
Original research

High body mass index is associated with
increased risk for osteoarthritis of the
first carpometacarpal joint during more
than 30 years of follow-up

Mattias Rydberg ,1,2 Lars B Dahlin,1,2 Anders Gottsäter,3 Peter M Nilsson,4,5

Olle Melander,4,5 Malin Zimmerman1,2

ABSTRACT
Introduction Osteoarthritis (OA) of the first
carpometacarpal (CMC-1) joint is a common hand
disorder with symptoms including pain and weakness of
the thumb. Previous studies have associated high BMI
with OA of weight-bearing joints, whereas studies
regarding non-weight-bearing joints have shown
conflicting results. Thus, the aim of this study was to
investigate the influence of overweight and obesity on
incident OA of the CMC-1 joint.
Method During 1974 to 1992, 33 346 participants aged
26–61 years were included in the population-based cohort
Malmö Preventive Project. Endpoint data were retrieved
from Swedish national registers until end of 2018. Sex-
stratified Cox regression models adjusted for potential
confounders were calculated using BMI as a continuous
variable and stratified for normal weight, overweight and
obesity.
Results Median follow-up was 36 years for men and 32
years for women. A one-unit increment of BMI was
independently associated with incident OA of the CMC-1
joint in men (HR 1.12; 95% CI 1.09 to 1.15, p<0.001) and
women (HR 1.05; 95% CI 1.03 to 1.08, p<0.001). Stratifying
for BMI groups, obesity was independently associated with
OA of the CMC-1 joint in men (HR 3.57; 95% CI 2.68 to 4.77,
p<0.001) and women (HR 1.98; 95% CI 1.44 to 2.73,
p<0.001).
Conclusion High BMI and obesity are major risk factors for
OA of the CMC-1 joint. The association was stronger among
men but could be demonstrated also among women. Future
studies are warranted to clarify underlying
pathophysiological mechanisms for this association,
enabling identification of potential therapeutic targets
related to obesity in order to prevent the development of OA
of the CMC-1 joint.

INTRODUCTION
Osteoarthritis (OA) of the first carpometa-
carpal (CMC-1) joint of the thumb is
a common hand disorder with an estimated
symptomatic prevalence up to 15% in adults
over 30 years1 and a radiographical

prevalence over 90% in people over
80 years.2 Symptoms include pain, swelling,
weakness and loss of function of the thumb,
although the correlation between clinical
symptoms and radiographic signs of OA
has been reported to be low.3 Treatment
includes both conservative regimes with
application of orthosis, sometimes com-
bined with intraarticular steroid
injections,4 and a variety of surgical
procedures.5 OA of the CMC-1 joint can
present as the only affected joint in the
hand or as a more generalised hand OA
together with, for example, Bouchard´s or
Heberden’s OA.6
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Key messages

What is already known about this subject?
► Overweight and obesity have previously been

associated with osteoarthritis of weight-bearing
joints, for example, the knee and hip joint.

► Studies regarding the impact of obesity on the
development of osteoarthritis of non-weight-bearing
joints, for example, the first carpometacarpal joint,
have shown conflicting results.

What does this study add?
► Using longitudinal data from over 33 000 participants

followed a median of 33 years, this study establishes
obesity as a major risk factor for the development of
osteoarthritis of the first metacarpal joint.

How might this impact on clinical practice?
► This study emphasises the importance of primary

prevention and measures taken against the obesity
epidemic.

► Future studies are warranted to clarify underlying
pathophysiological mechanisms for the association
found in this study, enabling identification of
potential therapeutic targets related to obesity in
order to prevent the development of osteoarthritis
in the first carpometacarpal joint.
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Several risk factors for general hand OA have been
proposed, for example, hypertension,7 hypermobility of
joints,8 genetic factors,9 and occupational strain,10

although risk factors for specific types of hand OA are
much less thoroughly studied.9 Overweight and obesity
have been established as risk factors for OA in weight-
bearing joints, for example, the hip,11 knee,12 foot13 and
spine,14 15 partly through activation of certain inflamma-
tory pathways by pro-inflammatory adipokines.16 How-
ever, data regarding the impact of body mass index
(BMI) on non-weight-bearing joints, including general
hand OA and specifically OA of the CMC-1 joint, have
been reported with conflicting results.11 17

