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Chapter 5

ABSTRACT

Objective
To investigate the association between weight or body mass index (BMI) and the
development of hand osteoarthritis.

Methods

Systematic review of observational studies. Medical databases were searched up to
April 2008. Articles that presented data on the association between weight and hand
osteoarthritis were selected. The qualities of these studies were then assessed by
two independent reviewers using a 19 criteria scoring system. Using the mean scores
of all studies as a cut-off value, the studies were deemed as high or low quality. Study
quality and study designs were combined to determine the level of evidence using

best-evidence synthesis, which consisted of five levels of evidence.

Results

From the 25 studies included, two had cohort, three case—control and 20 cross-
sectional study designs. Fifteen studies were considered high-quality studies. Of these
high-quality studies, one cohort, two case—control and seven cross-sectional studies
showed a positive association between weight or BMI and hand osteoarthritis. Based
on three high-quality studies with preferred study designs (one cohort and two case—
control) with a positive association, the level of evidence of the association between
overweight and developing hand osteoarthritis is moderate. The approximate risk

ratio of this association is 1.9.

Conclusion

Weight or BMI is associated with the development of hand osteoarthritis. The level
of evidence of published studies is moderate according to best-evidence synthesis.
Further high-quality cohort or case—control studies are needed to elucidate the role
of weight in hand osteoarthritis.
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5.1. INTRODUCTION

Osteoarthritis is the most common joint disease. Its aetiology is largely unknown
and no disease-modifying treatment exists.* Overweight is recognised as a risk factor
for developing knee osteoarthritis. Being overweight increases the mechanical
forces across weight-bearing joints and leads to osteoarthritis.? Whether this is the
sole explanation is challenged by some studies that showed that overweight is also

associated with osteoarthritis of non-weight-bearing joints, such as hand joints.

In a recommendation for the diagnosis of hand osteoarthritis by a task force of the
European League Against Rheumatism, obesity was described as a risk factor for
hand osteoarthritis.? This was based on only four studies. However, in two narrative
reviews * the association of overweight and hand osteoarthritis was inconsistent,
but narrative reviews have some shortcomings such as the potential selective
inclusion of papers without systematic quality assessment of selected studies.®
Furthermore, since the latest narrative review, several new studies on this topic have

been published.

To summarize data on the association between weight and the development of hand
osteoarthritis, which would give more insight into the etiology of osteoarthritis and
give consideration as to whether prevention of overweight and losing weight could
be a preventive treatment of hand osteoarthritis, we performed a systematic review

of available studies.

5.2. MATERIALS AND METHODS

5.2.1. Identification of studies

Together with a medical librarian we searched medical databases up to April 2008 for
studies with data on the association between weight or body mass index (BMI) and
hand osteoarthritis. No language restriction was applied. Additional articles were
searched in the reference lists of identified articles and in Google Scholar.
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Chapter 5

5.2.2. Inclusion and exclusion criteria

Two reviewers, EY, a PhD student, and MK, a senior rheumatologist, independently
read abstracts of all retrieved references for obvious exclusions and subsequently read
the full text of remaining references. Studies with data on the association between
weight or BMI and hand osteoarthritis, participants with clinical, radiographic or
self-reported hand osteoarthritis, were included. Hand osteoarthritis was defined
as involvement of at least one hand joint. Reviews, abstracts, letters to the editor,
case reports, case series and studies investigating other musculoskeletal disease
than osteoarthritis, were excluded. In the case of multiple publications of the same

patient population, the publication with the largest study population was selected.

5.2.3. Data extraction

The following data were extracted: (i) study population (patient characteristics,
population size, gender and age); (ii) exposure (weight (kg) or BMI (kg/m?) or
other methods); (iii) outcome (methods of assessment of hand osteoarthritis,
reproducibility, blinding); (iv) potential confounders (age, gender, smoking, hormone

therapy, workload) and (v) association size (relative risk (RR) or odds ratio (OR)).

5.2.4. Assessment of study quality

The same reviewers independently evaluated the quality of the studies using 19
criteria based on previous systematic reviews in the area of musculoskeletal disorders
&7 with a modification to evaluate studies on the association between weight and
hand osteoarthritis (table 5.1). When the criterion was met in the article, ‘1’ was
given, otherwise ‘0’. A ‘0’ was also given when no information was given about the
specific criterion mentioned in the article. Differences were solved by discussion.
Maximum scores obtainable were 16 for cohort and case—control studies and 13 for
cross-sectional studies. Total scores per study were calculated as the percentage of

maximum obtainable scores.
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5.2.5. Rating the level of evidence

We generated a Forest plot and summarised the evidence using the best-evidence
synthesis based on the guidelines on systematic review of the Cochrane Collaboration
Back Review Group.® This system is a method to summarise evidence in observational
studies in which the study population, the assessment of exposure and outcomes
and the data analyses are heterogenic.” It has five levels of evidence (table 5.2). It
puts more weight on studies with a prospective cohort design in which exposure
truly precedes outcomes. The next preferred designs are case—control and cross-
sectional, respectively.

The mean of the quality scores of all studies was used to classify studies as high or

low quality.

