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ABSTRACT

Objective To assess the association between blood
pressure (BP) control and frailty among middle-aged and
older populations with hypertension in China from 2013 to
2018.

Design Prospective longitudinal study.

Setting This study analysed data from the China

Health and Retirement Longitudinal Study, a nationally
representative survey administered in 28 provinces of
China.

Participants A total of 3254 participants diagnosed with
hypertension previous to 2013 were taken into analysis.
1932 participants who were not frail in 2013 were enrolled
to calculate relative risk.

Outcome measures The frailty score was constructed
following Rookwood’s Cumulative deficit frailty index,

with a score >0.25 defined as frailty (outcome variable).
The self-reported status of BP control (exposure variable)
represented the general status of the participant’s BP level.
A fixed-effects model was used to analyse the association
between BP control and frailty. A Cox proportional hazard
model was further used to further calculate the relative
risk of frailty for different BP control levels.

Results The fixed-effects model showed that compared
with well-controlled BP, poorly controlled BP exhibited a
positive association with frailty score (3=0.015; 95% Cl
0.011 to 0.019; p<0.001). The Cox proportional hazard
model also revealed a higher risk of frailty in the poorly
controlled group (HR=1.96; 95% CI 1.49 to 2.56; p<0.001).
Based on subgroup analyses, poorly controlled BP was
positively associated with frailty in respondents aged <60
years old (fix-effects model: 3=0.015, p=0.021; Cox
model: HR=2.25, p<0.001), but not significant among
those aged >75 years old.

Conclusions We provide new evidence of a negative
association between BP control and frailty risk, but the
findings differ among different age groups. Individualised
strategies for BP management should be developed,
especially for older hypertension patients.

INTRODUCTION

Frailty is an irreversible consequence of popu-
lation ageing and is a condition characterised
by a loss or reduction in physiological reserve
resulting in increased clinical vulnerability.!
Components of frailty include impaired
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Strengths and limitations of this study

» This study uses a nationwide representative da-
tabase (China Health and Retirement Longitudinal
Study) in accordance with internationally accepted
standards.

» This is the first study to assess the association be-
tween blood pressure (BP) control and frailty among
middle-aged and older hypertensive adults with lon-
gitudinal data over 6 years based on a fixed-effect
model and a Cox proportional hazard model.

» Recall bias existed in this study. Definitive validation
in prospective studies is needed.

» Absolute BP values could not be obtained, and
self-reported controlling status of BP may be
overestimated.

cognition, depressive symptoms, exhaus-
tion, limited mobility and a history of falls.”
Measures to reduce or slow down frailty are
critical in the promotion of healthy ageing.
For example, exercise, cognitive stimulation,
improving sleep, nutrition and social interac-
tion are part of a multidomain approach to
reduce frailty and promote healthy ageing.’
China, with a population constituting 18%
of the world population and characterised
by the fastest ageing trend, has become an
ageing society, and as it continues to age,
the burden on family members and public
healthcare systems will continue to be exacer-
bated.*® Therefore, in-depth study associated
with frailty in China is urgent.

Populations with chronic diseases have
a high risk of frailty, with the two concepts
presenting a certain amount of overlap.’
Hypertension is one the most widespread
chronic diseases in China and has brought
great challenges to the health system due to
the associated cardiovascular diseases. In a
study enrolling 1 738 886 participants aged
35-75 years, the prevalence of hyperten-
sion reached nearly half of the population
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(44.7%).” Frailty and hypertension often coexist, with
intense and complex physiological connections between
them.® For hypertensive patients, controlling status of
blood pressure (BP) is one of the most essential indica-
tors for their health management level. The decline in
homoeostatic mechanisms among the frail individuals
tend to be more physiologically dysregulated in achieving
a stable BP control.” Exaggerated BP variability repre-
senting a decline in homoeostatic regulation of BP may
indicate a frail state among the older population."
A recent study from China evaluated the association
between 24-hour ambulatory BP variability and frailty
among older hypertensive patients, and indicated that
the greater BP variability of systolic BP (SBP), particular
the average real variability and the coefficient of variation,
were independent risk factors associated with higher-
order frailty status.® Woo et al'’ conducted a longitudinal
cohort study on 1156 older community dwellers in Hong
Kong, with repeated BP measured three times a week
during lyear, and the results also indicated that high BP
variability increased the risk of frailty (OR: 1.57; 95% CI
1.05 to 2.37). More concretely, many studies explored the
association between BP control of hypertensive patients
and specific aspects of frailty, such as depression and
anxiety,'' ' brain function and cognition'® and physical
functions."* A preponderance of evidence has emerged
that indicates that the association between BP and events
is attenuated or inverted among frail older adults or those
with poor functional status.'” However, evidence of the
relationship between BP control and frailty among the
older adults remains controversial and limited in China,
especially that assesses the impact of the BP control status
over a relatively long period.

Assessing the association of frailty and BP control may
be the first step in understanding their complex interplay
and might ultimately lead to the optimisation of the treat-
ment and management of hypertension. Therefore, we
used a longitudinal database from China to provide clear
evidence of the association between BP control and frailty
among the middle-aged and older adults diagnosed with
hypertension. The hypothesis of this study was that poorly
controlled BP is positively associated with a higher risk of
frailty.

METHODS

Sample and data

Data used for this study were derived from the China
Health and Retirement Longitudinal Study (CHARLS)
database (http://charls.pku.edu.cn) with open access,
which was conducted by the National School of Devel-
opment of Peking University in 2011, 2013, 2015 and
2018."° The survey collects high-quality micro-data from
middle-aged and older individuals aged 45 years and
above covering 28 provinces and 150 districts/counties
in China. The total sample size of the CHARLS base-
line survey in 2011 was 17 708 respondents (response
rate is 80.5%), selected through multistage stratified

probability-proportionate-to-size ~ sampling  method.
These participants were followed up once every 2-3
years to repeat the survey. The data included individual
weighting variables to ensure that the survey sample was
nationally representative. A more detailed description
of the objectives and methods of CHARLS has been
reported elsewhere."”

