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Abstract

Background Postpartum mental disorders including depression and anxiety are common. Medical complications
of pregnancy, such as preeclampsia and gestational diabetes, are thought to increase the risk of mental disorders
postpartum. However, it is unclear which interventions may be effective for preventing and/or treating postpartum
mental disorders following a medically complicated pregnancy. We aimed to systematically review published
literature on the effectiveness of postpartum interventions to improve women's mental health after medical
complications of pregnancy.

Methods Systematic review (PROSPERO: CRD42021220030) was performed. Eligibility criteria: (1) randomized
controlled trials (RCTs), published Tst Jan 2001-12th August 2021 (2) outcome measures reported on postpartum
mental disorders (3) participants had > 1 medical complication during pregnancy (4) intervention entirely postpartum
or contained a postpartum component (5) full-text available in English or Chinese. Risk of bias was assessed using the
Revised Cochrane Criteria Risk of Bias. Random effects inverse-variance weighted meta-analysis was used to pool the
individual standardized mean differences (SMD) in depression or anxiety scores between intervention and control
groups.

Results Of 5928 studies screened, 9 met inclusion criteria, and were based on non-pharmaceutical, combined
lifestyle interventions that began shortly after childbirth, or as part of extended care packages beginning during
pregnancy. Of these, 2 were rated as low risk of bias, 1 with some concerns, and 6 were at high risk. Meta-analysis

was performed for 8 studies using standardized measures of depression and 7 for anxiety. There were statistically
significant reductions in depression (SMD —1.48; 95%Cl: -2.41 to -0.55), and anxiety scores (SMD —1.98; 95%Cl: -3.03 to
-0.94) in intervention versus control groups. Considerable heterogeneity was noted for pooled depression (> =97.9%,
p<0.05), and anxiety (1*=96.8%, p < 0.05) results.
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Conclusion Limited intervention studies aimed at improving postpartum mental disorders after medically
complicated pregnancy were found, most with a high risk of bias. There was some evidence to suggest that
postpartum depression and anxiety scores improved after early intervention. However, in general the current quality
of evidence is low. Further, high-quality, interventional research is required in this understudied field.

Keywords Pregnancy complication(s), Postpartum mental health, Postpartum depression, Postpartum anxiety,
Randomised controlled trial, Gestational diabetes mellitus, Preeclampsia, Hypertensive disorders of pregnancy

Introduction

The postpartum period, especially within a few weeks to
the first year after childbirth, is a critical stage in wom-
en’s lives in terms of mental health, with women vulner-
able to onset or worsening of mood and stress disorders
[1]. Diagnostic criteria for postpartum mental disorders,
including postpartum depression and anxiety disorder,
usually correspond to a certain time period after giv-
ing birth (up to 4 weeks post-delivery, although women
remain at increased risk for several months after giving
birth) [2, 3]. The worldwide prevalence of common post-
partum mental disorders, including postpartum depres-
sion, anxiety, and post-traumatic stress disorder (PTSD),
are estimated to be 17%, 9.9% and 4%, respectively [4—6].
Postpartum mental disorders are associated with several
maternal and child adverse health outcomes, including
poorer maternal quality of life and impaired infant devel-
opment [7, 8].

Medical complications of pregnancy are those occur-
ring when a woman’s body cannot adequately adapt to
the sudden physiological changes due to gestation [9].
Common medical complications of pregnancy include
gestational diabetes mellitus (GDM), affecting 1 in 7
pregnancies, and hypertensive disorders of pregnancy
(HDP) including preeclampsia, affecting 5-10% of preg-
nant women [10, 11]. It is recognised that pregnancy
complications can continue to affect maternal and child
health after childbirth [12]. Apart from physical health
consequences, postpartum mental disorders have also
been associated with medically complicated pregnancy.
Studies have reported up to 7 times higher risk of post-
partum depression, more than 6 times elevated anxiety
risk, and 5 times increased PTSD risk in women with
preeclampsia, compared with that in normotensive
women [13-16].

Interventional studies are plentiful regarding mental
disorder prevention and management for postpartum
women in general, including early detection and screen-
ing, as well as treatment based on various strategies [17,
18]. A 2015 systematic review of 45 RCTs found that 37
(80%) used psychological interventions, such as interper-
sonal therapy (IPT) and cognitive behavioural therapy
(CBT), to prevent postpartum depression. The remainder
used pharmacological methods, antidepressant drugs or
micronutrients, such as omega-3 fatty acids and dietary
calcium [18]. Of the 45 RCTs, 20 (45%) found their

intervention to be effective in depression prevention,
with the rest finding no effect [18]. In another review of
RCTs aimed at general postpartum support, research-
ers found no evidence that general provision of postpar-
tum support can improve any of the outcomes studied,
including parenting, maternal mental health or quality of
life. However, “high-risk” women, with family dysfunc-
tion or abuse, were found to benefit from a home-visiting
based support intervention, and the home environment
quality, family function, as well as peer support, were
improved [19].

