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Objective: To [1] characterize depression symptoms over time and [2] test the hypothesis that adverse metabolic parameters would
associate with risk of enduring depression risk in women with polycystic ovary syndrome (PCOS).
Design: Prospective cohort study.
Setting: University center.
Patient(s): One hundred sixty-three women with PCOS.
Intervention(s): The Beck Depression Inventory Fast Screen (BDI-FS) was self-administered at baseline and follow-up to identify
depression risk, using a cutoff score >4.
Main Outcome Measure(s): BDI-FS scores.
Result(s): Medianbaseline agewas29.0years, andmedian follow-up intervalwas5.5years. Fifty-nineof163womenhadpositivedepression
screens at baseline (36%); 52women (32%) screened positive at follow-up.Median change inBDI-II scorewas 0 (interquartile range,–2, 1) over
the study period. Of the 59women at risk for depression at baseline, 22 screened negative at follow-up (37%),while 37women remained at risk
(63%). Considering these 59 womenwith positive depression screens at baseline, higher bodymass index (BMI) was associated with increased
odds of enduring depression risk at follow-up (adjusted odds ratio ¼ 1.09; 95% confidence interval, 1.00, 1.18), in a multivariate logistic
regression model. Compared with women with normal body weight at baseline, obese women (BMI >30 kg/m2) had five-fold increased
odds of enduring depression risk at follow-up (adjusted odds ratio ¼ 5.07; 95% confidence interval, 1.07, 24.0).
Conclusion(s): The prevalence of depression was relatively stable over time in a cohort of women with PCOS. Elevated BMI is a hall-
mark of enduring depression risk. These results may assist providers in developing targeted intervention strategies to reduce the prev-
alence of long-term depressive symptoms in women with PCOS. (Fertil Steril� 2019;111:147–56. �2018 by American Society for
Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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P olycystic ovary syndrome (PCOS)
is a multisystem disorder associ-
ated with a variety of reproduc-
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tive, metabolic, and psychological
comorbidities (1). The prevalence of
PCOS may exceed 15%, depending on
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diagnostic criteria (2), making it a com-
mon clinical entity imposing a substan-
tial health care burden.

Recently, the adverse psychologi-
cal correlates of PCOS have gained
increasing attention as a key feature
impairing quality of life. Depression is
a primary concern; women with PCOS
are disproportionately afflicted by
depression, with three- to eight-fold
increased prevalence compared with
controls (3).
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However, our current understanding of depression risk in
PCOS is predominantly from cross-sectional studies of sub-
jects presenting for a single episode of clinical care (3). Very
little is known about the evolution of depression symptoms
over time in women with PCOS. Indeed, in a 2018 position
statement, the Androgen Excess and PCOS Society empha-
sized this gap in knowledge and the explicit need for research
in longitudinal cohorts (4).

Unfavorable metabolic factors, primarily obesity, are
known correlates of depression risk in the general population
(5, 6) as well as in women with PCOS (7). We have previously
identified a link between insulin resistance and depressed
mood in women with PCOS (8, 9), postulating a ‘‘metabolic
pathway’’ for depression in this clinical population. Yet risk
factors for enduring depression in women with PCOS have
not been characterized.

With aging, several clinical features of PCOS are progres-
sively attenuated (10, 11). Menses become more regular, and
biochemical hyperandrogenism declines (10, 12). In contrast,
the evolution of the metabolic symptoms of PCOS with aging
is less clear. Recent studies have indicated that there is
progression of insulin resistance and dyslipidemia over time
in obese women with PCOS but limited changes for lean
counterparts (10, 13, 14).

A better understanding of the trajectory of depression
symptoms in women with PCOS will facilitate better coun-
seling. Further, identifying baseline clinical characteristics
that are risk factors for enduring depression might help clini-
cians identifying high-risk individuals for whom more inten-
sive resources should be offered and potentially afford
insights into pathophysiology of mood derangements in this
population.

The objectives of this study were to [1] characterize
depression symptoms over time and [2] test the hypothesis
that adverse metabolic parameters are associated with risk
of enduring depression in women with PCOS.
MATERIALS AND METHODS
This is a prospective cohort study of women with PCOS by the
Rotterdam criteria (15) evaluated in an academic clinic. Insti-
tutional Review Board approval was obtained from the Uni-
versity of California at San Francisco Committee on Human
Research. Subjects provided informed, written consent to
participate in the research cohort.
Subjects

Women were consecutively recruited over 11 years (2006–
2017) at a university-based multidisciplinary PCOS specialty
clinic. Women were referred to the clinic primarily by commu-
nity providers; approximately one third of women were self-
referred. Clinical evaluations were motivated by [1] establish-
ing and/or confirming a rigorous diagnosis (or lack thereof) of
PCOS, [2] interactingwith amultidisciplinary panel of experts,
including reproductive endocrinologists, a psychologist, a
dermatologist, a registered dietician, and a genetic counselor,
to discuss clinical implications and management strategies of
PCOS, and [3] participating in research opportunities available
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to thePCOS cohort. Details of subject recruitment and the clinic
protocol have been described elsewhere (8, 16).

Of the PCOS cohort evaluated during the baseline study
period (n ¼ 478), 450 women had e-mail addresses available
at the time of follow-up. Of the 450 surveys e-mailed, 27 were
undeliverable; 179 of the remaining 423 women completed
the follow-up survey (43%). Four women replied declining
to participate.

Inclusion criteria required PCOS diagnosed by the Rotter-
dam criteria (15), age 16–45 at baseline, and complete Beck
Depression Inventory Fast-Screen (BDI-FS) questionnaire
data at baseline and follow-up. Sixteen womenwere excluded
for missing BDI-FS items at either time point, resulting in a
final study cohort of 163 women.
Baseline Clinical Evaluation

During the initial clinic intake, women completed a series of
questionnaires addressing their medical history and health
behaviors. Exercise was characterized using the validated In-
ternational Physical Activity Questionnaire (17), which quan-
tifies weekly moderate and vigorous intensity exercise
expenditure.

