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Abstract

Context: Women with polycystic ovary syndrome (PCOS) have twice the risk for metabolic syndrome

(MetS) compared to women from the general population. Mothers and sisters of affected women also

have an increased prevalence of MetS.

Objective: The aim of the study was to determine the prevalence of MetS in fathers and brothers of

women with PCOS compared to men from the general population.

Design and Setting: We conducted a cross-sectional observational study at academic medical centers.

Participants: A total of 211 fathers and 58 brothers of women with PCOS were studied and compared

to 1153 and 582 Third National Health and Nutrition Survey (NHANES III) men of similar age and

race/ethnicity, respectively.

Main Outcome Measure: We measured MetS prevalence.

Results: The prevalence of MetS was increased in fathers (42 vs. 32%; P = 0.006) and brothers (22 vs.

9%; P = 0.001) compared to NHANES III men. Fathers and brothers had higher body mass index

(BMI) than NHANES III men (P < 0.0001). MetS rates were similar in fathers and brothers compared

to NHANES III groups after adjusting for BMI. Total testosterone was inversely related to MetS in both

fathers and brothers, but this relationship was also accounted for by the higher BMI in male relatives.

Conclusion: Male relatives of women with PCOS had increased prevalence rates of MetS and obesity

compared to the general U.S. male population from NHANES III. In contrast to women with PCOS

and their female relatives, the higher prevalence of MetS in male relatives was accounted for by elevated

BMI. These findings suggest that the high rates of MetS in male relatives of women with PCOS are

related to higher rates of obesity than the general population.

Women with polycystic ovary syndrome (PCOS) have high rates of obesity, substantial insulin

resistance (IR) independent of obesity, and glucose intolerance (1). Metabolic syndrome (MetS) is a

constellation of cardiovascular disease risk factors associated with IR (2). As would be predicted from

the profound IR associated with PCOS, affected women are at twice the risk for MetS compared with

women of similar age from the general population (3). PCOS and its associated metabolic abnormalities

cluster in families, suggesting that there is a genetic susceptibility to these defects (4). Sisters and

mothers of women with PCOS have hyperandrogenemia, IR, and increased rates of MetS compared to

unaffected sisters and to women of similar, age, weight, and ethnicity in the Third National Health and
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Nutrition Survey (NHANES III) (5,6). Hyperandrogenemia appears to be an independent risk factor for

MetS in women with PCOS as well as in pre- and postmenopausal women in the general population

(3,5,6,7,8,9).

Male first-degree relatives (FDRs) are also at increased risk for obesity, IR, and glucose intolerance

(10,11,12,13,14,15). However, MetS risk has not been assessed in male FDRs. Furthermore, there may

be sex differences in MetS risk because, in contrast to women, decreased androgen levels are associated

with MetS in men (16,17,18). We performed this study to investigate whether fathers and brothers of

women with PCOS had an increased prevalence of MetS compared with men of similar age and

race/ethnicity in the NHANES III population and to determine the predictors of MetS in fathers and

brothers.

Subjects and Methods

The study protocol was approved by the Institutional Review Boards of the three institutions where

subjects were recruited and studied: 1) Feinberg School of Medicine, Northwestern University, Chicago,

Illinois; 2) Brigham and Women’s Hospital, Boston, Massachusetts; and 3) Pennsylvania State

University College of Medicine, Hershey, Pennsylvania. Written informed consent was obtained from all

participants before participation. We prospectively recruited FDRs once an index case fulfilled the

following diagnostic criteria for PCOS: hyperandrogenemia defined as serum total testosterone (T)

greater than 58 ng/dl and/or bioavailable T (uT) greater than 15 ng/dl, and irregular menses with no

more than six menstrual periods per year in the absence of other disorders that cause

hyperandrogenism or oligomenorrhea (4,19). A total of 211 non-Hispanic white fathers and 58 brothers

of 237 women with PCOS with measured data for all five MetS components were studied (2). Thirty-

two women had a father and a brother selected. In the event that multiple brothers from one family (n

= 7 families) participated in the parent study, the youngest brother with complete data was selected for

the purpose of maintaining a homogenous age group of brothers, i.e. less than 40 yr old. This design

was the most conservative approach to eliminate potential age bias from a few older brothers since the

prevalence of MetS increases with age (20).

