
Research Article
Association between Frailty and Mortality, Falls, and
Hospitalization among Patients with Hypertension: A Systematic
Review and Meta-Analysis

Kaiyan Hu ,1 Qi Zhou ,2 Yanbiao Jiang,3 Zhizhong Shang,3 Fan Mei,1 Qianqian Gao,1

Fei Chen,1 Li Zhao,1 Mengyao Jiang,1 and Bin Ma 1,4

1Evidence-Based Nursing Center, School of Nursing, Lanzhou University, Lanzhou 730000, China
2The First Clinical Medical College, Lanzhou University, Lanzhou 730000, China
3The Second Clinical Medical College, Lanzhou University, Lanzhou 730000, China
4Evidence-Based Medicine Center, School of Basic Medical Sciences of Lanzhou University, Lanzhou 730000, China

Correspondence should be addressed to Bin Ma; kittymb2017@163.com

Received 20 April 2020; Revised 5 December 2020; Accepted 20 January 2021; Published 28 January 2021

Academic Editor: Annalena Venneri

Copyright © 2021 Kaiyan Hu et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. Chronological age alone does not adequately reflect the difference in health status of a patient with hypertension. Frailty
is closely associated with biological age, and its assessment is clinically useful in addressing the heterogeneity of health status. The
purpose of our study is to comprehensively examine the predictive value of frailty for negative health outcomes in hypertensive
patients through a systematic review and meta-analysis. Methods. Multiple English and Chinese databases were searched from
inception to 04.11.2020. All cross-sectional and longitudinal studies that examined the association between frailty and relevant
clinical outcomes among hypertensive patients were included. The NOS was used to assess the risk of bias of studies included in
the analysis. Hazard ratios (HRs), odds ratios (ORs), and 95% confidence intervals (CIs) were pooled for outcomes associated
with frailty. Results. Six longitudinal studies and one cross-sectional study involving 17403 patients with hypertension were
included in the meta-analysis. The risk of bias of all included studies was rated as low or moderate. The pooled HR of frailty
related to mortality was 2.45 (95% CI: 2.08-2.88). The pooled HR of prefrailty and frailty-related injurious falls was 1.07 (95%
CI: 0.83-1.37) and 1.89 (95% CI: 1.56-2.27), respectively. The pooled HR of prefrailty and frailty-related hospitalization was 1.54
(95% CI: 1.38-1.71) and 1.94 (95% CI: 1.17-3.24), respectively. Conclusions. This systematic review suggests that frailty was a
strong predictor of mortality, hospitalization, and injurious falls among patients with hypertension. Our findings indicate that
assessment of frailty in patients with hypertension to guide their management may be necessary in clinical setting. However, our
finding was based on very limited amount studies; thus, future studies are required to further validate the role of frailty in
prediction of negative health outcomes in hypertensive patients as well as pay more attention to the following knowledge gaps:
(1) the association between frailty and hypertension-related outcomes, (2) the significance of the association between different
frailty models and relevant clinical outcomes, and (3) the predictive value of prefrailty for the negative health outcomes in
people with hypertension.

1. Introduction

Arterial hypertension is highly prevalent among older adults
[1]. As a major risk factor for both cardiovascular and cere-
brovascular diseases, hypertension is a pivotal factor for over-
all mortality risk in the older population [2, 3]. It also has a
critical impact on quality of life of older people and the main-

tenance of their daily activities [2]. Antihypertensive treat-
ment has been shown to reduce stroke, cardiovascular
events, and mortality [4, 5]. However, the optimal treatment
for older hypertensive patients remains controversial [6, 7].

In recent years, frailty has been the focus of much atten-
tion in the field of hypertension. Frailty is a biological state
that results from a deterioration of multiple physiological
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systems, resulting in high vulnerability when an individual’s
health state changes [8, 9]. The population of older people
with hypertension is highly heterogeneous, and even individ-
uals of the same age are greatly variable in their physiological
capability and vulnerability [10]. Chronological age alone
does not adequately reflect the difference in health status of
a patient with hypertension. Frailty, a reflection of decreased
physiological reserve, is closely associated with biological age
[11, 12], and its assessment is clinically useful in addressing
the heterogeneity of health status among older people [13].
For older hypertensive patients with frailty, blood pressure
management should differ to that used for the healthy older
people, and that frailty should be considered when formulat-
ing the antihypertensive treatment plan [14–16].

The risk of frailty is associated with the presence of
hypertension [17, 18]. The incidence of frailty in older
people with hypertension has been revealed to be 32%
(95% CI: 21%-43%) in meta-analyses [19]. As an effective
indicator to objectively reflect the health status and medi-
cal needs of older people [13], the association between
frailty and prognosis among patients with hypertension is
worthy of examination. Moreover, given that frailty could
be improved by appropriate intervention, it is considered
that its early detection would be important for expeditious
intervention [20]. Therefore, the objective of the present
meta-analysis was to comprehensively examine the associ-
ation between frailty and relevant clinical outcomes among
patients with hypertension and provide evidence for the
management of this group of the population in the future.

2. Methods

The study design and reporting of data of this systematic
review are compliant with the Observational Studies in Epi-
demiology (MOOSE) guidelines [21] (Appendix S1). The
review followed a predetermined, but unpublished protocol.

