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In women, sex hormone-binding globulin (SHBG) concentrations are the result of a balanced effect of st imulatory and 
inhibitory factors. Estrogens represent the principal st imulatory hormones, whereas androgens, insulin, excess body fat, and 
the pattern of body fat distribution have inhibitory effects. Menopause is characterized by major changes in blood sex steroid 
concentrations, notably a marked reduction of estradiol levels. In this study, we therefore investigated the relationship 
between hormonal and nonhormonal regulatory factors of SHBG and its blood levels in two  groups of premenopausal and 
postmenopausal women characterized by normal-high or reduced estrogen concentrations. The data were obtained from an 
analysis of the cross-sectional database obtained during the first survey of the Virgilio-Menopause-Health Project, an 
epidemiologic longitudinal study aimed at investigating the impact of menopause on body weight,  fat distribution, and related 
major metabolic, hormonal, and cardiovascular risk factors. A total  of 329 women, 133 in premenopause and 196 in 
postmenopause wi thout  diabetes, thyroid diseases, or relevant cardiovascular, renal, and hepatic dysfunction, were included 
in the study. A clinical history (including dietary and physical-activity habits), anthropometry (body mass index [BMI], waist  to 
hip ratio [WHR], and bioelectrical impedance analysis [BIA]), and morning blood samples in the fasting state for sex hormones, 
insulin, and biochemistry were available for all the women. Premenopausal and postmenopausal women showed no 
significant difference in SHBG concentrations (38.7 -+ 17.9 v 36.6 -+ 17.5 nmol/L, respectively). On the contrary, postmeno- 
pausal women were characterized by a marked reduction of estradiol levels and significantly lower levels of testosterone. 
After adjusting for age, insulin was lower and the glucose to insulin ratio was higher in postmenopause than in premenopause. 
Age-adjusted values for all anthropometric parameters were not significantly different in the two  groups. In simple correlation 
models, SHBG was significantly and negatively correlated wi th BMI, WHR, and insulin and testosterone levels in both 
premenopausal and postmenopausal women, whereas estradiol levels correlated positively and significantly wi th  SHBG only 
in the premenopausal group. A significant positive correlation between the glucose to insulin ratio and SHBG was present in 
both groups. Using mult iple regression models, in the premenopausal group, SHBG levels were correlated positively wi th  
estradiol and negatively wi th  testosterone and insulin, but not w i th  the WHR. On the contrary, in the postmenopausal group, 
SHBG values had a significant negative correlation wi th the WHR, whereas the relationship wi th  estradiol was not significant; 
moreover, the relationship wi th testosterone and insulin, although significant, became less marked. In conclusion, this study 
indicates that (1) there is no significant difference in SHBG blood concentrations between premenopause and postmenopause; 
(2) SHBG values are correlated positively wi th estradiol and negatively wi th  insulin and testosterone concentrations, but the 
predictive value of these variabiles on SHBG appears to be different in premenopause and postmenopause; and (3) SHBG 
levels decrease wi th  increasing WHRs, particularly in the postmenopausal group. Therefore, determinants of SHBG blood 
concentrations are likely to change on passing from premenopausal to postmenopausal status. In particular, there seems to be 
a threshold level for which estradiol is an important determinant of SHBG blood concentrations. 
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I N WOMEN, sex hormone-binding globulin (SHBG) blood 

concentrations are regulated by a complex of sfimulatory 
and inhibitory factors. Among the former, estrogens seem to 
have a prominent role. In fact, they can increase SHBG hepatic 
synthesis and blood levels in vitro 1 and in vivo. 2 Moreover, it is 

well known that conditions with endogenous hyperestrogen- 
emia such as pregnancy are associated with elevated SHBG 
levels. 2 Thyroid hormones are also capable of increasing SHBG 
both in vitro ~ and in vivo, 4 at least in supraphysiologic 
concentrations. Among inhibitory factors, androgens seem to 
play a key role. SHBGs are in fact typically reduced in 
hyperandrogenic states 2 and following exogenous androgen 
administration. 5 In fact, the question of whether sex steroids can 
regulate SHBG even in physiologic conditions is still under 
debate, since physiologic changes in sex steroid levels do not 
always correlate with changes in SHBG. 6 

In the last decade, a large amount of data have demonstrated 
that insulin can be an important inhibiting factor of SHBG 
synthesis. 7 Numerous epidemiologic studies have in fact demon- 
strated a significantly negative correlation between insulin 
concentrations and SHBG blood levels, suggesting a cause-and- 
effect relationship? Moreover, studies in vitro have shown that 
insulin can inhibit hepatic SHBG synthesis, 1 and suppression 9 

or stimulation 1° of insulin secretion in vivo has been found to be 
inversely associated with changes of SHBG concentrations, 
particulary in hyperandrogenic women with polycystic ovaries. 

