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Objective: Literature examining the relationship between elevated blood pressure and osteoarthritis (OA) has
yielded conﬂicting results. This study aimed to systematically review the relationship between hypertension and
OA in both load-bearing and non-load-bearing joints.
Methods: A systematic literature search was performed on Embase, Emcare, MEDLINE and Ovid Nursing Database.
The associations between hypertension and OA development in knees, hips and hands were analysed by calculating the odds ratio (OR).
Results: A total of 26 studies with 97,960 participants were included. The overall odds of having OA signiﬁcantly
increased in the people with hypertension compared to the normotensive ones (OR ¼ 1.60, 95%CI ¼ 1.33, 1.94).
The association of hypertension with OA was detected in knee (OR ¼ 1.62, 95%CI ¼ 1.32, 1.98), not in hand (OR
¼ 1.19, 95%CI ¼ 0.92, 1.53). Moreover, there existed a stronger association of hypertension with radiographic
knee OA (OR ¼ 1.89, 95%CI ¼ 1.40, 2.54) than symptomatic knee OA (OR ¼ 1.39, 95%CI ¼ 1.17, 1.65). The
association between hypertension and radiographic knee OA remained statistically signiﬁcant for the studies that
adjusted for body mass index (BMI) (OR ¼ 1.42, 95%CI ¼ 1.13, 1.78), and was particularly strong in women (OR
¼ 2.27, 95%CI ¼ 1.17, 4.39).
Conclusion: A BMI-independent association between hypertension and radiographic knee OA existed with potential sex variation, which warrants further investigations into the underlying genetic, hormonal and environmental factors.
The translational potential of this article: Blood pressure has been reported to link with OA for years ago, however,
its contribution to OA is still unclear and conﬂicted in different reports. This review indicated an intimate relationship between hypertension and structural damages of knee OA, rather than simply chronic joint pain, especially in women. This ﬁnding not only provides stronger support for further investigations into the causal risk
factor, i.e. hypertension, of OA from tissue level to molecular level, but also putting forward a novel thinking in
OA pathogenesis and its therapy strategies.
Orthopedic translation: This study further strengthen the association between hypertension and radiographic knee
OA. It points in a vascular aetiology hypothesis of OA. It might open up a new avenue for repositioning antihypertensive medications for osteoarthritis treatment.

1. Introduction
Osteoarthritis (OA) is a prevalent and costly debilitating condition
that affects 240 million people worldwide. OA is a whole-joint disorder,
not only involving articular cartilage degradation but also subchondral
bone disturbance, synovitis, etc. OA afﬂicts both load-bearing (knee and

hip) and non-load-bearing joints (hand). It is a leading cause of chronic
pain, functional disability and poor quality of life in older adults.
Currently, there is no cure for OA. The patients with OA have to wait for
surgical replacement of damaged joint at the later stage of disease.
Moreover, the patients with OA are at a higher risk of cardiovascular
events and all-cause mortality than those without OA [1–3].

* Corresponding author. Department of Biomedical Engineering, Faculty of Engineering, The Hong Kong Polytechnic University, Hong Kong.
E-mail address: chunyi.wen@polyu.edu.hk (C. Wen).
1
Equal contribution
https://doi.org/10.1016/j.jot.2021.05.003
Received 23 March 2021; Received in revised form 10 May 2021; Accepted 12 May 2021
Available online 12 June 2021
2214-031X/© 2021 The Authors. Published by Elsevier (Singapore) Pte Ltd on behalf of Chinese Speaking Orthopaedic Society. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

K. Lo et al.

Journal of Orthopaedic Translation 32 (2022) 12–20

persistent chronic joint pain for 3 months. Studies that were focusing on
the severe OA cases with K-L grade 4 or arthroplasty were recorded as
radiographic OA.

