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ABSTRACT
Objective: Hypertension and arthritis are two common diseases in the general population, with
multiple common risk factors. This study aimed to assess the association between hypertension
(HTN) and arthritis.
Patients and methods: This cohort study included 48,372 eligible non-pregnant participants
aged � 20 years who had valid data on hypertension and arthritis from the National Health and
Nutrition Examination Survey (NHANES) 1999–2018. The association between hypertension and
arthritis was studied by logistic regression, adjusting for demographics, socioeconomic factors,
excess sodium intake, physical activity, ever smoking, diabetes status and body mass
index (BMI).
Results: Among the participants, 48.0% (95% CI: 47.2–48.9) had hypertension and 24.5% (95%
CI: 23.8–25.3) had self-reported arthritis. Hypertension was associated with arthritis [OR ¼ 2.90,
(95% CI: 2.74–3.07), p< 0.01], which remained significant [OR ¼ 1.27, (95% CI:1.18–1.37),
p< 0.01] after adjustments. Stratified by the types of arthritis, the association remained signifi-
cant in rheumatoid arthritis (RA) [OR ¼ 1.25, (95% CI: 1.11–1.41), p< 0.01] and osteoarthritis
(OA) [OR ¼ 1.32, (95% CI: 1.16–1.50); p< 0.01]. There was no clear association between hyper-
tension and OA in participants aged 60 years old and above [OR ¼ 1.08, (95% CI:
0.92–1.26); p¼ 0.37].
Conclusions: In this large nationally representative survey over 20 years, arthritis, including both
RA and OA, was strongly associated with hypertension. Our study demonstrates a need for
hypertension screening and blood control among patients with arthritis.

KEY MESSAGES

� Arthritis was associated with hypertension.
� Both rheumatoid arthritis and osteoarthritis are strongly associated with hypertension.
� There is an urgency for hypertension screening and blood control among patients
with arthritis.
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Introduction

Hypertension increases the risk of morbidity and mortal-

ity globally. About 45.6% of adults in the United States

[1] and 1.13 billion worldwide have hypertension [2]. It

contributes to cardiovascular diseases, such as coronary

heart disease and stroke [3,4]. Recent studies showed

that hypertensive patients are more vulnerable to devel-

oping severe coronavirus disease 2019 (COVID-19) mani-

festations [5,6]. Control of hypertension helps to reduce

cardiovascular mortality and morbidity [7].

Arthritis is another common chronic disease in the
general population. Indeed, over half of the arthritis
patients have hypertension [8]. As the proportion of
US adults with arthritis has been predicted to rise to
49% by 2040, it is important to address the problems
associated with arthritis [9]. There is accumulating evi-
dence that arthritis, including rheumatoid arthritis (RA)
and osteoarthritis (OA), is correlated with increased
morbidity and mortality from cardiovascular events,
with a relative risk from 1.49 to 4.31 [10,11]. Although
an abundance of literature has examined the
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relationship between cardiovascular mortality and
arthritis [10,12], few have investigated the link
between hypertension and arthritis specifically.
Hypertension and arthritis may share common patho-
physiological pathways, such as chronic inflammation
[13] and arterial stiffness [14]. Moreover, polypharmacy
in arthritis, such as non-selective NSAID and cyclo-oxy-
genase II inhibitors usages, may compromise blood
pressure control [15].

The prevalence of hypertension among arthritis
patients varies from 3.8% [16] to 72.9% [17] in differ-
ent reports. Several studies revealed the association
between systolic blood pressure and OA; however,
such association diminished after adjustment for over-
weight [18]. Some studies also found that hyperten-
sion was more common among RA patients [17].
Given the intermingling relationship between hyper-
tension and other comorbidities, guidelines [19,20]
recently called attention to optimising hypertension
control to manage the comorbidities. Therefore,
understanding the relationship between hypertension
and arthritis would pave the way for more holistic
management of both conditions.

This study aimed to use the data from US National
Health and Nutrition Examination Survey (NHANES)
1999–2018 to investigate the association between
hypertension and arthritis.

