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ABSTRACT
Objectives To study whether hand osteoarthritis (OA)
is associated with increased mortality and cardiovascular
events in a large community based cohort (Framingham
Heart Study) in which OA, mortality and cardiovascular
events have been carefully assessed.
Methods We examined whether symptomatic (≥1 joint
(s) with radiographic OA and pain in the same joint) and
radiographic hand OA (≥1 joint(s) with radiographic OA
without pain) were associated with mortality and
incident cardiovascular events (coronary heart disease,
congestive heart failure and/or atherothrombotic brain
infarction) using Cox proportional hazards models. In the
adjusted models, we included possible confounding
factors from baseline (eg, metabolic factors, medication
use, smoking/alcohol). We also adjusted for the number
of painful joints in the lower limb and physical inactivity.
Results We evaluated 1348 participants (53.8%
women) with mean (SD) age of 62.2 (8.2) years, of
whom 540 (40.1%) and 186 (13.8%) had radiographic
and symptomatic hand OA, respectively. There was no
association between hand OA and mortality. Although
there was no significant relation to incident
cardiovascular events overall or a relation of radiographic
hand OA with events, we found a significant association
between symptomatic hand OA and incident coronary
heart disease (myocardial infarction/coronary insufficiency
syndrome) (HR 2.26, 95% CI 1.22 to 4.18). The
association remained after additional adjustment for pain
in the lower limb or physical inactivity.
Conclusions Symptomatic hand OA, but not
radiographic hand OA, was associated with an increased
risk of coronary heart disease events. The results suggest
an effect of pain, which may be a possible marker of
inflammation.

INTRODUCTION
While the morbidity of osteoarthritis (OA) has
been well characterised, we have limited knowledge
of OA-related mortality. A recent review showed
moderate evidence for an association between OA
and mortality, especially for cardiovascular and
gastrointestinal mortality.1 Some but not all studies
included adjustment for potential confounding
factors.
As cardiovascular disease remains the most

common cause of mortality, any reduced survival in
OA may be related to a greater risk of cardiovascu-
lar events. However, few studies have explored the
possible association between OA and cardiovascular

disease.2–7 Whereas some studies have suggested an
association of hand OA with mortality, cardiovascu-
lar mortality or cardiovascular biomarkers, the find-
ings within each study and across studies are
inconsistent.2–6 Further, as different types of car-
diovascular events may have different aetiologies, it
would be valuable to explore whether OA is related
to specific types of events. We are not aware of pre-
vious explorations of this question.
There may be shared risk factors that are asso-

ciated with both OA and cardiovascular diseases,
including immobilisation, metabolic factors, treat-
ment with non-steroidal anti-inflammatory drugs
(NSAIDs) and/or OA-related inflammation.8–10

Unlike knee and hip OA, hand OA is not likely
leading to immobilisation, and increased mortality
and cardiovascular events may therefore to a larger
extent be related to metabolic factors or inflamma-
tion. One report suggested a stronger association
with imaging biomarkers of cardiovascular disease
in those with hand OA compared with those with
OA-related knee/hip replacements.11 Alternatively,
there may be direct associations between OA and
vascular changes.12 13

Hence our aim was to investigate whether parti-
cipants with hand OA have increased mortality and
a greater incidence of cardiovascular events in a
community based cohort under continuous surveil-
lance for disease and mortality events, and to
explore potential explanations for the observed
associations.

METHODS
Participants
We included in the study participants from the
Framingham Heart Study (Original and Offspring
cohorts), aged 50–75 years, with available radio-
graphs and information about joint pain enabling
classification of hand OA, and data on mortality
and cardiovascular events.
In the Original cohort, 5209 men and women,

aged 30–62 years, from Framingham, Massachusetts,
without overt symptoms of cardiovascular disease or
previous heart attack or stroke, were examined in
1948–1953. Participants have been examined every
second year up to 2008–2011 (examination cycle
31). At examination cycle 22 (1990–1994), the parti-
cipants were examined for hand OA.
In the Offspring cohort, 5124 men and women,

constituting the children of participants in the
Original cohort and the spouses of these children,
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were examined in 1971–1975.14 They have been followed every
fourth year (except for 8 years between examination cycle 1 and
2) up to 2011–present (examination cycle 9). At examination
cycles 5 (1991–1995) and 7 (1998–2001), participants (whose
parents were previously studied for OA) and their spouses were
examined for hand OA.