Despite the extensive literature around postpartum
mental disorder prevention and control generally, the
evidence regarding early postpartum interventional stud-
ies for women after a medically complicated pregnancy
is unclear. Therefore, the aim of this research was to
systematically review academic literature in the past 20
years and evaluate the effectiveness of early postpartum
care interventions to improve mental health for women
after medical complications during pregnancy.

Methods

A systematic review was conducted according to Pre-
ferred Reporting Items for Systematic Review and
Meta-analysis (PRISMA) guidelines [20]. The system-
atic review was registered in the PROSPERO registry
(CRD42021220030).

Eligibility criteria

The inclusion criteria were: (1) RCTs, (2) postpartum
mental health outcomes (e.g., number of cases of a spe-
cific disorder after intervention, or changes in symptom
scores on quantitative measures of a specific disorder
between baseline and primary endpoint); (3) participants
were pregnant or postpartum women within one year of
childbirth, who had at least one medical complication
(e.g. hypertensive disorder of pregnancy, gestational dia-
betes) diagnosed during pregnancy; (4) intervention con-
ducted during the postpartum period, or at a minimum
contained a postpartum component; (5) full-text avail-
able written in English or Chinese.

Search strategies

The following electronic databases were searched: MED-
LINE, EMBASE, Cochrane Central Register for Clinical
Trials, Global Health, and PsycINFO. Additionally, the
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two most relevant Chinese databases, China National
Knowledge Infrastructure (CNKI) and Wan Fang, were
also searched. (These two Chinese databases are ranked
top 2 regarding number of journals, core journals and
full-text coverage, as well as other resources including
theses and dissertations) [21]. Combinations of related
terms and equivalent subject were applied for “pregnancy
complications’, and “postpartum mental disorders” (See
Supplementary File 1. for details of search strategies and
results). Searches were limited to studies with available
abstracts published from 2001 through to 12th August
2021, to improve confidence that trial methodology and
patient characteristics would be similar enough to those
of the present day to be relevant.

Study selection

Three reviewers (JS, ND and XT, public health research-
ers who are fluent in writing and reading English and
Chinese), selected studies according to the eligibility
criteria. Disagreement was resolved through discussion
with senior researchers (AH for English-language studies,
PZ for Chinese-language studies). Search results of full
reference details from each database were imported into
Endnote software for further selection [22].

Data extraction

Data were extracted (by JS, ND and XT) independently
using standardised forms. Extracted data included study
setting, study population, demographics and baseline
characteristics, details of the intervention and control
conditions, study methods, recruitment and study com-
pletion rates and measures of outcomes. Disagreement
was resolved through discussion with senior research-
ers (AH for English-language studies, PZ for Chinese-
language studies). If study data were missing, an email or
postal letter was sent to the study investigators request-
ing unreported data/additional details; please find details
in Supplementary file 2. Only one author replied to the
email [23], but no extra data were obtained.

Quality assessment

Three researchers (JS, ND and XT) independently
assessed the risk of bias of included studies using the
Revised Cochrane Criteria Risk of Bias (RoB2), which
includes assessment of randomization process, devia-
tions from original intervention, outcome measurement,
completeness of outcome data, and selective reporting
[24]. Disagreements between the review authors over the
risk of bias in individual studies was resolved by discus-
sion, with involvement of a third author (AH for English
language studies and PZ for Chinese language studies)
where necessary.
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Data selection

For studies that used multiple measures to assess one
specific mental health condition e.g., depression, data
selection was based on following hierarchy to avoid
meta-analysis of duplicate populations: (i) we selected
data from the outcome measure that had been validated
for use in postpartum women; (ii) if none of the measures
had been validated, we selected the outcome measure
used in the most included studies; (iii) if the number was
equal, we selected the outcome measure with the larg-
est number of participants (denominator). For example,
in the study [25] reporting data from the Zung Self-rat-
ing Depression Scale (SDS) and Hamilton Rating Scale
for Depression (HAM-D), whilst the primary outcome
measure was unknown, we selected HAM-D scores
because there was evidence of validity assessing depres-
sion in women during pregnancy and the postpartum
period [26—-30], not available for the SDS. Moreover, data
were selected from the Hamilton Rating Scale for Anxi-
ety (HAM-A) rather than the Zung Self-rating Anxiety
Scale (SAS) due to the larger number of included studies
reporting HAM-A scores [25, 31, 32].

