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BACKGROUND: The study aim was to determine differences in body mass in two populations of women (USA and
Italy) with polycystic ovary syndrome (PCOS), and to assess the effect of diet on body mass and cardiovascular risk
factors. METHODS: Pools of women with PCOS from the USA (n = 343) and Italy (r = 301), seen between 1993 and
2001, were available for assessment. From these populations, 20 women who were seen consecutively in 2001 at each
site had detailed analyses of diet and cardiovascular risk factors. RESULTS: In the entire group, American women
had a significantly higher body mass compared with Italian women (P < 0.01). Also, the 20 women consecutively
evaluated in the USA had a significantly higher mean (* SD) body mass index (40.3 = 1.0 kg/m?) than in Italy (29.7
#+ 1.0 kg/m?). US women had worse insulin resistance, lower levels of high-density lipoprotein-cholesterol (HDL-C)
(P < 0.01) and higher levels of triglycerides (P < 0.01). Dietary analysis in the two groups indicated that the total
daily calorific intake was similar (USA 2277 = 109; Italy 2325 = 68 Kcal), with no appreciable differences in dietary
content of protein, carbohydrate and fat. However, the dietary saturated fat content was significantly higher in US
women (31.9 = 3 versus 18.2 = 2 g/day, P < 0.01). Saturated fat intake correlated negatively with HDL-C (P < 0.01).
CONCLUSIONS: Among women with PCOS, body mass was significantly higher in US women compared with
Italian women. However, total calorie intake and dietary constituents were similar, except for a higher saturated fat
in US women. It is hypothesized that diet alone does not explain differences in body mass; genetic and lifestyle fac-
tors likely contribute. An increased saturated fat intake may worsen the cardiovascular risk profile.
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Introduction been noted in this frequency, which also varies according to

Polycystic ovary syndrome (PCOS) is a heterogeneous disorder  ethnicity and geographical location (Lobo and Carmina, 1997).

characterized by hyperandrogenism and frequently, the find-
ings of menstrual irregularity and insulin resistance, which
have significant reproductive and metabolic consequences
(Carmina and Lobo, 1999; Lobo and Carmina, 2000). Insulin
resistance and hyperinsulinaemia may contribute to the
hyperandrogenism and anovulation, dyslipidaemia, and glu-
cose intolerance in PCOS. Obesity is another important feature
of PCOS which worsens the clinical, endocrine and metabolic
features of the syndrome, mostly by increasing insulin
resistance and hyperinsulinaemia (Dunaif et al., 1989). The
prevalence of obesity in PCOS has been estimated to be around
40-50% (Goldzieher and Axelrod, 1963; Yen, 1980; Carmina
etal., 1992; Balen et al., 1995). However, marked variation has

The pathogenesis of obesity in PCOS is unclear. Obesity
could be the consequence of genetic factors, or alternatively be
due to lifestyle factors such as diet and a sedentary existence
(Bringer et al., 1997). More specifically, the role of diet in the
genesis of obesity and lipid abnormalities in women with
PCOS has not been established. In the general population and
in certain ethnic groups, it is well known that diet markedly
influences the prevalence of obesity and metabolic abnormal-
ities (Marshall et al., 1994; Hodge et al., 1996). Diet has also
been shown significantly to influence cardiovascular risk
(Glick et al., 1998; Pekkarine et al., 1998).

It was hypothesized that diet would be an important variable
which might help explain the differences in weight and
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Table I. Mean body mass index (BMI) and centiles of BMI in US and
Italian populations of women with PCOS

Parameter Women with PCOS
USA Italy
No. of women 343 301
BMI (kg/m?)* 35.05 £ 0.5 26.98 = 0.3
Centile
10th 23.6 20.4
25th 27.7 23.3
50th 34.6 26.5
75th 41.1 30.1
90th 47.0 37.5

Values are mean = SEM.

cardiovascular risk profiles between women with PCOS who
come from different ethnic and geographic backgrounds.
Accordingly, body weight was assessed in two large and
different populations of women with PCOS; from
Pennsylvania in the USA and from Palermo, Italy. The initial
aim was to determine if body mass was different in these two
populations, and then to assess for differences or similarities in
diet and metabolic profiles.

