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Abstract
Background—To examine whether depression is associated with pre-existing hypertension or
pregnancy-induced hypertension in a large sample of women attending a university-based
obstetrics clinic.

Methods—In this prospective study, participants were 2398 women receiving ongoing prenatal
care at a university-based obstetrics clinic from January 2004 through January 2009. Prevalence of
depression was measured using the Diagnostic and Statistical Manual of Mental Disorders IV
(DSM-IV) criteria based on the Patient Health Questionnaire-9 as well as the self-reported use of
antidepressant medication. Evidence of pre-existing hypertension, pregnancy-induced
hypertension and preeclampsia/eclampsia was determined by obstetrician ICD-9 codes. Logistic
regression was used to quantify the association between hypertension in pregnancy and antenatal
depression.

Results—After adjusting for sociodemographic variables, chronic medical conditions, smoking
and prior pregnancy complications, women with pre-existing hypertension had an increased risk of
Any Depression (minor, major, use of antidepressants) (OR = 1.55, 95% CI 1.08, 2.23) and Major
Depression and/or use of antidepressants) (OR = 1.65, 95% CI 1.10, 2.48) compared to women
without hypertension. No differences were seen in risk of depression in women with pregnancy-
induced hypertension or preeclampsia/eclampsia compared to those without hypertension.

Conclusion—Women with pre-existing hypertension, but not pregnancy induced hypertension
are more likely to meet criteria for an antenatal depressive disorder and/or to be treated with
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antidepressants and could be targeted by obstetricians for screening for depression and enhanced
treatment.
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hypertension; pregnancy; antenatal depression

1. Introduction
Hypertension occurs in up to 13% of all pregnancies [1] and is associated with an increased
risk of disseminated intravascular coagulation, abruptio placenta, cerebral hemorrhage,
hepatic failure, and acute renal failure [2]. While some women have pre-existing problems
with hypertension, elevated blood pressure during pregnancy is estimated to be due to
pregnancy related physiologic changes in about 70% of women with hypertension during
pregnancy, and returns to normal following delivery.[1] Gestational hypertension is usually
defined as hypertension occurring after week 20 of pregnancy, and preeclampsia, which
occurs in 5% to 7% of pregnancies, is a severe form of gestational hypertension that is
accompanied by proteinuria [2].

Researchers have suggested that serotonin may play a role in the development of pregnancy-
related hypertension and preeclampsia because of this neurotransmitter’s potential role in
hemostasis and vascular tone in the uteroplacental tissues [3]. Additionally, increased
sympathetic nervous system activity may play a role in gestational hypertension and
preeclampsia [4]. Depression and anxiety disorders have been linked to both abnormalities
in serotonin and sympathetic hyperactivity and depression in early adulthood has been found
to be a risk factor for hypertension [5, 6]. Researchers have recently explored links between
these psychiatric disorders and gestational hypertension and preeclampsia [7–10].

One large Finnish study of 623 nulliparous women with singleton pregnancies found that
after adjusting for confounding factors depression was associated with a 2.5-fold increased
risk and anxiety with a 3.2- fold increased risk of preeclampsia [7]. In a case-control study
from Peru of 339 women with preeclampsia versus 337 normal pregnant controls,
researchers found that those with moderate depression based on the Patient Health
Questionnaire-9 (PHQ-9) had a 2.3-fold increased risk of preeclampsia [8]. New research
has also suggested that use of SSRIs may be associated with development of preeclampsia
[11]. On the other hand a large Dutch study of 3679 women [9] and a large Swedish study of
1495 women[10] did not find evidence that pregnancy-related anxiety or depression was
associated with incidence of preeclampsia or pregnancy related hypertension.

Prior studies have not examined whether depression is associated with preexisting
hypertension versus pregnancy related hypertension. In this paper, we will examine the
association of Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) minor
and major depressive disorders and antidepressant use with preexisting hypertension and
pregnancy related hypertension (including preeclampsia) in a large sample of women
attending a university-based obstetrics clinic.