Patients and methods

Study population

NHANES is a continuous longitudinal survey dedicated
to evaluating US health and nutritional status. The
NHANES study was approved by the National Centre
for Health Statistics Ethics Review Board in the US.
Written consents were obtained from all adult partici-
pants before participation in the survey. A total of
101,316 individuals participated in NHANES
1999–2018. Participants who aged less than 20 years
old (n¼ 46,235), pregnant women (n¼ 2,639), with
missing or incomplete socioeconomic factors (educa-
tion level, family income level, occupation, health
insurance), body mass index, smoking records, dietary
habits or physical activity were excluded (n¼ 3119).
We also excluded incomplete, unreliable or uncertain
data for diabetes (n¼ 1), hypertension (n¼ 15) and
arthritis (n¼ 935). In the end, this study consisted of
48,372 eligible participants (Figure 1). Each participant
represented approximately 50,000 individuals. The
demographics, examination results, medical condition
and dietary questionnaire, and laboratory data of the
participants were extracted [21].

Definition

According to the self-reported demographic question-
naires, race/ethnicity was classified into four groups,
namely non-Hispanic whites, non-Hispanic blacks,
Mexican Americans and others. The socioeconomic
factors, including healthcare access, health insurance
coverage, education level, or employment status, were
defined. Education levels were categorized into high
school or below, college and college graduates or
above. According to the income-to-poverty ratio, fam-
ily income was categorized as less than 130%,
131%–338% and more than 339%. The occupation
was categorized into employment and unemployment.
Health insurance was categorized into private health
insurance, public health insurance only and no health
insurance. The 2015–2020 Dietary Guidelines for
Americans recommend consuming less than 2300mg
of dietary sodium per day for persons aged �14 years
[22]. We defined over 2300mg dietary sodium per day
as excess sodium intake. Meanwhile, we defined those
with no reported leisure time physical activity as phys-
ically inactive. Active groups were categorized as mod-
erate activity or vigorous activity. Moderate activity
was defined according to self-reported leisure time
moderate activity (METs ranging from 3 to 6) five or
more times per week. Vigorous activity was defined
(MET > 6) three or more times per week. Insufficient
activity was defined as those who were not inactive
but did not meet the criteria for recommended levels
of physical activity. The ever smoker status was
defined as used to smoke over 100 cigarettes in their
lifetime but was no longer smoking. Participants were
stratified into the following groups: 20–39 years old,
40–59 years old and � 60 years old. Participants with
BMI over 25.0 were considered overweight, and over
30.0 as obese. Diabetes was defined either as a self-
reported physician diagnosis of diabetes or elevated
levels of fasting glucose [�7.0mmol/L (�126mg/dL)]),
HbA1c (�6.5%), or non-fasting glucose [�11.1mmol/L
(200mg/dL)]. According to the American Heart
Association/American College of Cardiology (AHA/ACC)
2017 guideline [19], participants with systolic blood
pressure � 130mmHg or diastolic blood pressure �
80mmHg were defined as hypertension. If the blood
pressure measurement data were missing, patients
with antihypertensive medication prescription in the
clinical history "Are you now taking prescribed medi-
cine." were also considered hypertensive. The Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood
Pressure (JNC 7) defined hypertension as systolic
blood pressure � 140mmHg or diastolic blood
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pressure �90mmHg, with self-reported physician diag-
nosis or with antihypertensive medications administra-
tions. Arthritis was defined according to the question
"Doctor ever said you had arthritis." correspondingly in
the medical condition questionnaire [21]. Arthritis was
further classified into RA, OA and other types
of arthritis.

Statistical analysis

Statistical analysis was conducted using STATA (ver-
sion 15.1). Complex sample weights were applied to
address the bias of sample inclusion selection, over-
sampling and nonresponse. The demographic charac-
teristics and the overall prevalence of hypertension,
diabetes, arthritis, overweight and obesity were esti-
mated using a complex sample weight. The time trend

of the prevalence of hypertension, arthritis, overweight
and arthritis was assessed with adjustment of age,
gender and race. Categorical variables were compared
by Chi-square. Logistic regression models were used
for covariates adjustments. Odds ratios (OR) with 95%
CIs and p values were calculated. A two-tailed test
with p values less than.05 was considered significant.

