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Abstract

SHBG is a major carrier of androgens. In men, SHBG levels increase with age, while in women data
are scant. There is evidence that body mass index (BMI) and fasting insulin influence SHBG
concentration. Since low SHBG levels are predictors of insulin resistance and diabetes, understanding
the relationship of SHBG with age, insulin, and BMI is important to gain insight into the role of
SHBG as a cardiovascular risk factor in women. Differences in SHBG across adult life span and their
relationship with insulin and BMI were evaluated in a representative cohort of 616 Italian women
free of diabetes and not on hormone replacement therapy enrolled in the INCHIANTI Study. The
relationship of SHBG with age, BMI, and fasting insulin levels was analyzed using linear regression
and by loess smoother. Serum SHBG levels showed a U-shaped trajectory with age, declining from
the 2" to the 6™ decade of life and increasing after the 6t decade (p<0.0001). Age-related trends
for BMI and fasting insulin mirrored the trend observed for SHBG. After adjusting for fasting insulin,
the relationship between log (SHBG) and age square was attenuated (B coefficient from 0.00044 to
0.00039) and was further reduced after adjustment for BMI (from 0.00039 to 0.00028). SHBG levels
show an age-related U-shaped trajectory. These changes mirror the age-related changes in BMI and
fasting insulin, suggesting that BMI and insulin negatively influence SHBG concentration.
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INTRODUCTION

SHBG is a major carrier of sex hormones in human plasma (1). SHBG is predominantly
produced by the liver and its concentration changes with age (1,2). While the increase in serum
SHBG levels in aging men is well documented (2), only few data are available in women (3-
9). Studies, typically small samples of peri-menopausal women, show either a decline or no
substantial age-related changes in SHBG levels (3,5,8). Conversely, in a population of 1423
Australian women aged 18-75 yr, Davison et al. found that SHBG increased slightly, though
significantly, with age (4). Hence, age-related trends of SHBG in women, especially very old
women, are not completely clear.

There is increasing evidence that low SHBG levels are an independent correlate of the
metabolic syndrome and also an independent risk factor for diabetes, especially in post-
menopausal women (10,11). Interestingly, the relationship between SHBG and cardiovascular
events has been shown by some to be explained by the confounding effect of body mass index
(BMI), insulin levels, and other cardiovascular risk factors (12), while others have found SHBG
to be an independent predictor of cardiovascular events (11).

We measured SHBG levels in a representative sample of adult women dispersed over a wide
age range. The purpose of the study was twofold: 1) to determine SHBG age-related trend in
women (especially very old women), and 2) to evaluate whether age-related differences in BMI
and fasting insulin account, at least in part, for age-related differences in SHBG levels.

MATERIALS AND METHODS

Study population

The INCHIANTI Study is an epidemiological study conducted on a representative sample of
the population living in the Tuscany Region of Italy. Of the 1714 eligible persons, 640 men
and 813 women (84.8%) agreed to participate and 1343 donated a blood sample. From this
population, 712 women (age range 21-102) had complete data on SHBG, fasting insulin, and
BMI. We excluded 45 diabetic women and 51 women who were on hormone replacement
therapy from the final analysis. These women were excluded since both diabetes and hormone
replacement therapy can influence SHBG levels. Hence, the analysis was performed on 616
women.

None of the women had any pituitary diseases, polycystic ovary syndrome or thyroid disease
and none was on treatment with androgens. Ten participants were taking glucocorticoids, 7
antibiotics, and 1 glucocorticoids and antibiotics; 32 participants (5.19% of the population)
were affected by cancer, 22 (3.57%) by congestive heart failure, and 26 (4.12%) by chronic
obstructive pulmonary disease.

The Italian National Institute of Research and Care of Aging Institutional Review Board ratified
the study protocol (13).