To determine the prevalence of obesity and of MetS, we used a U.S. population-based sample of

comparable age and ethnicity/race abstracted from the nationwide NHANES III database. The

NHANES III control groups (www.cdc.gov/nchs/nhanes.htm) consisted of 1153 non-Hispanic white

men at least 40 yr of age selected to match the fathers and 582 non-Hispanic white men aged 18–40 yr

selected to match the brothers. NHANES III contains data on anthropometric measurements, blood

pressure (BP), and fasting glucose levels but does not include data on sex steroid or SHBG levels.

Fathers and brothers were studied on-site at one of the three study centers (47%) or off-site (53%) as

previously validated (10,19). On-site participants had height, weight, waist circumference (WC), and BP

measured as previously reported (4,5,6,10,19). Off-site participants self-reported height and weight and

had BP measured by a health care provider (4,5,6,10,19). Off-site participants were provided calibrated

tape measures and instructions to measure their WC as previously validated (10). There was no

difference in body mass index (BMI) or WC between fathers or brothers studied on- or off-site.

Therefore, we did not adjust for study site in the analysis. Data on reproductive (19) and metabolic

phenotypes, including fasting glucose, lipid, and lipoprotein levels, have been reported on some of the

brothers (10,21).

Blood samples were obtained in the morning after an overnight fast as previously reported (4,10,19).

Levels of total T, uT, dehydroepiandrosterone (DHEAS), SHBG, high-density lipoprotein (HDL),

triglycerides, and plasma glucose were assayed as previously reported (4,5,6,10,19). MetS was diagnosed

according to the National Cholesterol Education Program Adult (NCEP/ATP III) Guidelines (2): 1) WC

greater than 102 cm; 2) impaired fasting glucose (IFG) with fasting glucose at least 110 mg/dl; 3)

triglycerides (TG) at least 150 mg/dl; 4) HDL less than 40 mg/dl; and 5) elevated BP, with systolic BP

of at least 130 mm Hg or diastolic BP of at least 85 mm Hg.

Log-transformation was performed as necessary to approximate the normal distribution in parametric

analyses. Comparisons between groups were done with t test after testing for equal variance with two

sample t test or Wilcoxon rank-sum/Mann-Whitney tests when assumptions for parametric analysis

were not met. Prevalence rates across subgroups were compared with χ  test (or Fisher’s exact test2

http://www.cdc.gov/nchs/nhanes.htm


3/31/2014 High Prevalence of Metabolic Syndrome in First-Degree Male Relatives of Women with Polycystic Ovary Syndrome Is Related to High Rates of Obesity

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2775643/?report=printable 3/8

when necessary). Bivariate associations with hormones were assessed with Pearson correlation and

simple linear regression. Adjusted comparisons between groups were done with analysis of covariance.

Logistic regression modeling was employed to examine predictors of MetS including age, BMI, T,

SHBG, and DHEAS as continuous variables. For stratified analyses, BMI was categorized as follows: 1)

normal, BMI below 25 kg/m ; 2) overweight, BMI 25–29.9 kg/m ; 3) obese, BMI at least 30 kg/m ,

as well as by 5 unit (kg/m ) increments in BMI. Age stratification was by 10-yr age brackets, with all

fathers 80+ yr of age (n = 3) combined with the 70–79 yr age group due to low numbers. Similarly,

brothers ages 18–19 yr old (n = 5) were added to the 20- to 29-yr age bracket.

α was set at 0.05 for purposes of determining statistical significance. Data are mean ± SD in tables and

as proportions in figures. Statistical analysis was performed with Stata v6.0 for Windows (Stata Corp.,

College Station, TX) and SAS v9.2 for Windows (SAS Inc., Cary, NC).

Results

Population characteristics

Although NHANES III men were selected with a comparable age range to fathers, on average the

fathers were younger than NHANES III men, 57 ± 9 compared with 63 ± 13 yr (P < 0.0001) (Table 1).

Subsequent comparisons between fathers and NHANES III men were adjusted for age. Brothers were

of similar age to the NHANES III group with mean age 29 ± 7 compared with 29 ± 6 yr, respectively

(Table 1). Both fathers (P < 0.0001) and brothers (P = 0.02) were more overweight/obese than

NHANES III men, even after adjusting for age in fathers. Accordingly, subsequent comparisons

between male FDRs and NHANES III were also adjusted for BMI (Table 1).