Boston University Medical Center’s institutional review board
approved both studies, and written informed consent was
obtained.

Assessment of OA and joint pain
Bilateral posteroanterior hand radiographs were obtained at
examination cycle 22 (Original cohort), and at examination
cycles 5 and 7 (Offspring cohort). Radiographs were read by
one of two academically based musculoskeletal radiologists (BS,
PA). Bilateral 2nd–5th distal and proximal interphalangeal,
thumb interphalangeal, 1st–5th metacarpophalangeal and
thumb base (carpometacarpal/scaphotrapezial joint) were graded
for OA (30 joints) using a modified Kellgren–Lawrence
Scale.15 16

If the participants answered ‘yes’ to the question "On most
days, do you have any pain, aching or stiffness in any of your
joints?", they were shown a homunculus and asked to indicate
which joint(s) had complaints. We calculated the number of
painful joints (range 0–8) in the lower limb, including the bilat-
eral hips, knees, ankles and feet (five toes counted as one joint).
The Framingham Physical Activity Index (PAI) was completed at
examination cycles 20 (Original cohort) and 4 (Offspring
cohort).17 Participants were divided into tertiles based on their
PAI scores.

We were especially interested in symptomatic hand OA as
these participants are more likely to seek medical care. To avoid
having participants with non-symptomatic radiographic hand
OA in our reference group, we divided participants into three
categories based on their hand OA status at examination cycles
22 (Original cohort) and 5 (Offspring cohort); (1) symptomatic
hand OA, (2) radiographic hand OA and (3) no symptomatic/
radiographic hand OA. Symptomatic hand OA was defined as
≥1 joint(s) with radiographic hand OA (Kellgren–Lawrence
grade ≥2) and pain/aching/stiffness in the same joint(s) (30
joints assessed). Radiographic hand OA was defined as ≥1 joint
(s) with radiographic OA (Kellgren–Lawrence grade ≥2) without
pain/aching/stiffness in the same joint(s) (30 joints assessed).

Assessment of mortality, cardiovascular events and
comorbidities
Participants were carefully followed for occurrence of cardiovas-
cular events and death through hospital admission records,
death certificates, death registries, medical records and periodic
examinations. The diagnoses were arrived at by a panel of cardi-
ologists and neurologists using published criteria. We had avail-
able data on mortality and cardiovascular events at year end
2009 and 2011, respectively.

Mortality
Overall mortality included mortality related to cardiovascular
events, cancer and unknown/unspecified causes.

Cardiovascular events
Incident cardiovascular events included incident coronary heart
disease (coronary insufficiency syndrome/myocardial infarction),
congestive heart failure and/or atherothrombotic brain infarction
(table 1).

Covariates
Body mass index (BMI), elevated blood glucose,19 lipid profile,
hypertension, previous self-reported cancer, medications (lipid
lowering treatment, antihypertensives, antidiabetics, NSAIDs
and aspirin) and alcohol were assessed at examination cycles 22
(Original cohort) and 5 (Offspring cohort). As covariates, we
also included self-reported smoking status at examination cycles
17–22 (Original cohort) and 1–5 (Offspring cohort) in order to
capture previous smoking. Previous cardiovascular events had
been adjudicated by a panel of physicians (table 1).

Statistical analyses
We calculated mortality/morbidity rates (95% CI) per 1000
person-years. We determined the number of person-years in the
analyses by adding the years from assessment of hand OA
(examination cycles 22 and 5 for the Original and Offspring
cohorts, respectively) until event of interest/death or censoring
for all participants.

We examined whether symptomatic/radiographic hand OA
were associated with mortality and incident cardiovascular
events using Cox proportional hazards models (IBM SPSS
Statistics V.20, SAS V.9.2). Participants with previous events of
interest were excluded from the analyses. Analyses were adjusted
for age, sex, cohort, body mass index, comorbidities and life-
style factors. We also performed analyses with additional adjust-
ment for the number of painful joints in the lower limb and
tertiles of the PAI score. In the main analyses, those with inci-
dent hand OA at examination cycle 7 were characterised as no
OA (based on examination cycle 5 status). We repeated the ana-
lyses excluding participants with incident hand OA at examin-
ation cycle 7 from the no OA group (n=244), and also carried
out analyses using age as the primary time scale.20

Appropriateness of the multivariable models was checked by
testing the assumption of proportionality of hazards.