Hormone assays

Fasting blood samples were drawn between 07:00 and 08:00 h and were stored at —80 C until
analysis. SHBG was measured by a radioimmunoassay (Diagnostic Products Corporation, Los
Angeles, CA) with a minimum detected concentration of 0.04 nmol/l and inter-assay and intra-
assay coefficients of variation (CV) for 3 concentrations less than 6.9%, and 3.6%, respectively
(14). Plasma insulin level was determined with a double-antibody, solid-phase
radioimmunoassay (intra-assay CV=3.1+0.3%; Sorin Biomedica, Milan, Italy). Cross-
reactivity with human proinsulin was 0.3%.
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Body mass index, fasting insulin, and smoking

BMI was calculated as weight (in kg) divided by height (in m2). Plasma fasting insulin level
was determined with a double-antibody, solid-phase radioimmunoassay (intra-assay CV=3.1
+0.3%; Sorin Biomedica, Milan, Italy). Cross-reactivity with human proinsulin was 0.3%.

Smoking history was determined from self-report and dichotomized in the analysis as “current
smoking” vs “ever smoked” and “never smoked”.

Statistical analysis

Because of skewed distributions, log-transformed values for SHBG were used in the analyses.
The data are explored as scatter plots and summarized by smoothing loess curves. A general
linear model was used to explore the relationship of SHBG with age. To test for both linear
and non-linear (quadratic) associations, age was introduced in the model both as linear and
quadratic effect. Differences in SHBG, insulin, and BMI levels across age groups were
explored by expressing these variables as number of SD from the average values calculated in
healthy, young adults (T score). To test the hypothesis that differences in BMI and insulin
account for differences in SHBG across age groups, these two variables were introduced as
confounders in the regression model describing the curvilinear association between age and
SHBG. The SAS 8.2 statistical package (SAS Institute Inc, Cary, North Carolina) was used
for all analyses.

RESULTS

SHBG mean levels (observed and estimated) and average difference per yr estimated from the
pooled population according to age are reported in Table 1. Levels of SHBG were progressively
lower from the age of 20 [mean 250.6 nmol/l and change/yr of —6.0/yr (95% confidence interval
(CI) —8.9, —3.2)] to age 60 [mean 121.2 nmol/l and change/yr of —0.4/yr (95%CI 3.2, 2.4)].
However, after the age of 60 yr, SHBG levels started rising from 124.1 nmol/l [change/yr of

0.9/yr (95%Cl, —1.8, 3.8) at age 70 to 141.1 nmol/Il at age 80 [with change/yr of 2.4/yr (95%

Cl -0.4,5.2)] and 172.1 nmol/I at age 90 [with change/yr of 3.8/yr (95%CI 1.0-6.6)] (Table

1).

Figure 1 depicts SHBG levels across the adult life span in women (B+SE for age square: 0.0002
+0.00007, p<0.0001). Figure 2 shows average T-scores for SHBG, BMI, and insulin across
different age-groups in the participants. Insulin and BMI levels follow a parallel trajectory
increasing from the 4™ to 7t decade and then declining in the last two decades. Interestingly,
BMI and insulin mirrored the age trajectory of SHBG.

Log (SHBG) was significantly associated with the quadratic function of age (B coefficient from
0.00044) (p<0.0001). The relationship between log (SHBG) and age square was slightly
attenuated when we inserted in the model log (insulin) (B coefficient from 0.00044 to 0.00039).
Including BMI in the model, the relationship between log (SHBG) and age square flattened
out with a further decline of the  coefficient (from 0.00039 to 0.00028) (p=0.0001).
Interestingly, after adjusting for BMI and fasting insulin, the age-SHBG U-shaped curve was
no longer evident (Fig. 3), although the quadratic effect of age was still statistically significant
inthe model. In this final model, log (SHBG) was negatively associated with BMI (B coefficient
=—0.04, p<0.0001) but no longer with fasting insulin ( coefficient =—0.073, p=0.08) (Table
2). Log (SHBG) was not significantly associated with current smoking in both age-adjusted
(B coefficient =0.07, p<0.33) and fully adjusted analysis (p coefficient =0.03, p=0.66). Further
adjustment for smoking did not change the relationship between log (SHBG) and BMI (8
coefficient =—0.035, p<0.0001) and fasting insulin (B coefficient =—0.070, p=0.11). After
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excluding participants taking antibiotic and glucorticoid therapy the results were substantially
unchanged.