Data from 2013 to 2018 were used for this study
because whether BP was controlled was not included
in the survey in 2011. Respondents were asked whether
they ever diagnosed with hypertension by doctors. Those
diagnosed with hypertension before the 2013 survey, who
participated in any follow-up waves were enrolled in the
analysis. Considering the accuracy of frailty index, partic-
ipants with answered frailty-related items fewer than 45
(80% out of the total 56 items) were excluded. Finally,
3254 respondents were enrolled at baseline (2013), while
2991 and 2639 individuals responded in 2015 and 2018,
respectively.

Variables

Outcome variable

Frailty was the outcome measure in this study. A frailty
score was constructed following Rookwood’s Cumula-
tive deficit frailty index, which is a well-known and vali-
dated index and is very useful in prospective analysis. It
was developed as part of the CSHA study, with 92 base-
line variables of symptoms (eg, low mood), signs (eg,
tremor) and abnormal laboratory values, disease states
and disabilities (collectively referred to as deficits) used
to define frailty.'® ' According to the scale of CHARLS,
except for the item ‘ever diagnosed with hypertension’,
56 items associated with physical, psychological and social
deficits (shown in online supplemental table S1) were
enrolled in the construction of frailty index in this study.
All items were coded as 0 or 1, with 1 indicating difficulty.
The frailty index was calculated by summing the values
and dividing by the total number of possible difficul-
ties. Then, a frailty index with a potential range from 0
to 1 was generated, with a higher score indicating more
serious frailty. When analysing the risk of frailty according
to HR, frailty was categorised using a score of 0.25 based
on previous studies,'’ * with individuals with frailty scores
<0.25 included in the non-frailty group and those with
scores 20.25-1.00 included in the frailty group.

Exposure variable

The status of BP control was the exposure variable of this
study.Some previousstudies categorised patientswith mean
clinic SBP>140 mm Hg and/or diastolic BP (DBP)>90 mm
Hg over the last 6m0nths,21 2 or 12months,24 into the
poorly controlled group. In CHARLS survey, the respon-
dents’ BP were measured three times on the patient’s
right upper arm after 5min of seated rest using an elec-
tronic BP monitor on the day of the interview."” Further-
more, the respondents diagnosed with hypertension were
asked whether their BP was generally under control. With
restrictions to the unpublished 2018 physical examination
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| Respondents enrolled in wave 2013: 18612 }

* Exclusion: aged <43 yearsold
v
| Respondents enrolled in wave 2013 14787 \

o Inclusion ever diazosed with hypertension
Y
| Respondents enrolled in wave 2013: 5134 ‘

¢ Inclusion clearly answered whether blood pressure was under control

| Respondents enrolled in wave 2013: 4478 }

s Inclusion response rate of frailty indicators less than 43 items

A\
| Respondents enrolled in wave 2013: 3969 ‘

» Inclusion responded in any follow-up wave, with blood pressure control
status not missed
* Inclusion response rate of frailty indicators less than 45 items in any

follow-up wave

A
Respondents enrolled in wave 2013: 3254

Figure 1 Flowchart of sample selection.

data, and considering that this was a prospective longitu-
dinal study, rather than a cross-sectional study, we used
the self-reported status of BP control as exposure variable
to represent the general status of the participants, which
reflected the dynamic change of the BP over the past 1-3
years, with 1 indicating ‘poorly controlled’ and 0 indi-
cating ‘well controlled’.

Covariates

The covariates in this study were selected based on the
existing studies that proved their associations associated
with BP control, including age, gender, marital status,
hukou status (which is a special identifier in China and
originally indicates the respondent’s or their family’s
farmer or non-farmer status), education level, living area,
public health insurance coverage, current work status,
alcohol intake, smoking status, household per capita
consumption, antihypertensive treatment and comorbid-
ities. The definitions of all the covariates are presented in
online supplemental table S2.

Statistical analysis

Smooth curve fitting for the dynamic change of frailty
score across the survey waves in the well-controlled BP
and poorly controlled BP groups were constructed on the
basis of generalised additive models with all the covari-
ates adjusted, which could reveal the non-linear effect
of the variables with non-parametric smooth function.”
In addition, we separately constructed smooth curves
for the respondents who were categorised into the frail
group and the non-frail group at baseline to observe the
different trajectories.

The association between BP control and frailty score across
the three waves was estimated by a fixed-effects model. An
F-test between the pooled ordinary least squares and fixed-
effects model (p<0.001) and a Hausman specification test
between the fixed-effects model and random-effects model

(p<0.001) were performed, and a fixed-effects model was
chosen as the final model. The fixed-effects model treats
each individual as their own control and has the advantage
of reducing biases brought about by between-individual and
hard-to-observe factors.™*

We further estimated the relative risk of frailty for
different levels of BP control through Kaplan-Meier and
Cox proportional hazard models. The endpoint was set
as frailty (frailty score >0.25), with the survey wave as the
timescale. HRs with 95% CIs were calculated. Respon-
dents classified as frail at baseline (1522 respondents)
were excluded from the analysis, 1932 respondents were
taken into analysis, and those who remained non-frail in
2018 were censored.