Results

Characteristics of study participants

Altogether, 48,372 eligible participants [mean age
(±SE) 47.28 ± 0.18; 49.3% (95% CI: 48.9–49.7) male]
were included in this analysis. The characteristics of
the weighted percentages are summarized in
Supplementary Table 1. This sample represented
204,148,270 noninstitutionalized adults in the US;

Figure 1. Flow chart of the screening process for the selection of eligible participants in NHANES 1999–2018.
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48.0% (95% CI: 47.2–48.9) of adults had hypertension,
and the prevalence of arthritis was 24.5% (95% CI:
23.8–25.3). Over the 20-year period, there was a sig-
nificant upward trend in the prevalence of OA from
5.7% (95% CI: 4.7–6.6) in 1999–2000 to 13.9% (95% CI:
12.0–16.0) in 2017–2018 (p< 0.01),

The characteristics of all 48,372 participants among
individuals with and without hypertension are shown
in Table 1. Participants with hypertension were older
[mean age (±SE) 54.65 ± 0.22 vs. 40.47 ± 0.19, p< 0.01]
compared with individuals without hypertension. A
larger proportion of men [52.0% (95% CI: 51.2–52.8)]
had hypertension compared with women [48.0% (95%
CI: 47.2–48.8)]. There were significant race/ethnicity
differences between participants with and without
hypertension. The prevalence of ever smoking status,
overweight/obesity, inactive physical activity and dia-
betes was higher among hypertensive participants
than non-hypertensive participants (all p< 0.01).
Compared with adults without hypertension, adults

with hypertension consumed slightly less dietary
sodium. The prevalence of arthritis among hyperten-
sive subjects was more than twice that of their coun-
terparts [35.1% (95% CI: 34.2–36.1) vs. 15.7% (95% CI:
14.9–16.4)]. Upon stratification, the prevalence of RA,
OA and other arthritis was also higher among hyper-
tensive participants than the non-hypertensive
participants.

The characteristics of all 48,372 participants with
self-reported RA, OA, other arthritis and no arthritis
are illustrated in Table 2. Compared with the individu-
als without arthritis, participants with arthritis, which
included RA, OA and other types of arthritis, were
older (all p< 0.01]. A higher percentage of women
[60.4% (95% CI: 59.4–61.4)] had arthritis compared
with men [39.6% (95% CI: 38.6–40.6)]. This trend was
also found in each type of arthritis. The proportion of
non-Hispanic white participants was greater among
participants with arthritis than among participants
without arthritis [76.9% (95% CI: 74.9–78.7) vs. 65.4%

Table 1. Baseline characteristics of hypertension group versus the non-hypertensive group.
Characteristics Hypertension Non-hypertension p value

N� 25,474 22,898
Age† 54.65 ± 0.22 40.47 ± 0.19 <.01
Gender
Men 52.0 (51.2–52.8) 46.8 (46.1–47.5) <.01
Women 48.0 (47.2–48.8) 53.2 (52.5–53.9) <.01

Race/Ethnicity
Non-Hispanic White 69.9 (67.8–72) 66.8 (64.6–68.8) <.01
Non-Hispanic Black 13.0 (11.7–14.4) 9.4 (8.5–10.3) <.01
Mexican Americans 10.7 (9.5–12.2) 16.4 (14.8–18.2) <.01
Others 6.3 (5.7–7.0) 7.4 (6.7–8.2) <.01

Socioeconomic Factors
Education level
High school or below 45.1 (43.7–46.5) 38 (36.5–39.6) <.01
Some College 30.3 (29.4–31.1) 31.1 (30.1–32.1) .03
College graduate or above 24.7 (23.3–26.1) 30.9 (29.2–32.6) <.01

Poverty to income ratio
�130% 19.1 (18–20.2) 20.4 (19.4–21.6) .07
131%1–338% 39.8 (38.7–40.9) 37.8 (36.7–39) .08
�339% 41.2 (39.6–42.7) 41.7 (40.1–43.4) .08