2.1. Search Strategy. Electronic Chinese and English-language
databases, including PubMed, Embase, Web of Science,
Cumulative Index of Nursing and Allied Health Literature
(CINAHL), China National Knowledge Infrastructure (CNKI)
database, Chinese Scientific Journals Full-Text Database,
Wanfang database, and China Biological Medicine (CBM)
database, were searched independently by two reviewers (K-
YH and Y-BJ) from the inception of each to 04.11.2020. The
following keywords were used: (“frail∗” OR “frailty”[Mesh]
OR “frail elderly”[Mesh]) AND (“hyperten∗” OR “raised
blood pressure” OR “high blood pressure” OR “hyperten-
sion”[Mesh] OR “subclinical cardiovascular disease” OR “car-
diovascular risk factors”). The search strategy used in PubMed
is displayed in Appendix S2. A similar search (adapted to the
requirements of each database) was conducted of the other
databases. References from each selected article were screened
for potential additional studies.

2.2. Eligibility Criteria. Study design: quantitative studies of a
cross-sectional or longitudinal design examined the associa-
tion between frailty and relevant clinical outcomes in hyper-
tensive patients. The publication language of articles was

limited to either English or Chinese. Literature in which the
original data could not be obtained, or a Newcastle Ottawa
Scale (NOS) score < 5 was excluded.

Participants: these are patients with hypertension who
were confirmed using clinical guideline thresholds recom-
mended by any hypertension societies or were receiving
antihypertensive drug treatment.

Exposure: frailty was defined as a state of vulnerability and
measured at baseline through at least one established frailty
model [22] (e.g., phenotype model [8], cumulative deficit
model [23], or comprehensive geriatric assessment (CGA)
[24]) or a modified version. The established frailty measure
means the tool had published research data that verified its
diagnostic accuracy.

Outcome measures: the primary outcomes were (1) all-
cause mortality, (2) all-cause hospitalizations, and (3) injuri-
ous fall (defined as fall-related fractures, brain injuries, or
joint dislocations requiring treatment). Planned secondary
outcomes included are as follows: hypertension-related car-
diovascular outcomes (e.g., myocardial infarction or stroke),
hypertensive end-organ damage (e.g., renal function, plasma
levels of B-type natriuretic peptide (BNP), and brain white
matter hyperintensity (WMH)), and other markers of
general morbidity (including quality of life, function, and
independence).

2.3. Study Selection. All results were exported to the Endnote
X8 software for the removal of duplicates. Two reviewers (K-
YH and Z-ZS) independently scanned all titles and abstracts
based on the eligibility criteria outlined above to identify
potentially eligible studies. Prior to the formal scan, a ran-
dom sample of 10% of records was independently scanned
by the two reviewers. The complete scan did not commence
until good agreement (>90%) was achieved between them.
The two reviewers independently assessed the full texts of
potential eligible studies on the basis of the stated eligibility
criteria. Any disagreements between the two were resolved
by discussion with a third (BM).

2.4. Data Extraction. Two reviewers (K-YH and QZ) inde-
pendently extracted data from the selected eligible studies
in a standardized, predefined Microsoft Excel spreadsheet.
Extracted data were reviewed and cross-checked by the two
reviewers prior to cleaning and analysis. Any disagreements
between the two reviewers were resolved by discussion with
a third (BM).

The following information was extracted: (1) first author
and year of publication, (2) study design, (3) characteristics
of the study population (e.g., sample/subsample size, percent-
age of women, age, and country), (4) setting in which the study
was performed, (5) diagnostic criteria for frailty and identifica-
tion of hypertension, (6) percentage of frailty in hypertension,
(7) outcomes, (8) effect size (HRs, ORs, and 95% CIs), (9)
adjustment factors, and (10) follow-up period. When several
adjusted HRs and ORs were available in a study, the most
adjusted estimate was extracted. For duplicated study popula-
tions, the one with the longest follow-up or the largest sample
size was selected. Corresponding authors were contacted when
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it was not possible to extract the necessary data from a pub-
lished paper.

2.5. Assessment of Risk of Bias. Quality of the studies was
assessed independently by two reviewers (K-YH and QZ)
using a tool for the qualitative evaluation of observational
studies utilizing the NOS [25] which consists of 3 parameters
of quality: selection, comparability, and exposure assessment.
Studies scoring >7 were considered low risk of bias, scores of
5-7 indicated moderate risk of bias, and scores of <5 indi-
cated high risk of bias. Any disagreement between the two
reviewers in the quality assessment was resolved by discus-
sion with a third (BM).