Depressionwas assessed using the BDI-FS (18). The BDI-FS
is a seven-item self-administered questionnaire derived from
the precursor 21-item Beck Depression Inventory (BDI-II).
The seven items were selected by factor analysis to emphasize
anhedonia, dysphoria, and other major cognitive features of
depression (18). The scale has been validated in a variety of
clinic populations (18–21). Subjects are queried about
characteristic symptoms of depression and the frequency
with which they experienced the symptoms over the prior
2 weeks. Items are scored from 0 (absent symptom) to 3
(severe symptom), for a total summative score of 0–21. We
considered BDI-FS scores as a dichotomized outcome, with a
score>4 indicating a positive depression screen in accordance
with prior literature (22). The following depression severity cat-
egories were considered: 0–4, no depression; 5–8, mild depres-
sion; 9–12, moderate depression; >12: severe depression (22).

During the baseline clinic visit, women underwent
rigorous characterization with complete history and physical
examinations, transvaginal ultrasound assessment of ovarian
morphology, and dermatologic examination including modi-
fied Ferriman-Gallwey (mFG) scoring to quantify hirsutism.

Fastingmetabolic and endocrine testing was performed at
baseline at the university laboratory or two primary commer-
cial laboratories, according to patients' insurance coverage.
The 75 g 2-hour oral glucose tolerance test was administered
with the laboratory panel. Women were required to abstain
from hormonally active medications and glucose sensitizers
such as metformin for at least 1 month before laboratory
testing as well as before the clinic ultrasound. Additional de-
tails of the multidisciplinary clinic protocol have been
described elsewhere (8, 16).
Follow-up Survey

At the time of follow-up, consenting PCOS cohort partici-
pants evaluated in clinic at least 6 months before were
VOL. 111 NO. 1 / JANUARY 2019
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recontacted via e-mail and invited to complete a follow-up
questionnaire online, which included the BDI-FS to assess
depression.

Additional survey questions were compiled by a panel of
multidisciplinary PCOS experts to ascertain updated men-
strual history, current height and weight, interval medical di-
agnoses, and current medication use. Follow-up body mass
index (BMI) was calculated from self-reported height and
weight. The International Physical Activity Questionnaire
was repeated to assess follow-up exercise behavior. Finally,
participants were asked to indicate their current level of
concern about a set of PCOS-related issues, using a visual
analog scale ranging from 0 (not concerned) to 50 (somewhat
concerned) to 100 (very concerned). Queried concerns
included irregular or absent menses, excessive hair growth,
acne, hair loss, weight, fertility, mood or depression, and
long-term health consequences.
Statistical Analysis

Data were tested for normality, and descriptive statistics were
provided. Subjects were categorized as depression risk versus
no depression risk at both time points (baseline and follow-
up) on the basis of the BDI-FS threshold score >4 indicating
risk for depression. Patient characteristics were compared be-
tween groups (e.g., depression risk vs. no depression risk) us-
ing Kruskal-Wallis, c2, or Fisher's exact testing as
appropriate. To delineate potential predictors of enduring
depression risk, attention was then focused on the subset of
women (n ¼ 59) who were classified as at risk for depression
at baseline. The primary outcome, enduring versus resolved
depression risk at follow-up, was coded as a binary outcome
(1 vs. 0, respectively) on the basis of follow-up BDI-FS score.
Logistic regression modeling evaluated the association be-
tween baseline characteristics of women and odds of
enduring depression risk. A multivariate logistic regression
model incorporated baseline age follow-up intervals as cova-
riates, selected a priori as clinically important potential con-
founding variables. In a sensitivity analysis, we also
included baseline BDI-FS score in themodel. Finally, we alter-
natively considered change in BDI-FS score as a continuous
outcome and examined linear regression models in an addi-
tional sensitivity analysis. Correction for multiple compari-
sons was not performed in light of the exploratory nature of
this analysis.

Statistical analyses were performed with STATA, version
14.2.

RESULTS
Four hundred fifty emails were dispatched, of which 423
follow-up e-mails were delivered; a 42% survey response
rate was achieved (179/423 women).
Responders versus Nonresponders

Considering the full cohort of e-mails dispatched (n ¼ 450), a
comparison of the 179 responders with the 271 e-mail ad-
dressees from whom no response was achieved revealed
that the responders, on average, were older at their baseline
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visit (29.1 vs. 27.5 years, P¼ .02) and had a shorter time inter-
val elapsed since their clinic visit (5.0 vs. 6.2 years, P¼ .01).
Median baseline BDI-FS scores were similar between these
two groups (3 vs. 4, P¼ .37). Baseline BDI-FS correlated
with BMI in both responders (rho ¼ 0.26, P< .01) and nonre-
sponders (rho ¼ 0.18, P< .01). The same patterns applied
when restricting the analysis to the cohort of delivered
e-mails (n ¼ 423), as well as when additionally excluding
the respondent women with incomplete BDI-FS data at either
time point (n ¼ 16).
Baseline Characteristics

At baseline, 59 of 163 (36%) women screened positive for
depression risk. Compared with women screening negative,
these at-risk patients showed a differential distribution of so-
cioeconomic factors at baseline, including a lower proportion
of Caucasian racial background, lower percentage attaining
postgraduate degrees, and lower income category distribution
(Table 1). Patients at risk for depression also had higher BMI
(31.1 vs. 27.4 kg/m2, P< .01), lower serum high-density lipo-
protein (HDL) cholesterol (52 vs. 58 mg/dL, P¼ .04), and
higher triglycerides (91 vs. 74 mg/dL, P¼ .03). Exercise
behavior, as measured by weekly hours of physical activity,
did not differ between groups.
Follow-up Characteristics

At follow-up, 52 of 163 (32%) women screened positive for
depression risk. Compared with women with negative screens
at follow-up, at-risk women had a shorter median follow-up
interval (3.8 vs. 5.8 years, P¼ .02), higher BMI (32.6 vs.
26.6 kg/m2, P< .01), and higher level of concern regarding
all queried PCOS symptoms (Table 2). Similar exercise
behavior was reported in both groups.
Depression Natural History