Statistical analysis

Random effects inverse-variance weighted meta-analysis
was used to pool the individual standardized mean differ-
ences (SMD) in outcomes between the intervention and
control groups using Stata/SE 17 software (commends
including ‘metan;, ‘meta trimfill' were performed for
meta-analysis) [33, 34]. To assess heterogeneity between
studies, I* was calculated, and Cochran’s Q test applied.
The statistical analysis script is attached as Supplemen-
tary File 3. We interpreted the amount of heterogeneity
as low (0-29%), moderate (30-49%), substantial (50—
89%), and considerable (90-100%) using I* values follow-
ing the Cochrane Handbook [35]. Funnel plot and Egger’s
test was performed to assess whether publication bias
existed [36, 37].

Results

Search results

As shown in Fig. 1, the electronic searches yielded 5928
references, including 4654 from English language data-
bases and 1274 from Chinese databases. After title and
abstract review, 211 references (22 English and 189 Chi-
nese) remained for full-text screening. Finally, 9 RCTs
were included, and these are summarised in Table 1.

The 9 RCTs included 1433 women participants who
had medical conditions during pregnancy (Table 1). All
9 articles were published in the last 5 years (from 2016
to 2021). Four articles were published in English, and the
remaining 5 were published in Chinese. Seven studies
were conducted in mainland China, 1 in Australia and 1
in Canada. Participants from 4 studies were affected by
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Reference searching for English
databases (N=4654):

CINAHL (3462), Cochrane (75), EMBASE
(287), Medline (536), PSYCINFO (294).

Reference searching for Chinese
databases (N=1274):

CNKI (456), WanFang (818)

Number of English articles
excluded* (4632), reason
for exclusion:

1. Study type i.e., not RCT
(3834)

2. Inappropriate study
population (560)

3. No relevant outcome
measures (238) .

Number of Chinese articles

excluded” (1063), reason
for exclusion:

1. Study type i.e. not RCT
» (710)

2. No relevant outcome
measures (135)

- 3. Inappropriate study

4. Duplicates (69)
Number of

English articles
for full-text
screening (22)

population (218)
Number of
Chinese articles
for full-text
screening (211)

Number of English articles
excluded” (18), reason for
exclusion:

1. No postpartum
intervention used (13)

2. No relevant outcome
measures (3)

3. Study type i.e., not RCT
(2) v

Number of Chinese articles
excluded* (206), reason for
exclusion:

1. No postpartum
7] intervention used (154)

2. No relevant outcome
measures (28)

A

Final inclusion (N=9):
English articles (4)

Chinese articles (5)

3. Inappropriate study
population (18)

4. Study type i.e., not RCT (6)

Fig. 1 Flow chart for study selection procedures (The hierarchical exclusion follows that when studies have multiple reasons for exclusion only the first

reason in the hierarchy is recorded)

GDM [38-41], and 5 by a confirmed diagnosis of HDP
[23, 25, 42—44].

All 9 RCTs used non-pharmaceutical, combined life-
style interventions that began shortly after childbirth, or
as part of the extended care delivered from the prenatal
period for the intervention groups. The control groups
were described as being “routine care” Researchers in 2
RCTs developed their own series of lifestyle modification
interventions, composed of multiple sessions targeted at
Type 2 Diabetes Mellitus prevention, the Mothers after
Gestational Diabetes in Australia (MAGDA) interven-
tion and Intensive Lifestyle Modification (ILSM) pro-
gram [38, 40]. The content of those sessions covered
knowledge on future disease risks, diet and exercise sug-
gestions, as well as stress management. One study team

developed a two-page pamphlet of educational materi-
als on HDP adapted for plain language [23]. Three RCTs
included mHealth based components in the postpartum
interventions with smartphones used as an essential tool
for intervention delivery, including timely communica-
tion between health professionals and participants [25,
38, 42, 43, 45]. Six RCTs delivered in mainland China
adopted interventions called “extended” care programs,
which means for a prolonged period (usually from 2 to 6
months postpartum) as an extension to the care provided
by health professionals from the hospital where they
delivered their children in addition to routine care for the
control group [25, 42, 43].

