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Joint effects of depressive status G

and body mass index on the risk of incident
hypertension in aging population: evidence
from a nationwide population-based cohort
study
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Abstract

Background The impact of depressive status (DS) on hypertension incidence is still controversial and has not been
studied in Chinese middle-aged and elderly population. This study aimed to explore the relationship between DS
and incident hypertension and analyze the joint effects of DS and body mass index (BMI) on hypertension incidence.

Methods We conducted a prospective cohort study using data from the China Health and Retirement Longitudinal
Study (CHARLS), a nationwide population-based study. In 2013, DS was identified using scores from the 10-item Cen-
tre for Epidemiological Studies Depression Scale (CES-D-10) among eligible respondents from CHARLS, and hyper-
tension occurrence was observed until 2018. The multiple Cox models were employed to calculate the associa-

tions between DS and hypertension incidence. In addition, we also computed the multiplicative interaction (MI)
between DS and BMI of incident hypertension and assessed their additive interaction (Al) through relative excess

risk due to interaction (RERI), attributable proportion (AP) or synthetic index (S). Positive Al was indicated by RERI >0,
AP>0QorS>1.

Results Over the 5-year follow-up, depressive symptoms increased the risk of hypertension incidence by 19% (hazard
ratio (HR)=1.19, 95% confidence interval (Cl): (1.01, 1.41)), while depression was associated with a 24% increased risk
(HR=1.24;95% Cl: (1.03, 1.50)). Significant MIs between DS and overweight or obesity were observed and almost all
of Alindexes showed positive joint effects on incident hypertension, of which the depression-obesity combination
had the largest joint effect (RERI=4.47, 95%Cl: (0.28, 8.66); AP=0.67, 95%Cl: (0.50, 0.85); S=4.86,95%Cl: (2.66, 8.86)).

Conclusion DS could lead to hypertension and this impact was amplified when coexisting with higher BMI. It
highlighted a need for precise interventions targeting weight management and depression treatment in the aging
population to prevent hypertension.
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Background

Hypertension has become the largest risk factor contrib-
uting to the burden of diseases and death [1]. It damages
the nervous and cardiovascular systems and can lead to
complications such as atherosclerosis, stroke, heart fail-
ure and cognitive impairment (https://apps.who.int/iris/
bitstream/handle/10665/344424/9789240033986-eng.
pdf). Additionally, mental disorders, especially depres-
sive disorder, are a significant cause of morbidity [2],
and rank first in the disease burden of mental disorders
worldwide [3].

Though extensive researches had been carried out on
the relationship between depression and hypertension
in different races and populations, there existed the con-
flicting results. Some studies indicated that the risk of
hypertension was multiplied among patients with high
scores of depression evaluation, especially major depres-
sion [4, 5], while others showed no significant association
between depression and the risk of hypertension [6], even
decreased incidence of hypertension [7]. Some studies
had drawn the positive relationship between depression
and hypertension incidence but lacked sufficient statis-
tical power due to a cross-sectional design or relatively
small sample size, which required further confirmation
[8, 9]. Most cross-sectional studies from prospective
researches on depression and hypertension only collected
information on exposure and confounders at baseline,
which resulted in the loss of important information such
as causal order. Furthermore, in studies that had found
a link between depression and hypertension, the com-
plex mechanism remained a challenge to understanding,
which made it difficult to determine whether depression
is causally related to the incident hypertension.

The Chinese population is experiencing rapid aging
with a higher prevalence of depression in the middle-
aged and elderly population compared to younger groups
[10]. Additionally, the prevalence of overweight and
obesity are on the rise in the Chinese middle-aged and
elderly population [11]. Hypertension involves genetic
and behavioral factors, and its etiology is highly age-
dependent [12, 13] and weight-dependent [14]. How-
ever, there were no studies of the impact of depression
on incident hypertension in the middle-aged and elderly
Chinese population. Thus, it is needed to highlight and
clarify the quantitative relationship between depressive
status (DS) and incident hypertension in this group.

