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ABSTRACT

Objective: To evaluate the putative association of age and insulin resistance with sex hormone-binding globulin levels in healthy
men. Methods: In total, 136 healthy men without obesity, aged 18 years or older, were included. Total testosterone was mea-
sured by electrochemiluminescence, and sex hormone-binding globulin by chemiluminescence. Calculated free testosterone
was obtained by Vermeulen'’s equation. Insulin resistance index was estimated as triglycerides/HDL ratio. Results: The sample
was divided into tertiles according to age (18 to 29; 30 to 49; 50 to 67 years). Sex hormone-binding globulin levels were higher in
men > 50 years old compared to those of the second and first tertiles (41 + 17 versus 35 + 12 and 29 + 9 nmol/L; p < 0.001), while
values of calculated free testosterone were lower in the older tertile (7.7 + 1.9 versus 8.8 + 2.2 and 10.4 £3.1 ng/dL; p < 0.001).
Age did not influence total testosterone levels. Insulin resistance index was inversely and significantly correlated with sex hor-
mone-binding globulin (r = -0.371; p < 0.001). Conclusion: There is a significant increase in serum sex hormone-binding globulin
in older healthy men, highlighting the need for age-specific reference values. Furthermore, insulin resistance seems to reduce
this globulin levels, perhaps pointing out low sex hormone-binding globulin as a putative predictor of related chronic diseases
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INTRODUCTION SHBG levels might vary under either physiologi-
Sex hormone binding globulin (SHBG) is a protein that ~ cal or pathological conditions, such as pubertal and
plays acentralroleinregulatingthe transport, bioavail- ~ senescence changes (increase) or in metabolic syn-

ability and metabolism of sex steroid hormonessuchas  drome (decrease) (3). Measurement of SHBG in clini-
testosterone (T) (1). In men, 40% of total testosterone  cal practice has been evaluated as a potential disease
(TT) is strongly bound to SHBG, 58% is weakly bound biomarker to assess risk for type 2 diabetes mellitus
to albumin (bioavailable T), and the remaining 0.5 to (DM), cardiovascular events, and liver disease (3).
2% circulates in free form, namely as free T (FT) (2). The literature suggests that SHBG levels increase
Produced by the liver, SHBG serum levels are  upon aging (4). For instance, the European Male Aging
regulated by sex hormones as well as by several other ~ Study showed an age trend for SHBG of increasing 0.65
hormones and non-hormonal factors. Consequently,  nmol/L per year (5). On the other hand, an age-related
gradual decline (approximately 0.5% per year) in serum
T has been described (6), with a more pronounced de-
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oMo TT measurement is currently the standard ap-

- proach to evaluate androgen levels (8). However, TT &

Arch Endocrinol Metab, 2025, v.69(4), 1-8, €240360. 1



may not be a reliable measure in the presence of con-
ditions that affect SHBG levels, when the fractions of
FT and BT (bioavailable T) should be used instead to
evaluate androgen levels (2,4).

This study aimed to evaluate the putative associa-
tion of age and insulin resistance with SHBG levels in
healthy men.

METHODS

Participants

A cross-sectional study was conducted in a sample
of healthy men without obesity. Participants were
blood donors recruited from the blood bank of the
university hospital, Hospital de Clinicas de Porto Alegre
(HCPA), from November 2017 to November 2019.
Participants from the biobanking of HCPA were also
included (9). Blood samples were taken in the morning
after astandard breakfast (calculated as 50 g carbohy-
drate, 14 g fat and 11 g protein), as this is the routine
recommendation before blood donation procedures.

Eligibility criteria required participants to be aged
>18 years and to present a body mass index (BMI) <
30 kg/m?, and no known disease. Individuals with DM,
hypertension, or cancer diagnosed in the prior 5 years
were excluded.

Participants self-reported data as skin-color, medi-
cal conditions, smoking, alcohol intake, prescription
drugs, and symptoms of hypogonadism. As recom-
mended by the endocrine society guidelines, symptoms
suggestive of hypogonadism, such as reduced sexual
desire and erectile dysfunction, were investigated. (10).
Blood pressure was measured using a validated Omron
device (Model HEM-7200), as recommended by the
guidelines (11). Participants weight (kg) and height (m)
were evaluated to calculate BMI (kg/m?).

