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ABSTRACT

Aims: We sought to determine if the frequency of reported physical or emotional premen-
strual symptoms (PMSx) was associated with (1) dietary intake of phytoestrogens, fiber, fat,
or calcium, (2) consumption of alcohol or caffeine, (3) active or passive smoke exposure or
lack of physical exercise, and (4) race/ethnicity or socioeconomic status.

Methods: A cross-sectional analysis was conducted of PMSx and demographic and lifestyle
factors reported at baseline in the multiethnic sample of 3302 midlife women in the Study of
Women’s Health Across the Nation (SWAN). Stepwise multiple logistic regression analyses
were performed for the overall sample and for each racial/ethnic group for each of five PMSx
groupings.

Results: Most dietary factors were not related to PMSx. Fat intake was negatively associ-
ated with craving and bloating (adjusted odds ratio [AOR] � 0.56, p � 0.024), and fiber intake
was positively associated with breast pain (AOR � 1.39, p � 0.037). Alcohol intake was neg-
atively associated with anxiety and mood changes (AOR � 0.63, p � 0.045) and headaches
(AOR � 0.50, p � 0.009). Current smoking (AOR � 1.60, p � 0.028) and passive smoke expo-
sure (AOR � 1.56, p � 0.050) were positively associated with cramps and back pain. Symp-
tom reporting differed significantly by race/ethnicity. PMSx were also associated with co-
morbidities, early perimenopausal status, depressive symptoms, and symptom sensitivity.
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INTRODUCTION

PREMENSTRUAL SYMPTOMS (PMSX) INCLUDE

mood, physical, and cognitive symptoms that
begin in the luteal phase of the menstrual cycle
and end with, or shortly after, the onset of men-
struation.1 The frequency, type, severity, and
combination of symptoms that comprise PMSx
vary.2 The most frequently reported symptoms
are irritability, depression, fatigue, water reten-
tion, weight gain, breast tenderness, headaches,
abdominal cramps, and mood swings.3 About
80% of women of reproductive age may experi-
ence premenstrual emotional and physical
changes,4 and about 50% of women seek medical
care for them,5–7 thus posing a large medical care
burden.

The etiology of PMSx appears to be related to
ovarian function, as suppression of ovarian hor-
mone secretion markedly attenuates PMSx,8 al-
though differences in ovarian steroid hormones
have not been consistently observed between
symptomatic and asymptomatic women. Several
biological, social, and behavioral factors have
consistently been positively associated with
PMSx, whereas demographic factors, education,
employment, and marital status have shown in-
consistent relationships.9 Younger age, less edu-
cation, and higher levels of perceived stress have
been reported to be risk factors for premenstrual
emotional symptoms.2,10 Physical inactivity,
smoking, caffeine intake, and a low intake of cer-
tain micronutrients (particularly calcium and vi-
tamin D) are potentially modifiable risk fac-
tors.10,11

Several dietary agents and changes in behav-
ioral and lifestyle factors have been recom-
mended for the management of PMSx, including
reducing or limiting intake of tobacco, chocolate,
caffeine, and alcohol; having small, frequent
meals high in complex carbohydrates; and taking
vitamin and mineral supplements.10 Calcium car-
bonate (1000–1200 mg daily) may improve affect
and alleviate water retention, food cravings, and
pain after three treatment cycles.10,11 High-fiber
diets reduce serum estrogen concentrations in

premenopausal women by altering the entero-
hepatic circulation of estrogens, leading to elim-
ination of estrogen in feces.12

Severe symptoms most commonly appear in
the late second decade9 and may be associated
with a history of major depressive and anxiety
disorders.13–15 Women usually seek healthcare
for PMSx in their mid- to late 30s.9 Thus, most
published work about the etiology of and risk fac-
tors for PMSx has focused on women under age
40, although, during the menopausal transition,
PMSx have been associated with menopausal
symptoms.16–19 Thus, identification of modifiable
factors related to PMSx during the menopause
transition might allow for the development of
prevention strategies and might help to improve
the quality of life of women during their midlife
years.

We undertook the present cross-sectional
analysis of PMSx among a racially diverse cohort
of midlife women to determine if frequency of re-
porting physical or emotional PMSx was associ-
ated with (1) dietary intake of phytoestrogens,
fiber, fat, or calcium, (2) consumption of alcohol
or caffeine, (3) exposure to active or passive
smoking or lack of physical exercise, and (4) de-
mographic characteristics, such as race/ethnicity
or socioeconomic status.

MATERIALS AND METHODS

Study population

This was a cross-sectional study, using data on
PMSx, health, reproductive, demographic, and
lifestyle factors from the baseline questionnaires
of the Study of Women’s Health Across the Na-
tion (SWAN), a longitudinal, multicenter, multi-
ethnic study of midlife women. SWAN is fol-
lowing a cohort of women (n � 3302 at baseline)
from five ethnic groups at seven clinical sites
located nationwide.20 Each site recruited com-
munity-based cohorts of Caucasians and one
non-Caucasian group: African Americans in
Pittsburgh, Boston, Detroit, Chicago; Hispanics
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Conclusions: We found little evidence to support a role for diet in PMSx reporting. How-
ever, alcohol intake was positively associated with premenstrual anxiety and mood changes,
and active and passive smoke exposure was associated with a number of PMSx. Ethnic dif-
ferences in symptom reporting and associations of comorbidities, early perimenopausal sta-
tus, depressive symptoms, and symptom sensitivity with reported PMSx were also observed. 