For mental health measurements, 7 RCTs used com-
mon standardized questionnaires for depression
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Study Country  Medical Participants Interventions Outcome Outcomes
reference condition measure
O'Reilly, S. L., Australia GDM Control Intervention group: lifestyle diabetes PHQ-9' Control group: baseline 4.57
etal. 2016 (n=289), prevention intervention (MAGDA-DPP) (0.23), endpoint 4.39 (0.25),
(38) Intervention  includes 2 phases: Intensive phase (1 in- difference —0.19 (0.449); Inter-
(n=284); dividual session, plus 5 group sessions on vention group: baseline 4.06
knowledge, skills of T2DM); maintenance (0.23), endpoint 4.41 (0.26), dif-
phase (2 telephone sessions). ference 0.35 (0.172). Between
Control group: usual care during RCT, group difference baseline
and intervention after 12 mo of final —0.51(0.111), endpoint 0.03
assessment. (0.943), p=0.132.
Yuetal. 2017 China GDM Control Intervention group: combined careand  SAS?, SDS? SAS: Intervention group:
(39) (n=33), management program during pregnancy baseline 55.15 (8.23), endpoint
intervention  (including mental health education, 43.27 (5.19), control group:
(n=40). blood glucose monitoring and lifestyle baseline 56.65 (8.19), endpoint
management skills, one-to-one guid- 51.39 (6.28), p<0.05.
ance), with postpartum telephone SDS: intervention group:
sessions every week until 2 months baseline 57.11 (8.27), endpoint
postpartum. 47.11 (2.19); control group:
Control group: usual care including health baseline 57.09 (8.49), endpoint
education, monitoring, and medication 54.59 (3.72), p<0.05.
guidance.
Gerliet al. China HDP Control Intervention group: postpartum extended  HAM-A%, HAM-A: Intervention group
2018 (42) (n=30), care: (1) organized extended care team HAM-D® (endpoint): 6.47 (1.05), Control
intervention  consisting of experienced obstetricians group (endpoint): 1045 (1.55),
(n=30). and registered nurses, (2) individualized t=11.64,P<0.01; HAM-D:
guidance at end of hospitalization, (3) intervention group (endpoint):
online communication support (WeChat 6.97 (1.14), control group (end-
group for Q&A), and (4) home visit or point): 11.05 (1.67), t=11.05,
telephone review. p<0.01.
Control group: usual care including physi-
cal indicator monitoring, medication
guidance, pain regulation, and relevant
health education.
Yin et al. China HDP Control Intervention group: usual care plus 6 SAS, SDS, Intervention group: SAS:
2020 (25) (n=42), month extended care program: (1) HAM-A, baseline 66.52 (4.21), endpoint
intervention  organized extended care team consisted HAM-D 3945 (3.83); HAM-A: baseline
(n=42) of health professionals to schedule and 31.67 (4.67), endpoint 15.49

monitor program implementation, (2)
set up postpartum communication, (3)
online Q&A conducted by hospital staff
(through WeChat).

Control group: usual care including
individualized rest environment, diet
monitoring (salt, and nutrients), and
health indicator monitoring during
peripartum period.

(3.48); SDS: baseline 64.83
(3.81), endpoint 51.48 (2.67);
HAM-D: baseline 29.47 (3.62),
endpoint 24.51 (4.59).
Control group: SAS: baseline
66.19 (4.68), endpoint 42.56
(3.77), HAM-A: baseline

34.58 (4.29), endpoint 22.37
(2.86); SDS: baseline 64.72
(4.22), endpoint 48.63 (7.15),
HAM-D: baseline 29.86 (3.11),
endpoint 17.63 (4.82). P<0.05
for between group differences
regarding SAS, SDS, HAM-A
and HAM-D.
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Study Country  Medical Participants Interventions Outcome Outcomes
reference condition measure
Zhangetal.  China GDM Control Intervention group: extended postpartum  HAM-A, HAM-A: baseline: control group
2020 (41) (n=30), care: (1) early intervention postpartum, HAM-D 32.7 (3.71), intervention group
intervention  including GDM health education, BG 32.74(3.53),t=0.021, p=0492;
(n=30) testing, nutrition guidance. (2) extended endpoint: control group 29.42
intervention postpartum, including (3.42), intervention group 17.65
enhanced education on childrearing, (2.31),t=15.607,p<0.001.
recovery exercise, home visits or review HAM-D: baseline, control group
(online communication). (3) extended 43.94 (4.56), intervention group
management, including body weight, 4391 (4.52),t=0.026, p=0.49;
self-monitoring of BG. endpoint: control group 34.27
Control group: usual care during peripar- (4.37), intervention group 21.19
tum period. (3.24),t=13.169, p<0.001.
Liang et al. China HDP Control (n- mHealth extended care intervention: (1) SAS, SDS SAS endpoint: intervention
2020 (43) 40), interven-  health education, (2) guidance at end group 32.48 (2.55), control
tion (n=40)  of hospitalization, (3) setup of WeChat group 47.89 (9.23), t=0.000,
group (weekly information feed, online p<0.01. SDS endpoint:
Q&A, monitoring diary writing, and in- intervention group 25.77 (3.79),
dividualized assistance, (4) care provider control group 55.79 (10.84),
written report at 42d, 1 mo, 3 mo and 6 t=0.000, p<0.001.
mo postpartum for each patient.
Parfenova Canada HDP Control Intervention group: a two-page pamphlet  Self-developed  Self-developed Questionnaire
(23) et al. (n=56), on postpartum care knowledge (de- questionnaire that contained questions on
2020 Intervention  veloped by a multidisciplinary team of anxiety level using standard
(n=57). health professionals) is used. Likert scale: (1-not worried,
Control group: usual care including expla- 6-extremely worried). Global
nations about the risks and recommen- anxiety: intervention group:
dations for future pregnancy and health. baseline 3.7 (1.0), endpoint 3.8
(1.0); control group: baseline
3.9(1.1), endpoint 4.0 (1.0),
p=0.67.
Guo et al. China GDM Control Intervention group: intensive Lifestyle WHOQOL-BREF®  Perceived stress: ILSM group:
2021(40) (n=160), Modification (ILSM): Six biweekly, baseline 22.75 (6.60), endpoint
intervention  face-to-face sessions and 5 biweekly 24.18 (7.33); control group
(n=160) phone sessions delivered by trained baseline 22.82 (6.85), endpoint
local health workers during the 3-month 24.60 (5.47), p<0.05. Psy-
intervention. chological QoL: ILSM group:
Control group: usual care following the baseline 12.81(1.87), endpoint
clinical guidelines for patients with GDM, 14.24 (2.16); control group:
including same brochure for health baseline 13.75 (1.87), endpoint
education. 14.26 (2.04), p < 0.05.
Pan et al. China HDP Control Intervention group: comprehensive care HAM-A, HAM-D  HAM-A: Baseline: control
2021(44) (n=35), during the perinatal period: (1) Prenatal 10.02 (1.49), intervention 9.69
Intervention  care. (2) Delivery care. (3) Postpartum (1.22); endpoint: control 7.95
(n-35) care, including everyday blood pressure (1.24), intervention 6.58 (1.01),