Thus, the aim of this study was to investigate the influ-
ence of overweight and obesity on incident OA of the
CMC-1 joint of the thumb during >30 years of follow-up,
using data from the Malmö Preventive Project (MPP);
a large population-based cohort of over 33 000 indivi-
duals from the city of Malmö, Sweden.18

SUBJECTS AND METHODS
Study population and baseline data
The MPP study was started in 1974 by the Department of
Preventive Medicine at Malmö University Hospital, Swe-
den, as a screening programme for cardiovascular risk
factors, alcohol consumption and breast cancer. Men
and women were invited between 1974 and 1992 to parti-
cipate in a health survey with a self-administrated ques-
tionnaire, screening for cardiovascular risk factors and
laboratory blood test under fasting conditions. In total,
22 444 males and 10 902 females aged 26–61 years were
included with an attendance rate of 71.2%. The recruit-
ment process has previously been described in detail.18

Participants had their height and weight measured and
BMI (kg/m2) was calculated. Blood pressure (BP) was
measured in a supine position and hypertension was
defined as a systolic BP ≥140 or diastolic BP ≥90.19 Smok-
ing was self-reported and dichotomised into current smo-
ker or non-smoker at baseline. Prevalent diabetesmellitus
(DM) was defined as a self-reported physician’s diagnosis,
a fasting plasma glucose ≥7.0 mmol/L, or current phar-
macological treatment for diabetes. Occupational data
were retrieved from the Swedish national censuses car-
ried out 1970, 1980, 1985 and 1990 with self-reported job
titles. The reported job title closest to screening date in
MPP was used, and participants were classified as manual
workers, including farming, and non-manual workers.20

Endpoints and follow-up
Follow-up started at a participant’s baseline screening date
and all individuals were followed until either an endpoint
diagnosis, that is, OA of the CMC-1 joint, death, emigra-
tion, or end of study on 31 December 2018, whichever
occurred first. For endpoint retrieval, the unique personal
identification numbers of study participants were linked to
several other Swedish national registers administered by
the Swedish National Board of Health and Welfare

previously described in detail,21 including the inpatient
register from study start, the day surgery register from
1997, and the specialised outpatient register from 2000.
The date of a diagnosis in any of the three registers was
used as endpoint and end of follow-up. Prevalent diagnoses
of OA of the CMC-1 joint, that is, a diagnosis before study
entry, were retrieved from the same registers. All diagnoses
had been made by physicians in a specialised care setting,
using both clinical and radiographical diagnostics. The
International Classification of Disease (ICD) version 8, 9
or 10 codes used were 713.08, 713.09, 715B and M18.9,
respectively. No surgical codes were used for endpoint
retrieval.

Excluded participants
Since the primary endpoint of this study was to investigate
the effect of overweight and obesity, using normal weight
subjects as reference, 622 participants with underweight,
that is, BMI <18.5 kg/m2, were excluded from analysis.
A total of 14 participants had missing data on BMI and
were also excluded from further analysis. Finally, 50 par-
ticipants with a prior diagnosis of OA of the CMC-1 joint
at baseline were excluded (figure 1).

Statistical analysis
Quantitative baseline variables were presented as mean
with SD (SD) or median with IQR if distribution was nor-
mal or skewed, respectively. Nominal data were presented
as counts and proportions. BMI was separated into three
categories; <25 (normal weight), ≥25 to <30 (overweight)
and ≥30 (obesity) kg/m2, as defined by the WHO.22

To analyse the effect of increasing BMI on incident OA
of the CMC-1 joint, Cox proportional hazard regression
models, stratified for sex, were used. Two models were
created; the first adjusting only for age at study entry.