To explore possible dose–response relationships, we examined
whether bilateral OA showed stronger associations than unilat-
eral OA, and whether the associations got stronger with increas-
ing number of affected joints and with increasing Kellgren–
Lawrence sum score.

We excluded participants below 50 or above 75 years of age.
Those below 50 years had few events and the majority had no
hand OA. Among those over 75 years of age, hand OA was
almost universal (see online supplementary table S1).

RESULTS
In the Original cohort, 5209 participants were enrolled at examin-
ation cycle 1, of whom 1166 (22.4%) attended examination cycle
22. Hand OA status at examination cycle 22 was available for 985
participants, and 276 met our inclusion criteria (figure 1). In the
Offspring cohort, 5124 participants were enrolled at examination
cycle 1, of whom 3799 (74.1%) and 3539 (69.1%) attended
examination cycles 5 and 7, respectively. Hand OA status at exam-
ination cycle 5 was available for 1709 participants, and 1072 met
our inclusion criteria (figure 1).

Participants with hand OA were older and there was a higher
proportion of women. Further, previous cancer, hypertension,
elevated blood glucose, use of antihypertensives, antidiabetic
treatment, NSAIDs and aspirin were more frequent in partici-
pants with hand OA (table 2).

Mortality
We observed 454 deaths, of which 243 and 75 occurred in par-
ticipants with radiographic and symptomatic hand OA,
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respectively. Deaths per 1000 person-years were higher in parti-
cipants with hand OA (table 3). However, those with hand OA
were older than hand OA free participants. In the adjusted ana-
lyses (in which age was the main confounder), there was no sig-
nificant association between hand OA and mortality (table 4).
Male sex, age, elevated blood glucose, antihypertensive treat-
ment, smoking, cancer and previous cardiovascular events were
associated with higher mortality, whereas alcohol was associated
with lower mortality (data not shown). When we excluded
Offspring participants with incident hand OA at examination
cycle 7 from our reference group (figure 1), we found a statistic-
ally significant lower risk of mortality associated with hand OA
(table 5). Similar results in adjusted analyses were found using
age as the primary time scale (data not shown).

Cardiovascular events
Among those with no previous cardiovascular events, 242 inci-
dent events were observed, of which 122 and 48 occurred in
participants with radiographic and symptomatic hand OA,
respectively. Incident coronary heart disease (n=117) and con-
gestive heart failure (n=155) occurred more frequently than
atherothrombotic brain infarction (n=59).

Cardiovascular events per 1000 person-years were more fre-
quent in participants with hand OA (table 3). There was a trend,
although not statistically significant in multivariable analyses,
towards an association between symptomatic hand OA and cardio-
vascular events (table 4). However, a statistically significant

association was found between symptomatic hand OA and coron-
ary heart disease, whereas the association was borderline statistic-
ally significant for radiographic hand OA (table 4). Male sex, age,
antidiabetic treatment and smoking were also associated with cor-
onary heart disease (smoking borderline statistically significant)
(data not shown). When we excluded Offspring participants with
incident hand OA at examination cycle 7 from the analyses (figure
1), we found similar results (table 5). No significant associations
were found between hand OA and congestive heart failure or ather-
othrombotic stroke (tables 4 and 5). Similar results were found
when using age as the primary time scale (data not shown).

In multivariable analyses, we found similar strengths of associa-
tions with coronary heart disease after additional adjustment for
PAI score (radiographic hand OA: HR 1.51, 95% CI 0.88 to 2.60,
symptomatic hand OA: HR 2.35, 95% CI 1.24 to 4.46). The asso-
ciation with coronary heart disease was stronger after additional
adjustment for painful joints in the lower limbs (radiographic hand
OA: HR 2.00, 95% CI 0.96 to 4.15, symptomatic hand OA: HR
3.25, 95% CI 1.42 to 7.43). Neither PAI score nor painful joints
in the lower limb were associated with coronary heart disease in
the multivariable model (data not shown).

