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Objective: To examine whether use of multivitamins and intake of specific nutrients in multivitamins is associated
with ovulatory infertility.
Design: A prospective cohort study.
Setting: The Nurses’ Health Study II.
Patient(s): Eighteen thousand five hundred fifty-five married, premenopausal women without a history of infer-
tility who attempted a pregnancy or became pregnant between 1991 and 1999.
Intervention(s): None, observational study.
Main Outcome Measure(s): Incident reports of infertility caused by anovulation.
Result(s): During 8 years of follow-up, 438 women reported infertility caused by ovulatory disorder. There was an
inverse association between frequency of multivitamin use and ovulatory infertility. The multivariate-adjusted rel-
ative risk (95% confidence interval) of ovulatory infertility was 0.88 (0.60, 1.28) for women consuming two tablets
per week or less, 0.69 (0.51, 0.95) for women consuming three to five tablets per week, and 0.59 (0.46, 0.75) for
women consuming six or more tablets per week, when compared with women who did not use these supplements
(P, trend < .001). Folic acid appeared to explain part of the association between multivitamin supplement use and
risk of ovulatory infertility.
Conclusion(s): Regular use of multivitamin supplements may decrease the risk of ovulatory infertility. (Fertil
Steril� 2008;89:668–76. �2008 by American Society for Reproductive Medicine.)
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Infertility is a common condition, affecting as many as one of
six couples during their lifetimes (1). Some investigators
have proposed that the already high frequency of this disorder
is likely to rise as the postponement of childbearing in-
creases, particularly in developed regions of the world (2,
3). Assisted reproductive technologies are the main strategy
used to control the burden of infertility. However, their large
costs (4, 5) and frequency of adverse events (6–10) warrant
the consideration of alternative approaches to control infertil-
ity including prevention.

The role of dietary factors in human fertility has not been
investigated in detail, but intake of some micronutrients may
enhance female fertility. Studies published elsewhere have
documented higher pregnancy rates among users of micronu-
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trient supplements who either have (11) or do not have (12)
fertility disorders. Although these studies could not identify
specific nutrients or mechanisms explaining the beneficial ef-
fect of these supplements, recent findings suggest that folate
status may be important in the ovarian response to FSH (13).
Therefore, we evaluated whether use of multivitamin supple-
ments was associated with the incidence of ovulatory disor-
der infertility and explored which nutrients could explain
the association if it exists.

MATERIALS AND METHODS

Study Population

The Nurses’ Health Study II is a prospective cohort study that
is designed to investigate the role of diet and other lifestyle
factors in common chronic diseases. In 1989, 116,671 female
registered nurses aged 24 to 42 years were enrolled in the
study, and they have been followed every 2 years since then
with mailed questionnaires. Here we present a prospective
analysis of incident ovulatory infertility among participants
of this cohort. The study was approved by the institutional
review board of Brigham and Women’s Hospital.

Follow-up for the current study started in 1991, when diet
was first measured, and was concluded in 1999. On biennial
questionnaires, participants were asked whether they had
0015-0282/08/$34.00
e, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2007.03.089



tried without success to become pregnant for >1 year since
the previous questionnaire administration and to indicate
whether their inability to conceive was caused by tubal block-
age, ovulatory disorder, endometriosis, cervical mucus fac-
tor, or spousal factor; was not found; was not investigated;
or was caused by another reason. In a validation study among
members of this cohort who were not included in the present
analyses, self-reported diagnosis of ovulatory infertility was
confirmed by review of medical records in 95% of the cases
(14). Self-reports of infertility of women in the current anal-
ysis were not confirmed by review of medical records.
Women also were asked whether they became pregnant dur-
ing the preceding 2-year period, including pregnancies result-
ing in miscarriages or induced abortions. By using this
information, we simulated a cohort of women who were at-
tempting to become pregnant. Only married women, with
available dietary information and without a history of infertil-
ity, were eligible to enter the analysis. These women contrib-
uted information to the analysis during each 2-year period in
which they reported a pregnancy or a failed pregnancy at-
tempt, and they were followed until they reported an infertil-
ity event from any cause, reached menopause, or underwent
a sterilization procedure (themselves or their partner), which-
ever came first. Only 10 diabetic women met these criteria.
Because insulin resistance and hyperinsulinemia, hallmark
characteristics of type 2 diabetes, may affect ovulatory func-
tion (15), we excluded these 10 women from the analysis. Af-
ter exclusions, we identified 18,555 women without a history
of infertility who tried to become pregnant or who became
pregnant during the 8-year follow-up period. In each 2-year
period, women who met these criteria and who reported in-
fertility caused by ovulatory disorder were considered cases,
and the remaining women were considered noncases.