2.6. Statistical Analysis. Analyses were performed using the
Revman 5.3 software. The pooled risk estimate of HRs,
ORs, and 95% CIs extracted from the studies included in
the review or calculated from the extracted data were exam-
ined to summarize outcomes associated with frailty. Statisti-
cal heterogeneity was measured using the I2 statistic. In the
absence of statistical heterogeneity among the results, the
meta-analysis was performed using the Mantel-Haenszel sta-
tistical method with the fixed-effects model. In the presence
of statistical heterogeneity (defined as p < 0:10 and I2 > 50%
[26]), subgroup analysis or sensitivity analysis was performed
to identify its cause, and the Mantel-Haenszel statistical
method with the random-effects model was used for meta-
analysis. Planned subgroup analysis includes frailty state
(frail/prefrail vs. robust), study setting (community vs. hospi-
tal), receipt of antihypertensive treatment, diagnostic criteria
for frailty (phenotype model vs. cumulative deficit model vs.
CGA vs. others), age (≥60 vs. <60 years), or sex (male vs.
female). Publication bias was assessed using funnel plots if
≥10 studies were available [27]. p < 0:05 was considered sta-
tistically significant.

3. Results

The study selection process is presented in Figure 1. After
detailed assessment based on eligibility criteria, 10 studies
were included in the review and 7 were included in the
meta-analysis [28–34] of which 2 [31, 33] required further
data to extract outcomes from the Kaplan-Meier survival
curves, which were supplied by the authors (Appendix S3).
Since no reply was received from the authors of two studies
[35, 36] after three attempts at contact and one study had a
NOS score < 5 [37], the three had to be excluded from the
meta-analysis.

3.1. Study and Participant Characteristics. The characteristics
of the 7 studies (n = 17403 patients) are shown in Table 1. In
3 studies [28, 31, 33], the risk of bias was rated as low, and the
remaining 4 studies [29, 30, 32, 34] were rated as moderate.
Of the studies, 6 had a longitudinal design [28–33] and one
was a cross-sectional study [34]. The follow-up period of
the included longitudinal studies ranged from 0.4 to 11.9
years. In terms of frailty criteria, four studies [28, 32–34] used
a phenotype model (or modified version) for defining frailty.
One [29] used a cumulative deficit model, one [30] used the
CGA, and one [31] used both a phenotype model and cumu-

lative deficit model. The incidence of frailty was approxi-
mately 20.7%. For setting of the studies, four [28, 30, 33,
34] were conducted in the hospital and three [29, 31, 32]
within community dwellers. For participants included in
the studies, 42.1% were female (data unavailable from 3 stud-
ies [31, 33, 34]). In two studies [30, 34], middle aged and
older people with hypertension were evaluated. Five studies
[28, 30–33] researched only older people with hypertension.

3.2. Primary Outcome

3.2.1. All-Cause Mortality.On the basis of data from 3 cohort
studies [30, 31, 33], the presence of frailty was significantly
associated with increased hazard for all-cause mortality
among patients with hypertension (pooled HR: 2.45; 95%
CI: 2.08-2.88; Figure 2). One study reported data that it was
adjusted appropriately. The median duration of follow-up
for 1953 patients in the 3 studies was 5.30 years (quartile 1–
quartile 3: 5.20-6.65 years). Since heterogeneity was low for
frailty (I2 = 0%), a fixed-effects model was employed. No
study examined the association between prefrailty and mor-
tality among patients with hypertension.

3.2.2. All-Cause Hospitalization. On the basis of data from 2
cohort studies [29, 32], the presence of frailty (pooled HR:
1.94; 95% CI: 1.17-3.24; Figure 3) or prefrailty (HR: 1.54;
95% CI: 1.38-1.71; Figure 3) was significantly associated with
increased hazard of all-cause hospitalization among patients
with hypertension. All studies reported data that were appro-
priately adjusted. The median duration of follow-up for 9654
patients in the 2 studies was 1.50 years (quartile 1–quartile 3:
0.95-2.05 years). Since heterogeneity was high for frailty
(I2 = 86:0%), a random-effects model was employed.

3.2.3. Injurious Falls. On the basis of data from 2 cohort
studies [28, 29], the presence of frailty (pooled HR: 1.89;
95% CI: 1.56-2.27; Figure 4) was significantly associated with
increased hazard for injurious falls among patients with
hypertension. All studies reported data that were appropri-
ately adjusted. The median duration of follow-up for 14542
patients in the 2 studies was 4.5 years (quartile 1–quartile 3:
3.55-5.45 years). Since heterogeneity was low for frailty
(I2 = 0%), a fixed-effects model was employed. One study
[29] reported prefrailty-related injurious falls. After appropri-
ate adjustment, prefrailty was not significantly associated with
high odds ratios for injurious falls (HR, 1.07; 95% CI, 0.83-
1.37; Figure 4).

3.3. Secondary Outcome. Two studies [32, 34] reported
hypertensive end organ damage among 908 hypertensive
patients. After appropriate adjustment, frailty was signifi-
cantly associated with high odds ratios for kidney damage
(presence of proteinuria: pooled OR 2.05 and 95% CI 1.27-
3.30; Figure 5). Since heterogeneity was low for frailty
(I2 = 0%), fixed-effects models were employed. One study
[34] reported frailty-related damage in the brain (presence
of WMH: OR 1.93 and 95% CI 1.08-3.44) and heart (pres-
ence of high BNP: OR 3.53 and 95% CI 1.44-8.66) and found
a significant association. No studies examined the association
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between frailty and other prespecified secondary outcomes in
patients with hypertension.

