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Abstract
Approximately 8–20% of reproductive-aged women experience premenstrual syndrome (PMS), substantially impacting quality of life.
Women with PMS are encouraged to reduce fat intake to alleviate symptoms; however, its role in PMS development is unclear. We evaluated
the association between dietary fat intake and PMS development among a subset of the prospective Nurses’ Health Study II cohort.
We compared 1257 women reporting clinician-diagnosed PMS, confirmed by premenstrual symptom questionnaire and 2463 matched
controls with no or minimal premenstrual symptoms. Intakes of total fat, subtypes and fatty acids were assessed via FFQ. After adjustment
for age, BMI, smoking, Ca and other factors, intakes of total fat, MUFA, PUFA and trans-fat measured 2–4 years before were not associated
with PMS. High SFA intake was associated with lower PMS risk (relative risk (RR) quintile 5 (median= 28·1 g/d) v. quintile 1 (median=
15·1 g/d)= 0·75; 95% CI 0·58, 0·98; Ptrend= 0·07). This association was largely attributable to stearic acid intake, with women in the highest
quintile (median= 7·4 g/d) having a RR of 0·75 v. those with the lowest intake (median= 3·7 g/d) (95% CI 0·57, 0·97; Ptrend= 0·03). Individual
PUFA and MUFA, including n-3 fatty acids, were not associated with risk. Overall, fat intake was not associated with higher PMS risk.
High intake of stearic acid may be associated with a lower risk of developing PMS. Additional prospective research is needed to confirm this
finding.

Key words: Premenstrual syndrome: Dietary fat: Fatty acids: Epidemiology: Prospective studies

Premenstrual syndrome (PMS) is a cyclical late luteal phase
disorder of the menstrual cycle whereby the daily functioning of
women is affected by emotional and physical symptoms sub-
stantially interfering with her quality of life(1,2). It is estimated
that approximately 8–20% of reproductive-aged women meet
clinical diagnostic criteria for PMS(3,4). Several treatment options
exist (e.g. oral contraceptives, gonadotropin-releasing hormone
agonists, antidepressants); however, these may have side
effects and efficacy is relatively low(5). Furthermore, emerging
research suggests that PMS may be an early sentinel for risk of
hypertension(6). Thus, it is important to identify modifiable risk
factors to prevent the initial development of PMS, particularly
those that are feasible to implement, such as dietary changes.
The American Congress of Obstetricians and Gynecologists

recommends reducing fat intake to treat PMS(7). However,
evidence supporting these recommendations is limited, and it is
unclear whether they apply to the prevention of PMS

development(8). A small number of retrospective studies have
reported inconsistent relationships between premenstrual
symptoms and consumption of fats(9,10). Among retrospective
studies, because of issues related to establishing temporality,
it is unknown whether increased fat and fatty acid intake
precedes the development of PMS. In addition, little attention
has been given to specific types of fat, with most studies evalu-
ating either total fat(9,10) or supplementation with n-3(11–13),
γ-linolenic acid(14) and evening primrose oil(15).

Although the aetiological cause of PMS has yet to be eluci-
dated, suggestions include chronic inflammation and alterations
in hormones. Dietary fats may affect a woman’s cytokine and
hormone levels(8). Dietary fat and SFA have been shown to act
as pro-inflammatory factors increasing C-reactive protein (CRP)
concentrations(16,17), whereas the unsaturated n-3 fatty acids
have been shown to act as anti-inflammatory factors decreasing
CRP and IL-6 concentrations(18–20). Higher CRP and other

Abbreviations: NHS2, Nurses’ Health Study II; PMS, premenstrual syndrome; RR, relative risk.

* Corresponding author: S. C. Houghton, fax +1 413 545 1645, email shoughto@schoolph.umass.edu

British Journal of Nutrition (2017), 118, 849–857 doi:10.1017/S0007114517002690
© The Authors 2017

https://doi.org/10.1017/S0007114517002690  Published online by Cam
bridge U

niversity Press

http://orcid.org/0000-0001-8833-9065
mailto:shoughto@schoolph.umass.edu
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114517002690&domain=pdf
https://doi.org/10.1017/S0007114517002690


inflammatory cytokine levels have been linked to PMS(21) and
premenstrual symptoms(22–24). Second, higher intakes of SFA are
associated with higher plasma total and free estradiol levels and
lower concentrations of luteinizing hormone among pre-
menopausal women(25). Hormone levels have been long implicated
in the aetiology of PMS due to its cyclical nature of symptoms(26).
To our knowledge, no previous study has prospectively

evaluated whether total fat, fat subtypes or individual fatty acid
intake is associated with risk of developing PMS. Therefore
based on prior epidemiological studies and suggested biolo-
gical pathways, we evaluated the hypothesis that higher intakes
of total, SFA and trans-fat and lower intakes of unsaturated fats
and fatty acids were related to increased PMS risk, in the Nurses’
Health Study II (NHS2) PMS Sub-Study, a case–control study
nested within the prospective NHS2.