Similar magnitude of associations with coronary heart disease
was found for participants with bilateral and unilateral hand OA,
and the association did not get stronger with increasing number of
affected joints or Kellgren–Lawrence sum score (data not shown).
When we repeated our analyses including all participants (those
below 50 and above 75 years), we found similar results with a

Table 1 Detailed description of outcomes of interest and covariates in the analyses

Mortality
Overall mortality Mortality related to cardiovascular events, cancer and mortality due to unknown/unspecified causes

Cardiovascular events
Coronary insufficiency syndrome History of ≥15 min chest pain accompanied by transient ischaemic changes in the ECG, but without changes in serum biomarkers of

myocardial necrosis
Recent/acute myocardial
infarction (MI)

≥2 of 3 findings; (1) typical symptoms, (2) changes in serum biomarkers and/or (3) ECG indicating myocardial infarction. Autopsy
showing new/recent MI was also accepted as evidence

Congestive heart failure (CHF) Minimum of two major or one major and two minor criteria present concurrently
Major criteria: (1) paroxysmal nocturnal dyspnoea or orthopnoea; (2) distended neck veins (other than supine position); (3) rales; (4)
increasing heart size by x-ray; (5) acute pulmonary oedema on x-ray; (6) ventricular S(3) gallop; (7) increased venous pressure>16 cm
H2O; (8) hepatojugular reflux; (9) pulmonary oedema, visceral congestion, cardiomegaly shown on autopsy; (10) weight loss on CHF
Rx: 10 lbs/5 days
Minor criteria: (1) bilateral ankle oedema; (2) night cough; (3) dyspnoea on ordinary exertion; (4) hepatomegaly; (5) pleural effusion
by x-ray; (6) decrease in vital capacity by 1/3 from maximum record; (7) tachycardia (≥120 beats per minute); (8) pulmonary vascular
engorgement on x-ray

Atherothrombotic brain
infarction

Sudden/rapid onset of focal neurological deficit>24 h without known sources of embolism, intracranial haemorrhage, known
hypercoagulable states or other disease processes causing focal neurological deficits

Covariates
Body mass index (kg/m2) Weight (kg) and height (m) measured after standardised procedures
Blood glucose Non-fasting glucose of ≥200 mg/dL (≥11.1 mmol/L) or fasting glucose of ≥126 mg/dL (≥ 7.0 mmol/L)
Lipid profile Total cholesterol:high density lipoprotein ratio (used as continuous scale in the analyses)
Hypertension Elevated blood pressure (systolic ≥160 mmHg and/or diastolic ≥95 mmHg) measured by two physicians
Previous cardiovascular events Previous coronary insufficiency syndrome, MI, CHF and atherothrombotic stroke, as described above (ie, the diagnoses were arrived at

by a panel of cardiologists and neurologists)
Previous self-reported cancer Previous cancer reported by the patient in a clinical interview
Lipid lowering treatment Current use of resins, niacin or nicotinic acid, fibrates, statins and/or other anticholesterol drugs assessed in a clinical interview
Antihypertensives Currently receiving medication for the treatment of hypertension assessed in a clinical interview
Antidiabetics Current use of insulin and oral hypoglycaemics assessed in a clinical interview
Non-steroidal anti-inflammatory
drugs

Current use of non-steroidal anti-inflammatory agents (Motrin, ibuprofen, Indocin, Clinoril) assessed in a clinical interview

Aspirin Daily use of aspirin (≥6 days per week) assessed in a clinical interview
Alcohol Alcohol consumption (yes/no) assessed in a clinical interview
Smoking (current and previous) Regularly smoking of cigarettes the last year and smoking of cigars and pipes assessed in a clinical interview (examination cycles 1–5

for Offspring and examination cycles 17–22 for Original cohort)
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significant association between symptomatic hand OA and coron-
ary heart disease (data not shown). We found similar trends of
associations to coronary heart disease in those below 50 years, but
not above 75 years (see online supplementary table S1).

The validity of the multivariable models in table 4 was found
to be satisfactory (data not shown).

DISCUSSION
In the community based study of Framingham, hand OA was
not associated with increased mortality. However, participants
with symptomatic hand OA were more likely to experience cor-
onary heart disease.

