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background: American Samoa and Samoa are now characterized by one of the world’s highest levels of adult overweight and obesity.
Our objective was to investigate patterns of menstrual cyclicity reported by Samoan women and examine the relationship to adiposity and
select hormone levels.
methods: A cross-sectional analysis was performed among Samoan women, aged 18 –39 years (n ¼ 322), using anthropometric and
biomarker measures of adiposity and reproductive health, including insulin, adiponectin, testosterone, sex hormone-binding globulin, free
androgen index (FAI) and mullerian-inhibiting substance (MIS). Menstrual regularity was assessed from self-reported responses. Multivariable
models were estimated to adjust for potential confounding of the associations between menstrual patterns and other measures.
results: A high proportion of the women (13.7%) reported oligomenorrhea or amenorrhea (OM/AM). More than three-quarters,
80.7%, of women were either overweight or obese, using Polynesian-specific criteria, and OM/AM was significantly associated with
higher BMI. Abdominal circumference and insulin levels were significantly higher, and adiponectin levels were lower, in those who reported
OM/AM versus regular menstruation. The FAI was higher in women with increased BMI. MIS levels declined with age, more slowly in those
reporting OM/AM.

conclusions: Self-reported OM/AM was associated with an elevated BMI, abdominal adiposity and serum insulin, and with reduced
adiponectin levels. These findings support a high rate of metabolic syndrome, and perhaps PCOS and reproductive dysfunction, among
Samoan women.
Key words: obesity / androgen / Samoans / polycystic ovary syndrome / MIS

Introduction
Many developing countries are experiencing a rise in obesity and
chronic non-communicable diseases attributable to nutritional transitions. Diets have changed from consumption of complex carbohydrates and fiber to a more varied diet, with a higher proportion
of fat, saturated fat and sugars (Popkin and Gordon-Larsen, 2004;
Astrup et al., 2008). Physical activity has decreased due to occupational changes with economic development (Popkin and GordonLarsen, 2004). Increases in obesity-associated conditions such as
type 2 diabetes mellitus (Bjorntorp, 1997), hypertension (Palmieri
et al., 2001) and ischemic heart disease (Cooper et al., 2000) are
noted in men and women.

Multiple studies have found associations between overweight or
obesity and irregular menstruation in women (Vague et al., 1970;
Burghen et al., 1980; Bjorntorp, 1985; Kissebah et al., 1985; Kirschner
et al., 1990; Pasquali et al., 2003). The risks for oligomenorrhea (OM)
and amenorrhea (AM) increase 2-fold with each increase in obesity
grade (Castillo-Martinez et al., 2003). Adipose tissue appears to
exert its greatest effects on reproductive cyclicity via complex mechanisms involving hyperandrogenism and hyperinsulinemia.
Polycystic ovary syndrome (PCOS), a disorder linked closely with
metabolic syndrome and hyperandrogenism, is the leading cause of
anovulatory infertility worldwide, afflicting about 6% of women globally
(Rodin et al., 1998; Diamanti-Kandarakis et al., 1999; Asunción et al.,
2000; Azziz et al., 2004). Although its mechanisms of action appear
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Materials and Methods
Study sample
The study population consisted of ethnic Samoan residents (who selfreported having four Samoan grandparents) of the independent nation
of Samoa and the US territory of American Samoa. Participants were
between 18 and 39 years of age, and were a sub-sample, as described
below, of women of reproductive age who took part in a genetic epidemiology study of adiposity in both polities in 2002 – 2003 (Dai et al.,
2007, 2008). The Brown University Institutional Review Board (IRB), the
American Samoan IRB and the Samoa Health Research Committee
approved the data collection and secondary analysis of the information.
All subjects provided informed consent before participation in the study.
The genetic epidemiology study sample included a total of 2558 individuals aged 4 – 80 years, 1227 American Samoans and 1331 Samoans from
extended pedigrees. Subjects in American Samoa were recruited based
on selection from a 1990 – 1994 cohort study, with the additional requirement that participants had at least two adult siblings residing in American
Samoa (Dai et al., 2007). Subjects in Samoa initially were recruited if they
were members of American Samoa pedigrees, and later recruited in villages to represent the geographic and socioeconomic diversity within
the nation (Dai et al., 2008). Comparison of the education and occupation
distribution by age and gender of study participants with the 2000 census
of American Samoa and the 2001 census of Samoa showed high similarity
(Census of Population and Housing, 2001, 2004).
From the original study sample, male subjects were eliminated (n ¼
1210) and of the remaining 1348 females, women aged 18 – 39 years
were selected (n ¼ 469). We chose to eliminate adolescents who may
have not established regular menstrual patterns, as well as to remove
those older women who may be experiencing menstrual irregularity
associated with peri-menopause/menopause. We excluded those who
had undergone a hysterectomy, ovariectomy or other unspecified pelvic
surgery (n ¼ 56), those who reported being pregnant or lactating as a
reason for their irregular cycles (n ¼ 14), those with missing serum data
(n ¼ 7) and those with missing data on the self-reported menstrual patterns questions (n ¼ 69), yielding a study sample of n ¼ 323. One
additional woman was removed following mullerian-inhibiting substance
(MIS) analysis due to an extreme outlier MIS value (45 ng/ml) suggestive