Of the 59 women with depression risk at baseline, 37 women
(63%) remained at risk, while 22 (37%) no longer met the
criteria for depression risk at follow-up. Conversely, of the
104 women free of depression risk at baseline, 15 (14%)
were at risk for depression at follow-up. The median change
in BDI-FS score was 0 (interquartile range [IQR], –2, 1), indi-
cating relative stability of mood symptoms over the course of
the study.
Predictors of Enduring Depression Risk

Restricting the analysis to those women with depression risk
at baseline (n ¼ 59), logistic regression modeling was used
to identify variables associated with enduring depression
risk at follow-up. In univariate analyses, increasing total
and low-density lipoprotein (LDL) cholesterol was associated
with marginally increased odds of enduring depression risk at
the P< .05 statistical significance level (Table 3). Increasing
baseline BDI-FS score (i.e., depression severity) was suggested
to be associated with increased odds of enduring depression
risk; however, this was not statistically significant (odds ratio
[OR]¼ 1.22; 95% confidence interval [CI], 0.98, 1.51, P¼ .07).
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TABLE 1

Patient characteristics at baseline.

Overall
(n [ 163)

Negative depression
screen (n [ 104)

Positive depression screen
(‘‘at risk’’; n [ 59) P

Demographics
Age 29.0 (25.2, 32.2) 29.3 (25.0, 32.2) 28.7 (25.5, 31.9) .66
Caucasian 65 74 49 < .01
Education .04

High school 5 5 6
College 62 55 74
Postgraduate 33 40 20

Income .04
<$50,000 37 31 47
$50,000–100,000 34 33 37
$100,000–200,000 22 29 11
>$200,000 7 8 5

Parous 13 13 13 .98
BMI, kg/m2 28.3 (24.1, 35.2) 27.4 (23.4, 33.3) 31.1 (25.5, 38.3) < .01
Waist, inches 34 (29, 40) 34 (29, 38) 35 (30, 43) .02
Systolic blood pressure, mmHg 112 (102, 120) 110 (100, 120) 116 (106, 122) .09
Diastolic blood pressure, mmHg 70 (67, 80) 70 (66, 79) 74 (68, 80) .13

PCOS diagnosis
Oligomenorrhea 87 86 88 .77
Hirsute 57 57 57 1.00
Polycystic ovarian morphology 89 91 85 .25
Biochemical hyperandrogenism 66 64 69 .66
mFG score 8 (4, 13) 8 (4, 12) 9 (4, 14) .57

Health behaviors
Total exercise, hours/wk 3.3 (1.0, 6.0) 3.5 (1.5, 6.0) 3.2 (0.5, 5.9) .40
Vigorous exercise, hours/wk 1.5 (0.0, 3.0) 2.0 (0.0, 3.0) 1.0 (0.0, 3.0) .55
Smoker 13 8 20 .04
Antidepressant use 10 9 14 .42

Metabolics
Total cholesterol, mg/dL 181 (165, 207) 185 (167, 214) 174 (161, 199) .10
LDL cholesterol, mg/dL 107 (86, 133) 111 (90, 133) 101 (81, 123) .13
HDL cholesterol, mg/dL 54 (46, 67) 58 (47, 70) 52 (44, 62) .04
Triglycerides, mg/dL 80 (54, 125) 74 (53, 111) 91 (65, 147) .03
Total T, ng/dL 48 (36, 68) 49 (35, 68) 46 (36, 68) .97
Free T, ng/dL 5.0 (2.6, 7.5) 4.5 (2.1, 7.5) 5.3 (2.7, 7.8) .34
Androstenedione, ng/dL 186 (125, 254) 188 (124, 261) 183 (125, 238) .55
Fasting glucose, mg/dL 87 (82, 92) 87 (82, 92) 85 (81, 93) .54
Fasting insulin, mg/dL 10.0 (4.3, 16.1) 8.0 (3.7, 15.8) 11.5 (6.0, 25.0) .06
2-Hour glucose, mg/dL 94 (80, 117) 92 (80, 110) 103 (80, 124) .14
2-Hour insulin, mg/dL 44 (21, 99) 40 (21, 75) 57 (21, 140) .31
HOMA-IR 1.98 (0.97, 3.65) 1.72 (0.80, 3.38) 2.47 (1.16, 5.25) .12
HOMA elevated (>2.2) 64 61 69 .26
Antim€ullerian hormone, ng/mL 8.2 (5.4, 11.4) 8.9 (6.1, 14.5) 6.4 (3.2, 10.2) .04
High-sensitivity C-reactive protein, mg/L 1.0 (0.2, 3.0) 1.3 (0.2, 3.0) 0.7 (0.1, 4.9) .38
Aspartate aminotransferase, U/L 19 (15, 24) 19 (15, 24) 19 (16, 25) .73
Alanine aminotransferase, U/L 18 (13, 29) 19 (13, 29) 18 (15, 32) .50

Note: Data are reported as median (IQR) or %. P values were derived from Kruskal-Wallis, c2, or Fisher's exact testing as appropriate. Positive depression screen indicated by score >4 on BDI-FS.
HOMA-IR ¼ homeostatic model assessment of insulin resistance.

Greenwood. Predictors of enduring depression in PCOS. Fertil Steril 2018.

ORIGINAL ARTICLE: MENTAL HEALTH
After adjustment for baseline age and duration of follow-
up interval (defined as time elapsed between BDI-FS adminis-
trations), we observed an association between baseline BMI
and odds of enduring depression risk; specifically, each
1 kg/m2 unit increase in BMI was associated with a 9%
increased odds of persistent depression risk over the course
of the study period (adjusted OR [aOR] ¼ 1.09; 95% CI,
1.00, 1.18; P¼ .04; Table 3, multivariate model 1). Considering
BMI as a categorical predictor, obesity at baseline was associ-
ated with 5 times increased odds of enduring depression risk
compared with having a lean baseline BMI (aOR ¼ 5.07; 95%
CI, 1.07, 24.00; P¼ .04; overall test for trend P¼ .04).
150
Additional baseline parameters that were associated with
increased odds of enduring depression risk in the multivariate
model included increasing serum total cholesterol, LDL
cholesterol, and triglycerides; meanwhile, increasing HDL
cholesterol was associated with reduced odds of ongoing
depression risk (Table 3, multivariate model 1). Finally, higher
serum 2-hour glucose after oral glucose challenge was asso-
ciated with increased odds of enduring depression risk. Base-
line age, income, and exercise were not associated with odds
of enduring depression risk in this model.