2. Materials and methods
Participants in this study were patients receiving prenatal care at the University of
Washington Obstetrics Clinic between January 2004 and January 2009, who delivered at the
University of Washington Hospital. The University’s Obstetrics and Gynecology Clinic and
Obstetrics Inpatient Service have linked electronic records. Questionnaires assessing mood
and other important psychological and medical information were introduced in January 2004
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as a routine part of medical care to all women during pregnancy. All women receiving
ongoing obstetrical care and completing at least one questionnaire in either the second or
third trimester were eligible for this study. Exclusion criteria included being less than 15
years of age at the time of delivery or inability to complete the questionnaire due to
language difficulty or mental incapacity. Once patients filled out a questionnaire, clinic staff
was asked to obtain written informed consent to link questionnaire data to automated
medical records. All procedures were approved by the University of Washington Human
Subjects Institutional Review Board.

2.1. Study variables and measures
The primary independent variable in our study was hypertension in pregnancy (no
hypertension, pre-existing hypertension with or without superimposed preeclampsia, and
pregnancy induced hypertension including preeclampsia). Diagnosis of pre-existing
hypertension was determined by outpatient and inpatient physician ICD-9 diagnoses of
642.0, 642.1, and 642.2 in the automated medical record. Diagnosis of pregnancy induced/
gestational hypertension and preeclampsia/eclampsia were based on outpatient and inpatient
physician ICD-9 diagnoses of (642.3) and (642.4, 642.5, 642.6 and 642.7) respectively.
Those with ICD-9 diagnoses of both pre-existing hypertension and pregnancy-induced
hypertension were classified as pre-existing hypertension with superimposed preeclampsia.

Covariate information collected from electronic medical records and questionnaires included
demographic characteristics (age, marital status, race/ethnicity, education and employment),
general health history, pregnancy history, and social history.

Tobacco status was assessed using the Smoke-Free Families prenatal screen which was
developed to screen for smoking in pregnancy [12]. Women with any current smoking were
classified as smokers.

Chronic medical problems prior to pregnancy were screened for with a standard list
including: hypertension, diabetes, asthma, thyroid disorders, migraines, arthritis, seizure
disorders, heart failure, cancer, other heart disease, and chronic physical disability (loss of
limb, eyesight, or hearing). Gestational age (weeks) at depression screen was calculated
from expected date of delivery and the date the depression screen was administered. A
history of pregnancy complications was determined by self-report by women of one or more
of the following in a prior pregnancy: gestational diabetes, hypertension or preeclampsia,
eclampsia, preterm delivery, preterm labor, placental abruption, preterm rupture of the
membranes, hemorrhage, or oligohydramnios. Women with no prior pregnancy were
classified as having no history of pregnancy complications.

2.2. Study Outcomes
There were two study depression outcomes: Any Depression or Major Depression and/or
antidepressant use. Any Depression was defined by a positive diagnosis of probable minor
or major depression based on the PHQ-9 [13] or use of any antidepressant medication during
the current pregnancy. Major Depression and/or antidepressant use was defined by meeting
criteria on the PHQ-9 for probable major depression or any antidepressant use during the
current pregnancy [13]. The PHQ-9 diagnosis of major depression is based on DSM–IV
criteria and requires the subject to have for at least two weeks five or more depressive
symptoms present for more than half the days, with at least one of the symptoms being
depressed mood or having anhedonia. The criteria for minor depression requires the subject
to have for at least two weeks two to four depressive symptoms for more than half the days,
one of which was depressed mood or anhedonia. The PHQ-9 has been validated for a
diagnosis of major depression in OB/GYN patients and found to have a sensitivity of 73%
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and specificity of 98% compared to a structured psychiatric interview diagnosis of major
depression [14]. Information about antidepressant use during pregnancy was obtained from
the self-report screening questionnaire. Self-report of antidepressant use in pregnancy has
high concordance with pharmacy records when collected during pregnancy [15]. Selective
serotonin reuptake inhibitors (SSRIs) included: sertraline, fluoxetine, fluvoxamine,
paroxetine, citalopram, and escitalopram. All non-SSRI antidepressants were included in the
“other antidepressant category”. In the final analysis SSRIs and other antidepressants were
combined in the “any antidepressant” category. Figure 1 shows the prevalence of the Any
Depression and Major Depression categories and the percent of patients treated with
antidepressants.

2.3. Statistical analyses
The socio-demographic and clinical characteristics of the women in the three hypertension
groups were summarized. Chi-square analyses and analyses of variance (ANOVAs) were
used to examine group differences. In the event of a significant hypertension group effect,
planned post hoc Bonferroni adjusted comparisons were made between each of the 3 pairs of
groups to determine the nature of the group differences.