of an ovarian tumor (Lane et al., 1999) or other possible pathologic
process. The final study sample totaled 322 women, 167 from Samoa
and 155 from American Samoa.

Measurements
Standard anthropometric techniques were used to measure stature,
weight and circumferences (Lohman et al., 1988). Underweight, normal
weight, overweight and obesity were defined using Polynesian-specific categories of BMI based on ‘gold standard’ body composition assessment:
,22; 22 – 25.99; 26– 32; and .32 kg/m2, respectively (Swinburn et al.,
1999). These BMI categories exceed those used in the USA population,
where 18.5 – 24.9 is normal weight, 25 – 29.9 is overweight and .30 kg/
m2 is obese (CDC, 2007). Abdominal circumference was used as the
primary measure of central fat distribution.
Fasting blood specimens were collected after a 10 h minimum overnight
fast, separated with a portable field centrifuge and stored in plastic storage
tubes at 2408C in local freezers. Serum was shipped on dry ice to Providence and stored at 2808C. Levels of glucose, insulin and adiponectin
were previously measured as described (Aberg et al., 2008; Dibello
et al., 2009a). Women were classified as diabetic if fasting serum
glucose was ≥126 mg/dl, or by self-report of diabetes or diabetes
medication.
Serum androgen levels were determined by measurements of total
testosterone (TT) and sex hormone-binding globulin (SHBG) using the
Siemens Immulite instrument (Los Angeles, CA, USA). The calibration
range for the TT assay was 0.7 – 55 nmol/l with an analytical sensitivity
of 0.5 nmol/l. TT levels were below the limit of detection for 10 participants (low values were imputed for statistical analyses). The calibration
range for the SHBG assay was up to 180 nmol/l with an analytical sensitivity ,0.02 nmol/l. The inter-assay coefficients of variation were 14
and 9% for TT and SHBG, respectively. Free androgen index (FAI) was calculated as (TT * 100)/SHBG. Hyperandrogenemia was defined as above
the median FAI, 4.3, in relatively low BMI, ,26 kg/m2, Samoan women
with normal menstrual cycles. Serum MIS levels were measured to
assess ovarian reserve in Samoan women, using an ELISA method
(Beckman Coulter, Chaska, MN, USA). The minimal detectable concentration of MIS was 0.10 ng/ml and assay coefficients of variation were
,15%.
A health questionnaire was administered including a series of six questions about last menstrual period and history of pelvic surgery. We defined
AM based on the answer ‘no’ to the question ‘have you gotten a period
within the past year?’ OM was defined by the answer ‘3 – 6 months or
longer’ to the question ‘about how long ago was your last period?’
Women who answered that they were having their period at the time
of the survey, had gotten it 1 month ago, or had gotten it 1 – 3 months
prior to the survey were classified in this study as having regular menstrual
cycles.

