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An estimated 80% of sexually active young women in the United States use hormonal contraceptives during
their reproductive years. Associations between hormonal contraceptive use and mood disturbances remain under-
studied, despite the hypothesis that estrogen and progesterone play a role in mood problems. In this study, we
used data from 6,654 sexually active nonpregnant women across 4 waves of the National Longitudinal Study of
Adolescent Health (1994-2008), focusing on women aged 25—34 years. Women were asked about hormonal con-
traceptive use in the context of a current sexual partnership; thus, contraceptive users were compared with other
sexually active women who were using either nonhormonal contraception or no contraception. Depressive symp-
toms were assessed with the Center for Epidemiologic Studies Depression Scale. At ages 25-34 years, hormonal
contraceptive users had lower mean levels of concurrent depressive symptoms (B = —1.04, 95% confidence inter-
val: —1.73, —0.35) and were less likely to report a past-year suicide attempt (odds ratio=0.37, 95% confidence
interval: 0.14, 0.95) than women using low-efficacy contraception or no contraception, in models adjusted for pro-
pensity scores for hormonal contraceptive use. Longitudinal analyses indicated that associations between hor-
monal contraception and depressive symptoms were stable. Hormonal contraception may reduce levels of
depressive symptoms among young women. Systematic investigation of exogenous hormones as a potential pre-

ventive factor in psychiatric epidemiology is warranted.

adolescent; depression; gender; hormonal contraception; oral contraceptives; suicide

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; Cl, confidence interval; 1UD, intrauterine device;

OR, odds ratio.

Editor’s note: An invited commentary on this article
appears on page 1389, and the authors’ response appears
on page 1392.

An estimated 80% of sexually active women in the United
States use hormonal contraception, most typically oral con-
traceptives, to prevent pregnancy (1). In addition to provid-
ing effective pregnancy prevention, hormonal contraception
offers many health benefits (2—4), though its use remains a
risk factor for venous thromboembolism and other vascular
disease outcomes (5).

Little research has focused on the association of hormonal
contraceptive use with mental health outcomes, such as depressive
symptoms, and more severe manifestations of mood distur-
bance, suchassuicide attempts. Approximately 17% of women
experience major depression during their lifetime, with inci-
dence being highest during the reproductive years (6), and
many more experience depressive symptoms that do not nec-
essarily cross the threshold to a diagnosis but may be dis-
abling (7, 8). While a role for hormones such as estrogen
and progesterone in the etiology of depressive symptoms
has been hypothesized (9—11), the association remains inad-
equately understood. Clinical studies have indicated that pre-
cipitous changes in estrogen levels may trigger depressive
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episodes among women at risk for depression, particularly
during the late luteal phase of the menstrual cycle and during
postpartum and perimenopausal periods (12, 13), and that
women with major depression generally have lower estradiol
levels than controls (14, 15). Given that hormonal contracep-
tion methods introduce synthetic estrogen and progestin and
modulate the physiological cycle, an examination of the role
of hormonal contraception in mood problems is warranted.

Few population-based studies have evaluated the associa-
tion between hormonal contraceptive use and depressive symp-
toms. Among 3 population-based studies conducted within
the last 15 years, 2 found no consistent evidence of an asso-
ciation (positive or negative) between hormonal contracep-
tive use and depressive symptoms (16, 17), while a recent
population-based study in Finland found that hormonal con-
traceptive use reduced levels of depressive symptoms (18).
A recent study of long-term mortality based on oral contra-
ceptive use found an increase in violent deaths, including
suicide, among oral contraceptive users compared with non-
users (19), although 2 other large studies found no increase
in suicide risk for oral contraceptive use (20, 21). To our
knowledge, no studies have examined oral contraceptive use
in relation to suicide attempts, which are more common and
have different risk factors than completed suicide (22). Thus,
there remains limited evidence regarding potential associa-
tions between hormonal contraceptive use and depressive symp-
toms or suicidality, despite widespread use of these methods for
pregnancy prevention and other outcomes.

In the present study, we utilized data from a nationally rep-
resentative US longitudinal study to investigate the associa-
tion between contraceptive use and depressive symptoms, as
well as suicide attempts. First, we compared women who were
using various forms of hormonal and nonhormonal contracep-
tion with women who were using no contraception with regard
to various dimensions of health, including exercise, body mass
index, smoking, and engagement with health professionals.
Second, we tested the association between contraceptive use
and concurrent depressive symptoms, as well as past-year suicide
attempts, while controlling for health-related dimensions that
varied across contraceptive users. We used traditional adjust-
ment as well as propensity score adjustment to control for
sources of confounding. Lastly, we examined longitudinally
whether hormonal contraceptive use predicted depressive
symptoms/suicide attempts and whether depressive symp-
toms/suicide attempts predicted hormonal contraceptive use.