Laboratory methods

Serum TT was measured using an electrochemilumines-
cence immunoassay (Abbott GmbH & Co. KG), and se-
rum SHBG was assessed by an chemiluminescence assay
(Abbott GmbH & Co. KG). Between- and within-assay
coefficients of variation for TT were 5.72% and 5.43%,
and for SHBG 3.87% and 3.84%, respectively. Calculated
free testosterone (cFT) was estimated based on TT,
SHBG, and albumin, using the Vermeulen’s equation (12).
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Glycated hemoglobin (HbA1c) was quantified by
an ion-exchange high performance liquid chromatog-
raphy (HPLC) (Merck-Hitachi L9100 Analyser, Merck,
Dermstadt, National
Standardization Program (NGSP) certified. Serum al-
bumin was measured by colorimetric method, with a
2.01% coefficient of variation. Total cholesterol and
high-density lipoprotein cholesterol (HDL-c) were mea-

Germany), Glycohemoglobin

sured by enzymatic methods. Blood count was assessed
by light absorbance/impedance/flow cytometry meth-
od. C-reactive protein (CRP) was measured by turbidim-
etry immunoassay. Thyrotrophin (TSH) was measured
by chemiluminescence of microparticles immunoassay
method. Serum creatinine was measured by a traceable
Jaffe kinetic method. Glomerular filtration rate (GFR)
was estimated using the CKD-EPI equation (13).

The presence of insulin resistance was verified by
theinsulinresistance index (IRI): triglyceride/high-den-
sity lipoprotein cholesterol ratio (TG/HDL-c) (14,15).

Ethics statement

The study was approved by the Research Ethics
Committee of HCPA (project number 20190732), and
the study participants provided written informed con-
sent in accordance with the Declaration of Helsinki.

Statistical analysis

Results were expressed as mean + standard deviation
(SD), percentages, median (minimum, maximum), or
percentiles.

To investigate the association between SHBG, TT,
and cFT with age, the participants were stratified in
tertiles of age. Variables with normal distribution were
evaluated by one-way analysis of variance (Anova), fol-
lowed by Tukey’s post hoc test. Variables without nor-
mal distribution were evaluated using Kruskal-Wallis
and Dunn’s post hoc test. Pearson’s and Spearman’s
correlation coefficients were also used.

Multiple regression analyses were used to simul-
taneously assess variables as predictors of TT, SHBG,
and cFT levels.

To establish ranges for SHBG measurements in
this population, the 2.5th percentile (p = 2.5) and the
97.5th percentile (p = 97.5) of the study sample were
estimated, as recommended (16).
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Sample size was estimated using the PSS Health on-
line tool (17). A sample size of 25 participants was esti-
mated in each age group to estimate SHBG values chang-
es by age, with an absolute margin of error of 6.4 nmol/L
and a 95% confidence level, considering 15.2 nmol/L as
the expected SD, according to Krakowsky and cols. (18).

All analyses were carried out using SPSS soft-
ware program version 18.0 (Statistical Package for
the Social Sciences; SPSS Inc., Chicago, IL, USA) and R
version 3.6.2 for macOS (R Foundation for Statistical
Computing). For all analyses, a 2-tailed p < 0.05 was
considered to indicate statistical significance.

RESULTS

Our study included 136 healthy men, aged 41 + 13
years (18 to 67 years), 79% self-declared White and
9% smokers. Participants reported no symptoms sug-
gestive of hypogonadism. Table 1 summarizes the clin-
ical and laboratory characteristics of the participants
divided into age tertiles.

By dividing our sample into tertiles of age, we
found higher SHBG values in the upper tertile when
compared to the intermediate and lower tertiles
of age (41 + 17 versus 35 * 12 versus 29 + 9 nmol/L;
p < 0.001). cFT was significantly lower in the upper
tertile compared to the middle and lower tertiles (7.7
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+ 1.9 versus 8.8 £ 2.2 versus 10.4 + 3.1 ng/dL; p < 0.001
(Figure 1). On the other hand, TT was similar among
the three groups, and the values for the total sample
ranged from 206 to 805 ng/dL

A positive correlation was found between age and
SHBG, and an inverse and significant correlation of
age with cFT, but not with TT. When correlating IRI
with SHBG and T fractions, we found an inverse and
significant correlation with SHBG and TT, but not with
cFT (Figure 2).

