Therapeutics and Clinical Risk Management Dove

ORIGINAL RESEARCH

Effects of Combination Treatment in Hypertensive
Patients with Depression: A Systematic Review and
Meta-Analysis of 27 Randomized Controlled Trials

Lin Wang®', Qingqing Liu?, Dongsheng Sun', Jianhong Xie', Dibo Lao', Li Zhang'

'Heart Center, Department of Geriatrics, Zhejiang Provincial People’s Hospital (Affiliated People’s Hospital, Hangzhou Medical College), Hangzhou,
Zhejiang, 310014, People’s Republic of China; 2Department of Respiratory and Critical Care Medicine, Shulan (Hangzhou) Hospital, Hangzhou,
Zhejiang, People’s Republic of China

Correspondence: Li Zhang, Heart Center, Department of Geriatrics, Zhejiang Provincial People’s Hospital (Affiliated People’s Hospital, Hangzhou
Medical College), No. 158 Shangtang Road, Hangzhou, 310014, Zhejiang, People’s Republic of China, Tel/Fax +86 571-85893957,
Email blueapplezl@63.com

Background: Hypertension commonly co-exists with depression and is associated with adverse health outcomes. This meta-analysis
aimed to examine whether combination treatment can improve the outcomes of patients with comorbid hypertension and depression.
Methods: We searched for relevant randomized controlled trials (RCTs) published through July 2021 using PubMed, Web of Science,
China National Knowledge Infrastructure, and Wanfang Data. RCTs on patients with an antihypertensive outcome and data on mean
blood pressure differences were extracted for both intervention and control groups. Continuous and dichotomous measures of
outcomes were pooled using weighted mean differences (WMD) and risk ratios (RR) with 95% confidence intervals (CI) by random
or fixed effects. Subgroup and meta-regression analyses were performed to identify any existing heterogeneous sources.

Results: A total of 27 RCTs with 2606 participants were included. Combination treatment significantly improved systolic blood
pressure (SBP) by 11.27 mmHg (WMD = —11.27, 95% CI: —14.12 to —8.43), I*> = 95.4%), diastolic blood pressure (DBP) by 8.21
mmHg (WMD = —8.21, 95% CI: —10.73 to —5.69), I? = 96.9%), and antihypertensive efficiency by 42% (RR = 1.42, 95% CI: 1.32 to
1.52, I* = 0.0%) compared with in the control group. Combination treatment improved SBP and DBP levels in patients aged <65 years
compared with those in patients aged >65 years (p = 0.020 and 0.007, respectively).

Conclusion: Pooled evidence suggests that combination treatment significantly improves both blood pressure levels and antihyper-
tensive efficiency in hypertensive patients with depression. Elderly patients with comorbid hypertension and depression may require
a more collaborative approach to improve their outcome.

Registration: PROSPERO registration number CRD42020213430. Registered on November 08, 2020.

Keywords: hypertension, depression, combination treatment, meta-analysis, RCTs

Introduction
Hypertension is one of the major worldwide causes of cardiovascular disease (CVD) and premature death.' Global
estimates suggest that one-third of adults (1.39 billion) had hypertension in 2010.* Previously, it was estimated that
lowering systolic (SBP) and diastolic blood pressure (DBP) in the US population by 5.0 and 3.0 mmHg, respectively, can
reduce the incidence of coronary artery disease by 15% and stroke by 27%, whereas an increase in SBP by 20 mmHg and
DBP by 10 mmHg in adults doubles the risk of developing CVD.’

Hypertension commonly co-exists with depression.® Depression affects approximately one-third of patients with
hypertension.” Co-existence of the two conditions complicates treatment; for instance, depression may affect medication
adherence in patients with hypertension.®® In addition, depression can trigger dysfunction of the autonomic nervous

system and hypothalamic—pituitary—adrenal axis, increasing vascular tone and resistance and affecting blood pressure.'’
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Conversely, uncontrolled hypertension aggravates symptoms of depression. Therefore, evidence suggests a bidirectional
relationship between depression and hypertension."!

Although depression combined with hypertension could have additional adverse impacts on physical function and
quality of life, there are still insufficient data to prove that combination treatment (antihypertensive and antidepressant
treatment) in hypertensive patients with depression can improve their conditions. Several randomized controlled trials
(RCTs) have indicated that, compared with usual antihypertensive treatment, combination treatment significantly
improves control of both hypertension and depression.'>'> However, the sample sizes of these studies were rather
small. Furthermore, some studies reported that the use of antidepressants improves only the symptoms of depression, but
does not affect blood pressure.'* Moreover, there are studies reporting that the use of antidepressants increases blood
pressure.”> Since the evidence is inconsistent, we are still unsure whether combination treatment, as a truly integrated
intervention, improves both hypertension and depression outcomes.

