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Abstract

Background Hypertension and frailty often coexist in older people. The present study aimed to evaluate the associa-
tion of frailty status with overall survival in elderly hypertensive patients, using data from the Chinese Longitudinal
Healthy Longevity Survey.

Methods A total of 10,493 elderly hypertensive patients were included in the present study (median age 87.0 years,
58.3% male). Frailty status was assessed according to a 36-item frailty index (Fl), which divides elderly individuals
into four groups: robustness (FI<0.10), pre-frailty (0.10 < FI <0.20), mild-frailty (0.20 <FI <0.30), and moderate-severe
frailty (FI>0.30). The study outcome was overall survival time. Accelerated failure time model was used to evaluate
the association of frailty status with overall survival.

Results During a period of 44,616.6 person-years of follow-up, 7327 (69.8%) participants died. The overall survival
time was decreased with the deterioration of frailty status. With the robust group as reference, adjusted time ratios
(TRs) were 0.84 (95% confidence interval [CI]: 0.80-0.87) for the pre-frailty group, 0.68 (95% Cl: 0.64-0.72) for the mild
frailty group, and 0.52 (95% Cl: 0.48-0.56) for the moderate-severe frailty group, respectively. In addition, restricted
cubic spline analysis revealed a nearly linear relationship between Fl and overall survival (p for non-linearity=0.041),
which indicated the overall survival time decreased by 17% with per standard deviation increase in FI (TR=0.83, 95%
Cl: 0.82-0.85). Stratified and sensitivity analyses suggested the robustness of the results.

Conclusions The overall survival time of elderly hypertensive patients decreased with the deterioration of frailty
status. Given that frailty is a dynamic and even reversible process, early identification of frailty and active intervention
may improve the prognosis of elderly hypertensive patients.
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Background

Hypertension is one of the most prevalent chronic dis-
eases, and it is closely linked to many adverse health out-
comes, including cardiovascular disease, chronic kidney
disease, and mortality [1, 2]. In 2015, it was estimated
that there were 1.13 billion people with hypertension
globally [3], and this number is projected to increase to
1.56 billion by 2025 [4]. Particularly, it was estimated that
the prevalence of hypertension in people aged >60 years
was over 60% [5], which poses a substantial threat to
global public health [1]. Recently, emerging studies have
suggested that hypertension and frailty often coexist
in the elderly [6, 7], and multiple international guide-
lines for the management of hypertension have recom-
mended to assess the frailty status in elderly hypertensive
patients before initiating antihypertensive medication [8,
9]. Frailty is an age-related geriatric syndrome which dif-
fers from disability and illness, and the characteristics of
frailty are the physiological reserves of multiple organs
and systems decreased and the sensitivity to stressors
increased [10, 11], which increases the risk of falls [12],
hospitalization [13], fractures [14], and mortality [15] in
older people. Frailty and hypertension share some com-
mon pathophysiological mechanisms, such as inflam-
matory response, oxidative stress response [6, 11], they
are significantly related and influence each other. On the
one hand, frailty increases the risk of hypertension [16,
17]; on the other hand, patients with hypertension have
a higher incidence of frailty than those without [18].
However, the causal relationship between them remains
unclear.

Frailty has a significant impact on the prognosis of
elderly hypertensive patients. A population-based cohort
study conducted in the United States revealed that indi-
cators of frailty were associated with an increased risk of
serious fall injuries in older hypertensive patients [19].
Based on data from the National Health and Nutrition
Examination Survey (1999-2002), Li et al. [20] reported
that frailty increased the risk of all-cause mortality three-
fold in hypertensive participants aged > 65 years. Another
study conducted in the United States by Nicholas et al.
[21] demonstrated that frailty increased the risk of self-
reported falls, injurious falls and all-cause hospitaliza-
tions among older hypertensive patients. However, most
studies have been implemented in developed countries,
and research in developing countries is limited. To our
knowledge, only one study from China has filled this gap.
A study performed by Ma et al. [22] showed that frailty
was associated with a higher 8-year mortality in Chinese
hypertensive participants aged > 60 years. However, the
population of this study primarily from Beijing, China,
and the sample size was relatively small (#=1111), which
may limit its generalizability. In addition, few studies
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explored the dose—response relationship between frailty
and prognosis in elderly hypertensive patients.

Therefore, in this study, we used a large nationally
representative population to evaluate the association of
frailty status with overall survival among Chinese hyper-
tensive patients aged > 65 years.