Statistical analyses
Univariate analyses were performed to calculate frequencies, means with
standard deviations and medians. Spearman correlations were used to
estimate the associations among the hormone values, age and body size
and fatness measures. Hormone levels were log-10 transformed in bivariate analyses. We used t-tests to detect differences in the means of continuous variables between the regular versus OM/AM groups. We
tested for differences in proportions of categorical variables in the two
groups using contingency tables and x2 tests.
Multiple regression was performed to adjust for age effects on the
association between OM/AM and abdominal circumference. When
testing for the significance of insulin, all subjects who were previously
labeled as diabetic were excluded from the analysis. We tested for
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complex, adipose tissue appears to play an important role in the
development and sustainment of PCOS pathology; anywhere from
38 to 88% of all women with PCOS are overweight or obese, and
even slight reductions in the body weight (i.e. 5%) are associated
with significant improvement in the features of PCOS (Kiddy et al.,
1992; Balen et al., 1995; Legro, 2000).
The Samoan islands, an archipelago of islands in the South Pacific
Ocean, consist of American Samoa and Samoa, and are now characterized by one of the world’s highest levels of adult overweight and
obesity. In the last 30 years in particular, economic, dietary, physical
activity and obesity patterns consistent with the nutrition transition
have changed rapidly (McGarvey and Baker, 1979; Taylor and
Zimmet, 1981; Baker et al., 1986; McGarvey 1991; Galanis et al.,
1999). The contemporary chronic positive energy balance, which
has led to high rates of obesity, especially in women, 75% in American
Samoa and 59% in Samoa (Keighley et al., 2006), may have profound
negative impacts upon the reproductive health status of women. The
purpose of this report is to explore the impact of obesity on menstrual
and endocrine function in Samoan women from both polities for the
first time, with particular focus on risk factors for PCOS.
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Table I Description of demographic information and hormone levels in Samoan women overall and categorized by
menstrual status.
All women (n 5 322)

OM/AMa, 13.7% (n 5 44)

Regular menstruationa, 86.3% (n 5 278)

.............................................................................................................................................................................................
Age (years)
18–29.9
30–39.9
b

2

BMI (kg/m )

29.4 (6.8) 30.5

30.3 (5.9), 31.6

29.2 (6.9), 30.2

47.8%

40.9%

48.9%

52.2%

59.1%

51.1%

33.6 (8.2) 32.8

35.8 (8.3), 34.1*

33.2 (8.2), 32.5

,26

19.3%

11.4%c,**

20.5%

26–32

27.0%

20.5%

28.1%

.32

53.7%

68.2%

51.4%

103.6 (17.2) 104.1

110.3 (18.8), 110.2**

102.6 (16.8), 103.4

Adiponectin (mg/ml)d

11.1 (9.4) 9.2

9.4 (6.2), 7.5**

11.4 (9.8) 9.5

Insulin (mU/ml)d

14.1 (17.6) 9.3

21.6 (34.7), 11.6 **

12.9 (12.7), 9.1

Type 2 diabetese

6.2%

9.1%

5.8%

MIS (ng/ml)d

2.1 (2.0) 1.7

2.0 (1.6), 1.6

2.2 (2.1), 1.7

Testosterone (nmol/l)d

2.5 (1.4) 2.3

2.2 (1.3), 1.9*

2.6 (1.4), 2.4

SHBG (nmol/l)d

49.4 (47.9) 36.5

40.5 (25.0), 34.0

50.8 (50.4), 36.7

FAI

7.8 (6.8) 5.7

7.7 (9.2), 5.5

7.8 (6.3), 5.8

Mean, (standard deviation), and median reported for all variables.
a
OM and AM are defined as: AM—the answer ‘No’ to the question ‘have you gotten your period in the last year?’, and OM—the answer ‘3 –6 months or longer’ to the question ‘about
how long ago was your last period?’ Regular menstruation is defined as a subject having answered ‘Yes’ to the question ‘have you gotten your period in the last year?’ and the answers ‘in
the last month’, or ‘1 –3 months ago’ to the question ‘about how long ago was your last period?’
b
Polynesian BMI classifications (see text), in percent.
c
Association between BMI categories and menstrual status.
d
For comparison of means, adiponectin, insulin, MIS, testosterone and SHBG were log-10 transformed.
e
Fasting serum glucose ≥126 mg/dl, or self-report of diabetes.
*0.05 , P , 0.10, **P , 0.05—difference in means by menstrual status.