measurement and post-surgery care.
Companionship, especially from the hus-
band, was strengthened to encourage
and support mothers and help take care
of newborns.

Control group: usual care including medi-
cal education, regular pre- natal care, and
medication application as pre- scribed.

p<0.05. HAM-D: baseline: con-
trol 1.22 (1.97), intervention
10.94 (2.01); endpoint: control
8.83 (1.44), intervention 7.01
(1.38), p<0.05.

' PHQ-9: Patient Health Questionnaire-9
2SAS: Zung Self-Rating Anxiety Scale

3 SDS: Zung Self-Rating Depression Scale
4HAM-A: Hamilton Anxiety Rating Scale

5 HAM-D: Hamilton Depression Rating Scale
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Table 2 Results of risk of bias assessment using the Cochrane Criteria Risk of Bias Tool revised (RoB2)

Study D1 D2 D3 D4 D5 Overall

O'Reilly et al. + + + o+ + @ + Low risk

Yuetal. ! @ 5 @ ! @ ! Some concerns

Gerli et al. ! (&) + ! ! . @ Highrisk

Yin etal. ! & + % @ .

Zhang et al. ! @ & &) ! . D1 Randomisation process

Liang et al. ! (&) o+ @ ! . D2 Deviations from the intended interventions
Guo etal. + + + + + @ D3 Missing outcome data

Pan et al. ! (&) + D ! @ Measurement of the outcome

Parfenova et al. + ! + ! ! @ D5 Selection of the reported result

symptom assessment, including one study using the
Patient Health Questionnaire (PHQ-9) [38], 3 studies
using the SDS [25, 39, 43], and four using the HAM-D
[25, 41, 42, 44] (Table 1). For anxiety assessment, 6 RCTs
used standardized measurements, including, 4 stud-
ies using the HAM-A [25, 41, 42, 44], 3 using the SAS
(including one study that administered SAS and HAM-A
measures) [25, 39, 43], and 1 RCT using a self-developed
questionnaire to rate postpartum anxiety level by a Likert
scale (from 1-not worried to 6-extremely worried) [23].
Moreover, one RCT measured psychological health in
general using The World Health Organization quality of
Life Questionnaire (WHOQOL-BREF) [40, 46] (Table 1).
All the studies rating depression and anxiety condi-
tions of postpartum women reported results based on
change in scores, not rates of clinically diagnosed cases of
depression or anxiety.

In terms of risk of bias assessment, two studies were
rated as having a low risk of bias [38, 40], one had some
concerns [23], and six were at high risk of bias [25, 39,
41-44]. Of the nine included RCTs, five described
sequence generation procedures (Table 2). Only two
RCTs provided evidence of allocation concealment and
blinding [23, 40], whilst two articles clearly reported their
study as an open-label RCT [23, 38]. We therefore classi-
fied unclear bias for the other five RCTs.

® WHOQOL-BREEF: a shortened version of the WHO-
QOL-100 Questionnaire. It includes 26 questions and
covers the physiological, psychological, social relations,
and environmental dimensions.