Prevalence of MetS

MetS was prevalent in 42% of fathers compared with 32% of NHANES III men (P = 0.006) and in 22%

of brothers, compared with 9% of NHANES III men (P = 0.001; Fig. 1A), unadjusted. Male FDRs were

more obese than their NHANES III counterparts after adjusting for age in fathers (P < 0.0001) and

had higher prevalence of obesity at a younger age (Fig. 1, B and C). Additionally, fathers and brothers

had higher mean WC than their respective NHANES III counterparts (brothers vs. NHANES III WC,

97 ± 14 vs. 91 ± 13 cm, respectively, P = 0.0019; fathers vs. NHANES III WC, 104 ± 14 vs. 100 ± 12

cm, respectively, P < 0.0001). This suggests that male FDRs not only are more obese but had a higher

prevalence of central adiposity (Fig. 2). MetS increased with BMI in both populations (older and

younger NHANES III groups and fathers, P < 0.0001; brothers, P < 0.005). The prevalence of MetS in

fathers and brothers approximated that in NHANES III men after adjusting for BMI (Fig. 1D).

Fathers and brothers with MetS had significantly higher BMI compared with those without MetS (Table

2). Fathers with MetS had lower total T (P = 0.02) after adjusting for BMI, but uT was not significantly

lower in fathers with MetS compared with those without MetS after adjusting for BMI (P = 0.08). There

was no difference in SHBG (P = 0.9) or DHEAS (P = 0.11) compared with those without MetS (Table 2

). Brothers with MetS were significantly older than brothers without MetS. They also had lower uT

compared with those without MetS even after adjustment for age and BMI, but there was no significant

difference in total T, DHEAS, or SHBG after adjustment for age and BMI (Table 2).

Total T and SHBG were inversely correlated with BMI in fathers and brothers (P < 0.001). BMI was the

strongest predictor for MetS in both fathers (P < 0.0001) and brothers (P < 0.0001) in logistic

regression models including covariates age, BMI, total T, and SHBG as continuous variables. Total T

was inversely related to MetS in both fathers and brothers. However, after adjusting for age, BMI, and

SHBG, total T was not a significant predictor of MetS in either fathers or brothers in regression models.

Discussion

Both fathers and brothers of women with PCOS had a significantly increased risk of MetS compared

with age and race/ethnicity comparable NHANES III populations. This finding was largely accounted

for by higher rates of obesity in male FDRs. The prevalence rates of obesity were higher at younger ages

in male FDRs compared with NHANES III men. In contrast, women with PCOS and their female

FDRs have an increased prevalence of MetS independent of obesity (5,6,9).

2 2 2

2
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The main predictor of MetS in male FDRs was BMI. Obesity is common in FDRs of women with PCOS,

including mothers (6), fathers (22), sisters (5), and brothers (10). Additionally, MetS and the associated

central adiposity is common in parents of adolescent girls with PCOS (22). Central adiposity is a strong

surrogate for visceral adiposity, which is a cardinal feature of the MetS (23). In this study, male FDRs

were more obese than their NHANES III counterparts at earlier ages, which may convey significant

risk for earlier development of IR, MetS, and ultimately diabetes in relatives of women affected by

PCOS as well as the women themselves.

Total T predicted MetS but not after adjustment for age and BMI. There was no significant association

between MetS and DHEAS in FDRs. These findings suggest that BMI, rather than androgen levels, is

the major determinant of MetS in male FDRs. This observation is similar to the relationship between

BMI and MetS in the general population of men (16,17,24). In contrast, androgens are an independent

predictor of MetS in women with PCOS and female FDRs.

We have previously shown that brothers of women with PCOS are more insulin resistant than control

men, even after adjustment for BMI (10), and would have expected that the prevalence of MetS be

increased in male FDRs compared with that of the general population. There may be multiple reasons

why the prevalence of MetS in male FDRs was not increased compared with that of the general

population after adjusting for obesity. A recent analysis of NHANES data suggests that a significant

portion of subjects with IR may not qualify as having MetS based on NCEP guidelines because it does

not contain IR as a direct measure (25,26). Furthermore, the degree of IR can impact the presence of

MetS, and it may be that the degree of IR in male FDRs is not as severe as in female FDRs (10,27).

Nonetheless, IR independent of MetS is associated with increased risk for coronary atherosclerosis, so

male FDRs of women with PCOS may be at increased cardiovascular risk compared with the general

population even if they have a similar prevalence of MetS (26).

In our study, brothers with MetS had lower uT compared with those without MetS, even after

adjustment for age and BMI. Also, fathers with MetS had lower total T than fathers without MetS after

adjusting for BMI. The relationship between obesity, MetS, and low T in men is not fully understood.