Methods
Study design and participants
Data were obtained from the Chinese Longitudinal
Healthy Longevity Survey (CLHLS), a prospective cohort
study of community-dwelling older Chinese individu-
als, which aimed to investigate the factors associated
with healthy longevity for older people. The CLHLS was
conducted in a randomly chosen half of the counties
and cities in 23 of the 31 provinces, covering approxi-
mately 85.0% of the Chinese population, and those
aged >80 years accounted for 67.4% of the total par-
ticipants. The first investigation of this project started
in 1998, and follow-up investigations were conducted
in 2000, 2002, 2005, 2008, 2011, 2014, and 2018. With a
standard questionnaire, well-trained interviewers con-
ducted the survey face to face with participants and
collected information of demographic characteristics,
socioeconomic characteristics, physical status, psycho-
logical status, cognitive function, lifestyles, disease and
other information regarding aging. New participants
were enrolled during the follow-up to reduce attrition
because of loss to follow-up. The study was approved
by the Research Ethics Committee of Peking University
(IRB00001052-13074), and written informed consent was
obtained from each participant. More detailed informa-
tion of the CLHLS has been described elsewhere [23-25].
The present analysis included seven waves of CLHLS,
and the final wave was interviewed during 2018-2019.
According to the inclusion and exclusion criteria, 10,493
hypertensive patients aged >65 years were included in
the present analysis. Figure 1 shows the detailed flow
chart of inclusion and exclusion process, and Figure S1
shows the spatial distributions of the study population.

Assessment of hypertension

Single blood pressure (BP) was measured by trained
researchers using a mercurial sphygmomanometer after
participants had rested for at least 5 min, and hyperten-
sion history was assessed by the question “Are you suffer-
ing from hypertension?” [26, 27]. Based on the guidelines
of the European Society of Hypertension [5], hyperten-
sion was defined as systolic BP (SBP) >140 mm Hg and/
or diastolic BP (DBP)>90 mm Hg or a self-reported
history of hypertension. In addition, three waves (2008,
2011, and 2014) provided two BP measurements, and
in the sensitivity analyses, the SBP and DBP of an
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Chinese Longitudinal Healthy Longevity Survey, newly recruited baseline
participants:

wave 1998: 9093 wave 2000: 6214 wave 2002: 9590

wave 2005: 7067 wave 2008: 8840 wave 2011: 1276

wave 2014: 1946

Total: 44026 participants

—>< 779 Excluded: duplicate data
43247 participants

20819 Excluded:
542 < 65 years
20277 without hypertension

A 4

22428 participants

9681 Excluded: with missing variables to construct
frailty index less than 36-item

A 4

12747 participants

2254 Excluded:
172 missing some baseline data
2082 lost to follow-up

10493 older participants with hypertension included for present analysis

Fig. 1 Study flow chart. Note: Except for the missing data,

some potential abnormal blood pressure values were defined

as missingness, including SBP <80 or >300 mm Hg, DBP <40
or>200 mm Hg, and SBP minus DBP < 10 or >200 mm Hg.
Abbreviations: SBP =systolic blood pressure; DBP =diastolic blood
pressure

individual were calculated with the average of the two
measurements.

Frailty status assessment

Frailty status was defined by the frailty index (FI), which
is one of the extensively used measures of biological age
[28]. Based on a standard procedure [29, 30] and avail-
able data from all waves of the CLHLS, we modified the
38-item FI [31, 32] appropriately, and the modified FI
included 36-item, which encompassed various dimen-
sions of health, including self-reported health, activities
of daily living, functional limitations, vision and hear-
ing, diseases and others. The FI counts the cumulative
health deficits of a person, items with binary option were
scored as 1 (present) or O (absence) and with ordinal
options were assigned different scores (e.g.: always=0,
often=0.25, sometimes=0.5, seldom=0.75, never=1)
[32]. The 36-item used to construct FI are shown in
Table S1, and the corresponding scores of the items
are defined in detail. The total deficit score of 36 items
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divided by 36 is the FI for each participant [31]. The FI
ranged from O to 1, and the FI distribution of the study
population is shown in Figure S2. Participants were
divided into four groups according to FI cut-off value
in previous study [33]: robustness (FI<0.10), pre-frailty
(0.10<FI<0.20), mild-frailty (0.20<FI1<0.30) and mod-
erate-severe frailty (FI>0.30).

Covariates

Covariates were obtained using a structured question-
naire, including age, sex, marital status, residence, co-res-
idence, education, lifestyles (whether smoking, drinking,
and regular exercise at present), intake of foods (how
often intake of fruit, vegetables, meat, fish, eggs, and
beans), and comorbidities (whether suffering from diabe-
tes, heart diseases, cerebrovascular diseases, respiratory
diseases, and cancer). Detailed information about the
reclassifications of the baseline variables used in the pre-
sent study is shown in Table S2. More detailed informa-
tion about these covariates can be found at https://aging
center.duke.edu/CLHLS. Potential confounding variables
associated with hypertension and frailty were adjusted in
our analyses.

Study outcome

The study outcome was overall survival time, defined as
the time from baseline to any cause of death. All partic-
ipants were followed up from the first evaluation up to
death or the most recent evaluation. The survival status
and date of death of the participants were recorded dur-
ing the follow-up period of each wave. Participants who
could not be contacted after baseline interview were
regarded as lost to follow-up. In the present analysis, we
defined the maximum follow-up duration as 10 years.