MATERIALS AND METHODS
Sample

Data were drawn from the National Longitudinal Study of
Adolescent Health (23), an ongoing nationally representative
study designed to address health, behaviors, and relationships.
The study began with approximately 90,000 adolescents aged
12-21 years who were sampled at school in 1994-1995;
approximately 20,000 of these adolescents underwent in-depth
home interviews and longitudinal follow-up. Follow-up inter-
views were conducted in 1996 (wave 2), 2001-2002 (wave 3),
and 2007-2008 (wave 4).
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The present study focused on the subset of participants
who completed a wave 4 interview in 2007-2008, at ages
25-34 years. Figure 1 outlines the exclusion criteria for the
present sample. Women who were not sexually active in the
past year were not asked about contraceptive use; thus, we
did not include them in the analytical sample. The sample
size for analysis was 6,654.

Measures

Contraceptive use in wave 4. Women who had had a sex
partner in the past year were asked whether they used any
form of birth control or disease prevention. We divided the
sample into groups based on World Health Organization cat-
egories of contraception effectiveness (24).

The first group included women using methods that are
rated as highly effective, and included vasectomy, intrauter-
ine devices (IUDs), and tubal ligation (n=831; 12.5%). We
did not have information on use of hormonal IUDs versus
nonhormonal IUDs; however, hormonal IUDs would prob-
ably comprise a small proportion of total IUD use in this
sample, which was already low (4.5%). A second category
included methods rated as effective; these included combi-
nation hormonal contraceptives in the form of the contracep-
tive pill, patch, or ring (n=2,393; 36.0%). We analyzed
women using known progestin-only forms of contraception
(i.e., Depo-Provera (Pfizer Inc., New York, New York) or
Norplant (Wyeth Pharmaceuticals, Radnor, Pennsylvania))
separately (n =298; 4.5%) and report results separately from

Wave 4 Add Health
sample Removed men
N=15,718 n=7,358
Women R Removz_—:-d women not sexually
n= 8360 active in the past year
J” n=1,239
Sem\ﬂlz]:stwe N Removed those
n=7121 currently pregnant n = 467
v

Sexually active
nonpregnant women
n=6,654

Highly effective Less effective Least effective or no
contraception contraception contraception
n=2831 n=1913 n=1,219
N
Effective
contraception

(hormonal)

n=2,691

Z\

Pill, patch, or ring Depo-Provera or Norplant
n=2,393 n=298

Figure 1. Selection of the study sample from participants in the
wave 4 interview (ages 25-34 years) of the National Longitudinal
Study of Adolescent Health (Add Health), 2007—2008.
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Table 1. Distributions of Sociodemographic Characteristics, Relationship Factors, and Health Behaviors Among Sexually Active Nonpregnant
Women Aged 25-34 Years in a Nationally Representative US Sample, National Longitudinal Study of Adolescent Health, 2007-2008

Effectiveness of Contraceptive Method

Highly Effective Less Least Effective
Characteristic Effective (Hormonal)® Effective or None Used
(n=831) (n=2,393) (n=1,913) (n=1,219)

% Mean % Mean % Mean % Mean

Significance Degrees P
Test® of Freedom Value

Sociodemographic
factors

Age, years 28.8 28.2 28.5 28.7 11.4 3 <0.01
Parity (any children) 91.7 38.5 55.8 61.6 76.8 3 <0.01

Highest level of
education
completed

Less than high 9.5 3.0 6.9 13.3 324 6 <0.01
school

High school 72.5 441 62.6 68.4
College or more 17.9 52.9 30.5 18.3
Race/ethnicity
Non-Hispanic 75.8 75.2 58.4 69.5 6.1 9 <0.01
White

American Indian, 3.2 3.5 5.1 3.3
Alaska Native,
Asian, or Pacific
Islander

Black 11.7 10.3 23.7 13.0
Hispanic 9.3 10.9 12.8 14.2
Relationship factors

In a monogamous 81.8 76.2 66.0 80.0 10.6 3 <0.01
sexual partnership

Lifetime no. of vaginal 9.6 9.0 9.6 10.5 1.1 3 0.36
sex partners

Health behaviors and
other indicators of
interest

Body mass index® 29.0 26.9 29.5 31.4 27.0 3 <0.01

Any individual sports 18.2 29.3 17.9 18,3 12.8 3 <0.01
(e.g., running) in the
past week

Undergoing a routine 82.7 87.8 81.0 76.0 10.7 3 <0.01
checkup by a
physician in the
past 2 years