The associations between hypertension and Any Depression (probable minor or major
depression or anti-depressant medication use) and hypertension and Major Depression and/
or antidepressant use were estimated using logistic regression. Five models were fit
sequentially for each depression outcome. The first model included only hypertension status
(none, pre-existing hypertension with or without superimposed preeclampsia, pregnancy
related hypertension). The second model adjusted for demographic characteristics (maternal
age, marital status, non-white race/ethnicity, education, and employment). The third model
adjusted for demographic characteristics and the presence of other chronic medical
conditions. The fourth model adjusted for demographic characteristics, other chronic
medical conditions and current cigarette smoking. The fifth model adjusted for
demographics, chronic medical conditions, smoking, and pregnancy variables (prior
pregnancy, gestational week at depression screener, and prior pregnancy complications).
Odds ratios (OR) and 95% CIs are reported. All analysis were completed using SPSS 18.0
and STATA 10.[16]

2. 4. Missing data and multiple imputation
While data was complete for the primary outcome and exposure there was missing data for
most of the covariates. Less than 10% of data was missing for any individual covariate.
However, use of complete-case analysis would have resulted in the exclusion of 476 women.
Additionally, when data is missing at random use of complete-case analysis biases results
and decreases efficiency [17]. Therefore, we used multiple imputation to create 5 complete
datasets using ICE [18], in STATA. The regression coefficients from each of the 5 data sets
were then combined using the rules described by Little and Rubin [17]. To impute the
missing covariate values we specified individual equations using a program, which selects
the best imputation equation for each covariate based on the selection rules recommended by
van Buuren et. al. [19, 20]. Among the variables considered for each imputation equation
were all demographic, pregnancy, and clinical variables in addition to the outcomes of
major, minor, any depression, preterm delivery, very preterm delivery, low birth weight, and
very low birth weight.

The descriptive tables present the original data (Tables 1 and 2), while the models were all
fit using the imputed data sets. In order to clarify the results we ran a sensitivity analysis in
which we fit the same series of logistic models using four hypertension groups instead of
three: none, pre-existing only, pregnancy related only, and pre-existing with superimposed
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preeclampsia using multiple imputation methodology. In a second sensitivity analysis, we
examined the association of depression with preeclampsia/eclampsia ICD-9 diagnoses by
the obstetrician. In a third sensitivity analysis, we examined the association of SSRI use with
preeclampsia. In a fourth sensitively analysis, we excluded patients on antidepressants who
did not meet criteria for minor or major depression from the definition of depression. In the
last sensitivity analysis, we examined results from complete-case analysis (results not
shown). The complete-cases analyses results were very similar to those from the multiple
imputation.

3. Results
During the study period, 3347 women completed at least one psychosocial screening
questionnaire at four months gestation, during the third trimester, or postpartum (Figure 1).
Staff were present to consent 2577 (77%) for study enrollment. A total of 227 (6.8%)
declined to participate in this part of the study and 543 (16.2%) left the clinic before they
could be consented. Of the 2577 women who consented, 2398 (93.1%) completed the
psychosocial screen at four months gestation or during the third trimester and were eligible
for this study. A total of 2071 (86.4%) were in the No Depression group, 327 (13.6%) were
in the Any Depression group, and 235 (9.8%) were in the Major Depression group.
Although 120 of 154 patients who were taking antidepressants did not meet criteria for
minor or major depression, they had a higher mean depression severity score on the PHQ-9
compared to patients who did not meet minor or major depression criteria and were not
taking antidepressants ( = = 4.7 ± 3.3 vs.X̄ = 2.7 ± 2.5, t = 6.55 (df = 2189), p < 0.0001)).

The hypertension groups differed in education, number of chronic conditions, number with a
prior pregnancy, gestational week at screening and past pregnancy complications (Table 1).
Planned post hoc comparisons revealed that the group with pre-existing hypertension
compared to those without hypertension during pregnancy had significantly less education
(p = 0.005), more chronic medical conditions (p < 0.0001), were more likely to have a prior
pregnancy (p < 0.0001), to be screened earlier in pregnancy (p = 0.02) and to have a history
of prior pregnancy complications (p < 0.0001). Women with pregnancy-related hypertension
compared to those with pre-existing hypertension had fewer prior pregnancies (p < 0.0001)
and were less likely to have a history of pregnancy-related complications (p < 0.0001).
Women with pregnancy-related hypertension did not differ on any variable compared to
those with no hypertension.