In vivo, it is difficult to adequately define the complex 
interaction of all these factors, due to the frequent association in 
the same women of hyperinsulinemia, hyperandrogenism, and 
increased estrogen production. 11 For example, reduced SHBG 
levels in women are commonly associated with obesity, 11 type II 
diabetes? 2 hyperandrogenism (such as polycystic ovary syn- 
drome), 13 and cardiovascular diseases, 14 all conditions known to 
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be frequently characterized by hyperinsul inemia and insulin 
resistance.15 

In addition, reduced SHBG levels are also independent ly  
associated with abdominal  fat distribution, particularly in obese 

women,  which suggests that the relative increase of  free 

androgens at the tissue level may play a role in the expansion o f  
visceral fat in susceptible individuals. 15 

The role o f  the estrogens in these condit ions is unclear. In 
obese women  who have a high estrogen product ion rate, SHBG 

levels are usually reduced proportionally to the increase in body 
weight  and particularly in abdominal  fat. H The impact  o f  a 

physiologic change of  estrogens,  for example,  as occurs in the 
transition f rom premenopause  to postmenopause ,  has not been 
adequately investigated in published epidemiologic  studies, and 
the available data appear to be largely inconclusive. ~4,16 

In this study, we  therefore investigated the interrelationship 

be tween SHBG, androgen,  estrogen, and insulin blood levels, 
and that o f  other  factors such as body weight  and fat distribu- 

tion, in two large groups of  middle-aged premenopausal  and 
postmenopausal  w o m e n  characterized by physiological ly nor- 

mal-high or low estrogen concentrations,  respectively. 

SUBJECTS AND METHODS 

Subjects 

Data for this study were obtained from the Virgilio-Menopause- 
Health Project database, the general characteristics of which have been 
reported in previous studies, iv Briefly, this is an epidemiologic longitu- 
dinal study that we began in 1990 to investigate the impact of 
menopause on body weight, fat distribution, and related major meta- 
bolic, hormonal, and cardiovascular risk factors. The study included all 
women born between January 1st, 1932, and December 31st, 1946, and 
living in the town of Virgilio, Mantua, Italy. Only women within an age 
range of 7 years older or 7 years younger with respect to this limit were 
invited to take part in the project. This range was selected to include 
only women in the late fertile age and early postmenopausal life so as to 
prevent possible age-related bias, since age per se has a great effect on 
body composition and fat distribution, particularly in elderly people. 18 

A total of 596 women (62.6%) participated in the study. According to 
menopausal status (see below), women were divided into three groups: 
premenopause, perimenopause, and postmenopause. For the purposes 
of this study, only women with premenopausal or postmenopausal 
status were considered. From the original sample group, based on 
clinical history and laboratory data, all women with overt diabetes, 
thyroid disease, or relevant cardiovascular, renal, hepatic, or systemic 
diseases were excluded from the analysis. Women taking medications 
(including estrogens and progestagens) known to interfere with sex 
steroid, glucose, or insulin secretion and/or metabolism were excluded. 
The data presented here are the results of an analysis of a cross-sectional 
database obtained during the first survey of the Project, and refer to a 
final sample of 329 women, 133 in the premenopause group and 196 in 
the postmenopause group. 

Study Protocol 

All women recruited into the study were evaluated in the morning 
after 12 hours of fasting. All evaluations were performed by the same 
well-trained investigator (O.T.) for the entire duration of the study. They 
included a collection of blood samples (40 mL) for hormonal and 
biochemical determinations. In menstruating women, blood samples 
were obtained randomly throughout the menstrual cycle. The date of the 
previous bleeding was also recorded, for an appropriate definition of the 
cycle phase in which the samples were taken. After blood samples had 
been drawn, they were maintained at room temperature and centrifuged 

within 60 minutes. They were immediately frozen at -20°C and moved 
into a -76°C freezer within 1 or 2 days. 