Visiting a dentist in the 58.0 67.4 55.4 50.6 14.0 3 <0.01
last 2 years

Smoking status

Regular smoker (>1 34.2 16.0 26.1 32.9 9.8 6 <0.01
cigarette on >25
days in past
month)

Occasional smoker 7.7 13.9 12.8 12.0
(>1 cigarette on
>1 day but
<25days in
past month)

Nonsmoker (no 58.1 70.1 61.1 55.2
cigarettes in past
month)

Table continues
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Table 1. Continued

Effectiveness of Contraceptive Method

Highly Effective Less Least Effective I
Characteristic Effective (Hormonal)® Effective or None Used S|gr-:_|;|sctabnce ofD Ferg':;: m v a‘I’u e
(n=831) (n=2,393) (n=1,913) (n=1,219)
% Mean % Mean % Mean % Mean
Importance of religion
Not important 12.6 15.5 111 10.1 1.6 9 0.12
Somewhat important 32.9 33.9 30.2 32.9
Extremely important 415 39.6 46.2 452
More important than 12.9 10.9 12.4 11.8
anything else
History of depression,
suicide attempts,
and hormonal birth
control use
Mean depression
score
Wave 1 104 8.5 10.0 10.8 12.2 3 <0.01
Wave 2 9.2 3.7 7.0 13.0 10.6 3 <0.01
Wave 3 5.2 4.6 5.2 5.7 6.9 3 <0.01
Any past-year suicide
attempt
Wave 1 7.7 5.5 6.0 8.3 1.3 3 0.27
Wave 2 9.0 3.7 6.7 5.8 5.3 3 <0.01
Wave 3 1.8 2.6 2.3 4.5 1.3 3 0.29
Reported hormonal 53.0 68.5 48.5 51.1 19.2 3 <0.01

birth control use at
a past interview®

Abbreviation: CES-D, Center for Epidemiologic Studies Depression Scale.

& “Hormonal birth control” included contraceptive pills, patches, and ring formulations. Users of Depo-Provera (Pfizer Inc., New York, New York) and
Norplant (Wyeth Pharmaceuticals, Radnor, Pennsylvania) were analyzed separately; demographic information for this group is available upon request.

® Chi-square test for categorical covariates; ttest for continuous covariates.

© Weight (kg)/height (m)?.

Depression score in waves 1 and 2 was measured with the 20-item CES-D (possible range of scores, 0—60). Depression score in wave 3
was measured with the 10-item CES-D (possible range of scores, 0-30).
¢ Hormonal birth control assessed in waves 1 and 2 included oral contraceptives only. Hormonal birth control assessed in wave 3 included

pills, patches, rings, Depo-Provera, and Norplant.

those for the pill, patch, and ring group. Among women who
did not use a highly effective or effective method, a third cat-
egory included women who used condoms, a diaphragm, a
vaginal sponge, or the withdrawal method (n = 1,913;28.8%).
Among women who did not use any of the above methods, a
fourth category included the least effective contraceptive methods:
periodic abstinence, spermicides, and contraceptive film (n =
91; 1.4%). Finally, 17.0% (n = 1,128) of women in the sample
did not report any contraceptive use with a current partner.
Because of low prevalence, women using the least effective
contraceptive methods were combined with women using no
contraception.

Contraceptive use in waves 1-3. In waves 1 and 2,
women were asked whether they were currently taking birth
control pills (wave 1: 8.2%; wave 2: 8.6%). We note that the
wave | and 2 interviews were conducted between 1994 and
1996, before the contraceptive patch and ring formulations were
introduced. We did not have information on known progestin-
only forms of contraception in waves 1 and 2. However,
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fewer than 2% of women have ever used these forms of con-
traception (25); thus, while there may have been some women
in the referent group who were using a hormonal form of con-
traception, the number is unlikely to have been appreciable.

In wave 3, questions on contraceptive use mirrored the
wave 4 measures. We included anyone using a pill, patch, or
ring and users of known progestin-only products as hor-
monal contraceptive users (50.4%). We created dichotomous
indicators for these hormonal contraceptive users versus all
other women. As noted above, information on hormonal IUDs
was not included, but the number of women using these devices
was probably negligible.

Depressive symptoms and suicide attempts in waves 1-4.

The presence of depressive symptoms during the past 7
days was assessed in all waves using the Center for Epidemi-
ologic Studies Depression Scale (CES-D) (26, 27). In waves
1 and 2, the 20-item CES-D Scale was used, with each item
scored 0-3, for a maximum score of 60. In waves 3 and 4,
the 10-item CES-D Scale was used, with each item scored 0-3,
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for a maximum score of 30. Both the 10-item and the 20-item
CES-D have well-documented reliability and validity (26—
28). In waves 3 and 4, a CES-D score greater than or equal to
11 was considered a high level of depressive symptoms (29).
In each wave, respondents were also asked how many times they
had attempted suicide in the past year (dichotomized at 1 or
more attempts).