We conducted a multiple linear regression to
evaluate the association of age and IRl with the de-
pendent variables SHBG, TT, and cFT. SHBG increased
by 0.6 nmol/L per year of age, while cFT decreased by
0.08 ng/dL per year of age. No association was found
between age and TT levels. SHBG and TT decreased
with each increase in the IRI; 2.9 nmol/L (p < 0.001)
and 0.07 (p < 0.001) ng/dL, respectively. However, we
found no association with cFT.

Since the upper age tertile (> 50 years) had sig-
nificantly higher SHBG values than the lower two
tertiles, we analyzed the values of the 2.5t and 97.5t
percentiles of the sample according to ages = 50
years versus < 50 years to establish age-related values
(Table 2). Considering that TT was similar among the
three groups, the values represent the total sample.

Table 1. Clinical and laboratory characteristics of healthy volunteers by age tertile

Total sample 18 to 29 years

(n=136) (n =46)
Age, years 41+13 26+4
BMI, kg/m? 25+3 24+3
SBP, mmHg 120+ 10 122+ 10
DBP. mmHg 73+8 74+9
HbA1c, % 51+03 5002
Albumin, g/dL 48+05 49+04
GFR, CKD-EPI, mL/min/1.73m? 97+18 109+19
Total cholesterol, mg/dL 189 +40 170+ 30
HDL-c, mg/dL 51+12 50+ 10
Triglycerides, mg/dL 116 (47-390) 94 (47-384)
IRI 2.1(0.9-11.8) 1.9(0.9-8.9)

30 to 49 years 50 to 67 years
(n=47) (n=43)
425 56 +5 By design
26+2 25+2 0.004*
1199 119+10 0.357
12+7 72+8 0.617
51+03 5203 0.222
48+04 47+0,6 0.405
97 +13 85+15 <0.0011
193 + 40 205 + 40 <0.001%
50+ 14 53+12 0.540
126 (54-356) 127 (56-390) 0.0048
26(1.0-9.8) 2.6(0.8-11.8) 0.064

* Statistical difference between the first and the second tertile; t statistical difference among all tertiles; ¥ statistical difference between the first tertile and the second and the last tertile; §

statistical difference between first and last tertile.
Data presented as mean + standard deviation or median (interval interquartile).

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HbA1c: glycated hemoglobin; GFR: glomerular filtration rate; CKD-EPI: Chronic Kidney Disease Epidemiology

Collaboration: HDL-c: hiah-densitv linoprotein cholesterol: IRI: insulin resistance index.
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Figure 1. Boxplot of sex hormone-binding globulin in panel A, total testosterone in panel B and free testosterone in panel C, according to age
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Figure 2. Correlations of sex-hormone binding globulin (panel A and D), total testosterone (panel B and E) and calculated free testosterone

(panel C and F) with age and insulin resistance index.
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Table 2. Values of sex hormone-binding globulin, calculated free testosterone, and total testosterone for men according to each age group

I O R I VR
25 25 25 97.5

Percentile (years) 975
18-49 (n=93) 16 57
50-67 (n =43) 20 82
18-67 (n =136)

97.5
17
"
206 805

Considering that total testosterone was similar between groups, the values represent the total sample.

SHBG: Sex Hormone-Binding Globulin; cFT: calculated free testosterone; TT: total testosterone.

DISCUSSION

This study shows that aging is followed by an increase
in SHBG levels, and a reduction in cFT in healthy men
without obesity, without significant variation in TT.
Moreover, insulin resistance, as evaluated by IRI, was
significantly associated with decreased serum SHBG
and TT.

The positive association of serum SHBG with age
has already been described in a study of over 150,000
men aged 40 to 69 years from the British Biobank
(19). Other studies have also suggested the need for
age-specific determination of SHBG, as SHBG lev-
els tend to increase with age while TT levels tend to
remain stable, and have also pointed to the central
role of SHBG in men’s health status (20,21). In line
with these previous findings, our results suggest the
adoption of an age-specific range for SHBG: from 16.0
to 57.0 nmol/L for men aged < 50 years and 20.0 to
82.0 nmol/L for men 2 50 years. Similar values were
described in a study of 1,000 men from a medical cen-
ter in the USA, in which younger men aged < 55 years
also had lower SHBG (from 6 to 88 nmol/L) than older
men (= 55 years, between 11 and 109 nmol/L) (17). A
recent review (22) emphasized that the age-specific
thresholds for SHBG proposed in the literature can
also be observed in populations with chronic meta-
bolic disorders. Wang and cols. (23) determined the
SHBG reference range in a healthy sub-cohort of US
adults who participated in the US National Health
and Nutrition Examination Survey (NHANES) from
2013 to 2016. The study defined criteria for low
SHBG as levels < 12.3 nmol/L in men < 50 years and
< 23.5 nmol/L in men = 50 years. Risk factors for low
SHBG included higher BMI, diabetes, ethnicity (other
than Hispanic, non-Hispanic Black, or non-Hispanic
White), chronic obstructive pulmonary disease, coro-
nary heart disease, and smoking. Approximately 66%

