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Abstract
Background: Premenstrual syndrome (PMS) is reported by up to 85% of women of reproductive age. Although several studies have
focused on the hormone and lipid profiles of females with PMS, the results are controversial.
Objectives: This study was designed to investigate the association of hormonal and metabolic factors with PMS among Iranian
women of reproductive age.
Materials and Methods: This study was a community based cross-sectional study. Anthropometric measurements, biochemical
parameters, and metabolic disorders were compared between 354 women with PMS and 302 healthy controls selected from among
1126 women of reproductive age who participated in the Iranian PCOS prevalence study. P values < 0.05 were considered significant.
Results: Prolactin (PRL) and triglycerides (TG) were significantly elevated in women with PMS, whereas their testosterone (TES), high
density lipoprotein (HDL) and 17-hydroxyprogesterone (17-OHP) levels were significantly less than they were in women without the
syndrome (P < 0.05). After adjusting for age and body mass index (BMI), linear regression analysis demonstrated that for every one
unit increase in PMS score there was 12% rise in the probability of having metabolic syndrome (P = 0.033).
Conclusions: There was a significant association between PMS scores and the prevalence of metabolic syndrome. Further studies
are needed to confirm and validate the relationships between lipid profile abnormalities and metabolic disorders with PMS.
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1. Background
Premenstrual syndrome (PMS) is a set of somatic and
psychological symptoms which occur during the luteal
phase of the menstrual cycle (1). Up to 85% of women of
reproductive age report experiencing one or more of the
symptoms of PMS (2) and approximately 5% suffer from a
severe form of PMS called premenstrual dysphoric disorder (PMDD) (3).
The exact cause of PMS still remains unclear and many
factors are supposed to contribute to the condition; therefore, it has been proposed that PMS is a multicausal problem (4). According to the neurobiological data on the
subject, the activities of the neurotransmitter system are
mainly affected by gonadal steroids. Through this process,
estrogens, progestins, and androgens may be indirectly
implicit in the development of depression (5, 6).
Although several studies have focused on the hormone

and lipid profiles of women with PMS, they report findings that are controversial. For example, several studies that have assessed the connection between PMS and
testosterone levels, present findings that conflict (7, 8).
Similarly, there is also disagreement over the association
between prolactin (PRL) levels and PMS; while BenedekJaszmann and Hearn-Sturtevant reported higher levels of
PRL in women with PMS (9), Backstrom and Aakvaag failed
to find any association (10). There are also conflicting
data on the mean concentration of cholesterol among
women with and without PMS (11). By conducting epidemiological and clinical studies, many researchers have uncovered conflicting results regarding the association between estradiol (E2), follicle-stimulating hormone (FSH),
testosterone (T), dehydroepiandrosterone (DHEA), and dehydroepiandrosterone sulfate (DHEA-S) levels and depression (12-15).
To date, few studies have evaluated the association be-
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tween hormonal and metabolic factors and PMS. Most of
the results were restricted by their small sample size, inappropriate inclusion criteria for women with PMS, and
by their comparison of a limited number of variables between the two groups of women, both with and without
PMS (10, 16). Hence, it seems to be necessary to conduct a
comprehensive community based study.

2. Objectives
As a result, in the present study we aimed to investigate
the association of hormonal and metabolic factors with
PMS among Iranian women of reproductive age.