Figure 1 Derivation of the study cohort from Malmö Preven-
tive Project. BMI, body mass index; CMC-1, first carpometa-
carpal joint; OA, osteoarthritis.
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Second, a multivariate Cox regression model was fitted
and adjusted for potential confounders; age at study
entry, current smoking at baseline, hypertension, preva-
lent diabetes andmanual work that is, variables previously
associated with OA.7 10 23 24 Participants with missing data
on confounder variables were excluded from respective
regression analysis (figure 1). HR with 95% CI were
expressed using subjects with normal weight as reference
when using BMI as an ordinal variable, and HR with 95%
CI for a one-unit increment of BMI when using BMI as
a continuous variable.
Furthermore, Kaplan–Meier (KM) plots were used

to calculate cumulative incidences of OA of the CMC-
1 joint in each BMI group and a log-rank test was
used to compare differences in event-free time. To
assess potential violation of the proportional hazard
assumption, log-log plots and KM curves were ana-
lysed and no violation was found. To test for poten-
tial interaction between age and BMI, an interaction
variable (age*BMI) was introduced on top of the age-
adjusted Cox regression model and analysed. Further-
more, to test for potential interaction between manual
work and BMI, an interaction variable (manual work*-
BMI) was also introduced in a Cox regression model and
analysed. Finally, a sensitivity analysis, excluding partici-
pants with a follow-up time over 30 years in the fully
adjusted Cox regression model, was performed and
analysed.

IMB SPSS statistics for MAC version 25 (SPSS Inc.,
Chicago, Illinois, USA) were used for all statistical analy-
sis. A two-sided p<0.05 was considered significant.

RESULTS
Baseline characteristics
Of the 622 participants excluded due to a BMI <18.5
(figure 1), 1.8% (11/622) had an incident diagnosis of
OA of the CMC-1 joint during follow-up. All other parti-
cipant characteristics at baseline are displayed in table 1,
stratified for BMI group, and table 2, stratified for sex.

Incident OA of the CMC-1 joint by BMI and sex
Median follow-up was 36 [IQR 13.3] years for men and 32
[IQR 8.6] years for women. In total, 478 men (478/
22 120, 2.2%) and 444 women (444/10 541, 4.2%) were
diagnosed with OA of the CMC-1 joint during follow-up.
This corresponds to an incidence of 0.70 cases per 1000-
person years formen and 1.45 cases per 1000 person-years
for women, respectively.
Using univariate KM plots, there was a shorter event-free

time, that is, time without a diagnosis of OA of the CMC-1
joint, among overweight and obese participants compared
with normal weight participants, both when analysing all
participants (figure 2) (log-rank test p<0.001), but also
stratified for men (log-rank test p<0.001) and women (log-
rank test p<0.001).

Table 1 Participant characteristics at baseline, stratified for sex and BMI group. Normal weight, BMI <25; overweight, BMI ≥25
to <30; obesity, BMI ≥30. Participants with a BMI <18.5 and prevalent OA of CMC-1 joint were excluded

A. Male participants Normal weight n=12 790 Overweight n=7949 Obesity n=1381

Age, years (±SD) 43±6.6 44.6±6.4 45.3±6.1
BMI (kg/m2) (±SD) 22.6±1.6 26.9±1.3 33.4±2.4
Current smoking (n, %) 6652 (52.0) 3579 (45.0) 586 (42.4)
Hypertension (n, %) 2885 (22.6) 3092 (38.9) 807 (58.4)
Prevalent diabetes (n, %) 297 (2.3) 306 (3.8) 167 (12.1)
Manual work (n, %) 4998 (41.2) 3511 (46.4) 651 (51.9)
Incident OA of the CMC-1 (n, %) 201 (1.6) 206 (2.6) 71 (5.1)
Incidence rate of OA of the CMC-1
(cases/1000 person-years)

0.5 0.8 1.9

B. Female participants Normal weight n=6642 Overweight n=2836 Obesity n=1063
Age, years (±SD) 48.6±7.8 51.7±5.5 52.2±5.4
BMI (kg/m2) (±SD) 22.1±1.6 27.0±1.4 33.5±3.4
Current smoking (n, %) 2513 (37.8) 807 (28.5) 286 (26.9)
Hypertension (n, %) 1280 (19.3) 968 (34.1) 483 (45.4)
Prevalent diabetes (n, %) 123 (1.9) 153 (5.4) 139 (13.1)
Manual work (n, %) 2279 (38.3) 1216 (50.8) 480 (58.2)
Incident OA of the CMC-1 (n, %) 250 (3.8) 130 (4.6) 64 (6.0)
Incidence rate of OA of the CMC-1
(cases/1000 person-years)