Dietary information was collected in 1991 and 1995 by us-
ing a food-frequency questionnaire validated elsewhere (16–
18). Participants were asked to report how often, on average
during the previous year, they had consumed each of the
foods and beverages that were included in the food-frequency
questionnaire. The questionnaire offered nine options for fre-
quency of intake, ranging from never or less than once per
month to six or more times per day. Participants also were
asked whether they used multivitamin supplements and other
nutrient supplements. Multivitamin users were asked to spec-
ify the brand of the multivitamin and their frequency of use.
Women also were asked to report the use of several com-
monly used supplements of specific vitamins; those reporting
use were asked to specify the daily dose. Nutrient intakes
were estimated by summing the nutrient contribution of all
food items in the questionnaire, taking into consideration
the brand, type, and dose of dietary supplements used. The
nutrient content of each food and specified portion size was
obtained from a nutrient database that was derived from the
US Department of Agriculture (19) and from additional in-
formation that was obtained from food manufacturers. To re-
duce extraneous variation in nutrient intakes, nutrient intakes
were adjusted for total energy intake by using the nutrient
residual method (20).
Fertility and Sterility�
Statistical Analyses

The relative risk (RR; calculated as an odds ratio) of ovula-
tory infertility according to categories of multivitamin sup-
plement use and intake of B vitamins was estimated by
using logistic regression. The generalized estimating equa-
tion approach (21), with an exchangeable working correla-
tion structure, was used to account for the within-person
correlation in outcomes at different time periods. Women
were initially divided into users and nonusers of multivita-
mins according to their most recent dietary assessment. Mul-
tivitamin users were further divided into four categories
according to their frequency of use: two or less tablets per
week, three to five tablets per week, six or more tablets per
week, and no frequency of use provided. The RR of ovulatory
infertility was computed as the risk among women who were
at a specific level of supplement use, divided by the risk
among nonusers. Women also were divided into five groups
according to quintiles of intake of individual B vitamins
(B1, B2, B6, B12, folic acid, niacin, and pantothenic acid).
In these models, the RR was computed as the risk of infertil-
ity in a specific quintile of cumulative averaged intake (22),
compared with the risk in the lowest quintile. Tests for linear
trend were conducted by using the median values of intake in
each category as a continuous variable.

To control for confounding by age and to take into account
potential time trends in infertility (23), all models were ad-
justed for age in years at the beginning of each mailing cycle
and calendar time of the current questionnaire cycle. Multi-
variate models included additional terms for body mass index,
parity, smoking history, physical activity, history of oral con-
traceptive use, dietary factors found to be related to infertility
in preliminary analyses (intakes of alcohol, coffee, protein
and major types of fatty acids), and total energy intake. Mul-
tivariate models for intake of B vitamins were adjusted further
for iron intake. The values of the dietary and nondietary
variables were updated as new data became available.

We performed additional analyses to assess which compo-
nents of multivitamins were responsible for the association
between this supplement and ovulatory infertility. First, we
identified the nutrients for which multivitamins are the
main source in this population and introduced them, one at
a time, into the multivariate models including multivitamins.
Then, we examined the association between long-term intake
of B vitamins and ovulatory infertility, with and without
adjustment for multivitamin use, and among nonusers of
multivitamins.