We had the advantage of a long follow-up period, assessment
of survival status and a thorough clinical examination, allowing
us to study the association to mortality with adjustment for

possible confounding/mediating factors. In adjusted analyses, we
found a trend towards reduced mortality associated with hand
OA (table 4), in contrast with a previous study by Nüesch et al
investigating mortality in participants with knee/hip OA.21

Contrasting findings may be due to different study designs.
Participants in the study by Nüesch et al were selected from
general practices in the UK, and only those with pain were
invited for a clinical examination and knee/hip radiography.
Mortality of the study participants was compared against mor-
tality of the general population. In the Framingham Study, both
participants with and without OA were recruited from the
general population, limiting the risk of selection bias. There
may also be differences in mortality between participants with
OA in the lower limb and hand OA, although the diseases may
overlap. We did not investigate cardiovascular mortality

Figure 1 Flowcharts for the Original
(A) and Offspring (B) cohorts.
OA, osteoarthritis.
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separately as we have the impression that this is a specific but
not a sensitive outcome in the Framingham Study. Specifically,
in case of sudden death, participants were classified with
‘unknown cause’, although cardiovascular causes were most

likely. We therefore used cardiovascular events instead of cardio-
vascular death as the outcome of interest.

Previous studies have shown associations between hand OA
and imaging markers of atherosclerosis,3 6 which was confirmed

Table 2 Baseline characteristics of participants included in the study

Overall (n=1348)

Hand OA status

No hand OA
(n=622)

Radiographic OA
(n=540)

Symptomatic OA
(n=186)

Age (years) (mean (SD)) 62.2 (8.2) 57.6 (6.4) 66.1 (7.6) 66.6 (7.1)
Sex (n (%) female) 725/1348 (53.8) 303/622 (48.7) 284/540 (74.2) 138/186 (74.2)
BMI (kg/m2) (mean (SD)) 27.6 (4.6) (n=1347) 27.4 (4.5) 27.8 (4.9) 28.0 (4.4)
No of symptomatic hand OA joints (median (IQR))
(range 0–30)

0 (0, 0) 0 (0, 0) 0 (0, 0) 2 (1, 4)

No of joints with radiographic OA (range 0–30) 1 (0, 5) 0 (0, 0) 4 (2, 7) 8 (3, 13)
No of painful finger joints (range 0–30) 0 (0, 1) 0 (0, 0) 0 (0, 0) 6 (2, 11)
No of painful joints in lower limb (median (IQR))
(range 0–8)

0 (0, 2) 0 (0, 2) 0 (0, 2) 0 (0, 2)

Comorbidities and risk factors
Increased blood pressure (n (%)) 98/1346 (7.3) 31/622 (5.0) 48/538 (8.9) 19/186 (10.2)
Total cholesterol:HDL ratio, mean (SD) 4.6 (1.5) 4.6 (1.6) 4.5 (1.4) 4.5 (1.4)
Increased fasting/non-fasting blood glucose (n (%)) 101/1338 (7.5) 38/619 (6.1) 49/536 (9.1) 14/183 (7.7)
Self-reported previous cancer (n (%)) 282/1342 (21.0) 114/622 (18.3) 120/536 (22.4) 48/184 (26.1)
Smoking (current/previous) (n (%)) 605/1348 (44.9) 316/622 (50.8) 219/540 (40.6) 70/186 (37.6)
Alcohol consumption (n (%)) 887/1347 (65.7) 425/621 (68.4) 343/540 (63.5) 119/186 (64.0)
Low physical activity (n (%)) 414/1252 (33.3) 177/577 (30.7) 174/496 (35.1) 63/171 (36.8)

Previous events (before examination cycle 22 in the Original cohort and before examination cycle 5 in the Offspring cohort)
Cardiovascular events (n (%)) 92/1348 (6.8) 37/622 (5.9) 40/540 (7.4) 15/186 (8.1)
Coronary heart disease (n (%)) 75/1348 (5.6) 31/622 (5.0) 32/540 (5.9) 12/186 (6.5)
Congestive heart failure (n (%)) 19/1348 (1.4) 5/622 (0.8) 10/540 (1.9) 4/186 (2.2)
Atherothrombotic brain infarction (n (%)) 13/1348 (1.0) 6/622 (1.0) 5/540 (0.9) 2/186 (1.1)

Medication

Current antihypertensive treatment (n (%)) 371/1338 (27.7) 123/621 (19.8) 174/534 (33.3) 70/183 (38.3)
Current lipid lowering treatment (n (%)) 139/1348 (10.3) 59/622 (9.5) 53/540 (9.8) 27/186 (14.5)
Current antidiabetic treatment (oral/insulin) (n (%)) 52/1348 (3.9) 16/622 (2.6) 25/540 (4.6) 11/186 (5.9)
Current NSAIDs (n (%)) 163/1347 (12.1) 66/621 (10.6) 62/540 (11.5) 35/186 (18.8)
Daily aspirin (n (%)) 258/1333 (19.4) 87/616 (14.1) 126/533 (23.6) 45/184 (24.5)

BMI, body mass index; HDL, high density lipoprotein; NSAIDs, non-steroidal anti-inflammatory drugs; OA, osteoarthritis.