3. Materials and Methods
3.1. Subjects
The subjects of this study were selected from among
the participants in the Iranian PCOS prevalence study
which was a community based cross-sectional study of
1026 women, aged 18 - 45 years, conducted between 2009
- 2010 (17). The eligible women were invited to participate
in a comprehensive interview and their blood pressure,
anthropometric, hormonal, and metabolic measurements
were documented.
Data were completed for all but 97 women who did not
come to the clinics and 19 participants whose hormonal
and metabolic profiles were unavailable. We also excluded
women who were using antidepressants (n = 34), oral contraceptive pills (n = 151), or taking hormonal medication for
irregular menses. Furthermore, those women who were
pregnant at the time of the study (n = 43) and menopausal
women (n = 37) were also excluded. Finally, after the exclusion of the women who did not meet our inclusion criteria,
656 women were enrolled in the study.
The American college of obstetricians and gynecologists’ (ACOG) criteria were used to diagnose PMS. According to these criteria, the women needed to experience at
least one of each of the following affective symptoms (depression, angry outbursts, irritability, anxiety, confusion,
social withdrawal) and one somatic symptom (breast tenderness, abdominal bloating, headache, swelling of extremities) during the five days before menses in order to
be diagnosed as having PMS. Each symptom must appear
in three consecutive menstrual cycles and be scored on a
scale of 1 (low intensity), 2 (moderate intensity) and 3 (severe intensity). The sum of the PMS score ranges from 2 to
30. Using these criteria, our study participants were categorized into two groups: women with PMS (n = 354) and
those without PMS (n = 302).
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All the participants underwent clinical examinations,
where their body weight, height, waist and hip circumferences, and blood pressure were measured by trained staff.
Height and weight were also measured with the subjects
wearing light clothes but without shoes, using standard
apparatus.
Weight was measured to the nearest 0.1 kg on a calibrated beam scale. Height and waist circumferences (WC)
were measured to the nearest 0.5 cm using a measuring
tape. The waist was measured midway between the lower
rib margin and the iliac crest, after a gentle expiration.
Body mass index (BMI) was calculated by dividing a participant’s weight in kilograms by their height in meters
squared (kg/m2 ). A blood sample that was used to determine biochemical measurements was taken from each
subject on the second or third day of their menstrual cycle, after 12 hours of overnight fasting. Blood samples were
collected in EDTA treated test tubes. Written informed consent was obtained from all participants before study entry.
3.2. Laboratory Measurements
17-hydroxyprogesterone (17OH-P), total testosterone
(TT) and androstenedione (A4) were measured by enzyme
immunoassay (EIA), (Diagnostics Biochem Canada Inc., Ontario, Canada). Sex hormone-binding globulin (SHBG) was
measured by immunoenzymometric assay (IEMA), (Mercodia, Uppsala, Sweden). All ELISA tests were performed using a Sunrise ELISA reader (Tecan Co., Salzburg, Austria).
Luteinizing hormone (LH), follicle stimulating hormone (FSH), prolactin (PRL), and thyroid stimulating hormone (TSH) were measured by immunoradiometric assay (IRMA) (Izotop, Budapest, Hungary) using a gamma
counter (Wallac Wizard, Turku, Finland).
It has been shown that in women, the free androgen
index (FAI) has a good correlation with free testosterone
measured by a physical separation method (18); therefore,
in this study the FAI was calculated by using the formula:

FAI =

TT(nmol/L)
× 100
SHBG(nmol/L)

(1)

The intra- and inter-assay coefficients of variation for
TT were 5.6% and 6.6%; for SHBG, 1.2% and 5.7%; for A4, 2.2%
and 3.5%; for LH, 3% and 5.8%; for FSH, 3.5% and 4%; for TSH,
1.7% and 3.4%, and for PRL, they were 2.1% and 4.1%, respectively.
3.3. Definition
According to the ACOG practice guidelines for the diagnosis of PMS, one or more of the disturbing affective
or somatic symptoms must have occurred in the five days
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before menses in each of three previous menstrual cycles. Metabolic syndrome, based on the joint interim statement (JIS) definition, was considered to be the presence of
any three of the following five risk factors (19): WC ≥ 95
(country-specific cutoff point for Iranians (20), HDL < 50,
SBP ≥ 130 or DBP ≥ 85, TG ≥ 150 and FBS ≥ 100.
According to the sixth report of the joint national committee (JNC-VI) criteria, hypertension or high BP was defined as mean SBP _140 mmHg, mean DBP _90 mmHg, or
applied to a person undergoing current treatment for hypertension with prescription medication (21). Based on
the American diabetes association’s (ADA) definition of diabetes, participants who met the following criteria were
considered to be diabetic: 1) using anti-diabetic drugs or
with fasting blood sugar (FBS) of _7 mmol/L or 2-h plasma
glucose (2hPG) _11.1 mmol/L; 2) those with 2hPG between
7.77 and 11.1 mmol/L were defined as IGT, and; 3) FBS between
5.6 - 6.9 mmol/L was defined as impaired fasting plasma
glucose (IFG) (10, 22). Based on ATP II, dyslipidemia was
defined as TC _240 mg/dL or LDL _160 mg/dL or TG _200
mg/dL or HDL < 35 mg/dL (23).
Biochemical hyperandrogenism was detected by FAI
and/or A4 levels above the upper 95th percentile for the 362
women studied who were not on any hormonal medication and had no clinical evidence of hyperandrogenism,
ANOVU, or PCO. Specifically, the upper normal limits for total T were = 0.88 ng/mL, A4 = 2.3 ng/mL, and FAI = 5.47.
3.4. Statistical Analysis
Continuous variables were checked for normality using the one-sample Kolmogorov-Smirnov test, and expressed as mean, standard deviation, and/or median (IQ:
25 - 75), as appropriate. Correlations between hormone
concentrations and premenstrual syndrome scores were
checked using the Pearson correlation. Linear regression
(forward method) was used to identify the association
between PMS scores and metabolic disorders (dependent
variable) after adjustment for age and BMI. The data analysis was performed using the SPSS 15.0 PC package (SPSS Inc.,
Chicago, IL).