Therefore, the primary aim of this systematic review and meta-analysis was to examine whether combination
treatment would improve hypertension outcomes in patients with both hypertension and depression. The secondary

aim was to explore whether it would improve depression outcomes.

Methods
Search Strategy

Our systematic review and meta-analysis were designed, conducted, and reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) standards (Supplementary Table 1), and the study protocol
was registered with PROSPERO (CRD42020213430). Relevant RCTs for the effect of combination treatment on blood
pressure published through July 31, 2021, were systematically searched using several electronic databases, including
PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), and Wanfang. A comprehensive search
strategy was used, further detailed in Supplementary Table 2: (“depression” OR “depressive disorder” OR “dysthymic

disorder”) and (“hypertension” OR “hypertensive patients” OR “high blood pressure” OR “blood pressure”) and
(“clinical trial” OR “randomized trial” OR “randomized controlled trial” OR “clinical” OR “randomized”). The search

language was English and Chinese.

Study Selection

We included RCTs that satisfied all of the following criteria: (1) a diagnosis of both depression and hypertension; (2)
trials with both female and male patients of any age; (3) a minimum intervention duration of 4 weeks; (4) a diagnosis of
depression according to one of the following: a) assessment through clinician-rated and/or structured psychiatric inter-
view and/or self-rated validated instruments, such as Self-Rating Depression Scales (SDS); b) diagnosis made by
physicians according to the International Classification of Diseases, or a current prescription for antidepressant medica-
tion; (5) diagnosis of hypertension according to one of the following: a) a diagnosis made by physicians and/or current
prescription for anti-hypertension medication; b) participants with self-reported hypertension; (6) study design: RCTs; (7)
intervention: combination treatment: commonly used antihypertensive treatment and antidepressant treatment; and (8)
comparison: the same common antihypertensive treatment as the intervention group.

Outcomes

The primary outcomes included one of the following: a) the mean difference in SBP and DBP between intervention and
control groups; b) antihypertensive efficiency rate: markedly efficient cases were defined as those where DBP levels
reached a normal range after decreasing by > 10 mmHg or DBP levels that decreased by > 20 mmHg; efficient cases
were defined as those whose DBP levels reached a normal range after decreasing by < 10 mmHg or DBP levels that
decreased from 10 to 19 mmHg. Failed to meet the listed criteria was considered invalid. Total efficiency rate =

(markedly efficient cases + efficient cases)/total number of cases. The secondary outcome was depression remission.
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Data Extraction and Quality Assessment
The title or abstracts of eligible RCTs were evaluated by two authors (L. W. and D. S.) based on inclusion criteria. When
discrepancies arose, a third author (L. Z.) was invited to be the deciding vote in the final discussion. For each included
trial, two authors independently extracted the primary data and assessed their quality using a standardized data collection
form. The following information was collected from each eligible trail: first author’s name, country, publication year,
participant demographics (age range, mean age, and sex ratio), treatment duration, sample size (intervention/control
groups), type of antidepressant drugs, type of antihypertensive drugs, and primary and secondary outcomes before and
after intervention. If important information was unavailable, we contacted the corresponding or first author by email
a maximum of two times within a 1-month time period to obtain further details.

We assessed the risk of bias for the included studies using the Cochrane Risk of Bias Assessment Tool in seven
different categories.'® Two authors (J.X and D.L) conducted the quality assessment independently. Any disagreements
were resolved by the third author (Q.L).

Statistical Methods

The mean and standard deviation of SBP and DBP were extracted for both intervention and control groups from the
eligible studies. The weighted mean differences (WMDs) and its 95% confidence intervals (Cls) between the intervention
and control groups were calculated for SBP and DBP. Between-study heterogeneity was examined using the Cochran
Q test and I? statistic.'”'® If pooled data showed an I* of > 50%, indicating significant heterogeneity, a random-effect
model was used; otherwise, a fixed-effects model was used.'” Subgroup analysis and meta-regression were performed to
identify possible sources of heterogeneity based on pre-specified characteristics, including country (China, United
States), mean age (<65 years, >65 years), assessment of depression (Hamilton Depression Scale (HAMD), others),
type of antidepressant drugs (tricyclic antidepressants (TCA), selective serotonin reuptake inhibitor (SSRI)), year of
publication (Before 2010, After 2010) and sample size (<100, >100).