Arch Endocrinol Metab, 2025, v.69(4), 1-8, €240360.

of the study population was non-Hispanic White. The
participants in our study also predominantly identi-
fied themselves as White (79%). In Brazil, as in many
other countries, there is a mixture of several differ-
ent origins (Black, White, Indigenous etc.). It is well
known that self-reported ethnicity is not a reliable
predictor of genomic ancestry (24,25). Therefore, we
believe that a single domain, regardless of skin color,
is more representative of the general population, as
the values are consistent with those reported in other
studies, including those involving more diverse groups
(18,23). However, we recognize that future studies
with more diverse populations are needed to further
validate global applicability or, conversely, to establish
ranges for individual populations.

Regarding cFT, we also found a marked decline in
their levels in men aged > 50 years, in line with the lit-
erature (4,26). This is an expected phenomenon, since
the increase in the carrier protein SHBG reduces the
free fractions of T, while it mitigates the reduction of
TT (27). Although this association has been exten-
sively described, the reasons for the SHBG increase
with aging are not fully understood yet. In vitro data
on human hepatoma-cultured cells indicated that
insulin-like growth factor 1 (IGF-1) may be a negative
regulator of SHBG synthesis (28). Upon aging, IGF-1
decreases, reducing the inhibitory effect on SHBG
production in hepatocytes, which increases SHBG
levels (29). A large prospective cohort of 200,000 men
suggested that higher free T and circulating IGF-1 are
associated with an elevated risk of prostate cancer,
whereas higher SHBG was associated with a lower
risk (hazard ratio of 0.95 per 10 nmol/L of increment)
(30). There are possible, nevertheless, confounding
factors, since lower SHBG and higher IGF-1 levels are
found in the presence of obesity (4,31), and it has been
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of prostate cancer progression and high-grade forms
of the tumor (32). Another possible explanation for
the aging-related increase in SHBG is the independent
increase of adiponectin with age (33), since this anti-
inflammatory cytokine stimulates SHBG synthesis
(34). Therefore, even though all this knowledge is not
new, unfortunately, several laboratories do not take
this phenomenon into account when reporting male
hormone levels, including university hospitals.
Considering that SHBG levels interfere with aging-
associated medical conditions, and metabolic profile
understanding how age influences SHBG is essential,
since it may have important clinical applications (3).
After evaluating the association between SHBG and
the risk of coronary heart disease (CHD) incidence in
the United Kingdom Biobank (UKB), Li and cols. (35)
demonstrated that elevated levels of SHBG were
both directly and indirectly predictive of a lower risk
of CHD in men and women. The relation between low
SHBG concentrations and insulin-resistant states,
such as type 2 diabetes and metabolic syndrome,
could also be involved (36). In our study, we confirmed
an inverse correlation between SHBG and insulin re-
sistance, reinforcing that SHBG is independently as-
sociated with the risk of metabolic syndrome (37).
Low SHBG has been suggested as a strong predictor
of type 2 diabetes risk, with an odds ratio of 0.10 for
men in the highest quartile of SHBG levels versus the
lowest quartile (38). A decrease in TT levels has been
described in hyperinsulinemia and obesity, related
to lower SHBG levels (resulting from decreased liver
production) or to a real decline in T production (39).
Our study showed that there is a moderate and sig-
nificant inverse correlation of the IRl with SHBG and
TT. These results corroborate previous findings of
a cohort of men with obesity, in which insulin resis-
tance interfered in SHBG production and T levels (40).
Considering that our study was conducted in men <
30 kg/m?, the correlations between IRl and SHBG may
be present even in the absence of established obesity.
In the UK Biobank study, smoking and alcohol intake
were also found to reduce SHBG levels on top of a
higher BMI (5). Therefore, well established positive
lifestyle modifications, such as exercising on a regular
basis and adopting healthy eating behaviors, might

Arch Endocrinol Metab, 2025, v.69(4), 1-8, €240360.
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favorably affect age-related hormone homeostasis,
improving the prognosis of related chronic conditions
(41). SHBG has emerged therefore as a possible dis-
ease risk marker.