4. Discussion

In the present meta-analysis based on six cohort studies
and one cross-sectional study, a significant association
was observed between frailty status (frail>prefrail>robust)
and high risk of injurious falls and all-cause hospitaliza-
tion among patients with hypertension. Regarding mortal-
ity and hypertensive end organ damage, a signification
association between frailty and these two outcomes was
observed among patients with hypertension, but no study
has at present examined the association between prefrailty
and them.

Although the precise mechanisms underlying the associa-
tion between frailty and subsequent highermortality, injurious
falls, and hospitalization among patients with hypertension
remain unclear, we hypothesize that the following mecha-
nisms can be considered. Previous studies have found that
frailty was related to subclinical cardiovascular disease [38],
cerebral small vessel disease [39, 40], or poor renal function

[41]. Clinical phenotype of frailty is a symptom of subclinical
organ damage [8]. The heart, brain, and kidneys are the prin-
cipal target organs of hypertension. Long-term hypertension
and poor control of blood pressure can lead to systemic arter-
iolopathy, leading to ischemia and damage to those organs
[42], possibly increasing the detection of frailty. Hypertensive
end organ damage could be a strong predictor of future mor-
tality and hospitalization [43]. The association between frailty
and hypertensive end organ damage among patients with
hypertension was found in the present meta-analysis, also
confirming this mechanism to a certain degree. Furthermore,
the association between frailty and hospitalization among
patients with hypertension could also be explained by injuri-
ous falls. Accidental falls were the mechanism linking frailty
and hospitalization, which have been demonstrated in previ-
ous studies [44]. In the present meta-analysis, we observed a
particularly robust association between frailty and injurious
falls among patients with hypertension. Injurious falls may
contribute even more to frailty-related hospitalization. Since
the reason for hospitalization was investigated in only one
included study [32], which involved cardiovascular events,
cerebrovascular events, hypertension, infection, and falls,

Records identified through 
database searching

(n=4459)

Records a�er duplicates removed

(n=3446)

Records screened

(n=3446)

Full-text articles 
assessed for eligibility

(n=85)

No-relevant records excluded (n=3361)

Full-text articles excluded, with reasons 

(n=75)

(i)
(ii)

(iii)
(iv)
(v)

(i)
(ii)

Duplicated publication (n=1)
Inconsistent study aim (n=45)
No validated measure of frailty (n=5) 
Inappropriate participants (n=1)
No original data (n=23) 

Studies included in 
reviews

(n=10)

Studies included in 
quantitative synthesis 

(meta-analysis) 

(n=7)

Records identified through 
reference lists

(n=2)

Studies did not included in quantitative 
synthesis, with reasons

(n=3)

Scores of NOS < 5 (n=1)
Outcome could not be extracted due to 
further data was not supplied by
author (n=2)

Id
en

tifi
ca

tio
n

Sc
re

en
in

g
El

ig
ib

ili
ty

In
cl

ud
ed

Figure 1: Flowchart describing the selection of studies.
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further examination of these mechanisms is necessary in
the future. In addition, due to impairment of the regulatory
mechanisms to preserve perfusion of vital organs in people
with frailty, high blood pressure may be a compensatory
mechanism to maintain organ perfusion [10]. Evidence
from systematic review of observational studies demon-
strates no mortality difference for older people with frailty
whose SBP is <140mmHg, compared to those with a SBP >
140mmHg [45]. Therefore, the frail older people with hyper-
tension might easily be overtreated when clinicians have no
consideration of frailty [15, 46]. Low blood pressure values
are related to syncope, falls, injuries, and fractures in older
people, which have been repeatedly shown in previous studies
[47–49]. Since participants who are administered antihyper-
tensive drugs were eligible for inclusion in the meta-analysis,

higher numbers of injurious falls and hospitalization might
also be explained by the mechanism described above. How-
ever, this hypothesis needs to be further verified in future
research.

Frail hypertensive patients are not only at higher risk of
hypertension-related cardiovascular and cerebrovascular
events, but also at higher risk of hypotension-related events
(falls, injuries, and fractures) [10, 49], and hypotension-
related events might be more common in real life. A recent
analysis based on a large real-world database demonstrated
a significant increase in hospitalization for hip fractures in
older patients within 30 days of starting antihypertensive
treatment [50]. Assessment of frailty in patients with hyper-
tension to guide the management of blood pressure has been
proposed in several clinical guidelines [14–16]. However, due

Study or subgroup

1.1.1 Frailty vs. Robust

Lina 2018(30)
Misis 2015(33)
Vaes-a 2017(31)
Vaes-b 2017(31)

Subtotal (95% CI)

Heterogeneity: Chi2 = 0.80, df = 3 (P = 0.85); I2 = 0%
Test for overall effect: Z = 10.83 (P < 0.00001)

Total (95% Cl)

Heterogeneity: Chi2 = 0.80, df = 3 (P = 0.85); I2 = 0%
Test for overall effect: Z = 10.83 (P < 0.00001)
Test for subgroup differences: not applicable

Log (hazard ratio)
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SE
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Hazard ratio Hazard ratio
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0.1 0.2 0.5 1 2 5 10
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Figure 2: Forest plot of the association between frailty and all-cause mortality. Vaes-a 2017 describes a subsample of hypertension diagnosed
by SBP of 140-160mmHg; Vaes-b 2017 describes a subsample in which hypertension was diagnosed by SBP ≥ 160mmHg.