To validate the association between BP control and
frailty, we performed four sensitivity analyses: (1) multiple
imputation (MI) was performed to avoid statistical test
performance reduction and bias caused by the direct
exclusion of missing values. All the covariates were used
for imputation through the R package ‘mice’. Based on
five replications and a chained equation approach, five
sets of databases were generated, and a pooled regression
coefficient was calculated.”” The number of missing values
and the MI evaluation are shown in online supplemental
table S3. (2) Considering the sample representativeness
and selection bias, we included participants with answered
frailty-related indicators fewer than 45 items and repeated
the analysis. There were 3349 respondents in 2013, 3121
in 2015 and 2868 in 2018. For the Cox regression, 2010
respondents were included in the analysis. (3) Because
antihypertensive treatment is essential in hypertension
management and comorbidities are significantly associ-
ated with both BP control and frailty,”**" we treated these
two variables as time-varying confounders and created a
marginal structural model (MSM) to further prove the
association between BP control and frailty. In the MSM,
the inverse probability of treatment weighting was used,
with the weight in each time point not only decided
by the previous level of the confounder but also by the
current level. An MSM is highly effective in controlling
time-dependent confounding factors in observational
studies.”’ (4) As individuals can experience both wors-
ening and improvement in their frailty state over time, we
identified the respondents who were categorised into the
frailty group at baseline (2013) and set frailty improve-
ment as the outcome variable to explore the association
between frailty improvement and BP control.

In addition, many studies have proven that the control rate
of BP varies among different age groups, between rural and
urban areas, as well as between men and women in China.'**
Therefore, we performed three subgroup analyses to iden-
tify the association between BP control and frailty among
specific respondents, including (1) respondents aged >75
years, respondents aged >60and <75 years and respondents
aged <60 years; (2) males versus females and (3) rural partic-
ipants versus urban participants.

Mean+SD and number (percentage) are used for the
initial description of the respondents’ characteristics.
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All (N=3254) Well-controlled (N=2600) Poorly controlled (N=654) P value

Gender 0.244

Female 1770 (54.4%) 1401 (53.9%) 369 (56.4%)

Less than lower secondary 2852 (87.6%) 2253 (86.7%) 599 (91.6%)

Tertiary 73 (2.2%) 67 (2.6%) 6 (0.9%)

Married 459 (14.1%) 360 (13.9%) 99 (15.1%)

Living areas

Urban 1403 (43.1%) 1173 (45.1%) 230 (35.2%)

Agricultural 2349 (72.3%) 1821 (70.2%) 528 (81.0%)

Unified residence or do not have 40 (1.2%) 35 (1.3%) 5 (0.8%)

Not covered 1083 (3.2%) 75 (2.9%) 28 (4.3%)

Current work status 0.169

Working 1872 (58.0%) 1479 (57.4%) 393 (60.4%)

Do not drink 2278 (70.0%) 1817 (69.9%) 461 (70.5%)

Smoke 0.239

Quit now 291 (11.2%) 239 (11.5%) 52 (10.0%)

Household per capita consumption 11828.7+15377.2 12083.4+15924.9 10805.9+£12912.1 0.004

No 667 (20.5%) 547 (21.0%) 120 (18.3%)

Antihypertensive treatment

Yes 2624 (80.8%) 2122 (81.8%) 502 (76.9%)

*Mean+SD was used to describe continuous variable and number (constituent ratio (%)) was used to describe categorical variable.
tHukou status indicates the respondent’s hukou place and is a special identifier in China. Hukou status affects many aspects of life in China such as
buying a house, buying a car, children’s school enrolment and other welfare.

Ordinal x2 tests for categorical variables and Kruskal- the Reporting of Observational Studies in Epidemiology
Wallis one-way analysis of variance were used for numer-  guideline (online supplemental table S54) e

ical variables. The p values were two-sided, and an alpha

level of 0.05 was used to define statistical significance.  Patient and public involvement

Data were analysed using Stata (V.15) and R V.3.6.3 (R Patients or the public were not involved in the design,
Foundation for Statistical Computing, Vienna, Austria). or conduct, or reporting, or dissemination plans of our
We wrote the manuscript according to the Strengthening  research.
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Table 2 Distribution of frailty scores and prevalence of frailty in the well-controlled and poorly controlled blood pressure

groups across the survey waves*

2013 (n=3254)

2015 (n=2991)

2018 (n=2639)

Mean+SD N (%) Mean+SD N (%) Mean+SD N (%)
Well controlled 0.23+0.12 976 (37.5) 0.25+0.14 1088 (45.1) 0.28+0.13 1180 (52.4)
Poorly controlled 0.28+0.14 346 (52.9) 0.33+0.15 368 (63.7) 0.38+0.15 305 (80.3)
Total 0.24+0.13 1322 (40.6) 0.27+0.15 1456 (48.7) 0.29+0.14 1485 (56.3)
*Mean+SD was used to describe the distribution of frailty score; N (%) was used to describe the prevalence of frailty, which means frailty
score >0.25.
RESULTS mean score in the poorly controlled group was higher

Figure 1 reveals the process of sample selection, 3254
respondents diagnosed with hypertension were taken
into analysis. Table 1 describes the baseline characteris-
tics of the sample: 2600 (79.9%) respondents with well-
controlled BP and 654 (20.1%) respondents with poorly
controlled BP. In the follow-up surveys, the control rates
of BP were 80.7% and 85.6% in 2015 and 2018, respec-
tively. The age in the well-controlled group was older
than that in the poorly controlled group (p=0.023). The
proportions of individuals with education levels less than
lower secondary (91.6%), living in urban areas (35.2%)
and with agricultural hukou status (81.0%) in the poorly
controlled group were relatively higher than those in
the well-controlled group (86.7%, 45.1% and 70.2%,
respectively). Well-controlled respondents had higher
household per capita consumption. The percentage
of antihypertensive treatment is higher in the well-
controlled group (81.8%) than the poorly controlled
group (76.9%).