(Puerto Rican, Dominican, Cuban, Central and
South American) in Newark, New Jersey; Japan-
ese in Los Angeles; and Chinese in the Oakland,
California, area. Participants were eligible for in-
clusion in the cohort if they were aged 42–52
years and premenopausal or early perimeno-
pausal, had not undergone a hysterectomy or bi-
lateral oophorectomy, were not pregnant, and
were not using menopausal hormone therapy
(HT) or oral contraceptives at baseline. In addi-
tion, participants were required to be able to
speak English, Spanish, Cantonese, or Japanese
and to provide informed consent to participate
and comply with the study protocol. All instru-
ments and the study protocol were approved by
the institutional review boards at each site, and
signed, written informed consent was obtained
from all participants.

Data collection

All SWAN participants completed a self-ad-
ministered and interviewer-administered ques-
tionnaire at baseline.

Outcomes. The present analyses included data
from the baseline visit (administered during
1996–1997) at which participants indicated yes or
no in response to the following question for each
of eight symptoms: During the last year, have you
had any of the following during at least half of
your menstrual periods or in the week before
them? The eight symptoms included abdominal
cramps/pain, breast pain/tenderness, weight
gain/bloating, mood changes/suddenly sad, in-
crease in appetite or cravings, anxious/jittery/
nervous, back/joint/muscle pain, and severe
headaches. If a participant answered yes to any
one of the symptoms, she was also asked: Did
this/these characteristic(s) usually (more than
half of the time) disappear within 1–3 days after
your period started? Answering yes to this ques-
tion was used as the criterion for a symptom to
be considered premenstrual in the present multi-
variate analyses; those who answered no or don’t
know were excluded from multivariate analyses.

Independent variables. Usual dietary intake was
assessed using a modified 1995 Block Food Fre-
quency Questionnaire (FFQ)21,22 with 103 core
food items, based on responses of African Amer-
icans and Caucasians in the Second National
Health and Nutrition Examination Survey

(NHANES).21,23 Foods added for the Hispanic
version were identified from the Hispanic
HANES,24 and Japanese and Chinese foods were
added based on focus groups. Frequently con-
sumed sources of dietary phytoestrogens were
also included.25 Dietary intake of nutrients was
computed based on a food composition database
from U.S. Department of Agriculture (USDA)
data (www.nal.usda.gov/fnic/foodcomp/Data/SR18/
reports/sr18page.htm)26 linked to the food fre-
quency data. Because genistein and daidzein are
the largest components of phytoestrogen intake
and their intakes were highly correlated, final
analyses were performed only for genistein. Di-
etary intake of fat, fiber, and genistein were log
transformed for inclusion in the statistical mod-
els. Quartiles of dietary intake of calcium,
sodium, and calories and percent of calories from
carbohydrates and of consumption of caffeine in
milligram equivalents of cups of coffee were in-
cluded as categorical variables. Servings per
week of alcoholic beverages were analyzed as
none, �1, and �1 (one serving � 12 oz. beer, 5
oz. wine, or 1.5 oz hard liquor).

Active smoking status was assessed by stan-
dard questions.27 Passive smoke exposure was as-
sessed by the validated instrument of Coghlin et
al.28 Physical activity was measured by a com-
posite score based on the Kaiser Permanente Ac-
tivity Score,29 a modification of the Baecke scale30

assessing three domains: sports, leisure, and
household activities. Race/ethnicity was self-
identified as Caucasian, African American, His-
panic, Chinese, or Japanese and included both
U.S.-born and foreign-born women.

Covariates. Age at baseline was analyzed as a
continuous variable. Annual household income
was evaluated using a three-level categorical
variable based on tertiles of total income re-
ported. A binary categorical variable was used for
the proportion of women with a college educa-
tion.

Menopausal status at baseline was defined us-
ing a dichotomous variable: (1) premenopausal
(menstrual period in the prior 3 months with no
change in regularity of periods) or (2) early peri-
menopausal (menstrual period in the prior 3
months with change in regularity of periods)
without use of HT. Parity was self-reported and
analyzed as a categorical variable.

Comorbidity consisted of reporting of 1 or
more of 10 chronic health conditions (heart dis-
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ease, arthritis, high blood pressure, diabetes, high
cholesterol, stroke, anemia, migraines, angina,
and osteoporosis) during the past year and was
treated as a categorical variable. Weight and
height were measured using a calibrated balance
beam scale and stadiometer, respectively. Body
mass index (BMI) (weight in kilograms/(height
in meters)2) was computed and analyzed as a
four-level categorical variable: low (�18.5), nor-
mal (18.5–24.9), overweight (25–29.9), or obese
(�30). Use of five types of complementary and
alternative medicines (CAM) (nutritional, herbal,
psychological, physical, and folk) (yes/no) in the
past year was ascertained by questionnaire and
analyzed as a binary variable for each type and
for any vs. no use.