Although baseline BMI was associated with odds of
enduring depression risk over the study period, change in
VOL. 111 NO. 1 / JANUARY 2019



TABLE 2

Patient characteristics at follow-up.

Overall
(n [ 163)

Negative depression
screen (n [ 111)

Positive depression
screen (‘‘at-risk’’)

(n [ 52) P

Demographics
Age 34.2 (29.7, 38.7) 35.1 (30.3, 39.2) 33.5 (28.8, 38.0) .14
Follow-up interval, years 5.5 (2.4, 8.1) 5.8 (3.1, 8.2) 3.8 (1.9, 7.1) .02
BMI, kg/m2 28.3 (23.5, 35.1) 26.6 (23.1, 32.6) 32.6 (26.9, 39.7) < .01

Health behaviors
Total exercise, hours/wk 4.0 (1.0, 7.6) 4.0 (1.5, 7.0) 3.5 (0.8, 5.0) .86
Vigorous exercise, hours/wk 1.5 (0.0, 3.8) 1.5 (0.0, 3.8) 1.0 (0.0, 3.8) .55

Medication usage
Oral contraceptive pills 29 30 29 .91
Metformin 21 17 31 .05
Cholesterol-reducing agent 4 5 2 .44
Antidepressant 16 13 23 .09
Antianxiety agent 11 7 19 .02
Sleep medication 5 5 6 .71
Weight loss medication 1 1 2 .54
Spironolactone 17 14 23 .13

Medical history
Prediabetes 18 13 31 < .01
Diabetes mellitus 4 3 6 .39
Depression 27 20 44 < .01
Anxiety 29 20 48 < .01
Obstructive sleep apnea 6 3 12 .03
Infertility 17 19 12 .24
None of the above 34 42 15 < .01

Concerns related to PCOS (0–100;
100 reflects extreme concern)

Mood 64 (20, 88) 30 (5, 67) 91 (81, 100) < .01
Long-term health consequences 79 (58, 96) 72 (50, 86) 91 (74, 100) < .01
Hair growth 67 (28, 87) 62 (20, 80) 75 (63, 93) < .01
Acne 28 (5, 65) 23 (2, 59) 50 (14, 74) .01
Fertility 62 (10, 91) 51 (6, 80) 75 (14, 99) .03
Weight 83 (44, 100) 74 (26, 95) 93 (80, 100) < .01

Note: Data are reported as median (IQR) or %. P values are derived from Kruskal-Wallis, c2, or Fisher's exact testing as appropriate. Positive depression screen indicated by score >4 on BDI-FS.

Greenwood. Predictors of enduring depression in PCOS. Fertil Steril 2018.

Fertility and Sterility®
BMI from baseline to follow-up was not associated with
depression risk in the univariate or multivariate models.

Self-rated hirsutism scores do not always correlate with
clinician ratings and are more strongly associated with nega-
tive quality of life impact (23). A subset of 70 women had self-
rated mFG scores available at baseline. Yet, similar to
clinician-rated mFG scores, self-rated mFG scores were not
associated with risk of enduring depression in any model.

Antidepressant use at either baseline (Table 3) or follow-
up (data not shown) was not associated with odds of enduring
depression risk in this cohort. Interestingly, depression as
indicated by active symptomatology per the BDI-FS did not
correlate well with antidepressant use. Seventeen of 163
women (10%) reported antidepressant use at baseline: eight
were classified as at risk for depression and nine as not at
risk according to symptom screen via BDI-FS (Supplemental
Fig. 1). Of the eight at-risk women taking an antidepressant
at baseline, six remained at risk for depression at follow-up.
Finally, at follow-up, 26 women (16%) reported antidepres-
sant use: 12 screened positive for depression and 14 screened
negative.

We acknowledge that effective antidepressant use may
adequately control symptoms, resulting in negative depres-
VOL. 111 NO. 1 / JANUARY 2019
sion screens. Upon excluding women taking antidepressants
at baseline while screening negative for depression (n ¼ 9),
our primary results were unchanged.

To determine whether the baseline serum metabolic
parameters, namely lipids and 2-hour glucose, that are
associated with the odds of enduring depression risk
were independent of baseline BMI, an additional multi-
variate regression model adding baseline BMI as a covar-
iate was explored (Table 3, multivariate model 2). In this
analysis, we observed attenuation of the linkage between
serum metrics and odds of depression risk: total choles-
terol (aOR ¼ 1.02; 95% CI, 1.00, 1.05; P¼ .07), LDL choles-
terol (aOR ¼ 1.02; 95% CI, 1.00, 1.05; P¼ .08),
triglycerides (aOR ¼ 1.01; 95% CI, 1.00, 1.02; P¼ .08),
HDL cholesterol (aOR ¼ 0.98; 95% CI, 0.93, 1.02;
P¼ .34), and 2-hour glucose (aOR ¼ 1.02; 95% CI, 0.99,
1.05; P¼ .12). This suggests the associations between lipid
parameters and odds of enduring depression risk in our
cohort were explained at least in part by differences in
baseline BMI.

To explore whether degree of depression risk at baseline is
associated with enduring depression risk, we performed a
sensitivity analysis incorporating BDI-FS as a continuous
151



TABLE 3

Baseline patient characteristics associated with enduring depression risk—logistic models.