Table 2 shows the distribution of frailty scores and
proportions of frailty in the well-controlled and poorly
controlled groups across the three survey waves. The
mean frailty score increased from 0.24 in 2013 to 0.28
in 2018 for the whole sample, from 0.23 in 2013 to 0.28
in 2018 in the well-controlled group, and from 0.28 in
2013 to 0.38 in 2018 in the poorly controlled group. The

79.

Frail: 1020

Frail: 1322

Frail: 436

“'J Non-frail
106

Figure 2 The change of frailty status in the baseline frail
group and non-frail group. The respondents loss to follow-up
are not presented.

than that in the well-controlled group in each wave. The
proportion of frailty in the whole sample was 40.6% in
2013, which increased to 56.3% in 2018. The proportions
in well-controlled group and poorly controlled group
were 37.5%, 45.1%, 52.4% versus 52.9%, 63.7%, 80.3% in
2011, 2013 and 2018, respectively.

Figure 2 shows the change of frail status with baseline
frail group and non-frail group, respectively. Interestingly,
there are 1322 respondents categorised into the frailty
group at baseline, among which 206 respondents expe-
rienced improvement in their frailty state (from frail to
non-frail) in wave 2 (2015), and 73 respondents remained
non-frail in wave 3 (2018). Figure 3 reveals the smooth
curve fitting for the frailty scores across three waves in
the two groups, which clearly indicated higher frailty
scores in the poorly controlled BP group than in the well-
controlled group for the whole sample, as well as those
who were frail and not frail in the baseline. Intriguingly,
for non-frail respondents in 2013, the adjusted mean
frailty score decreased in 2015 and increased in 2018 in
the well-controlled BP group, and continued to increase
in the poorly controlled BP group, with a descending
slope from 2015 to 2018.

The fixed-effects model showed that compared with the
well-controlled group, the poorly controlled group exhib-
ited a positive association with frailty score (B=0.015;
95% CI 0.011 to 0.019; p<0.001) after covariates were
controlled (table 3). We further estimated the relative
risk through a Cox proportional hazard model, with 1932
respondents who were not frail in 2013 included in the
analysis (baseline characteristics were shown in online
supplemental table S5). The risk of frailty in the poorly
controlled group (HR=1.96; 95% CI 1.49 to 2.56; p<0.001)
was significantly higher than that in the well-controlled
group (table 3 and figure 4).

We performed four sensitivity analyses (table 4). First,
MI was used, and both the fixed-effects model ($=0.013;
95% CI 0.008 to 0.018; p<0.001) and Cox proportional
hazard model (HR=1.95; 95% CI 1.61 to 2.36; p<0.001)
showed consistent results before imputation. Second,
we included participants answering fewer than 45 items
(of frailty indicators) and repeated the analysis, and the
results were consistent (fixed-effects model: =0.019,
p<0.001; Cox proportional hazard model: HR=1.91,
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Figure 3 Smooth curves fitting for the dynamic change of frailty scores in different blood pressure controlled groups based
on generalised additive models with all the covariates adjusted. (A) The whole sample; (B) respondents frail in the baseline;
(C) respondents not frail in the baseline.

p<0.001). Third, we created an MSM to adjust for time- models, Cox proportional hazard models and strict sensi-
varying confounders, including comorbidity and anti- tivity analysis, this study provides clear evidence on the
hypertensive treatment. The Cox model also showed a  association between BP control and frailty among middle-
higher risk of frailty in the poorly controlled BP group  aged and older populations with hypertension. We found
(HR=1.65; 95% CI 1.26 to 2.15; p<0.001). These sensi- that poorly controlled BP was positively associated with
tivity analyses validated the conclusions and indicated  frailty among the respondents with hypertension in the
that a higher risk of frailty would be caused by poorly  whole sample. Based on subgroup analysis, a significantly
controlled BP in the whole sample. In the respondents higher risk existed in respondents aged under 60 years
who were frail at baseline, the fixed-effects model still old. The risk dispari[ies between males and females, as
indicated that poorly controlled BP was associated with well as rural and urban areas were not signiﬁcant.
an increasing frailty score ($=0.015, 95%CI 0.004 to The proportion of frailty ranges from 40.6% (2013) to
0.027; p=0.009). Cox regression, with frailty improvement  56.3% (2018) in this study. As reviewed by Vetrano et al,
as the outcome, indicated a negative association between frailty incidence measured by frailty index ranged from
poorly controlled BP and frailty improvement (HR=0.61;  16% to 68% among the older population (containing not
95% CI 0.041 to 0.93; p=0.020). These results further vali- just hypertensive population).” Therefore, we consid-
dated our main conclusion. ered the proportion of frailty in this study to be within the
Before subgroup analysis, we compared the baseline acceptable range. In addition, the rate of well-controlled

frailty status between different subgroups (online supple-  pp ranged from 79.9% to 85.6% in this study. In a recent
mental table S6). The proportion of frailty increased

with age, and was higher in females and rural areas than
in males and urban areas, respectively, in both well-
controlled and poorly controlled group. The subgroup
analysis (table 5) further identified populations with a
high risk of frailty. For respondents aged <60 years old,
poorly controlled BP was positively associated with frailty
in both the fixed-effects model (B=0.015; 95% CI 0.002
to 0.028; p=0.021) and the Cox model (HR=2.25; 95% CI
1.48 to 3.43; p<0.001); nevertheless, these impacts were
not significant in those aged =75 years old. For those
aged >60and <75 years old, the impact was significant
through Cox model, and not significant through fixed-
effects model. Moreover, the positive association between
poorly controlled BP and frailty was existed in subgroups
of males, females, rural respondents and urban respon-
dents, with consistent significance analysed by both fixed-
effects models and Cox models.

review, the ranges of hypertension control rate among
hypertensive patients in China were 4.2%-30.1%,” which
is much lower than that found in our study. This could
be explained by the awareness and treatment rate of the
respondents. The awareness and treatment rates in that
review ranged from 23.6% to 56.2% and from 14.2%
to 48.5%, respectively. However, in our analysis, only
the respondents ever clearly diagnosed with hyperten-
sion by doctors were included, who were proven to have
higher awareness associated with better BP control effec-
tiveness.”* In addition, the treatment rate in our study
exceeded 80%, which is much higher than the review, and
consequently brings about higher control rate. Another
study, which also used the CHARLS (2015) to evaluate
the BP control rate, with SBP under 140 mm Hg and DBP
under 90mm Hg defined as well-controlled, presented a
control rate of 57.4%.% Nevertheless, we could not rule
out the possibility that the participants overestimated the
effectiveness of their BP control.