Elevated blood pressure, which is the frequently encountered comorbidity in patients with OA, is a key modiﬁable risk factor in cardiovascular events [4]. There has been a growing interest in the relationship
between hypertension and OA. Yet conﬂicting data have been reported
[5–7]. High systolic blood pressure (SBP) was associated with incident
radiographic knee OA from the data of Osteoarthritis Initiative [6].
However, such association diminished after adjustment for body mass
index (BMI) [5]. Recently, a novel causal association between low SBP
and clinical diagnosis of OA was demonstrated via Mendelian Randomization in UK Biobank [7]. In short, the relationship between blood
pressure and OA remains controversial.
Here, we conducted a systematic review and meta-analysis to further
explore the relationship between hypertension and OA in both loadbearing (knee) and non-load-bearing joints (hand). Moreover, we
examined the associations of hypertension with radiographic and
symptomatic OA, respectively. Lastly, we examined how their relationship may differ by the potential confounding factors such as sex and BMI
adjustment.

2.5. Statistical analysis

Systematic literature search and meta-analyses were done according
to the PRISMA (Preferred Reporting Items Systematic Reviews and MetaAnalysis) guidelines [8]. Four bibliographic databases were used, namely
Embase, Emcare, MEDLINE and Ovid Nursing Database from inception to
December 2020 using the key words as follows, “osteoarthritis”, “metabolic”, “hypertension” and “blood pressure”. The literature search was
then extended with a wide manual search and reviewing of the reference
lists of selected publications and relevant articles suggested by search
engines. Only studies published in English were considered. The search
strategy has been registered in PROSPERO (CRD42021227828).

In this meta-analysis, 95% conﬁdence intervals (CIs) were considered
as the effect size for all studies. The heterogeneity among the studies was
estimated by Cochran Q test and I2 statistics, with an I2 between 50% and
90% possibly representing substantial heterogeneity [10]. Due to the
inter-study variations, we built random effects models using the inversed
variance approach to pool the estimates from individual studies, and then
we summarized the results by forest plots. Odds ratios were calculated as
the effect estimate to express the association between hypertension and
different sites of OA. Subgroup analysis was conducted to demonstrate
how the association between hypertension and OA differ by the anatomic
sites (knee, hand or generalized [OA affecting multiple joints]) [11],
types (symptomatic or radiographic), sex (male or female) and adjustment for BMI in regression analyses (yes or no). Statistical signiﬁcance
was indicated when p values < 0.05. To detect potential publication bias,
Egger's test was conducted for outcome(s) that included at least 10
studies [12]. As recommended by Cochrane Handbook, when there are
fewer studies the power of the tests is too low to distinguish chance from
real bias [10]. If signiﬁcant publication bias was detected, a trim-a-ﬁll
technique was performed to examine whether studies should be
imputed to make the results more symmetrical, i.e., less publication bias
[13]. Sensitivity analyses were performed by omitting one study at a time
and then calculating a pooled estimate for the remaining studies. We
aimed to evaluate whether the results were affected markedly by a single
study. Most analyses were performed using Review Manager 5.3, while
publication bias was examined by STATA (Stata Statistical Software:
Release 16. College Station, TX, USA).

2.2. Selection criteria

3. Result

Two independent investigators conducted the initial screening on all
related literatures. Studies that met the following criteria were included
in this systematic review: 1) human studies and 2) observational studies
including cohort, case–control and cross-sectional study design. If no
agreement for the study selection was reached, the third investigator
decided if an inclusion was appropriate.

3.1. Study characteristics

2. Materials and methods
2.1. Search strategy

A total of 12,203 studies were included in the primary electronic
screening (Fig. 1). After screening the titles, abstracts and full-texts, 26
studies with 97,960 participants were included in this review (Table 1).
There were 15 cross-sectional studies [14–28], 5 case–control studies
[29–33] and 6 cohort studies [5,34–38]. The percentage of female participants in each study ranged from 12.0% to 100%.

2.3. Data extraction and quality assessment
The following data was extracted by two investigators from the
selected studies: name of ﬁrst author, year, country, study setting, sample
size, age, % of female, study design, staging of OA, localizations of OA,
deﬁnition of hypertension, odds ratios (ORs) and 95% conﬁdence intervals (CIs). Hypertension was the exposure factor, and the occurrence
of OA was the outcome. Prevalence of OA among hypertensive and nonhypertensive population, and prevalence of HT among OA and non-OA
population were also extracted from included studies. Case-control
studies were not included for prevalence calculation due to a lower
representativeness to the whole population when compared with crosssectional and cohort studies.