The outcome of antihypertensive efficiency was dichotomous variable. Relative risks (RRs) with 95% Cls for the effects
of combination treatment on antihypertensive efficiency were calculated. We further examined the effects of combination
treatment on depression scores and pooled standardized mean difference (SMD) from each RCT and associated 95% Cls to
produce an overall efficiency estimate for both intervention and control groups. We performed meta-regression analysis to
test the hypothesis that SMD in depression score is a predictor of WMD in SBP and DBP levels.

We also performed sensitivity analysis (ie, recalculating the pooled estimate by omitting one study) to assess the
robustness of meta-regression results with significant heterogeneity. Publication bias was examined using the Begg rank
correlation test'® and Egger linear regression test,”” with significance set at a p-value of < 0.10. All analyses were
performed in Stata V14.0 (StataCorp, College Station, TX, USA) using “metan”, “metareg”, ‘metabias’, and “metaninf”
commands. The effects were considered statistically significant when the associated 95% CI did not include zero for
WMD and SMD, or one for RR.

Results

Literature Search

Figure 1 illustrates a flow chart summarizing the results of the potentially relevant literature search and trial selection
process. Overall, 1709 records were identified after duplicates were removed. After screening and assessing the titles and/
or abstracts based on the inclusion criteria, 1663 studies were excluded and the remaining 46 studies underwent a second
full-text review and screening. Finally, 19 additional studies were excluded for the reasons listed in Figure 1, with a total
of 27 RCTs for final inclusion in the qualitative and quantitative analyses.

Studies Characteristics
Supplementary Table 3 summarizes the detailed characteristics of the included RCTs. The 27 trials, included a total of

2606 participants with both hypertension and depression who were receiving combination treatment for both conditions.

Three of the included trials were conducted in the United States, and the others were conducted in China.'* '™ All
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Figure | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart. Adapted from Liberati A. Altman DG, Tetzlaff }, et al. The PRISMA
statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. PLoS Medicine. 2009;6(7):
€1000100. doi:10.1371/journal.pmed.1000100. © 2009 Liberati et al. Creative Commons Attribution License.>*

trials included both female and male participants. The baseline ages of the participants ranged from 48 to 77 years.
Twenty-four studies reported detailed names of antidepressants used in the intervention group.'>*'***** The duration
of interventions ranged from 4 to 12 weeks. The primary outcomes were SBP and DBP changes in 25 studies with a total
of 2435 patients,'? 1421725:27:29.3032744 4 effectiveness of anti-hypertensive treatment in twelve studies with a total of
1235 patients,'?!423:24:26-2931.3540.44 The reqults of the Cochrane quality assessment for the included studies are

presented in Supplementary Figures 1 and 2.

Quantitative Data Synthesis

Effects of Combination Treatment on Blood Pressure

Figure 2 shows the WMD of SBP outcomes after treatment in the intervention and control groups. Combination
treatment significantly improved WMD in SBP by 11.27 mmHg compared with common antihypertensive treatment
(pooled WMD, —11.27; 95% CI: —14.12 to —8.43). There was significant heterogeneity across these studies (I* = 95.4%,
p < 0.001), mostly due to variations in the degree of improvement. Combination treatment was favored in all but two

studies.
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Study %

ID WMD (95% Cl) Weight
Ma WZ,et al (2006) ——— -9.00 (-14.32, -3.68) 3.90
Cai XJ,et al (2006) . -7.10 (-8.19, -6.01) 449
Wang AX,et al (2007) —_——— -9.00 (-13.90, -4.10) 3.98
Luo XH,et al (2007) —_— 0.00 (-2.96, 2.96) 4.31
Luo XH,et al (2007) — -4.00 (-6.72, -1.28) 4.34

Bogner HR,et al (2008) . -14.00 (-22.95,-5.05)  3.12
Diao ZL et al (2008) —_— -12.10 (-17.50, -6.70)  3.89
Wang FJ,et al (2009) -~ ! -23.00 (-24.57, -21.43)  4.45
Wang HJ,et al (2009) | —— -6.90 (-9.87, -3.93) 4.31
Duan S,et al (2009) _— -11.46 (-17.63,-5.29)  3.73
1
Li Y,et al (2009) —_— -12.00 (-18.03,-5.97)  3.76
Pan JY,et al (2010) —_— -12.00 (-19.49, -4.51)  3.44
Jiang T,et al (2011) — -13.00 (-14.80, -11.20)  4.44
Jiang T.et al (2011) ! - -2.00 (-4.03, 0.03) 4.42
Ma LN,et al (2012) —— -10.68 (-14.27,-7.09)  4.21
Chen Q.et al (2012) —— -13.90 (-17.16, -10.64)  4.26
Bogner HR,et al (2013) - -10.60 (-19.94, -1.26)  3.04
Li TT,et al (2013) — -16.50 (-19.17, -13.83)  4.34
Hou M,et al (2015) — -12.18 (-14.33,-10.03)  4.40
Song Xet al (2015) —_— | -19.90 (-24.23, -15.57)  4.09
Lu ZT et al (2016) —_— -16.60 (-22.97,-10.23)  3.68