Materials and methods

Two large populations of women with PCOS were compared. The first
population consisted of 343 women from the USA who were evaluated
between 1993 and 2001 in the Department of Obstetrics and
Gynecology of Pennsylvania State University. The second population
consisted of 301 women from Sicily, Italy, who were evaluated during
the same time period at the Department of Endocrinology and the
Department of Clinical Medicine of the University of Palermo. These
women were seeking help for various complaints of hyperandrogen-
ism, menstrual irregularity and/or the inability to conceive. The mean
age of the Italian women was 25.8 * 1.0 years, and that of the US
women 28.1 = 1.0 years. In both populations, the diagnosis of PCOS
was based on the finding of hyperandrogenism, chronic anovulation
and the exclusion of Cushing’s syndrome, tumours and adrenal
enzymatic deficiencies (Zawadski and Dunaif, 1992). The body mass
index (BMI) was determined in all women with PCOS.

In 2001, 40 women with PCOS who were seen consecutively either
in the USA (n =20) or in Italy (n = 20) were subjected to more detailed
assessment. These women were not preselected, but were consecu-
tively encountered in Italy and the USA and were seeking assistance
for the complaints as noted above. The US women were living in
Central Pennsylvania, were non-Hispanic Caucasians, had a mean age
of 29 = 2 years, and were seen in the Department of Obstetrics and
Gynecology of Pennsylvania State University.

Twenty other Caucasian white women with a mean age of 26.6 = 2
years were evaluated during 2001 in the Department of Clinical
Medicine of the University of Palermo in Palermo, Italy.

Institutional Review Board approval was obtained at both
institutions, and all subjects provided their written informed consent
for this study.

In all 40 women, a fasting blood sample was obtained between 8:00
and 9:00 for measurements of LH, FSH, testosterone (T), free or
unbound testosterone (uT), dehydroepiandrosterone sulphate
(DHEAS), insulin, glucose, total cholesterol, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C)
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and triglycerides. Insulin resistance was assessed by the glucose:insu-
lin ratio (Legro et al., 1998a).

Dietary analyses were carried out in the two groups of women over
a 3-day time period that was considered to be reflective of their normal
eating habits. All women participating in the study were sedentary and
had not been attempting to gain or lose weight for the previous 6
months. The consecutively evaluated patients at both sites were
afforded the opportunity to participate in various ongoing trials
regarding the treatment of PCOS. At the time, the US women were
about to participate in either an exercise or dietary intervention study.
Subjects reported all food, drink, and vitamin and mineral supple-
ments consumed over the 3-day assessment time, estimating serving
sizes using common household measures. Mean daily nutrient intake
values were obtained from a computer nutrient analysis program
(Nutritionist III and I'V; N-squared Computing, San Bruno, CA, USA).
A dietician performed the diet analysis, which also included the
evaluation of saturated and unsaturated dietary fat content. The diet
analyses from the USA were sent to Italy and reanalysed for
consistency with the diet analyses carried out in Palermo, Italy.

Assays were carried out at the two sites. For glucose, insulin and
lipid measurements, identical methods were used. For androgen and
gonadotrophin determinations, different assays were used which had
almost identical normal ranges (see below). Androgen assays were
utilized only to confirm hyperandrogenism.

Hormone assays

At the University of Palermo, serum levels of T, uT and DHEA-S were
quantified using well-established radioimmunoassay methods, which
were validated previously in the present authors’ laboratory (Lobo
et al., 1980; Stanczyk et al., 1991). At Pennsylvania State University,
serum levels of T, uT and DHEAS were determined as reported
previously (Dunaif er al., 1996; Legro et al., 1998b). All assays
conducted at either site had intra- and inter-assay coefficients of
variation (CVs) of <10%.

Metabolic measurements

Glucose and insulin assessment utilized the same method at both sites.
Plasma glucose levels were determined using a glucose oxidase
technique, and insulin by a double antibody method using commer-
cially available reagents (Linco Research, Inc., St Charles, MO, USA).