Certainly, no studies we have known had focused
on the interaction between depression and elevated
body mass index (BMI) of incident hypertension, even
though the effects of depression and elevated BMI on
hypertension had been studied separately. Therefore,
we aimed to explore the joint effects of DS and BMI
and identify modifiable factors from the perspective of
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precision medicine to effectively prevent hypertension
and its adverse prognosis.

Taking the age-dependent and weight-dependent
nature of incident hypertension and depression, and
the lack of knowledge about the specific role of BMI
level in the association between depression and inci-
dent hypertension into consideration, we hypothesized
that the association between DS and hypertension
onset risk differed in different BMI groups. To test this
hypothesis, we analyzed the impact of depression on
hypertension incidence in the Chinese middle-aged and
elderly population aged 45-80 years using data from
the China Health and Retirement Longitudinal Study
(CHARLS). Furthermore, we analyzed the joint effects
of DS and BMI on incident hypertension to explore
possible developmental mechanisms of how DS affects
the pathogenesis of hypertension.

Methods

Study design and setting

CHARLS is an ongoing nationwide survey, providing
an open-access database with representative sample of
the middle-aged and elderly population aged > 45 years
residing in local communities across China [15]. The
survey utilizes face-to-face computer-assisted personal
interviews at baseline and is followed by participants
every two or three years. The participants come from
450 administrative villages in rural areas and communi-
ties in urban areas of 28 provinces in China.

Ethical approval for the study was obtained from the
Biomedical Ethical Review Committee of Peking Uni-
versity  (IRB00001052-11015; IRB00001052-11014),
and written informed consents were obtained from all
participants at the beginning of the survey. The survey
tools in CHARLS align with international practice, con-
sistent with over 25 Human Resource Specialist (Clas-
sification) surveys worldwide.

Study participants

The study included the individuals aged between 45
and 80 years in 2013. Participants under 45 years due
to their lower risk for hypertension and those above
80 years which was well beyond the China’s average
life expectancy, and therefore posed a substantial risk
of death in the 5-year follow-up period, were excluded.
Participants who had hypertension in 2013 were also
excluded due to the lack of specific data to determine
whether hypertension new onset occurred after the
baseline survey date. Ultimately, 11,050 participants
were included in the cohort, and all of them were fol-
lowed up until 2018.
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Depressive status

In the baseline survey, we measured the DS of par-
ticipants using the 10-item Centre for Epidemiologi-
cal Studies Depression Scale (CES-D-10), developed
by Radloff L. S. from the National Institute of Mental
Health [16]. This scale comprises 10 items, with eight
items assessing positive symptoms and the remaining
two assessing negative symptoms of depression. Par-
ticipants had 4 responses: rarely or never having the
symptoms (< 1 day), some or few times (1-2 days), occa-
sionally or a moderate number of times (3—4 days), and
most or all of the time (5-7 days). The total score ranged
from 0 to 30, where higher score indicated a higher level
of depression. Compared to the original 20-item format,
this version demonstrated good test-retest reliability
and predictive validity [17]. The CES-D-10 focuses on
evaluating the frequency of current depressive symp-
toms related to emotions or mood, which made it suit-
able for comparing survey results across different time
points. It is widely used in epidemiological investigations
to screen participants for further examination and diag-
nosis. Its reliability and validity in the Chinese popula-
tion study were confirmed based on the CHARLS data
[18]. Participants were categorized into three groups
based on their scores from CES-D-10: no depressive
symptoms (ND) with scores less than 10, depressive
symptoms (DES) with scores between 10 and 14, and
depression with scores above 14 [19].

Identification of hypertension
In 2013, the professionally trained nurses measured the
systolic and diastolic blood pressure of the participants
using the digital monitor (OMRON HEM-7200) which
would be calibrated prior to the measurements. The
measurements were taken in a sitting position, within a
quiet environment with a stable temperature. Blood pres-
sure was measured three times at least 45 s apart, and the
average value of systolic and diastolic blood pressure was
recorded for analysis. According to measurements and
questionnaires’ self-reports, the criteria for identifying
hypertension included: (1) systolic blood pressure >140
mmHg; (2) diastolic blood pressure >90 mmHg; (3) self-
reported hypertension diagnosed by a doctor; (4) current
use of antihypertensive drugs. Blood pressure was not
measured in the follow-up survey in 2018 but question-
naires were acquired, so new onset hypertension was
identified using the following criteria: (1) self-reported
hypertension diagnosed by a doctor between the two sur-
veys; (2) current use of antihypertensive drugs.

