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ABSTRACT
Background: Thiamine, riboflavin, niacin, vitamin B-6, folate, and
vitamin B-12 are required to synthesize neurotransmitters that are
potentially involved in the pathophysiology of premenstrual syn-
drome (PMS).
Objective: The objective was to evaluate whether B vitamin intake
from food sources and supplements is associated with the initial
development of PMS.
Design:We conducted a case-control study nested within the Nurses’
Health Study II cohort. Participants were free of PMS at baseline
(1991). After 10 y of follow up, 1057 women were confirmed as
cases and 1968 were confirmed as controls. Dietary information
was collected in 1991, 1995, and 1999 by using food-frequency
questionnaires.
Results: Intakes of thiamine and riboflavin from food sources were
each inversely associated with incident PMS. For example, women
in the highest quintile of riboflavin intake 2–4 y before the diagnosis
year had a 35% lower risk of developing PMS than did those in the
lowest quintile (relative risk: 0.65; 95% CI: 0.45, 0.92; P for trend =
0.02). No significant associations between incident PMS and dietary
intakes of niacin, vitamin B-6, folate, and vitamin B-12 were ob-
served. Intake of B vitamins from supplements was not associated
with a lower risk of PMS.
Conclusions: We observed a significantly lower risk of PMS in
women with high intakes of thiamine and riboflavin from food
sources only. Further research is needed to evaluate the effects of
B vitamins in the development of premenstrual syndrome. Am J
Clin Nutr 2011;93:1080–6.

INTRODUCTION

Premenstrual syndrome (PMS) is a disorder characterized by
physical and psychological symptoms that are manifested during
the late luteal phase of the menstrual cycle and end shortly after
the onset of menstruation. Although the true prevalence of PMS is
unknown, it has been estimated that 15% of women of re-
productive age in the United States meet the established clinical
criteria for PMS (1). The pathophysiology of PMS remains
unclear and is a matter of ongoing investigation. Current treat-
ments for PMS include oral contraceptives, gonadotropin-
releasing hormone agonists, and antidepressants—all of which
have significant side effects. Therefore, prevention of PMS
through identification of modifiable risk factors is of primary
importance.

The pathophysiology of PMS may include an interaction of
ovarian hormones with brain neurotransmitters, such as serotonin
and c-amino butyric acid (GABA) (2, 3). The B vitamins thia-

mine, niacin, riboflavin, vitamin B-6, folate, and vitamin B-12
are involved in the metabolism of neurotransmitters through
different mechanisms. Riboflavin is needed to activate vitamin
B-6, which is a cofactor in the generation of serotonin from the
amino acid tryptophan. Niacin deficiency may lead to depletion
of tryptophan, thereby reducing its availability to form serotonin
(4). Thiamine is required for the metabolism of glucose and
precursors of GABA. Vitamin B-12, vitamin B-6, and folate are
associated with the formation of S-adenosyl-methionine and
tetrahydrobiopterin, both of which are required for the metab-
olism of serotonin and dopamine (5, 6).

To our knowledge, no previous studies have examined whether
intake of B vitamins may prevent the initial development of PMS.
Previous studies of B vitamins and PMS generally have been
limited to randomized clinical trials of the efficacy of vitamin B-6
at different doses as a treatment of premenstrual symptoms
(7–14). Some (8, 9, 15) but not all (11–14) studies have found
vitamin B-6 supplementation to reduce the occurrence and se-
verity of symptoms. To our knowledge, no previous studies have
assessed the association of PMS or menstrual symptoms with
thiamine, niacin, riboflavin, folate, and vitamin B-12 intakes,
although some clinical trials have evaluated supplements con-
taining many of these vitamins as treatment of menstrual
symptoms; the results suggest that B vitamin intake may be
beneficial (16–18). We evaluated the association between intakes
of thiamine, riboflavin, niacin, vitamin B-6, folate, and vitamin
B-12 and the risk of incident PMS in a subset of women par-
ticipating in the Nurses’ Health Study II (NHS II).
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SUBJECTS AND METHODS

The NHS II is a prospective cohort of 116,678 female US
registered nurses, who replied to a mailed questionnaire in 1989
when they were 25–42 y of age. Information regarding various
lifestyle factors and medical conditions has been collected by
mailed questionnaire every 2 y. The response rate for each
questionnaire cycle has been �89%. The study protocol was
approved by the Institutional Review Board at Brigham and
Women’s Hospital.