Other covariates. We assessed a range of covariates for
capturing information on the health and lifestyles of sexually
active women. All covariates included are shown in Table 1.
Demographic factors included age, race/ethnicity, education,
and parity. Relationship factors included past-year monog-
amy and total lifetime number of vaginal sex partners. Health-
related factors included current body mass index (weight (kg)/
height (m)?), derived using weight and height measured by
the interviewer at the time of the interview or imputed with
self-report data when measured data were unavailable; participa-
tion in any individual sports during the past week (e.g., running
or jogging); visiting a dentist during the last 2 years; undergo-
ing a routine checkup by a physician during the last 2 years;
and current smoking status. We also included the centrality of
religion to the respondent, given that religion may be important
in the decision to use contraceptives (30, 31) and is also associ-
ated with depression (32).

Statistical analysis

First, we examined whether women using various forms
of contraception or no contraception (4-level categorical var-
iable) varied with regard to health-related covariates. We used
chi-square tests for categorical outcomes and ¢ tests for con-
tinuous outcomes. We created a propensity score using the
binary variable of hormonal contraceptive use versus none as
the outcome. Covariates used to create the propensity score
included health-related covariates as well as design variables
(study stratum (geographic area), primary sampling unit, and
sample weight), as is recommended for propensity score anal-
ysis in complex surveys (33). We examined the distribution of
contraception categories within quintiles of the propensity score
for sufficient sample sizes to conduct the analysis and con-
trolled for propensity score in additional regression models
(34). Second, we tested whether women differed with regard
to wave 4 depression symptoms, a high level of depressive
symptoms, and past-year suicide attempts based on wave 4
contraceptive use. Women using the least effective contra-
ceptives or no contraceptives were designated the referent group.
Linear regression was used for depressive symptoms and
logistic regression for high levels of depressive symptoms and
past-year suicide attempts. Results of regression analyses were
first unadjusted and then adjusted for all of the health-related
variables listed in Table 1; analyses were also carried out with
adjustment for propensity score. In addition, analyses of depres-
sion outcomes were also controlled for prior-wave highest
depression score, and analyses of suicide attempts were also
controlled for any prior suicide attempt. Users of known
progestin-only products were analyzed separately. Third, longi-
tudinal associations were assessed examining wave 3 hormonal
contraceptive use (versus all other wave 3 respondents), wave
4 hormonal contraceptive use (versus all other wave 4 respon-
dents), and high levels of depressive symptoms and past-year

suicide attempts in both wave 3 and wave 4—all with logistic
regression models. Analyses were conducted using SAS-
callable (SAS Institute Inc., Cary, North Carolina) SUDAAN
(RTI International, Research Triangle Park, North Carolina)
and incorporated design weights.

RESULTS
Differences between women based on contraceptive use

Table 1 indicates that contraception-use groups in this sam-
ple differed with regard to all covariates studied except for
the importance of religion in their lives, lifetime number of
sexual partners, and wave 1 and wave 3 suicide attempts. In
general, women using hormonal contraceptives were younger
than women in other groups, less likely to have children, more
likely to have a college degree, more likely to engage in indi-
vidual sports (e.g., running), more likely to engage in posi-
tive health behaviors such as undergoing a routine physician’s
checkup and visiting the dentist, less likely to be a regular
smoker, and more likely to have used hormonal contraception
in the past. Women using hormonal contraceptives also had a
lower mean body mass index than other groups and a lower
depression score in each prior interview.

Using these covariates as well as design variables, we created
a propensity score using a binary indicator of hormonal con-
traceptive use versus none as the outcome. Figure 2 shows
the distribution of propensity scores in users and nonusers
of hormonal contraceptives. Table 2 shows the percentage of
women in each contraception-use category in each quintile of
the propensity score; for example, 74.5% of women with the
highest propensity to use hormonal birth control (propensity
score >0.83) actually used hormonal birth control, and 10.4%
of women with the lowest propensity to use hormonal birth
control (propensity score <0.39) actually used hormonal birth
control. The smallest cell size was the number of women with
a propensity score greater than 0.83 who used highly effective
birth control (n =34), and cell sizes for the remainder of the
contraception categories in the >0.83 category were substan-
tially larger. The mean cell size across all propensity score
quintiles and contraception categories was 202 women. Given
the sufficient sample size in each of these cells, we used pro-
pensity score as a control variable in the regression modeling
described below.