Table 2 shows that the three groups had significant differences on all of our depression
outcome variables, with the exception of a trend level finding for probable major depression
(p = 0.07). Planned post hoc comparisons revealed that these differences were due primarily
to greater depression severity or a higher percentage using antidepressants in the pre-
existing hypertension group in comparison to those without hypertension (p’s ranged from
0.02 to < 0.0001). Compared to women with pregnancy related hypertension only, women
with pre-existing hypertension reported significantly higher prevalence of Any Depression
(minor, major or treatment with antidepressants (p = 0.02)) and minor depression (p = 0.02).
Women with pregnancy-related hypertension did not differ on any depression variable
compared to those with no hypertension.

Table 3 shows the result of the logistic regression analyses. After controlling for
sociodemographic variables, the number of chronic medical conditions, smoking and prior
pregnancy-related complications, women with pre-existing hypertension compared to
pregnant women without hypertension were approximately 55% more likely to meet criteria
for Any Depression (probable minor, major or use of antidepressants) and 65% more likely
to meet criteria for Major Depression and/or use of antidepressants. Pregnancy-related
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hypertension was not associated with an increased risk of Any Depression or Major
Depression.

The sensitivity analysis that excluded patients currently taking antidepressants who did not
meet criteria for minor or major depression from our depression diagnoses found similar
odds ratios for the association of major depression with preexisting hypertension (OR =
1.37, 95% CI 0.79 – 2.38) and major and minor depression with preexisting hypertension
(OR = 1.44, 95% CI 0.96 – 2.15), but with less certainty in confidence intervals due to lower
rates of patients meeting each of these depression criteria.

Table 4 shows the result of the sensitivity analysis in which we separated the pre-existing
hypertension group into those with and without superimposed preeclampsia during
pregnancy. Women with pre-existing hypertension without superimposed preeclampsia had
an approximately 2-fold increased risk of Any Depression (OR = 1.93, 95% CI 1.08, 3.09)
and also had a nonsignificant trend toward a higher rate of Major Depression and/or use of
antidepressants (OR = 1.62, 95% CI 0.88, 2.98) compared to women without hypertension.
Women with pre-existing hypertension with superimposed preeclampsia had a
nonsignificant trend toward a higher rate of Any Depression (OR = 1.42, 95% CI 0.93, 2.16)
and a significantly higher rate of Major Depression and/or use of antidepressants (OR =
1.66, 95% CI 1.04, 2.65).

Our next sensitivity analyses found no association with either Any Depression or Major
Depression and/or use of antidepressants with preeclampsia/eclampsia ICD-9 diagnoses (OR
= 0.87, 95% CI 0.61, 1.25) and (OR = 0.94, 95% CI 0.62, 1.41), respectively) in fully
adjusted models. A last sensitivity analysis found no association between SSRI use and
preeclampsia (OR = 1.09, 95% CI 0.66, 1.82).

4. Discussion
In this study, pregnant women with pre-existing hypertension with or without superimposed
preeclampsia during pregnancy were 55% to 65% more likely to meet criteria for significant
depressive symptoms or to be taking antidepressants. Compared to women without
hypertension, women with pre-existing hypertension without superimposed preeclampsia
were approximately twice as likely and those with pre-existing hypertension with
superimposed preeclampsia were 42% to 66% more likely to meet criteria for depression or
to be taking antidepressant medication. Women with ICD-9 diagnoses of preeclampsia or
eclampsia had similar rates for meeting criteria for depression or to be using antidepressants
as those without hypertension. SSRI use alone was not associated with preeclampsia.

Women with pre-existing hypertension are an important group for obstetricians to screen for
depression since depression in pregnancy has been associated with a higher risk of preterm
birth and low birth weight as well as postpartum depression [21]. Depression in patients with
chronic medical illnesses is associated with poor adherence to medical regimens such as
following diet and exercise regimens and taking medications as prescribed. 22].
Approximately 10% to 25% of women with pre-existing hypertension go on to develop
superimposed preeclampsia[2] and understanding high risk groups is essential to target
treatments. Future studies need to examine whether depression in pregnant women affects
adherence to anti-hypertension medication as well as progression in women with pre-
existing hypertension to worsening hypertension and preeclampsia.