Methods

Study population

The NHS2 is a large prospective cohort of 116 429 US female
registered nurses, aged 25–42 years in 1989, that has assessed
demographics, health-related behaviours, diet, and medical
history biennially and diet quadrennially for over 25 years(27).
Response rates have been ≥89% for all questionnaire cycles.
The original NHS2 study protocol was approved by the Insti-
tutional Review Board at Brigham and Women’s Hospital in
Boston, Massachusetts.

Classification of premenstrual syndrome cases and controls

The NHS2 PMS Sub-Study has been described previously(27,28).
In brief, we identified all NHS2 members who had not reported
a diagnosis of PMS by a clinician in either 1989 or 1991 and thus
were at risk of developing PMS. Premenopausal women
reporting a new clinician-made diagnosis of PMS during the
follow-up period in 1991–2005 were selected as potential cases
(n 4108) with the diagnosis year assigned as their reference
year. Potential controls were randomly selected from women
who did not report a diagnosis of PMS from 1991–2005
(n 3248). These women were randomly assigned a reference
year (1991–2005) corresponding to the cases’ diagnosis years,
and then were frequency matched to cases on age and refer-
ence years. Women who had reported a history of cancer (other
than non-melanoma skin cancer), endometriosis, extremely
irregular menstrual cycles, infertility, hysterectomy or meno-
pause before their assigned reference year were excluded to
reduce likelihood of inclusion of women with symptoms similar
to PMS due to other conditions. In addition, because of our
interest in diet, those with implausible energetic intakes (i.e.
those below 2092 kJ/d (500 kcal/d) and above 14 644 kJ/d
(3500 kcal/d)) were also excluded.
All potential cases and controls were sent a modified version

of the Calendar of Premenstrual Experiences ques-
tionnaire(28,29) in 2003 for the 1991–2001 follow-up cycles and
then in 2007 for the 2003–2005 follow-up cycles, that assessed
the occurrence of twenty-six physical and affective symptoms in
the 2 years before their specific reference year, the timing of

symptoms and the impact of symptoms on several domains of
daily functioning. Of those that were sent the questionnaire,
87% of the potential cases (n 3579) and 95% of the potential
controls (n 3087) returned a completed questionnaire. We used
the responses to the premenstrual questionnaire to confirm
potential cases as meeting clinical diagnostic guidelines and
potential controls as having no premenstrual symptoms.

There were 1257 women who met clinical diagnostic guide-
lines for PMS. Specifically, the cases reported: (1) ≥1 physical
and ≥1 affective menstrual symptoms; (2) overall symptom
severity of ‘moderate’ or ‘severe’ or ‘moderate’ or ‘severe’ effect
of symptoms on at least one life activity or relationship domain;
(3) symptoms began ≤14 d before start of menses; (4) symp-
toms ended ≤4 d after start of menses; and (5) symptoms were
not present in week after menses ended(27).

Women who had no or minimal symptoms that did not
impact daily function domains were verified as controls
(n 2463). Specifically they: (1) confirmed no PMS diagnosis;
(2) reported either no menstrual symptoms, or an overall
symptom severity of ‘minimal’ or ‘mild’; and (3) reported either
‘no effect’ or ‘mild’ effect of symptoms on all life activities and
relationship domains(27).

Participants who did not meet these definitions were exclu-
ded from further analysis. This allowed for a comparison of
women at the two extreme ends of the spectrum of pre-
menstrual symptom experience and reduced the likelihood of
misclassification of cases as controls and vice-versa. Our
approach for identifying PMS cases and controls has been
validated previously and found to be comparable with pro-
spective charting of symptoms(27).

Assessment of fat intake

In the NHS2, a 131-item semi-quantitative FFQ was first given in
1991 and then repeated every four years thereafter(30). We used
food intake information reported on the FFQ to assess the
intake of total fat, SFA, MUFA, PUFA, trans-fat, dairy fat, animal
fat, vegetable fat, total n-3, total n-6, the ratio of n-6:n-3, and
specific fatty acids hypothesised to play a role in PMS devel-
opment including stearic acid (18 : 0), oleic acid (18 : 1n-9),
arachidonic acid (20 : 4n-6), linoleic acid (18 : 2n-6), conjugated
linoleic acid (cis-9, trans-11 18 : 2), linolenic acid (18 : 3), EPA
(20 : 5n-3), and DHA (22 : 6n-3). The FFQ included food high in
fat such as red meat, chicken with skin, bacon, processed
meats, fish, eggs, butter, margarine, whole milk, cheese, ice
cream, French fries, potato chips, peanut butter and nuts. In
addition, participants were asked about the types of fat used for
frying and baking and whether fish oil or cod liver oil supple-
ments are used. Participants indicated the frequency with which
they consumed a specific portion size of each food item, with a
nine-option range from ‘never or less than once per month’
to ‘6 or more times per d’. To calculate each participant’s dietary
fat intakes, the portion size of each food item was multiplied by
the indicated frequency of consumption and fat content and
then summed across all foods. The fat and fatty acid content of
each food is based on the Harvard University Food Composi-
tion Table(31), which is updated every 4 years based on infor-
mation from the US Department of Agriculture, food
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manufacturers, academic publications and direct analyses of
fatty acids (e.g. trans-fat) in commonly used foods to reflect
changes in manufacturing and food supply over time. Dairy fat
is a subset of animal fat (i.e. animal fat also includes dairy fats),
which includes all fat from the foods in the ‘Dairy Foods’ section
on the FFQ except for margarine and non-dairy whitener and
fat from the dairy products used as ingredients in other FFQ
items. Nutrient intakes were adjusted for total energy using the
residual method(30).
The reproducibility and validity of similar FFQs have been