Association between hormonal contraceptive use and
depression and suicide attempts

When adjusted for propensity score, hormonal contracep-
tive users had lower mean levels of past-week depressive
symptoms (B =—1.04, 95% confidence interval (CI): —1.73,
—0.35), lower odds of high levels of depressive symptoms
(odds ratio (OR) = 0.68, 95% CI: 0.49, 0.94), and lower odds
of past-year suicide attempts (OR = 0.37,95% CI: 0.14, 0.95).
These results held when we adjusted for propensity score as
a continuous variable (Table 3), a 5-level categorical quintile
variable (results not shown), or a subset within each quintile
(direction and magnitude were the same, although power was
reduced in some quintiles; results not shown).

Am J Epidemiol. 2013;178(9):1378-1388
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Figure 2. Distribution of propensity scores among users (A) and
nonusers (B) of hormonal birth control aged 25—-34 years in a nation-
ally representative sample of sexually active nonpregnant US women,
National Longitudinal Study of Adolescent Health, 2007—2008.

Results were similar when covariates were controlled in the
regression rather than propensity score (Table 3), although
the confidence interval for hormonal contraceptive users was
wide for high depression levels (OR =0.81, 95% CI: 0.58,
1.14).

Users of progestin-only hormonal contraceptives

We analyzed the 298 women using hormonal contracep-
tive formulations that are known to contain progestin only
(i.e., Depo-Provera or Norplant) separately from women using
other hormonal contraceptives. In fully controlled models,
women using progestin-only contraception had significantly
lower levels of depressive symptoms than women using the
lowest-efficacy contraceptives or no contraceptives (= —1.3,
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Table 2. Distribution of Women Aged 25-34 Years Into
Contraception Categories (%) by Quintile of Propensity Score,?
National Longitudinal Study of Adolescent Health, 2007-2008

Effectiveness of Contraceptive Method

Quintile of Highly Effective Less o2t
Propensity Effective (Hormonal) Effective None Used
Score (n=831)  (n=2393) (n=1913) Y o)
5(>0.83) 4.2 745 15.1 6.2
4(0.72— 8.0 49.0 27.5 15.5
0.83)
3(0.58- 12.4 35.9 32.6 19.2
0.71)
2(0.39- 17.4 22.7 33.2 26.8
0.57)
1(<0.39) 18.0 10.4 41.0 30.6

2 Propensity to use hormonal contraceptives. Covariates included
in the propensity score included study stratum (geographic area), pri-
mary sampling unit, sample weight, age, education, race/ethnicity,
smoking, parity, monogamy (dichotomous indicator) and number of sex
partners in the past year (continuous measure), importance of religion,
regular engagement in an individual sport (e.g., running or jogging),
body mass index, visiting the dentist in the last 2 years, undergoing a
routine checkup by a physician in the last 2 years, prior use of hormonal
birth control, prior depressive symptoms, and prior suicide attempts.

95% CI: —2.4, —0.2). Results were consistently protective
for high levels of depressive symptoms, although the finding
was not significant (OR =0.7, 95% CI: 0.4, 1.2), and results
were not significant or protective for suicide attempts (OR = 1.6,
95% CI: 0.4, 6.1). Women using progestin-only contracep-
tives did not have significantly different levels of depression
symptoms than women using other forms of hormonal con-
traception (B =—0.3,95% CI —1.2, 0.6).

Longitudinal associations between hormonal
contraceptive use and depression

In Figure 3, we dichotomize contraceptive users into women
using hormonal contraceptives (pill, patch, ring, or progestin-
only) and all other women, and we show all associations
between hormonal contraceptive use and high depression
scores across 2 waves of data. There were protective associations
between hormonal contraceptive use and high depression scores
when both were measured at the wave 3 interview (ages 18—
28 years) (OR =0.76,95% CI: 0.57, 1.02) and when both were
measured at the wave 4 interview (ages 25-34 years) (OR =
0.83, 95% CI: 0.63, 0.98).

We then repeated this longitudinal analysis with past-year
suicide attempts as the outcome (Figure 4). While hormonal
contraceptive use was not protective against suicide attempts
at the wave 3 interview (ages 18—28 years), it was protective
against suicide attempts at the wave 4 interview (ages 25-34
years) (OR =0.31, 95% CI: 0.15, 0.66).