We examined whether the association between the use of
multivitamin supplements and ovulatory infertility was mod-
ified by subject characteristics (age, parity, and body mass in-
dex), the presence of long menstrual cycles (R40 d), alcohol
intake, or use of iron supplements by introducing cross-prod-
uct terms between use of multivitamin supplements and the
variable of interest.

The population-attributable risk and its 95% confidence
interval (CI) (24) were used to estimate the proportion of
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ovulatory infertility cases within this cohort that could have
been avoided, had all women consumed multivitamins at cer-
tain frequencies, assuming that the association between mul-
tivitamins and ovulatory infertility is causal. Analyses were
performed in SAS, version 9.1 (SAS Institute, Cary, NC).

RESULTS

During 8 years of follow-up, 26,971 eligible pregnancies and
pregnancy attempts were accrued among 18,555 women. Of
these events, 3,430 were incident reports of infertility from
any cause, of which 2,165 were of women reporting at least
one diagnosis for infertility and 438 (20% of women that re-
ported a specific diagnosis) were incident reports of ovula-
tory infertility. Women reporting ovulatory infertility were
more than four times more likely to report long and irregular
menstrual cycles or clinical signs of excess androgens when
compared with women reporting infertility from other causes
(OR [95% CI] ¼ 4.15 [2.98–5.76]) or when compared
with women who became pregnant during follow-up
(OR [95% CI] ¼ 4.43 [3.35–5.86]).

At baseline, women differed on several characteristics on
the basis of their use of multivitamin supplements (Table
1). Multivitamin users tended to consume less alcohol and
coffee, to smoke less, and to be more physically active than
nonusers. Also, multivitamin users were less likely to be
users of hormonal contraception or intrauterine devices at
the beginning of the first 2-year period during which they re-
ported an eligible event. Frequency of multivitamin use was
strongly correlated with the total intake (diet plus supple-
ments) of specific B vitamins. The Spearman correlation co-
efficients between intake of B vitamins and multivitamin use
frequency were 0.79 for B1, 0.78 for B2, 0.77 for B6, 0.67
for B12, 0.81 for folic acid, 0.76 for niacin, and 0.58 for
pantothenic acid.

In analyses that were adjusted for age and calendar time,
use of multivitamin supplements was associated with a de-
creased risk of ovulatory infertility in a dose-dependent man-
ner (Table 2). Multivitamin users had approximately one
third lower risk of developing ovulatory infertility when com-
pared with nonusers (P<.001). When multivitamin users
were grouped by their frequency of use, those consuming
no more than two multivitamin tablets per week did not
have a significantly different risk compared with women
who did not use multivitamins, whereas women who con-
sumed three or more tablets per week had a significantly re-
duced risk of ovulatory infertility. In addition, there was
a linear trend toward decreased ovulatory infertility risk
with increasing frequency of multivitamin supplement use.
We considered multiple known and suspected risk factors
for infertility to be potential confounders for the observed as-
sociation. Simultaneously adjusting for these factors changed
the age-adjusted results minimally (Table 2). We estimate
that 20% of ovulatory infertility cases could be avoided if
women consumed three or more multivitamins per week
(population-attributable risk [95% CI] ¼ 20% [11%–28%]),
assuming this association is causal.
670 Chavarro et al. Multivitamins and ovulatory infertility
Because multivitamin use was associated with lower use
of contraception, and multivitamin use may be higher among
women who are planning a pregnancy, we performed two
sensitivity analyses. We first restricted the analysis to non-
contracepting women and then conducted a case–control
analysis, using as controls women who were diagnosed with
infertility from other causes. Among women who were not
using any type of contraception, the multivariate-adjusted
RR and 95% CI, comparing all users of multivitamins
with nonusers, was 0.46 (0.35, 0.61). Among these women,
there also was a linear trend toward decreasing ovulatory
infertility with increasing frequency of multivitamin use
(Table 3). The results were similar when the analyses were
restricted to women not using specific types of contracep-
tion. In the case–control analysis, the multivariate-adjusted
RR (95% CI) of ovulatory infertility comparing all users
of multivitamins with nonusers was 0.77 (0.62, 0.95), and
there was a linear trend toward decreased risk of ovulatory
infertility with increased frequency of multivitamin use
(P, trend ¼ .04).