evaluated previously in the NHS(30,32–34). The energy adjusted
correlation between intakes reported by FFQ and mean intake
measured via two 1-week diet records in 1986 (n 191) was 0·51,
0·59, 0·41 and 0·51 for total fat, SFA, PUFA and MUFA,
respectively(30). Further, dietary intake correlated with sub-
cutaneous adipose tissue aspirate levels of PUFA (r 0·37), n-3
marine fatty acids (r 0·48) and trans-fatty acids (r 0·51) but not
serum SFA or MUFA levels (r 0·16 and 0·07 respectively)
in a study of 115 postmenopausal US women using a
similar FFQ(32).
Primary analyses used the most recent FFQ that preceded the

reference year (i.e. 2–4 years). For example, if a woman was
diagnosed with PMS in 1999 then information from the 1995
FFQ was used. We additionally examined intakes from the
baseline (1991) FFQ, a more distal exposure. Dietary informa-
tion from 3638 Sub-Study participants was available for analyses
of intake 2–4 years before a woman’s reference year and for
3660 women for analyses of intake at baseline in 1991.

Assessment of covariates

We considered as covariates variables associated with PMS in
our population. Height and menstrual cycle characteristics were
assessed on the 1989 questionnaire. History of depression and
antidepressant use were assessed on the premenstrual ques-
tionnaire. Childhood trauma was assessed in 2001 on a separate
questionnaire(35). Other factors were collected on each biennial
questionnaire and included age, smoking status, weight (used
to calculate BMI in kg/m2), pregnancy history and oral contra-
ceptive use. Lastly, other nutrients such as B-vitamins, Fe and
Ca were assessed by FFQ and were calculated using similar
methods as fat intake.

Statistical analysis

Age-adjusted baseline characteristics of PMS cases and controls
were compared using generalised linear modelling. We used
unconditional logistic regression models to estimate relative
risks (RR) of PMS for women across quintiles of fat intake at
2–4 years before each woman’s reference year and calculated
95% CI comparing the risk of PMS in each of the four highest
quintiles compared with the lowest quintile adjusting for age.
Multivariable logistic regression models additionally adjusted
for reference year, age in 1991, age at menarche, calculated BMI
(weight (kg)/height (m2)), physical activity, oral contraceptives,
parity (pregnancies lasting ≥6 months), smoking (pack-years),
previous use of antidepressants, significant childhood trauma,
previous diagnosis of depression, total intake of vitamins B6, B1,
Fe and Ca 2–4 years before the reference year. Secondary

analyses were run using the intake at baseline to assess the
possibility of latent effects adjusting for covariates measured at
baseline in 1991. Additional multivariable models also adjusted
subtypes of fat for the effect of other subtypes (e.g. SFA was
adjusted for MUFA, PUFA and trans-fat) and each source of fat
was adjusted for the other sources (e.g. dairy fat was also
adjusted for vegetable and animal fat). The Mantel extension
test for trend was used to examine the presence of linear trend
across quintiles, modelling the median of each quintile as a
continuous variable.

We further assessed whether the relationship of dietary fat
and PMS varied by age at reference year (<40 v. ≥40 years) and
smoking (past/never v. current) via stratified analyses. The
multiplicative interaction terms were evaluated using likelihood
ratio test, where the interaction terms were calculated as the
products of a binary stratification factor and indicators of the
macronutrient quintile. In a sub-analysis, we also restricted
analyses to non-oral contraceptive users.

SAS 9.3 (SAS Institute Inc.) for UNIX was used for all
analyses. Two-sided P< 0·05 were considered statistically
significant for all analyses.

Results

Baseline characteristics of PMS cases and controls are shown in
Table 1. Cases were heavier at baseline and age 18 years, had a
slightly earlier age at menarche, and had higher history of oral
contraceptive use, smoking, significant childhood trauma,
depression and antidepressant use. In addition, cases on aver-
age consumed less vitamin D, Ca and higher vitamins B6 and
B12 than controls.

Table 2 presents age-adjusted and multivariate-adjusted RR
and 95% CI for types of fats consumed 2–4 years before the
reference year and the risk of developing PMS. In analyses
adjusted only for age, total fat, PUFA and MUFA were each
positively associated with risk of developing PMS (Ptrend≤0·05
for all). However, after controlling for BMI, smoking and
additional covariates, these positive associations were atte-
nuated and no longer significant. The strongest confounders of
the fat and PMS relation were BMI, smoking, and vitamin D. In
multivariable adjusted models (model 1), high SFA intake
was inversely associated with risk of PMS (RR quintile 5 v.
quintile 1= 0·75; 95% CI 0·58, 0·98). When the models were
additionally adjusted for other fats (model 2), SFA estimates
were slightly stronger (RR quintile 5 v. quintile 1= 0·63; 95% CI
0·44, 0·92). The estimates for other subtypes of fats were largely
unchanged and interpretations did not change.