Zhang BQ,et al (2016) =it 24.07 (-28.73,-19.41)  4.03

Li HC et al (2016) —_— -6.50 (-11.06,-1.94)  4.05
McClintock HF et al (2017) — -11.08 (-19.40, -2.76)  3.26
He ZQet al (2018) —— 6.16 (-10.63,-1.69)  4.06
Overall (I-squared = 95.4%, p = 0.000) <> -11.27 (-14.12,-8.43)  100.00

|

NOTE: Weights are from random effects analysiéf
I I

-28.7 0 28.7

Figure 2 SBP values were estimated from meta-analysis of hypertensive depression patients with combination treatment (intervention group) versus usual antihypertensive
treatment (control group).

The effect of the combination treatment on WMD in DBP outcomes is presented in Figure 3. Pooled effect sizes from
random-effect models revealed that combination treatment significantly improved WMD in DBP by 8.21 mmHg
compared with in the control groups (pooled WMD, —8.21; 95% CI: —10.73 to —5.69). Significant heterogeneity was
observed among the studies (I* = 96.9%, p < 0.001).

Effects of Combination Treatment on Improvement in Hypertension

Twelve trials provided information on total cases with antihypertensive outcomes used to calculate the overall effect size.
The pooled analysis revealed that combination treatment was associated with a significant increase in antihypertensive
effects at the end of follow-up (RR = 1.42, 95% CI = 1.32-1.52; p = 0.452 for heterogeneity; I* = 0.0%) (Figure 4). An
RR of 1.42 indicated a 42% relative increase in antihypertensive effects when combination treatment is used. No
significant heterogeneity was observed among the studies.

Effects of Combination Treatment on Depression Score

Pooled effect sizes obtained using random-effect models revealed that combination treatment significantly improved
standardized depression outcomes compared with in the control group (pooled SMD, —2.19; 95% CI, —2.72 to —1.66) (in
Figure 5). There was significant heterogeneity across the studies (I* = 95.5%, p < 0.001).
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Study %
ID WMD (95% Cl) Weight
Ma WZ,et al (2006) —Io— -8.00 (-12.94, -3.06) 3.76
Cai XJ,et al (2006) : - -2.00 (-2.63, -1.37) 4.38
Wang AX,et al (2007) —_— -8.00 (-12.06, -3.94) 3.94
Luo XH,et al (2007) : — -5.00 (-7.72, -2.28) 4.17
Luo XH,et al (2007) : — -3.00 (-5.72, -0.28) 417
Bogner HR,et al (2008) —0:— -9.20 (-14.74, -3.66) 3.62
Diao ZL et al (2008) —_— : -12.60 (-15.54, -9.66)  4.14
Wang FJ,et al (2009) - : -10.00 (-10.91,-9.09)  4.36
Wang HJ,et al (2009) -:—0— -5.40 (-8.98, -1.82) 4.03
Duan S,et al (2009) —_—— -6.87 (-10.72, -3.02) 3.98
Li Y,et al (2009) —0—:— -10.80 (-14.94, -6.66) 3.93
Pan JY,et al (2010) —0—;— -10.80 (-15.94, -5.66) 3.7
Jiang T,et al (2011) —0—: -10.00 (-12.62,-7.38)  4.19
Jiang T,et al (2011) : — -1.00 (-3.00, 1.00) 4.27
Ma LN,et al (2012) —:—0— -6.54 (-10.30, -2.78) 4.00
Chen Q,et al (2012) —0—: -11.00 (-13.52, -8.48)  4.20
Bogner HR,et al (2013) + -7.80 (-15.23, -0.37) 3.18
Li TT,et al (2013) <€ : -18.60 (-19.76, -17.44) 4.35
Hou M,et al (2015) —0:— -8.97 (-11.06, -6.88) 4.26
Song X,et al (2015) —0:— -9.70 (-13.54, -5.86) 3.98
Lu ZT,et al (2016) —0—:— -11.40 (-16.22, -6.58) 3.78
Zhang BQ,et al (2016) —0—:— -9.54 (-13.77, -5.31) 3.91
Li HC,et al (2016) 1 —— -2.90 (-5.68, -0.12) 4.17
McClintock HF et al (2017) —:—0— -6.82 (-12.46, -1.18) 3.60
He ZQ,et al (2018) —0—;— -9.90 (-14.06, -5.74) 3.92
Overall (I-squared = 96.9%, p = 0.000) <> -8.21 (-10.73, -5.69) 100.00
|

NOTE: Weights are from random effects analysi:s

I I

-19.8 0 19.8

Figure 3 DBP values were estimated from meta-analysis of hypertensive depression patients with combination treatment (intervention group) versus usual antihypertensive
treatment (control group).