TABLE 1
Baseline characteristicsa of users and
nonusers of multivitamin supplements.

Multivitamins

Characteristic
Users

(n [ 10,451)
Nonusers

(n [ 8,104)

Age (y) 32.5 32.6
Alcohol intake (g/d) 2.7 3.1
Coffee intake of R2

cups per d (%)
21 28

Current smoker (%) 6 9
Body mass

index (kg/m2)
23.9 23.9

Physical activity
(METs per wk)

22 20

Cycles R40 d (%) 3 3
Hyperandrogenism (%) 0.3 0.3
Nulliparous (%) 23 24
Contraceptive useb (%)

Oral contraceptives 12 22
Other hormonal

contraceptivec
0.1 0.3

Intrauterine devices 1 1.6
Two or more

contraceptives
12 12

Note: MET ¼ metabolic equivalents per hour.
a Baseline refers to the year of entry into the study for

each individual. Values are presented as age-stan-
dardized means and proportions with the exception
of values for age.

b Two years before the first event was reported.
c Injectable or implantable progestins.

Chavarro. Multivitamins and ovulatory infertility. Fertil Steril 2008.
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TABLE 2
Relative risks and 95% CIs for ovulatory infertility by category of multivitamin supplement use.

Parameter Cases/noncasesa
Age-adjustedb

RR (95% CI)
Multivariate-adjustedc

RR (95% CI)

Multivitamin use
Nonusers 224/10,926 1.00 (referent) 1.00 (referent)
Users 214/15,607 0.67 (0.55, 0.80) 0.65 (0.53, 0.80)

Frequency of use
Nonusers 224/10,926 1.00 (referent) 1.00 (referent)
%2 tablets per wk 32/1,808 0.84 (0.58, 1.23) 0.88 (0.60, 1.28)
3–5 tablets per wk 52/3,796 0.66 (0.49, 0.90) 0.69 (0.51, 0.95)
R6 tablets per wk 127/9,783 0.63 (0.51, 0.79) 0.59 (0.46, 0.75)

P trendd < .0001 < .001

a Two hundred twenty-three multivitamin users (3 cases and 220 noncases) did not provide information about the
frequency of multivitamin use.

b Adjusted for age (continuous) and calendar time (four 2-y intervals).
c Age-adjusted model further adjusted for total energy intake (continuous); body mass index (<20, 20–24.9, 25–29.9, R30,

and missing); parity (0, 1, R2, and missing); smoking history (never, past 1–4 cigarettes per d, past 5–14 cigarettes per d,
past 15–24 cigarettes per d, past R 25 cigarettes per d or unknown amount, current 1–4 cigarettes per d, current 5–14
cigarettes per d, current 15–24 cigarettes per d, and current R 25 cigarettes per d or unknown amount); physical activity
(<3 metabolic equivalent [MET]-h/wk, 3–8.9 MET-h/wk, 9–17.9 MET-h/wk, 18–26.9 MET-h/wk, 27–41.9 MET-h/wk, R42
MET-h/wk, and missing); contraceptive use (current user, never user, past user 0–23 mo ago, past user 24–47 mo ago,
past user 48–71 mo ago, past user 72–95 mo ago, past user 96–119 mo ago, past user R120 mo ago, and missing); and
intakes of alcohol (no intake, <2 g/d, 2–4.9 g/d, and R5 g/d), coffee (<1 serving per mo, 1 serving per mo, 2–6 servings
per wk, 1 serving per d, 2–3 servings per d, R4 servings per d), major types of fatty acids, and protein.