interactions only among variables which we thought important based on
the literature or on our bivariate results. All statistical analyses were performed using SAS 9.0 (SAS, Inc., Cary, NC, USA). A P-value of ,0.05 was
considered statistically significant except for cases of multiple comparisons
(correlation analysis) where P , 0.01 was used.

Table II Stratification of Samoan women by menstrual
cycle regularity and androgen status.
Menstrual status

...............................................

Regular cycles

OM/AM

90 (27.9%)

17 (5.3%)

188 (58.4%)

27 (8.4%)

........................................................................................

Results
Among women aged 18–39 years, 13.7% (44/322) reported not
having a menstrual period within 3 (OM) to 12 (AM) months before
the interview. Among these women, 95% reported the absence of
menstruation for 1 year (AM). There was no difference in proportions
of women with OM/AM between relatively younger (18 –29 years)
and older (30 –39 years) groups and no difference in mean age
between the groups (Table I). As expected, mean BMI in the
sample was high, 33.6 kg/m2 (SD ¼ 8.2; Table I). There was an
association (P ¼ 0.05) between BMI and menstrual status, with
higher mean BMI in the OM/AM group. In addition, there was a significant association (P , 0.05) between BMI classification and menstrual status in the OM/AM group; more than two-thirds of these
women were obese (Table I). Abdominal circumference was higher
in women reporting OM/AM (P ¼ 0.006). The association of abdominal circumference and OM/AM (P , 0.001), but not BMI (P ¼ 0.09),
remained when accounting for age effects.
Among all women 6.2% had type 2 diabetes; 9.1% among those
with OM/AM and 5.8% among those with regular menstrual patterns.

Normoandrogenemia
a

Hyperandrogenemia
a

Defined using median FAI in relatively low BMI Samoan women with regular
menstrual cycles (.4.3).

This difference was not statistically significant. Fasting insulin was higher
in those with OM/AM (P ¼ 0.03) and this association remained after
age adjustment. Adiponectin levels were lower (P ¼ 0.04) in women
reporting OM/AM. In contrast, comparing measures of androgen
status, TT levels were slightly lower in the OM/AM group, but
SHBG levels and the FAI did not differ (Table I).
BMI was a strong predictor of serum FAI. Samoan women with a
relatively high BMI (.26 kg/m2) had a significantly higher FAI level
than those with a lower BMI (P , 0.0001). The median serum FAI
level in Samoan women with a BMI below 26 kg/m2 was 4.3. Hyperandrogenemia, FAI . 4.3, was present in 67% (215/322) of the
sample. Approximately 8% of women had a combination of irregular
menstrual cycles and hyperandrogenemia (Table II). BMI and abdominal circumference were highly correlated, as expected (Table III). Both
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Table III Spearman correlations of BMI and abdominal circumference with hormone levels and age in Samoan women.
Testo

SHBG

FAI

MIS

Insulin

Adipo

Age

BMI

.............................................................................................................................................................................................
BMI

0.11

20.43**

0.38**

20.18**

0.61**

20.35**

0.35**

Abd cir.