Effects of Depression Remission on SBP and DBP

Scatter plots based on each study showed the relationship of SMD in depression score to the WMD in SBP and DBP
values (Figure 6A and B). Meta-regression analysis indicated that the SMD for depression scores was not associated with
WMD in SBP and DBP values across studies [coefficient = 0.529 (95% CI: —1.872 to 2.930), p = 0.644, and coefficient =
0.645 (95% CI: —0.984 to 2.275), p = 0.410, respectively].

Subgroup Analyses

To examine the stability of primary results, we conducted subgroup analyses stratified by country, mean age, depression
assessment methods, types of antidepressant drugs, publication years and sample sizes, and similar and consistent results
were observed for the effects of combination treatment on SBP and DBP (Tables 1 and 2). However, WMD in SBP and
DBP decrease after combination treatment was greater for patients aged < 65 years than for patients aged > 65 years
(p-value for difference = 0.020 in SBP, p-value for difference = 0.007 in DBP).

Meta-Regression Analysis
Multivariable meta-regression analyses were performed to explore the sources of heterogeneity. The analyses showed
that age, depression assessment methods, and study publication years were significantly correlated with heterogeneity in
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Study %

ID RR (95% CI) Weight
T
1

Liu P,et al (2001) — 1.65 (1.13, 2.41) 3.81
1

Luo XH,et al (2007) g : 1.23 (0.91, 1.67) 5.52
1

Wang FJ,et al (2009) —_— 1.32 (1.06, 1.65) 7.47
1

Wang HJ,et al (2009) — 1.29 (0.97, 1.71) 5.75
1

Li Y,et al (2009) —_— 1.29 (1.07, 1.55) 10.14
1

Li WY, et al (2011) : 2 > 1.81(1.29, 2.54) 5.40
1

Chen Q,et al (2012) —0—:— 1.27 (1.04, 1.55) 10.94
1

Li TT,et al (2013) —_— 1.38(1.10, 1.72) 7.65
1

Hou M,et al (2015) _— 1.40 (1.08, 1.81) 8.01
1

Lai XH,et al (2016) . — 1.38 (1.15, 1.67) 9.07
I

Xu TB,et al (2016) _— 1.26 (1.02, 1.55) 9.34
1

Li HC,et al (2016) —_— 1.70 (1.38, 2.09) 16.90
1

Overall (l-squared = 0.0%, p = 0.452) <> 1.42 (1.32, 1.52) 100.00
1
1
1
!

I I
.394 1 2.54

Figure 4 Efficiency of antihypertensive treatment were estimated from meta-analysis of hypertensive depression patients with combination treatment (intervention group)
versus usual antihypertensive treatment (control group).

the effects of combination treatment on SBP (p = 0.015, p = 0.024, and p = 0.013, respectively) (Table 3). Age and study
publication year were found to be significantly associated with heterogeneity in the effects of combination treatment on
DBP (p = 0.003 and p = 0.037, respectively) (Table 4). Univariate meta-regression showed that age was the main source
of heterogeneity, calculated at 21.2% and 29.7% of the variance across studies for SBP and DBP outcomes, respectively.

Sensitivity Analysis

There were significant heterogeneity across studies when we pooled the WMD of SBP and DBP between intervention
and control groups. Sensitivity analyses were conducted for the pooled WMD in SBP and DBP (I* > 50%). The results of
the sensitivity analysis revealed that after recalculating the pooled WMD when one study was excluded, WMD in SBP
and DBP remained statistically significance (p < 0.05) between the intervention and control groups (Figures 7 and 8),
indicating the robustness and stability of the results.

Publication Bias
A systematic assessment of bias in the included studies was presented in Supplementary Table 4. The Begg and Egger

tests for the effects of combination treatment on SBP, DBP, and the antihypertensive efficiency suggested that there was
no significant publication bias (P >0.05) (Supplementary Figures 3-5).