Social support was assessed by a summed scale
of how often four types of needed emotional and
instrumental supports were available, with re-
sponses ranging from 0 � none of the time to 4 �
all of the time.31 A measure of the symptom sen-
sitivity trait was measured at follow-up visit 01
using a summed score (degree of awareness of
loud noise, hot or cold, hunger, pain, and things
happening in one’s body, with responses ranging
from 1 � not at all true to 5 � extremely true)32

and analyzed dichotomously as at/above or be-
low 15, the median for the SWAN cohort. De-
pressive symptoms were assessed by the Center
for Epidemiologic Studies Depression (CES-D)33

scale (score �16 on a 20-item scale of the extent
to which each item was experienced in the pre-
vious week).

Statistical analysis

Women were excluded from analyses who
were missing data for any independent or de-
pendent variables (n � 120). Women were also
excluded who did not complete the FFQ (n � 12)
or reported consumption of an unreasonable
number of foods (�4 or �17 per day), skipped
more than 10 foods, or reported consumption of
�500 or �5000 calories per day (n � 157). Some
women met more than one exclusion criterion.
After these exclusions, 3013 remained; 2758 re-
mained in the multivariate analyses after also ex-
cluding those who answered no or don’t know to
whether the symptoms disappeared within 1–3
days after their menstrual period started. 

Descriptive statistics were computed using bi-
variate analyses for each symptom grouping and
each independent variable and each covariate.
Categorical variables were analyzed using chi-

square tests or Fisher’s exact test for comparison
of proportions, and t tests and ANOVA were
used for comparisons involving continuous vari-
ables. Unadjusted odd ratios (ORs) were com-
puted for each symptom by each independent
variable.

All eight symptoms underwent factor analyses
with Varimax rotations to determine appropriate
groupings of symptoms so that a parsimonious set
of outcome variables could be evaluated. To de-
termine whether to retain a particular symptom in
a symptom grouping, we used factor loadings of
0.40 or more. If items loaded on more than one fac-
tor, the item with the highest loading was retained.
Factors were accepted with an Eigen value of �1.0.
The five resulting PMSx groupings were (1) anxi-
ety/jitter/nervous and mood changes, (2) abdom-
inal cramps and back/joint/muscle pain, (3) 
increased appetite/craving and weight gain/
bloating, (4) breast pain/tenderness, and (5) head-
aches. Associations of the independent variables
with the total number of these five symptom
groupings (�3 vs. �3) were also estimated.

To assess potential confounding variables, we
calculated unadjusted ORs and stratum-specific
ORs for each racial/ethnic group (compared with
Caucasian), one variable at a time. To adjust si-
multaneously for confounding variables, multi-
ple logistic regression models were developed for
each PMSx grouping. Covariates that were asso-
ciated (at p � 0.1) in unadjusted analyses were
entered into stepwise multiple logistic regression
analyses for the overall sample and for each
racial/ethnic group for each PMSx grouping. In-
dependent variables were forced into all multiple
logistic regression models. Hosmer-Lemeshow
goodness of fit tests were performed for multiple
logistic regression models.

RESULTS

Most demographic and health characteristics of
the SWAN cohort differed significantly by
race/ethnicity at baseline, with the exception of
age and history of thyroid disease (Table (1).
African American and Hispanic women were sig-
nificantly less likely than the other racial/ethnic
groups to have a college education, be married or
in a committed relationship, be employed, have
annual household incomes �$75,000, have a BMI
�25, be nulliparous, have no comorbidities, and
have a CES-D score �16. Caucasian and Japan-
ese women had higher social support scores.
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Significant racial/ethnic differences were also
observed in lifestyle characteristics and dietary
intake reported at baseline (Table (2). African
American and Hispanic women were signifi-
cantly less likely to report use of CAMs or sup-
plements or to consume genistein. Caucasian and
Japanese women had higher physical activity, re-
ported the highest alcohol intake, and had the
highest sodium intake. Chinese women were the
least likely to be current smokers and to report
passive exposure to cigarette smoke.

PMSx reporting at baseline also differed sig-
nificantly by race/ethnicity (Table 3). Chinese
and Japanese women reported the lowest num-
ber of total symptoms and each of the individual
symptom groupings. Headache was the symp-
tom least reported by all racial/ethnic groups
(24.5%), and craving and bloating (80.4%) were
reported by the most women.

Adjusted results

The multiple logistic regression models are
shown in Table 4. All variables above comor-
bidities were forced into the models because they
pertained to our hypotheses, whereas those be-
low race/ethnicity only remained in the models
if they met the criteria for retention of covariates.
In large measure, the results did not support hy-
pothesized associations with dietary phytoestro-
gens, fiber, fat, or calcium or with consumption
of alcohol or caffeine. The only exceptions were
that (1) fat intake was modestly negatively asso-
ciated with premenstrual craving and bloating
(adjusted OR [AOR] � 0.56, p � 0.024), (2) fiber
intake was modestly positively associated with
premenstrual breast pain (AOR � 1.39, p �
0.037), (3) caffeine consumption was signifi-
cantly positively associated with premenstrual
anxiety and mood changes (but not in a monot-
onic dose-response), and (4) alcohol intake was
modestly negatively associated with premen-
strual anxiety and mood changes (AOR � 0.63,
p � 0.045) and more strongly negatively associ-
ated with headaches (AOR � 0.50, p � 0.009).
With the exception of caffeine, however, these
were not in the expected direction.