Statistical analysis

Table S3 shows the distributions of variables with missing
data, and the missing values of all baseline variables in
the present study were no more than 0.63%. We excluded
participants with missing baseline variables in the main
analyses. The analyses of the present study include five
steps: (1) comparison of baseline data; (2) evaluating the
association of frailty status with overall survival in elderly
hypertensive patients; (3) exploring the dose-response
relationship between FI and overall survival in elderly
hypertensive patients; (4) stratified analyses in different
subgroups to evaluate the robustness of the main find-
ings; and (5) sensitivity analyses from different perspec-
tives to confirm the stability of the main analysis.

For categorical variables, p value for trend was com-
puted from the Mantel-Haenszel test. For continu-
ous variables, p value for trend across the four groups
was computed from the Spearman test when the
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row-variable was non-normal distribution. Categori-
cal variables are presented as number (percentage)
and continuous variables were presented as median
(interquartile range [IQR]). Kaplan—Meier analysis
was used to estimate the overall survival probability in
each group, and difference between the four groups was
compared using the log-rank test. Because the variables
did not satisfy the proportional hazards assumption of
Cox proportional hazards models, a parametric accel-
erated failure time (AFT) model was used to evaluate
the association of frailty status with overall survival,
and three adjusted models were constructed. The AFT
model directly regresses the logarithm of survival time,
and the time ratio (TR) reflects the impact of a variable
on survival time. Applying the AFT model to perform
survival analysis, a TR>1 indicated that the survival
time was prolongs compared with the reference group,
and a TR<1 indicated that the survival time was
shorter than the reference group [34]. The Weibull dis-
tribution was selected for AFT models in our analysis
based on the minimum Akaike Information Criterion
among different survival distributions (e.g.: Weibull,
logistic, log-logistic, log-normal, exponential, and
Gaussian) (Table S4). We also explored the potential
dose-response relationship between FI and overall sur-
vival of elderly hypertensive patients using restricted
cubic spline (RCS) analysis.

Additionally, stratified analyses were performed to
assess the consistency of the association of frailty sta-
tus with overall survival in different subgroups, and
interactions were examined by likelihood ratio test-
ing. Furthermore, a series of sensitivity analyses were
performed to assess the robustness of the main find-
ings, including: (1) excluding the participants who died
within the first year and the first two years of follow-
up to reduce potential reverse causation; (2) mitigating
potential bias caused by missing data by performing
multiple imputation for the covariate data and then
conducting sensitivity analysis; (3) clarifying the role
of participants lost to follow-up in the associations of
frailty status and overall survival, sensitivity analyses
were performed after considering the losses censored
occurred at two time points: median (3.38 years) and
the end of follow-up time (10.00 years); (4). For three
waves (2008, 2011, and 2014 wave) which provided two
BP measurements, the SBP and DBP of an individual
were calculated with the mean value of the two meas-
urements and then performed sensitivity analyses.

We used R software version 4.1.3 for statistical analy-
ses and a two- sided p < 0.05 was considered statistically
significant.

Page 4 of 11

Results

Baseline characteristics

The baseline characteristics are shown in Table 1. The
median age of the participants was 87.0 (IQR: 80.0,
95.0) years, and 6122 (58.3%) participants were men.
There were 3346, 4924, 1587, and 636 participants in
the robustness group, pre-frailty group, mild-frailty
group and moderate-severe frailty group, respectively.
The severity of frailty status increased with age, and
women had a higher proportion to develop frailty than
men. The proportion of elderly hypertensive patients
who not in marriage, without received school education
and with other comorbidities (diabetes, heart diseases,
cerebrovascular diseases, respiratory diseases, and can-
cer) increased gradually in the pre-frailty, mild-frailty
and moderate-severe frailty group. Older hypertensive
patients who exercise regularly, and intake of fruit, veg-
etables, meat, fish, eggs and beans regularly have less
probability to develop frailty. The four groups also have
significant differences in current smoking, current drink-
ing, SBP, and DBP.

Association of frailty status with overall survival

During a period of 44,616.6 person-years of follow-
up, 7327 (69.8%) participants died. The mortality rates
gradually increased from the robustness group to the
moderate-severe frailty group, and the rates were 10.6
per 100 person-years (95% CI: 10.1-11.0), 17.5 per
100 person-years (95% CI: 17.0-18.0), 26.3 per 100
person-years (95% CI: 25.1-27.5), and 41.9 per 100
person-years (95% CI: 39.3-44.5) for the robustness
group, the pre-frailty group, the mild-frailty group,
and the moderate-severe frailty group, respectively
(Table 2). Kaplan — Meier analysis revealed a gradual
decrease in overall survival probability among elderly
hypertensive patients in the robustness, pre-frailty,
mild-frailty and moderate-severe frailty groups (log-
rank p<0.001) (Fig. 2). In the AFT analysis, compared
to those in the robustness group, the unadjusted TRs
were 0.63 (95% CI: 0.60-0.66, p<0.001), 0.43 (95%
CI: 0.41-0.46, p <0.001), and 0.28 (95% CI: 0.26-0.30,
p<0.001) in the pre-frailty group, mild-frailty group
and moderate-severe frailty group, respectively. After
adjusting for sex, age, marital status, residence, co-
residence, education, lifestyles, regular intake of foods,
SBP and DBP, the TRs were 0.84 (95% CI: 0.80-0.87,
p<0.001) in the pre-frailty group, 0.68 (95% CI: 0.64—
0.72, p<0.001) in the mild-frailty group and 0.52
(95% CI: 0.48-0.56, p<0.001) in the moderate-severe
frailty group (Table 2), which means the overall sur-
vival time of those with pre-frailty, mild-frailty and
moderate-severe frailty was reduced by 16%, 32% and
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Table 1 Baseline characteristics