Table 3 shows results from models assessing risk of PMS
related to sources of fats. Intakes of vegetable and dairy fats
were unrelated to PMS risk, with estimates for all quintiles
approximately equal to 1. High animal fat intake was
related to a non-significant lower risk of PMS in age-adjusted
(Ptrend= 0·53) and multivariable adjusted (model 1) models
(Ptrend= 0·17). Additional adjustment for the other sources
of fat (model 2) did not affect the interpretations of any of the
estimates.

Results for models of fatty acid intake and PMS risk are pre-
sented in Table 4. Stearic acid, a SFA, was inversely associated
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with PMS risk. Women with the highest intake of stearic
acid (quintile median= 7·4 g/d) had a significant 25% lower
risk of PMS than women with the lowest intake (quintile
median= 3·7 g/d) (95% CI 0·57, 0·97; Ptrend= 0·03). We did not
find intake of other individual fatty acids to be associated
with risk.
Dietary intake of stearic acid was strongly correlated with SFA

intake (r 0·93). The inverse association of stearic acid and PMS
risk remained after adjustment for SFA; however, due to wider
CI the association was no longer significant (RR quintile 5 v.
quintile 1= 0·67; 95% CI 0·39, 1·16). Inclusion of stearic acid in
the model for SFA attenuated the results, and the estimates
for SFA became null (RR quintile 5 v. quintile 1= 1·08;
95% CI 0·63, 1·84).
The main contributors to stearic acid variation were beef

from main dishes and hamburgers, cheese (e.g. Cheddar,
American) and chocolate from chocolate bars or other
candy bars. The associations between the individual foods and
PMS were similar to that of stearic acid and PMS (results
not shown).

Results evaluating fat and fatty acid intake at baseline (results
not shown), to assess latent effects, were largely similar to those
evaluating fat intake at reference year, including results for
stearic acid. Women with high intake of stearic acid (quintile
median= 7·6 g/d) had 20% lower risk than those with the
lowest intake (quintile median= 4·1 g/d; 95% CI 0·61, 1·05;
Ptrend= 0·04). However, there were a few exceptions. The n-3s
from marine sources, EPA and DHA, showed significant posi-
tive associations with PMS, with evidence of linear trend. In
fully adjusted models, women with the highest EPA intake at
baseline (quintile median= 0·12 g/d) had 1·31 times the risk of
PMS as those with the lowest (quintile median= 0·01 g/d; 95%
CI 0·98, 1·75; Ptrend= 0·05). Women with high DHA intake
(quintile median= 0·26 g/d) had 1·49 times the risk of PMS as
those with the lowest intake (quintile median= 0·05 g/d; 95%
CI 1·14, 1·95; Ptrend= 0·01).

As BMI could potentially lie in the casual pathway of an
association between fat intake and PMS risk and could mediate
associations, multivariable analyses were repeated without
adjusting for BMI in the model; however, estimates were

Table 1. Age-standardised characteristics of premenstrual syndrome (PMS) cases and controls at baseline (n 3660): Nurses’ Health
Study II PMS sub-study, 1991–2005
(Mean values and standard deviations; percentages)

Cases
(n 1234)

Controls
(n 2426)

Characteristics* Mean SD Mean SD P†

Age (years) 33·9 4·2 34·5 3·9 <0·0001
BMI (kg/m2)

At baseline (1991) 24·6 5·2 23·7 4·7 <0·0001
At age 18 years 21·4 3·3 21·1 3·1 0·02

Age at menarche (years) 12·4 1·4 12·5 1·4 0·05
Age at first birth (years)‡ 25·9 3·9 26·1 3·7 0·10
Number of full-term pregnancies (≥6 months) 1·6 1·2 1·6 1·2 0·36
Physical activity (METs/week) 22·9 60·2 23·6 55·6 0·74
Pack-years of cigarette smoking 8·3 64·7 4·8 50·2 0·09
Alcohol intake (g/d) 3·1 6·5 3·1 5·7 0·99
Total energy intake (kJ/d) 7640 2247 7586 2176 0·62
Total energy intake (kcal/d) 1826 537 1813 520 0·62
Vitamin D intake food sources (µg/d)§ 6·4 3·0 6·7 3·1 0·01
Total vitamin B6 intake (mg/d)§ 8·6 26·3 5·8 15·6 <0·0001
Total vitamin B12 intake (mg/d)§ 10·1 14·2 9·4 8·5 0·04
Total thiamine intake (mg/d)§ 3·6 8·2 3·2 6·0 0·09
Total riboflavin intake (mg/d)§ 4·1 8·2 3·6 5·7 0·07
Total Fe intake (mg/d)§ 24·9 23·3 25·8 24·8 0·35
Total Zn intake (mg/d)§ 15·9 10·7 15·7 10·3 0·59
Total K intake (mg/d)§ 2925 499 2897 501 0·17
Total Ca intake (mg/d)§ 1030 403 1063 421 0·03
History of tubal ligation (%) 15 16 0·66
Oral contraceptive use (%)