Identification of cases and controls

The establishment of the NHS II PMS Substudy was described
in detail previously (19, 20). Briefly, from among all NHS II
participants who had not reported a diagnosis of PMS in 1989 or
1991, we identified 3430 women who reported a new clinician-
made diagnosis of PMS on an NHS II questionnaire between
1993 and 2001 (Figure 1). We assigned each woman a “refer-
ence year” equal to their diagnosis year, which we used to de-
termine eligibility for the study and to assess menstrual
symptoms and diet. We then identified 2570 women who did not
report a diagnosis of PMS at any time between 1989 and 2001 to
serve as potential controls; for these women, we assigned a
randomly chosen year between 1993 and 2001 to be their ref-
erence year. Women with a diagnosis of cancer, endometriosis,
usual irregular menstrual cycles, or infertility before their ref-
erence year were excluded from the initial selection of partic-
ipants to prevent the inclusion of women with symptoms
attributable to causes other than PMS. Because of our interest in
dietary factors, we also excluded women reporting an implau-
sible total calorie intake (,500 or �3500 kcal/d) on diet
questionnaires completed in 1991 and 1995.

In 2002, we mailed participants a questionnaire based on the
Calendar of Premenstrual Experiences designed by Mortola et al
(21) to confirm the PMS diagnosis in cases and verify that
controls did not have PMS. We asked participants to report the
presence of any of 26 specific symptoms for at least several days
each month for most months of the year in the specific 2 y before
their individual reference year. We also included questions about

the age at which symptoms started, the timing of symptom onset
and cessation during an average menstrual cycle, and the severity
of symptoms and their influence on personal relationships, social
functioning, and work-related activities. This questionnaire was
completed by 86.5% of the potential cases (n = 2966) and 97.4%
of the potential controls (n = 2504).

Our PMS case definition was based on the criteria established
by Mortola et al (21). We considered participants as validated
cases if they reported the following: 1) the occurrence of at least
one physical and one affective menstrual symptom; 2) their
overall symptom severity to be moderate or severe or the effect
of symptoms on life activities and social relationships to be
moderate or severe; 3) symptoms beginning within 14 d of the
onset of menstruation; 4) symptoms ending within 4 d of the
onset of menses; and 5) symptoms absent in the week after
menses ends. Ultimately, 1057 (35.6%) potential cases met these
criteria and were included in the present analysis.

We considered women as validated controls if they, in addition
to not reporting a diagnosis of PMS during the study period,
reported either no menstrual symptoms or only mild symptoms
with no substantial effect on life activities and interpersonal
relationships. A total of 1968 (78.6%) potential controls met
these criteria and were included in the present analysis.

The validity of our approach for assessing PMS symptoms was
evaluated previously (20) in those participants from the PMS
Substudy who reported a diagnosis of PMS for the first time in
2001 (n = 138) and controls whose reference year was 2001 (n =
377). Women who did not report prospective symptom charting
as part of their diagnosis, but who met the Mortola criteria for
PMS, were similar with regard to symptom timing and severity
and the presence of physical symptoms to those who both re-
ported prospective charting and who met the Mortola criteria
(20).

Assessment of B vitamin intake and other factors

Participants completed a semiquantitative food-frequency
questionnaire (FFQ) as part of their main NHS II questionnaires
in 1991, 1995, and 1999 to estimate usual dietary intake of 131
foods and supplements during the previous year. Participants
were asked to indicate how frequently they consumed a specific
portion size of each food item, with 9 possible response options
ranging from “never or less than once per month” to “6 or more
times per day.” B vitamin–rich foods included on the FFQ in-
cluded fortified cereals, milk, red meat, seafood, beans and
lentils, bananas, and green leafy vegetables.

To calculate each participant’s intake of B vitamins from
foods, the portion size of a single serving of each food was
multiplied by the reported intake frequency and then by the
vitamin content of each food. Nutrient content was then summed
across all foods. Finally, adjustment for total energy intake was
performed by using the residual method (22).