In the evaluation, we used a precoded questionnaire 17 including a full 
clinical and family history, with socioeconomic and personal informa- 
tion, habitual or current drug use, diet, physical activity and smoking 
habits, lifetime weight variations, and careful recording of principal 
gynecologic events. 

Anthropometric Measurements 

Several anthropometric measurements were also obtained with the 
women in underwear. Height (to the nearest centimeter) and weight (to 
the nearest 0.5 kg) were recorded. Body mass index (BMI) was 
calculated by dividing body weight in kilograms, by height in meters 
squared. Body circumferences were measured in the standing position 
at the waist 19 (smallest circumference between lateral costal margin and 
iliac crest) and hips (widest circumference over the greater trochanters) 
and their ratio was used as an index of body fat distribution. 19 We also 
performed bioelectrical impedance analysis (BIA) in 279 women 
(84.8%), since the BIA apparatus only became available 2 months after 
the study had begun. BIA was performed using a tetrapolar phase- 
sensitive impedance plethysmograph (50 kHz) BIA 10IS (Akern RJL 
Systems, Florence, Italy). BIA is a safe and validated method of 
estimating body fluids and free fat mass (FFM) in humans. 2° Measure- 
ments were made while subjects lay comfortably on a bed. All 
procedures were performed according to the manufacturer's instruc- 
tions. Fat mass (FM) was calculated by subtracting FFM from body 
weight. 

Definition of Menopausal Status 

Definition of the menopausal status was performed in accordance 
with widely used criteria. 21 Women in amenorrhea for at least 12 
months with estradiol levels less than 150 pmol/L and follicle- 
stimulating hormone (FSH) levels higher than 15 IU/L and women who 
had undergone a bilateral ovariectomy and hysterectomy and were 
arnenorrheic were included in the postmenopausal group. In this group, 
the time after menopause ranged from 1 to 26 years, with a mean -+ SD 
of 6.6 ± 5.6 years. Those presenting with normal menses or who in any 
case reported at least 10 menstrual cycles in the antecedent year and 
were without climacteric-related symptoms (such as hot flashes, 
bleeding irregularities, and mood fluctuations) were included in the 
premenopausal group. 

Hormones and Biochemistry 

All hormones were determined in duplicate on serum samples stored 
at -76°C until assayed. Gonadotropins (standard: leutinizing hormone 
1 ° International Reference Preparation [IRP] 68/40; FSH 2 ° IRP 
78/549) were determined by radioimmunoassay using reagents pur- 
chased from Tosoh (Tokyo, Japan). Testosterone and estradiol were 
determined with reagents purchased from, respectively, Diagnostic 
System Laboratories (Webster, TX) and Diagnostic Products (Los 
Angeles, CA). SHBG level was measured with a noncompetitive 
liquid-phase immunoradiometric assay with reagents purchased from 
Pharmos Diagnostic (Oulunsalo, Finland). Insulin was determined 
using reagents purchased from Eiken Chemical (Tokyo, Japan). Blood 
glucose concentrations were determined immediately after blood samples 
had been drawn, by the glucose oxidase method. The fasting glucose to 
insulin ratio was used as an index of insulin sensitivity, as previously 
described. 2e All analytical data related to hormone assays have already 
been reported elsewhere.18 

Statistics 

Results are reported as the mean ± SD unless otherwise indicated. 
Data that did not fit the normal distribution as assessed by the 
Kolmogorov-Smirnov test 23 were adequately normalized using polyno- 
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mial and/or logarithmic transformations. Simple regression analysis of 
all included variables versus age and SHBG values was performed. 
Comparisons between the two groups were analyzed by ANCOVA 24 to 
adjust for age. Stepwise multiple regression analyses 24 considering 
SHBG as a dependent variable were also performed. All statistical 
evaluations were performed using the SPSS/PC+ statistical package 
(SPSS, Chicago, IL) on a personal computer. 