1.2 1.6 2.3

BMI, body mass index; CMC-1, first carpometacarpal joint of the thumb; OA; osteoarthritis.
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When using BMI as a continuous variable in the age-
adjusted Cox regression model, a one-unit increment of
BMI was independently associated with incident OA of
the CMC-1 joint in both men (HR 1.12; 95% CI 1.09 to
1.15; p<0.001) and women (HR 1.05; 95% CI 1.03 to 1.08;
p<0.001). This association was not attenuated by further
adjustment for hypertension, smoking, prevalent DM and
manual work in the multivariate model (table 3).
Stratifying for BMI group, using normal weight partici-

pants as reference in the multivariate model, both over-
weight (HR 1.55; 95% CI 1.27 to 1.90; p<0.001) and
obesity (HR 3.57; 95% CI 2.68 to 4.77; p<0.001) among
men were associated with incident OA of the CMC-1 joint.
Among women, only obesity (HR 1.98; 95%CI 1.44 to 2.73;
p<0.001) was associated with incident OA of the CMC-1
joint (table 3).

Sensitivity and interaction analysis
In the sensitivity analysis, after excluding 20 266 partici-
pants with a follow-up time over 30 years in the multi-
variate Cox regression model, BMI as a continuous
variable was still associated with incident OA of the
CMC-1 joint among men (HR 1.08; 95% CI 1.05 to 1.11;
p<0.001) and women (HR 1.03; 95% CI 1.00 to 1.05;

Table 2 Baseline characteristics stratified for sex. Normal
weight, BMI <25; overweight, BMI ≥25 to <30; obese, BMI
≥30. Participants with a BMI <18.5 and prevalent OA of
CMC-1 joint were excluded

Characteristics
Women
(n=10 541)

Men
(n=22 120)

Age, years (±SD) 49.8±7.4 43.7±6.6
BMI (kg/m2) (±SD) 24.6±4.1 24.7±3.2
Normal weight (n, %) 6642 (63.0) 12 790 (57.8)
Overweight (n, %) 2836 (26.9) 7949 (35.9)
Obesity (n, %) 1063 (10.1) 1381 (6.2)
Current smoking (n, %) 3606 (34.2) 10 817 (48.9)
Hypertension (n, %) 2731 (25.9) 6784 (30.7)
Manual work (n, %) 3975 (43.4) 9160 (43.7)
Prevalent diabetes (n, %) 415 (3.9) 770 (3.5)
Incident OA of the CMC-1
(n, %)

444 (4.2) 478 (2.2)

Incidence rate of OA of
the CMC-1
(cases/1000 person-
years)

1.45 0.70

CMC-1, first carpometacarpal joint; OA, osteoarthritis.

Figure 2 Cumulative incidence of OA of the CMC-1 joint, stratifying for weight group during a follow-up of 40 years using
Kaplan–Meier survival plots for all participants. Log-rank test for difference in survival distributions p<0.001. CMC-1, first
carpometacarpal joint; No, number; OA, osteoarthritis.
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P=0.03). Furthermore, obesity was still associated with
incident OA of the CMC-1 joint among both men (HR
2.27; 95% CI 1.68 to 3.06; p<0.001) and women (HR 1.40;
95% CI 1.01 to 1.94; p<0.04) (online supplemental table
1). No significant interactions were found between BMI
and age, neither among men (p for interaction=0.74) or
women (p for interaction=0.22), or between BMI and
manual work, neither among men (p for interac-
tion=0.47) or women (p for interaction=0.94).

DISCUSSION
The main finding of this observational study was that
obesity is independently associated with an increased risk
of OA of the CMC-1 joint, especially among men, even
though the CMC-1 joint is not a weight-bearing joint.
Moreover, an exposure-response association was found
with higher risk for a diagnosis of OA of the CMC-1 joint
with increasing BMI, findings that were not attenuated by
adjustment for other potential confounders, such as age,
prevalent DM, smoking, manual work or hypertension.
This is, to the best of our knowledge, the first study with
long-term follow-up that has investigated and demon-
strated the relationship between overweight, obesity and
OA of the CMC-1 joint in both men and women.