Specific questions about the use of multivitamin and several
individual vitamin supplements including vitamin B-6 were also
included on each FFQ. Participants were asked to report whether
they currently took multivitamins, how many they took per week
(�2, 3–5, 6–9, or �10 tablets) and the specific brand used.
Women were also asked to specify their use and dose of in-
dividual vitamin B-6 supplements (,50, 50–99, 100–149, or
�150 mg/d). Additional questions on regular use of niacin,

FIGURE 1. Design of the Nurses’ Health Study II (NHS II) Premenstrual
Syndrome (PMS) Substudy, 1991–2001.
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folate, and B-complex supplements (yes or no) were also in-
cluded. The FFQ administered in 1999 additionally queried
specific doses of niacin (,50, 50–300, 400–800, or �900 mg/d).
The validity and reliability of the FFQ was evaluated previously
(23, 24). For example, the Pearson coefficients for correlation
between total vitamin B-6 intake from the FFQ and the mean
dietary intake of 4 diet records completed 3 mo apart was 0.58
after adjustment for total energy intake (23).

We collected information on other factors potentially asso-
ciated with PMS and diet, such as age, smoking status, weight,
pregnancy history, tubal ligation, and oral contraceptive use on
biennial questionnaire throughout the study period. Height and
menstrual cycle characteristics were assessed in 1989. Physical
activity was assessed in 1991 and 1997. History of depression and
use of antidepressants was assessed on the supplemental men-
strual symptom questionnaire. Childhood trauma related to
punitive parenting was assessed in 2001 with a separate ques-
tionnaire (25). Finally, information on the dietary intake of other
nutrients, such as calcium and vitamin D, was assessed by FFQ.

Statistical analysis

Baseline characteristics of PMS cases and controls were
compared by using Pearson chi-square and t tests. The corre-
lation between intakes of individual B vitamins was assessed
with Spearman correlation coefficients. We evaluated the asso-
ciation between PMS and thiamine, riboflavin, niacin, vitamin
B-6, folate, and vitamin B-12 at several time points. Intakes
from food sources and supplemental sources were analyzed
separately. First, we divided participants into quintiles based on
their intake of each vitamin from food sources during the 2–4-y
period before their individual reference year. Quintile cutoffs
were based on the distribution of intake in the entire NHS II
cohort. For our analysis of intake of each vitamin from sup-
plemental sources only, we classified women into 4 groups:
nonsupplement users and tertiles of supplement users. We also
evaluated B vitamin intake as assessed at baseline (1991) and
during the 2 y preceding the reference year. All statistical
analyses were conducted with SAS 9.1 software (SAS Institute
Inc, Cary, NC).

By using logistic regression, we calculated relative risks (RRs)
and 95% CIs comparing the risk of PMS in the highest 4 quintiles
or categories to the lowest (referent). Multivariable RRs and 95%
CIs were adjusted for age, diagnosis year, number of full-term
pregnancies (pregnancies lasting �6 mo), body mass index
[BMI; weight (in kg)/height2 (in m)], smoking status, tubal li-
gation, duration of oral contraceptive use, childhood trauma,
antidepressant use, and dietary intakes of alcohol, potassium,
calcium, and vitamin D. Analyses of intakes from food sources
are adjusted for intake of the same vitamin from supplemental
sources and vice versa. In additional analyses, we adjusted each
B vitamin for the effect of the others. To evaluate linear trends
across quintiles in the multivariable regression models, we used
a Mantel extension test for trend, modeling the medians of each
quintile or category as a continuous variable. We also conducted
subanalyses restricted to women with no history of depression
before diagnosis (n = 882 cases and 1819 controls) and to those
not using oral contraceptives at baseline (n = 938 cases and 1779
controls). Additionally, we conducted a subanalysis of supple-
ment use at baseline, excluding PMS cases who reported that

their menstrual symptoms had started before the beginning of
follow-up in 1991 (n = 329 cases). We assessed whether the B
vitamin–PMS relation varied by age, BMI, alcohol intake, and
smoking status, because these factors were previously associated
with PMS risk (26–28). Finally, we assessed potential inter-
actions between the B vitamins themselves.

RESULTS

Baseline characteristics of cases and controls are presented in
Table 1. Compared with controls, cases were younger and had
a higher mean BMI at baseline and at age 18 y. Cases were more
likely than controls to be current or former smokers and to re-
port the use of antidepressants and oral contraceptives and his-
tory of severe childhood trauma. We did not observe significant
differences in other factors.

Strong correlations were observed between intakes of vitamins
B-6, riboflavin, niacin, and thiamine from food sources (range of
correlation coefficients: 0.16–0.64; all P , 0.001), with the
strongest between niacin and vitamin B-6 (r = 0.64) (Table 2).
Intake of vitamin B-12 was modestly correlated with intake of
other B vitamins.