Table 3 Deaths and events per 1000 person-years

Overall (n=1348)

Hand OA status

No hand OA
(n=622)

Radiographic hand OA
(n=540)

Symptomatic hand OA
(n=186)

Survival time (time to death or censoring) (years) (median
(IQR))

16.0 (14.4, 16.9) 16.2 (14.8, 17.0) 15.7 (13.1, 16.8) 15.7 (14.0, 16.6)

Deaths per 1000 person-years (95% CI)
Overall deaths 23 (21,25) 14 (12, 17) 32 (28, 36) 28 (22, 34)
Cardiovascular deaths (coronary heart disease,

cerebrovascular accidents, other)
6 (5, 7) 3 (2, 5) 8 (6, 10) 9 (5, 12)

Deaths due to cancer 7 (6, 8) 6 (4, 8) 8 (6, 10) 7 (4, 10)
Deaths due to unknown/other causes 10 (9, 11) 5 (4, 6) 15 (13, 18) 12 (8, 16)

Events in those with no previous events per 1000 person-years (95% CI)
Cardiovascular events 14 (12, 16) 8 (6, 10) 18 (15, 21) 20 (15, 27)
Coronary heart disease 6 (5, 8) 4 (3, 5) 8 (6, 11) 10 (6, 14)
Congestive heart failure 8 (7, 9) 4 (3, 6) 11 (9, 13) 13 (9, 18)
Atherothrombotic brain infarction 3 (2, 4) 2 (1, 3) 4 (2, 5) 5 (2, 7)

OA, osteoarthritis.
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in the current study examining cardiovascular events. Among
cardiovascular events being adjudicated in the Framingham
Study, we included ischemic events that were most objectively
measured. More subjective diagnoses such as angina pectoris
and intermittent claudication were not included. We observed a
statistically significant increased risk of coronary heart disease in
participants with symptomatic hand OA whereas no associations
were found for atherothrombotic stroke or congestive heart
failure (table 4). The conflicting results may be due to a variable
contribution of different risk factors to individual cardiovascular
disease outcomes. As an example, hypertension seemed to be a
stronger risk factor for atherothrombotic stroke and congestive
heart failure than for coronary heart disease (data not shown).
These results are consistent with previous studies showing that
hypertension is the single most important risk factor for stroke
and a major risk factor for congestive heart failure together with
coronary and valvular diseases.22 23 Approximately two-thirds
of participants with incident congestive heart failure did not
have coronary heart disease events (data not shown), suggesting
different pathogenetic processes in the two diseases.

The underlying mechanisms behind the observed association
between symptomatic hand OA and coronary heart disease
remain speculative. Obesity, hyperlipidaemia, diabetes and
hypertension are well known risk factors for coronary heart
disease.24 Several studies have demonstrated an association
between obesity and hand OA, suggesting that metabolic factors
(adipokines) are involved in the OA pathophysiology.25

Adipokines, lipids and glucose may have direct negative effects
on cartilage26 27 but clinical studies have shown conflicting

results.8 9 28–30 One longitudinal study found that accumulation
of metabolic syndrome components was significantly related to
occurrence and progression of knee OA.31 A recent study by
Hoeven et al found significant associations between imaging
markers of atherosclerosis and progression of metacarpophalan-
geal OA, but the results were neither consistent for different
markers of atherosclerosis nor significant for OA in other finger
joints.3 NSAIDs are commonly used as pain management for
OA and have been associated with cardiovascular disease.32 33

Hence both metabolic factors and specific OA treatment could
potentially confound or mediate the association between symp-
tomatic hand OA and coronary heart disease. However, the
observed association remained statistically significant after
adjustment for several metabolic factors and the use of NSAIDs
(table 4). Whether the association is mediated through other
metabolic factors not adjusted for in our analyses is unknown.

Alternatively, OA-related inflammation may be a risk factor
for coronary heart disease. Systemic inflammation, like in
rheumatoid arthritis, is associated with development of athero-
sclerosis.34 A recent systematic review concluded that OA was
not associated with C reactive protein serving as a proxy for sys-
temic inflammation, but they did not specifically evaluate symp-
tomatic hand OA.35 OA finger joints with pain may exhibit
more synovitis than non-painful joints36 although the systemic
effect is not yet known.