d Calculated by using the median frequency of use in each category as a continuous variable.
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Because multivitamins are the most important contributor
to the intake of numerous micronutrients in the study popu-
lation, we evaluated which of these nutrients might be
responsible for the observed association. First, we added
one at a time to the total intake (diet and supplements) of
each of these nutrients (iron, magnesium, zinc, copper,
manganese, folic acid, niacin, pantothenic acid, retinol,
and vitamins B1, B2, B6, B12, C, D, and E) to the final mul-
tivariate-adjusted models for multivitamin supplements
among the entire study population and observed whether
their inclusion attenuated the association between multivita-
mins and ovulatory infertility. In the models comparing mul-
tivitamin nonusers with users according to frequency of use,
adding intakes of folic acid, iron, vitamins B1, B2, and D at-
tenuated the association between multivitamins and ovula-
tory infertility. The multivariate-adjusted RRs (95% CIs; P,
trend) comparing women using six or more multivitamins
per week with nonusers were 0.59 (0.46, 0.75; < .001) in
the initial model without added nutrients, 0.74 (0.54, 1.00;
.05) after adjusting for iron intake, 0.70 (0.48, 1.02; .08) after
adjusting for vitamin D intake, 0.70 (0.44, 1.09; .11) after
adjusting for vitamin B1 intake, 0.68 (0.45, 1.03; .08) after
adjusting for vitamin B2 intake, and 0.88 (0.58, 1.32; .59) af-
ter adjusting for folic acid intake. Adjustment for the remain-
ing micronutrients considered did not affect the association
(data not shown).
Fertility and Sterility�
Because the previous analysis suggested that some B vita-
mins may mediate the association between multivitamin sup-
plements and ovulatory infertility, we then examined whether
long-term intake of individual B vitamins was associated with
the risk of developing ovulatory infertility. In age- and energy-
adjusted analyses, intakes of vitamins B1, B2, B6, B12, folic
acid, and niacin were inversely related to the risk of ovulatory
infertility, whereas the intake of pantothenic acid was unre-
lated to ovulatory infertility (Table 4). Adjustment for known
and suspected risk factors for infertility, particularly adjust-
ment for iron intake, attenuated these associations. After
adjustment, only intake of folic acid was associated with
a reduced risk of ovulatory infertility (Table 4). When this
analysis was restricted to non-contracepting women, there
was a strong inverse association between folic acid intake
and ovulatory infertility (P, trend ¼ .007; Fig. 1). Additional
adjustment for multivitamin supplement use attenuated the
association between folic acid intake and risk of ovulatory in-
fertility in the entire study population. In this model, the RRs
(95% CI) of ovulatory infertility for women in successively
higher quintiles of folic acid intake were 0.83 (0.61, 1.13),
0.90 (0.61, 1.31), 0.63 (0.39, 1.02), and 0.64 (0.36, 1.14),
compared with women in the lowest quintile of folic acid in-
take (P, trend ¼ .17). A similar pattern was observed when
folic acid intake was examined among nonusers of multivita-
min supplements only. The corresponding multivariate-
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TABLE 3
Multivariate-adjusted RRs of ovulatory infertility by frequency of multivitamins among nonusers of
contraception.

Frequency of multivitamin use

Subgroup Never %2 per wk 3–5 per wk R6 per wk

All participants
Cases/noncases 224/10,926 32/1,808 52/3,796 127/9,783
RR (95% CI) 1.00 (referent) 0.88 (0.60, 1.28) 0.69 (0.51, 0.95) 0.59 (0.46, 0.75)

Not using any contraceptive method
Cases/noncases 128/3,872 16/667 25/1,548 71/4,997
RR (95% CI) 1.00 (referent) 0.72 (0.42, 1.24) 0.50 (0.32, 0.78) 0.41 (0.29, 0.56)

Not using hormonal contraceptiona

Cases/noncases 184/8,760 25/1,524 49/3,251 113/8,822
RR (95% CI) 1.00 (referent) 0.80 (0.52, 1.22) 0.75 (0.54, 1.04) 0.57 (0.44, 0.73)

Not using barrier methodsb

Cases/noncases 172/6,355 23/998 29/2,201 88/6,190
Relative risk (95% CI) 1.00 (referent) 0.82 (0.53, 1.29) 0.49 (0.33, 0.73) 0.49 (0.37, 0.65)