DISCUSSION Many studies have demonstrated that frailty is associ-
Using longitudinal data of a middle-aged and older popu- ated with an increased risk of falls, delirium, disability and
lation across 6 years and cohort analysis, with fixed-effect ~ mortality. Hypertensive respondents constituted nearly

6 Shen F, et al. BMJ Open 2022;12:€056395. doi:10.1136/bmjopen-2021-056395


https://dx.doi.org/10.1136/bmjopen-2021-056395
https://dx.doi.org/10.1136/bmjopen-2021-056395

Table 3 Association between blood pressure control and frailty score based on a fixed-effects model and Cox proportional

hazard model

Fixed-effects model (n=3254)

Cox proportional hazard model (n=1932)

B (95% CI)* Pvalue HR (95% Cl) P value
Blood pressure control (ref. well controlled)

Poorly controlled 0.015 (0.011 to 0.019) <0.001 1.96 (1.49 to 2.56) <0.001
Age 0.008 (0.008 to 0.008) <0.001 1.03 (1.01 to 1.04) <0.001
Gender (ref. male)t

Female - - 1.79 (1.36 to 2.36) <0.001
Education level (ref. less than lower secondary)

Upper secondary and vocational —0.003 (-0.015 to 0.009) 0.79 0.61 (0.42 to 0.88) 0.009

training

Tertiary —0.030 (-0.050 to -0.010) 0.131 0.46 (0.20 to 1.06) 0.069
Marital status (ref. divorced or widowed)

Married -0.007 (-0.016 to 0.002) 0.424 1.12 (0.80 to 1.58) 0.500
Hukou status (ref. agricultual)

Non-agricultural -0.027 (-0.038 to -0.016) 0.011 1.07 (0.79 to 1.44) 0.680

Unified residence or do not have —0.010 (-0.024 to 0.004) 0.482 0.88 (0.32 to 2.45) 0.805

hukou
Public health insurance coverage (ref.
not covered)

Covered 0.001 (-0.006 to 0.008) 0.855 1.05 (0.62 to 1.80) 0.845
Current work status (ref. not working)

Working —-0.015 (-0.019 to -0.011) <0.001 1.15 (0.90 to 1.47) 0.273
Drink (ref. do not drink)

Drink —0.008 (-0.012 to —0.004) 0.077 0.83 (0.64 to 1.07) 0.147
Smoke (ref. never)

Quit now 0.018 (0.009 to 0.027) 0.042 1.20 (0.84 to 1.73) 0.318

Smoke now 0.007 (-0.005 to 0.019) 0.558 1.12 (0.79 to 1.60) 0.515
Residence (ref. rural)t

Urban - - 0.6 (0.47 t0 0.77) <0.001
Household per capita consumption 0.000 (0.000 to 0.000) 0.147 1.00 (1.00 to 1.00) 0.931
Comorbidity (ref. no)

Yes 0.024 (0.018 to 0.030) <0.001 2.52 (1.93 to 3.28) <0.001
Antihypertensive treatment (ref. no)

Yes 0.014 (0.010 to 0.018) 0.002 1.19 (0.93 to 1.54) 0.168

*B refers to the regression coefficient calculated by fixed-effects model.

1The variable ‘Gender’ and ‘Residence’ were omitted in the fixed-effects model because of collinearity.

30% of the sample, and it is of great significance to verify
the association between their BP and frailty risk. Our
results revealed that a higher risk of frailty was associated
with poorly controlled BP among respondents with hyper-
tension, consistent with studies of Zhu et al’ and Woo et
al,'" which indicated the BP variability was risk factor
associated with higher-order frailty status. Compared with
those two studies, our study assessed the association of
frailty risk with general control status of BP over a relative
period, and further indicated that intensive control of BP
could influence the trajectory of frailty according to both

longitudinal and cohort analyses. Poorly controlled BP
can predict many advanced disease and adverse outcomes
including cognitive decline, falls, morbidity (cardiovas-
cular disease, strokes, heart failure and chronic kidney
disease, etc) and so on.® ** This can partly explain the
negative association between poor BP control and higher
frailty risk, as frail older individuals accumulate more defi-
cits and undergo more adverse events as age increases.
However, the pathophysiological mechanisms between
them are complex and not fully understood and need to
be determined through more prospective studies.
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Figure 4 Kaplan-Meier analysis of adjusted frailty
trajectories according to blood pressure control level using
the proportional hazards model. O=well controlled; 1=poorly
controlled.