In total, depression scores of eight studies were pooled,
among which 4 studies measured postpartum depression
using HAM-D [25, 41, 42, 44], 2 studies reported scores
based on SDS [39, 43], one study used PHQ-9 [38], and
one adopted WHOQOL-BREF that assessed psychologi-
cal health in general, as shown in Table 3 [40]. Data from
seven studies were pooled for anxiety, including 4 stud-
ies measuring postpartum anxiety using HAM-A [25,
41, 42, 44], 2 studies using SAS [39, 43], and the other
using WHOQOL-BREF [40]. Overall, we observed more
studies reporting greater reductions (fewer symptoms/
less severe) in the scores for the intervention group than

the control group, ranging from marginal to around 50%
decrease, and over 40% lower mean scores for anxiety
(Table 3).

Meta-analysis for postpartum depression was per-
formed for the 8 RCTs, with 1320 participants, having
comparable outcomes assessed by HAM-D, SDS, PHQ-9
and WHOQOL-BREEF, as shown in Fig. 2. The overall
standardised mean difference in scoring was —1.48 (95%
CI: -2.41 to -0.55) for the intervention group compared
with the control group. However, considerable hetero-
geneity was noted (I’=97.9%, p<0.001) [25]. For the 7
RCTs, including 747 participants, that were pooled for
anxiety, the standardized mean difference in anxiety
scores was —1.98 (95%: -3.03 to -0.94) (Fig. 3), again with
considerable heterogeneity (I>=96.8%, p<0.001). Sub-
group analysis and meta-regression were not performed
due to the relatively small number of studies. Funnel
plot was generated for studies reporting on depression
(Fig. 4) and anxiety (Fig. 5) results, respectively. Asym-
metry was found in the funnel plots of studies of both
depression and anxiety scores and adjusted using ‘trim-
and-fill' method. However, no difference was detected
after adjusting for the possible effect of small studies [37].
Results from Egger’s tests suggest that reporting bias is
an issue for the depression (p=0.03) and anxiety (»<0.01)
outcomes.

Discussion

In this study, 9 RCTs meeting inclusion criteria were
reviewed to determine the effectiveness of postpartum
interventions on mental health outcomes among women
diagnosed with medical conditions during pregnancy.
Overall, these found that non-pharmaceutical inter-
ventions modestly reduced postpartum depression and
anxiety symptoms after a complicated pregnancy. Our
meta-analysis found that women’s depression (8 studies)
and anxiety (7 studies) scores were significantly albeit
modestly reduced by these interventions.

These findings are in line with interventional studies
for postpartum mental health more generally. A review
pooling results of 13 studies conducted in middle and
low-income countries targeting common postpartum
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Table 3 Results from studies reporting scores using depression and anxiety measurement scales
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Study reference Participants N Depression Result of score Result of Anxiety Result of score Result of
measure at baseline score atend- measure at baseline score at end-
(Mean (SD)) point (Mean (Mean (SD)) point (Mean
(SD)) (SD))
O'Reilly et al. 2016 Intervention 284 PHQ-9 4.06 (0.23) 441 (0.26)
Control 289 457 (0.23) 439(0.25)
Yuetal. 2017 Intervention 40 SDS 57.11(8.27) 1(2.19) SAS 55.15 (8.23) 43.27 (5.19)
Control 33 57.09 (8.49) 5459 (3.72) 56.65 (8.19) 5139 (6.28)
Gerlietal. 2018 Intervention 30 HAM-D 6.97 (114> HAM-A 6.47 (1.05)?
Control 30 05 (1.67) 1045 (1.55)
Yin et al. 2020 Intervention 42 HAM-D 2947 (3.62) 24.51 (4.59) HAM-A 31.67 (4.67) 1549 (348)'?
Control 42 29.86 (3.11) 17.63 (4.82)! 34.58 (4.29) 2237 (2.86)"
Intervention 42 SDS 64.83 (3.81) 48 (2.67) SAS 66.52 (4.21) 3945 (3.83) '
Control 42 64.72 (4.22) 68.63 (7.15) 66.19 (4.68) 4256 (3.77)
Zhang et al. 2020 Intervention 30 HAM-D 4391 (4.52) 9(3.24) HAM-A 32.74 (3.53) 17.65 (2.31)?
Control 30 43.94 (4.56) 34.27 (437) 32.76 (3.71) 2941 (3.42)
Liang et al. 2020 Intervention 40 SDS 2577 (379?%  SAS 3248 (2.55)
Control 40 55.79 (10.84) 47.89(9.23)
Parfenova et al. 2020 Intervention 57 Self-gener-  3.7(1.0) 38(1.0)
Control 56 atedques-  39(1.1) 4.1(1.0)
tionnaire
on global
anxiety
Guo et al. 2021 Intervention 160  WHOQOL-  12.81(1.87) 1420 (2.17)'2
Control 160  BREF(Psy-  1375(187) 1446 (1.92)'
chological
Qob)*
Pan et al. 2021 Intervention 35 HAM-D 10.94 (2.01) 701 (138)"7  HAM-A 9.62 (1.22) 6.58 (1.01)'?
Control 35 9.69 (1.22) 6.58(1.01)! 10.02 (1.49) 7.95 (1.24)"