Health insurance status
No 13.9 (13–14.8) 21.8 (20.8–23) <.01
Public 23.6 (22.7–24.4) 14.6 (13.9–15.4) <.01
Private 62.6 (61.3–63.8) 63.5 (62.2–64.9) .07
Under Employment 55.3 (54.2–56.5) 72.3 (71.4–73.2) <.01

BMI† 30.27 ± 0.08 27.35 ± 0.07 <.01
Overweight/Obesity 77.8 (77–78.6) 60.4 (59.3–61.6) <.01

Physical activity
Inactive 50.5 (49.4–51.5) 45.5 (44.4–46.7) <.01
Moderate 33.1 (32–34.2) 34.9 (33.8–36) .04
Vigorous 16.4 (15.6–17.2) 19.5 (18.6–20.5) <.01
Excess Sodium Intake 83.4 (77.3–89.2) 88.5 (86.4–91.7) .18
Ever smoking 29.9 (29–30.9) 20.0 (19.2–20.9) <.01
Diabetes 17.5 (16.9–18.2) 4.8 (4.4–5.1) <.01
Overall Arthritis 34.4 (33.5–35.4) 15.4 (14.6–16.1) <.01
RA 8.8 (8.2–9.3) 3.7 (3.4–4.1) <.01
OA 11.9 (11.2–12.6) 4.8 (4.4–5.2) <.01
Other 13.8 (13.2–14.4) 6.9 (6.4–7.4) <.01

BMI: body mass index; RA: Rheumatoid arthritis; OA: Osteoarthritis.�N represents unweighted number, and the remaining values are weighted values using NHANES MEC examin-
ation weight.
†Figures are expressed as mean ± standard error (for mean age, BMI), other figures are expressed as percent (95%
confidence intervals).
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(95% CI: 63.3–67.5)]. Participants with arthritis had a
higher prevalence of ever smoking status, inactive
physical activity, excess sodium intake, diabetes and
overweight/obesity (all p< 0.01). The prevalence of
hypertension was higher among arthritis participants
than participants without arthritis [67.5% (95% CI:
66.2–68.7) vs. 41.6% (95% CI: 40.7–42.4)]. This trend
was observed in RA, OA and other types of arthritis
(all p< 0.01).

The association between hypertension
and arthritis

Table 3 shows the logistic regression analysis of arth-
ritis before and after adjustments for the covariates.
Overall, arthritis is significantly associated with hyper-
tension [OR ¼ 2.90 (95% CI: 2.74–3.07)]. After adjust-
ing for demographics, socioeconomic factors, ever
smoking, excess sodium intake, physical activity, dia-
betes status and BMI, the association remained signifi-
cant [OR ¼ 1.27 (95% CI: 1.18–1.37), p< 0.01]. Both RA

[OR ¼ 2.50 (95% CI: 2.25–2.78)] and OA [OR ¼ 2.68
(95% CI: 2.42–2.98)] were significantly associated with
hypertension. The competing risk analysis of the asso-
ciation between hypertension and RA/OA is shown in
Supplementary Table 2. After adjustments, both RA
[OR ¼ 1.25 (95% CI: 1.11–1.41)] and OA [OR ¼ 1.32
(95% CI: 1.16–1.50)] remained significantly associated
with hypertension (Table 4). The association was sig-
nificant both for men and women among OA partici-
pants, whereas there was no significant association in
RA among men [OR ¼ 1.07 (95% CI: 0.88–1.31),
p¼ 0.48]. In the 20–39 [OR ¼ 1.47 (95% CI: 1.22–1.77)]
and 40–59 [OR: 1.34 (95% CI: 1.22–1.48)] age group,
arthritis was significantly associated with hypertension
(Supplementary Table 3). In RA, the association was
significantly amongst participants who were
20–39 years old [OR ¼1.63 (95% CI: 1.13–2.36)] and
equalled or over 60 years old [OR ¼ 1.32 (95% CI:
1.13–1.54)]. Meanwhile, in OA and other arthritis, the
association was significant among participants aged
less than 60 years (Table 4).