As hand OA is often a marker of generalised OA, the
observed association between symptomatic hand OA and coron-
ary heart disease could have been due to a more sedentary life-
style associated with knee/hip OA. Nüesch et al found that

Table 4 HR (95% CI) of mortality and cardiovascular events in participants with radiographic and symptomatic hand osteoarthritis compared
with those with no hand osteoarthritis as reference

Crude model Adjusted model 1* Adjusted model 2†

Mortality
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 2.32 (1.88–2.86); p<0.001 0.79 (0.61–1.01); p=0.06 0.82 (0.63–1.07); p=0.14
Symptomatic hand OA 2.07 (1.56–2.75); p<0.001 0.75 (0.55–1.03); p=0.08 0.79 (0.57–1.10); p=0.16

Crude model Adjusted model 1* Adjusted model 2‡
Events (in participants with no previous events of interest)
Cardiovascular events
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 2.25 (1.68–3–02); p<0.001 1.04 (0.74–1.46); p=0.83 1.02 (0.72–1.45); p=0.90
Symptomatic hand OA 2.59 (1.80–3.73); p<0.001 1.25 (0.83–1.89); p=0.28 1.32 (0.87–2.03); p=0.19

Coronary heart disease
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 2.19 (1.44–3.34); p<0.001 1.44 (0.89–2.35); p=0.14 1.60 (0.96–2.66); p=0.07
Symptomatic hand OA 2.56 (1.52–4.32); p<0.001 1.89 (1.04–3.41); p=0.04 2.26 (1.22–4.18); p=0.009

Congestive heart failure
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 2.66 (1.82–3.89); p<0.001 0.92 (0.59–1.44); p=0.72 0.89 (0.56–1.41); p=0.63
Symptomatic hand OA 3.25 (2.06–5.14); p<0.001 1.18 (0.71–1.98); p=0.52 1.23 (0.71–2.13); p=0.45

Atherothrombotic stroke
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 1.84 (1.03–3.30); p=0.04 0.82 (0.43–1.58); p=0.56 0.73 (0.37–1.43); p=0.36
Symptomatic hand OA 2.28 (1.11–4.71); p=0.03 1.04 (0.47–2.31); p=0.91 0.99 (0.44–2.26); p=0.99

*Adjusted for age, sex, cohort and BMI.
†Adjusted for age, sex, cohort, BMI, total cholesterol:HDL ratio, current lipid lowering treatment, increased blood pressure, current antihypertensive treatment, elevated fasting or
non-fasting blood glucose, current antidiabetic treatment (oral or insulin), previous cardiovascular events (coronary heart disease, congestive heart failure, atherothrombotic stroke),
previous cancer, current use of NSAIDs, daily use of aspirin, current/previous smoking, alcohol use.
‡Adjusted for age, sex, cohort, BMI, total cholesterol:HDL ratio, current lipid lowering treatment, increased blood pressure, current antihypertensive treatment, elevated fasting or
non-fasting blood glucose, current antidiabetic treatment (oral or insulin), current use of NSAIDs, daily use of aspirin, current/previous smoking, alcohol use.
BMI, body mass index; HDL, high density lipoprotein; NSAIDs, non-steroidal anti-inflammatory drugs; OA, osteoarthritis.
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walking disability was a major risk factor for mortality in
patients with knee/hip OA,21 supporting this hypothesis.
However, in the current study, neither pain in the lower limb
nor low physical activity levels could explain the observed asso-
ciation between symptomatic hand OA and coronary heart
disease, rather suggesting the importance of metabolic/systemic
factors. These findings, which may provide important insights
into shared disease mechanisms, need confirmation in other
investigations.

We can only speculate why we observed an association
between symptomatic hand OA and coronary heart disease on
the one hand, but a trend towards lower mortality on the other.
One reason may be the use of overall mortality as the outcome
and not cardiovascular mortality specifically. Hence other dis-
eases causing death such as cancer may drive the association to
reduced overall mortality. Although this was not the aim of the
study, we found an association between hand OA and reduced
cancer-related mortality, which was statistically significant for
radiographic hand OA and borderline statistically significant for
symptomatic hand OA (data not shown).