3.2. Prevalence of OA among hypertensive and non-hypertensive
population
After excluding 5 studies in case–control nature and 9 studies lacking
any relevant data for prevalence calculation, there were 12 studies with
52,830 participants for the subsequent analysis on the prevalence of OA
among the hypertensive and normotensive population, and the prevalence of HT among the OA and non-OA population. The prevalence of OA
in knee and hand was as high as 26.3% (7 studies) and 15.7% (2 studies)
among hypertensive patients in contrast to the normotensive ones (knee:
25.1%; hand: 8.6%). The prevalence of generalized OA was also higher
among the people with hypertension (3 studies, 38.2% versus 13.4%).

2.4. Exposure and outcomes
The exposures and outcomes of the present review included hypertension and OA. We included studies that deﬁned hypertension as an
exposure and provided speciﬁc diagnostic criteria of essential hypertension, either using pre-deﬁned cut-off values of SBP/DBP or the use of
anti-hypertension medications in medical record [9]. With OA as the
outcome, we stratiﬁed it into radiographic OA, which is deﬁned as
Kellgren–Lawrence (K-L) grade 2, and/or symptomatic OA with

3.3. Prevalence of hypertension among population with or without OA
On the other hand, the prevalence of hypertension was also higher in
the people with knee OA than those without knee OA (7 studies, 42.6
versus 20.1%). Similar differences were also found that hand OA (2
studies, 26.2% versus 7.4%) and generalized OA (3 studies, 37.9% versus
13.5%).
13

K. Lo et al.

Journal of Orthopaedic Translation 32 (2022) 12–20

Figure 1. Flow chart of the searching and screening process.

insigniﬁcant (p ¼ 0.08).
We have conducted more subgroup analyses according to sex and BMI
adjustment. We only included analyses on hypertension and radiographic
knee OA since it contained the largest number of studies for this comparison. Four studies have provided male-speciﬁc association and six
studies reported female-speciﬁc association for meta-analysis (Fig. 4).
The association appeared to be stronger among females (OR: 2.27, 95%
C.I. ¼ 1.17, 4.39) than males (OR: 1.45, 95%C.I. ¼ 1.07, 1.97) despite no
statistical signiﬁcance in subgroup difference (p ¼ 0.23). As shown in
Fig. 5, the link between hypertension and radiographic knee OA became
weaker yet remained statistically signiﬁcant for studies with BMI
adjustment in regression analysis (OR: 1.42, 95%C.I. ¼ 1.13, 1.78). Of
note, without adjusting BMI as the confounding factor, dramatically
magniﬁed the odds of hypertension-associated OA (OR: 3.06, 95%C.I. ¼
1.98, 4.73).

3.4. A signiﬁcant association between hypertension and knee OA
The OR of OA development in the stage of established hypertension
(Fig. 2) was as high as 1.60 (95%C.I. ¼ 1.33, 1.94). When stratifying the
results by the different anatomic sites of OA, the association of hypertension with knee OA (OR ¼ 1.62, 95%C.I. ¼ 1.32, 1.98) was apparently
higher compared to either hand OA (OR ¼ 1.19, 95% C.I. ¼ 0.92, 1.53).
The association of hypertension with generalized OA was marginally
signiﬁcant (OR: 2.06, 95%C.I. ¼ 1.02, 4.17). Egger's test was performed
to detect publication bias of the association between hypertension and
knee OA because it included >10 studies. Although the test for publication bias has been signiﬁcant (Z ¼ 2.09, p ¼ 0.0367), trim-and-ﬁll
analysis showed that no study needs to be imputed to make the results
more symmetrical.
3.5. A closer association between hypertension and radiographic knee OA

3.6. Heterogeneity and sensitivity analysis
We have conducted subgroup analysis to compare association between hypertension and radiographic or symptomatic knee OA (Fig. 3).
Hypertension appeared to have stronger association with radiographic
(OR: 1.89, 95%C.I. ¼ 1.40, 2.54) than symptomatic knee OA (OR: 1.39,
95%C.I. ¼ 1.17, 1.65), but the subgroup difference was statistically

The inter-study heterogeneity in most analyses was high (I2>50%).
Two exceptions were the sub-group analysis on the relationship between
hypertension and symptomatic knee OA (I2 ¼ 48%, 7 studies), and the
relationship between hypertension and radiographic knee OA in male
14
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Table 1
Characteristics of 26 included studies.
Author, year