Note: P values were calculated by using the median frequency of use in each category as a continuous variable. P values
for each subgroup were < .001 across all frequencies. Relative risks were adjusted for age (continuous); calendar time
(four 2-y intervals); total energy intake (continuous); body mass index (<20, 20–24.9, 25–29.9, R30, and missing); parity
(0, 1, R2, and missing); smoking history (never, past 1–4 cigarettes per d, past 5–14 cigarettes per d, past 15–24 cig-
arettes per d, past R 25 cigarettes per d or unknown amount, current 1–4 cigarettes per d, current 5–14 cigarettes per d,
current 15–24 cigarettes per d, and current R25 cigarettes per d or unknown amount); physical activity (<3 metabolic
equivalent [MET]-h per wk, 3–8.9 MET-h per wk, 9–17.9 MET-h per wk, 18–26.9 MET-h per wk, 27–41.9 MET-h per wk,
R42 MET-h per wk, and missing); and intakes of alcohol (no intake, <2 g/d, 2–4.9 g/d, R5 g/d), coffee (<1 serving per
mo, 1 serving per mo, 2–6 servings per wk, 1 serving per d, 2–3 servings per d, R4 servings per d), major types of fatty
acids, and protein. The model including all participants regardless of recent contraception also includes terms for re-
cency of contraceptive use (current user, never user, past user 0–23 mo ago, past user 24–47 mo ago, past user 48–
71 mo ago, past user 72–95 mo ago, past user 96–119 mo ago, past user R120 mo ago, and missing).

a Oral contraceptives and injected or implantable progestins.
b Condoms, diaphragms, or cervical caps.
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adjusted RRs (95% CIs) among non-multivitamin users were
0.88 (0.57, 1.36), 1.06 (0.68, 1.65), 0.78 (0.48, 1.27), and 0.83
(0.49, 1.40) in relation to women not using multivitamins in
the lowest quintile of intake (P, trend ¼ .43).

We evaluated the possibility that personal characteristics or
other dietary behaviors may modify the association between
use of multiple vitamin supplements and ovulatory infertility.
We found no evidence of interaction between use of multivi-
tamin supplements and age (P¼.18) and presence of long
menstrual cycles (P¼.56). Similarly, the association between
multivitamins and ovulatory infertility did not differ signifi-
cantly between nulliparous and parous women (P¼.50), alco-
hol drinkers and nondrinkers (P¼.17), users and nonusers of
iron supplements (P¼.83), or lean and overweight or obese
women (P¼.46).

DISCUSSION

We examined the association between use of multivitamin
supplements and risk of ovulatory infertility and found that
using these supplements at least three times per week was
672 Chavarro et al. Multivitamins and ovulatory infertility
associated with a reduced risk of ovulatory infertility. Our
results suggest that B vitamins, particularly folic acid,
explain some of the association between multivitamin
supplements and ovulatory infertility.

Only two studies published elsewhere have evaluated
whether supplements containing multiple micronutrients
may have an impact on fertility (11, 12). The first study
was a double-blind, randomized, controlled trial that was
designed to evaluate the efficacy of folic acid–containing
multivitamin–multimineral supplement in reducing the
occurrence of neural tube defects and other congenital mal-
formations as part of a Hungarian family-planning program.
More than 7,900 women without a history of infertility en-
tered the trial. A secondary analysis of this trial revealed that
after 1 year, 71% of the women assigned to the multivita-
min–multimineral arm of the trial became pregnant, whereas
68% of the women in the placebo arm became pregnant
(P<.01) (12). The second study was a 3-month controlled pi-
lot trial that was conducted among 30 women who had not
been able to become pregnant after 6 to 36 months of unpro-
tected intercourse. During the trial, four women in its
Vol. 89, No. 3, March 2008
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5 P trenda