Univariate model,
OR (95% CI) P

Multivariate model 1,
aOR (95% CI) P

Multivariate model 2,
aOR (95% CI) P

Age 0.97 (0.88, 1.06) .51 – – – –

Follow-up interval, years 0.85 (0.71, 1.02) .08 – – – –

Baseline BDI-FS score 1.22 (0.98, 1.51) .07 1.24 (0.98, 1.57) .07 1.23 (0.96, 1.57) .10
Baseline BDI-FS category

Mild (5–8) Ref .31 Ref .28 Ref .41
Moderate (9–12) 1.94 (0.60, 6.31) .27 2.44 (0.70, 8.54) .16 2.18 (0.60, 7.93) .24
Severe (13þ) 4.17 (0.44, 39.68) .22 3.20 (0.30, 34.00) .33 2.75 (0.23, 32.66) .42

BMI, kg/m2 1.06 (0.99, 1.14) .10 1.09 (1.00, 1.18) .04 – –

BMI category – –

Lean (<25) Ref .11 Ref .04
Overweight (25–30) 0.88 (0.19, 4.00) .65 0.92 (0.18, 4.61) .92
Obese (R30) 3.00 (0.75, 12.00) .12 5.07 (1.07, 24.00) .04

Waist, inches 1.06 (0.98, 1.13) .12 1.08 (1.00, 1.17) .05 1.02 (0.86, 1.20) .83
Caucasian, % 1.10 (0.37, 3.23) .86 0.70 (0.20, 2.46) .58 0.96 (0.25, 3.61) .95
Income

<$50,000 Ref .99 Ref .99 Ref .98
$50–100,000 1.18 (0.36, 3.90) .79 1.1 (0.29, 3.59) .99 1.00 (0.27, 3.78) .99
$100–200,000 1.18 (0.18, 7.62) .87 1.30 (0.19, 8.99) .79 1.48 (0.21 10.56) .69
>$200,000 1.18 (0.09, 14.69) .90 1.12 (0.09, 14.59) .93 1.32 (0.08, 20.81) .85

Smoker, yes 0.62 (0.16, 1.27) .49 1.06 (0.24, 4.71) .94 0.85 (0.17, 4.23) .84
Antidepressant use, yes 1.94 (0.35, 10.55) .44 1.36 (0.23, 8.06) .74 1.18 (0.18, 7.93) .86
mfG score 0.96 (0.88, 1.06) .42 1.02 (0.92, 1.12) .74 0.97 (0.87, 1.08) .55
Hirsute, yes 0.65 (0.17, 2.42) .52 0.37 (0.08, 1.67) .20 0.41 (0.08, 1.97) .26
Total exercise, hours/wk 1.00 (0.87, 1.15) .97 0.97 (0.83, 1.14) .72 1.01 (0.85, 1.21) .88
Vigorous exercise, hours/wk 1.09 (0.87, 1.37) .43 1.08 (0.85, 1.36) .55 1.09 (0.84, 1.40) .52
Total cholesterol, mg/dL 1.02 (1.00, 1.04) .05 1.03 (1.00, 1.05) .02 1.02 (1.00, 1.05) .07
LDL cholesterol, mg/dL 1.02 (1.00, 1.04) .05 1.03 (1.00, 1.05) .02 1.02 (1.00, 1.05) .08
HDL cholesterol, mg/dL 0.97 (0.93, 1.01) .10 0.96 (0.92, 1.00) .05 0.98 (0.93, 1.02) .34
Triglycerides, mg/dL 1.01 (1.00, 1.02) .08 1.01 (1.00, 1.02) .04 1.01 (1.00, 1.02) .08
Total T, ng/dL 1.01 (0.98, 1.03) .59 1.01 (0.98, 1.03) .68 1.01 (0.98, 1.03) .66
Free T, ng/dL 1.14 (0.95, 1.38) .16 1.15 (0.93, 1.43) .19 1.12 (0.89, 1.41) .32
Fasting glucose, mg/dL 1.01 (0.97, 1.06) .56 1.02 (0.98, 1.07) .31 1.01 (0.96, 1.06) .75
Fasting insulin, mg/dL 0.99 (0.98, 1.01) .50 1.00 (0.98, 1.01) .61 0.99 (0.97, 1.01) .41
2 Hour glucose, mg/dL 1.02 (1.00, 1.03) .10 1.03 (1.00, 1.05) .03 1.02 (0.99, 1.05) .12
2 Hour insulin, mg/dL 1.00 (0.99, 1.01) .89 1.00 (0.99, 1.02) .42 1.00 (0.99, 1.01) .70
HOMA-IR 0.98 (0.92, 1.04) .48 0.98 (0.93, 1.04) .60 0.96 (0.88, 1.06) .45
HOMA elevated (>2.2) 2.15 (0.69, 6.70) .19 2.07 (0.59, 7.27) .26 1.11 (0.27, 4.61) .89
Change in BMI, kg/m2 0.98 (0.86, 1.11) .78 1.00 (0.88, 1.13) .96 1.02 (0.89, 1.18) .73
Note:Multivariatemodel 1 is adjusted for baseline age and follow-up interval. Multivariatemodel 2 is adjusted for baseline age, follow-up interval, and baseline BMI. OR> 1 indicates increased odds
of enduring depression risk during the study interval; OR < 1 indicates reduced odds of enduring depression risk. HOMA-IR ¼ homeostatic model assessment of insulin resistance.
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covariate in the multivariate model. The overall results re-
mained effectively unchanged in this iteration.

We alternatively considered change in BDI-FS score
from baseline to follow-up as a continuous outcome rather
than a dichotomous approach, in an additional sensitivity
analysis, to further explore the relationship between baseline
clinical parameters and change in depression risk scores. A
multivariate linear regression model adjusting for baseline
age and follow-up interval revealed the following factors
associated with change in BDI-FS score: baseline BDI-FS
(coefficient –0.45; 95% CI, –0.57, –0.33; P< .01), Caucasian
race (coefficient 1.88; 95% CI, 0.70, 3.06; P< .01), and
weekly hours of vigorous exercise at baseline (coefficient
0.19; 95% CI, 0.02, 0.35; P¼ .03; Table 4, multivariate model
1). Upon adding baseline BDI-FS into this model, increasing
BMI at baseline was associated with increasing BDI score
during the study interval (coefficient 0.10; 95% CI, 0.04,
0.17; P< .01); obesity at baseline was associated with a
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1.7-point increase in BDI-FS score (95% CI, 0.58, 2.83;
P< .01) when compared with lean baseline BMI. Higher tri-
glycerides and 2-hour glucose at baseline were again asso-
ciated with increasing BDI scores in this model (Table 4,
multivariate model 2).