Discussion
The results of this meta-analysis, performed on 27 RCTs including a total of 2606 hypertensive patients with depression,
revealed a higher efficiency of combination treatment on SBP and DBP decrease as well as a greater antihypertensive effect,
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Study %
ID SMD (95% Cl) Weight
i

Liu P, et al (2001) —_— ! .74 (-8.15,-5.32)  4.04
Bogner HR, et al (2008) | = -0.72(-1.22,-0.21)  5.40
Diao ZL, et al (2008) —— -2.64 (-3.25,-2.03)  5.28
Wang FJ, et al (2009) - -2.15(-2.70,-1.59)  5.35
Duan S, et al (2009) —_—— -4.93(-5.96,-3.90) 467
Li Y, et al (2009) - -1.42(-1.85,-1.00) 548
Pan JY, et al (2010) —-— -1.43(-1.97,-0.90) 537
Jiang T, et al (2011) - -0.32 (-0.73, 0.08) 5.50
Jiang T, et al (2011) - -0.29 (-0.69, 0.11) 5.50

Ma LN, et al (2012) —— -3.26 (-4.00,-252) 5.1
Bogner HR, et al (2013) — -1.04 (-1.59,-0.50)  5.36
Li TT, et al (2013) —— -3.40 (-4.07,-273)  5.20
Hou M, et al (2015) —— -3.01(-3.59,-2.44)  5.32
Song X, et al (2015) —— 2.62(-3.10,-2.13)  5.42
Lai XH, et al (2016) —_— -5.34 (-6.20,-4.47)  4.93

Lu ZT, et al (2016)
Zhang BQ, et al (2016)

- -0.74 (-1.20, -0.29) 5.45
- -1.31 (-1.74, -0.87) 5.47
Li HC, et al (2016) - -1.04 (-1.29, -0.79) 5.61
He ZQ, et al (2018) - -1.28 (-1.61, -0.94) 5.55
Overall (I-squared = 95.5%, p = 0.000) <> -2.19 (-2.72, -1.66) 100.00

NOTE: Weights are from random effects analysis

I |
-8.15 0 8.15

Figure 5 Depression score were estimated from meta-analysis of hypertensive depression patients with combination treatment (intervention group) versus usual
antihypertensive treatment (control group).

as opposed to antihypertensive treatment alone. Compared with the common antihypertensive treatment, combination
treatment improved SBP by 11.27 mmHg and DBP by 8.21 mmHg, and increased antihypertensive treatment efficiency
by 42% in hypertensive patients with depression. To the best of our knowledge, our study is the first to systematically
summarize the effects of combination treatment on BP and antihypertensive efficiency in a meta-analysis of RCTs.

Hypertension is a major public health problem worldwide due to its high prevalence and concomitant risks of
CVD.*** The condition commonly co-exists with depression, which is closely associated with high CVD and all-cause
morbidity and mortality, significantly more so than hypertension and depression alone.*’*® Reduction in BP for
hypertensive patients with depression would have a large impact on reducing the burden of disease and might have
important public health benefits. Our findings indicate that antihypertensive treatment combined with antidepressants
show greater improvement in BP than the common antihypertensive treatment alone.

Combination treatment also significantly increased the antihypertensive efficiency (RR = 1.42) in hypertensive
patients with depression, which is encouraging. Evidence suggests that depression is significantly associated with poor
treatment compliance in patients with hypertension, which is not conducive to the BP control.® In view of the challenges
faced by healthcare providers, combination treatment is most likely helpful in improving the control rate of hypertension
in patients with comorbid hypertension and depression.

In our analysis, the heterogeneity across studies may have been caused by age, assessment methods of depression, and
study publication years. It is worth noting that age is the main source of heterogeneity. Papazacharias et al indicated in
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Figure 7 The sensitivity analysis of WMD of SBP.

their study that late-onset depression (ie, the first episode of depression occurs later in life) has a different aetiology than
early-onset depression (ie, the first episode of depression occurs earlier in life).*” The former is highly correlated to
vascular pathology, since late-onset depression presents with more severe cerebrovascular pathology and structural brain
abnormalities than age-matched early-onset depression, which is in line with the vascular depression hypothesis proposed
by Aizenstein et al.>® Consistently, our results in different age groups show that the effects of combination treatment on
blood pressure reduction in participants aged < 65 years were greater than that in patients aged > 65 years. Consequently,
collaborative care of mental health in the elderly should be considered while also using a variety of psychotherapeutic
approaches. These may include interpersonal psychotherapy and cognitive problem-solving, both of which may be
helpful in managing late-life depression resistant to antidepressant medications.”"