In the structured questionnaire, some detailed infor-
mation was collected about the occurrence of hyperten-
sion in the 2013 baseline survey and the 2018 follow-up
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survey, including the situation of self-reported hyperten-
sion, the year or age of hypertension occurrence and the
use of the hypertensive medicine. The information could
be synthetically used to judge the occurrence time of
hypertension. Indeed, all the participants at baseline who
didn’t meet exclusion criteria were included in the cohort
and then followed up in 2018. Figure 1 shows the flow
path of selecting and following up all the studied eligible
subjects.

Variables

The information was collected through a structured
questionnaire, encompassing sociodemographic factors
(age, sex, residence, educational level and marital sta-
tus), health behaviors (smoking and drinking history), ill-
ness history and medication use. Body weight and height
were accurately measured to 0.1 kg and 0.1 cm, respec-
tively, and used to calculate BMI (weight in kg divided by
squared height in meters). Participants with BMI <24 kg/
m? were categorized as normal or underweight, those
with BMI between 24 and 28 kg/m? as overweight and
those with BMI>28 kg/m? as obesity [20]. Age was
grouped into three categories: 45 to 50 years, 51 to
60 years and above 60 years. Educational level was clas-
sified as elementary school or below, middle school, and
high school or above. Sex, residence, marital status, his-
tory of smoking, history of drinking, dyslipidemia, dia-
betes and nephropathy were treated as dichotomous
variables. The primary outcome variable of interest in
the study was the incidence of hypertension during the
follow-up survey.

Statistical analysis

Categorical variables were described using proportions
or rates. The annual incidence rate was computed by the
number of new cases within a given year divided by rel-
evant population at risk during the same year from 2014
t02018. Additionally, the 5-year cumulative hypertension
incidences in the ND, DES and depression group were
calculated using the Kaplan—Meier technique. The study
utilized the Cox proportional hazards model to estimate
hazard ratios (HRs) and their 95% confidence intervals
(ClIs) for the association between DS or classified BMI
and hypertension incidence. A multiple Cox proportional
hazard model was fitted that included sex, age, BMI, his-
tory of smoking, history of drinking, dyslipidemia, diabe-
tes, nephropathy, and DS at baseline.

To test the joint effects of DS and BMI on hyperten-
sion incidence, interactions with both multiplicative and
additive scales were computed. Multiplicative interac-
tion (MI) assesses how the hazard of one exposure fac-
tor is multiplied in individuals with the other given risk
factors compared to those without some risk factors.



Luo et al. BMC Psychiatry (2023) 23:608

Longitudinal study (2013)
N=18264

v

Participants aged between 45 and 80
years in 2013 (N=17501)

[ China Health and Retirement }

&
<

Excluded ¢

Participants with
hypertension or onset in
2013 (N=6451)

Participants with no

hypertension (N=11050)

v

Page 4 of 11

participants with any of following)
(1) systolic blood pressure >140mm/Hg

t
Y
¢ Included

} r/ypertension identification criteria at baseline in 2013
(

2) diastolic blood pressure >90mm/Hg
(3) self-reported hypertension diagnosed by a doctor
4) current use of antihypertensive drugs

scores of participants at baseline

{ Identified depressive status according to CES-D-10 ]

v

v

ND DES
N=8019 N=1750

(<9 scores) ] [ (> 9 scores)

I

Depression
N=1281
(> 14 scores)

S-year follow up

] ﬁypertension identification criteria in 2018
(participants with any of following)

[«

<

1) self-reported hypertension diagnosed by a
doctor
e) current use of antihypertensive drugs

Hypertension incidence
of participants in
different groups

Participants with no
hypertension in
different groups

~N

J

Fig. 1 Study flow chat of participants election and follow-up

The effect of MI can be computed directly by HRs from
Cox proportional hazards mode. On the other hand,
additive interaction (AI) evaluates the interdepend-
ent effect of two factors in producing or preventing an
effect and determines whether the joint effect of the two
exposures is greater or less than the sum of their respec-
tive effects [21, 22].