4.8
78/5,303

, 0.80) 0.67 (0.50, 0.90) .005
, 1.14) 0.84 (0.58, 1.22) .44

5.8
70/5,341

, 1.01) 0.69 (0.50, 0.93) .002
, 1.46) 0.86 (0.58, 1.28) .32

11.4
63/5,365

, 1.09) 0.66 (0.47, 0.90) .001
, 1.32) 0.78 (0.51, 1.18) .15

18
67/5,003

, 1.01) 0.76 (0.55, 1.03) .002
, 1.26) 0.94 (0.65, 1.37) .24

1,138
57/5,337

, 0.84) 0.51 (0.37, 0.71) < .001
, 0.89) 0.61 (0.37, 1.00) .04

51
86/5,288

, 1.02) 0.86 (0.64, 1.16) .05
, 1.30) 0.91 (0.63, 1.31) .39

17.1
89/5,272
TABLE 4
Relative risks (95% confidence intervals) for ovulatory infertility by total intake quintiles of B vitamin

Quintile of total intake (diet and supplemen

Nutrient 1 2 3 4

Thiamin (B1)
Median intake (mg/d) 1.3 1.7 2.3 3.1
Cases/noncases 117/5,239 96/5,330 83/5,316 64/5,345
Age and energy adjustedb 1.00 (referent) 0.87 (0.67, 1.15) 0.76 (0.57, 1.02) 0.58 (0.43
Multivariate adjustedc 1.00 (referent) 0.93 (0.70, 1.26) 0.87 (0.62, 1.21) 0.77 (0.52

Riboflavin (B2)
Median intake (mg/d) 1.6 2.1 2.9 3.9
Cases/noncases 104/5,291 104/5,317 88/5,280 72/5,304
Age and energy adjustedb 1.00 (referent) 1.07 (0.81, 1.42) 0.92 (0.68, 1.23) 0.74 (0.55
Multivariate adjustedc 1.00 (referent) 1.07 (0.80, 1.44) 1.02 (0.73, 1.43) 0.99 (0.67

Vitamin B6

Median intake (mg/d) 1.8 2.3 3.3 4.7
Cases/noncases 99/5,350 106/5,151 95/5,418 75/5,249
Age and energy adjustedb 1.00 (referent) 1.17 (0.89, 1.54) 1.03 (0.77, 1.37) 0.81 (0.60
Multivariate adjustedc 1.00 (referent) 1.06 (0.79, 1.45) 0.96 (0.68, 1.34) 0.89 (0.60

Vitamin B12

Median intake (mg/d) 4 6 9 12
Cases/noncases 101/5,624 112/5,203 94/5,679 64/5,024
Age and energy adjustedb 1.00 (referent) 1.27 (0.96, 1.67) 0.98 (0.71, 1.31) 0.74 (0.54
Multivariate adjustedc 1.00 (referent) 1.34 (1.01, 1.77) 1.07 (0.79, 1.45) 0.88 (0.61

Folic acid
Median intake (mg/d) 243 337 495 726
Cases/noncases 113/5,310 99/5,254 101/5,300 68/5,332
Age and energy adjustedb 1.00 (referent) 0.91 (0.69, 1.20) 0.94 (0.71, 1.24) 0.62 (0.45
Multivariate adjustedc 1.00 (referent) 0.82 (0.60, 1.11) 0.85 (0.61, 1.18) 0.60 (0.40

Niacin
Median intake (mg/d) 20 25 32 40
Cases/noncases 98/5,276 108/5,309 78/5,287 68/5,373
Age and energy adjustedb 1.00 (referent) 1.15 (0.87, 1.51) 0.86 (0.64, 1.16) 0.74 (0.54
Multivariate adjustedc 1.00 (referent) 1.10 (0.81, 1.48) 0.89 (0.64, 1.25) 0.87 (0.60

Pantothenic acid
Median intake (mg/d) 4.0 5.0 6.0 10.6
Cases/noncases 96/5,375 92/5,263 75/5,283 86/5,340
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supplement arm (27%) and none in its placebo arm became
pregnant (11).

