
— 1.36 (0.86, 2.15) 01866
—_— 133(0.82, 2.15)0.2463
Reference
e 1.23 (0.80, 1.89) 03465 02184
—_— 149 (0.96,2.32) 0.0763
—— 134(0.88,2.05)0.1718
Reference
—_— 1.35(0.93,1.97)0.1125 0.0002 03143
—_— 151(1.02,2.23) 00379
— 2.07 (1.41,3.04) 0.0002
Reference
—— 1.20(0.85,1.71) 02996 02619
—— 129 (0.90,1.84) 0.1646
e 1.25(087,1.80)0.2209
Reference
- 1.24(0.82,1.88) 03075 02064 02369
— 183 (1.21,2.77) 0.0041
=i 133(088,199)0.1733
Reference
—=— 1.30(0.93,1.82) 0.1295 00128
F— 116 (0.81,1.67) 0.4176
—— 1.66 (1.15,2.38) 0.0063
Reference
n— 0.96 (049, 1.89) 09100 02718 01707
—— 127 (0.63,2.54) 0.5060
———— 130 (069, 2.48)0.4174
Reference
—=— 136 (1.02,1.81) 0.0342 00158

146 (1.09,1.95) 0.0120
1.50(1.11,2.02) 0.0088
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Bobjer et al. analyzed the changes of a series of inflammatory
markers in 60 young men, with the purpose of investigating the
relationship between low testosterone levels and inflammation
in youth (9). These results indicated that low testosterone levels
were significantly linked to the pro-inflammatory chemokines
in young men, which corroborated our present findings.
Unexpectedly, an association between SII and TD among
non-hypertensive and non-diabetic men was observed, rather
than among hypertensive and diabetic men. We attributed this
result to the influence of antihypertensive and hypoglycemic
drugs on testosterone levels. Numerous studies have shown
that the use of hypotensive (34-36) and hypoglycemic drugs
(37) can affect testosterone levels. For example, the
antihypertensive drug B-blockers atenolol, can inhibit the
sympathetic nervous system, thereby inhibiting the release of
testosterone (38, 39). In contrast, angiotensin-converting
enzyme inhibitors (40)and angiotensin II receptor blockers
(41), such as captopril, have been associated with improved
sexual function. Studies have shown that the use of metformin,
a first-line glucose-lowering drug for the treatment of type 2
diabetes, also reduces serum testosterone levels in patients with
diabetes (37). Patients with type 2 diabetes had significantly
lower testosterone levels after three month of metformin
treatment (42). So we think that drug use in patients with
hypertension and diabetes may confuse the relationship
between the SIT and TD.

The results of our study are consistent with the previous
views because several research has been done on the relationship
between testosterone and inflammatory responses and has
proven that elevated levels of inflammation can cause a decline
in testosterone levels (43, 44). A review performed by Mohamad
explored the effect and mechanism of testosterone on the
inflammatory response by summarizing all the evidence from
human observation and animal research that reported the
relationship between testosterone and inflammatory markers
(8). This review suggests that TD can promote an elevation of
inflammatory factor levels. In addition, anti-inflammatory
activity may be a function of testosterone in the body.
Testosterone therapy can counteract pro-inflammatory insults,
significantly improving MetS-induced hypertension, visceral
adipose tissue accumulation, and glucose homeostasis
derangements, and also has anti-inflammatory effects at the
hypothalamic level (45). However, the outcome remains
dependent on the anti-inflammatory effects of testosterone.
Ebrahimi et al. conducted a parallel-group, randomized trial
from 2016 to 2017, wherein 33 and 34 patients received
recombinant human IL-1 receptors and placebo, respectively.
The results showed that the use of IL-1 receptor antagonists
increased testosterone levels in obese individuals (46). An
NHANES study conducted by Zhang et al. investigated the
association between the dietary inflammatory index and male
hormones and reported that men who adhere to an
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inflammatory diet appear to be at greater risk for TD (20).
Compared with traditional inflammatory factors, the SII better
reflects the inflammatory state and has shown better prognostic
value in several studies. The SII may be an easily accessible and
cost-effective strategy to identify low testosterone levels in men,
and more attention should be paid to young men and obese
people. However, our study has several limitations. As a
prevalence study database, we could not confirm the causal
relationship between the SII and TD, which is the main
restriction. Secondly, some residual confounders, such as
prostate cancer, physical activity, and hormone medication,
may still affect the association between SII and testosterone.
According to previous researches (47, 48), obesity is associated
with low total testosterone it is common that free testosterone is
normal due to lower SHBG, the relationship between SHBG and
free testosterone and SII should be evaluated in future study.
Finally, according to the American Urological Association
guidelines, serum testosterone should be measured twice and
conducted in an early morning fashion (19).

In summary, our research showed that increased SII levels
are associated with an increased prevalence of TD. Broader and
deeper studies are needed to verify our results.
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