The relative excess risk due to interaction (RERI), and
attributable proportion due to interaction (AP) and syn-
thetic index (S), represent the effect of Al [23]. RERI#0,
AP#0 or S#1 indicate a biological AI, which had been
applied in previous study [24]. To quantify the amount
of interaction with the additive scale, RERI, AP and S
were calculated based on the HR estimates. They could
be expressed in a Cox interactive model with two dummy
variables as follows [23]: RERI=HR;; —HR,, —HR;,+1,
AP=RERI/HR,, and S=(HR,;-1)/[(HR,y-1)+ (HR,-1)].
HR,; in the formulas denotes the effect of the two
dummy variables or the relative risk when a dummy vari-
able coexists with another, HR,, denotes the separate
effect of the first dummy variable and HR,, denotes the
separate effect of the second dummy variable. RERI, AP

and S were calculated using the regression coefficients
and covariance matrix obtained from the Cox model [23].
The delta method by Andersson et al. was used to calcu-
late the 95% CI of RERI, AP and S [23, 25].

Due to the inherent defect of MI to explain the public
health implications compared with Al, and the fact that
there was sometimes an inconsistency in statistical infer-
ence between MI and Al when MI indicates no statistical
interactive association [26], in the situation that AI had
reflected a biologic interaction better [27], the two types
of interaction were considered in the study.

The statistical significance was set to the level of 0.05
in the study. All of the above analyses were carried out
by R programming language 4.2.0.(R Core Team (2022).
R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org/).

Results

Baseline characteristics of respondents

A total of 11,050 participants aged 45-80 years were
surveyed in the 2013 baseline survey and followed up
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Table 1 Characteristics of the cohort study participants at baseline
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All
N=11,050(%)

ND DES
N=8019(%) N=1750(%)

Depression
N=1281(%)

Agel(years)

45-50 3126(28.3)

51-60 4101(37.1)

>60 3823(34.6)
Male 5362(48.5)
Residence

Urban 10,069(91.1)

Rural 981(8.9)
Marital status

Married 9993(90.4)

Others 1057(9.6)
Educational level

Primary school or below 9409(85.1)

Middle school 916(8.3)

High school or above 725(6.5)
History of smoking 1146(10.4)
History of drinking 3936(35.6)
Dyslipidaemia 591(5.3)
Diabetes 359(3.2)
Nephropathy 605(5.5)
BMI (kg/m?)

Normal weight/underweight 6425(58.1)

Overweight 3957(35.8)

Obesity 668(6.0)

2299(28.7) 497(28.4) 330(25.8)
2973(37.1) 644(36.8) 484(37.8)
2747(34.2) 609(34.8) 467(36.4)
4248(53.0) 701(40.0) 413(32.2)
7320091.3) 1597(91.3) 1152(89.9)
699(8.7) 153(8.7) 129(10.1)
6775(84.5) 1457(83.3) 986(77.0)
1244(15.5) 293(16.7) 295(23.0)
6730(83.9) 1522(87.0) 1157(90.3)
691(8.6) 138(7.9) 87(6.8)
598(7.5) 90(5.1) 37(2.9)
868(10.8) 175(10.0) 103(8.0)
3018(37.6) 572(32.7) 346(27.0)
413(5.2) 101(5.8) 77(6.0)
241(3.0) 64(3.7) 54(4.2)
362(4.5) 121(6.9) 122(9.5)
4710(58.8) 1007(57.5) 708(55.3)
2838(35.4) 629(36.0) 490(38.2)
471(5.8) 114(6.5) 83(6.5)

BMI Body mass index, ND No depressive symptoms, DES Depressive symptoms

for 5 years. Table 1 presents the characteristics of the
cohort study participants at baseline. Among all the par-
ticipants, 65.4% were middle-aged, 48.5% were men, and
the majority lived in urban settings and were married.
Approximately 80% had received little formal education,
while only around 1% were smokers and approximately
3% were drinkers. The prevalence of dyslipidemia and
nephropathy slightly exceeded 5% while the prevalence
of diabetes was only 3%. Around one-third of the partici-
pants were overweighted with BMI but obesity was below
10%. Approximately 16% presented DES while around
12% had developed depression.