4. Results
The demographic characteristics of the women who
did not complete the questionnaire or those without hormonal measurements available did not significantly differ
from those who completed the study procedure (data has
not been presented). The mean age of the participants was
32.9 years. Approximately 75% of them were married and
72% were housewives. According to our findings, the education levels in women with PMS were significantly higher
Int J Endocrinol Metab. 2016; 14(2):e28422.

than those without the condition. However, there was
no significant association between PMS and other demographic characteristics. Table 1 demonstrates some of the
demographic, reproductive, and anthropometric characteristics of the studied women, as divided into two groups,
i.e. women with PMS and those without it.
Table 2 shows a comparison of the hormonal,
metabolic, and lipid profiles of women with and without PMS. Our results suggest that there was a significant
increase in PRL and TG among women with PMS, whereas
TES, HDL and 17OH-P were significantly decreased when
compared to women without PMS. Mean PRL and TES
for women with PMS were 18.5 and 0.58, respectively,
whereas for the controls these values were 16.3 and 0.67,
respectively (P < 0.05). The mean serum levels of TG, HDL
and 17OH-P for women with and without PMS were 147.3,
44.2, and 1.8 versus 128.2, 46.3, and 2, respectively. Using
ANCOVA, we compared all the above variables between the
two groups in order to adjust for age and BMI; the results
of the t-test analysis were not significantly different.
The results of the Pearson correlation analysis showed
that T4, PRL, TES, and 17OH-P had significant correlations
with PMS scores among the affected women (P < 0.05).
Other variants, including serum levels of TSH, LH, SHBG,
HDL, TG, insulin, FBS, LDL, CHL, systolic BP, diastolic BP,
LH/FSH, FAI, and A4 were not significantly correlated with
PMS. After adjusting for age and BMI, using partial correlation the results remained unchanged.
After adjusting for age and BMI, a linear regression
analysis demonstrated a significant association between
PMS scores and the prevalence of metabolic syndrome (P
= 0.033). According to our findings, for every one unit increase in PMS score there was a 12% increase in the probability of having metabolic syndrome. Using a linear regression analysis we found a non-significant association
between PMS scores and other metabolic disorders, such as
diabetes, hyperandrogenism, dyslipidemia, hypertension,
and hypothyroidism (Table 3).
5. Discussion
In the present study, we assessed a wide range of hormones and metabolites in order to establish their associations with PMS. The association found between lower TT
levels and PMS in the present study contradicts the findings of Bloch et al.’s study (7) which indicated significantly
lower TT and free T levels in women with PMS. However,
Eriksson et al. (16) and Backstrom and Aakvaag (10) discussed the contrary. It has been found that low testosterone in women can cause a number of physical and emotional symptoms, including depression, loss of sexual desire, and declining libido (24-26). Despite there being a
3
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Table 1. Demographic, Reproductive, and Anthropometric Characteristics of Women With and Without Premenstrual Syndrome
Premenstrual Syndromea