We observed an inverse association between intake of thiamine
and riboflavin from food sources and incidence of PMS (Table 3).
After adjustment for age, vitamin D and calcium intakes, and
other factors, women with the highest intake of thiamine (me-
dian: 1.93 mg/d) during the 2–4 y before the reference year had
an RR of 0.75 (95% CI: 0.56, 1.00) compared with women with
the lowest intake (median: 1.20 mg/d; P for trend = 0.04).
Women in the highest quintile of riboflavin intake (median:
2.52 mg/d) had a 35% lower risk of developing PMS (RR: 0.65;
95% CI: 0.45, 0.92) compared with those in the lowest quintile
(median: 1.38 mg/d; P for trend = 0.02). Dietary intakes of

TABLE 1

Age-standardized characteristics of premenstrual syndrome cases and

controls at baseline (1991): Nurses’ Health Study II Premenstrual

Syndrome Substudy (1991–2001)1

Characteristics

Cases

(n = 1057)

Controls

(n = 1968) P

Age (y)2 34.4 6 4.3 35.0 6 3.9 0.00023

BMI (kg/m2)4

At baseline, 1991 24.6 6 0.2 23.7 6 0.1 ,0.00013

At the age of 18 y 21.4 6 0.1 21.1 6 0.1 0.033

Age at menarche (y) 12.4 6 0.04 12.5 6 0.03 0.083

No. of full-term pregnancies (n)4,5 1.7 6 0.04 1.7 6 0.03 0.523

Physical activity (METs/wk)4 23.0 6 1.8 23.3 6 1.3 0.883

History of tubal ligation (%) 16.8 18.2 0.346

Ever used oral contraceptives (%) 85.7 77.7 ,0.0016

Smoking status (%)

Current smoker 12.3 6.5 ,0.00016

Past smoker 26.5 18.2 ,0.00016

Ever used antidepressant

medications (%)

12.1 4.7 ,0.00016

History of childhood trauma (%) 14.8 7.9 ,0.00016

1 All characteristics, except for age, were standardized to the age dis-

tribution of participants in 1991. METs, metabolic equivalents.
2 Values are means 6 SDs.
3 Calculated by using the t statistic.
4 Values are means 6 SEs.
5 Limited to parous women.
6 Calculated by using the chi-square statistic.
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niacin, vitamin B-6, folate, and vitamin B-12 were not associ-
ated with incident PMS. Results from analyses of B vitamin
intake at baseline were generally similar to those 2–4 y before
the reference year (data not shown). For example, women in the
highest quintile of thiamine intake at baseline had an RR of 0.76
(95% CI: 0.57, 1.01; P for trend = 0.02) compared with those in
the lowest quintile. However, for riboflavin, women in the
highest quintile of dietary riboflavin intake had an RR of 0.84
(95%CI: 0.58, 1.20; P for trend = 0.28) as compared with those
in the lowest quintile of intake. The results based on intake 0–2 y
before the reference year were also similar (data not shown).

Further adjustment of each vitamin for the effect of the others
produced similar but slightly attenuated results (data not shown).
For example, after adjustment for riboflavin, niacin, vitamin B-6,
folate, and vitamin B-12, women in the highest quintile of thi-
amine intake had an RR of 0.78 (95% CI: 0.53, 1.14; P for trend =
0.22) compared with those in the lowest quintile. After adjust-
ment for thiamine, niacin, vitamin B-6, folate, and vitamin B-12,
women in the highest quintile of riboflavin intake had an RR of
0.67 (95% CI: 0.43, 1.05; P for trend = 0.09) compared with
those in the lowest quintile.

In general, women with supplemental intake of B vitamins had
a higher risk of PMS than did nonusers (Table 4). For example,
compared with women with no intake of thiamine from sup-
plements during the 2–4 y before the reference year, the RRs in
tertiles 1 through 3 were 1.41, 1.54, and 1.66, respectively (P for
trend in users of thiamine supplements = 0.22). RRs were at-
tenuated when we evaluated supplement intake measured at
baseline and were higher when we assessed supplement intake
0–2 y before the reference year. For example, for thiamine, RRs
for tertiles 1–3 compared with nonusers were 1.44, 1.45, and
1.50, respectively (P for trend =0.68) for supplemental intake at
baseline and were 1.35, 1.44, and 1.77 (P for trend = 0.07) for
supplement use 0–2 y before the reference year. In a subanalysis
excluding women reporting that their symptoms began before
the start of follow-up in 1991, use of B vitamin supplements was
not associated with an increased risk of PMS. For example, RRs
in tertiles 1–3 of thiamine use compared with nonuse were 1.16,
1.00, and 0.91, respectively (P for trend = 0.62).