0.09

20.33**

0.28**

20.21**

0.56**

20.31**

0.38**

0.90**

Testo, total testosterone; SHBG, sex hormone-binding globulin; FAI, free androgen index; MIS, mullerian-inhibiting substance; Adipo, adiponectin; BMI, body mass index; Abd cir,
abdominal circumference.
**P , 0.01.

ing women (solid line, MIS ¼ 6.05 – 0.133 × Age, r ¼ 20.44, P , 0.001) and OM/AM women (dotted line, MIS ¼ 3.34 – 0.044 × Age, r ¼ 20.16,
P ¼ 0.299). Note: two normally menstruating women with high MIS values (13 and 20 ng/ml) are not shown.

of these measures showed positive correlations with the FAI and
insulin, and negative correlations with SHBG, adiponectin and MIS
(Table III).
There was an interaction between age and menstrual status on
serum MIS levels. MIS was negatively associated with age in the
entire sample (r ¼ 20.52, P , 0.001) as expected. However, MIS
levels remained inversely related to age in the regularly menstruating
women (r ¼ 20.44, P , 0.001), but not in those with OM/AM
(r ¼ 20.16, N.S.; Fig. 1). This difference remained after adjustment
of MIS levels for BMI.

Discussion
The well-characterized obesity of contemporary Samoans stimulated
this exploratory study (McGarvey and Baker, 1979; McGarvey,
1991; Keighley et al., 2006). We found a high proportion of irregular
menstrual cycles, 13.7%, among Samoan women aged 18 –39 years.
Women of reproductive age, who are not pregnant or lactating, are