Variables

P Valueb

Positive

Negative

34.2 ± 7.5

33.8 ± 7.7

0.58

Education, y

9.5 ± 4.2

8.3 ± 4.6

0.003

Marriage age, y

20.0 ± 3.3

8.3 ± 4.6

0.51

Age, y

Number of pregnancies

2.7 ± 1.4

1.9 ± 3.2

0.75

Number of parity

2.4 ± 1.3

2.8 ± 1.6

0.86

Number of abortions

0.33 ± 0.5

0.34 ± 0.89

0.86

Menstrual intervals, d

29.0 ± 11.9

28.4 ± 4.3

0.53

27.8 ± 5.4

26.7 ± 4.9

0.01

Waist circumference, cm

85.9 ± 12.2

84.9 ± 12.01

0.3

Systolic BP, mmHg

108.1 ± 14.2

108.8 ± 12.6

0.46

Diastolic BP, mmHg

69.1 ± 11.2

69.3 ± 10.3

2

Body mass index, kg/m

More than 3000000

69

66.2

Less than 3000000

31

33.8
0.51

Marital status
Married

92.5

82.1

7.5

17.9

Housewife

72

76.7

Employed

28

23.3

Never married

0.72
0.06

Income status, Rials

0.25

Job status

a

The values are expressed as mean ± SD except income, marital and job statuses that are presented as %.
Comparison carried out using t-tests or χ2 tests for continuous and categorical variables, respectively. P values of less than 0.05 were considered statistically significant
in both tests.

b

limited number of studies concerning the effects of testosterone on mood, the results show that testosterone treatment per se, or with estrogen, improves mood in women
(27).
We observed significantly lower 17-OHP levels among
women with PMS which are findings that contradict those
of Eriksson et al. (16) who assessed women with PMS during
the luteal phase and reported higher 17-OHP levels when
compared to age-matched controls; these differences may
be explained by the difference in the age of the subjects and
the effects of age on hormone levels.
The present study demonstrated that the serum PRL
level is significantly higher in women with PMS, which is a
finding that is in line with previous studies (9, 28). By contrast, another study (10) reported that the mean plasma
prolactin level among 15 women affected with PMS was not
significantly different from that of the 17 women in the
control group; it appears that because of the small sample size, the researchers found no association between PRL
4

and PMS. Prolactin plays an indirect role in premenstrual
syndrome and may cause renal retention of water, sodium,
and potassium, and it interacts with lithium. Prolactin can
also interact with ovarian hormones to cause symptoms of
depression, anxiety, or irritable hostility (29).
The data report higher levels of total cholesterol in
women with PMS with no significant alteration in TG and
HDL (11); conversely, our data showed higher TG and lower
HDL levels. In addition, we uncovered a significant association between PMS scores and metabolic syndrome. To
our knowledge, this is the first study examining the association of metabolic disorders in Iranian women with PMS.
Several studies have demonstrated that depression is significantly associated with metabolic syndrome; for example, Raikkonen et al. (8) demonstrated that psychosocial
factors predict the risk of developing metabolic syndrome.
Interestingly, Skilton et al. (30) also suggest that there is an
association between metabolic syndrome and higher rates
of depression. Since depression is one of the main criteInt J Endocrinol Metab. 2016; 14(2):e28422.
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Table 2. Comparison of Hormonal, Metabolic, and Lipid Profiles Between Women With and Without Premenstrual Syndrome
Premenstrual Syndromea

Variables

Positive (n = 354)

Negative (n = 302)

3.4 ± 2.8

3.4 ± 3.3

Thyroid stimulating hormone, mIU/L

P Valueb

0.72

Thyroxine, µg/dL

8.0 ± 1.8

8.1 ± 2.0

0.59

Prolactin, ng/mL

18.5 ± 14.1

16.3 ± 12.4

0.03

Luteinizing hormone, mIU/mL

5.2 ± 3.6

5.5 ± 5.0

0.47

Follicle stimulating hormone, mIU/mL

7.7 ± 6.1

7.5 ± 5.6

0.75

Luteinizing hormone/follicle stimulating hormone ratio
Total testosterone, ng/mL
17-hydroxyprogesterone, ng/mL