For analyses of both food and supplement intakes, the results
from the analyses excluding participants who took anti-
depressants before diagnosis were similar to the results from the
main analysis, as were the results excluding women who reported
using oral contraceptives at baseline (data not shown). Stratified
analyses found no evidence that the relationships between B

vitamin intake and incidence of PMSwere modified by age, BMI,
alcohol intake, or smoking status (data not shown). Finally, we
found no evidence of significant interactions between individual
B vitamins, although our power for this analysis was relatively
low (data not shown).

DISCUSSION

To our knowledge, this was the first study to examine the
association between intakes of thiamine, riboflavin, niacin, vi-
tamin B-6, folate, and vitamin B-12 and incident cases of PMS.
We found that high intakes of thiamine and riboflavin from food
sources were associated with a significantly lower incidence of
PMS. No association between was found between dietary intakes
of niacin, vitamin B-6, folate, and vitamin B-12 and incidence of
PMS.

For both thiamine and riboflavin, the level of intake at which
we observed a benefit was considerably above current recom-
mendations. For thiamine (RDA: 1.1 mg/d) (29), we found that
women consuming ’1.9 mg/d had a 25% lower risk of PMS
than did those consuming’1.2 mg/d. This level of intake can be
achieved by consuming 2–3 servings/d of thiamine-rich foods,
such as fortified cereals, legumes, nuts, and red meats such as
pork. For riboflavin (RDA = 1.1 mg/d) (29), women consuming
’2.5 mg/d had a 35% lower risk than did those consuming’1.4
mg/d. This level of intake can be achieved with 1–2 servings
fortified cereal/d or 6–7 servings riboflavin-rich foods such as
cow milk or soy milk, spinach, and red meats.

Although we found an inverse association of thiamine and
riboflavin from food sources, we observed an increased risk
associated with any supplemental intake of these and other B
vitamins. These results likely reflect the use of B vitamins to treat
menstrual symptoms developing before diagnosis. Despite the
lack of consistent evidence, deficiencies in B vitamins are thought
to be associated with menstrual symptom occurrence and se-
verity, and supplements may be recommended by physicians for
treatment of mild symptoms (1, 30–32). To evaluate the likeli-
hood that the observed increased risks were due to this type of
confounding by indication, we conducted separate analyses of the
association of intake of B vitamin supplements at 3 time periods,
hypothesizing that the risks would be higher when supplement
use was assessed closer in time to diagnosis. We did, in fact, find
that associations were strongest when supplement use was
assessed 0–2 y before diagnosis and attenuated when use was
assessed at baseline (ie, 2–10 y before diagnosis). Moreover,
when we conducted a separate analysis excluding women who
reported that their symptoms had already begun before the start of
our follow-up period, intake of B vitamins from supplements was
not associated with PMS risk.

Alternatively, the difference in our findings for riboflavin and
thiamine from foods sources compared with supplements could
be explained by differences in forms and bioavailability of these
vitamins in different foods. In addition, other components in B
vitamin–rich foods may be associated with risk of PMS. For
example, milk is rich in riboflavin, calcium, and vitamin D, which
have been shown to be associated with a decreased risk of PMS
(19). We therefore adjusted for calcium and vitamin D in all
analyses to reduce residual confounding by other nutrients.