More consistent support was observed for our
third hypothesis, as current smoking (AOR �
1.60, p � 0.028) and passive smoke exposure
(AOR � 1.56, p � 0.050) were associated with
premenstrual cramps and back pain. Also, pas-
sive smoke exposure among former smokers was
associated with premenstrual anxiety and mood

changes (AOR � 1.54, p � 0.031), craving and
bloating (AOR � 2.40, p � 0.003), and number 
of symptoms reported (AOR � 1.55, p � 0.012).
Among never smokers, passive smoke expo-
sure was significantly associated with premen-
strual breast pain (AOR � 1.49, p � 0.009) and
headache (AOR � 1.64, p � 0.009). Physical ac-
tivity was only significantly positively associated
with premenstrual craving and bloating (AOR �
1.13, p � 0.01).

A number of significant racial ethnic differ-
ences were observed. Most significant racial/eth-
nic differences were observed for Chinese or
Japanese compared with Caucasian women for a
number of PMSx. Anxiety and mood changes
were reported significantly less by African Amer-
ican (AOR � 0.60, p � 0.001) and Japanese non-
English speaking (AOR � 0.39, p � 0.01) women.
Premenstrual cramps and back pain were re-
ported by significantly fewer English-speaking
Chinese women (AOR � 0.51, p � 0.008). Crav-
ing and bloating were reported significantly less
by non-English-speaking Chinese and Japanese
(AOR � 0.11, p � 0.001, and AOR � 0.20, p �
0.001, respectively) and significantly more by
English-speaking Japanese women (AOR � 2.95,
p � 0.014). More non-English-speaking Hispanic
women reported premenstrual headaches
(AOR � 1.95, p � 0.043).

Number of comorbidities was also significantly
positively associated with all PMSx groupings,
with the exception of breast pain, in a dose-re-
sponse fashion. Being early perimenopausal com-
pared with premenopausal was also significantly
positively related to all PMSx groupings. Pre-
menstrual anxiety and mood changes as well as
cramps and back pain decreased with increasing
age. Having depressive symptoms was positively
related to all symptom groupings but most sig-
nificantly to anxiety and mood changes and
headache. Increased symptom sensitivity score
was significantly associated with premenstrual
anxiety and mood changes (AOR � 1.82, p �
0.001) and cramps and back pain (AOR � 1.51,
p � 0.001) and modestly with breast pain (AOR �
1.26, p � 0.023). BMI �25 was significantly posi-
tively related to craving and bloating, whereas
BMI �18.5 was significantly negatively related.

DISCUSSION

Our findings provide little support for any re-
lation of dietary intake, with the exception of caf-

FACTORS ASSOCIATED WITH PREMENSTRUAL SYMPTOMS 645



T
A

B
L

E
1.

D
E

M
O

G
R

A
P

H
IC

A
N

D
H

E
A

L
T

H
C

H
A

R
A

C
T

E
R

IS
T

IC
S

B
Y

R
A

C
IA

L
/

E
T

H
N

IC
G

R
O

U
P

T
ot

al
A

fr
ic

an
 A

m
er

ic
an

C
au

ca
si

an
C

hi
ne

se
H

is
pa

ni
c

Ja
pa

ne
se

(n
 �

 3
01

3)
(n

 �
 8

36
)

(n
 �

 1
45

3)
(n

 �
 2

21
)

(n
 �

 2
67

)
(n

 �
 2

36
)

M
ea

n 
or

SD
 o

r
M

ea
n 

or
SD

 o
r

M
ea

n 
or

SD
 o

r
M

ea
n 

or
SD

 o
r

M
ea

n 
or

SD
 o

r
M

ea
n 

or
SD

 o
r

n
%

 
n

%
 

n
%

 
n

%
 

n
%

 
n

%
p

va
lu

e

D
em

og
ra

ph
ic

s
M

ea
n 

(S
D

) 
ag

e 
(y

ea
rs

) 
at

 b
as

el
in

e
45

.8
2.

69
45

.8
2.

67
45

.8
2.

7
46

.0
2.

59
45

.8
2.

75
46

.1
4

2.
7

0.
30

2
C

ol
le

ge
 o

r 
hi

gh
er

 e
d

uc
at

io
n 

(n
, %

)
13

02
43

.7
27

5
33

.3
77

0
53

.4
11

4
51

.6
27

10
.5

11
6

49
.2

�
0.

00
01

M
ar

ri
ed

/
co

m
m

it
te

d
 r

el
at

io
ns

hi
p 

(n
, %

)
23

25
77

.2
59

5
71

.2
11

52
79

.3
18

8
85

.1
18

5
69

.3
20

5
86

.9
�

0.
00

01
E

m
pl

oy
ed

 (
n,

 %
)

24
21

80
.5

65
9

79
.0

12
32

84
.8

20
0

90
.5

15
3

57
.7

17
7

75
.0

�
0.

00
01

A
nn

ua
l h

ou
se

ho
ld

 in
co

m
e 

(n
, %

)
�

0.
00

01
�

$3
5,

00
0

91
6

31
.2

33
0

41
.1

30
5

21
.2

44
20

.4
20

8
80

.6
29

13
.0

$3
5–

75
,0

00
12

03
41

.0
33

7
42

.0
64

4
44

.9
92

42
.6

39
15

.1
91

40
.8

�
$7

5,
00

0
81

6
27

.8
13

6
16

.9
48

6
33

.9
80

37
.0

11
4.

26
10

3
46

.2
In

te
rv

ie
w

 la
ng

ua
ge

 (
n,

 %
)

E
ng

lis
h

26
27

87
.2

83
6

10
0.