0.83 ± 0.7

1.14 ± 5.7

0.29

0.58 ± 0.29

0.67 ± 0.4

0.002

1.8 ± 1.0

2.0 ± 1.2

0.04

3.5 ± 2.5

3.9 ± 2.8

0.07

Androstenedione, ng/mL

1.5 ± 0.60

1.6 ± 0.6

0.13

Sex hormone binding globulin, µg/dL

66.4 ± 25.1

67.2 ± 24.3

0.66

8.5 ± 6.3

8.2 ± 6.8

0.56

2.1 ± 2.02

2.03 ± 2.9

0.7

Free androgen index

Insulin, µU/mL
Homeostasis model assessment-insulin resistance, mol × µU/L

2

Fasting blood sugar, mg/dL

88.3 ± 20.4

88.1 ± 24

0.90

Triglycerides, mg/dL

147.3 ± 99.6

128.2 ± 77.9

0.006

Low-density lipoprotein, mg/dL

109.7 ± 34.5

106.8 ± 31.2

0.25

Cholesterol, mg/dL

183.4 ± 40.2

178.8 ± 36.4

0.12

High-density lipoprotein, mg/dL

44.2 ± 12.9

46.3 ± 13.4

0.04

a
b

The values are expressed as mean ± SD.
Comparison between means was made using a t-test. P values < 0.05 were considered statistically significant.

Table 3. Summary of the Linear Regression Analysis for Variables Predicting Premenstrual Syndromez a , b

Variables

Beta Coefficients

95% CI for Beta

P Value

Total score of PMS

0.123

0.099 - 0.211

0.033

BMI (kg/m2 )

0.087

0.064 - 0.197

0.014

Age, y

0.033

0.010 - 0.051

0.043

Abbreviations: BMI, body mass index; CI, confidence interval; PMS, premenstrual syndrome.
a 2
R = 0.002 and adjusted R2 = -0.001.

ria of diagnosing PMS, it can be speculated that PMS and
metabolic syndrome are associated.
According to the data produced by this study, there was
no significant association between insulin levels and PMS,
which is a consonant result with that of Zarei et al. (31).
Eriksson et al. (16) found no significant difference between
PMS cases and controls in SHBG levels, which was also consistent with our findings.
One of the strengths of our study was the large crosssectional community based sample that it used. Since
most similar studies have focused on the small number
of variants that contribute to PMS disorders, we were able
Int J Endocrinol Metab. 2016; 14(2):e28422.

to investigate a broad range of anthropometric parameters and hormone levels in order to determine the independent association between endogenous hormones and
metabolic parameters in multivariate analyses. However,
a potential limitation that must be recognized is that we
used HOMA-IR as a surrogate marker for assessing insulin
resistance (IR); in spite of the good correlation between
HOMA-IR and gold standard clamp methods, it might be
inaccurate in women with PCOS. Moreover, we did not
measure free testosterone due to our inability to access a
proper method for its measurement. However, we calculated the FAI using Equation 1 it has been shown that FAI

5
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correlates with free testosterone as measured by the physical separation method in women, which is the same as calculated free testosterone (17).
In conclusion, we found a significant association between PMS scores and the prevalence of metabolic syndrome. Moreover, we observed higher levels of PRL and
lower levels of TES, OHP-17, TG, and HDL among women
with PMS, when compared to women without the syndrome. Further studies are needed to confirm and validate
the relationships between lipid profile abnormalities and
metabolic disorders with PMS.
Acknowledgments
We are indebted to each of the study participants for
the substantial time and effort that they contributed to
this study. Similarly, the research staff in the provincial
health departments of Qazvin, Golestan, Kermanshah and
Hormozgan should also be acknowledged for their assistance. Our special thanks are extended to Ms. N. Shiva for
her critical editing of the English grammar and syntax of
the manuscript. The authors also wish to thank the national council for scientific research of Iran for its approval
and funding of this national research project.
Footnotes
Authors’ Contribution: Somayeh Hashemi and Fahimeh
Ramezani Tehrani participated in the study design, data
analysis, and drafting of this manuscript. Similarly,
Nader Mohammadi and Marzieh Rostami Dovom helped
with the data collection, data analysis, and drafting of
the manuscript. Masumeh Simbar and Fereidoun Azizi contributed to the study design and drafting of the
manuscript.
Financial Disclosure: The authors have no financial ties
to any of the biotechnology manufacturers, pharmaceutical companies, or commercial entities that are discussed in
this paper.
References
1. Johnson SR. Premenstrual syndrome, premenstrual dysphoric disorder, and beyond: a clinical primer for practitioners. Obstet Gynecol. 2004;104(4):845–59. doi: 10.1097/01.AOG.0000140686.66212.1e.
[PubMed: 15458909].
2. Angst J, Sellaro R, Merikangas KR, Endicott J. The epidemiology
of perimenstrual psychological symptoms. Acta Psychiatr Scand.
2001;104(2):110–6. [PubMed: 11473504].
3. Wittchen HU, Becker E, Lieb R, Krause P. Prevalence, incidence and stability of premenstrual dysphoric disorder in the community. Psychol
Med. 2002;32(1):119–32. [PubMed: 11883723].
4. Pietri P, Vyssoulis G, Vlachopoulos C, Zervoudaki A, Gialernios T, Aznaouridis K, et al. Relationship between low-grade inflammation
and arterial stiffness in patients with essential hypertension. J Hypertens. 2006;24(11):2231–8. doi: 10.1097/01.hjh.0000249701.49854.21.
[PubMed: 17053545].