Although this meta-analysis included 27 RCTs and failed to confirm the association between combination treatment
and endpoints such as morbidity and mortality, our findings indicate that combination treatment has a clinically mean-
ingful and statistically significant effects on both SBP and DBP (decreased by 11.27 mmHg and 8.21 mmHg,
respectively), compared with the common antihypertensive treatment. A systematic review of 147 RCTs with 958,000
participants showed that a decrease in SBP by 10 mmHg or DBP by 5 mmHg reduced approximately 25% total coronary
Heart disease events and 30% of stroke events, regardless of blood pressure and CVD presence before treatment.>
Accordingly, great clinical and socioeconomic benefits could be achieved with the significant BP-lowering effects of
combination treatment. However, the treatment duration of the included trials was between 4 and 12 weeks, and despite
the significant BP-lowering effects after short-term treatment, long periods of antidepressant use in these patients may
present their own set of challenges.” For instance, antidepressant drugs may negatively affect health by disrupting
adaptive processes, such as in the immune system. Further studies are needed to investigate the roles of long-term
antidepressant and antihypertensive use in reducing CVD and all-cause mortality and maintaining optimal health of
comorbid patients.

Limitations
First, a portion of the included studies had insufficient reported methodology, which attenuates our comments on quality.
Second, the assessment tools for depression across eligible studies were not entirely consistent. Although standardized
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Table | Effect of Combined Treatment on Systolic Blood Pressure in Randomized Clinical Trials Among Hypertensive Patients
Combined with Depression by Subgroups

Subgroup Trials, WMD (95% CI) P-value P-value for 12 P-value for
no. heterogeneity difference

Country

China 22 —11.21(—14.23,-8.43) <0.001 0.851 0.0% 0.877

us 3 —11.89(—16.99,-6.79) <0.001 <0.001 96.0%

Mean age, years

<65 14 —13.83(—17.51,—10.15) <0.001 <0.001 91.0% 0.020

265 I —8.20(—11.19,-5.22) <0.001 <0.001 93.3%

Assessment of depression

HAMD 21 —10.52(—12.89,-8.16) <0.001 <0.001 92.0% 0.153

Others 4 —15.41(—23.28,~7.54) <0.001 0.001 82.3%

Types of antidepressants

TCA 5 —13.99(-20.53,-7.44) <0.001 <0.001 96.5% 0.251

SSRI 17 —10.24(—12.90,-7.58) <0.001 <0.001 92.3%

Year of publication

Before 2010 I —9.77(—14.97,-4.58) <0.001 <0.001 97.2% 0.277

After 2010 14 —12.48(—15.74,-9.23) <0.001 <0.001 91.8%

Sample size

<100 17 —11.52(—15.71,-7.34) <0.001 <0.001 96.3% 0.814

2100 8 —11.27(-14.12,-8.43) <0.001 <0.001 87.7%

Abbreviations: WMD, weighted mean difference; HAMD, Hamilton Depression Scale; TCA, tricyclic antidepressants; SSRI, selective serotonin reuptake inhibitor.

Table 2 Effect of Combined Treatment on Diastolic Blood Pressure in Randomized Clinical Trials Among Hypertensive Patients
Combined with Depression by Subgroups

Subgroup Trials, WMD (95% CI) P-value P-value for 12 P-value for
no. heterogeneity difference

Country

China 22 —8.24(—10.94,-5.55) <0.001 <0.001 973 0.933

us 3 —7.98(—11.47,-4.49) <0.001 0.839 0.0%

Mean age, years

<65 14 —10.09(—12.73,-7.44) <0.001 <0.001 92.6% 0.007

265 I —5.82(-8.06,-3.57) <0.001 <0.001 90.1%

Assessment of depression

HAMD 21 —8.16(—11.21,-5.12) <0.001 <0.001 97.2% 0.826

Others 4 —9.87(—10.75,-8.99) <0.001 0.670 0.0%

Types of antidepressants

TCA 5 —10.76(—15.68,-5.84) <0.001 <0.001 97.4% 0.101

SSRI 17 —7.38(—9.49,-5.27) <0.001 <0.001 91.1%

Year of publication

Before 2010 I —7.26(—10.27,-4.24) <0.001 <0.001 95.9% 0.313

After 2010 14 —8.95(—12.64,-5.25) <0.001 <0.001 95.8%

Sample size

<100 17 —8.40(—11.32,-5.49) <0.001 <0.001 95.3% 0.710

=100 8 —7.78(—11.23,-4.33) <0.001 <0.001 94.1%

Abbreviations: WMD, weighted mean difference; HAMD, Hamilton Depression Scale; TCA, tricyclic antidepressants; SSRI, selective serotonin reuptake inhibitor.
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Table 3 Effect of Combined Treatment on Systolic Blood Pressure in Randomized Clinical Trials Among Hypertensive Patients
Combined with Depression by Meta-Regression