# General psychological health aspect, not specified for depression or anxiety. For QoL scoring, higher scores represent for higher self-rated quality of life

' P<0.05 was the significance level for measurements over time
2 P<0.05 was the significance level for measurement over group

mental disorders, found that maternal depression symp-
toms can be improved by drug or non-drug (such as
psycho-educational) interventions (SMD —0.38, 95% CI:
—0.56 to —0.21) [47]. Additionally, a recent meta-analysis
shows that mHealth interventions, including telephone-
based and smartphone app-based, can significantly
decrease scores on the Edinburgh Postnatal Depres-
sion Scale (EPDS) (SMD= -1.09, 95% CI: -1.39 to -0.79)
[48]. Another systematic review found a modest effect of
depressive symptom relief after exercise-based interven-
tions among postpartum women (SMD=-0.64, 95% CI:
— 0.96 to —0.33), also measured by EPDS [49].Therefore,
findings from this study’s targeted population of women
after a medically complicated pregnancy is consistent
with past literature for postpartum women overall.

RCTs included in this study are based on combined
interventions covering multiple non-pharmacological
strategies, including dietary and exercise guidance,
blood pressure self-monitoring, breastfeeding as well as
mHealth based telephone review and online “WeChat”
discussion groups [41, 42]. The combined “extended”
care program is a major characteristic of interventional

studies conducted in China targeted at postpartum
women [41, 42]. The “extended” care program is delivered
by a professional team formed by obstetricians, nurses,
nutritionists, and/or psychological health professionals
from the hospital where women give birth. The program
is considered a continuous process of nursing care dur-
ing hospitalization. One possible reason is that women
in China with common medical conditions, for example
GDM, during pregnancy would experience a routine
clinical pathway for health management during the pre-
natal period, which includes educational lectures, dietary
and exercise guidance, and blood glucose monitoring
[50]. Therefore, women might be more accepting of and
adherent to a postpartum intervention as an extension of
the prenatal care pathway.

Although we found a statistically significant over-
all improvement in anxiety and depression scoring in
this study’s meta-analysis, the improvement cannot be
directly interpreted as “clinically effective” In another
study reviewing the minimal clinically important change
for common depression scales, the minimum improve-
ment for HAM-D measurement was 28% (£25.2%) for
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Depression scales Publication Intervention Control %
and Study Year group (N) group (N) SMD (95% Cl) Weight
HAM-D |
Gerli et al. 2018 30 30 _— 1 - -2.85 (-3.58, -2.13) 12.15

I
Yin et al. 2020 42 42 | | ——&——  1.46(0.98, 1.94) 12.67
Zhang et al. 2020 30 30 —_——— : . -3.40 (-4.20, -2.60) 11.96
Pan et al. 2021 35 35 —:0— | -1.29 (-1.81, -0.77) 1261
Subgroup, DL ! : -1.51(-3.72,0.71)  49.38
(F* = 98.1%, p < 0.001) : |

1

1 by
sSDS 1

1
Yuetal. 2017 40 33 —_—— | -2.51(-3.13, -1.89) 12.40
Liang et al. 2020 40 40 —_— : : -3.70 (-4.42, -2.97) 12.14
Subgroup, DL —r T e | -3.00(-4.25,-193) 24.54
(F” = 83.1%, p = 0.015) : .

1

1
PHQ-9 1

I
O'Reilly et al. 2016 284 289 ! 0.08 (-0.09,0.24)  13.06

1
Subgroup, DL \ ; 0.08 (-0.09, 0.24)  13.06
(P =0.0%,p=) '

1

! -
WHOQOL-BREF :
Guo et al. 2021 160 160 1 —l— -0.01(-0.23,0.21)  13.02

I
Subgroup, DL 1 -0.01(-0.23,0.21) 13.02

1
(F=0.0%,p=".) |

I

: .
Heterogeneity between groups: p < 0.001 : |
Overall, DL -<> -1.48 (-2.41, -0.55) 100.00
(I = 97.9%, p < 0.001) |

| [ I | I | I |
-5 -4 -3 -2 -1 0 1 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Favours intervention Favours control

Fig. 2 Forest plot of standardized mean differences in scores of depression measured at end of follow-up

scoring of the 24-item full version, 27.1% (+25.7%) for
scoring of the 17-item version and 27% (+25.1%) for
scoring of the 21-iterm version [51]. For HAM-A scale,
cut-off values are commonly used in the clinical environ-
ment to demarcate the various severity levels of anxiety,
given that scoring 0-7 refers to no or minimal anxiety,
8-14 for mild anxiety, 15-23 for moderate anxiety, and
24 or higher for severe anxiety [52]. Therefore, merely
decreasing scores cannot infer clinically important symp-
tom alleviation. Results of this review only show a trend
of reductions in depression or anxiety symptoms for
women with pregnancy complications after some post-
partum intervention.