No relationship was found between depression and pregnancy related hypertension,
including preeclampsia. This finding is consistent with two of the largest published studies
[9, 10], but differs from some earlier epidemiologic studies that suggested depression was
associated with preeclampsia [7, 8]. These prior studies didn’t differentiate whether the
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diagnosis of preeclampsia was superimposed on pre-existing hypertension or was only due
to pregnancy related hypertension.

This study assessed prevalent depression during pregnancy, therefore, depression may have
been present prior to pregnancy and may have contributed to the development of pre-
existing hypertension. Depression may increase risk of hypertension prior to pregnancy
because of both health risk behaviors and the psychobiologic changes associated with this
disorder. Depression in females in teenage to early adult years has been found to be a risk
factor for development of obesity [5, 6]. Obesity is linked to development of metabolic
syndrome, including hypertension. Depression may also be linked to development of
hypertension because of increases in sympathetic nervous system tone [23]. Depression’s
effect on the autonomic nervous system has been posited as causing the following
cardiovascular risk factors found in patients with depression: decreased heart rate variability
[24], increased resting and 24 hour heart rates, increased heart rate to orthostatic challenge
[25] and increased QT interval variability [26], reflecting abnormal ventricular
repolarization.

Limitations include that the study was carried out in one large obstetrics clinic in one
geographic region of the United States, lack of structured psychiatric interviews to confirm
PHQ-9 diagnosis and history of prior depressive episodes, lack of history of childhood
adversity or domestic violence, and cross-sectional data which limited assessment of causal
relationships. We also did not assess BMI, but did control for type 2 diabetes, which is
associated with high BMI.

Strengths of the study include the large sample size, use of a routine screening protocol with
the high rates of response, the use of automated data and physician outpatient clinic and
inpatient diagnoses rather than self-report diagnosis, and the use of DSM-IV diagnostic
criteria for depression.

5. Conclusion
In conclusion, pregnant women with pre-existing hypertension with or without
superimposed preeclampsia were found to have a higher risk of depression. Given the
potential adverse effect of depression on birth outcomes as well as adherence to
hypertension treatment, this is an important group of women that Ob-Gyn physicians should
target for depression screening.
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Fig. 1.
Description of recruitment
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Table 3

Odds ratios (95% CI) for any depression (probable minor or major) or antidepressant use and major depression
(probable major depression or antidepressant use) among pregnant women (N = 2398) with pre-existing (N =
418) or pregnancy-related hypertension (N = 347) versus those with no hypertension – using multiple
imputation

Any depression (minor of major)
or antidepressant usea

N = 327 (13.6%)

Major depression
or antidepressant useb

N = 235 (9.8%)

Pre-existing HTN
Pregnancy-

related HTN
Pre-existing

HTN Pregnancy-related HTN

Unadjusted 1.84h (1.39 – 2.44) 1.15 (0.82 – 1.62) 1.82h (1.31 – 2.51) 1.29 (0.88 – 1.90)

Adjusted for

      Demographicsc 1.82h (1.36 – 2.44) 1.12 (0.79 – 1.59) 1.76h (1.26 – 2.45) 1.24 (0.84 – 1.84)

      Demographics +chronic conditionsd 1.57h (1.15 – 2.13) 1.04 (0.73 – 1.49) 1.54f (1.08 – 2.18) 1.17 (0.78 – 1.74)

      Demographics + chronic conditionsd +
current smoking 1.55g (1.13 – 2.12) 1.04 (0.72 – 1.49) 1.52* (1.07 – 2.16)

1.17 (0.78 – 1.74)

      Demographics + chronic conditionsd +
current smoking + pregnancy characteristicse 1.55g (1.08 – 2.23)

0.92 (0.59 – 1.44)

1.65f (1.10 – 2.48) 1.06 (0.65 – 1.73)

a
Major depression, minor depression, or antidepressant use vs. no depression

b
Major depression or antidepressant use vs. no major depression

c
Demographic characteristics: maternal age at depression screen (years), marital status (married or partnered, single), non-white race/ethnicity,

education (some college, high school or less), employment (yes, no)

d
Number of chronic conditions out of 11

e
Pregnancy characteristics: prior pregnancy (yes, no), gestational week at depression screen (weeks), ≥1 prior pregnancy complication (yes, no)

f
p <0.05

g
p <0.01

h
p <0.001
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