Intriguingly, there was heterogeneity, with different
risks of frailty among different age groups. For the rela-
tively younger respondents (<60 years old), the control of
BP could significantly decrease the frailty risk, as well as
many other adverse outcomes. However, for older individ-
uals, especially those aged >75 years old, high BP was not
significantly associated with frailty. This may be caused
by individual heterogeneity, complexity of disease condi-
tions, medication intake and greater vulnerability in phys-
ical and psychological status. In a recent study conducted
in Japan, the association of SBP with physical frailty and
cognitive function varied among different age groups,

with a lower SBP level being associated with a higher prev-
alence of physical frailty only among 80 years old taking
antihypertensive medications, a higher SBP being asso-
ciated with lower cognitive function among 70-year-old
individuals, and a non-significant association among
participants of all ages (269 years old) who did not use
antihypertensive medication."* Another cross-sectional
study found that found that BP changed little in relation
to age in all groups, except in individuals with untreated
hypertension.™ Many studies have reported a positive
association between lower BP and frailty, cognitive impair-
ment, and even mortality in the older population, but
the mechanism is not yet clearly understood. Therefore,
for older population with hypertension, it is important
to note that BP control is challenging. The causal rela-
tionship should be clarified whether the frailty is caused
by excessive reduction of BP in the further prospective
study. What is certain is that treatment of hypertension
in the older population is quite beneficial, but it is neces-
sary to take into account some special characteristics of
these patients, such as altered pharmacokinetics, comor-
bidity or polypharmacy. The BP control strategy for older
hypertension patients should be individualised, with their
quality of life, physical and psychological characteristics,
and risk situations evaluated.

The strengths of this study include the use of a nation-
wide representative database, with longitudinal and high-
quality micro-data among the middle-aged and older
population with hypertension. However, there are several
limitations in this study. First, recall bias existed, as all the
information was self-reported. The self-rated level of BP
control and frailty elements may be different from reality.
Particularly, the control rate of BP control may be over-
estimated by the self-reported method. Therefore, the
relationship between BP and frailty needs more defini-
tive validation in prospective cohort studies and clinical
trails. Second, this study only evaluated the impact of BP

Table 4 Sensitivity analyses to assess the association between frailty and blood pressure (BP) control

Fixed-effects model

Cox proportional hazard model

B (95% Cl) P value HR (95% Cl) P value
Main analysis 0.015 (0.011 to 0.019) <0.001 1.96 (1.49 to 2.56) <0.001
Multiple imputedt 0.013 (0.008 to 0.018) <0.001 1.95(1.61 to 2.36) <0.001
With participants answering less than 45 items 0.019 (0.011 to 0.026) <0.001 1.91 (1.47 to0 2.48) <0.001
includedi
Marginal structural model§ - - 1.65 (1.26 to0 2.15) <0.001
For the frail respondents in the baseline| 0.015 (0.004 to 0.027) 0.009 0.61 (0.41 to 0.93) 0.020

*The reference group was the well-controlled BP group.

1The imputing method was from the posterior predictive distribution. Five sets of data were generated, and the regression coefficients were

pooled.

FWe included participants who answered fewer than 45 items on the frailty-related index and repeated the analysis. There were 3349
respondents in 2013, 3121 in 2015 and 2868 in 2018. For the Cox regression, 2010 respondents were included in the analysis.
§Antihypertensive treatment and comorbidities were adjusted as time-varying confounders, and other covariates were adjusted as fixed

confounders. Inverse probability of treatment weighting was used.

YA total of 1322 respondents categorised into the frail group at baseline (2013) were included in this sensitivity analysis. In the Cox regression
model, the improvement of the frailty state (from frail to non-frail) was set as the outcome.
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Table 5 The association between frailty and blood pressure (BP) control among different ages, genders and living areas*

Fixed-effects model

Cox proportional hazard model

B (95% Cl) P value HR (95% ClI) P value

Age groupt

<60 years old 0.015 (0.002 to 0.028) 0.021 2.25(1.48 10 3.43) <0.001

>60and <75 years old 0.010 (-0.001 to 0.022) 0.071 1.72 (1.14 to 2.60) 0.009

>75 years old 0.026 (-0.004 to 0.055) 0.089 0.56 (0.09 to 3.45) 0.540
Genderf

Male 0.020 (0.008 to 0.031) 0.001 2.63 (1.61 to 4.32) <0.001

Female 0.012 (-0.002 to 0.021) 0.015 1.75 (1.25 to 2.44) 0.001
Living area§

Rural 0.012 (0.003 to 0.022) 0.012 2.04 (1.48 to 2.83) <0.001

Urban 0.018 (0.007 to 0.030) 0.001 1.85(1.10to0 3.12) 0.021

*The reference group was the well-controlled BP group.

1The adjusted covariates include age, gender, marital status, hukou status, education level, living area, public health insurance coverage,
current work status, alcohol intake, smoking status, household per capita consumption, antihypertensive treatment and comorbidities.

FAll the covariates were adjusted except for gender.
§All the covariates were adjusted except for living area.

control, which is a binary variable, rather than the abso-
lute value of BP. The BP values through examination
were not available in 2018. Third, limited by the scale
of CHARLS, only parts of frailty-related indicators were
used to calculate frailty scores, which may imperfectly
accurate. For example, a comprehensive approach to
obtain frailty needs also some physical evaluation, such
as the Short Physical Performance Battery, which is not
available. Finally, the types of hypertension could not be
clarified, such as critical hypertension, mild hyperten-
sion, moderate hypertension or severe hypertension, and
these may have different relationships with frailty. Fifth,
the missing values in frailty index-related indicators lead
to the loss of sample size, and consequently may have an
impact on the representativeness of this study. Never-
theless, with several sensitivity analysis, accounting for
different bias or confoundings, our results are robust.

CONCLUSIONS

To the best of our knowledge, this is the first study to assess
the association between BP control and frailty among
middle-aged and older hypertensive populations with
longitudinal data over 6 years. We provide new evidence
on the negative association between BP control and frailty
risk. Furthermore, we identified the more sensitive popu-
lations that have a higher risk of frailty associated with
poorly controlled BP. We appeal that a intensive manage-
ment for BP among hypertension patients, especially for
the older ones. Deeper research should be conducted
to explore the influencing mechanism between BP and
frailty and other adverse outcomes.