Previous randomized controlled trials have found a beneficial
effect of vitamin B-6 on PMS symptoms using doses up to 100

TABLE 2

Spearman correlation coefficients for B vitamin intake from food sources

2–4 y before the reference year: Nurses’ Health Study II Premenstrual

Syndrome Substudy (1991–2001)1

Thiamine Riboflavin Niacin

Vitamin

B-6 Folate

Vitamin

B-12

Thiamine 1.00

Riboflavin 0.57 1.00

Niacin 0.46 0.26 1.00

Vitamin B-6 0.54 0.49 0.64 1.00

Folate 0.61 0.48 0.36 0.60 1.00

Vitamin B-12 0.20 0.54 0.23 0.30 0.16 1.00

1 All correlations were significant at P , 0.001. n = 3025.
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mg/d (7–9). For example, in 2007, Sharma et al (9) conducted
a randomized clinical trial in 60 women who reported pre-
menstrual symptoms and found that women who received
a supplement of 100 mg pyridoxine/d for 3 mo showed a sig-
nificant reduction in premenstrual symptoms as compared with
placebo or bromocriptine (P , 0.01) (9). In our population, the
doses of vitamin B-6 from supplements consumed were very
low compared with those used in intervention studies; the me-
dian vitamin B-6 intake from supplements in the highest tertile
was 4.98 mg/d. Hence, because of the low intakes in our pop-
ulation, we were unable to evaluate the association with “ther-
apeutic” doses in incident cases of PMS and could have missed
the potential beneficial effects. Other randomized clinical trials

have evaluated the effects of supplements containing multiple B
vitamins and other micronutrients on symptoms of PMS and
observed some significant improvement (16–18).

B vitamin intakes from food sources were highly correlated in
our study and also correlated with other nutrients that have been
associated with PMS in previous studies, such as calcium and
vitamin D (19, 33, 34). For example, the Spearman correlation
between riboflavin and vitamin D was 0.74 and between ribo-
flavin and calcium was 0.77 (P , 0.0001 for both). In addition,
a biologic interaction was observed between individual B vita-
mins, which made it difficult to assess the specific effects of
each individual vitamin. For example, riboflavin is required to
form pyridoxal phosphate, which is the active form of vitamin

TABLE 3

Age- and multivariable (MV)-adjusted relative risks (RRs) of premenstrual syndrome by quintile (Q) of intake of

thiamine, riboflavin, vitamin B-6, folate, and vitamin B-12 from food sources in the 2–4-y period before the reference

year: Nurses’ Health Study II Premenstrual Syndrome Substudy (1991–2001)

Q1 Q2 Q3 Q4 Q5

P for

trend1

Thiamine (mg/d)

Median 1.20 1.39 1.53 1.67 1.93

Case:control ratio 185:314 214:364 227:400 218:417 211:469

Age-adjusted RR 1.00 1.01 0.97 0.89 0.76 0.009

MV-adjusted RR2 1.00 0.93 0.90 0.88 0.75 0.04

95% CI (0.70, 1.24) (0.68, 1.20) (0.66, 1.18) (0.56, 1.00)

Riboflavin (mg/d)

Median 1.38 1.63 1.86 2.12 2.52

Case:control ratio 195:318 198:382 241:396 220:405 201:463

Age-adjusted RR 1.00 0.84 0.97 0.87 0.68 0.004

MV-adjusted RR2 1.00 0.81 1.00 0.90 0.65 0.02

95% CI (0.60, 1.08) (0.74, 1.36) (0.64, 1.26) (0.45, 0.92)

Niacin (mg/d)

Median 18.1 21.2 23.5 25.8 29.9

Case:control ratio 203:397 212:425 239:382 188:406 213:354

Age-adjusted RR 1.00 0.99 1.23 0.91 1.20 0.23

MV-adjusted RR2 1.00 1.00 1.18 0.83 1.09 0.88

95% CI (0.77, 1.30) (0.90, 1.53) (0.63, 1.10) (0.83, 1.44)

Vitamin B-6 (mg/d)

Median 1.56 1.83 2.05 2.28 2.71

Case:control ratio 178:380 245:414 217:426 231:372 184:372

Age-adjusted RR 1.00 1.27 1.09 1.33 1.07 0.69

MV-adjusted RR2 1.00 1.18 1.02 1.14 0.96 0.56

95% CI (0.90, 1.56) (0.76, 1.36) (0.85, 1.55) (0.69, 1.32)

Folate (lg/d)
Median 206 256 299 347 434

Case:control ratio 198:348 207:403 223:399 231:398 196:416

Age-adjusted RR 1.00 0.90 1.01 1.04 0.85 0.34

MV-adjusted RR2 1.00 0.90 1.05 0.99 0.82 0.29

95% CI (0.68, 1.18) (0.79, 1.40) (0.73, 1.34) (0.59, 1.12)