Country

Study
design

No. of
subjects

Range of/
average age

Gender
(female %)

BMI as
confounder

OA deﬁnition

HTN deﬁnition

Knee OA
Konstari, 2019

Finland

Cohort

6274

30

50.1%

Yes

Symptomatic

Venkatachalam,
2018
Niu, 2017

India

CS

1986

18

63.5%

No

Symptomatic

SBP 130 mmHg or DBP 85 mmHg or
antihypertensive medication
SBP >140 mmHg and/or DBP >90 mmHg

USA

Cohort

991

54.2

55.1%

Yes

Kim, 2016

Korea

CS

9514

50

57.3%

Yes

Radiographic/
symptomatic
Radiographic

Li, 2016

China

CC

151

50–80

81.5%

No

Radiographic

Liu, 2016

China

CS

3428

40

51.5%

Yes

Symptomatic

Maddah, 2015

Iran

CS

625

54.64

80.0%

No

Radiographic

Shin, 2014

Korea

CS

2363

50

57.4%

Yes

Radiographic

Han, 2013

Korea

CC

2234

40–91

54.3%

No

Symptomatic

Yoshimura, 2012
Inoue, 2011
Kim, 2010

Japan
Japan
Korea

Cohort
CS
CS

1384
795
504

63.9
30–86
50

66.3%
62.9%
54.4%

Yes
No
Yes

Hart, 1995

UK

CS

979

45–64

100%

Yes

Bagge, 1991

Sweden

CS

340

79

60.3%

Yes

Radiographic
Radiographic
Radiographic/
symptomatic
Radiographic/
symptomatic
Radiographic

Hand OA
Strand, 2017
Frey, 2016
Wang, 2016

USA
USA
China

Cohort
CC
CS

1089
27000
6218

59.2
30–90
40

51.8%
74.2%
53.1%

Yes
No
No

Tomi, 2016
Dahaghin, 2007

France
Netherland

CS
CS

301
3585

53.4
55

12.0%
58.2%

Unspeciﬁed

CS

3855

66.43

Hungarian

CC

400

Iran

CC

Korea

Generalized OA
Alenazi, 2019
(unspeciﬁed)
Kovari, 2019 (hand
and knee)
Askari, 2017 (knee
and/or hip)
Oh, 2011 (shoulder
OA)
Engstrom, 2009
(knee and/or hip)
Sowers, 1996 (knee
and/or hand)
Bae, 2015
(unspeciﬁed)

130/85 mmHg or use of antihypertensive
medications
Prehypertension: 120–139/80-89 mmHg
Hypertension: 140/90 mmHg or use of
antihypertensive medications
Prehypertension: SBP 120–139 or DBP 8089
Stage 1 hypertension: SBP 140–159 or DBP
90-99
Stage 2 hypertension: SBP 160 or DBP
100
140/90 mmHg or use of antihypertensive
medications
130/85 mmHg or use of antihypertensive
medications
130/85 mmHg or use of antihypertensive
medications
130/85 mmHg or use of antihypertensive
medications
130/85 mmHg
130/85 mmHg
140/90 mmHg
use of antihypertensive medications
DBP 110 mmHg or use of
antihypertensive medications

No
Yes

Radiographic
Medical record
Radiographic/
symptomatic
Radiographic
Radiographic

130/85 mmHg or on medication
Medical record
Clinical diagnosis or use of
antihypertensive medications
140/90 mmHg
160/100 mmHg or use of
antihypertensive medications

60.9

Yes

Symptomatic

Medical record

65.47

100%

No

Symptomatic

Medical record

393

54.6

81.9%

Yes

Radiographic

130/85 mmHg

Cohort

679

71.8

58.3%

No

Radiographic

Medical record

Sweden

Cohort

5171

57.5

58.5%

Yes

Radiographic

USA

CS

573

24–45

100%

Yes

Radiographic

130/85 mmHg or use of antihypertensive
medications
SBP  124 mmHg or self-reported

Korea

CS

17128

20

57.6%

Yes

Symptomatic

Prehypertension: 120–139/80-89 mmHg
Hypertension: 140/90 mmHg or use of
antihypertensive medications

Abbreviations: HTN: hypertension; OA: osteoarthritis; BMI: body mass index; CS: cross-sectional study; CC: case–control study; DBP: diastolic blood pressure; SBP:
systolic blood pressure.