0
14

51
99

.9
14

2
64

.2
48

18
.1

15
0

63
.6

O
th

er
38

4
12

.8
0

0.
0

2
0.

14
79

35
.8

21
7

81
.9

86
36

.4
H

ea
lt

h
M

en
op

au
sa

l s
ta

tu
s 

(N
, %

)
Pr

em
en

op
au

sa
l

15
67

53
.3

41
2

50
74

2
52

.4
13

1
60

.1
14

2
57

.3
14

0
59

.8
0.

00
84

E
ar

ly
 p

er
im

en
op

au
sa

l
13

73
46

.7
41

2
50

67
4

47
.6

87
39

.9
10

6
42

.7
94

40
.2

B
M

I 
(k

g/
m

2 )
 (

n,
 %

)
�

18
.5

47
1.

58
5

0.
61

25
1.

74
4

1.
83

1
0.

38
12

5.
13

�
0.

00
01

18
.5

–2
4.

9
11

36
38

.2
14

7
18

.0
60

0
41

.7
16

2
74

.0
58

21
.8

16
9

72
.2

25
–2

9.
9

80
6

27
.1

24
5

30
.1

37
2

25
.8

43
19

.6
10

4
39

.1
42

18
.0

�
30

98
4

33
.1

41
8

51
.3

44
2

30
.7

10
4.

57
10

3
38

.7
11

4.
7

N
um

be
r 

of
 p

re
gn

an
ci

es
 (

n,
 %

)
N

on
e

33
4

11
.1

45
5.

38
23

2
16

.0
26

11
.8

7
2.

62
24

10
.2

�
0.

00
01

1–
3

16
48

54
.7

40
9

48
.9

83
0

57
.2

13
4

60
.6

12
1

45
.3

15
4

65
.2

4 
or

 m
or

e
10

30
34

.2
38

2
45

.7
39

0
26

.9
61

27
.6

13
9

52
.1

58
24

.6
N

um
be

r 
of

 c
om

or
bi

d
it

ie
s 

(n
, %

)
N

on
e

78
8

27
.1

14
0

17
.1

41
5

29
.8

94
44

.3
57

23
.1

82
35

.5
�

0.
00

01
1–

2
16

39
56

.4
46

6
56

.8
78

2
56

.1
10

6
50

.0
15

5
62

.8
13

0
56

.3
3�

47
7

16
.4

21
4

26
.1

19
7

14
.1

12
5.

66
35

14
.2

19
8.

23
H

av
in

g 
th

yr
oi

d
 d

is
ea

se
 (

n,
 %

)
30

0
10

.1
78

9.
44

15
9

11
.1

24
11

.2
25

9.
4

14
5.

96
0.

14
32

C
E

S-
D

 �
16

 (
n,

 %
)

73
9

24
.5

22
8

27
.3

32
8

22
.6

28
12

.7
11

7
43

.8
38

16
.1

�
0.

00
01

M
ea

n 
(S

D
) 

so
ci

al
 s

up
po

rt
 s

co
re

12
.3

4
3.

33
12

.2
3.

39
12

.7
3.

02
11

.9
3.

15
10

.8
7

4.
69

13
.0

7
2.

61
�

0.
00

01
Sy

m
pt

om
 s

en
si

ti
vi

ty
 s

co
re

 �
15

 (
n,

 %
)

11
65

44
.6

33
6

50
.6

55
8

42
.5

73
34

.4
97

48
.3

10
1

44
.7

0.
00

02



T
A

B
L

E
2.

L
IF

E
ST

Y
L

E
A

N
D

D
IE

T
A

R
Y

C
H

A
R

A
C

T
E

R
IS

T
IC

S
B

Y
R

A
C

IA
L
/

E
T

H
N

IC
G

R
O

U
P

T
ot

al
A

fr
ic

an
 A

m
er

ic
an

C
au

ca
si

an
C

hi
ne

se
H

is
pa

ni
c

Ja
pa

ne
se

(n
 �

 3
01

3)
(n

 �
 8

36
)

(n
 �

 1
45

3)
(n

 �
 2

21
)

(n
 �

 2
67

)
(n

 �
 2

36
)

M
ea

n 
or

SD
 o

r
M

ea
n 

or
SD

 o
r

M
ea

n 
or

SD
 o

r
M

ea
n 

or
SD

 o
r

M
ea

n 
or

SD
 o

r
M

ea
n 

or
SD

 o
r

C
ha

ra
ct

er
is

ti
c

n
%

 
n

%
 

n
%

 
n

%
 

n
%

 
n

%
p

va
lu

e

A
ny

 C
A

M
 u

se
 (

n,
 %

)
14

63
48

.7
32

4
39

.1
83

8
57

.8
10

2
46

.2
53

19
.8

14
6

61
.9

�
0.

00
01

M
ea

n 
to

ta
l p

hy
si

ca
l a

ct
iv

it
y 

sc
or

e 
(n

)
7.

68
1.

78
7.

34
1.

73
8.

07
1.

77
7.

29
1.

67
6.

75
1.

54
7.

87
1.