The incidence of hypertension during the follow-up

Out of the 11,050 participants, 1001 were identified
with new onset of hypertension over a follow-up of five
years, resulting in a 5-year incidence of hypertension
of 9.06% in the cohort. The incidences of hypertension
in participants of ND, exposed to DES and exposed to
depression were 8.6% (95% CI: 8.0%, 9.2%), 10.1% (95%

CL: 8.6%, 11.5%), and 10.5% (95% CI: 8.9%, 12.2%),
respectively. The incidence in the ND group was signifi-
cantly lower than that in the DES or depression group.
Figure 2 illustrates the annual incidence of hyperten-
sion in different DS from 2014 to 2018. During the
5-year follow-up, the annual incidence of hypertension
in each group showed a tendency to be on the increase
annually and the depression group had a higher inci-
dence than DES followed by ND.

Predictors of hypertension incidence

Figure 3 shows the effects of DES or depression and
other factors on hypertension incidence in the multi-
ple Cox proportional hazards models. The multivariate
analysis revealed that compared with individuals of ND,
DES increased the risk of hypertension incidence by 19%
(HR=1.19, 95% CI: (1.01, 1.41)) and depression by 24%
(HR=1.24, 95% CI: (1.03, 1.50)). Moreover, BMI increased
this risk with a strong effect than any one of DS.
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Fig. 2 Annual incidence of hypertension in different DS groups from 2014 to 2018

The interactions between depressive status and BMI

of hypertension incidence

Table 2 depicts the interactions of DS coexisting with
BMI on hypertension incidence in the Cox interactive
models. The MIs for each combination was statistically
significant. Additionally, in a series of Al indexes, almost
all indicated the Als existed, except for RERI of DES and
obesity, nevertheless whose AP and S were significant
statistically. Particularly, a significant positive Al was
detected between depression and obesity of hypertension
incidence (RERI=4.47, 95% CI: (0.28, 8.66); AP=0.67,
95% CI: (0.50, 0.85); S=4.86, 95% CI: (2.66, 8.86)). In
other words, the hypertension incidence in individuals
with obesity and depression was 4.47 times higher than
that of normal/underweight individuals of ND. Addi-
tionally, approximately 67% of the risk of hypertension
was attributable to the interaction between these two
exposures.

Discussion

To our knowledge, the current study was the first large
longitudinal study to use nationally representative data
to assess not only the association between DS and hyper-
tension incidence but also the joint effects of DS and
BMI in a middle-aged and elderly Chinese population.

Our findings suggested that exposure to DES or depres-
sion was associated with a higher risk of incident hyper-
tension. Specifically, DES increased the risk by 19%
(HR=1.19, 95%CI: (1.01,1.41)) and depression by 24%
(HR=1.24, 95%ClI: (1.03-1.50)), even after possible con-
founders were adjusted. The risk of hypertension inci-
dence demonstrated a growing trend with the depressive
severity. Moreover, being overweight or obese in the
elderly significantly enhanced this association. Consider-
ing the joint effect of depression and obesity on hyperten-
sion incidence, it is crucial to aggressively control weight
within a reasonable range and provide health education
for the elderly population. Furthermore, an increase in
mental health services should be prioritized through the
general and comprehensive care facilities, specialized
mental health care, human resources, and complemen-
tary and alternative medicine departments.