Finally, we examined whether BMI also associated with
converting from a negative depression screen at baseline (n
¼ 104) to a positive depression screen at follow-up (n ¼ 15,
of 104) in an exploratory analysis. Indeed, after adjusting
for baseline age and follow-up interval, each 1 kg/m2 increase
in BMI at baseline increased the odds of converting from a
negative depression screen to a positive depression screen
by 10% (aOR ¼ 1.10; 95% CI, 1.01, 1.21; P¼ .03). Obese
women screening negative for depression at baseline had
four-fold increased odds of developing depression risk at
follow-up compared with women with normal BMI and nega-
tive BDI screening at baseline (aOR ¼ 4.42; 95% CI, 1.09,
17.91; P¼ .04).
VOL. 111 NO. 1 / JANUARY 2019



TABLE 4

Baseline patient characteristics associated with change in depression risk scores—linear models.

Univariate model,
Coef (95% CI) P

Multivariate model 1,
aCoef (95% CI) P

Multivariate model 2,
aCoef (95% CI) P

Age –0.09 (–0.19, 0.01) .08 – – – –

Follow-up interval, years –0.05 (–0.23, 0.12) .56 – – – –

Baseline BDI-FS score –0.45 (–0.57, –0.33) < .01 –0.46 (–0.59, –0.34) < .01 – –

Baseline BDI-FS category – –

Mild (5–8) Ref .01 Ref < .01
Moderate (9–12) –1.71 (–4.02, 0.60) .14 –1.33 (–3.58, 0.92) .24
Severe (13þ) –5.44 (–9.06, –1.82) < .01 –6.07 (–9.63, –2.50) < .01

BMI, kg/m2 0.02 (–0.05, 0.09) .60 0.02 (–0.05, 0.10) .53 0.10 (0.04, 0.17) < .01
BMI category

Lean (<25) Ref .42 Ref .33 Ref < .01
Overweight (25–30) –0.34 (–1.84, 1.15) .65 –0.46 (–1.95, 1.04) .55 0.04 (–1.21, 1.29) .95
Obese (R30) 0.55 (–0.76, 1.86) .41 0.58 (–0.72, 1.89) .38 1.71 (0.58, 2.83) < .01

Waist, inches 0.01 (–0.07, 0.09) .83 0.02 (–0.07, 0.10) .68 0.09 (0.02, 0.17) .01
Caucasian % 1.88 (0.70, 3.06) < .01 1.76 (1.57, 2.95) < .01 0.72 (–0.37, 1.81) .20
Income

<$50,000 Ref .21 Ref .09 Ref .64
$50–100,000 0.27 (–1.14, 1.67) .71 0.43 (–0.97, 1.84) .54 –0.06 (–1.30, 1.19) .93
$100–200,000 1.20 (–0.40, 2.81) .14 1.64 (0.02, 3.26) .05 0.44 (–1.03, 1.91) .56
>$200,000 2.21 (–0.28, 4.69) .08 2.46 (–0.02, 4.94) .05 1.24 (–0.98, 3.45) .27

Smoker, yes 0.05 (–1.73, 1.84) .95 0.11 (–1.67, 1.89) .90 1.17 (–0.37, 2.71) .14
Antidepressant use, yes –0.83 (–2.66, 1.00) .37 –0.95 (–2.79, 0.89) .31 0.29 (–1.33, 1.91) .73
mfG score –0.02 (–0.12, 0.07) .64 –0.03 (–0.13, 0.06) .51 –0.00 (–0.09, 0.08) .94
Hirsute, yes –0.29 (–1.62, 1.04) .67 –0.26 (–1.58, 1.07) .70 –0.47 (–1.60, 0.66) .41
Total exercise, hours/wk 0.09 (–0.00, 0.17) .05 0.08 (–0.01, 0.17) .07 0.04 (–0.04, 0.12) .30
Vigorous exercise, hours/wk 0.19 (0.02, 0.35) .03 0.18 (0.02, 0.35) .03 0.11 (–0.03, 0.26) .12
Total cholesterol, mg/dL 0.01 (–0.01, 0.03) .20 0.02 (–0.00, 0.03) .08 0.01 (–0.00, 0.03) .12
LDL cholesterol, mg/dL 0.01 (–0.01, 0.03) .25 0.02 (–0.00, 0.04) .08 0.01 (–0.00, 0.03) .14
HDL cholesterol, mg/dL 0.02 (–0.02, 0.05) .29 0.02 (–0.02, 0.06) .27 –0.00 (–0.03, 0.03) .96
Triglycerides, mg/dL 0.00 (–0.01, 0.01) .68 0.00 (–0.01, 0.01) .50 0.01 (0.00, 0.02) .03
Total T, ng/dL 0.01 (–0.01, 0.03) .25 0.01 (–0.01, 0.04) .23 0.01 (–0.01, 0.03) .39
Free T, ng/dL 0.03 (–0.13, 0.19) .69 0.02 (–0.14, 0.19) .79 0.01 (–0.13, 0.15) .85
Fasting glucose, mg/dL 0.00 (–0.05, 0.06) .92 0.01 (–0.05, 0.07) .71 0.03 (–0.02, 0.08) .28
Fasting insulin, mg/dL –0.01 (–0.03, 0.01) .34 –0.01 (–0.03, 0.01) .35 0.00 (–0.02, 0.02) .79
2-Hour glucose, mg/dL 0.01 (–0.01, 0.02) .52 0.01 (–0.01, 0.02) .47 0.02 (0.00, 0.03) .03
2-Hour insulin, mg/dL –0.01 (–0.02, 0.00) .24 –0.01 (–0.02 0.01) .30 –0.00 (–0.01, 0.01) .87
HOMA-IR –0.05 (–0.14, 0.04) .24 –0.05 (–0.14, 0.04) .28 0.00 (–0.07, 0.08) .92
HOMA elevated (>2.2) 0.62 (–0.54, 1.78) .29 0.61 (–0.57, 1.78) .31 0.77 (–0.23, 1.78) .13
Change in BMI, kg/m2 0.01 (–0.16, 0.19) .90 0.03 (–0.15, 0.20) .74 0.04 (–0.11, 0.20) .56
Note: Multivariate model 1 is adjusted for baseline age and follow-up interval. Multivariate model 2 is adjusted for baseline age, follow-up interval, and baseline BDI-FS score. Coefficient > 0 in-
dicates that index predictor is associated with increasing BDI-FS score (i.e., increasing depression symptoms) during the study interval; coefficient< 0 indicates that index predictor is associated with
decreasing BDI-FS score during the study interval. Coef ¼ regression coefficient; aCoef ¼ adjusted regression coefficient; HOMA-IR ¼ homeostatic model assessment of insulin resistance.
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DISCUSSION
It is now well-known that women with PCOS represent a pop-
ulation of women disproportionately burdened by depression
(3, 4); however, the trajectory of depression symptoms over
time in PCOS has remained poorly understood, and there
has been a call for studies to help fill this gap in knowledge
(4). The current study used a longitudinal design to describe
change in depression symptoms over time and to identify
predictors of persistent depression symptomatology in this
population. We report that depressive symptoms remain
relatively stable over time and further found that the
metabolic phenotype of PCOS, particularly obesity, was a
strong predictor of enduring depression risk.