DISCUSSION

In the present study, we found a protective association
between hormonal contraceptive use and depressive symptoms,



1384 Keyesetal.

Table 3. Association Between Hormonal Contraceptive Use and Depressive Symptoms in a Nationally Representative US Sample of Sexually
Active Nonpregnant Women Aged 25-34 Years, National Longitudinal Study of Adolescent Health, 2007—2008

Measure of Depressive

Symptoms and No. of Mean o Adjusted Adjusted o Propensity o
Effectiveness of Women Value B OR 95% Cl p? OR? 95% CI Score® 95% Cl
Contraceptive Method
Past-week CES-D
depression score
(continuous)
Highly effective® 831 6.65 -0.67 -1.53,0.19 -0.38 -1.06, 0.30 -0.89 -1.68, 0.04
Effective 2,393 5.61 —-1.71* -2.37,-1.05 -0.71* -1.30, -0.11 —1.04%* -1.73,-0.35
(hormonal)®
Less effective® 1,913 6.90 -0.42 -1.12,0.27 -0.24 -0.86,0.39 -0.39 —1.08,0.29
Least effective 1,310 732 0 Referent 0 Referent 0 Referent
or none used
High past-week
depression score
(CES-D score >11)
Highly effective 831 20.10 0.80 0.53,1.20 0.91 0.61,1.35 0.74 0.50, 1.09
Effective 2,393 14.35 0.53* 0.39,0.72 0.81 0.58,1.14 0.68* 0.49,0.94
(hormonal)
Less effective 1,913 21.88 0.89 0.65,1.22 0.99 0.70,1.41 0.89 0.65,1.22
Least effective 1,310 23.94 1 Referent 1 Referent 1 Referent
or none used
Any suicide attempt in
the past year
Highly effective 831 3.59 1.71 0.65, 4.50 1.30 0.45, 3.91 1.32 0.48, 3.58
Effective 2,393 0.67 0.31* 0.12,0.82 0.38* 0.15,0.97 0.37* 0.14,0.95
(hormonal)
Less effective 1,913 2.49 1.17 0.53,2.59 1.18 0.55,2.55 1.20 0.54,2.68
Least effective 1,310 3.11 1 Referent 1 Referent 1 Referent

or none used

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; Cl, confidence interval; OR, odds ratio.

* P<0.05.

@ Results were adjusted for age, education, race/ethnicity, smoking, parity, past-year monogamy, lifetime number of vaginal sex partners,
importance of religion, regular engagement in an individual sport (e.g., running or jogging), body mass index, visiting the dentist in the last 2 years,
going to a physician for a routine checkup in the last 2 years, and prior use of hormonal birth control. Analyses of depression outcomes were also
controlled for prior wave highest depression score; analyses of suicide attempts were also controlled for any prior suicide attempt.

b Propensity to use hormonal contraceptives.
¢ Included vasectomy, intrauterine devices, and tubal ligation.

9 Included combination hormonal contraceptives in the form of the contraceptive pill, patch, or ring. Women using known progestin-only forms
of contraception (i.e., Depo-Provera (Pfizer Inc., New York, New York) or Norplant (Wyeth Pharmaceuticals, Radnor, Pennsylvania)) were

analyzed separately.

¢ Included condoms, diaphragms, vaginal sponges, and the withdrawal method.

 Included periodic abstinence, spermicides, and contraceptive film.

as well as suicide attempts, in a population-based sample of
young, sexually active US women. These associations per-
sisted even after controlling for all measured factors related
to health and lifestyle, including prior depressive symptoms
and hormonal contraceptive use. The study documented this
effect among these women at 2 different life stages, once in
the early 20s and once in the late 20s/early 30s. The protective
association with depressive symptoms was found for women
using combination estrogen/progesterone formulations as well
as among users of progestin-only contraceptives.

These results could have arisen because hormonal contra-
ception reduces or stabilizes levels of depressive symptoms,

but they should be interpreted in the context of evidence that
women with depressive symptoms are less likely to start and
adhere to hormonal contraception regimens. Almost one-third
of women who begin using hormonal contraceptives discon-
tinue use within 1 year (35-39). Previous clinical research
has documented that women with a history of depression are
less likely to choose exogenous hormone use as a contracep-
tion method (40) and are more likely to discontinue use even
if they begin using hormonal contraceptives (37, 41-46).
Further, women who perceive a negative mood effect of hor-
monal contraceptives are more likely to discontinue use (47,
48). Women who discontinue use of oral contraceptives because
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Figure 3. Adjusted odds ratios (ORs) for the association between
hormonal contraceptive (HC) use and past-week high depression
score (Dep) among nonpregnant women aged 18-34 years with a
current sex partner in 2 study waves, National Longitudinal Study of
Adolescent Health, 2001-2008. For OR=0.76, P=0.06; for OR =
3.72, OR=0.83, and OR=2.08, P<0.05. Wave 3 logistic regression
analyses adjusted for race/ethnicity, wave 3 education, age, parity,
past-year monogamy, lifetime number of vaginal sex partners, impor-
tance of religion, regular engagement in an individual sport (e.g., running
or jogging), body mass index, visiting a dentist in the last 2 years, smok-
ing, wave 1 or 2 highest depression score, and wave 1 or 2 use of hor-
monal birth control. Wave 4 logistic regression analyses adjusted for
race/ethnicity and wave 4 age, education, smoking, parity, past-year
monogamy, lifetime number of vaginal sex partners, importance of
religion, regular engagement in an individual sport (e.g., running or
jogging), body mass index, visiting a dentist in the last 2 years, under-
going a routine checkup by a physician in the last 2 years, wave 1, 2,
or 3 high depression, and wave 1, 2, or 3 use of hormonal birth
control. A high depression score was defined as a score greater than
or equal to 11 on the 10-item Center for Epidemiologic Studies
Depression Scale.