Vitamin B-12 (lg/d)
Median 3.3 4.6 5.5 6.6 9.0

Case:control ratio 224:387 225:396 202:454 213:370 191:357

Age-adjusted RR 1.00 0.97 0.77 0.98 0.92 0.60

MV-adjusted RR2 1.00 0.96 0.79 0.93 0.89 0.54

95% CI (0.74, 1.25) (0.60, 1.03) (0.70, 1.23) (0.67, 1.19)

1 Calculated by using the Mantel extension test for trend.
2 Adjusted for age in 1989 (,30, 30–34, 35–39, or �40 y), year of diagnosis (1993, 1994–1995, 1996–1997, 1998–

1999, or 2000–2001), number of full-term pregnancies (0, 1–2, 3–4, or �5 pregnancies lasting �6 mo), BMI (in kg/m2;

,20.0, 20.0–22.4, 22.5–24.9, 25.0–27.4, 27.5–29.9, or �30.0), pack-years of smoking (quintiles), tubal ligation (yes or no),

duration of oral contraceptive use (never or 1–23, 24–71, 72–119, or �120 mo), antidepressant use (never or ever), history

of childhood trauma score (5, 6–10, 11–15, or �16), and total intakes of alcohol, potassium, calcium, and vitamin D. The

intake of each vitamin from food sources was also adjusted for intake of that vitamin from supplemental sources.
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B-6. To address these issues, we adjusted for a variety of nu-
trients in our analyses and evaluated confounding and effect
modification of each B vitamin by the others. In addition,
because the main NHS II questionnaires assessed a variety of
reproductive and lifestyle variables, we were able to control for
several important confounders, including smoking and use of
oral contraceptives.

Because of the prospective design of our study and the large
number of participants, we were unable to use prospective

charting (ie, recording of daily symptoms for �2 cycles) for
identification of PMS cases, as is recommended by the Ameri-
can Congress of Obstetricians and Gynecologists (1) and as is
current practice for studies of prevalent PMS. However, we used
established criteria to identify PMS cases and symptom-free
controls and thus to compare women at the 2 extremes of the
spectrum of menstrual symptom experience, thereby decreasing
the likelihood of misclassification. The validity of our method
was assessed previously (20), and we identified significant

TABLE 4

Age- and multivariable-adjusted relative risks of premenstrual syndrome by tertile (T) of thiamine, riboflavin, vitamin B-6, folate, and vitamin B-12 from

supplement use compared with nonuse of supplements: Nurses’ Health Study II Premenstrual Syndrome Substudy (1991–2001)1

Nonusers T1 T2 T3 P for trend2

Thiamine (mg/d)

Median3 0.00 0.85 1.50 5.70

Case:control ratio3 538:1080 163:287 178:328 178:273

Baseline, 1991 1.00 1.44 (1.09, 1.88) 1.45 (1.03, 2.04) 1.50 (1.10, 2.06) 0.68

Baseline, excluding cases with symptoms before 19914 1.00 1.16 (0.76, 1.77) 1.00 (0.58, 1.70) 0.91 (0.55, 1.51) 0.62

2–4 y before reference year 1.00 1.41 (1.08, 1.85) 1.54 (1.11, 2.14) 1.66 (1.23, 2.26) 0.22

0–2 y before reference year 1.00 1.35 (1.04, 1.75) 1.44 (1.05, 1.97) 1.77 (1.33, 2.36) 0.07

Riboflavin (mg/d)

Median3 0.00 0.96 1.70 5.70

Case:control ratio3 540:1081 179:310 158:290 180:287

Baseline, 1991 1.00 1.42 (1.07, 1.86) 1.51 (1.06, 2.14) 1.43 (1.03, 1.98) 0.98

Baseline, excluding cases with symptoms before 19914 1.00 1.17 (0.76, 1.80) 1.14 (0.65, 1.98) 0.98 (0.58, 1.65) 0.82

2–4 y before reference year 1.00 1.38 (1.05, 1.81) 1.42 (1.00, 2.01) 1.44 (1.05, 1.97) 0.65

0–2 y before reference year 1.00 1.24 (0.95, 1.62) 1.39 (1.01, 1.91) 1.71 (1.28, 2.30) 0.05

Niacin (mg/d)

Median3 0.0 5.7 20.0 50.0

Case:control ratio3 535:1077 154:294 220:372 148:225

Baseline, 1991 1.00 1.34 (1.02, 1.76) 1.69 (1.23, 2.33) 1.77 (1.26, 2.48) 0.22

Baseline, excluding cases with symptoms before 19914 1.00 1.06 (0.69, 1.62) 1.14 (0.69, 1.87) 1.02 (0.59, 1.78) 0.99