In contrast, our results differed slightly from those
reported by Delaney JA et al. which indicated DES
lacked inferential ability about incident hypertension
[28]. However, our study, with a large cohort of 11,050
participants from CHARLS, representing a large popu-
lation, provided robust evidence for inferring the causal
relationship between DS and hypertension incidence.
Moreover, underlying pathologic and physiologic
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Variable N Hazard ratio P
1
BMI i
normal/underweight 6425 . Reference
1
overweight 3957 1 '—.—' 1.35(1.16, 1.56) <0.001
1
obesity 668 1 1.92 (1.583, 2.41) <0.001
! L
DS U
1
ND 8019 . Reference
DEP 1750 :'—.—' 1.19 (1.01, 1.41) 0.04
1
depression 1281 1 >—.—< 1.24 (1.08, 1.50) 0.02
1
Age 1
45-50 3126 * Reference
51-60 4101 1 '—.—' 1.22(1.04, 1.43) 0.01
1
>60 3823 ! —— 1.24 (105, 1.46) 001
1
Sex f
male 5362 . Reference
1
famale 5688 —_ 0.88(0.75, 1.03) 0.12
1
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1
no 10459 - Reference
es 591 1 0.86 (0.65, 1.14 0.30
v L \ ( )
Diabetes .
no 10691 . Reference
1
yes 359 1 . 1.36 (1.01, 1.85) 0.05
1
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no 10445 ‘ Reference
es 605 1 1.04 (0.80, 1.36) 0.77
¥ i ( )
Smoke :
no 9904 . Reference
yes 1146 . 1.00 (0.81, 1.24) 0.99
1
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no 7114 - Reference
yes 3936 »—'—.—« 1.06 (0.92, 1.22) 0.45
|
1 15 2

Fig. 3 Association between DS and incidence of hypertension using Cox model. DS: depressive status; ND: no depressive symptoms; DES:
depressive symptoms; BMI: body mass index

Table 2 Associations and interactions between depressive status and BMI of hypertension incidence®

Multiplicative interaction

Additive interaction

HR (95%(Cl) RERI (95%Cl) AP (95%Cl) S(95%Cl)
Model DES
BMI
overweight 1.68(1.29,2.19) 1.13(0.17,2.09) 0.43(0.26,0.59) 3.18(2.10,4.82)
obesity 1.94(1.15,3.26) 2.28(-0.37,4.94) 0.52(0.26,0.78) 3.08(1.56,6.07)

Model Depression
BMI
overweight
obesity

1.60(1.19,2.17)
2.79(1.684.63)

1.08(0.03,2.14)
4.47(0.28,8.66)

0.41(0.21,0.60)
0.67(0.50,0.85)

2.88(1.81,4.57)
4.86(2.66,8.86)

BMI Body mass index, DES Depressive symptoms, RERI Relative excess risk due to interaction, AP Attributable proportion, S Synergy index

2 Models were adjusted for age, sex, dyslipidaemia, diabetes, nephropathy, history of smoking, history of drinking

mechanisms

strongly supported this
Depressive episodes indirectly stimulated the release of
adrenocorticotropic hormone and cortisol, increasing
the risk of hypertension [29, 30]. Additionally, depres-
sion may lead to hyperfunctioning of the sympathetic

relationship.

and parasympathetic nervous systems, resulting in ele-
vated blood pressure due to increased catecholamine
secretion and myocardial contractility [31]. Further-
more, depression may activate the renin-angiotensin
system, further elevating blood pressure [32, 33]. Sleep
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disorders caused by depression also contributed to
cardiovascular dysfunction [34]. Some animal experi-
ments had shown that sleep deprivation and intermit-
tent hypoxia in the rodent sleep APNEA models could
induce an acute increase in reactive oxygen species and
decrease nitric oxide release, while the transcription
factors that were the basis of the antioxidant defense
mechanism had also changed [35, 36]. In addition, sub-
stantial changes in behavior and lifestyle in depressed
patients made the prevention of hypertension very
challenging [37-39]. Our study highlighted the direct
positive effects of DES or depression on incident hyper-
tension, providing valuable insights for addressing this
public health issue. Early treatment of depression is
essential to enable patients to better assess and man-
age health problems, potentially mitigating the risk of
hypertension [40].

Our study revealed that both DES and depression
combined with higher BMI increased the risk of hyper-
tension. Epidemiologic studies had consistently shown a
strong bidirectional relationship between depression and
obesity, which could explain the joint role of these factors
in hypertension [41, 42].