An important difference between our study and the previ-
ous ones is the type of outcome assessed. Because previous
studies have used pregnancies, rather than specific infertility
diagnoses, as their outcome, it is possible that the effects ob-
served by those investigators were not a result of improved
ovulatory function. Nevertheless, analyses from the Hungar-
ian trial found that multivitamin supplementation improved
menstrual cycle regularity (25), suggesting that a decrease
in the frequency of ovulatory problems may account for the
beneficial effects of multivitamins. Our findings are in agree-
ment with the previous two studies, although the magnitude
of the association across studies varies widely. It is possible
that the difference in magnitude between our results and
those from the Hungarian trial stem from a dilution of the ac-
tual multivitamin effect in the trial as a result of not assessing
specific outcomes that are likely to be influenced by multivi-
tamins, but rather a composite of infertility types that were
influenced and not influenced by the intervention. However,
the difference in magnitude between our study and the
smaller trial may reflect the small number of outcomes
observed because of the limited size of the study.

Our data suggest that folic acid may be responsible for part
of the association between multivitamin use and ovulatory in-
fertility. Although, to our knowledge, there have not been
other studies of folic acid intake and risk of infertility in gen-
eral or risk of ovulatory infertility in particular, our findings
are in agreement with previous clinical observations and

FIGURE 1

Multivariate-adjusted (see Table 4, footnote c)
relative risk of ovulatory infertility by total intake of
folic acid among noncontracepting women (women
who did not report recent use of hormonal
contraception, barrier methods, intrauterine devices,
or spermicides).
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animal studies. In women undergoing controlled ovarian hy-
perstimulation with recombinant FSH, carriers of the T allele
in position 677 of the MTHFR gene (which leads to decreased
enzyme activity and 5-methyltetrahydrofolate concentrations)
have a decreased ovarian responsiveness to this hormone (13).
Although currently unknown, it is possible that ovarian re-
sponse to endogenous FSH pulses also is decreased in low fo-
late conditions, which can be overcome by greater intake of
folic acid. Our findings are in agreement with this hypothesis.
Folic acid supplementation has been found to increase litter
size in pigs (26). In addition, experimentally induced folate
deficiency has resulted in decreased ovulation in rats (27).

Our study has some limitations that need to be considered
in the interpretation of our results. First, in reconstructing this
cohort, we assumed that pregnancies occurring among mar-
ried women were planned. Cases, who were clearly attempt-
ing to conceive, may have been more health conscious than
some pregnancy noncases, who may have conceived acciden-
tally. However, this situation would have resulted in a positive
association between multivitamin use, or any other health-
conscious behavior, and ovulatory infertility, rather than in
the strong inverse association we observed. In addition, we
restricted the study to married women, whose pregnancies
are more likely to be intentional than those of unmarried
women (28), and included in the noncase group women
who had been diagnosed with infertility from other causes,
making it less likely that pregnancy intention affected our
findings. Also, the association between multivitamins and
ovulatory infertility persisted when we restricted our analy-
ses to women who had not recently used contraceptives and
when women with ovulatory infertility were compared with
infertile women who received other diagnoses, supporting
the notion that pregnancy intention did not have an important
impact in this study. Second, because this was an observa-
tional study, we cannot completely rule out the possibility
that our findings may be a result in part of unmeasured char-
acteristics associated with both ovulatory infertility and use
of multivitamin supplements. Nevertheless, we considered
the potential confounding effects of many variables meeting
these characteristics, as well as of recognized risk factors for
infertility, and found that statistical adjustment for these vari-
ables had minimal impact on our results. Last, because of the
high correlation between multivitamin supplement use and
folic acid intake, it is difficult to distinguish their independent
effects. This issue would be better addressed by larger studies
or by studying populations with a wider range of folic acid
intake from sources other than multivitamins.

In conclusion, in this prospective study, we found that con-
suming multivitamin supplements at least three times per
week was associated with a reduced risk of ovulatory infertil-
ity. This association appeared to be mediated in part by folic
acid. Because there are very few studies exploring this rela-
tionship, it is desirable that our results are confirmed or
refuted, preferably in large randomized trials. However, be-
cause supplementation with folic acid by itself or as part of
a multivitamin has been shown to reduce the risk of neural
Fertility and Sterility�
tube defects (29, 30) and may prevent other congenital mal-
formations (31), women planning to become pregnant should
consider taking a multivitamin because this also may help
them to become pregnant.
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