Variables All Frailty status p for trend®
Robustness Pre-frailty Mild frailty Moderate-severe frailty
Number of participants 10,493 3346 4924 1587 636
Sex: male 6122 (58.3%) 2247 (67.2%) 2817 (57.2%) 772 (48.6%) 286 (45.0%) <0.001
Age (years) 87.0(80.0,95.0) 82.0(75.0,90.0) 88.0(81.0,95.0) 92.0(85.0,100.0)  95.0(89.0, 100.0) <0.001
Marital status <0.001
In marriage 3447 (32.9%) 1469 (43.9%) 1501 (30.5%) 359 (22.6%) 118 (18.6%)
Not in marriage 7046 (67.1%) 1877 (56.1%) 3423 (69.5%) 1228 (77 4%) 518 (81.4%)
Residence 0.177
Urban 4519 (43.1%) 1435 (42.9%) 2087 (42.4%) 711 (44.8%) 286 (45.0%)
Rural 5974 (56.9%) 1911 (57.1%) 2837 (57.6%) 876 (55.2%) 350 (55.0%)
Co-residence 0.694
With household 8806 (83.9%) 2739 (81.8%) 4157 (84.4%) 1356 (85.5%) 554 (87.1%)
members
Alone 1275 (12.2%) 541 (16.2%) 546 (11.1%) 145 (9.1%) 43 (6.8%)
In an institution 412 (3.9%) 66 (2.0%) 221 (4.5%) 86 (5.4%) 39 (6.1%)
Education <0.001
1 year or more 4615 (44.0%) 1768 (52.8%) 2074 (42.1%) 576 (36.3%) 197 (31.0%)
No school 5878 (56.0%) 1578 (47.2%) 2850 (57.9%) 1011 (63.7%) 439 (69.0%)
Lifestyles
Current smoking 2442 (23.3%) 1047 (31.3%) 1088 (22.1%) 250 (15.8%) 57 (9.0%) <0.001
Current drinking 2687 (25.6%) 1077 (32.2%) 1243 (25.2%) 287 (18.1%) 80 (12.6%) <0.001
Current regular exercise 3528 (33.6%) 1411 (42.2%) 1708 (34.7%) 355 (22.4%) 54 (8.5%) <0.001
Regular intake of foods
Fruit 2805 (26.7%) 1085 (32.4%) 1210 (24.6%) 364 (22.9%) 146 (23.0%) <0.001
Vegetables 8750 (83.4%) 2948 (88.1%) 4120 (83.7%) 1242 (78.3%) 440 (69.2%) <0.001
Meat 3907 (37.2%) 1452 (43.4%) 1741 (35.4%) 521 (32.8%) 193 (30.4%) <0.001
Fish 2151 (20.5%) 794 (23.7%) 988 (20.1%) 268 (16.9%) 101 (15.9%) <0.001
Eggs 4144 (39.5%) 1445 (43.2%) 1880 (38.2%) 574 (36.2%) 245 (38.5%) <0.001
Beans 3502 (33.4%) 1260 (37.7%) 1591 (32.3%) 455 (28.7%) 196 (30.8%) <0.001
Comorbidities
Diabetes 202 (1.9%) 19 (0.6%) 90 (1.8%) 54 (3.4%) 39 (6.1%) <0.001
Heart disease 958 (9.1%) 84 (2.5%) 437 (8.9%) 297 (18.7%) 140 (22.0%) <0.001
Cerebrovascular 513 (4.9%) 24 (0.7%) 177 (3.6%) 160 (10.1%) 152 (23.9%) <0.001
diseases
Respiratory disease 1261 (12.0%) 110 (3.3%) 688 (14.0%) 312 (19.7%) 151 (23.7%) <0.001
Cancer 47 (0.5%) 2(0.1%) 22 (0.5%) 10 (0.6%) 13 (2.0%) <0.001
SBP (mm Hg) 150.0 (140.0,160.0) 146.0(140.0, 160.0) 150.0(140.0, 160.0) 150.0(140.0, 165.0) 150.0 (140.0, 160.5) <0.001
DBP (mm Hg) 90.0 (80.0, 95.0) 90.0 (80.0,92.0) 90.0 (80.0, 95.0) 90.0 (80.0, 96.0) 90.0 (80.0, 96.0) <0.001