In this study we found that age-related changes in serum levels of SHBG follow a U-shaped
trajectory across the life span. Interestingly, in this group of women, BMI and insulin had
opposite trajectories to SHBG and differences in BMI accounted, at least in part, for age-related
differences in SHBG.

To our knowledge, this is the first study that carefully evaluated SHBG differences across
decades of adult female life span. A few studies have evaluated SHBG levels in women, but
they all had some limitations. In a study of 1423 Australian women, Davison et al. showed no
substantial change in SHBG levels over the life span, although they did observe aslight increase
in the oldest (4). Since they did not include women older than 75 yr, they were unable to verify
whether this increase in SHBG become more robust with increasing age. Similarly, Maruyama
et al. only evaluated women through the 8t decade of life, but did find an increase in SHBG
withaging (8). EImlinger etal. in 317 adult women found that SHBG decreased slowly between
the age groups of 21-30 and 61-70 yr and rose strongly again beyond 70 yr, the same trajectory
that we observed in our study. However, the last decades of life were not carefully evaluated
and elderly women with BMI>28 were not included in the study. Moreover, information on
parallel changes in BMI and insulin was not reported in that study (9).

Our results are concordant with most of the studies encompassing the menopausal transition,
showing a decrease across menopause (5).

Regulation of sex hormone binding globulin

Explaining the U-shaped curve for SHBG is somewhat difficult. A complex of inhibitory and
stimulatory factors potentially regulates SHBG secretion in a different fashion in the two sexes
and most of these factors are affected by age (15).

Insulin and body mass index

Insulin has been shown to suppress SHBG hepatic production in vivo and in vitro (16-18) and
to block the stimulatory effect of 17p estradiol and T4 on SHBG (18). SHBG has been
negatively correlated with insulin levels in pre- and post-menopausal women (19).

It has been suggested that determinants of SHBG levels change from pre-menopausal to post-
menopausal period. The ability of insulin to negatively modulate SHBG levels could be
attenuated after menopause (3). We found a significant increase in insulin levels with age in
the INCHIANT]I female population up to 75 yr, and a slight decline afterward (Fig. 2).

We cannot exclude that changes in SHBG reflect BMI modifications with aging (20).
Interestingly, high BMI is a risk factor for mortality until 75 yr of age but not at older ages
(21). As shown in Figure 2, insulin levels as well as BMI showed modifications opposite to
SHBG across adult life span. In addition, women between 20 and 40 yr old and between 80
and 95 yr old have a similar SHBG, insulin, and BMI profile characterized by higher SHBG
levels and lower insulin levels and BMI. Interestingly, the relationship between log (SHBG)
and age squared was attenuated slightly when log (insulin) was included as a covariate in the
regression model, and was substantially reduced by the inclusion of BMI.

Given the cross-sectional nature of this analysis we cannot establish whether a causal pathway
exists from BMI to fasting insulin (insulin resistance) to SHBG levels. Although many studies
suggest that SHBG is a marker of insulin resistance (3,19), there is also evidence in post-
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menopausal women that SHBG is associated with coronary heart disease and cardiovascular
risk factors, independently of insulin and obesity (22). Whether SHBG has a direct action on
adipose tissue or reflects the integration of several hormonal and nutritional stimuli remains
to be determined (10).