Incidence rate
The incidences of OA of the CMC-1 joint in our study
were 0.7 and 1.45 cases per 1000 person-years for men
and women, respectively. These results are in line with
a previous study from Southern Sweden, who also
reported the incidence of symptomatic OA of the CMC-
1 joint during 15 years of follow-up.3 Incidence data,
however, vary significantly between studies, not only due
to different study methods and age-groups studied, but
also due to differences in the definition of OA of the

CMC-1 joint. Studies using only radiographic diagnosis
criteria often report higher incidence rates compared
with studies using doctor-diagnosed incidence after self-
sought care. In our study, all diagnoses were made by
physicians in a specialised care setting, combining both
clinical and radiographic definitions on patients referred
for symptomatic OA of the CMC-joint. In contrast to
studies using only radiographic diagnosis criteria, we
therefore report on the clinically relevant incidence
rates. Furthermore, our study also has a longer follow-
up compared with previous studies, and results are
adjusted for potential confounding factors.3 25 26

Role of fat tissue in osteoarthritis
In our study, higher BMI was associated with an increased
risk of OA of the CMC-1 joint. Few earlier studies have
investigated the relationship between BMI and specific
types of handOA, and the results have been conflicting.17

In recent years, new evidence from both clinical and
experimental studies have emerged, suggesting that obe-
sity triggers a low-grade systemic inflammation,27 with
associated increased production of adipokines, possibly
leading to the development of OA in several joints.28 Pro-
inflammatory adipokines, for example, leptin, produced
in fat tissue, together with inflammatory cytokines, such
as TNF-α and IL-6, have all been associated with the
development of knee OA.29–31 Reliable data regarding
inflammatory markers and the CMC-1 joint are, to our
knowledge, lacking and the exact pathophysiology in
which a low-grade systemic inflammatory due to obesity
affects different joints has yet to be elucidated. Proposed
mechanisms include decreased proteoglycan synthesis,28

degradation of cartilage matrix via IL-1 activated matrix
metallopeptidases,16 and leptin-induced chondrocyte
apoptosis.30 Thus, it is possible that increased serum
levels of pro-inflammatory adipokines among overweight

Table 3 Sex stratified, multivariate Cox regression analysis with HR for incident OA of the CMC-1 joint in relation to BMI as
a continuous variable and for overweight and obese participants with normal weight participants as reference

Model I* Model II†

HR (95% CI) P value HR (95% CI) P value

Men
BMI continuous‡ 1.12 (1.09–1.15) <0.001 1.12 (1.09–1.15) <0.001
Normal weight Reference – Reference –

Overweight 1.52 (1.25–1.85) <0.001 1.55 (1.27–1.90) <0.001
Obesity 3.41 (2.58–4.49) <0.001 3.57 (2.68–4.77) <0.001
Women
BMI continuous‡ 1.05 (1.03–1.08) <0.001 1.06 (1.03–1.08) <0.001
Normal weight Reference – Reference –

Overweight 1.23 (0.97–1.57) =0.090 1.27 (0.98–1.63) =0.052
Obesity 1.88 (1.38–2.57) <0.001 1.98 (1.44–2.73) <0.001

*Adjusted for age at study entry.
†Adjusted for age at study entry, hypertension, prevalent diabetes, manual work and smoking.
‡HR expressed as per one unit increase of BMI.
BMI, body mass index; CMC-1, first carpometacarpal joint; OA; osteoarthritis.
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and obese individuals could at least partly explain our
findings. However, as no inflammatory markers were
related to the presently studied endpoints, we cannot
draw any conclusions about such mechanisms from our
results. Further studies are warranted to confirm this
hypothesis.

Role of sex
In our study, overweight and obesity amongmen, but only
obesity among women, were associated with OA of the
CMC-1 joint. The association seemed to be stronger in
men compared with women even when adjusting for
smoking status, hypertension, manual work and DM in
the multivariate Cox regression model (table 3). As pre-
viously stated, OA of the CMC-1 joint is more common
among women,2 however, there are, to the best of our
knowledge, no previous large, longitudinal studies
addressing the impact of overweight and obesity on OA
of the CMC-1 joint stratified for sex. Why overweight and
obesity seems to affect the CMC-1 joint to a higher extent
among men is difficult to answer. It is possible that other
factors, for example, genetic9 or hormonal,32 that were
not available for analysis in our study, are important. One
can postulate that overweight, and particularly obesity, is
upregulating different hormones associated with OA of
the CMC-1 joint in previous studies, for example,
relaxin,33 to a higher extent in men, thus potentially
explaining the stronger association among men. Future
studies should include both BMI and hormone levels to
further investigate this hypothesis.
Furthermore, no interaction between BMI and manual