subjects (I2 ¼ 0%, 4 studies). When excluding one study at a time, only
excluding Frey et al.‘s study would substantially change the heterogeneity among the studies on hypertension and hand OA (I2 ¼ 0%), and the
magnitude of their association (OR:1.29, 95% C.I. ¼ 1.14, 1.46) [32].

hand OA. A signiﬁcant increase of hypertension-associated OA in the
load-bearing joint (knee) instead of in the non-load-bearing joint (hand)
suggested the interplay between local mechanics and systemic vascular
pathology in the pathogenesis of OA. Second, hypertension contributed
89% increased odds for radiographic knee OA but only 39% increase for
symptomatic knee OA. Our data indicated an intimate relationship between hypertension and structural damages of knee OA, rather than
chronic joint pain only. Third, we attempted to address the confounding
factors in observational studies associations between hypertension and
OA such as BMI, which have not been examined in previous metaanalyses [39]. After BMI adjustment, the strength of association between hypertension and radiographic knee OA dropped from 3.06 to 1.42

4. Discussion
This meta-analysis has advanced current understanding of the relationship between hypertension and OA. To the best of our knowledge,
this study revealed the associations of the anatomic location and type of
OA with its vascular comorbidity, i.e. hypertension. First, hypertension
conferred 62% increased odds for knee OA yet only 19% increment for
15
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Figure 2. Association of hypertension with OA in varied anatomic locations.

chronic obstructive pulmonary disease, acquired immunodeﬁciency
syndrome, diabetes, lipid disorders, metabolic syndrome, inﬂammatory
rheumatic diseases, and psychiatric diseases. Despite numerous studies
that demonstrated signiﬁcant associations between hypertension and
knee OA, knee OA has not been considered as a comorbidity for hypertension management until now.
We are cautious that there remain a few limitations in our metaanalysis, which are the confounding effects and inverse causation.
First, this meta-analysis has not exhaustively addressed all the confounders in the association between hypertension and OA although we
have stratiﬁed the major ones such as sex and BMI adjustment. The other
key confounders such as smoking, trauma, menopausal status, and the
history of medications such as anti-hypertensive drugs, steroid or nonsteroidal anti-inﬂammatory drugs were not reported as common in
these observational studies, among which the use of three or more antihypertensive medications was associated with a lower risk of radiographic knee OA [6]. More importantly, this meta-analysis has not
conﬁrmed the causal relationship between hypertension and knee OA
because most included studies were cross-sectional in nature. It warrants
more prospective cohort investigations. In addition, we have detected
publication bias for the association between hypertension and knee OA.
However, trim-and-ﬁll analysis showed that no study was in need to
make the results more symmetrical, therefore the issue of publication

but remained statistically signiﬁcant. In addition to BMI, we demonstrated how sex might confound the relationship between high blood
pressure and radiographic knee OA. Hypertension-associated radiographic knee OA was more likely to occur in women (127% increased
odds in women Vs. 45% in men).
The aetiology of knee OA is multifactorial. However, the common risk
factors such as ageing and obesity cannot fully explain the doubled
prevalence of knee OA since the mid-19th century [40]. A growing body
of epidemiological evidence from observational studies showed a close
association between metabolic syndrome (MetS) and OA [41]. MetS is a
cluster of at least three out of ﬁve of following conditions: central obesity,
hypertension, elevated blood glucose, high cholesterol and low
high-density lipoprotein levels. Given the fact of hypertension as a key
component of MetS, we modiﬁed our searching strategy by adding
“metabolic” into key words with more original research articles being
included. Compared with the previous meta-analysis [39], we identiﬁed
additional studies that enabled us to detect a closer association of high
blood pressure with radiographic knee OA than symptomatic knee OA
[25,27,31,38]. In addition, one implication from our study is to highlight
knee OA as one of key common comorbidities of hypertension. According
to the 2020 International Society of Hypertension Global Hypertension
Practice Guidelines [42], the common comorbidities and complications
for hypertension are cardiovascular disease, chronic kidney disease,
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Figure 3. Association of hypertension with radiographic and symptomatic knee OA.