6

5. McEwen BS, Alves SE. Estrogen actions in the central nervous system.
Endocr Rev. 1999;20(3):279–307. doi: 10.1210/edrv.20.3.0365. [PubMed:
10368772].
6. Golden RN, Gilmore JH. Serotonin and mood disorders. Psych Ann.
1990;20(10):580–6.
7. Bloch M, Schmidt PJ, Su TP, Tobin MB, Rubinow DR. Pituitaryadrenal hormones and testosterone across the menstrual cycle in
women with premenstrual syndrome and controls. Biol Psychiatry.
1998;43(12):897–903. [PubMed: 9627744].
8. Raikkonen K, Matthews KA, Kuller LH. Depressive symptoms and
stressful life events predict metabolic syndrome among middle-aged
women: a comparison of World Health Organization, Adult Treatment Panel III, and International Diabetes Foundation definitions.
Diabetes Care. 2007;30(4):872–7. doi: 10.2337/dc06-1857. [PubMed:
17392548].
9. Benedek-Jaszmann LJ, Hearn-Sturtevant MD. Premenstrual tension and functional infertility. Aetiology and treatment. Lancet.
1976;1(7969):1095–8. [PubMed: 57506].
10. Backstrom T, Aakvaag A. Plasma prolactin and testosterone during
the luteal phase in women with premenstrual tension syndrome. Psychoneuroendocrinology. 1981;6(3):245–51. [PubMed: 7197377].
11. Cheng SH, Shih CC, Yang YK, Chen KT, Chang YH, Yang YC. Factors associated with premenstrual syndrome - a survey of new female university students. Kaohsiung J Med Sci. 2013;29(2):100–5. doi:
10.1016/j.kjms.2012.08.017. [PubMed: 23347812].
12. Freeman EW, Sammel MD, Lin H, Nelson DB. Associations of hormones and menopausal status with depressed mood in women with
no history of depression. Arch Gen Psychiatry. 2006;63(4):375–82. doi:
10.1001/archpsyc.63.4.375. [PubMed: 16585466].
13. Woods NF, Smith-DiJulio K, Percival DB, Tao EY, Mariella A,
Mitchell S. Depressed mood during the menopausal transition and early postmenopause: observations from the Seattle
Midlife Women’s Health Study. Menopause. 2008;15(2):223–32. doi:
10.1097/gme.0b013e3181450fc2. [PubMed: 18176355].
14. Gallicchio L, Schilling C, Miller SR, Zacur H, Flaws JA. Correlates of depressive symptoms among women undergoing the
menopausal transition. J Psychosom Res. 2007;63(3):263–8. doi:
10.1016/j.jpsychores.2007.02.003. [PubMed: 17719363].
15. Barrett-Connor E, von Muhlen D, Laughlin GA, Kripke A. Endogenous levels of dehydroepiandrosterone sulfate, but not other sex hormones, are associated with depressed mood in older women: the
Rancho Bernardo Study. J Am Geriatr Soc. 1999;47(6):685–91. [PubMed:
10366167].
16. Eriksson E, Sundblad C, Lisjo P, Modigh K, Andersch B. Serum levels of androgens are higher in women with premenstrual irritability
and dysphoria than in controls. Psychoneuroendocrinology. 1992;17(23):195–204. [PubMed: 1438645].
17. Tehrani FR, Simbar M, Tohidi M, Hosseinpanah F, Azizi F. The prevalence of polycystic ovary syndrome in a community sample of Iranian
population: Iranian PCOS prevalence study. Reprod Biol Endocrinol.
2011;9:39. doi: 10.1186/1477-7827-9-39. [PubMed: 21435276].
18. Rosner W, Auchus RJ, Azziz R, Sluss PM, Raff H. Position statement: Utility, limitations, and pitfalls in measuring testosterone:
an Endocrine Society position statement. J Clin Endocrinol Metab.
2007;92(2):405–13. doi: 10.1210/jc.2006-1864. [PubMed: 17090633].
19. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,
et al. Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the
Study of Obesity. Circulation. 2009;120(16):1640–5. doi: 10.1161/CIRCULATIONAHA.109.192644. [PubMed: 19805654].