Correction notice This article has been corrected since it was published. Affiliation
of Dr. Haomiao Li has been updated.

Acknowledgements This analysis uses data or information from the Harmonised
CHARLS dataset and Codebook, Version C as of April 2018 developed by the
Gateway to Global Ageing Data. The development of the Harmonised CHARLS

was funded by the National Institute on Ageing (RO1AG030153, RC2AG036619,
R03AG043052). For more information, please refer to www.g2aging.org.

Contributors FS, RY and JC made substantial contributions to study design and
data cleaning. FS and JC analysed the data in duplicate. JY, FS and HL interpreted
the results and drafted the article. HL performed data analyses as suggested by the
reviewers. All authors revised it critically for important intellectual content. HL is
responsible for the overall content as the guarantor.

Funding This work was supported by the Fundamental Research Funds for the
Central Universities (2042021kf0124). The funders had no role in the study design,
data collection, data analysis, data interpretation or writing of the report. The
corresponding author had full access to all the data in the study and had the final
responsibility for the decision to submit for publication.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval Our study is a secondary analysis by using the CHARLS public
data. The Biomedical Ethics Review Committee of Peking University approved
CHARLS, and all participants were required to provide written informed consent.
The ethical approval number was IRB00001052-11015.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access repository.
Not applicable.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

Shen F, et al. BMJ Open 2022;12:€056395. doi:10.1136/bmjopen-2021-056395


https://g2aging.org/
http://creativecommons.org/licenses/by-nc/4.0/

ORCI

D iDs

Jiangyun Chen http://orcid.org/0000-0002-5731-7039
Haomiao Li http://orcid.org/0000-0001-6997-9614

REF
1

ERENCES

Burn R, Hubbard RE, Scrase RJ, et al. A frailty index derived from a
standardized comprehensive geriatric assessment predicts mortality
and aged residential care admission. BMC Geriatr 2018;18:319.
Bromfield SG, Ngameni C-A, Colantonio LD, et al. Blood pressure,
antihypertensive polypharmacy, frailty, and risk for serious fall
injuries among older treated adults with hypertension. Hypertension
2017;70:259-66.

Nwagwu VG, Cigolle C, Suh T. Reducing frailty to promote healthy
aging. Clin Geriatr Med 2020;36:613-30.

The Lancet. Ageing in China: a ticking bomb. Lancet 2016;388:2058.
Fang EF, Xie C, Schenkel JA, et al. A research agenda for ageing

in China in the 21st century (2nd edition): focusing on basic and
translational research, long-term care, policy and social networks.
Ageing Res Rev 2020;64:101174.

Onder G, Vetrano DL, Marengoni A, et al. Accounting for frailty when
treating chronic diseases. Eur J Intern Med 2018;56:49-52.

Lu J, Lu 'Y, Wang X, et al. Prevalence, awareness, treatment, and
control of hypertension in China: data from 1-7 million adults in a
population-based screening study (China peace million persons
project). Lancet 2017;390:2549-58.

Zhu Y, Chen X, Geng S, et al. Association between ambulatory blood
pressure variability and frailty among older hypertensive patients. J
Clin Hypertens 2020;22:1703-12.

Ferrucci L, Cavazzini C, Corsi A, et al. Biomarkers of frailty in older
persons. J Endocrinol Invest 2002;25:10-15.

Woo J, Yu R, Tsoi K, et al. Variability in repeated blood pressure
measurements as a marker of frailty. J Nutr Health Aging
2018;22:1122-7.

Maatouk |, Herzog W, Béhlen F, et al. Association of hypertension
with depression and generalized anxiety symptoms in a

large population-based sample of older adults. J Hypertens
2016;34:1711-20.

Li Z, Li Y, Chen L, et al. Prevalence of depression in patients with
hypertension: a systematic review and meta-analysis. Medicine
2015;94:e1317.

Walker KA, Power MC, Gottesman RF. Defining the relationship
between hypertension, cognitive decline, and dementia: a review.
Curr Hypertens Rep 2017;19:24.

Kabayama M, Kamide K, Gondo Y, et al. The association of blood
pressure with physical frailty and cognitive function in community-
dwelling septuagenarians, octogenarians, and nonagenarians: the
sonic study. Hypertens Res 2020;43:1421-9.

Odden MC, Beilby PR, Peralta CA. Blood pressure in older adults:
the importance of frailty. Curr Hypertens Rep 2015;17:55.

National School of Development of Peking University. About
CHARLS, 2018. Available: http://charlspkueducn/en/page/about/
CHARLS

Zhao Y, Hu Y, Smith JP, et al. Cohort profile: the China health

and retirement longitudinal study (CHARLS). Int J Epidemiol
2014;43:61-8.

Rockwood K, Song X, MacKnight C, et al. A global clinical measure
of fitness and frailty in elderly people. CMAJ 2005;173:489-95.

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Clegg A, Young J, lliffe S, et al. Frailty in elderly people. Lancet
2013;381:752-62.

Romero-Ortuno R. An alternative method for frailty index cut-off
points to define frailty categories. Eur Geriatr Med 2013;4:299-303.
Zhang C, Zhang Y, Lin H, et al. Blood pressure control in
hypertensive patients and its relation with exercise and exercise-
related behaviors. Medicine 2020;99:e19269.

Lewinski AA, Patel UD, Diamantidis CJ, et al. Addressing diabetes
and poorly controlled hypertension: pragmatic mHealth self-
management intervention. J Med Internet Res 2019;21:e12541.
Sullivan KJ, Shadish WR, Steiner PM. An introduction to modeling
longitudinal data with generalized additive models: applications to
single-case designs. Psychol Methods 2015;20:26-42.