Table 2. Baseline characteristics of arthritis group versus the non-arthritis group.
Arthritis

Non-Arthritis p valueCharacteristics Total RA OA Other

N� 12884 3247 3962 5675 35488
Age† 59.67 ± 0.19 66.77 ± 0.32 60.81 ± 0.27 58.08 ± 0.29 43.26 ± 0.17 <.01
Gender
Men 39.6 (38.6–40.6) 36.1 (33.9–38.3) 36.8 (35–38.7) 43.9 (42.3–45.5) 52.5 (51.9–53) <.01
Women 60.4 (59.4–61.4) 63.9 (61.7–66.1) 63.2 (61.3–65) 56.1 (54.5–57.7) 47.5 (47–48.1) <.01

Race/Ethnicity
Non-Hispanic White 76.9 (74.9–78.7) 79.8 (77.4–81.9) 77.7 (75.4–79.8) 74.3 (72–76.6) 65.4 (63.3–67.5) <.01
Non-Hispanic Black 10.2 (9.1–11.5) 8.6 (7.3–10.1) 9.7 (8.4–11.1) 11.6 (10.3–13.1) 11.4 (10.3–12.6) <.01
Mexican Americans 8.0 (6.8–9.2) 6.9 (6–8.1) 7 (5.9–8.2) 9.5 (7.9–11.3) 15.6 (14.1–17.3) <.01
Others 5.0 (4.4–5.6) 4.7 (3.7–6) 5.7 (4.7–6.8) 4.6 (3.9–5.4) 7.5 (6.9–8.3) <.01

Socioeconomic Factors
Education level

High school or below 46.5 (44.8–48.3) 44.7 (42–47.5) 40.7 (38.3–43.1) 52.4 (50.1–54.6) 39.7 (38.4–41.1) <.01
Some College 30.7 (29.5–32) 31.7 (29.5–34.1) 32.7 (30.7–34.7) 28.5 (26.9–30.3) 30.7 (29.9–31.5) .16
College graduate or above 22.7 (21.1–24.5) 23.5 (21.3–25.9) 26.7 (24.2–29.3) 19.1 (17–21.4) 29.6 (28.1–31.1) <.01

Poverty to income ratio
�130% 20.9 (19.5–22.4) 19 (16.8–21.5) 20.5 (18.7–22.5) 22.3 (20.7–24) 19.4 (18.4–20.4) .07
131%-338% 40.3 (39–41.6) 40.3 (37.8–42.9) 38.4 (36.2–40.7) 41.8 (39.9–43.7) 38.3 (37.3–39.2) .04
�339% 38.8 (37–40.7) 40.7 (37.8–43.6) 41.1 (38–44.2) 35.9 (33.6–38.3) 42.3 (40.8–43.8) <.01

Health insurance status
No 8.9 (8.1–9.8) 7.3 (6.2–8.7) 8.3 (7.3–9.6) 10.3 (9.2–11.6) 21 (20–22) <.01
Public 30.5 (29.3–31.8) 30.6 (28.4–32.9) 31.8 (29.8–33.9) 29.5 (27.8–31.2) 15.1 (14.5–15.8) <.01
Private 60.6 (59–62) 62.1 (59.5–64.6) 59.8 (57.5–62.1) 60.2 (58.3–62.1) 63.9 (62.7–65.1) <.01
Under Employment 42.2 (40.8–43.7) 42.2 (39.6–44.8) 38.9 (36.5–41.3) 45 (43.1–46.8) 71.3 (70.5–72.1) <.01

BMI† 30.54 ± 0.09 30.16 ± 0.18 30.81 ± 0.19 30.55 ± 0.12 28.17 ± 0.07 <.01
Overweight/Obesity 77.7 (76.8–78.6) 76.5 (74.4–78.5) 78 (76.2–79.7) 78.1 (76.7–79.5) 65.8 (64.9–66.7) <.01