Lipid and lipoprotein measurements were carried out using by the
same method at both sites (Lopes-Virella et al., 1977). Total
cholesterol was determined using the cholesterol esterase method on
a Roche automated chemistry analyser. HDL-C was determined using
the cholesterol esterase method following selective precipitation of
apolipoprotein-B-containing lipoproteins with a polyanion solution.
LDL-C levels were calculated using the Friedewald equation
(Friedewald et al., 1972). Triglycerides were determined enzymati-
cally as glycerol on a Roche automated chemistry analyser following
hydrolysis with lipase. All lipid analyses had intra- and inter-assay
CVs of <3%.

Statistical analyses

All data were expressed as mean * SEM. Analysis of variance
(ANOVA) was used for comparisons. Post-hoc testing was carried out
using Student’s #-test with log transformation. Analysis of covariance
(ANCOVA) was used to evaluate the role of body weight on
differences in metabolic parameters. The Pearson product moment
correlation and stepwise multivariate linear regression analysis with
forward selection was used to analyse correlations. A P-value < 0.05
was considered statistically significant.
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Table II. Comparison between PCOS of two different subgroups of women
from different ethnic populations

Parameter Italian PCOS  American PCOS P
BMI (kg/m?) 29.7 £ 1.0 403 £ 1.0 <0.01
Waist:hip ratio 0.83 £ 0.04 0.85 = 0.02 NS
Systolic blood pressure (mmHg) 126 = 5 130 £ 3 NS
Diastolic blood pressure (mmHg) 80 * 4 79 £ 3 NS
Insulin (LU/ml) 18.1 =2 295 2 <0.01
Glucose:insulin ratio 53=*1 3.6 05 <0.01
Total cholesterol (mg/dl) 183 £ 12 187 = 8 NS
HDL-C (mg/dl) 48 = 1 40 £ 2 <0.01
LDL-C (mg/dl) 109 = 12 116 =7 NS
Triglycerides (mg/dl) 91 =8 156 = 18 <0.01

HDL-C = high-density lipoprotein-cholesterol; LDL-C = low--density
lipoprotein-cholesterol; NS = not significant.

Results

Among women with PCOS, those from the USA had a
significantly (P < 0.01) higher BMI (35.05 * 0.5 kg/m?) than
those from Italy (27 = 0.3 kg/m?). The mean BMI values and
centiles of the two populations are listed in Table 1. Overall,
some 69% of US women had a BMI value >30 kg/m? compared
with only 38% of Italian women.

The BMI values and metabolic and hormonal data of the two
subgroups of women seen in 2001 are listed in Table II. The
mean age of these women was similar to that of the entire study
population. The mean BMI of the two subgroups was higher
(P < 0.01) than that of the overall population seen between
1993 and 2001, though the US population consistently had a
higher BMI. Although some women underwent oral glucose
tolerance tests as part of their general evaluation, this was not
the case for all women. However, all of the women evaluated
had normal fasting glucose levels.

Although different methods were used for androgen assays
in the USA and Italy, the normal ranges for these values were
similar. In Italy, normal ranges were: T, 15-55 ng/dl; uT,
4-14.6 pg/ml; and DHEAS, 0.8-2.8 pg/ml. In the USA, normal
ranges were: T, 15-58 ng/dl; uT, 4-15.8 pg/ml; and DHEAS,
0.8-2.7 ug/ml. The two populations of women with PCOS
were found to be hyperandrogenic and had comparable levels
of androgens (us women: T, 76 = 7 ng/dl; uT, 21 * 2 pg/ml;
DHEAS, 2.2 *= 0.3 pg/dl; Italian women: T, 79 = 10 ng/dl; uT,
18 £ 3 pg/ml; DHEAS 2.3 = 0.4 pg/ml).