The predominance of our current understanding of
mental health in PCOS results from studies of patients pre-
senting for clinical care (3), where an approximately four-
fold increased risk of depression symptoms has been observed
at a single time point. We observed a relatively stable preva-
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lence of positive depression screens over a median of 5.5 years
of follow-up, from 35% to 40%. This is consistent with the
only other longitudinal study of depression in American
women with PCOS (n ¼ 60), which reported a prevalence of
33% and 40% at baseline and follow-up, respectively, over
an average of 1.8 years (24). Our findings extend this prior
study by reporting on a larger population followed for a
longer duration. Our findings also echo studies from the lon-
gitudinal population-based Northern Finland Birth Cohort
1966, where women with self-reported oligomenorrhea and
hirsutism had a similar prevalence of depression at ages 31
and 46 years (25).

In the general population, evidence suggests that both the
incidence of depression and the prevalence of depressive ep-
isodes decrease with aging (26, 27). However, because the
decrement in depression symptoms in the community
setting is reported after age 45 or later (27), it is possible
that women with PCOS will demonstrate a similar
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diminution of depression in studies with longer follow-up
time than was achieved with this study. Indeed, among our
cohort of 163 women completing the follow-up survey, those
59 women with positive depression screens at baseline had
been seen in clinic more recently than those with negative
depression screens at baseline (3.8 vs. 5.8 years, P¼ .02;
Table 2). In the regression analysis, there was a trend toward
increased follow-up interval being protective against
enduring depression risk (OR ¼ 0.85, 95% CI, 0.71, 1.02;
P¼ .08); however, this did not reach statistical significance.
Together, these data keep open the possibility that depression
risk is mitigated over a more extended period of time than has
been captured in our study. Alternatively, it is also possible
that the lack of motivation intrinsic to depression resulted
in the differential follow-up times we observed.

Importantly, we observed that several baseline metabolic
features corresponded to an increased odds of enduring
depression risk over time. In our adjusted logistic model,
each 1 kg/m2 increase in baseline BMI was associated with
a 9% increased odds of enduring depression risk. Further-
more, women who were obese at baseline had over five-fold
odds of persistent depression risk at follow-up compared
with their lean counterparts. We found evidence that glucose
intolerance and dyslipidemia were associated with increased
odds of enduring depression risk; increased 2-hour serum
glucose after oral glucose challenge as well as adverse lipid
parameters (increased total cholesterol, LDL cholesterol and
triglycerides, and decreased HDL) at baseline were associated
with increased odds of enduring depression risk in the
adjusted model. We have previously identified insulin resis-
tance as a risk factor for depression in cross-sectional studies
of women with PCOS (8, 9). Our current observation of five-
fold increased odds of persistent depression in obese
compared with lean women with PCOS is in line with the hy-
pothesis that progression of insulin resistance with aging in
obese but not lean women contributes to recalcitrant depres-
sion in this population (10, 13, 14). Similarly, at follow-up we
observed that a greater proportion of women who were at risk
for depression in the cohort at large reported a diagnosis of
prediabetes (31% vs. 13%) and/or to be taking metformin
(31% vs. 17%), compared with those not at risk for depression
(Table 2), suggesting an increased prevalence of insulin resis-
tance in those with positive BDI-FS screens.

Whether glucose intolerance and dyslipidemia, correlates
of insulin resistance and systemic inflammation, function as
risk factors for depression independent of obesity cannot be
concluded from our data. After controlling for baseline BMI
in the model, we noted an attenuation of the association be-
tween odds of enduring depression and 2-hour glucose and
lipids. Notably, the P values remained between 0.07 and
0.12. It remains possible that with a larger sample size we
might observe an independent effect of these metabolic
markers on persistence of depressed mood.

In an adjusted linear model examining change in BDI-FS
scores over time, higher BMI was associated with increasing
BDI-FS scores, suggesting a dose-response effect. Similarly,
higher 2-hour glucose and triglyceride levels correlated with
increasing depression scores during the study interval. Unex-
154
pectedly, higher reported weekly hours of vigorous exercise
and Caucasian race were also associated with increasing BDI
scores. The exercise data are counterintuitive; given the well-
documented panoply of positive metabolic and psychologic ef-
fects of exercise onmood, onewould expect higher levels of ex-
ercise to abbreviate depression duration. Empirically we have
noted obese women having difficulty with weight manage-
ment, despite reportedly high levels of exercise, which may
compound their frustration and depressed mood. It is possible
that this association reflects this patient subset. The impact of
race on changes in depression scores over time in women
with PCOS warrants further attention.