62
�

0.
00

01
C

ur
re

nt
 p

re
se

nt
 a

nd
 p

as
t 

sm
ok

in
g 

st
at

us
 (

n,
 %

)
N

ev
er

 s
m

ok
er

 a
nd

 n
o 

pa
ss

iv
e 

ex
po

su
re

88
4

29
.7

17
4

21
.3

32
1

22
.2

16
2

73
.3

12
6

48
.3

10
1

43
.4

�
0.

00
01

N
ev

er
 s

m
ok

er
, p

as
si

ve
 e

xp
os

ur
e 

�
m

ed
ia

n
49

7
16

.7
13

6
16

.7
27

6
19

.1
32

14
.5

20
7.

66
33

14
.2

N
ev

er
 s

m
ok

er
, p

as
si

ve
 e

xp
os

ur
e 

�
m

ed
ia

n
32

9
11

.0
12

8
15

.7
14

2
9.

81
11

4.
98

30
11

.5
18

7.
73

Fo
rm

er
 s

m
ok

er
, n

o 
pa

ss
iv

e 
ex

po
su

re
33

9
11

.4
75

9.
2

20
2

14
.0

10
4.

52
19

7.
28

33
14

.2
Fo

rm
er

 s
m

ok
er

 w
it

h 
an

y 
pa

ss
iv

e 
ex

po
su

re
42

0
14

.1
10

5
12

.9
27

2
18

.8
2

0.
9

22
8.

43
19

8.
15

C
ur

re
nt

 s
m

ok
er

51
0

17
.1

19
8

24
.3

23
5

16
.2

4
1.

81
44

16
.9

29
12

.4
D

ie
ta

ry
 v

ar
ia

bl
es

Su
pp

le
m

en
t 

U
se

 (
n,

 %
)

15
95

52
.9

40
5

48
.4

82
7

56
.9

11
5

52
.0

10
4

39
.0

14
4

61
.0

�
0.

00
01

M
ea

n 
(S

D
) 

L
og

 t
ra

ns
fo

rm
ed

 f
at

 (
g)

4.
11

0.
45

4.
2

0.
49

4.
12

0.
44

3.
97

0.
38

4.
03

0.
4

4.
01

0.
39

�
0.

00
01

M
ea

n 
(S

D
) 

Lo
g 

tr
an

sf
or

m
ed

 d
ie

ta
ry

 f
ib

er
 (

g)
 

2.
42

0.
45

2.
36

0.
47

2.
42

0.
44

2.
61

0.
42

2.
4

0.
43

2.
4

0.
4

�
0.

00
01

M
ea

n 
(S

D
) 

L
og

 t
ra

ns
fo

rm
ed

 g
en

is
te

in
 (

�
g)

 
2.

83
3.

49
1.

28
2.

22
2.

3
3

7.
86

1.
77

1.
31

2.
57

8.
59

1.
55

�
0.

00
01

M
ea

n 
(S

D
) 

%
 K

ca
l f

ro
m

 f
at

32
.8

7.
42

34
.1

7.
33

33
.0

7.
44

29
.0

6.
99

33
.4

1
7.

04
29

.9
4

6.
55

�
0.

00
01

M
ea

n 
(S

D
) 

%
 K

ca
l f

ro
m

 c
ar

bo
hy

d
ra

te
s 

50
.9

8.
31

51
.2

8.
62

50
.2

8.
02

54
.4

7.
92

49
.6

1
8.

9
52

.9
3

7.
37

�
0.

00
01

M
ea

n 
(S

D
) 

D
ie

ta
ry

 c
al

ci
um

 (
m

g)
75

1.
5

41
4.

6
67

4.
6

40
0.

6
82

7.
0

43
8.

4
68

8.
7

37
3.

7
74

2.
58

34
3.

0
62

8.
67

32
6.

4
�

0.
00

01
M

ea
n 

(S
D

) 
D

ie
t 

an
d

 s
up

pl
em

en
ta

ry
 c

al
ci

um
  

93
3.

4
53

8.
9

78
0.

9
47

6.
1

10
50

.9
57

0.
5

86
0.

3
51

0.
8

86
0.

16
43

6.
5

90
1.

84
51

5.
3

�
0.

00
01

(m
g)

M
ea

n 
(S

D
) 

V
it

am
in

 D
 (

IU
)

13
7.

2
10

5.
4

11
5.

8
91

.6
15

1.
7

11
5.

9
12

6.
6

99
.0

15
0.

9
81

.3
11

8.
21

97
.4

�
0.

00
01

M
ea

n 
(S

D
) 

T
ot

al
 c

al
or

ie
s

18
36

.9
67

6.
9

19
61

.2
80

7.
5

18
16

.2
62

2.
8

17
92

.1
62

1.
7

16
39

.6
54

8.
2

17
89

.7
59

3.
2

�
0.

00
01

M
ea

n 
(S

D
) 

So
d

iu
m

 (
m

g)
22

60
.1

89
7.

3
21

93
.2

96
4.

0
23

14
.5

86
5.

6
22

19
.1

92
2.

0
21

06
.4

73
2.

4
23

75
95

3.
5

2E
-0

4
W

ee
kl

y 
al

co
ho

l i
nt

ak
e 

(n
, %

)
N

on
e

14
88

49
.4

47
2

56
.5

56
8

39
.1

17
3

78
.3

13
6

50
.9

13
9

58
.9

�
1 

se
rv

in
ga

13
56

45
.0

33
4

39
.9

5
77

1
53

.1
44

19
.9

12
4

46
.4

83
35

.2
�

1 
se

rv
in

g
16

9
5.