While US women with PCOS had a significantly (P < 0.01)
higher BMI, there were no differences in either waist:hip ratio
or in blood pressure (Table II). The US women also had more
marked insulin resistance, as reflected by the decreased
glucose:insulin ratio (Table II). A significant (P < 0.01)
positive correlation was found between the severity of obesity
(BMI) and serum insulin (r = 0.46), and a negative correlation
with the glucose:insulin ratio (r = —-0.46; P < 0.01).

The two groups of women with PCOS had similar concen-
trations of total cholesterol and LDL-C (Table II). However,
the US women had significantly lower levels of HDL-C (40 =
2 versus 48 = 1.5 mg/dl; P < 0.01) and significantly higher
levels of triglycerides (156 = 18 versus 91 = 8 mg/dl;
P < 0.01) (Table II). A correction for body mass reduced, but
did not eliminate, the statistical differences between the two
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Figure 1. Mean = SEM dietary intake of proteins, lipids and
carbohydrates (g/day) in Italian and US women with PCOS.

groups of women (P < 0.05 for insulin, glucose:insulin ratio,
HDL-C and triglycerides).

Serum insulin correlated negatively with HDL-C (r = —-0.49;
P <0.01) and positively with triglycerides (r = 0.34; P < 0.05),
but not with total cholesterol or LDL-C. Each group showed
separately a significant (P < 0.05) negative correlation between
insulin and HDL-C, but the correlation with triglycerides was
only shown for the pooled analysis of both groups. Similar
correlations were found between BMI and HDL-C (r = - 0.37;
P < 0.05) and between BMI and triglycerides (r = 0.35;
P < 0.05).

An analysis of the diet showed that the total calorific intake
was similar in the two groups of women with PCOS (US
women 2277 £ 109 kcal; Italian women 2325 *= 68 kcal).
Likewise, the proportions of the main dietary constituents were
similar in the two groups (Figure 1). The amount of saturated
fat, however, was significantly higher in the US women than in
the Italian women (31.9 * 3 versus 18.2 = 2 g/day; P < 0.01)
(Figure 2). The correlation for saturated fat, however, did not
eliminate the significant (P < 0.05) difference in glucose:insu-
lin ratio in the two groups.

No correlations were found between total calorific intake,
carbohydrates, proteins or total fat with BMI, insulin or the
glucose:insulin ratio. The total quantity of carbohydrates
showed a correlation with HDL-C (r = 0.39; P < 0.05). This
was also shown separately for the group from the USA
(P < 0.05), but not separately for the Italian women. There
were no other correlations between total calorific intake, total
proteins, carbohydrates or fats with serum lipids or lipoproteins.

Finally, when the dietary constituents were assessed, the
daily intake of saturated fat correlated negatively (P < 0.01)
with HDL-C (r = -0.52). This correlation was found in the
entire group of women with PCOS, and also separately in each
of the two subpopulations (Italian women, » =-0.53, P < 0.05;
US women, r =-0.51, P < 0.05).

Discussion

In the present study, the body masses of two different ethnic
populations of women with PCOS were compared. The first
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Figure 2. Mean = SEM dietary intake of saturated fats (g/day) in
Italian and US women with PCOS. *, significant difference between
groups, P < 0.01.

population consisted of women from Central Pennsylvania,
USA, who were evaluated between 1993 and 2001, while the
second population included only Italian women studied at the
University of Palermo during the same period. Although these
patient populations were not preselected, it is clear that these
comparisons of US and Italian women must be viewed as
comparisons of the two specific populations, and may not
reflect differences or similarities when the entire population of
the countries are taken into consideration. There was a large
difference in mean BMI observed between the two populations,
although it cannot be determined whether this degree of
difference occurs in all women with PCOS in the US compared
all such women in Italy. In general, the US women with PCOS
were much more obese than their Italian counterparts; indeed,
some 69% of the US women were classified as obese (BMI >30
kg/m?) compared with only 38% of the Italian women.
Previously, several populations of women with PCOS of
different ethnicity were compared, including Italian, US
(Latina) and Japanese. Similar biochemical characteristics
were found among these groups, but ethnic differences
occurred in the prevalence of obesity (Japanese women were
of normal weight) (Carmina et al., 1992). In that study, no
differences were found in the prevalence of obesity in women
with PCOS coming from the USA or Italy, although the US
women from Los Angeles, California and of Latina heritage. In
line with the notion that the prevalence of obesity has been
steadily increasing in all Western countries during the past few
years, the subgroups studied during 2001 were significantly
more obese than the entire population evaluated over the
previous 9 years. Although obesity has been reported as being
present in only 40-50% of women with PCOS (Goldzieher and
Axelrod, 1963; Yen, 1980; Balen et al., 1995; Lobo and
Carmina, 1997), only 38% of Italian PCOS women had a BMI
>27 kg/m? (i.e. they were obese); hence, it is possible that in the
USA the prevalence of obesity among women with PCOS may
be higher. However, it should be noted again that the BMI of
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the population studied in Pennsylvania may not reflect that of
all women with PCOS in the entire US population.