Study or subgroup
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Figure 3: Forest plot of the association between frailty or prefrailty and all-cause hospitalization.
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to the lack of strong evidence [15, 51] or assessment methods,
the ideal degree of blood pressure control in older people
with hypertension remains inconclusive. Given frailty is a
dynamic state [52] and could be improved or even reversed
through nutrition [53], exercise [54, 55], and avoidance of
low blood pressure [10, 56], its early detection and prompt
intervention are important for reversing frailty status and
improving prognosis. We believe it is necessary to explore
the effects of interventional therapy on the prognosis of
hypertensive patients with frailty in future research.

This is the first systematic review and meta-analysis of
summarizing the current evidence on the association
between a state of frailty and a variety of negative health
outcomes in people with hypertension. A robust methodol-
ogy, according to MOOSE guidelines, was employed,
including conducting a comprehensive systematic review
using eight electronic databases to ensure reliability and
accuracy of results. Furthermore, the meta-analyses showed
dose-response findings: higher degree of frailty status
(frail>prefrail>robust) was associated with a higher risk of
future hospitalization and injurious falls. However, certain
limitations of this systematic review should be recognized.
First, since small number of studies was eligible, the conclu-

sions on all outcomes have been based only on two or three
studies only (even though they included large samples).
Second, the participants have quite differences across stud-
ies in age, gender, definition of hypertension, and treatment
target. Although we planned to conduct subgroup analysis
according these variables, it was not realized due to limited
information. Moreover, effect size after necessary adjustments
was not available in some studies. Third, due to various frailty
models were identified in limited amount studies, it was
impossible to perform a subgroup analysis on difference in
the significance of the associations between frailty model and
relevant clinical outcomes. Therefore, although an association
was observed between frailty and negative health outcomes in
hypertensive patients, we believe that future research is
required to further validate the role of frailty in prediction of
relevant clinical outcomes.

The findings of this systematic review are valuable for
clinicians because they could screen frailty for older hyper-
tensive patients and start appropriate interventions to
prevent them from being suffered adverse events. Addition-
ally, the finding of this review may help clinicians to stratify
patients on the basis of their frailty levels to deliver targeted
and more personalized treatment plans. This systematic

Study or subgroup

3.1.1 Frailty vs. Robust

Pajewski 2016(29)
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Figure 4: Forest plot of the association between frailty or prefrailty and injurious falls.
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Figure 5: Forest plot of the association between frailty and kidney damage (presence of proteinuria) among hypertensive patients.
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review highlighted several gaps in the knowledge to be filled
by future research. First, only two cross-sectional studies
investigated the association between frailty and hyperten-
sive end organ damage, but it was a shame there were no
cardiovascular outcomes noted. It is maybe not so surpris-
ing that frailty predicts frailty-related outcomes in people
with hypertension, but would have been interesting to
know if it also predicted hypertension-related outcomes,
like myocardial infarction or stroke. Second, although a
variety of frailty measures could be used to assess frailty
[22], it is unknown which measures are most suitable to
detect hypertensive patient at high risk of mortality, hospi-
talization, and injurious falls. Moreover, it was unclear what
factors or causes are involved directly and indirectly in the
association between frailty and these negative health out-
comes. Third, there were insufficient data focused on the
predictive value of prefrailty for the negative health out-
comes in people with hypertension. Given that hypertensive
patients have a higher prevalence of prefrailty [19] and
prefrailty is more likely to be reversed by appropriate inter-
vention [20], data obtained in longitudinal studies that
focus on prefrailty-related clinical outcome will be useful
for risk stratification and prognosis improvement in hyper-
tensive patients.

5. Conclusions

The present systematic review suggests that frailty was a
strong predictor of mortality, hospitalization, and injurious
falls among patients with hypertension. Our findings indi-
cate that assessment of frailty in patients with hyperten-
sion to guide their management may be necessary in
clinical setting. However, our finding was based on very
limited amount studies; thus, future studies are required
to further validate the role of frailty in prediction of neg-
ative health outcomes in hypertensive patients as well as
pay more attention to the following knowledge gaps: (1)
the association between frailty and hypertension-related
outcomes, (2) the significance of the association between
different frailty models and relevant clinical outcomes,
and (3) the predictive value of prefrailty for the negative
health outcomes in people with hypertension.

Data Availability

The study data supporting this systematic review and meta-
analysis are from previously reported studies and datasets,
which have been cited. The processed data are available in
the article.

Conflicts of Interest

The authors declare that they have no competing interests.

Acknowledgments

We thank Bert Vaes and A Gutiérrez-Misis for providing
additional data. We thank all members of our study team
for their whole-hearted cooperation.

Supplementary Materials

Appendix S1: MOOSE checklist for meta-analyses of obser-
vational studies. Appendix S2: PubMed search strategy.
Appendix S3: method of all-cause mortality extraction from
Kaplan-Meier survival curves (Supplementary Materials)

References

[1] D. M. Lloyd-Jones, J. C. Evans, and D. Levy, “Hypertension in
adults across the age spectrum,” JAMA, vol. 294, no. 4,
pp. 466–472, 2005.