2–4 y before reference year 1.00 1.33 (1.01, 1.74) 1.81 (1.32, 2.47) 2.07 (1.49, 2.87) 0.01

0–2 y before reference year 1.00 1.29 (1.00, 1.67) 1.44 (1.05, 1.94) 2.11 (1.56, 2.85) 0.002

Vitamin B-6 (mg/d)

Median3 0.00 0.03 1.15 4.98

Case:control ratio3 288:626 242:460 234:463 293:419

Baseline, 1991 1.00 0.93 (0.74, 1.17) 1.37 (1.04, 1.79) 1.79 (1.34, 2.41) 0.0004

Baseline, excluding cases with symptoms before 19914 1.00 0.74 (0.51, 1.07) 1.03 (0.68, 1.55) 1.12 (0.70, 1.77) 0.35

2–4 y before reference year 1.00 1.09 (0.86, 1.37) 1.45 (1.00, 1.92) 2.08 (1.56, 2.78) ,0.0001

0–2 y before reference year 1.00 1.05 (0.83, 1.33) 1.43 (1.08, 1.90) 2.10 (1.58, 2.79) ,0.0001

Folate (lg/d)
Median3 0 228 400 800

Case:control ratio3 553:1115 220:359 196:317 88:177

Baseline, 1991 1.00 1.53 (1.19, 1.98) 1.69 (1.19, 2.41) 1.11 (0.74, 1.66) 0.05

Baseline, excluding cases with symptoms before 19914 1.00 1.15 (0.76, 1.72) 1.30 (0.74, 2.26) 0.92 (0.51, 1.66) 0.68

2–4 y before reference year 1.00 1.57 (1.22, 2.03) 2.05 (1.46, 2.87) 1.43 (0.96, 2.13) 0.25

0–2 y before reference year 1.00 1.29 (0.99, 1.67) 1.90 (1.40, 2.58) 1.61 (1.15, 2.25) 0.15

Vitamin B-12 (lg/d)
Median3 0 0.3 3.2 6.5

Case:control ratio3 295:647 260:462 258:411 244:448

Baseline, 1991 1.00 1.00 (0.79, 1.26) 1.41 (1.09, 1.83) 1.59 (1.13, 2.23) 0.02

Baseline, excluding cases with symptoms before 19914 1.00 1.25 (0.88, 1.78) 1.17 (0.77, 1.78) 1.20 (0.71, 2.04) 0.72

2–4 y before reference year 1.00 1.25 (1.00, 1.58) 1.65 (1.25, 2.16) 1.68 (1.19, 2.35) 0.13

0–2 y before reference year 1.00 1.25 (0.91, 1.71) 1.75 (1.20, 2.55) 1.45 (0.97, 2.17) 0.26

1 In T1–T3, relative risks (95% CIs) were adjusted for age in 1989 (,30, 30–34, 35–39, or �40 y), year of diagnosis (1993, 1994–1995, 1996–1997,

1998–1999, or 2000–2001), number of full-term pregnancies (0, 1–2, 3–4, or �5 pregnancies lasting �6 mo), BMI (in kg/m2; ,20.0, 20.0–22.4, 22.5–24.9,

25.0–27.4, 27.5–29.9, or �30.0), pack-years of smoking (quintiles), tubal ligation (yes or no), duration of oral contraceptive use (never or 1–23, 24–71, 72–

119, or �120 mo), antidepressant use (never or ever), history of childhood trauma score (5, 6–10, 11–15, or �16), and total intakes of alcohol, potassium,

calcium, and vitamin D.
2 Test for trend in users of supplements only; Mantel-extension test.
3 Medians and case-control ratios from 2 to 4 y before reference data.
4 Analysis included 329 cases and 1968 controls.
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risk factors for PMS in previous studies in this population (19,
28, 35).

In conclusion, the results of this study suggest a possible
benefit of high intakes of riboflavin and thiamine from food
sources on the incidence of PMS. Because this is the first pro-
spective study to evaluate the effects of these vitamins, additional
studies of these relations are warranted, including randomized
clinical trials of thiamine and riboflavin for the prevention and
possibly the treatment of PMS.
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