Unfortunately, for economic reasons, we were not
able to determine the classical parameters of insulin
resistance. Although we have used a surrogate marker
of insulin resistance determined by TG/HDL-c, we be-
lieve that this less costly index is a useful and reliable
indicator of cardiovascular risk. In a recent study of
802 consecutive patients undergoing coronary angi-
ography for suspected CHD, the TG/HDL-c ratio and
the TG/glucose index (TyG) were valuable predictors
of the presence and severity of CHD (42). In another
notable study of 403.335 UK Biobank participants
who were free of cardiovascular disease (CVD) at
baseline and followed for 8.1 years, 19.754 (4.9%)
individuals developed CVD. There were significant
trends toward increasing CVD risk across all quartiles
of the TyG and TG/HDL-c ratio (43).

It is pivotal to have standardized and precise hor-
mone dosages to assess, monitor, and intervene on
serum levels of sex hormones and binding proteins
(27). Furthermore, there is an urgent need to define
sex steroid reference values and identify possible
confounding factors that could influence these mea-
surements. Therefore, it is highly recommended to
establish values for each specific population, as ad-
vised by international guidelines (44). Besides pro-
posing age-specific values for SHBG, in this study we
propose a fixed range of 206 to 805 ng/dL as the value
for TT, with no age-specific value, since we found no
differences in values among age subgroups. Similar
reference values 245 to 801 ng/dL for healthy men
aged 18 to 74 years was proposed by Mezzullo and
cols. (27), who also found no impact of age in TT lev-
els. Moreover, in a healthy population without obesity
of American and European men, aged from 19 to 39
years, the established reference range for TT was 264
to 916 ng/dL (16).

As the test subjects were voluntary blood donors,
they were not fasting at the time of the morning blood
sample. However, a nutritionist assessed their break-
fast intake via interview and calculated a profile of

about 40 to 50 g carbohydrate and 14 g fat intake. °
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Some studies suggest that an oral glucose tolerance
test with 75 g of glucose and mixed meals can reduce
T levels by up to 20% to 30% (45,46), confirming these
results with mixed meals (47). Since our patients did
not consume these excessive amounts of glucose and
fat, we hypothesise that there was no significant effect
on T levels. However, while we await more consistent
data, we refer to the recommendations of the interna-
tional guidelines for a morning fasting test. In any case,
several studies have shown that SHBG levels are not
affected by glucose or mixed meal intake (45-47).

This study has some limitations. Firstly, the cross-
sectional design does not allow conclusions regard-
ing the causality of the findings, but it is tempting to
speculate that SHBG might be a risk marker based on
the associations found. Secondly, the maximum age
of the participants included was 67 years, due to the
difficulty to identify healthy older subjects without
comorbidities, restricting the external validity of our
findings to older age groups. Finally, as the subjects
were blood donors, we were unable to measure waist
circumference as there was no suitable place to do so.
In this setting, we were also unable to collect fasting
blood glucose and could not use these parameters in
other insulin resistance formulas. However, the lack of
fasting blood sampling has no effect on SHBG levels,
as previously mentioned.

The strengths of the study are the careful exclu-
sion of individuals with comorbidities and obesity
from the sample, with the guarantee of a reliable pro-
file of healthy men in our population. Furthermore, we
reached an adequate sample size, as previously statis-
tically estimated. Finally, there are no previous studies
regarding this issue in our population.

In conclusion, this study showed a substantial age-
related increase in SHBG levels, indicating the need
for age-specific values. Furthermore, asrecommended
by guidelines, the development of values for each spe-
cific population is highly welcome. Even though all this
knowledge is not new, several laboratories including
attitude-forming university hospitals do not take this
phenomenon into account when reporting male hor-
mone levels. This highlights the need of further calling
the attention to this essential subject. Finally, SHBG
was inversely correlated with IRI, which suggests
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complex pathophysiological interrelationships, with
possible influences on general health prediction. This
needs to be explored in future investigations, includ-
ing the use of SHBG as a possible biomarker or pre-
dictor of chronic metabolic diseases and unfavorable
cardiovascular outcomes.
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