Values are median (interquartile range) or n (percentage)
Abbreviations: SBP systolic blood pressure, DBP diastolic blood pressure

2 For these groups: robustness, pre-frailty, mild frailty and moderate-severe frailty

48% compared with the robustness elderly. Moreover, Dose-response relationship between Fl and overall
multivariate AFT analysis revealed that the overall survival

survival time of elderly hypertensive patients gradually =~ The potential dose—response relationship between FI
decreased with the deterioration of frailty status (p for  and overall survival was explored by RCS analysis, and
trend < 0.001) (Table 2). adjusted RCS analysis demonstrated a nearly linear
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Table 2 Associations of frailty status with overall survival in hypertensive patients
Frailty status p for trend®
Robustness Pre-frailty Mild frailty Moderate-severe frailty
Number of participants 3346 4924 1587 636
Number of deaths 1905 3542 1301 579
Follow-up (PYs) 18,0255 20,2586 4949.8 1382.7
Mortality rates® (95% Cl) 10.6 (10.1-11.0) 17.5(17.0-18.0) 26.3 (25.1-27.5) 419 (39.3-44.5)
Unadjusted TR (95% ClI), p 1.00 (ref) 0.63 (0.60-0.66),<0.001 0.43 (041-0.46),<0.001 0.28 (0.26-0.30),<0.001 <0.001
Adjusted TR (95% Cl), p
Model 1 1.00 (ref) 0.82 (0.78-0.86),<0.001 0.66 (0.62-0.70),<0.001 0.49 (0.46-0.53),<0.001 <0.001
Model 2 1.00 (ref) 0.83 (0.79-0.86),<0.001 0.66 (0.63-0.70),<0.001 0.50 (0.46-0.54),<0.001 <0.001
Model 3 1.00 (ref) 0.84 (0.80-0.87),<0.001 0.68 (0.64-0.72),<0.001 0.52 (0.48-0.56),<0.001 <0.001

Model 1 with adjustment for sex and age

Model 2 with adjustment for variables in model 1 plus marital status, residence, co-residence, education, systolic BP and diastolic BP

Model 3 with adjustment for variables in model 2 plus lifestyles (current smoking, current drinking, current regular exercise), and regular intake of foods (fruit,

vegetables, meat, fish, eggs, beans)

Abbreviations: PYs person-year, TR time ratio, C/ confidence interval, F/ frailty index, BP blood pressure

2 Per 100 person-years

b Test for trend on variable containing median value of Fl for each group

100 1
. — Robustness
x® — Pre-frailty
= 801 — Mild frailty
3 Moderate to
3 severe frailty
o 60
Q
©
>
> 40 A
>
2
©
b 20 1
g
(¢]

04 Log-rankp<0.001

0 2 4 6 8 10
Follow-up time (years)

No. at risk
Robustness 3346 2815 1923 1356 928 584
Pre-frailty 4924 3492 2021 1244 725 415
Mild frailty 1587 896 423 213 119 68
Moderate to 636 248 88 42 16 9

severe frailty
Fig. 2 Association of frailty status with overall survival in elderly
hypertensive patients by Kaplan-Meier survival curves

relationship between FI and overall survival (p for non-
linearity=0.041) (Fig. 3). The adjusted TR gradually
decreased with the increase of FI. After adjusting for
potential confounding variables, the overall survival
time decreased by 17% with per standard deviation (SD)
increase in FI (TR=0.83, 95% CI: 0.82-0.85) (Fig. 3).

Stratified analysis

Stratified analysis revealed a gradual decrease in over-
all survival time among elderly hypertensive patients as
frailty status increased (Fig. 4). Frailty exerted a more
pronounced impact on overall survival time in elderly

161 p for non-linearity = 0.041

141 TR =0.83 (95% Cl: 0.82-0.85) per SD increment

1.21
1.04
0.8

0.6

TR (95% Cl) for overall survival

0.4 4

0.2 1
T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
Frailty index

Fig. 3 Dose-response relationship between frailty index and overall
survival in elderly hypertensive patients. Note: The frailty index

was modeled using a restricted cubic spline with five knots

at the 5th, 27.5th, 50th, 72.5th and 95th percentiles. TR and 95% Cl
were derived from AFT model with adjustment for sex, age, marital
status, residence, co-residence, education, lifestyles (current smoking,
drinking, and regular exercise), intake of foods (fruit, vegetables, meat,
fish, eggs, and beans), systolic BP and diastolic BP. Abbreviations:
TR=time ratio; Cl=confidence interval; SD=standard deviation;
BP=blood pressure

hypertensive participants with unhealthy lifestyles (p for
interaction <0.001), but it did not differ by sex, age, mari-
tal status, residence, with family members or not, SBP
and DBP (Fig. 4).