Ever 85 77 <0·0001
Current 12 11 0·33
Duration>4 years 43 37 0·001

Smoking status (%)
Current 13 7 <0·0001
Past 27 17 <0·0001

Previously diagnosed with depression (%) 18 8 <0·0001
Previously used antidepressant medication (%) 15 5 <0·0001
History of childhood trauma (%) 18 9 <0·0001

METs, metabolic equivalents of task.
* All characteristics, except age, standardised to the age distribution of participants in 1991.
† Calculated using the generalised linear model.
‡ Limited to parous women.
§ Energy adjusted values.
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unchanged. Analyses stratified by age and smoking status did
not suggest effect modification by any of these factors and there
were no significant interactions.

Discussion

We did not find intake of total fat to be associated with risk of
developing PMS. High intake of SFA, specifically stearic acid,
was significantly associated with lower risk. Other individual
fatty acids, including n-3 fatty acids, were not consistently
associated with risk.
Few studies have comprehensively assessed how fat and fatty

acid intake may be related to PMS. In addition, to date no
studies have prospectively assessed fat or fatty acid intake and
risk of developing PMS. Prior research of the relation between
fat intake and PMS has been limited to consideration of symp-
tom presence and/or severity, rather than risk of developing

PMS. Both Nagata et al.(9) and Gold et al.(10) assessed total fat
intake with premenstrual symptoms using cross-sectional study
designs. Nagata et al.(9) examined whether total fat and fat
subtypes were associated with the severity of premenstrual
symptoms among 189 female Japanese students aged 19–34
years(9). Total fat, SFA and MUFA were associated with higher
overall symptom severity in the premenstrual phase as well as
pain severity specifically. In contrast, in the Study of Women’s
Health Across the Nation, Gold et al.(10) found total fat intake to
be associated with lower cravings/bloating symptoms in older
premenopausal US women, but unrelated to the other symp-
toms assessed, including back pain/cramps, breast pain or
headaches.

The inconsistencies in the findings among these studies may
be due to several possible reasons: differences in population
characteristics such as age and food sources in different geo-
graphical reasons, and study design characteristics (i.e. prevalent

Table 2. Quintiles of dietary fat subtypes 2–4 years before diagnosis and risk of premenstrual syndrome (PMS) (n 3638): Nurses’
Health Study II PMS Sub-Study, 1991–2005
(Relative risks (RR) and 95% confidence intervals)

Age-adjusted Model 1* Model 2†

Median (g/d) Case:control ratio RR 95% CI RR 95% CI RR 95% CI

Total fat
Q1 46·4 228:506 1 Ref. 1 Ref.
Q2 55·6 256:502 1·13 0·91, 1·41 1·07 0·84, 1·35
Q3 62·3 258:509 1·13 0·91, 1·40 1 0·79, 1·27
Q4 68·2 234:470 1·11 0·89, 1·39 0·91 0·71, 1·17
Q5 76·8 246:429 1·29 1·03, 1·61 0·95 0·73, 1·23
Ptrend 0·05 0·43

SFA
Q1 15·1 235:440 1 Ref. 1 Ref. 1 Ref.
Q2 18·9 242:525 0·85 0·68, 1·06 0·81 0·64, 1·03 0·74 0·57, 0·97
Q3 21·6 249:536 0·86 0·69, 1·07 0·77 0·60, 0·98 0·67 0·49, 0·91
Q4 24·3 260:472 1·01 0·81, 1·26 0·86 0·67, 1·10 0·74 0·53, 1·03
Q5 28·1 236:443 0·98 0·78, 1·22 0·75 0·58, 0·98 0·63 0·44, 0 92
Ptrend 0·65 0·07 0·05

PUFA
Q1 7·8 247:540 1 Ref. 1 Ref. 1 Ref.
Q2 9·6 245:474 1·14 0·92, 1·42 1·13 0·89, 1·43 1·13 0·89, 1·44
Q3 10·8 229:484 1·03 0·83, 1·29 0·98 0·77, 1·25 0·99 0·77, 1·28
Q4 12·2 251:490 1·15 0·93, 1·42 1·11 0·87, 1·40 1·12 0·86, 1·45
Q5 14·5 250:428 1·33 1·07, 1·66 1·13 0·89, 1·45 1·14 0·87, 1·50
Ptrend 0·02 0·39 0·41

MUFA
Q1 17·0 233:502 1 Ref. 1 Ref. 1 Ref.
Q2 21·0 251:523 1·04 0·83, 1·29 0·97 0·77, 1·24 1·11 0·84, 1·47
Q3 23·8 261:505 1·12 0·90, 1·39 0·99 0·78, 1·26 1·19 0·86, 1·64
Q4 26·4 236:462 1·12 0·89, 1·39 0·92 0·72, 1·19 1·13 0·78, 1·64
Q5 30·4 241:424 1·25 1·00, 1·56 0·97 0·74, 1·26 1·21 0·80, 1·84
Ptrend 0·04 0·7 0·42