expected to menstruate regularly, although some variation in the
cycle length occurs (Münster et al., 1992; Astrup, 2004). Few
studies have examined the prevalence of AM within women in communities (Bachman and Kemmann, 1982; Kjaer et al., 1992; Jabbar
et al., 2004; Gorrindo et al., 2007). In one such study, 2.8% of 18 –
49-year-old women in an otherwise healthy control group had AM,
and 10.8% experienced menstrual dysfunction (Kjaer et al., 1992).
The present proportion of OM/AM appears to be high, although
these initial results should be interpreted with caution.
A recent population-level study by Wei et al. (2009) has demonstrated that increased BMI, FAI, serum T and insulin, as well as
decreased levels of serum SHBG, are all independently associated
with increased likelihood of menstrual irregularity in reproductive
age women. Adiponectin levels are inversely related to serum insulin
and androgens, and are reduced in women diagnosed with PCOS,
especially those with obesity (reviewed in Michalakis and Segars,
2010). Among the variables studied presently, BMI, adiponectin and
insulin levels were significantly associated with reports of menstrual
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Figure 1 Relationship between MIS and age when stratified between menstrual status groups. Regression lines have been fit to regularly menstruat-
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No previous research has been performed on ovarian function, patterns of menstruation or OM/AM among Samoan women in the
archipelago. In addition, while many researchers have examined
female reproductive dysfunction, this is the first report in a
community-based sample characterized by extremely high rates of
overweight and obesity. However, the survey was not designed
specifically with the intent to study menstrual cycle regularity and
should be extended and refined for future studies. The nature of
the main study design and data collection was a genetic epidemiology
investigation of adiposity among large extended families. Thus, the participants had some degree of family relatedness among them, which
was not adjusted for in the analysis. Furthermore, analysis of serum
reproductive hormone levels was performed on a single sample collected from each woman without regard to the menstrual cycle day.
If timed samples were available, measurement of progesterone
could be used to identify anovulatory cycles. Interpretation of serum
testosterone results would also be improved by timed samples since
levels are known to peak at mid-cycle (Mushayandebvu et al., 1996).
While we acknowledge the limited nature of the present survey and
self-reports of menstruation, our estimate of cycle irregularity is conservative. We made broad exclusions of women who might be
expected to have irregular cycles (,18 or older than 39). Also,
although we did not include a survey of contraceptive use in the
present study, in earlier work in 1993 in (Western) Samoa, only
20% of married women 25–39 years of age used any type of exogenous hormones for contraception including oral contraceptive pills or
Depo-Provera (Brewis et al., 1998). Yet, use of hormonal contraceptives would provide for more, not less, regular menstrual cycles. Oral
contraceptive pills also improve (reduce) insulin and testosterone
levels (Mulders et al., 2005; Costello et al., 2007) and have no effect
on serum MIS levels (Somunkiran et al., 2007).
Regardless of limitations, this study of Samoan women shows a high
rate of menstrual irregularity associated with high serum insulin, BMI
and abdominal circumference measurements, and with low serum adiponectin levels. The FAI was correlated with obesity, and MIS levels
declined more slowly with age in those with irregular versus regular
menstrual cycles. These findings corroborate earlier work demonstrating a high level of metabolic syndrome among Samoan women
(DiBello et al., 2009b), and suggest possible reproductive dysfunction.
This group may serve as a model population for further study of the
impact of obesity on susceptibility genes for adverse reproductive
conditions, especially those complicated by metabolic dysfunction,
such as PCOS.
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irregularity. Insulin levels were higher in women with OM/AM, even
after adjustment for abdominal circumference or BMI and age.
Because of the cross-sectional design of the exploratory study, it is
impossible to infer causation. Yet, an association of obesity and
insulin in women with PCOS is well described (Dunaif et al., 1987;
Linné, 2004; Bhatia, 2005), raising this possible diagnosis for further
study in Samoan women.
PCOS is defined by anovulatory menstrual cycles with either polycystic ovary morphology on ultrasound or biochemical or clinical
hyperandrogenism (Fauser and Laven, 2004; Rotterdam ESHRE/
ASRM-Sponsored PCOS consensus workshop group, 2004a,b).
Women in American Samoa and Samoa rarely have ovarian ultrasounds and data on clinical evidence of hirsutism were not available.
We therefore assessed serum androgens in this population. There is
no standard definition for biochemical hyperandrogenism in women
with PCOS. Hahn et al. (2007) showed that the FAI better discriminated PCOS than did TT or SHBG. As expected, a relatively high
BMI was associated with an increased FAI. The median FAI in
Samoan women with BMI values ,26 kg/m2 and regular menstrual
cycles were used to determine a cutoff value for what might constitute
hyperandrogenemia in this population. Although the FAI in Samoan
women did not differ based on menstrual cycle history, most (67%)
showed comparatively high androgen levels. Moreover, 12.6% (27/
215) of those with high androgen levels also had OM/AM; this combination is suggestive of PCOS. Further study of the normal distribution of serum androgen levels in the Samoan women is required,
as ethnic variation in normative data has been reported (Williamson
et al., 2001).
Numerous recent studies suggest that serum levels of the glycoprotein MIS may be used as an indirect biomarker for polycystic
ovaries, through a close relationship with ovarian antral follicle count
(de Vet et al., 2002; Pigny et al., 2003; Laven et al., 2004; Fiçicioglu
et al., 2006; Nakhuda et al., 2006; Codner et al., 2007). Most
studies show elevated serum MIS levels in women suffering from
PCOS (Pigny et al., 2003; Laven et al., 2004; Mulders et al., 2004; Piltonen et al., 2005; Codner et al., 2007; Piouka et al., 2009), reflecting
impaired follicle development and ovulation (higher retention of small
follicles). We found no difference in mean MIS levels between regularly
menstruating Samoans and those self-reporting OM/AM. Yet, MIS
levels in the present study (mean ¼ 2.1 ng/ml) were between those
expected in women with PCOS and those with regular cycles (Pigny
et al., 2003; Laven et al., 2004; Mulders et al., 2004; Piltonen et al.,
2005; Codner et al., 2007; Freeman et al., 2007; Piouka et al., 2009).
The high BMI characterizing the sample (mean ¼ 33.62 kg/m2)
is greater than the criterion for obesity, even after adjusting to the
Polynesian scale, and represents a BMI distribution unlike that found
in any previous study of MIS. Since BMI has a profound negative
relationship with serum MIS (Freeman et al., 2007; Su et al., 2008),
a blunted effect on MIS might be expected in the very obese
Samoan women. Other possible factors influencing MIS levels in
Samoan women are ethnic variation (Seifer et al., 2009) or the
extent of PCOS, since mild cases are associated with relatively small
increases in serum MIS (Laven et al., 2004). Lastly, age is a covariate
of serum MIS, with levels declining as women get older. Of interest,
there was an interaction of age and menstrual cycle regularity in the
present study. Women reporting irregular cycles had a slower rate
of decline in MIS, consistent with the possibility of anovulatory PCOS.
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