61
30

3.
59

11
4

7.
85

4
1.

81
7

2.
62

14
5.

93
M

ea
n 

(S
D

) 
C

af
fe

in
e 

(m
g)

24
1.

0
23

5.
6

20
0.

0
22

7.
1

27
9.

2
25

6.
5

16
5.

6
17

4.
1

21
2.

55
16

4.
7

25
3.

48
20

3.
5

a O
ne

 s
er

vi
ng

 �
12

 o
z.

 b
ee

r,
 5

 o
z.

 w
in

e,
 o

r 
1.

5 
oz

. h
ar

d
 li

qu
or

.



premenstrual cramps and back pain. These re-
sults agree in general with one report of a dose-
dependent relation between caffeine and PMSx in
which ORs ranged from 1.3 for consumers of 1
cup of a caffeine-containing beverage per day and
increased steadily to 7.0 for consumers of 8–10
cups per day.42 However, another study reported
no significant difference by total caffeine intake
or by the individual caffeinated beverages con-
sumed during either the postmenstrual or the
premenstrual period.41

We postulated, but did not observe, that PMSx
would be associated with dietary intakes of genis-
tein (a phytoestrogen of the isoflavone class), fiber,
or calcium. Phytoestrogens occur in plants and
plant products (legumes, grains, nuts, and fiber-
rich foods), are functionally and structurally simi-
lar to 17-beta estradiol (isoflavones), and may in-
fluence or interfere with estrogen receptors and
reproductive processes, alter the pattern of syn-
thesis and metabolism of endogenous estrogen,
and modify hormone receptor values.12 Endoge-
nous estrogen levels and progesterone levels in the
luteal phase are inversely related to soy intake.43,44

Dietary fiber enhances the excretion of endoge-
nous estrogens and speeds up intestinal transit,
which may lower serum estrogen concentrations,45

which may prevent its metabolites from being ab-
sorbed back into the bloodstream, possibly leading
to a reduction in PMSx. In our results, however,
fiber intake was positively associated with breast
pain, contrary to this hypothesis.

Calcium supplementation may reduce physical
and emotional symptoms.8,46 Estrogen regulates
calcium metabolism, intestinal calcium absorption,
and parathyroid gene expression and secretion,
triggering fluctuations across the menstrual cycle.8

The symptoms of hypocalcaemia are similar to
PMSx (cramps, abnormal nerve impulses), and a
recent analysis from the Nurses’ Health Study sug-
gested that lower calcium intake and vitamin D in-
take was associated with premenstrual syndrome
(PMS),47 although we found no association of cal-
cium intake with any symptom reporting.

Smoking

Active and passive smoke exposures were pos-
itively associated in SWAN participants with to-
tal number of reported PMSx. In prior studies,
current smokers, compared with nonsmokers,
were at increased risk of cramps or pain requir-
ing medication or time off work, after adjusting

GOLD ET AL.648

feine and alcohol consumption, or physical ac-
tivity to PMSx reporting in midlife women. Of the
six dietary exposures examined (phytoestrogens,
calcium, fiber, fat, alcohol, and caffeine), we ob-
served relations between intakes of fat, alcohol,
and caffeine and specific PMSx reporting. Active
and passive smoke exposure, having a greater
number of comorbidities, being early perimeno-
pausal (compared with being premenopausal),
reporting depressive symptoms, and having the
symptom sensitivity trait were each associated
with PMSx.

Diet

A relative excess of high-density lipoprotein
cholesterol during the late luteal phase of the
menstrual cycle and a higher fat intake through-
out the cycle may increase premenstrual symp-
toms.34 A low-fat intervention diet to prevent
premenstrual symptoms caused reduced breast
swelling, tenderness, and nodularity.35 Our re-
sults indicated that greater fat intake was asso-
ciated with less premenstrual craving and bloat-
ing, possibly reflecting ingestion of comfort food
to self-treat PMSx. Food cravings may reflect
changes in energy needs during the luteal phase
of the cycle. Resting metabolic rate is higher in
the luteal phase,36 when 24-hour energy expen-
diture37 and sleeping metabolic rate increase.38

This change in energy expenditure has been re-
flected in an average increased intake of approx-
imately 500 calories and a 50% increase in carbo-
hydrate consumption during the luteal phase.39,40

Consumption of more than one serving of al-
cohol was associated in our study with signifi-
cantly lower reporting of headache. Similar to the
inverse association observed between fat intake
and PMSx, the apparent protective effect of alco-
hol may represent self-medication. However,
only 5.6% of our cohort consumed more than one
serving of alcohol per week, and among Chinese
and Japanese this represented only 18 partici-
pants. One study concluded that PMSx were
strongly associated with alcohol consumed in the
symptom-free, postmenstrual period, and drink-
ing was unlikely to be a response to PMSx.41

Increasing caffeine intake in our study was as-
sociated with reporting of premenstrual anxiety
and mood changes, but the association was not
monotonic. Among Chinese and Japanese partic-
ipants, the highest level of caffeine intake was as-
sociated with significantly increased reporting of
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for age, race, and pay grade.48 Toxic effects of
smoking on the ovary, enhancement of estrogen
metabolism, and effects on central nervous sys-
tem hormone release have been proposed as
mechanisms of this relationship, but none has
been fully investigated.49 Current cigarette smok-
ers are about four times more likely to have a
diagnosis of premenstrual dysphoric disorder
(PMDD),50 possibly related to the strong correla-
tion between cigarette smoking and lifetime
prevalence of depression.