of side effects are less likely to restart (49). Thus, hormonal
contraceptive users at any time point may be overselected
for less depression than nonusers of hormonal contraceptives.
Indeed, odds ratios were in the direction of women with
high depression scores being less likely to subsequently use
hormonal contraception (Figure 3). However, controlling for
past depressive symptoms, the protective association of hor-
monal contraceptives with depressive symptoms and suicide
attempts remained robust. Nevertheless, the associations pre-
sented here are likely to at least partially reflect a nonadher-
ence effect related to depressed mood. This underscores the
importance of identification and treatment of women with
depression in order to promote health in other domains, such
as reproductive health and medication adherence.

Existing literature on hormonal contraception and depres-
sion has been primarily confined to small, unrepresentative
samples. Among these smaller studies, few cohesive findings
have emerged. Daily diary studies have produced conflicting
results, with some finding no mood differences across the cycle
when comparing users with nonusers (50-52) and some finding
improvement in mood (53), as well as clinically significant
positive affect (54) and sexual desire (55, 56), and others
finding heightened negative mood (37, 49, 57) and negative
reaction to stressors (58). A consistent finding in the literature
is that there is less variation in mood among women taking
hormonal contraceptives (reviewed by Oinonen and Mazmanian
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Figure 4. Adjusted odds ratios (ORs) for the association between
hormonal contraceptive (HC) use and past-year suicide attempts
(SA) among nonpregnant women aged 18-34 years with a current
sex partner in 2 study waves, National Longitudinal Study of Adoles-
cent Health, 2001-2008. For OR=9.30, OR=0.31, and OR=2.00,
P<0.05. Wave 3 logistic regression analyses adjusted for race/eth-
nicity, wave 3 education, age, parity, past-year monogamy, lifetime
number of vaginal sex partners, importance of religion, regularengage-
mentin an individual sport (e.g., running or jogging), body mass index,
visiting a dentist in the last 2 years, smoking, wave 1 or 2 suicide
attempts, and wave 1 or 2 use of hormonal birth control. Wave 4 logis-
tic regression analyses adjusted for race/ethnicity and wave 4 age,
education, smoking, parity, past-year monogamy, lifetime number of
vaginal sex partners, importance of religion, regular engagement in
an individual sport (e.g., running or jogging), body mass index, visit-
ing a dentist in the last 2 years, undergoing a routine checkup by a
physician in the last 2 years, wave 1, 2, or 3 suicide attempts, and
wave 1, 2, or 3 use of hormonal birth control. A high depression score
was defined as a score greater than or equal to 11 on the 10-item
Center for Epidemiologic Studies Depression Scale.

(59)), which corresponds to clinical research showing that
women who experience severe mood problems during the men-
strual cycle (e.g., premenstrual dysphoric disorder) demonstrate
improvement on hormonal contraceptives due to a more stable
mood across the cycle (60—-63). In that context, our findings
show strong and robust associations, with hormonal contra-
ceptive users being at substantially reduced risk for depressed
mood in one of the largest population-based studies to have
examined this issue in the literature.