Gardiner JC, Luo Z, Roman LA. Fixed effects, random effects and
Gee: what are the differences? Stat Med 2009;28:221-39.

White IR, Royston P, Wood AM. Multiple imputation using

chained equations: issues and guidance for practice. Stat Med
2011;30:377-99.

Gu J, Zhang X-J, Wang T-H, et al. Hypertension knowledge,
awareness, and self-management behaviors affect hypertension
control: a community-based study in Xuhui district, Shanghai, China.
Cardiology 2014;127:96-104.

Wang Z, Chen Z, Zhang L, et al. Status of hypertension in China:
results from the China hypertension survey, 2012-2015. Circulation
2018;137:2344-56.

Wang J, Zhang L, Wang F, et al. Prevalence, awareness, treatment,
and control of hypertension in China: results from a national survey.
Am J Hypertens 2014;27:1355-61.

Robins JM, Hernan MA, Brumback B. Marginal structural models and
causal inference in epidemiology. Epidemiology 2000;11:550-60.
Ma S, Yang L, Zhao M, et al. Trends in hypertension prevalence,
awareness, treatment and control rates among Chinese adults, 1991-
2015. J Hypertens 2021;39:740-8.

von Elm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies.
Epidemiology 2007;18:800-4.

Vetrano DL, Palmer KM, Galluzzo L, et al. Hypertension and frailty:
a systematic review and meta-analysis. BMJ Open 2018;8:6024406.
doi:10.1136/bmjopen-2018-024406

Yin R, Yin L, Li L, et al. Hypertension in China: burdens, guidelines
and policy responses: a state-of-the-art review. J Hum Hypertens
2021. doi:10.1038/s41371-021-00570-z. [Epub ahead of print: 02 Jul
2021].

Wang J, Zhang L, Wang F, et al. Prevalence, awareness, treatment,
and control of hypertension in China: results from a national survey.
Am J Hypertens 2014;27:1355-61.

Song H, Zhang D, Chen Z, et al. Utilisation of national community-
based blood pressure monitoring service among adult Chinese and
its association with hypertension treatment and blood pressure
control-a mediation analysis. BMC Geriatr 2019;19:162.

Chrysant SG. Aggressive systolic blood pressure control in older
subjects: benefits and risks. Postgrad Med 2018;130:159-65.
Ventura HO, Lavie CJ. The importance of achieving blood pressure
control, what is the target? Curr Opin Cardiol 2017;32:363-4.
SPRINT MIND Investigators for the SPRINT Research Group,
Williamson JD, Pajewski NM, et al. Effect of intensive vs standard
blood pressure control on probable dementia: a randomized clinical
trial. JAMA 2019;321:553-61.

Rockwood MRH, Howlett SE. Blood pressure in relation to age and
frailty. Can Geriatr J 2011;14:2-7.

10

Shen F, et al. BMJ Open 2022;12:€056395. doi:10.1136/bmjopen-2021-056395


http://orcid.org/0000-0002-5731-7039
http://orcid.org/0000-0001-6997-9614
http://dx.doi.org/10.1186/s12877-018-1016-8
http://dx.doi.org/10.1161/HYPERTENSIONAHA.116.09390
http://dx.doi.org/10.1016/j.cger.2020.06.005
http://dx.doi.org/10.1016/S0140-6736(16)32058-X
http://dx.doi.org/10.1016/j.arr.2020.101174
http://dx.doi.org/10.1016/j.ejim.2018.02.021
http://dx.doi.org/10.1016/S0140-6736(17)32478-9
http://dx.doi.org/10.1111/jch.13986
http://dx.doi.org/10.1111/jch.13986
http://www.ncbi.nlm.nih.gov/pubmed/12508906
http://dx.doi.org/10.1007/s12603-018-1082-9
http://dx.doi.org/10.1097/HJH.0000000000001006
http://dx.doi.org/10.1097/MD.0000000000001317
http://dx.doi.org/10.1007/s11906-017-0724-3
http://dx.doi.org/10.1038/s41440-020-0499-9
http://dx.doi.org/10.1007/s11906-015-0564-y
http://charlspkueducn/en/page/about/CHARLS
http://charlspkueducn/en/page/about/CHARLS
http://dx.doi.org/10.1093/ije/dys203
http://dx.doi.org/10.1503/cmaj.050051
http://dx.doi.org/10.1016/S0140-6736(12)62167-9
http://dx.doi.org/10.1016/j.eurger.2013.06.005
http://dx.doi.org/10.1097/MD.0000000000019269
http://dx.doi.org/10.2196/12541
http://dx.doi.org/10.1037/met0000020
http://dx.doi.org/10.1002/sim.3478
http://dx.doi.org/10.1002/sim.4067
http://dx.doi.org/10.1159/000355576
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.032380
http://dx.doi.org/10.1093/ajh/hpu053
http://dx.doi.org/10.1097/00001648-200009000-00011
http://dx.doi.org/10.1097/HJH.0000000000002698
http://dx.doi.org/10.1097/EDE.0b013e3181577654
http://dx.doi.org/10.1136/bmjopen-2018-024406
http://dx.doi.org/10.1038/s41371-021-00570-z
http://dx.doi.org/10.1093/ajh/hpu053
http://dx.doi.org/10.1186/s12877-019-1176-1
http://dx.doi.org/10.1080/00325481.2018.1433434
http://dx.doi.org/10.1097/HCO.0000000000000418
http://dx.doi.org/10.1001/jama.2018.21442
http://dx.doi.org/10.5770/cgj.v14i1.1

	Association between control status of blood pressure and frailty among middle-­aged and older adults with hypertension in China: a longitudinal study
	Abstract
	Introduction﻿﻿
	Methods
	Sample and data
	Variables
	Outcome variable
	Exposure variable
	Covariates

	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	Conclusions
	References