[2] World Health Organization, A global brief on hypertension:
silent killer, global public health crisis, World Health Day
2013 Report, Geneva, Switzerland, 2013.

[3] R. S. Vasan, M. G. Larson, E. P. Leip et al., “Impact of high-
normal blood pressure on the risk of cardiovascular disease,”
New England Journal of Medicine, vol. 345, no. 18, pp. 1291–
1297, 2001.

[4] N. S. Beckett, R. Peters, A. E. Fletcher et al., “Treatment of
hypertension in patients 80 years of age or older,” New
England Journal of Medicine, vol. 358, no. 18, pp. 1887–1898,
2008.

[5] N. Beckett, R. Peters, J. Tuomilehto et al., “Immediate and late
benefits of treating very elderly people with hypertension:
results from active treatment extension to Hypertension in
the Very Elderly randomised controlled trial,” BMJ, vol. 344,
pp. d7541–d7541, 2012.

[6] P. M. Nilsson, “Blood pressure strategies and goals in elderly
patients with hypertension,” Experimental Gerontology,
vol. 87, no. Part B, pp. 151-152, 2017.

[7] L. Pont and T. Alhawassi, Challenges in the Management of
Hypertension in Older Populations, Adv Exp Med Biol,
Springer International Publishing, 2016.

[8] L. P. Fried, C. M. Tangen, J. Walston et al., “Frailty in older
adults: evidence for a phenotype,” The Journals of Gerontology
Series A: Biological Sciences and Medical Sciences, vol. 56, no. 3,
pp. M146–M157, 2001.

[9] J. Walston, E. C. Hadley, L. Ferrucci et al., “Research agenda
for frailty in older adults: toward a better understanding of
physiology and etiology: summary from the American Geriat-
rics Society/National Institute on Aging Research Conference
on Frailty in Older Adults,” Journal of the American Geriatrics
Society, vol. 54, no. 6, pp. 991–1001, 2006.

[10] M. Muller, Y. M. Smulders, P. W. de Leeuw, and C. D. A. Ste-
houwer, “Treatment of hypertension in the oldest old,” Hyper-
tension, vol. 63, no. 3, pp. 433–441, 2014.

[11] A. Mitnitski, J. Collerton, C. Martin-Ruiz et al., “Age-related
frailty and its association with biological markers of ageing,”
BMC Medicine, vol. 13, no. 1, pp. 161–161, 2015.

[12] A. L. Cardoso, A. Fernandes, J. A. Aguilar-Pimentel et al.,
“Towards frailty biomarkers: candidates from genes and path-
ways regulated in aging and age-related diseases,” Ageing
Research Reviews, vol. 47, pp. 214–277, 2018.

[13] A. Clegg, J. Young, S. Iliffe, M. O. Rikkert, and K. Rockwood,
“Frailty in elderly people,” Lancet, vol. 381, no. 9868,
pp. 752–762, 2013.

[14] T. Nakayoshi, K. I. Sasaki, H. Kajimoto et al., “The Japanese
Society of Hypertension guidelines for the management of
hypertension (JSH 2014),” Hypertension Research, vol. 37,
no. 4, pp. 253–253, 2014.

8 BioMed Research International

http://downloads.hindawi.com/journals/bmri/2021/2690296.f1.docx


[15] A. Benetos, C. J. Bulpitt, M. Petrovic et al., “An expert opinion
from the European Society of Hypertension–European Union
Geriatric Medicine Society Working Group on the manage-
ment of hypertension in very old, frail subjects,” Hypertension,
vol. 67, no. 5, pp. 820–825, 2016.

[16] C. Cuspidi, M. Tadic, G. Grassi, and G. Mancia, “Treatment of
hypertension: the ESH/ESC guidelines recommendations,”
Pharmacological Research, vol. 128, pp. 315–321, 2018.

[17] Y. Koizumi, Y. Hamazaki, M. Okuro et al., “Association
between hypertension status and the screening test for frailty
in elderly community-dwelling Japanese,” Hypertension
Research, vol. 36, no. 7, pp. 639–644, 2013.

[18] R. C. Castrejón-Pérez, L. M. Gutiérrez-Robledo, M. Cesari, and
M. U. Pérez-Zepeda, “Diabetes mellitus, hypertension and
frailty: a population-based, cross-sectional study of Mexican
older adults,” Geriatrics & Gerontology International, vol. 17,
pp. 925–930, 2016.

[19] Y. Leng, Y. Li, T. Liu, and X. Pang, “Incidence and influenc-
ing factors of frailty in elderly hypertensive patients: a meta-
analysis,” Chinese Journal of Nursing, vol. 20, pp. 2545–2550,
2019.

[20] M. Marcucci, S. Damanti, F. Germini et al., “Interventions to
prevent, delay or reverse frailty in older people: a journey
towards clinical guidelines,” BMC Medicine, vol. 17, no. 1,
pp. 193–193, 2019.

[21] D. F. Stroup, J. A. Berlin, S. C. Morton et al., “Meta-analysis of
observational studies in Epidemiology: A proposal for Report-
ing,” JAMA, vol. 283, no. 15, pp. 2008–2012, 2000.