Estrogen has widespread effects on the brain and behavior
through direct and indirect genomic and nongenomic actions
(see McEwen et al. (64) for a detailed review). Estrogen
receptors have been found in the hypothalamus, amygdala,
hippocampus, and prefrontal cortex and in autonomic centers
of the brain stem. In these regions, estrogen receptors are
detectable in neuronal cell bodies, dendrites, presynaptic ter-
minals, mitochondria, and glial cells. Through these recep-
tors, estrogens modulate neuroplastic processes as well the
activity of the major neurotransmitter and neuromodulator
systems, including the cholinergic, noradrenergic, serotoner-
gic, dopaminergic, glutamatergic, neuropeptide Y, and opioid-
ergic systems, as well as brain-derived neurotrophic factor and
second messenger pathways—all of which have been impli-
cated in the pathophysiology of mood disorders (64). Through
such mechanisms, estrogen may exert mood-regulating effects
in oral contraceptive users. In addition, through its effects on
the hippocampus and hypothalamus, estrogen modulates the
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activity and reactivity of the hypothalamic-pituitary-adrenal
axis, which in turn is implicated in the pathophysiology of depres-
sion and mood regulation (64). Further, exogenous estrogen
can affect cortisol responses and hypothalamic-pituitary-
adrenal activity, which are both implicated in the regulation
of mood (64). For example, Kirschbaum et al. (65) docu-
mented that free salivary cortisol responses to a laboratory-
generated psychosocial stressor were lowest among hormonal
contraceptive users as compared with men as well as women
in the luteal and follicular phases, while total cortisol responses
did not differ between groups, suggesting a higher level of
cortisol-binding globulin in the hormonal contraceptive users.
Recent evidence also indicates substantially increased cortisol-
binding globulin among hormonal contraceptive users com-
pared with noncompliant users (66). By binding free cortisol,
cortisol-binding globulin inactivates the hormone’s effects,
leading to a reduced biologically active portion of circulat-
ing cortisol. A reduction of bioactive cortisol in hormonal
contraceptive users could potentially be neuroprotective under
conditions of chronic stress, thereby reducing depression risk.

Little research has examined the role of exogenous hormone
use in suicidality, and existing research has focused on mor-
tality from suicide rather than suicide attempts. Hannaford
et al. (19) documented a suggestive increase in the risk of
suicide mortality among oral contraceptive users, although
mortality could occur long after use rather than concurrently,
and results are not consistent with those of other large cohort
studies (20, 21). Risk factors for attempted suicide differ sub-
stantially from risk factors for completed suicide (22); thus, dif-
ferent associations with hormonal contraceptive use are likely.
Emerging evidence suggests that women in the late luteal phase
of the menstrual cycle may be at heightened risk for suicide
attempts and severe suicide attempts (67, 68); thus, hormonal
contraceptive use may prove to be a useful adjunct in stabiliz-
ing mood among women with suicidal ideation.

Several limitations of this study are notable. While we were
able to control for a wide range of factors associated with the
decision to use hormonal contraceptives, residual confound-
ing as an explanation for these results cannot be ruled out
because of the study’s observational design. The decision to
use a particular type of contraception is not randomly dis-
tributed; women in stable partnerships may choose a method
with more stability, such as sterilization, an IUD, or a hor-
monal method, although available data indicate that barrier
protection remains a popular choice among women in stable
partnerships (25, 69). In this sample, women in monogamous
relationships chose barrier protection less frequently than
hormonal contraception. Thus, relationship factors such as
partnership stability and overall health-care utilization may
be related to both hormonal contraceptive decisions and levels
of depressive symptoms. These differences underscore our
analytical plan to examine different groups of contraceptive
users; among users of highly effective methods (e.g., steriliza-
tion, [UD), we found no association with depressive symptoms
or suicide attempts, suggesting that partnership stability does
not explain the relationships observed here. Further, we also
controlled for a monogamous partnership in the past year.
Nevertheless, continued research in study samples with com-
prehensive information on the stability and satisfaction of

sexual partnerships would enhance our ability to make causal
inferences about these associations.

Further, we did not have information on the hormonal con-
traceptive formulations used by women in this study. Estrogen
and progestin doses vary by formulation, and such informa-
tion would be helpful in establishing the specificity of this
association, as well as potential dose-response. We also did
not have information on whether IUDs contained hormones.
However, assuming that these users would be expected to
have lower levels of depressive symptoms, this potential mis-
classification would bias the users of highly effective contra-
ceptives towards lower levels of depressive symptoms than
we report. Data on synthetic estrogen and progestin dose are
also critical as a next step in this research, so that a potential
dose-response or threshold can be established.

Finally, our results are generalizable only to sexually active
women, because questions regarding contraceptive use were
asked in the context of current partnerships. Women who are
not in sexual relationships may be using hormonal contra-
ception for a variety of reasons.

In summary, these results, notwithstanding limitations of
study design and measurement, warrant further investigation
of the potentially protective effects of hormonal contracep-
tives on mood in epidemiologic studies. Depression remains
one of the most disabling health conditions worldwide (70),
and it disproportionately affects women. Given the wide-
spread prevalence of hormonal contraceptive use among young
women in the United States and worldwide, systematic inves-
tigation of the role of exogenous hormones (including poten-
tial dose-response relationships) in regulating mood, as well
as the role of mood in predicting nonadherence to hormonal
contraceptive regimens, is warranted.
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