Sensitivity analysis
A series of sensitivity analyses were performed to assess
the robustness of the main findings. The impact of



Adjusted TR (95% Cl)
Fig. 4 Stratified analyses by potential modifiers of the association between frailty status and overall survival. Note: °If the co-residence
of a participant was “with household members’ he/she was defined as “with family members: yes’, and if the co-residence was “alone”or “in

an institution”, he/she was defined as “with family members: no”; °If a participant met all the criteria, including current smoking (no), current
drinking (no), and current regular exercise (yes), he/she was defined as “healthy lifestyles”; otherwise, he/she was defined as “unhealthy lifestyles”
“If a participant was without any comorbidity in the Table 1, he/she was defined as 'no”; otherwise, he/she was defined as “yes”. Each stratification
adjusted for sex, age, marital status, residence, co-residence, education, lifestyles (current smoking, current drinking, current regular exercise),
regular intake of foods (fruit, vegetables, meat, fish, eggs, beans), SBP and DBP, except for the stratification factor itself. Abbreviations as in Table 1
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. Adjusted Adjusted
Frailty status Deaths/rate Deaths/rate
TR (95% Cl) TR (95% Cl)
Sex: male 1 Sex: female '
Robustness 1248 (55.5%) 1.00 (ref) I:l 657 (59.8%) 1.00 (ref) -:u
Pre-frailty 1980 (70.3%) 0.83 (0.79-0.88) - 1562 (74.1%) 0.84 (0.78-0.90) -
Mild frailty 632 (81.9%) 0.69 (0.64-0.74) - 669 (82.1%) 0.68 (0.62-0.74) -
Moderate-severe frailty 258 (90.2%) 0.51 (0.46-0.56) - | 321 (91.7%) 0.51 (0.46-0.57) - |
Age < 80 years : Age > 80 years :
Robustness 325 (29.0%) 1.00 (ref) b 1580 (71.0%) 1.00 (ref) ‘
Pre-frailty 308 (38.0%) 0.77 (0.69-0.87) - | 3234(78.6%) 0.77 (0.73-0.80) -
Mild frailty 66 (45.5%) 0.65 (0.53-0.79) —— 1235 (85.6%) 0.57 (0.54-0.61) - |
Moderate-severe frailty 29 (69.1%) 032 (0.24-0.43) = | 550(92.6%) 041(0.38-0.44) = \
Marital status: : Marital status: :
in marriage I notin marriege |
Robustness 1261 (67.2%) 1.00 (ref) ' 644 (43.8%) 1.00 (ref) ‘
Pre-frailty 2680 (78.3%) 0.85 (0.79-0.91) - 862 (57.4%) 0.83(0.79-0.88) -
Mild frailty 1051 (85.6%) 0.72 (0.65-0.80) - 250 (69.6%) 0.67 (0.62-0.71) -
Moderate-severe frailty 479 (92.5%) 0.50 (0.42-0.58)  —=- : 100 (84.8%) 0.51(0.47-0.56) - :
Residence: urban : Residence: rural :
Robustness 729 (50.8%) 1.00 (ref) T 1176 (61.5%) 1.00 (ref) ':'
Pre-frailty 1405 (67.3%) 0.80 (0.75-0.86) = | 2137 (75.3%) 0.86 (0.81-0.90) -
Mild frailty 549 (77.2%) 067 (0.61-0.73) - | 752(85.8%) 0.69 (0.64-0.74) -
Moderate-severe frailty 255 (89.2%) 0.48 (0.43-0.54) - : 324 (92.6%) 0.54 (0.49-0.59) - :
With family members 2: yes : With family members ®: no :
Robustness 379 (62.4%) 1.00 (ref) L] 1526 (55.7%) 1.00 (ref) L]
Pre-frailty 556 (72.5%) 0.84 (0.80-0.88) = | 2986 (71.8%) 0.78 (0.71-0.87) - |
Mild frailty 178 (77.1%) 0.68 (0.64-0.72) - 1123 (82.8%) 0.66 (0.57-0.76) -
Moderate-severe frailty 75 (91.5%) 0.50 (0.46-0.54) - : 504 (91.0%) 0.54 (0.44-0.66) —-— :
Lifestyles ®: health I Lifestyles ®: unhealth |
Robustness 1511 (58.1%) 1.00 (ref) P 394(52.7%) 1.00 (ref) '
Pre-frailty 2885 (74.3%) 0.88 (0.80-0.96) - 657 (63.1%) 0.82 (0.78-0.86) -
Mild frailty 1100 (83.1%) 0.69 (0.61-0.78) - 201 (76.4%) 0.67 (0.63-0.71) . !
Moderate-severe frailty 547 (92.4%) 0.58 (0.45-0.74) — | 32 (72.7%) 0.50 (0.46-0.54) - |
Comorbidities ©: no : Comorbidities ©: yes :
Robustness 1810 (58.1%) 1.00 (ref) ‘ 95 (41.1%) 1.00 (ref) ‘
Pre-frailty 2747 (75.5%) 0.85 (0.81-0.89) - 795 (61.9%) 0.79 (0.67-0.94) ——!
Mild frailty 809 (86.7%) 0.68 (0.63-0.72) - 492 (75.2%) 0.68 (0.57-0.81) ——
Moderate-severe frailty 282 (95.3%) 050(0.46-0.56) = L 297 (87.4%) 052 (0.42-0.62) —=— :
SBP < 150 mm Hg | SBP 2150 mm Hg |
Robustness 966 (54.7%) 1.00 (ref) 'r 939 (59.5%) 1.00 (ref) ':'
Pre-frailty 1546 (71.6%) 0.82 (0.77-0.87) - 1996 (72.2%) 0.85 (0.80-0.90) -
Mild frailty 566 (82.9%) 0.70 (0.64-0.76) - 735 (81.3%) 0.67 (0.62-0.72) -
Moderate-severe frailty 276 (92.6%) 0.52(0.47-0.58) = | 303 (89.6%) 0.51(0.46-057) = |
DBP <90 mm Hg : DBP > 90 mm Hg :
Robustness 833 (58.3%) 1.00 (ref) L] 1072 (56.0%) 1.00 (ref) L]
Pre-frailty 1478 (72.1%) 0.84 (0.78-0.89) = | 2064 (71.8%) 0.84 (0.79-0.88) -
Mild frailty 498 (80.8%) 0.70 (0.64-0.76) - 803 (82.7%) 0.67 (0.62-0.72) -
Moderate-severe frailty 234 (90.7%) 0.50 (0.44-0.56) - ! 345 (91.3%) 0.53(0.48-0.58) - !
0305 0810 0305 0810