Trans-fat
Q1 1·7 218:457 1 Ref. 1 Ref. 1 Ref.
Q2 2·3 242:481 1·04 0·83, 1·30 1·09 0·85, 1·40 1·16 0·90, 1·51
Q3 2·9 243:498 1·01 0·81, 1·26 0·98 0·76, 1·25 1·05 0·80, 1·38
Q4 3·5 270:526 1·06 0·85, 1·32 0·95 0·74, 1·23 1·03 0·78, 1·38
Q5 4·5 249:454 1·14 0·91, 1·42 1·01 0·78, 1·32 1·09 0·79, 1·49
Ptrend 0·25 0·74 0·91

Ref., referent values.
* Model 1 adjusted for age in 1991 (continuous), reference year (1991–1992, 1993, 1994–1996, 1997–1998, 1999–2000, 2001–2002, 2003–2004), age at

menarche (continuous), current BMI (≤19·9, 20·0–22·4, 22·5–24·9, 25·0–27·4, 27·5–29·9, ≥30 kg/m2), physical activity (<3, 3–8, 9–17, 18–26, 27–41,
≥42 metabolic equivalents), duration of oral contraceptive use (none, 1–23, 24–71, 72–119, ≥120 months), parity (nulliparous, 1–2, 3–4, ≥5
pregnancies> 6 months), smoking (never, past 1–14, past 15–34, past 35+, current 1–14, current 15–34, current 35+ cigarettes/d), previous use of
antidepressants (never, ever), childhood trauma score (5, 6–10, 11–15, 16–20, 21–25), previous diagnosis of depression (never, ever) and quintiles of
total intake of vitamins B6, B1, Fe and Ca 2–4 years before reference year.

† Model 2 adjusted for factors included in model 1 +mutually adjusted for other fat subtypes.
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symptoms v. incident cases, cross-sectional v. prospective). In
cross-sectional studies assessing PMS symptoms, temporality
cannot be established. It is unclear whether symptomatic women
consume foods with higher fat content due to cravings, in order to
alleviate symptoms, or whether higher intakes of fat are physio-
logically involved in the development of premenstrual symptoms.
SFA was inversely associated with the risk of developing PMS

in our study, and the association appeared to be largely attri-
butable to stearic acid. The biological mechanism for this is
unclear. Although the Dietary Guidelines for Americans sug-
gests limited SFA to <10% of total kcal/d due to adverse health
effects(36), laboratory and clinical evidence suggests that stearic
acid may be physiologically different from other SFA(37–40). For
example, stearic acid appears to have a neutral effect or
may even lower cholesterol levels as opposed to increasing
levels(37,38), and may potentially lower risk of breast cancer(39)

and CVD(38). A common source of stearic acid is cocoa butter,
which is a primary component of chocolate(40). Many women
report chocolate cravings premenstrually and may increase
chocolate intake to improve symptoms(41). In post hoc analyses,
we evaluated whether chocolate intake may explain the asso-
ciation between stearic acid and PMS risk. When we adjusted
for chocolate intake the relationship was slightly attenuated (RR
quintile 5 v. quintile 1= 0·80; 95% CI 0·60, 1·07), suggesting that
chocolate explained some but not all of the observed associa-
tion with stearic acid. As no other studies have evaluated the
relationship between stearic acid and PMS, additional studies
specifically evaluating whether stearic acid intake may reduce

PMS risk or be beneficial in treating premenstrual symptoms are
warranted along with examining physiological mechanisms.

Several clinical trials have tested the efficacy of treating pre-
menstrual symptoms with fatty acid supplements. Clinical trials
of supplementation with n-3s, a mixture of PUFA (γ-linolenic
acid (18 : 3n-6), oleic, linoleic, other PUFA and vitamin E)(13),
and krill oil (high in n-3)(12) have suggested that these sup-
plements can alleviate premenstrual symptoms. Doses and
durations of supplementation varied; Sohrabi used 2 g of n-3 for
one full cycle and then only during the late luteal phase for two
cycles(11). Filho used 1–2 g of the PUFA for 6 months(13), and
Sampalis compared 2 g of krill oil with 2 g fish oil for one full
cycle then during the late luteal phase for two more cycles(12).
These doses are comparable with our highest quintile of intake
for n-3. However, our study did not find an association with risk
of PMS for PUFA, oleic, linoleic or n-3 fatty acids. In addition,
there was very little supplement use of fish oil or cod liver oil in
our study.