[22] J. Apóstolo, R. Cooke, E. Bobrowicz-Campos et al., “Predicting
risk and outcomes for frail older adults: an umbrella review of
frailty screening tools,” JBI Database of Systematic Reviews and
Implementation Reports, vol. 15, no. 4, pp. 1154–1208, 2017.

[23] A. B. Mitnitski, A. J. Mogilner, C. MacKnight, and
K. Rockwood, “The accumulation of deficits with age and pos-
sible invariants of aging,” TheScientificWorldJOURNAL, vol. 2,
pp. 1816–1822, 2002.

[24] T. J. Welsh, A. L. Gordon, and J. R. Gladman, “Comprehensive
geriatric assessment–a guide for the non-specialist,” Interna-
tional Journal of Clinical Practice, vol. 68, no. 3, pp. 290–293,
2014.

[25] G. Wells, B. Shea, D. O’Connell et al., The Newcastle-Ottawa
Scale (NOS) for Assessing the Quality if Nonrandomized Stud-
ies in Meta-Analyses, 2012, http://www.ohri.ca/programs/
clinical_epidemiology/oxford.htm.

[26] J. P. T. Higgins, S. G. Thompson, J. J. Deeks, and D. G. Altman,
“Measuring inconsistency in meta-analyses,” BMJ, vol. 327,
no. 7414, pp. 557–560, 2003.

[27] J. P. Higgins, J. Thomas, J. Chandler et al., Cochrane Handbook
for Systematic Reviews of Interventions, John Wiley & Sons,
2019.

[28] S. G. Bromfield, C.-A. Ngameni, L. D. Colantonio et al., “Blood
pressure, antihypertensive polypharmacy, frailty, and risk for
serious fall injuries among older treated adults with hyperten-
sion,” Hypertension, vol. 70, no. 2, pp. 259–266, 2017.

[29] N. M. Pajewski, J. D. Williamson, W. B. Applegate et al.,
“Characterizing frailty status in the systolic blood pressure
intervention trial,” The Journals of Gerontology Series A, Bio-
logical Sciences and Medical Sciences, vol. 71, no. 5, pp. 649–
655, 2016.

[30] L. Ma, L. Zhang, F. Sun, Y. Li, and Z. Tang, “Frailty in Chinese
older adults with hypertension: prevalence, associated factors,

and prediction for long-term mortality,” The Journal of Clini-
cal Hypertension, vol. 20, no. 11, pp. 1595–1602, 2018.

[31] B. Vaes, D. Depoortere, G. Van Pottelbergh, C. Matheï, J. Neto,
and J. Degryse, “Association between traditional cardiovascu-
lar risk factors and mortality in the oldest old: untangling the
role of frailty,” BMC Geriatrics, vol. 17, no. 1, pp. 234–234,
2017.

[32] Y. Chen, Effect of Frailty on Blood Pressure and Prognosis in
Elderly Patients with Hypertension, Guangzhou Medical Uni-
versity, 2018.

[33] A. Gutiérrez-Misis, M. T. Sánchez-Santos, J. R. Banegas, M. V.
Castell, J. I. González-Montalvo, and A. Otero, “Walking speed
and high blood pressure mortality risk in a Spanish elderly
population,” Journal of Human Hypertension, vol. 29, no. 9,
pp. 566–572, 2015.

[34] Y. Tabara, K. Kohara, M. Ochi et al., “Association of office-
based frailty score with hypertensive end organ damage in
the J-SHIPP cross-sectional study,” International Journal of
Cardiology, vol. 216, pp. 25–31, 2016.

[35] M. C. Odden, C. A. Peralta, M. N. Haan, and K. E. Covinsky,
“Rethinking the association of high blood pressure with mor-
tality in elderly adults: the impact of frailty,” Archives of Inter-
nal Medicine, vol. 172, no. 15, pp. 1162–1168, 2012.

[36] G. Post Hospers, Y. M. Smulders, A. B. Maier, D. J. Deeg, and
M. Muller, “Relation between blood pressure and mortality
risk in an older population: role of chronological and biologi-
cal age,” Journal of Internal Medicine, vol. 277, pp. 488–497,
2014.

[37] J. Li, L. Fan, and T. Zhao, “Effect of frailty on prognosis in
elderly patients with hypertension,” Chinese Journal of Mul-
tiple Organ Diseases in the Elderly, vol. 17, pp. 324–328,
2018.

[38] A. B. Newman, J. S. Gottdiener, M. A. McBurnie et al., “Asso-
ciations of subclinical cardiovascular disease with frailty,” The
Journals of Gerontology Series A: Biological Sciences and Medi-
cal Sciences, vol. 56, no. 3, pp. M158–M166, 2001.

[39] BioCog Consortium, I. M. J. Kant, H. J. M. M. Mutsaerts et al.,
“The association between frailty and MRI features of cerebral
small vessel disease,” Scientific Reports, vol. 9, no. 1,
pp. 11343–11343, 2019.