In addition, a common factor underlying changes in BMI, insulin, and SHBG can also be
hypothesized. Previous studies provide indirect evidence for this hypothesis. Low-fat diet alone
or combined with exercise reduces insulin and BMI levels and increases SHBG levels (23,
24). The main limitation of our study is its cross-sectional design which does not allow the
exploration of the causality of the relationship of SHBG with insulin and BMI. Secondly, we
did not measure some of the factors that may strongly influence SHBG, such as estradiol and
prolactin (1). Although identifying the regulatory mechanisms of SHBG was not the principal
aim of this study, information on these hormones would have been desirable to fully understand
the pure effect of age on SHBG. These limitations are offset by significant strengths. First, we
studied a substantial number of participants in every decade of adult life and, second, the
population was carefully selected, taking into account most factors potentially influencing
SHBG levels. None of the participants was affected by pituitary, thyroid or adrenal diseases
or was taking glucocorticoids or androgen replacement therapy. In contrast to previous studies
(4), participants with diabetes and ongoing or previous hormone replacement therapy were
excluded from the analysis.

In conclusion, our data show that SHBG decreases from the age of 20 to approximately 60 yr
and then progressively increases at older ages. Differences in insulin levels and BMI could
partially contribute to SHBG regulation. Since low SHBG levels in women are an independent
risk factor for insulin resistance and diabetes, it will be important to verify whether some of
the protective effects of intervention such as diet, exercise and weight loss are mediated by
their influence on SHBG circulating levels.
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Fig. 1.
Changes in SHBG levels across the adult life span in women. The line was plotted using a
quadratic term.
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Z-Score transformation of SHBG, body mass index (BMI) and fasting insulin mean across
different age groups in the female population. Vertical axis shows the number of SD from the
overall mean value. Horizontal axis shows the age groups and the number of participants for

each decade.
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Fig. 3.

Changes in SHBG levels across the adult life span, after adjustment for fasting insulin levels
and body mass index (BMI). The line was plotted using predicted values from a linear
regression including age and age-squared in the model.
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Observed and estimated mean SHBG (nmol/l) by age decade with change in SHBG per yr from regression model.

Age (yr) No. Observed mean+SD Estimated mean (95%CI)”~ Differences SHBG/yr (95%CI1)"
20-29 23 235.14203.3 250.6 (167.5-333.6) ~6.0(-8.8,-3.2)

30-39 33 155.2497.0 197.1 (114.1-280.2) ~4.6(-7.5,-18)

40-49 27 183.24179.4 157.8 (74.7-240.8) -3.2(-6.1, -0.4)

50-59 28 115.0483.5 132.5 (49.4-215.5) ~1.8 (-4.7, 1.0)

60-69 156 123.5477.4 121.3 (38.2-204.3) ~0.4(-3.2,2.4)

70-79 226 126.6462.5 124.1 (41.1-207.2) 1.0(-18,38)

80-89 105 153.3+92.3 141.1 (58.0-224.1) 2.4(-0.4,5.2)

>90 19 191.3£92.1 172.1 (89.1-255.1) 3.8(1.0-6.6)

*
Mean values and 95% confidence intervals (Cl) estimated from the regression models.

Fk

Average 1 yr difference and 95%CI estimated from the regression model.
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Table 2
Regression models on the relationship between log (SHBG) and the quadratic
function of age.
p+SE p

Model 1
Age —0.05220+0.00885 <0.0001
Age square 0.00044+0.000074 <0.0001

Model 2
Age —0.046440+0.00893 <0.0001
Age square 0.00039+0.000075 <0.0001
Log (insulin) —0.14850+0.04273 0.0005

Model 3
Age —0.003293+0.00874 0.0002
Age square 0.00029+0.000072 <0.0001
Body mass index —0.04 +0.00486 <0.0001

Model 4
Age —0.03107+0.00879 0.0004
Age square 0.00028+0.00007 0.0001
Log (insulin) ~0.07333+0.04213 0.0823
Body mass index —0.03748+0.00499 <0.0001
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