We were unable to use prospective symptom charting to
assess incident PMS in our large, ongoing prospective cohort.
However, we used strict criteria to classify PMS cases and
controls, excluding women in the middle of the symptom
spectrum and thus reducing the likelihood of misclassification
of cases as controls and vice-versa. Women who experience
severe symptoms each month and women who experience no
symptoms or very minimal symptoms are likely to accurately
recall symptom experience and unlikely to be misclassified
between the two groups(27). In addition, in a previous validation

Table 3. Quintiles of dietary fat sources 2–4 years before reference year and risk of premenstrual syndrome (PMS) (n 3638): Nurses’
Health Study II PMS Sub-Study, 1991–2005
(Relative risks (RR) and 95% confidence intervals)

Age-adjusted Model 1* Model 2†

Median (g/d) Case:control ratio RR 95% CI RR 95% CI RR 95% CI

Animal fat
Q1 21·7 243:466 1 Ref. 1 Ref. 1 Ref.
Q2 28·9 228:504 0·85 0·68, 1·06 0·78 0·61, 0·99 0·78 0·61, 0·99
Q3 33·6 260:524 0·93 0·75, 1·16 0·81 0·64, 1·03 0·82 0·64, 1·05
Q4 38·7 259:488 1 0·81, 1·24 0·86 0·67, 1·09 0·85 0·66, 1·11
Q5 46·9 232:434 1·01 0·81, 1·26 0·79 0·61, 1·02 0·77 0·58, 1·03
Ptrend 0·53 0·17 0·18

Dairy fat
Q1 5·9 192:375 1 Ref. 1 Ref. 1 Ref.
Q2 9·5 246:456 1·04 0·82, 1·31 1·06 0·82, 1·37 1·09 0·84, 1·42
Q3 12 263:505 0·98 0·78, 1·24 1·02 0·78, 1·32 1·07 0·82, 1·40
Q4 15·1 263:568 0·87 0·70, 1·10 0·88 0·68, 1·15 0·94 0·72, 1·24
Q5 20·5 258:512 0·95 0·75, 1·20 1·01 0·77, 1·32 1·11 0·82, 1·50
Ptrend 0·33 0·68 0·81

Vegetable fat
Q1 18·2 229:491 1 Ref. 1 Ref. 1 Ref.
Q2 23·3 246:510 1·05 0·84, 1·31 0·97 0·76, 1·23 0·97 0·76, 1·23
Q3 27·4 241:491 1·05 0·84, 1·31 1·04 0·81, 1·32 1·04 0·81, 1·32
Q4 31·2 260:477 1·2 0·96, 1·49 1·08 0·85, 1·38 1·08 0·85, 1·39
Q5 37·9 246:447 1·23 0·98, 1·53 1·04 0·81, 1·34 1·02 0·79, 1·31
Ptrend 0·03 0·54 0·65

Ref., referent values.
* Model 1 adjusted for age in 1991 (continuous), reference year (1991–1992, 1993, 1994–1996, 1997–1998, 1999–2000, 2001–2002, 2003–2004), age at

menarche (continuous), current BMI (≤19·9, 20·0–22·4, 22·5–24·9, 25·0–27·4, 27·5–29·9, ≥30 kg/m2), physical activity (<3, 3–8, 9–17, 18–26, 27–41,
≥42 metabolic equivalents), duration of oral contraceptive use (none, 1–23, 24–71, 72–119, ≥120 months), parity (nulliparous, 1–2, 3–4, ≥5
pregnancies >6 months), smoking (never, past 1–14, past 15–34, past 35+ , current 1–14, current 15–34, current 35+ cigarettes/d), previous use of
antidepressants (never, ever), childhood trauma score (5, 6–10, 11–15, 16–20, 21–25), previous diagnosis of depression (never, ever) and quintiles of
total intake of vitamins B6, B1, Fe and Ca 2–4 years before reference year.

† Model 2 adjusted for factors included in model 1 +mutually adjusted for other fat subtypes (quintiles).
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Table 4. Quintiles of fatty acids 2–4 years before reference year and risk of premenstrual syndrome (PMS) (n 3638): Nurses’ Health
Study II PMS Sub-Study, 1991–2005
(Relative risks (RR) and 95% confidence intervals)

Age-adjusted Model 1*

Median (g/d) Case:control ratio RR 95% CI RR 95% CI

Stearic acid (18 : 0)
Q1 3·7 240:427 1 Ref. 1 Ref.
Q2 4·8 231:550 0·74 0·60, 0·93 0·75 0·59, 0·96
Q3 5·6 279:527 0·93 0·75, 1·15 0·83 0·65, 1·06
Q4 6·3 225:482 0·82 0·66, 1·03 0·69 0·54, 0·89
Q5 7·4 247:430 1 0·80, 1·25 0·75 0·57, 0·97
Ptrend 0·65 0·03

Oleic acid (18 : 1n-9)
Q1 15·7 235:504 1 Ref. 1 Ref.
Q2 19·3 243:519 1·01 0·81, 1·25 0·93 0·73, 1·18
Q3 21·9 268:509 1·13 0·91, 1·40 0·99 0·78, 1·25
Q4 24·4 239:448 1·16 0·93, 1·45 0·98 0·76, 1·26
Q5 28·2 237:436 1·19 0·95, 1·48 0·91 0·70, 1·18
Ptrend 0·06 0·63