Several hypotheses could be offered to explain the joint
effect of depression and high BMI on incident hyperten-
sion in the study. First, peripheral inflammation plays a
crucial role in this joint effect, as both depression and
obesity are associated with a pro-inflammatory status
and higher oxidative stress. Adipose tissue, known to
be able to mediate these biological changes, regulates
inflammatory responses systemically and locally [43-45].
Obesity leads to changes in adipocyte secretion, resulting
in the production of pro-inflammatory cytokines. Mean-
while, episodes of depression are often accompanied by
biological abnormalities related to overweight and obe-
sity, such as insulin resistance, mitochondrial dysfunc-
tion, and increased oxidative status [46]. Additionally, the
joint effects of depression and obesity can enhance the
aging process through the modulation of aging-related
secretory phenotypes [47].

Second, neuroendocrinological evidence supported
another hypothesis. Obesity leads to the accumulation of
senescent glial cells near the lateral ventricle, contribut-
ing to depression-related behavior [44]. Neural circuits
related to obesity and mental disorders, such as mel-
anocortin 4 receptor neurons, play a role in regulating
mentally-associated weight gain by receiving GABAergic
(GABA: gamma-aminobutyric acid) projections from
hypothalamic agouti-related peptide (AgRP) neurons
onto o 5-containing GABAA (gamma-aminobutyric
acid type A) receptors and serotonergic afferents onto
5-Hydroxytryptamine type 3 receptors. Mice fed with
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a high-fat diet become not only obese but also anxious
or depressed due to defects in brain circuits. Correcting
these specific interferences genetically or pharmacologi-
cally can reduce depression and weight, thereby affecting
eating preferences [48]. Moreover, the leptin-melano-
cortin pathway, related to obesity [49], has recently been
proposed to be involved in depression [50].

Third, genetic defects also contributed to the joint
effect. Deletion of the brain-derived neurotrophic factor
(BDNF) gene in specific brain regions leads to impaired
GABAergic transmission and increased anxiety [51].
On the other hand, deletion or interruption of BDNF-
TrkB signaling results in significant hyperphagocytosis
and severe obesity in mice [52]. Additionally, perturba-
tion of fat mass and obesity-associated (FTO) enzyme
activity disrupts genes involved in energy metabolism,
leading to dysregulation of energy and adipose tissue
homeostasis in mice [53]. The FTO research had been
the recent discovery of the first N6-methyladenosine
(m6A) ribonucleic acid demethylase, which has been
linked to depression, and its gene polymorphisms show
a positive correlation with depression subtypes, such as
atypical depression characterized by increased appetite,
sleepiness and weight gain by regulating RNA (Ribonu-
cleic acid) processing [54, 55]. These proved that DS and
higher BMI could independently contribute to the risk
of hypertension, while they also promoted each other’s
progress, jointly increasing the risk of incident hyper-
tension. Therefore, effective management of overweight
or obesity and its associated comorbidities is essential
for the middle-aged and elderly population, requiring
a thorough understanding of the underlying biological
mechanisms.

Our study had several limitations. Firstly, in 2018, we
did not have access to directly-measured blood pressure
data, so we relied on a combination of self-reported pro-
fessional diagnoses of hypertension and self-reported
current use of anti-hypertensive drugs to identify hyper-
tension during the follow-up until 2018. Nevertheless,
the validity of self-reported hypertension had been
shown to be high in previous studies, with sensitivity
and specificity of 83% and 81%, respectively [56]. Sec-
ondly, as an observational cohort study, we controlled
many observed possible risk factors of hypertension
while assessing the causal relationship between DES or
depression on hypertension. However, it was impor-
tant to acknowledge that there might be unmeasured or
unknown factors that could still confound our findings.
Lastly, compared to some previous cohort studies, the
duration of our follow-up was relatively short. Neverthe-
less, the time-window was still sufficient for us to infer
the causal relationship [57, 58].
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Conclusion

In conclusion, the risk of hypertension incidence
increased with the severity of depression. Moreover, the
joint effect of DS and higher BMI positively contributed
to the additional risk of incident hypertension. There-
fore, monitoring weight status and providing effective
DS treatment are crucial preventive measures to alleviate
hypertension in the aging Chinese population.
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