Physical activity
Inactive 54 (52.6–55.4) 52.7 (50–55.4) 56 (53.8–58.1) 53.1 (51.2–55.1) 45.9 (44.9–47) <.01
Moderate 31.8 (30.5–33) 34.3 (31.6–37) 29.4 (27.7–31.2) 32.1 (30.4–33.9) 34.8 (33.8–35.8) <.01
Vigorous 14.2 (13.2–15.3) 13 (11.3–14.8) 14.6 (12.9–16.4) 14.7 (13.2–16.4) 19.3 (18.5–20.1) <.01
Excess Sodium Intake 88.2 (86.1–89.4) 90.2 (87.1–93.6) 87.2 (86.1–89.3) 86.1 (84.2–88.2) 80.5 (79.7–81.8) <.01
Ever smoking 33.8 (32.6–34.9) 35.4 (33.3–37.5) 34.1 (31.7–36.5) 32.3 (30.6–34.1) 21.8 (21.1–22.5) <.01
Diabetes 19.6 (18.6–20.6) 17.8 (16.3–19.3) 20.9 (19.1–22.9) 19.8 (18.3–21.4) 8.1 (7.7–8.4) <.01
Hypertension 67.5 (66.2–68.7) 68.7 (66.2–71) 69.7 (67.6–71.7) 65 (63–66.9) 41.6 (40.7–42.4) <.01

BMI: body mass index; RA: Rheumatoid arthritis; OA: Osteoarthritis.�N represents unweighted number, and the remaining values are weighted values using NHANES MEC examination weight.
†Figures are expressed as mean ± standard error (for mean age, BMI), other figures are expressed as percent (95% confidence intervals).
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Discussion

Our study showed a robust association between
hypertension and arthritis using 20 years of nationally
representative data from NHANES. Furthermore, this
association remained significant after adjusting the
common factors between hypertension and arthritis,
including gender, race, age, socioeconomic factors,
excess sodium intake, physical activity, overweight or
obese status, ever smoking status and diabetes. Given
the large sample and the reasonable quality control,
our analysis should be reliable.

Several studies [8,17] revealed that the prevalence
of hypertension in arthritis is higher than in the gen-
eral population. In this study, hypertension was
reported in 67.5% (95% CI, 66.2–68.7) arthritis patients;
this was much higher than the 41.6% in the non-arth-
ritic participants and 48.0% in the general population.
It was proposed that inflammation [13,16], physical
inactivity [23] and medications [15] may contribute to
this interrelationship. Firstly, inflammatory mediators,
such as chemokines and cytokines [24], have been
implicated as a predictor of endothelial dysfunction
and arterial stiffness [16], which play a pivotal part in
the pathogenesis of arthritis and hypertension.
Secondly, arthritis patients may have reduced fitness
and activities owing to pain, joint damage and the
fear of deterioration. Nevertheless, the American
College of Rheumatology guideline [23] suggests that
physical exercise effectively maintains the well-being
of arthritis patients. Consequently, this physical inactiv-
ity contributes to the development of physiological

impairment, including endothelial dysfunction, one of
the common pathophysiological changes for hyperten-
sion and arthritis [25]. Moreover, polypharmacy in
arthritis [15], including the frequent usage of non-
selective NSAIDs for analgesics, may cause hyperten-
sion and compromise blood pressure control.

In the age-stratified analysis, there was a strong
association between hypertension and arthritis (Table
4, Supplementary Table 3). However, the association
between hypertension and arthritis did not increase
with age; instead, it diminished among older partici-
pants. This indicates that the association is not merely
a consequence of ageing. Indeed, despite the increas-
ing prevalence of arthritis among the elderly, it was
predicted that adults aged 18–65 will account for the
majority of arthritis cases by 2040 (67%) [9]. The lower
blood pressure control rate among young adults could
partially explain the strong association between hyper-
tension and arthritis [26,27]. As the prevalence of
hypertension was the lowest in young adults [28], the
blood pressure control rate in young adults (38%) was
also much lower than those in their middle (55%) and
older age (53%) [27,29]. Young adults are also over
40% slower than middle-aged and older adults in
terms of medication initiation [26]. Another plausible
explanation could be that different forms of arthritis
have different ages of onset: osteoarthritis typically
occurs after middle age; the prevalence of rheumatoid
arthritis in each age group is similar, while the preva-
lence of fibromyalgia increases with age. In our study,
among the 12,884 arthritis patients, 3962 [33.5% (95%