Linoleic acid (18 : 2n-6)
Q1 6·6 248:522 1 Ref. 1 Ref.
Q2 8·1 240:486 1·04 0·84, 1·30 1·01 0·80, 1·28
Q3 9·3 242:467 1·09 0·88, 1·36 1·06 0·83, 1·34
Q4 10·6 240:519 0·99 0·80, 1·23 0·94 0·74, 1·20
Q5 12·8 252:422 1·31 1·05, 1·62 1·11 0·87, 1·42
Ptrend 0·04 0·58

Conjugated linoleic acid (cis-9, trans-11 18 : 2)
Q1 57·7 237:430 1 Ref. 1 Ref.
Q2 78·2 211:488 0·77 0·61, 0·96 0·75 0·58, 0·96
Q3 93·2 261:526 0·88 0·71, 1·09 0·79 0·62, 1·00
Q4 108·6 265:502 0·94 0·76, 1·17 0·87 0·68, 1·12
Q5 134·9 248:470 0·92 0·74, 1·15 0·8 0·62, 1·03
Ptrend 0·89 0·3

Linolenic acid (18 : 3)
Q1 0·72 247:523 1 Ref. 1 Ref.
Q2 0·86 241:509 1·02 0·82, 1·27 0·94 0·74, 1·19
Q3 0·97 234:440 1·14 0·91, 1·42 1·11 0·87, 1·40
Q4 1·09 258:494 1·15 0·92, 1·42 1·11 0·88, 1·41
Q5 1·33 242:450 1·18 0·95, 1·47 1·01 0·79, 1·29
Ptrend 0·08 0·6

Arachidonic acid (20 : 4n-6)
Q1 0·08 239:506 1 Ref. 1 Ref.
Q2 0·11 276:555 1·05 0·85, 1·30 0·98 0·78, 1·24
Q3 0·14 245:516 1·02 0·82, 1·26 0·95 0·75, 1·21
Q4 0·17 226:479 1·02 0·82, 1·27 0·89 0·70, 1·14
Q5 0·23 236:360 1·42 1·14, 1·78 1·11 0·86, 1·44
Ptrend 0·004 0·56

EPA (20 : 5n-3)
Q1 0·01 235:488 1 Ref. 1 Ref.
Q2 0·02 317:651 1·04 0·84, 1·28 0·93 0·74, 1·17
Q3 0·04 203:392 1·09 0·86, 1·37 1·16 0·89, 1·50
Q4 0·07 257:469 1·17 0·94, 1·46 1·08 0·84, 1·38
Q5 0·12 210:416 1·1 0·87, 1·38 1·1 0·84, 1·45
Ptrend 0·31 0·24

DHA (22 : 6n-3)
Q1 0·04 257:547 1 Ref. 1 Ref.
Q2 0·07 259:510 1·09 0·89, 1·35 1·17 0·93, 1·48
Q3 0·1 262:523 1·08 0·88, 1·34 1·21 0·96, 1·53
Q4 0·16 225:413 1·19 0·95, 1·48 1·22 0·95, 1·58
Q5 0·24 219:423 1·14 0·91, 1·42 1·22 0·93, 1·59
Ptrend 0·2 0·22

n-3 (18 : 3 + 20 : 5 + 22 : 5 +22 : 6)
Q1 0·8 269:575 1 Ref. 1 Ref.
Q2 1 243:454 1·17 0·94, 1·44 1·23 0·98, 1·55
Q3 1·1 254:512 1·1 0·89, 1·35 1·14 0·90, 1·43
Q4 1·3 237:475 1·11 0·89, 1·37 1·11 0·88, 1·41
Q5 1·7 219:400 1·24 1·00, 1·55 1·18 0·93, 1·51
Ptrend 0·11 0·35
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study our method of classifying PMS cases was found to be
comparable with methods additionally using report of pro-
spective symptom charting as part of clinical diagnosis(28).
Participants may either over-report or under-report their

intake of foods containing fats or fatty acids either unin-
tentionally or purposefully due to beliefs about what they
should be eating, thus misclassification is likely. However,
because dietary intake was collected prospectively, any mis-
classification of fat or fatty acid intake, therefore would not be
related to PMS status and would likely bias result to the null.
Moreover, previous validation studies have found fat intakes
from FFQ data to be reasonably well correlated with diet record
(r> 0·41)(30) and several previous studies within the NHS2
suggest that FFQ are sensitive enough to detect associations
between fats and outcomes such as endometriosis or CVD at
similar ranges of intake(42,43). Lastly, the range of intake for total
fat and subtypes of fat (i.e. SFA, MUFA, PUFA and trans-fat)
within our study was comparable with previous observational
studies of PMS(9,10).
Overall, we did not find intake of dietary fats to be associated

with higher risk of developing PMS, though high intake of
stearic acid was associated with a statistically significant lower
risk of PMS. As this is the first study to suggest this association
and the fact that these findings may be by chance due to
multiple testing, additional prospective studies are needed to
further evaluate whether stearic acid may reduce risk of
developing PMS or improve existing symptoms taking into
account any potential adverse effects.
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