RESULTS 

General Characteristics 

Postmenopausal women were significantly (P < .001) older 
than premenopausal women (Table 1). All anthropometric 
indices except FFM were significantly (P < .01) and positively 
correlated with age. However, after adjusting for age, body 
weight and BMI were slightly but significantly higher in 
postmenopansal than in premenopausal women, but these 
differences were significantly smaller than expected on the basis 
of the relationship between these parameters and age. However, 
both FFM and FM were not significantly different between the 
two groups after adjusting for age. There was also no ag e - 
adjusted significant difference in the waist to hip ratio (WHR) 
between the two groups, suggesting no independent effect of 
menopausal status on the pattern of body fat distribution 
('Fable 1). 

Hormones and Biochemistry 

SHBG concentrations were similar in both groups 
(38.7 -- 17.9 nmol/L for premenopausal and 36.6 _+ 17.5 nmol/L 
for postmenopausal, P = NS). Postmenopausal women had 
Significantly higher levels of gonadotropins (P < .001) and 
lower levels of estradiol (P < .001). Testosterone concentra- 
tions were also lower in postmenopause than in premenopanse 
(P < .054). Comparisons of all variables between the two 
groups were performed after adjusting for age, although SHBG, 
gonadotropins, and testosterone (but not estradiol) levels were 
not correlated with age. It is unlikely that these results were 
dependent in some way on the fact that in menstruating women 
blood samples had been drawn randomly throughout the 
menstrual cycle. In fact, they were obtained, on average, on day 
14.8 (median, 14.0) of the cycle, which suggests that greater 
than half of the premenopausal women were examined in the 
follicular phase. Moreover, the majority of the premenopausal 

Table 1. Anthropometric Variables (mean -+ SD) in Premenopausal 
and Postmenopausal Women 

Menopausal Status 

Premenopause Postmenopause Regression ANCOVA 
Variable (n = 133) (n - 196) vAge IP) (P)* 

Age (yr) 46.6 ± 2.6 52.4 ± 3.6 .001 

Body weight 

(kg) 63.9 ± 9.1 64.8 -- 11.3 .001 .049 
BMI (kg/m 2) 25.7 ± 3.5 (130) 25.9 ± 4.4 .000 .017 

WHR 0.79 ± 0.06 0.82 ± 0.07 (194) .000 .450 
FFM (kg) 42.0 + 3.3 (118) 41.5 + 3.5 (161) .143 .074 
FM(kg) 21 .6±7.2(118)  22.7 ±5.1 (161) .002 NS 

NOTE. Numbers in parentheses refer to the number of observations 
when different from the total number of women in each group. 

*After adjustment for age values. Age was analyzed by ANOVA 
without adjustment. 

group had a normal cycle length. In fact, of 133 women 
included in the premenopausal group, 107 had 12 cycles during 
the year before the survey, nine had 10 or 11 cycles, and two had 
13 and 15 cycles, respectively; 15 of them were in amenorrhea 
because they had a hysterectomy without ovariectomy (all for 
fibroma of the uterus). When data obtained from all other 
women examined in the luteal phase or a t  random in those 
presenting with oligomenorrhea were excluded, no significantly 
different trend in gonadotropin and estradiol was observed. 
Insulin and glucose concentrations but not the glucose to insulin 
molar ratio were also significantly correlated with age. After 
adjusting for age, mean values for insulin (P = .004) and 
glucose (P = .039) were significantly lower and the glucose to 
insulin ratio was higher (P = .009) in postmenopausal versus 
premenopansal women (Table 2). 

Correlations Between SHBG, Hormones, and Anthropometry 

In simple correlation models, SHBG concentrations were 
significantly and negatively correlated with BMI, WHR; and 
insulin and testosterone concentrations in both premenopausai 
and postmenopausal women (Table 3). On the contrary, SHBG 
was significantly and positively correlated with estradiol levels; 
but only in the premenopausal group. Moreover, in both groups 
there was a positive correlation between SHBG values and the 
glucose to insulin ratio. 

Using multiple regression models, in the whole sample of 
women considered as a group, SHBG concentrations were 
correlated significantly and positively with estradiol and nega- 
tively with insulin and testosterone concentrations and with 
WHR. When the same analysis was applied in premenopausal 
women, SHBG levels were correlated positively with estradiol 
and negatively with testosterone and insulin, but not with the 
WHR. On the contrary, in the postmenopausal group, SHBG 
had a significant negative correlation with the WHR, whereas 
the relationship with estradiol was not significant; moreover, its 
relationship with testosterone and insulin, although significant, 
became less marked (Table 4). 