Covariates Meta-Regression Coefficient 95% CI P-value | Variance Explained (%)
Univariate analyses

Country (China vs. US) 0.702 —8.561,9.965 0.877 -3.25%
Age group (265 vs. <65) 5.677 0.990,10.364 0.020 21.16%
Assessment of depression (HAMD vs. Others) 5.265 —2.096,12.626 0.153 8.48%
Types of antidepressants (SSRI vs. TCA) 3.741 —2.855,10.338 0.251 3.43%
Year of publication (Before 2010 vs. After 2010) —0.539 —1.228,0.149 0.119 7.78%
Sample size (=100 vs. <100) 0.643 —4.954,6.240 0.814 —4.42%
Multivariable analyses 46.07%
Country (China vs. US) —11.134 —24.562,2.294 0.098

Age group (265 vs. <65) 5.875 —1.296,10.453 0.015

Assessment of depression (HAMD vs. Others) 11.394 1.667,21.121 0.024

Types of antidepressants (SSRI vs. TCA) —6.149 —13.554,1.256 0.097

Year of publication (Before 2010 vs. After 2010) -0.811 —1.431,-0.191 0.013

Sample size (=100 vs. <100) —0.651 —5.743,4.44| 0.791

Abbreviations: HAMD,Hamilton Depression Scale; TCAtricyclic antidepressants; SSRl,selective serotonin reuptake inhibitor.

Table 4 Effect of Combined Treatment on Diastolic Blood Pressure in Randomized Clinical Trials Among Hypertensive Patients
Combined with Depression by Meta-Regression

Covariates Meta-Regression Coefficient 95% CI P-value | Variance Explained (%)
Univariate analyses

Country (China vs. US) —0.2573 —6.5537,6.0391 0.933 —3.26%
Age group (265 vs. <65) 4.4270 —1.3449,7.5092 0.007 29.74%
Assessment of depression (HAMD vs. Others) 0.5593 —4.6587,5.7772 0.826 —3.50%
Types of antidepressants (SSRI vs. TCA) 3.5523 —0.7520,7.8568 0.101 12.38%
Year of publication,continuous —0.2702 —0.7545,0.2141 0.260 2.93%
Sample size (=100 vs. <100) 0.6935 —3.1124,4.4995 0.710 -3.30%
Multivariable analyses 44.73%
Country (China vs. US) —0.0904 —9.5139,9.3331 0.984

Age group (265 vs. <65) 5.3885 —2.0489,8.7281 0.003

Assessment of depression (HAMD vs. Others) 0.2930 —6.6597,7.2402 0.931

Types of antidepressants (SSRI vs. TCA) —1.1284 —6.8943,4.6375 0.681

Year of publication, continuous —0.4879 —0.9417,-0.0341 0.037

Sample size (=100 vs. <100) —0.3155 —4.0365,3.4056 0.860

Abbreviations: HAMD, Hamilton Depression Scale; TCA, tricyclic antidepressants; SSRI, selective serotonin reuptake inhibitor.

scales of depressive symptoms have been validated and used in population studies, there appears to be significant
heterogeneity in the different scale-based results in meta-regression. Third, because a large proportion of short-to-
medium duration studies predominantly conducted in China were included, the findings of this review require further
research in other countries and studies of longer duration. In particular, the presence of hypertension with comorbid

depression has not been recognized in many resource-poor regions or countries.

Conclusions

The present meta-analysis suggests that combination treatment for hypertensive patients with depression is significantly
better at improving blood pressure and has a greater antihypertensive effect than common antihypertensive treatment.
Combination treatment is recommended for patients with hypertension and depression. Elderly patients with
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Figure 8 The sensitivity analysis of WMD of DBP.

hypertension and depression may require a more collaborative treatment approach to improve the outcomes of their
hypertension. The long-term effects of combination treatments need to be studied further.

Abbreviations

RCTs, randomized controlled trials; CNKI, China National Knowledge Infrastructure; WMD, weighted mean differ-
ences; RR, risk ratios; CI, confidence intervals; SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD,
cardiovascular disease; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SDS, self-
reported depression scales; HAMD, Hamilton Depression Scale; TCA, tricyclic antidepressants; SSRI, selective seroto-
nin reuptake inhibitor; SMD, standardized mean differences.
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