The reciprocal risk imposed between depression and
obesity has been well characterized in longitudinal studies
in non-PCOS cohorts (28). It is less clear how obesity impacts
the trajectory of depression symptoms after depression is es-
tablished. We did not observe an association between change
in BMI and odds of enduring depression risk in this cohort;
however, the observational design does not preclude the pos-
sibility that weight loss might improve mood. In fact, evi-
dence in non-PCOS groups suggest a bidirectional
therapeutic opportunity whereby treatment of obesity (i.e.,
weight loss) improves mood (6, 29), and vice versa (30, 31).

In summary, our results indicate that for many women
with PCOS, depression remains a persistent comorbid symp-
tom. The results echo prior findings suggesting a ‘‘metabolic
pathway’’ for depression in women with PCOS (8, 9) and
further open the possibility that an adverse metabolic
phenotype may predict enduring depression risk. In
contrast, reproductive manifestations of PCOS including
parity (a marker of fertility) and hyperandrogenism as
manifested by hirsutism and serum androgens do not
appear to correlate with depression risk or mood symptom
trajectory.
Strengths, Limitations, and Future Directions

Strengths of our study include [1] a prospective longitudinal
design, [2] repetition of the identical, validated screening
tool at both time points, [3] acceptable response rate, [4] sys-
tematically characterized study cohort with a relatively large
sample size, and [5] follow-up duration exceeding prior
report.

Limitations of our study include [1] lack of a control
cohort, [2] capturing of predominantly reproductive-age
women limiting extrapolation of findings to later postmeno-
pausal life, [3] use of a screening tool to identify depression
risk rather than the gold standard diagnostic of a structured
clinical interview, [4] lack of baseline data about body image,
precluding our ability to assess whether the impact of obesity
on enduring depression risk was mediated by disruptions in
self-esteem, [5] lack of laboratory profiling at follow-up, [6]
possible introduction of bias due to unequal distribution of
follow-up times between respondents versus nonrespondents
and between women with positive versus negative depression
screens, and [7] clinical cohort composed of women seeking
specialty care in a multidisciplinary setting, which might
impede the representativeness of community-based samples.
VOL. 111 NO. 1 / JANUARY 2019
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Future studies should extend the follow-up duration
beyond reproductive senescence, in a large cohort of women,
incorporating psychiatric diagnostic modalities, to better un-
derstand the natural history of depression in women with
PCOS. Ultimately, an enhanced understanding of the trajec-
tory of symptoms and risk factors for persistent depression
might facilitate both a deeper understanding of the patho-
physiology of depression in women with PCOS and the clin-
ical identification of high-risk individuals warranting
aggressive up-front interventions.
Conclusions

Depression risk appears stable in reproductive-age women
with PCOS over the course of 5þ years. Obesity may function
as a risk factor for enduring depression. Clinicians should
acknowledge and target this high-risk group accordingly.
Additional research is warranted to confirm the long-term
trajectory of depression symptoms and to identify opportu-
nities for interrupting the pathways contributing to this
persistent source of major morbidity in women with PCOS.
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ORIGINAL ARTICLE: MENTAL HEALTH
Evoluci�on clínica de los síntomas depresivos y predictores de riesgo de depresi�on prolongada en mujeres con síndrome de ovario po-
liquístico: Resultados de un estudio longitudinal.

Objetivo: (1) Caracterizar síntomas depresivos en el tiempo y (2) evaluar la hip�otesis que los par�ametros metab�olicos adversos se aso-
ciarían con riesgo de depresi�on prolongada en mujeres con síndrome de ovario poliquístico (SOP).

Dise~no: Estudio prospectivo de cohorte.

�Ambito: Centro Universitario.

Paciente(s): Ciento sesenta y tres mujeres con SOP.

Intervenci�on(es): El Inventario de Depresi�on de Beck de Cribado R�apido (IDB-CR) fue auto-administrado al inicio y en el seguimiento
para identificar riesgo de depresi�on, usando un punto de corte >4.

Principal(es) variable(s) de resultado(s): Puntuaciones de IDB-CR.

Resultado(s): La edad media al inicio fue 29 a~nos, y la media de intervalo de seguimiento fue 5.5 a~nos. Cincuenta y nueve de 163 mu-
jeres tuvieron cribados de depresi�on positivos al inicio (36%); 52 mujeres (32%) dieron positivo durante el seguimiento. La media de
cambio en la puntuaci�on de IDB-II fue 0 (rango intercuartil, -2,1) durante el período de estudio. De las 59mujeres con riesgo de depresi�on
al inicio, 22 dieron negativo en el seguimiento (37%), mientras que 37 mujeres permanecieron en riesgo (63%). Considerando estas 59
mujeres con cribados de depresi�on positivos al inicio, un mayor índice de masa corporal (IMC) fue asociado con un aumento en la prob-
abilidad de expresar depresi�on prolongada en el seguimiento (odds ratio ajustado¼ 1.09; intervalo de confianza 95%, 1.00, 1.18), en un
modelo de regresi�on logístico multivariable. Comparadas con mujeres con peso normal al inicio, mujeres obesas (IMC > 30 Kg/m2) tu-
vieron una probabilidad cinco veces mayor de riesgo de depresi�on prolongada en el seguimiento (odds ratio ajustado ¼ 5.07; intervalo
de confianza 95%, 1.07, 24.0).

Conclusi�on(es): La prevalencia de depresi�on se mantuvo relativamente estable a lo largo del tiempo en una cohorte de mujeres con
SOP. El IMC elevado es un signo distintivo de riesgo de expresar depresi�on prolongada. Estos resultados podrían ayudar a los profesio-
nales a desarrollar estrategias de intervenci�on dirigidas a reducir la prevalencia de síntomas de depresi�on a largo plazo en mujeres con
SOP.
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