Obesity represents an important risk factor which can
exacerbate many of the symptoms of PCOS and increase the
cardiac risk profile of the syndrome. In the present study, the
women with PCOS from the USA were not only more obese
but also had higher insulin levels, more severe insulin
resistance, and a worse lipid profile (lower serum HDL-C
and higher serum triglycerides). These findings might suggest
that US women with PCOS—or at least the population studied
from Pennsylvania—have a higher cardiovascular risk when
compared with Italian women with PCOS. The evaluated
women from Pennsylvania also had more severe lipid changes
than did the population studied previously, which was from
California (Legro et al., 1999).

In analysing the diets of the US and Italian women with
PCOS, a validated diet analysis program was used and cross-
referenced in the two populations. Surprisingly, the diets were
comparable, despite significant geographical differences in
calorific consumption and diet composition. Nevertheless, it
should be noted that these data were drawn from a subset of the
entire population of PCOS women evaluated at each centre in
the two countries, and therefore may not be reflective of entire
populations. The two groups evaluated herein had a similar
total calorific intake and on a daily basis ate similar proportions
of protein, carbohydrates and total fat. A recent diet history
may not reflect a lifetime of adverse dietary habits, but the
women were asked to reflect on their normal eating habits and
selected on the basis of not participating in any dietary or
exercise modification programme.

One important difference in the diets of the two groups
however was in the quantity of saturated fat consumed by
American women, which was almost double that in Italian
women (31.9 = 4 versus 18.2 *= 2 g/day). The increased daily
consumption of saturated fat correlated significantly, but
negatively, with serum HDL-C (r = -0.52; P < 0.01), and
this may at least partially explain the more abnormal lipid
profile of the US women with PCOS. However, it may not have
influenced the degree of insulin resistance in that, even after
adjusting for dietary saturated fat intake, there was a significant
difference between the two groups in their glucose:insulin
ratios. Saturated fat, nevertheless, is known to be important for
reducing levels of sex hormone-binding globulin and is highly
correlated with the development of obesity.

As noted above, whilst dietary saturated fat intake is an
extremely important variable, it is unlikely that the increased
saturated fat content alone is sufficient to explain the more
severe obesity and insulin resistance observed among US
women with PCOS. It is also possible that a more sedentary
lifestyle of women in the US may have contributed to an
energy surplus and greater obesity (Friedewald et al., 1972),
though no specific information is available to support this
supposition, and further study is merited.

The total amount of calories consumed by the two groups of
women was considered to be normal. It has been reported
recently that women of normal weight with PCOS consume
fewer calories than normal-weight women without PCOS
(Taylor et al., 2002). This may suggest that obesity (or
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overweight status) is part of the disorder in PCOS, which is
related to genetic metabolic factors, and that diet and lifestyle
may modify the phenotype.

In conclusion, the present results suggest that in the USA
(central Pennsylvania), women with PCOS are more obese and
have more significant metabolic and cardiovascular risk factors
than women with PCOS who live in Italy (Sicily). The
difference in obesity status between the two populations may
be partly related to dietary factors (a higher consumption of
saturated fat), although their total calorific consumption was
the same. Hence, it is likely that genetic and other lifestyle
factors play a major role.
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