DISCUSSION 

Although postmenopausal women had lower SHBG blood 
concentrations than the premenopausal group, this difference 
was not significant even when the comparison was made after 
adjusting for age. Our data therefore seem to indicate that 
menopause per se is not associated with significant changes in 
blood concentrations of SHBG. In a recent review, Rossner 2 
included menopause among the conditions characterized by 
decreased SHBG levels. This assumption was based on a few 
epidemiologic studies, the results of which appeared to be 
inconclusive. In fact, whereas some reported a negative correla- 
tion between age and SHBG] 4 others found an inverse relation- 
ship. 16,25 However, regardless of their conclusions, no study has 
clearly demonstrated whether menopause per se or related 
factors may have an independent effect on SHBG synthesis, 
transport, or metabolism. Menopause is a condition associated 
with important changes in the concentrations of sex steroids, 
which are thought to represent the main factors regulating 
SHBG levels. In particular, on passing from premenopause to 
postmenopause, there is a great decrease in estradiol concentra- 
tions, due to decreased aromatase activity in the ovaries. 26 



Table 2. Sex Hormone, SHBG, Insulin, and Glucose Blood 
Concentrations (mean -+ SD) in Premenopausai and 

Postmenopausa! Women 

Hormone 

Menopausal Statt~s Regres- 
sion 

Premenopaus e PostmenoPause vAge ANCOVA 
(n = 133) (n = 196) (P) (P)* 

SHBG 
(nmol/L) 38.7 _+ 17.9 (116) 36.6 +_ i7.5 (178) .090 NS 

LH (IU/L) 5.5 _+ 5.9 (114) 26.7 _+ 12.0 (168) .311 <.001 
FSH (IU/L) 10.2 +_ 7.3 (114) 100.3 _+ 35.4 (168) .208 <.001 
Testo- 

sterone 
(nmol/L) 0.98 _+ 0.49 (113) 0.79 -+ 0.40 (167) .230 .054 

Estradiol 
(pmol/L) 356.2 _~ 264.9 (114) 56.4 _+ 57.0 (166)t .017 <.001 

Insulin 
(pmol/L) 60.7 _~ 41.5 (114) 52.5 -+ 33.1 (166) .061 .004 

Glucose 
(mmol/L) 4.91 _+ 0,57 (129) 4.87 -+ 0.58 .032 .039 

Glucose to 
insulin 
ratio 0.10 z 0.06 (113) 0.12 -- 0.06 (166l .155 .009 

NOTE. Numbers in parentheses refer to the number of observations 
when different from the total number of women in each group. 

*After adjustment for age values. 
tThe high SD in this group was due to'the presence of 3 women with 

estradiol values of 282, 319, and 326 pmoi/L; respectively. These 
values were in fact higher than those used to define postmenopausal 
status (estradiol values <150 pmol/L). Investigation of the individua 
files led to the conclusion that, based on clinical and other hormona 
data, these women were in postmenopause. Therefore, they were 
naaintained in the file. 

Additionally, there is a less important but significant decrease in 
ovarian androgen production, which can account for the small 
reduction in both androstenedione and testosterone levels after 
menopause. 27,28 Androgen blood concentrations are then main- 
tained by the adrenals, which are responsible for approxima- 
tively 95% of androstenedione production in postmenopausal 
women. Our findings are consistent with these data, since 
postmenopause estradiol blood levels decreased by approxima- 
tively 85% and testosterone levels by 20%. Therefore, postmeno- 
pausal women have an increased androgen to estrogen ratio. 

In this study; both testosterone (negative) and estradiol 

Table 3. Simple Correlation Between Several Variables and SHBG 
Blood Levels 

Group 

Independent Variable Premenopauee Postmenopause AI 

Age -,060 -.120 -.114 
Bodyweight - .265t  - .239t  - .244t  
BMI .268t - .268t  -.2701 
FFM -.197" -.060 -.106 
FM -.185 - .258t  -.235 
WHR - .287t  -.266~ - .280t  
Testosterone -.338~ -.208~ - .237t  
Estradiol .251t .102 146 * 
Insulin - .359t  - .344t  - .339t  
Glucose - .288t  -.110 - .165t  
Glucosetoinsulin ratio .330t .333t ,320t 