Adjusted TR (95% Cl)
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p for

interaction

0.731

0.310

0.551

0.247

0.356

<0.001

0.319

0.353

0.634
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frailty status on the overall survival was not significantly
changed after excluding participants who died within the
first year or the first two years of follow-up (Table S5).
After multiple imputation for the missing data of base-
line variables, the results showed that the independent
association between frailty status and overall survival was
preserved (Table S6). Moreover, the findings remained
consistent after we regarded participants lost to follow-
up as censored at the time of median (3.38 years) or the
end of follow-up (10.00 years) (Table S7). In addition,
consistent results were also observed when BP was cal-
culated with the average of the two measurements of the
three waves (2008, 2011, and 2014) (Table S8).

Discussion

Based on a national prospective cohort study, we inves-
tigated the association between frailty status and overall
survival in elderly Chinese hypertensive participants. The
results of our study revealed that the overall survival time
of elderly hypertensive patients gradually decreased with
the deterioration of frailty status. We also explored the
dose—response relationship between FI and overall sur-
vival, and the findings demonstrated a nearly linear rela-
tionship between FI and overall survival time.

The prevalence of hypertension and frailty increases
with advancing age, and both are main risk factors for
mortality in older people [2, 10]. With the aging of the
population, hypertension and frailty impose a substantial
burden on healthcare systems [1, 10]. Frailty and hyper-
tension often coexist in older people, frailty increases the
risk of hypertension in the elderly [16, 17], while older
people with hypertension are more likely to be frail than
the general population [18]. Prior research has demon-
strated that frailty is a risk factor for the prognosis of
elderly patients with hypertension. An analysis of data
from the Beijing Longitudinal Study of Aging (2004—
2012) used 68-item FI to assess frailty, and the result
showed that frailty was associated with a higher risk of
all-cause mortality in older people with hypertension
(adjusted hazard ratio [HR]=2.16) [22]. A population-
based cohort study from the United States included 5236
hypertensive patients aged>65 years, and it used six
indictors (low body mass index, cognitive impairment,
depressive symptoms, exhaustion, impaired mobility,
and history of falls) to assess frailty. The results demon-
strated that indicators of frailty were associated with an
increased risk of serious fall injuries, compared to those
without frailty indicators, the adjusted HRs for a seri-
ous fall injury in participants with 1, 2, or>3 indicators
of frailty were 1.18 (95% CI: 0.99-1.40), 1.49 (95% CIL:
1.19-1.87), and 2.04 (95% CI:1.56-2.67), respectively
[19]. Li et al. [20] used data from the National Health and
Nutrition Examination Survey (1999-2002) to explore
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the association of frailty with all-cause mortality. In
this study, they used five criteria (weakness, exhaustion,
low physical activity, shrinkage, and slowness) to assess
frailty, and the results showed that pre-frailty and frailty
were associated with an increased risk of all-cause mor-
tality in older hypertensive participants aged 65 years or
older. It is worth noting that the definition of frailty is dif-
ferent in these studies, and the main reason is that there
is no unified standard of frailty definition in the interna-
tional. Currently, the Fried phenotype and FI are the two
most widely used tools for frailty assessment. We used
FI to define frailty, and the findings of our study pro-
vide further evidence supporting the impact of frailty on
the prognosis of elderly patients with hypertension. We
observed a significant decrease in overall survival time
among elderly hypertensive patients with the increase
severity of frailty status, compared with those robust-
ness elderly, the overall survival time of elderly hyper-
tensive with pre-frailty, mild-frailty and moderate-severe
frailty was reduced by 16%, 32% and 48%. In the stratified
analysis, we found that frailty had a more pronounced
impact on the overall survival time of elderly hyperten-
sive patients with unhealthy lifestyles (smoking, drinking
and lacking of regular exercise). The possible reason is
that these unhealthy lifestyles are risk factors for frailty,
hypertension and many other diseases, leading to further
deterioration in the health status of elderly patients, and
then increasing the risk of adverse outcomes. Thus, we
should advocate and encourage older people to exercise
regularly, and not to smoke and drink.