Some limitations are worth mentioning. Even though there
was no evidence for a dose dependent relationship (ie, number
of OA joints, total OA score and bilateral vs unilateral disease),
we showed that participants with symptomatic hand OA had a
higher risk of coronary heart disease than those with radio-
graphic (non-symptomatic) hand OA (table 4). We believe that
hand OA severity does not necessarily depend on the number of
joints affected. Symptomatic hand OA may represent a more
severe stage than non-symptomatic hand OA, giving us some

support for a dose dependent relationship. The PAI score was
not completed at the examination cycle on which hand OA was
diagnosed. Due to the explorative study design, we did not
adjust for multiple testing. However, using the Bonferroni
method, the association between symptomatic hand OA and
coronary heart disease would remain statistically significant.

In conclusion, we found that symptomatic hand OA was asso-
ciated with more coronary heart disease events. However, the
link behind the observed association is not completely under-
stood. Additional studies are needed to confirm these findings.
Established risk factors for coronary heart disease, such as
unfavourable metabolic profile, NSAIDs, pain in the lower limb
or low physical activity, could not fully explain the observed
association.
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Table 5 HR (95% CI) of mortality and cardiovascular events in those with radiographic and symptomatic hand osteoarthritis compared with
those without hand osteoarthritis

Crude model Adjusted model 1* Adjusted model 2†

Mortality
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 1.53 (1.22–1.90); p<0.001 0.58 (0.45–0.74); p<0.001 0.62 (0.48–0.81); p<0.001
Symptomatic hand OA 1.36 (1.02–1.82); p=0.04 0.55 (0.40–0.76); p<0.001 0.60 (0.43–0.84); p=0.003

Crude model Adjusted model one* Adjusted model two‡
Events (in participants with no previous events of interest)
Cardiovascular events
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 1.85 (1.33–2.58); p<0.001 0.86 (0.59–1.24); p=0.42 0.85 (0.58–1.25); p=0.42
Symptomatic hand OA 2.12 (1.42–3.16); p<0.001 1.01 (0.65–1.58); p=0.95 1.08 (0.68–1.71); p=0.76

Coronary heart disease
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 2.02 (1.23–3.33); p<0.001 1.31 (0.75–2.29); p=0.34 1.42 (0.79–2.52); p=0.24
Symptomatic hand OA 2.36 (1.31–4.24); p<0.001 1.69 (0.88–3.25); p=0.12 1.98 (1.00–3.89); p=0.05

Congestive heart failure
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 2.29 (1.47–3.56); p<0.001 0.88 (0.54–1.44); p=0.61 0.85 (0.51–1.42); p=0.54
Symptomatic hand OA 2.79 (1.67–4.65); p<0.001 1.12 (0.63–1.96); p=0.70 1.16 (0.64–2.09); p=0.63

Atherothrombotic stroke
No hand OA 1.0 (ref) 1.0 (ref) 1.0 (ref)
Radiographic hand OA 1.33 (0.71–2.49); p=0.37 0.61 (0.30–1.20); p=0.15 0.56 (0.28–1.14); p=0.56
Symptomatic hand OA 1.65 (0.77–3.52); p=0.20 0.75 (0.33–1.72); p=0.50 0.74 (0.32–1.74); p=0.49

Offspring participants with incident radiographic and symptomatic hand OA identified at examination 7 were excluded from the reference group (n=244).

*Adjusted for age, sex, cohort and BMI.
†Adjusted for age, sex, cohort, BMI, total cholesterol:HDL ratio, current lipid lowering treatment, increased blood pressure, current antihypertensive treatment, elevated fasting or
non-fasting blood glucose, current antidiabetic treatment (oral or insulin), previous cardiovascular events (coronary heart disease, congestive heart failure, atherothrombotic stroke),
previous cancer, current use of NSAIDs, daily use of aspirin, current/previous smoking, alcohol use.
‡Adjusted for age, sex, cohort, BMI, total cholesterol:HDL ratio, current lipid lowering treatment, increased blood pressure, current antihypertensive treatment, elevated fasting or
non-fasting blood glucose, current antidiabetic treatment (oral or insulin), current use of NSAIDs, daily use of aspirin, current/previous smoking, alcohol use.
BMI, body mass index; HDL, high density lipoprotein; NSAIDs, non-steroidal anti-inflammatory drugs; OA, osteoarthritis.
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