* P <  .05. 
t P <  .01. 
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Table 4. Stepwise Multiple Regression Analysis Versus SHBG Levels 
(dependent variable) Applied in the Whole Sample of Women and 

the Premenopausal and Postmenopausal Groups Separately 

Independent Variable Multiple r P t P 

All women (premenopausal + 
postmenopausal) .490 <.0001 

EstradJol 4.014 <:.0001 
Insulin -4.779 <,0001 
Testosterone -5.567 <.0001 
WHR -2,380 .0180 

Premenopausal women .592 <.0001 
Estradi01 3.744 .0003 
Insulin -3.910 .0002 
Testosterone -4.713 <.0001 
WHR - 1.204 NS 

Postrnenopausal women .452 <.0001 
Estradiol 1.900 .0593 
Insulin -2.893 .0044 
Testosterone -3.587 .0004 

WHR -2.156 .0326 

NOTE. Only independent variables with significan'~ P values were 
included in the analysis. 

(positive) levels were significantly correlated with SHBG. The 
relationship with estradi01 was in fact much weaker in postmeno- 
pausal than in premenopausal women, which suggests the 
possibility that the positive effect o f  estradiol on SHBG 
synthesis may be notab!y reduced in postmenopausal women. 
This may support the concept that a threshold level ( -150  
pmol/L?) may exist by which estradiol is an important determi- 
nant of SHBG blood concentrations. On the contrary, the 
negative correlation with testosterone was maintained in botla 
groups, although in postmenopausal women the correlation was 
slightly lower than in premenopausa 1 women. Since no signifi- 
cant variation in SHBG was found on passing from premeno- 
pause to postmenopause, whereas testosterone levels tended to 
decrease slightly but significantly, these findings may be 
consistent with the hypothesis that the negative impact of 
testosterone on SHBG synthesi s and metabolism in postmeno- 
pausal women is probably smaller than during premenopausal 
life. 

Unexpectedly, we found a modest but significant reduction of 
mean fasting insulin blood levels afte r menopause. This was 
associated with a parallel reduction of the glucose to insulin 
ratio, an index of peripheral insulin sensitivity. 22 This sUggests 
that during early p0stmenopause, there may be increased insulin 
Sensitivity, which appears to be independent of changes in body 
composition, fat distribution, and age. In fact, insulin concentra- 
tions did not correlate with age, and the correlation with BMI 
and WHR was positive. Other factors related to menopausal 
events are therefore probably involved and obviously require 
further investigation. The relationship between insulin and 
SHBG in both premenopansal and postmenopausal women was 
negative, in accordance with the inhibiting capacity of insulin 
on SHBG synthesis, which has been demonstrated both in vitro 1 
and in vivo. 9 However, the predictive Value of insulin levels on 
SHBG in P0stmenopause was lower than during premenopause. 
This is probably due to a reduction in insulin concentrations 
during early postmenopausal life. 

Of all the anthropometric parameters, only WHR was signifi- 
cantly and negatively correlated with SHBG concentrations in 
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the postmenopausal  group but not in the premenopausal  group. 

Many  studies have demonstra ted a significant posit ive correla- 
tion be tween age and WHR. is and our data are in agreement 
with previous findings, suggesting that age and related factors 
play an important  role iff determining changes in body fat 
distribution patterns during life. Our previous data seem to 
indicate that the menopause  per se fails to affect body fat 
distribution. 17 Since abdominal  body  fat distribution is associ- 

ated with both hyperinsul inemia and an increased free testoster- 
one f ract ion]  5 it is possible that the negative correlation 

be tween W H R  and SHBG may be primarily media ted  by  these 
factors. 

In conclusion, this study indicates that (1) there is no 
significant difference in S H B G  blood concentrat ions between 

premenopause  and postmen0pause;  (2) SHBG values are corre- 
lated posit ively with estradiol and negatively with insulin and 
testosterone concentrations,  but the predict ive value of  these 
hormones  on SHBG appears to be different in premenopause  
and postmenopause:  and (3) levels o f  S H B G  decrease with 
increasing WHR.  particularly in postmenopause.  Therefore.  

determinants  of  SHBG blood concentrat ions are likely to 

change on passing f rom premenopausal  to postmenopausal  

status. 
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