Int J Endocrinol Metab. 2016; 14(2):e28422.

Hashemi S et al.

20. Azizi F, Khalili D, Aghajani H, Esteghamati A, Hosseinpanah F, Delavari
A, et al. Appropriate waist circumference cut-off points among Iranian adults: the first report of the Iranian National Committee of
Obesity. Arch Iran Med. 2010;13(3):243–4. [PubMed: 20433230].
21. Lloyd-Jones DM, Evans JC, Larson MG, O’Donnell CJ, Wilson PW, Levy D.
Cross-classification of JNC VI blood pressure stages and risk groups in
the Framingham Heart Study. Arch Intern Med. 1999;159(18):2206–12.
[PubMed: 10527298].
22. American Diabetes Association . Diagnosis and classification of diabetes mellitus. Diabetes Care. 2010;33 Suppl 1:S62–9. doi: 10.2337/dc10S062. [PubMed: 20042775].
23. Summary of the second report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II).
JAMA. 1993;269(23):3015–23. [PubMed: 8501844].
24. Rohr UD. The impact of testosterone imbalance on depression
and women’s health. Maturitas. 2002;41 Suppl 1:S25–46. [PubMed:
11955793].
25. Zarrouf FA, Artz S, Griffith J, Sirbu C, Kommor M. Testosterone
and depression: systematic review and meta-analysis. J Psychiatr
Pract. 2009;15(4):289–305. doi: 10.1097/01.pra.0000358315.88931.fc.
[PubMed: 19625884].

Int J Endocrinol Metab. 2016; 14(2):e28422.

26. McCoy NL, Davidson JM. A longitudinal study of the effects of
menopause on sexuality. Maturitas. 1985;7(3):203–10. [PubMed:
4079820].
27. Erdincler D, Bugay G, Ertan T, Eker E. Depression and sex hormones
in elderly women. Arch Gerontol Geriatr. 2004;39(3):239–44. doi:
10.1016/j.archger.2004.03.008. [PubMed: 15381342].
28. Halbreich U, Ben-David M, Assael M, Bornstein R. Serum-prolatic in
women with premenstrual syndrome. Lancet. 1976;2(7987):654–6.
[PubMed: 60517].
29. Carroll BJ, Steiner M. The psychobiology of premenstrual dysphoria: the role of prolactin. Psychoneuroendocrinology. 1978;3(2):171–80.
[PubMed: 568295].
30. Skilton MR, Moulin P, Terra JL, Bonnet F. Associations between
anxiety, depression, and the metabolic syndrome. Biol Psychiatry. 2007;62(11):1251–7. doi: 10.1016/j.biopsych.2007.01.012. [PubMed:
17553465].
31. Zarei S, Mosalanejad L, Ghobadifar MA. Blood glucose levels, insulin
concentrations, and insulin resistance in healthy women and women
with premenstrual syndrome: a comparative study. Clin Exp Reprod Med. 2013;40(2):76–82. doi: 10.5653/cerm.2013.40.2.76. [PubMed:
23875163].

7