[40] T. P. Siejka, V. K. Srikanth, R. E. Hubbard et al., “Frailty and
cerebral small vessel disease: a cross-sectional analysis of the
Tasmanian Study of Cognition and Gait (TASCOG),” The
Journals of Gerontology: Series A, vol. 73, pp. 255–260, 2017.

[41] R. Chowdhury, N. M. Peel, M. Krosch, and R. E. Hubbard,
“Frailty and chronic kidney disease: a systematic review,”
Archives of Gerontology and Geriatrics, vol. 68, pp. 135–142,
2017.

[42] N. R. Poulter, D. Prabhakaran, and M. Caulfield, “Hyperten-
sion,” The Lancet, vol. 386, no. 9995, pp. 801–812, 2015.

[43] L. H. Kuller, L. Shemanski, B. M. Psaty et al., “Subclinical dis-
ease as an independent risk factor for cardiovascular disease,”
Circulation, vol. 92, no. 4, pp. 720–726, 1995.

[44] G. Kojima, “Frailty as a predictor of future falls among
community-dwelling older people: a systematic review and
meta-analysis,” Journal of the American Medical Directors
Association, vol. 16, no. 12, pp. 1027–1033, 2015.

[45] O. M. Todd, C. Wilkinson, M. Hale et al., “Is the association
between blood pressure and mortality in older adults different
with frailty? A systematic review and meta-analysis,” Age and
Ageing, vol. 48, no. 5, pp. 627–635, 2019.

9BioMed Research International

http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm


[46] G. Basile, A. Catalano, G. Mandraffino et al., “Relationship
between blood pressure and frailty in older hypertensive out-
patients,” Aging Clinical and Experimental Research, vol. 29,
pp. 1049–1053, 2016.

[47] A. Fedorowski, L. Stavenow, B. Hedblad, G. Berglund, P. M.
Nilsson, and O. Melander, “Orthostatic hypotension predicts
all-cause mortality and coronary events in middle-aged indi-
viduals (The Malmo Preventive Project),” European Heart
Journal, vol. 31, no. 1, pp. 85–91, 2010.

[48] A. Angelousi, N. Girerd, A. Benetos, et al., “Association
between orthostatic hypotension and cardiovascular risk, cere-
brovascular risk, cognitive decline and falls as well as overall
mortality,” Journal of Hypertension, vol. 32, no. 8, pp. 1562–
1571, 2014.

[49] D. A. Butt, M. Mamdani, P. C. Austin, K. Tu, T. Gomes, and
R. H. Glazier, “The risk of hip fracture after initiating antihy-
pertensive drugs in the elderly,” Archives of Internal Medicine,
vol. 172, no. 22, pp. 1739–1744, 2012.

[50] G. Corrao, P. Mazzola, M. Monzio Compagnoni et al., “Anti-
hypertensive medications, loop diuretics, and risk of hip frac-
ture in the elderly: a population-based cohort study of 81,617
Italian patients newly treated between 2005 and 2009,” Drugs
& Aging, vol. 32, no. 11, pp. 927–936, 2015.

[51] X. Xie, E. Atkins, J. Lv et al., “Effects of intensive blood pres-
sure lowering on cardiovascular and renal outcomes: updated
systematic review and meta-analysis,” The Lancet, vol. 387,
no. 10017, pp. 435–443, 2016.

[52] J. S. W. Lee, T.-W. Auyeung, J. Leung, T. Kwok, and J. Woo,
“Transitions in frailty states among community-living older
adults and their associated factors,” Journal of the American
Medical Directors Association, vol. 15, no. 4, pp. 281–286,
2014.

[53] J. E. Morley, “Nutritional supplementation and sarcopenia: the
evidence grows,” Journal of the American Medical Directors
Association, vol. 16, no. 9, pp. 717–719, 2015.

[54] C. de Labra, C. Guimaraes-Pinheiro, A. Maseda, T. Lorenzo,
and J. C. Millán-Calenti, “Effects of physical exercise interven-
tions in frail older adults: a systematic review of randomized
controlled trials,” BMC Geriatrics, vol. 15, no. 1, pp. 154–154,
2015.

[55] E. L. Cadore andM. Izquierdo, “Exercise interventions in poly-
pathological aging patients that coexist with diabetes mellitus:
improving functional status and quality of life,” Age, vol. 37,
no. 3, p. 64, 2015.

[56] D. Anker, B. Santos-Eggimann, M. Zwahlen, et al., “Blood
pressure in relation to frailty in older adults: a population-
based study,” The Journal of Clinical Hypertension, vol. 21,
no. 12, pp. 1895–1904, 2019.

10 BioMed Research International


	Association between Frailty and Mortality, Falls, and Hospitalization among Patients with Hypertension: A Systematic Review and Meta-Analysis
	1. Introduction
	2. Methods
	2.1. Search Strategy
	2.2. Eligibility Criteria
	2.3. Study Selection
	2.4. Data Extraction
	2.5. Assessment of Risk of Bias
	2.6. Statistical Analysis

	3. Results
	3.1. Study and Participant Characteristics
	3.2. Primary Outcome
	3.2.1. All-Cause Mortality
	3.2.2. All-Cause Hospitalization
	3.2.3. Injurious Falls

	3.3. Secondary Outcome

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