Figure 4. Association between hypertension and radiographic knee OA in different gender.

bias does not appear to affect the validity of ﬁndings substantially.
Recent developments in analytic techniques such as Mendelian
randomization (MR) have provided a powerful control for confounding
and inverse causation [43]. It uses genetic variants as instrumental variables to infer whether a risk factor causally affects a health outcome. By
deploying this big data analytics tool, Funck-Brentano and colleagues
reported an inverse causal association of genetically-determined blood
pressure with the risk of clinical diagnosis of (symptomatic) knee/hip OA
and surgical replacements in UK Biobank [7]. Data from MR study as well
as our meta-analysis does suggest a vascular aetiology of OA. However,

the observation via MR points in an opposite direction to our
meta-analysis that elevated blood pressure is highly likely a consequence,
rather a cause of symptomatic knee OA. As reported in our meta-analysis,
there did exist a potential ethnical variation in the associations between
hypertension and knee OA. The observation on a race-dependent association of angiotensin converting enzyme gene polymorphism with knee
OA as well as hypertension might help explain this phenomenon
[44–47]. In light of the discrepancy between Funck et al.‘s and our
studies [7], the signiﬁcance of this meta-analysis is to raise a meaningful
argument. It prompts the need to investigate the interrelationship
17
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Figure 5. Association between hypertension and radiographic knee OA after BMI adjustment.

led to the identiﬁcation of a previously unknown blood vessel type in
cortical bone [55]. Further exploiting these techniques in human clinical
specimens and experimental OA models is warranted to unravel insight
into the vascular mechanisms underpinning development or progression
of disease. Furthermore, through identifying the common pathways in
managing blood pressure and bone properties, researchers may identify
antihypertensive medications that may prevent the onset of OA, or vice
versa.
To conclude, this meta-analysis shows a BMI-independent association
between hypertension and radiographic knee OA with potential sex
variations. This ﬁnding warrants further investigations into the underlying genetic, hormonal and environmental mechanism through largescale prospective cohorts and laboratory studies.

between hypertension and chronic pain sensation in knee OA in different
races.
Blood ﬂow has been recently shown to control bone vascular function
and osteogenesis [48]. Bone perfusion abnormalities, characterized by a
reduction in both arterial inﬂow and venous outﬂow, have been well
documented in human knee OA [49]. Reduced blood ﬂow can lead to
subchondral bone ischemia and apoptosis of osteocytes, which would
initiate osteoclasts-mediated bone resorption [50]. Without proper
treatment, it would further develop into cystic lesions, which compromise the mechanical support for overlying cartilage, interfere gas and
metabolites exchange in the bone-cartilage functional unit, and ultimately contribute to the initiation and development of OA [51]. As
documented in a swine model, systemic blood pressure positively correlates with intra-osseous pressure in the long bone [52]. Under the situation of high blood pressure, high intra-osseous pressure would lead to
both arterial and venous occlusion. In view of this, both low and high
blood pressure can cause a reduction of bone blood ﬂow in OA. Therefore, our observation in this meta-analysis remained valid that hypertension is detrimental instead of protective in the development of OA.
Furthermore, altered bone blood pressure in response to systemic blood
pressure might not necessarily associate with knee pain [53,54]. It might
partially explain our observation on the closer association of hypertension with radiographic knee OA than symptomatic knee OA.
The causal association between blood pressure and OA makes a strong
case to revisit the role of the vascular system in joint disease. Whereas the
concept of OA as a whole joint disorder has gained much popularity in
the last decade, the role of the vascular system and particularly angiogenesis has not been explored in depth. Importantly, experimental
studies in postnatal long bones have conclusively demonstrated that a
drug-induced reduction of blood ﬂow leads to loss of mineralized bone
and treatment with bisphosphonates enhanced blood ﬂow and vessel
growth in bone [48]. However, most ﬁndings have been obtained in
metaphyseal and diaphysial bone under non-inﬂammatory and
non-degenerative conditions. Furthermore, three-dimensional visualization and analysis of the vascular system in subchondral bone of mice and
humans has until recently remained technically challenging. Microangiography of osteoarthritic subchondral bone tissue in mice revealed
an increment in vascular volume and number of blood vessels in established disease [51]. Optical clearing of bone tissues enabled advanced
light and ﬂuorescent microscopy of murine and human bone tissues and
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