Table 3. Association between hypertension and total arthritis.
Crude OR Model 1 Model 2 Model 3 Model 4

Total 2.9 (2.74–3.07) 1.44 (1.35–1.54) 1.39 (1.29–1.5) 1.29 (1.2–1.39) 1.27 (1.18–1.37)

Figures are expressed as odds ratio (95% confidence interval).
Model 1: Adjusted for age, gender and race.
Model 2: Further adjusted for socioeconomic factors including health insurance coverage, education level, employment sta-
tus and poverty to income ratio.
Model 3: Further adjusted for physical activity, excess sodium intake, ever cigarette smoking and obesity.
Model 4: Further adjusted for diabetes.

Table 4. Subgroup analysis of the association of arthritis subtype (RA, OA, and others) and hypertension.
RA OA Other

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Overall 1.25 (1.11–1.41) <.01 1.32 (1.16–1.5) <.01 1.09 (0.99–1.21) .07
Gender
Men 1.07 (0.88–1.31) .48 1.25 (1.02–1.52) .03 1.16 (0.99–1.36) .06
Women 1.39 (1.19–1.62) <.01 1.37 (1.16–1.62) <.01 1.06 (0.93–1.2) .41

Age
20–39 y 1.63 (1.13–2.36) <.01 1.72 (1.26–2.35) <.01 1.37 (1.07–1.76) .01
40–59 y 1.16 (0.96–1.39) .12 1.56 (1.3–1.87) <.01 1.24 (1.05–1.46) .01
� 60 y 1.32 (1.13–1.54) <.01 1.08 (0.92–1.26) .37 0.9 (0.78–1.04) .15

RA: rheumatoid arthritis; OA: osteoarthritis.
All data were adjusted for gender (except gender-specific estimates), age (except age-specific estimates), race, health insurance
coverage, education level, employment status and poverty to income ratio, physical activity, excess sodium intake, ever cigarette
smoking, obesity and diabetes.
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CI, 32.0–35.1)] had OA, 3247 [25.0% (95% CI,
23.7–26.3)] had RA, 5675 [41.5% (95% CI, 40.2–42.9)]
had arthritis not classified. Consistently, the association
between hypertension and OA remained significant
among participants aged less than 60 years.

In the sex-stratified analysis, we found that the
association in women between hypertension and arth-
ritis, especially both RA and OA, was significant after
adjustment; in men, hypertension was not significantly
associated with RA. Gender-related differences in
hypertension are well described. Young men are more
likely to have hypertension (27% in men vs. 12% in
women) and lower hypertension awareness (25% in
men and 32% in women) than women of the same
age [28,30]. Meanwhile, there is no discrepancy
between older men and women aged over 60 years
regarding the prevalence of hypertension [31]. A
Korean study revealed that among adults aged
60 years and above, men even have a lower preva-
lence of hypertension and better hypertension control
than women [32]. Furthermore, women with declined
oestrogen levels before menopause have an increased
risk of high blood pressure [33]. In the United States,
75% of postmenopausal women have hypertension
[34]. Lastly, arthritis is much more frequent among
women, with a women-to-men ratio of 3:1 in RA [35]
and 1.3:1 in OA [36]. These could potentially explain
the diminished association in men aged over the 60-
year group.

This study has some limitations that should be
acknowledged. Firstly, the US NHANES is a cross-sec-
tional survey; it does not provide longitudinal follow-
up data. Future investigations are needed to demon-
strate the causal relationship between arthritis and
hypertension due to its retrospective nature. Besides,
NHANES uses a self-reported questionnaire for some
medication health variables, which would introduce
recall and self-reported bias. Thirdly, medication usage
was not considered in the study. For instance, NSAIDs
usage was unavailable in NHANES from 1999 to 2018.
As such, how different medication interactions affect
the outcomes of hypertension and arthritis should be
studied in future research.

Conclusions

In conclusion, our analysis from the nationally-
representative survey showed a strong association
between hypertension and arthritis. In particular, RA
and OA were significantly associated with hyperten-
sion. This suggested that clinicians should screen for

hypertension among people with arthritis of all ages
and intervene early.
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