Physical activity

With the exception of the slight but significant
positive association with premenstrual craving
and bloating, we did not observe any significant
associations between physical activity and PMSx.
This is consistent with at least two other relatively
large, community-based studies7,49 but differs
from several smaller studies of more select
samples that found fewer PMSx in women who
exercised.51–53 Still others have observed a 
direct association between physical activity and
PMSx.54,55 Women who exercise are likely to be
a heterogeneous group, with some being active
for non-PMSx-related reasons while others par-
ticipate in exercise to ameliorate PMSx.7,56 Exer-
cise produces endorphins that relieve pain and
improve mood52,57 and alleviates symptoms of
major depressive disorder, but no definitive evi-
dence shows that it improves PMDD.58

Depression

A high level of depressive symptoms (CES-D
score �16) was consistently associated with all
PMSx groups in our community-based sample,
similar to results from clinic-based studies. In
perimenopausal women attending a menopausal
mood clinic, who were categorized as depressed
if their Beck Depression Inventory score was �10,
symptoms consistent with PMS were reported by
26% of depressed but only 9% of nondepressed
women.59 The authors speculated that the men-
strual cycle may modulate the appearance of
PMSx in some women with perimenopausal de-
pression, with exacerbations occurring during the
premenstrual phase of the cycle.

Sociodemographic and other factors

Increasing age was significantly associated
with decreased reporting of premenstrual anxi-

ety and mood changes and of cramps and back
pain. A similar relation of age to PMDD has been
observed.50 PMSx reporting also differed signifi-
cantly by race/ethnicity, with Chinese and Japan-
ese women reporting the lowest number of total
symptoms and each of the individual symptom
groupings. For some PMSx, the relative odds
were significantly decreased in non-English
speaking women, whereas for other symptoms,
they were somewhat increased. Birthplace out-
side the United States was only related to in-
creased reporting of headaches (data not shown).
The ethnic differences in symptom reporting are
unlikely to be related to acculturation but may be
related to cultural differences. A recent publica-
tion60 suggested, for example, that in traditional
Japanese society, personal well-being is subordi-
nated to the well-being of the group, so that re-
porting of symptoms may be suppressed to main-
tain social harmony.

Because PMSx consist of a number of symp-
toms, women may use a variety of CAM thera-
pies to treat them. Nationally, women with PMSx
use a variety of nutritional, physical, and spiri-
tual or psychological therapies.61 Reviews of ex-
isting clinical trials have concluded that none of
those for herbal medicine, nutritional supple-
ments, dietary interventions, exercise, homeo-
pathy, progressive muscle relaxation, massage,
reflexology, chiropractic, or biofeedback demon-
strated any effectiveness for reducing PMS62 or
PMSx.63 However, the latter review concluded
that calcium, magnesium, vitamin B6 and chaste-
tree berry (Vitex agnus-castus), reducing dietary
fat, and increasing exercise may have positive ef-
fects on PMS.

Strengths and limitations

The present study had several significant
strengths. First, the sample comprised a large,
racially/ethnically diverse, community-based
sample of women. Thus, the results are likely to
have fairly good generalizability. Second, the as-
sessment of diet and other risk factors used stan-
dardized, validated instruments and was made
independently of symptom reporting. Third, we
simultaneously statistically controlled for a num-
ber of potential risk factors so that we could as-
sess the independent effects of each while con-
trolling for the effects of others.

The study also had some limitations. First, mul-
tiple statistical comparisons were made, so that
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some of the observed associations may have oc-
curred by chance or represent markers for other,
uncontrolled factors. Thus, caution must be used
for interpreting marginally significant results.
Second, the study was cross-sectional; thus, the
temporal relation of potential risk factors to
symptom reporting cannot be adequately as-
sessed, and some associations may have resulted
from some factors being used for self-medication
for or be a consequence of symptoms rather than
being causally related (e.g., alcohol, caffeine, de-
pressive symptoms). Third, all of the factors ex-
amined were recalled by participants and, thus,
may lack accuracy of recall. Fourth, the factors
were not examined in relation to the timing of
their occurrence (e.g., diet during certain phases
of the menstrual cycle), which may have diluted
our ability to see effects. Fifth, due to time limi-
tations for administration of the study instru-
ments, we were not able to include an exhaustive
list of symptoms so that some, such as irritabil-
ity, were not included. Further, the outcomes are
not rare, and the ORs may overestimate risk. Fi-
nally, we examined PMSx, so our findings are un-
likely to apply to PMS.

In conclusion, we found little evidence to sup-
port a significant role for dietary intake in affect-
ing premenstrual symptom reporting. We did
find significant positive associations of caffeine
intake with premenstrual anxiety and mood
changes, as well as ethnic differences in symptom
reporting and significant associations of comor-
bidities, early perimenopausal status, depressive
symptoms, and symptom sensitivity with pre-
menstrual symptom reporting. These findings
can provide some guidance to women and their
healthcare providers in identifying subgroups of
women who may have increased susceptibility to
certain premenstrual symptoms, as well as pro-
vide further reasons for limiting caffeine intake
and exposure to active and passive cigarette
smoke.
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