work was found, neither among men or women. A recent
study from Sweden has proposed a dose–response rela-
tionship between increasing occupational load and diag-
nosis of OA of the CMC-1 joint among men.10 In our
study, we included manual work as a confounder both
in the multivariate analysis and a separate interaction
analysis and found no significant interaction. Thus, it is
likely that other mechanisms, apart from manual work,
explain the increased incidence of OA of the CMC-joint
among men with overweight and obesity.

Strengths and limitations
Themajor strengths of this study are first the large number
of participants, and the long follow-up, that is, over 30 years
for women and 35 years for men. Secondly, the quality of
baseline data, especially the meticulous anthropometric
measurements, but also data collection concerning DM,
are of high quality, making this study the largest longitu-
dinal cohort studies analysing the effect of increasing BMI
and OA of the CMC-1 joint, with available adjustment for
DM, hypertension, manual work and smoking.
Nevertheless, there are several limitations to this study.

First, other confounding factors, for which we were not
available to adjust in the multivariate regression model,
for example, alcohol consumption, hormone levels, or
genetic influence might be involved in the development
of OA of the CMC-1 joint. Potential interaction between

obesity and serum hormonal levels would be of special
interest since it might explain the stronger association
found among men. There is also always a risk for residual
confounding when adjusting for potential confounders
in the regression models, as for example, smoking habits
or working conditions may change over time. This should
be kept in mind when interpreting our results.
Furthermore, obesity, especially in the elderly population,

is known to be associated with chronic pain. The perception
of pain is a subjective experience which, of course, differs
fromperson to person. Both psychological, mechanical and
hormonal factors have been suggested as mediators,
explaining the association between obesity and chronic
pain.34 From our study, we find it unlikely that the link
between obesity and chronic pain without structural
changes could explain the full association found between
obesity and OA of the CMC-1 joint. This is especially true
since the diagnosis is often established using a combination
of clinical and radiological findings, indicating structural
changes in the joint. Also, in a recent meta-analysis,17

a higher BMI was associated with radiographically diag-
nosed hand OA, also indicating a link between obesity and
structural changes of hand joints causing pain.
Also, BMI was only measured once at baseline. During

follow-up, participants may have lost or gained weight;
thus, changed to another BMI sub-group before being
diagnosed with OA of the CMC-1 joint. However, recent
studies on BMI and ageing have proposed that weight
gain is fairly constant throughout life, with exception of
the years prior to death.35 How weight loss affects the risk
of OA, and whether it could be used as a treatment for
hand OA could be an interesting target for future
investigations.
Furthermore, the study did not use standardised

diagnostic criteria throughout follow-up. Still, the
diagnosis in all patients was made in a specialised
care setting, using clinical and radiological sympto-
matic diagnosis, rather than a strict radiological find-
ing. Studies using this method might thus reflect
a more clinically relevant incidence rate compared
with studies using only radiological findings3; the lat-
ter being more frequently observed in the general
population with increasing age.2 Even so, some parti-
cipants might have been diagnosed only in primary
healthcare, which might have lowered the incidence
rates in our study somewhat.
Finally, like all cohort studies, there is always a risk

for selection bias when including participants. It is
possible that participants with a high BMI were more
inclined to participate in the study, thus, influencing
our results with an increasing prevalence of over-
weight and obese individuals. However, since our end-
point, that is, OA of the CMC-1 joint, was not
mentioned in the original invitation, we have mini-
mised the risk for selection bias based on this end-
point. Furthermore, the large number of participants
that was recruited during several years reflect mea-
surements taken against selection bias.
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CONCLUSION
High BMI and obesity constitute major risk factors for OA
of the CMC-1 joint. The association was stronger among
men, but could be demonstrated also in women. Future
studies are warranted to clarify the underlying pathophy-
siological mechanisms for this association, enabling iden-
tification of potential therapeutic targets related to
obesity in order to prevent the development of OA of
the CMC-1 joint.
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