Moreover, considerable heterogeneity was found in
the depression and anxiety meta-analyses, suggesting
high between-study variation [53]. For the forest plot
of studies reporting depression scores (Fig. 2), results
of three studies were divergent from the main trend of
improved depression scores in the intervention group
compared with the control group, which could be the
major source of heterogeneity [25, 38, 40]. Reasons for

the divergent trend of these study results may include
the variety of interventions each study was based on [25,
38, 40]. In addition, psychological aspect was not the pri-
mary research question in most of the studies included,
and the sample size was not calculated based on mental
health measurements, which could result in failure to
detect the true effect of those interventions on mental
conditions of postpartum women. Therefore, the findings
from the meta-analyses might not be generalisable to
larger populations [54]. However, research has also found
that a small number of studies included in meta-analyses
can bias the heterogeneity (12-28% of I* value for meta-
analyses with a median number of 7 studies) [55]. Hence,
the accuracy of the heterogeneity statistic may be com-
promised in this review.

One major limitation of this review is that the studies
pooled were relatively small. Research suggests that small
studies often result in greater heterogeneity compared
with studies with large samples [56]. Ideal solutions to
resolve high heterogeneity include sensitivity testing
and subgroup analysis. However, another limitation of
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Anxiety scales  Publication  Intervention Control %
and Study Year group (N) group (N) SMD (95% Cl) Weight
HAM-A

Gerli et al. 2018 30 30 —_—— -3.01(-3.75, -2.26)  13.92
Yinetal. 2020 42 42 —0—:—— -2.16 (-2.70,-1.62) 14.41
Zhang et al. 2020 30 30 ————— ) -4.03 (-4.92, -3.14)  13.52
Pan et al. 2021 35 35 : —_—— -1.21(-1.72,-0.70)  14.46

Subgroup, DL ‘<>»

(I* = 91.5%, p < 0.001)

-2.56 (-3.66, -1.45)  56.31

SAS
Yuetal. 2017 40 33 —_—— -1.42(-1.94,-0.91) 14.45
Liang et al. 2020 40 40 —_—— -2.28 (-2.84,-1.71)  14.35

-1.84 (-2.68, -1.01)  28.81

Subgroup, DL 0

(2 = 79.0%, p = 0.029)

WHOQOL-BREF

. |
1
1
1
- |
1
1
Guo et al. 2021 160 160 i -0.01(-0.23,0.21)  14.88
1
Subgroup, DL i -0.01(-0.23,0.21)  14.88
1
1
. |
1
1
' |
1
I
0

(P=0.0%,p=.)
Heterogeneity between groups: p <0.001
Overall, DL -—<>— -1.98 (-3.03, -0.94) 100.00
(I* = 96.8%, p <0.001)
| I [ T I T
-5 -4 -3 -2 -1 1
NOTE: Weights and b bgroup ity test are from rand ffects model

Favours intervention Favours control

Fig. 3 Forest plot of standardized mean differences in scores of anxiety measured at end of follow-up
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this review is that such solutions were not viable due to
the small number of included studies. Moreover, only 2
out of the 9 eligible studies were of low risk of bias, rais-
ing further concerns about bias. Publication bias was
also an issue among the included studies, although the
pooled effect from meta-analyses remained the same
after adjusting for possible bias. We expect that further
high-quality studies, ideally using more common, vali-
dated perinatal measures such as the Edinburgh Perina-
tal Depression Scale, are needed on this research topic
[57]. To maintain this systematic review up-to-date, we
searched Cochrane Central Register of Controlled Trials
for any trial registered between August 2020 to August
2022, but found no novel study on this research topic.

Conclusion

In conclusion, this systematic review and meta-analysis
has found some evidence that postpartum interven-
tions combining health education and mHealth support
can improve (reduce) anxiety and depression scores
among women after a medically complicated pregnancy.
Although a substantial amount of research has been con-
ducted in women’s perinatal and postnatal mental health
in general, women who were medically complicated dur-
ing pregnancy are relatively less well studied. Further
high-quality interventional research is required on this
topic.
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