Although FI has been used to evaluate frailty status of
the elderly in many studies, few studies have explored
dose-response relationship between FI and prognosis
in older people with hypertension. To our knowledge,
only one study from the United States [21] explored
dose-response relationship between FI and prognosis
in older hypertensive patients, which revealed that per
1% increase in FI, the risk of self-reported falls, injurious
falls and all-cause hospitalizations increased by 3%, 3.5%
and 3.8%, respectively. In the present study, the poten-
tial dose—response relationship between FI and overall
survival of elderly hypertensive patients was explored
by RCS analysis, and a nearly linear relationship was
observed between them and it indicated that the overall
survival time of older hypertensive patients was reduced
by 17% with per SD increase in FI.

Frailty not only affects the prognosis of elderly patients
with hypertension, it also has an important impact on the
prognosis of the general population. A cohort study from
the United Kingdom [35] included 493,737 participants
aged 37-73 vyears, the results showed that pre-frailty
and frailty increased the risk of mortality in women
aged 45-73 years and in men aged 37-73 years. It also
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indicated the prevalence of frailty increased with age, and
participants with frailty were more likely to be female,
which is consistent with our findings.

The precise mechanisms that frailty increases the risk
of adverse outcomes in elderly hypertensive patients
remain unclear, maybe it can be explained by the follow-
ing ways. First, frail elderly hypertensive patients often
present with multiple comorbidities, leading to polyp-
harmacy [36], which may potentially increase the risk of
adverse events that associated with drug reactions and
drug interactions in older people [37]. Second, frailty has
a negative influence on the adherence to antihyperten-
sive treatment among elderly hypertensive patients [38],
thereby impeding effective management of BP, and then
increase the risks of hypertension-related adverse events.
Third, the significance of frailty is frequently overlooked
in clinical practice, and the failure of doctors to assess the
frailty status in older adults prior to initiating antihyper-
tensive therapy may lead to overtreatment, increasing the
risk of hypotension-related events. In addition, frailty is
correlated with inflammation and oxidative stress, which
may exacerbate cardiovascular disease in patients with
hypertension and then increase the risk of cardiovascular
events [6, 39].

Frailty changes dynamically over time and it is partially
reversible [28, 40], therefore, it is important to identify
frailty at an early stage and take appropriate interventions
actively to prevent the deterioration of frailty. Physical
activity, psychosocial support, healthy lifestyles, manage-
ment of multimorbidity and chronic diseases, control of
weight, intake of protein and micronutrient deficits could
improve frailty status [28, 41].

To our knowledge, this is the first study to analyze the
impact of frailty status on overall survival in Chinese
hypertensive patients aged>65 years. Our study has
some strengths: on the one hand, the CLHLS is a pro-
spective and population-based cohort study that covers
most provinces and cities of China, and the present study
had a considerably large sample size and a relatively long
follow-up period; on the other hand, we utilized a health
deficit indicator, a more comprehensive frailty assess-
ment tool, which was constructed following a standard
procedure [29, 30], to assess the frailty status of older
hypertensive participants. However, this study also exists
several limitations. First, information was collected using
a standard questionnaire, some of the data may exist
recall bias for participants. Second, BP was measured
only once in some waves, however, it was measured by a
well-trained research assistant using a mercurial sphyg-
momanometer after participants had at least 5 min of
rest, which means the BP is reliable. In addition, we also
calculated the mean SBP and DBP of three waves (2008,
2011, 2014) for further sensitivity analyses, and the
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results are similar to the main findings. Third, although
possible confounders were adjusted as much as possi-
ble in our analyses, some residual and unmeasured con-
founding variables may still exist. Fourth, this study only
included people aged>65 vyear, therefore, the findings
cannot be generalized to younger populations. Finally,
we only evaluated the association of baseline frailty status
and overall survival in elderly hypertensive patients, the
association of changes in frailty status with overall sur-
vival was not determined.

Conclusions

The overall survival time of elderly hypertensive patients
decreased with the deterioration of frailty status. Given
that frailty is a dynamic and even reversible process,
early identification of frailty and active intervention may
improve the prognosis of older people with hypertension.
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