Low T levels in the general male population have been associated with central adiposity, higher insulin

levels, MetS, and type 2 diabetes (17,18,28,29). Total and free T are inversely associated with visceral

adiposity cross-sectionally (30) and prospectively (31), suggesting that T levels decline with increasing

obesity and IR in men. Paradoxically, the opposite relationship has been noted in women in whom

increased T levels are associated these conditions (32). Some of this paradox can be accounted for by the

dose-response effects of androgens on adipose tissue because administration of very low doses of T can

increases both visceral and sc adipose tissue in healthy men during pharmacological suppression of

endogenous androgen production and induction of a relative hypogonadal state (33). Androgens clearly

contribute to visceral adiposity in women with PCOS (34).

In summary, male FDRs of women with PCOS have increased prevalence rates of obesity and MetS

compared with U.S. men from NHANES III of similar age and race/ethnicity. In contrast to women

with PCOS and female FDRs, increased BMI accounts for MetS risk in male FDRs, and there is no

independent effect of androgen levels on this risk. Furthermore, the relationships between obesity, T

levels, and MetS risk in male FDRs are analogous to those in the general male population.
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A, Fathers (black bars, right panel), brothers (black bars, left panel), and NHANES III men (striped bars, both

panels). Fathers (42 vs. 32%) and brothers (22 vs. 9%) had a higher prevalence of MetS than NHANES III men

matched for age and race/ethnicity . *, P < 0.01. B, Male FDRs, fathers and brothers, were more obese,

particularly  at y ounger ages, than NHANES III men (**, P < 0.0001). C, Fathers and brothers were more obese

than the NHANES III populations. **, P < 0.0001. D, The prevalence of MetS increased with increasing BMI in

fathers, brothers, and respective NHANES III groups. **, P < 0.0001; *, P < 0.005. There was no difference in

the prevalence of MetS between fathers or brothers of women with PCOS and their respective NHANES III

population after stratify ing by  BMI, i.e. normal, BMI < 25 kg/m ; overweight, BMI 25–29.9 kg/m ; and obese,

BMI of at least 30 kg/m .

Figure 2

A, Brothers had a higher prevalence of higher WC (>102 cm), high TG (≥150 mg/dl), low HDL cholesterol (HDL

<40 mg/dl), and high BP (≥130/85 mm Hg) according to the ATP III MetS component definitions compared

with NHANES III men. There was no difference in the prevalence of IFG (glucose ≥110 mg/dl). B, Fathers had

higher WC, elevated TG, and low HDL compared with NHANES III men, but there was no difference in the

prevalence of IFG or high BP. **, P < 0.0001; *, P < 0.05.

Table 1

Baseline characteristics of FDRs, fathers and brothers, compared with men from NHANES III of

similar age and race/ethnicity, respectively

Fathers NHANES III m atched Brothers NHANES III m atched

n 211 1153 58 582

Age (y r) 57  ± 9 63 ± 13 29 ± 7 29 ± 6

2 2

2

b

b b
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Weight (kg) 94 ± 18 83 ± 15 93 ± 19 81 ± 17

BMI (kg/m ) 30.2 ± 5.6 27 .0 ± 4.4 28.7  ± 5.6 25.8 ± 4.9

WC (cm) 104 ± 14 100 ± 12 97  ± 14 91  ± 13

Sy stolic BP (mm Hg) 131  ± 17 133 ± 18 126 ± 13 119 ± 10

Diastolic BP (mm Hg) 7 9 ± 10 7 7  ± 10 7 6 ± 10 7 5 ± 10

Values are mean ± SD. Comparison of BP measurements for fathers and NHANES III were adjusted for

age and BMI; comparison of BP measurements for brothers and NHANES III were adjusted for BMI. 

P < 0.05. 

P < 0.0001. 

Table 2

Comparisons of age, BMI, androgen levels, and SHBG in fathers and brothers based on presence of

MetS

Fathers Brothers

(+) MetS (−) MetS (+) MetS (−) MetS

n 89 122 13 45

Age (y r) 58 ± 9 56 ± 9 34 ± 6 28 ± 7

BMI (kg/m ) 33.1  ± 5.4 28.0 ± 4.7 33.5 ± 6.2 27 .4 ± 4.7

Total T (ng/dl) 369 ± 150 451 ± 123 431 ± 134 543 ± 203

uT (ng/dl) 118 ± 49 139 ± 54 210 ± 7 4 262 ± 97

DHEAS (ng/dl) 1401 ± 931 1283 ± 7 98 27 52 ± 1205 3185 ± 1161

SHBG (nmol/liter) 7 2 ± 40 80 ± 37 46 ± 22 55 ± 26

Values are mean ± SD. 

P < 0.05. 

P < 0.0001. 

Analyses were adjusted for BMI in fathers and age and BMI in brothers. 
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