Table 5.2 Best-evidence synthesis used in this review.®

Strong General consistent findings were presented in multiple high-quality cohort
studies.
Moderate One high-quality cohort study and at least two high-quality case-control

studies, or when at least three high-quality case-control studies show
general consistent findings.

Limited General consistent findings were found in a single cohort study, or in
maximum two case-control studies, or in multiple cross-sectional studies.

Conflicting Less than 75% of the studies reported consistent findings.

No evidence  No study could be found.

5.2.6. Publication bias

Publication bias was investigated by generating a funnel plot. The association size of
weight or BMI and developing hand osteoarthritis on the horizontal axis was plotted
against study population size on the vertical axis. Asymmetry in the funnel plot

suggests publication bias.® We determined symmetry visually.
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5.3. RESULTS

5.3.1. Literature flow

From 472 identified references 27 were selected based on inclusion and exclusion
criteria (figure 5.1).1°3¢ An additional search resulted in another six articles.?”*? Seven
articles were excluded 172327323541 59 3 result of overlap in the study population.
One study was represented by two publications, 22! further referred to as reference

20 |n total, 25 studies were included: two cohort, >3 one case—control 3 and 20

cross- sectional studies.!012151618-20,22-24,26,28,31,33,34,37-4042 Tyo studies *?° resembled a

case—control design.

titles and abstracts reviewed

472 ‘
Obvious exclusions
431

‘ Possibly relevant references, ‘

‘ Identified references,

full text articles obtained

‘ No original data or ‘ ‘ Full text articles fullfiled in- ‘ Full text articles fullfilled in- and

not relevant and exclusion criteria exclusion criteria after hand search
14

Full text articles excluded
due to multlple publications

due to multiple publications
on different study aspects
1

H Full text articles excluded

‘ Total included articles ‘

(studies)
25
|
[ | T 1
Cohort studies Case-c_ontrol Twin studies Cross—se_ctlonal
studies Studies
: 1 2 20

Figure 5.1 Results of the literature search.
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5.3.2. Characteristics of included studies

The characteristics of the included studies can be seen in table 5.3. Eight studies
investigated only women 13141823303437.38 3nd one 22 only men.

Hand osteoarthritis was diagnosed using radiographic criteria in 21 studies !>161820.22-
24,26,28,3033,34,364042 » 18 of them used radiographic criteria only and three 8303 ysed
radiographicand clinical criteria. Clinical criteria only were used in two studies; >3* one
of them ° used the American College of Rheumatism criteria for hand osteoarthritis.

In two studies, *%° hand osteoarthritis was self-reported by the patients.
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5.3.3. Study quality assessment

The two reviewers agreed on 305 (90%) of 340 criteria. The disagreements

were solved in a single meeting and mostly concerned the assessment of hand
osteoarthritis (criteria 9 and 10). The mean of quality scores was 63%.

The participation rates in most studies were lower than 80% (criterion 5). One cohort
study had limitations in the assessment of hand osteoarthritis (criteria 9 and 10)
and the follow-up (criteria 14 and 15). Two case—control studies had limitations in
the assessment of hand osteoarthritis (criterion 10). Moreover, two of three case—
control studies had potential selection bias, being sampling bias (items 2 and 5). This

bias was also commonly seen in cross-sectional studies.

5.3.4. Associations shown in included studies

Hand osteoarthritis in at least one joint showed a statistically significant positive
association with weight in 16 of 25 (64%) studies.1216:18:20,263031,33,34,37,384042 The other
nine studies showed a non-significant or no association. Fourteen of 25 studies
10,13,14,16,18-20,24,28,30,31,34,3639 nresented association sizes as OR and RR values (figure 5.2)
giving an estimated pooled risk ratio of 1.9 for the positive association between
(over)weight and the development of hand osteoarthritis. Three 3% of these 16
studies showed a significant positive association in one gender, but a non-significant

or no association in the other gender.
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Figure 5.2 Forest plot showing the association sizes (odds ratios (OR) or relative risks (RR))
between (over)weight or body mass index (BMI) with hand osteoarthritis of the studies
included, arranged by study design and quality scores (from high to low). The numbers in
parentheses represent the references. n represents number of study population. For
information on the actual association sizes concerning used hand osteoarthritis phenotype
and BMI category see table 5.3. Studies labeled with an asterisk are those that presented OR
or RR as an increase per unit BMI.

Six of nine studies 1214161824394042 inyestigating distal interphalangeal joints, two of
eight 2141636394042 st djes investigating proximal interphalangeal joints, one of four
studies 12224942 jnyestigating metacarpophalangeal joints and four of 12 studies
12,14-16,20,24,28,33,36,39.40.42 nyestigating first carpometacarpal joints showed a positive

significant association with weight or BMI.
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5.3.5. Levels of evidence

The level of evidence for a positive association between weight or BMI and hand
osteoarthritis is moderate. Fifteen of 25 included studies 10:3161820,24,28,30,31,34,36,39,42
were considered to be of high quality. Of two high-quality cohort studies ***¢ one 3
showed an RR of 3.12 (1.65 to 5.88); the second showed no association.

Both high-quality case—control studies ***° reported a positive significant association,
with an OR of 1.30 (1.06 to 1.59)™ and 8.3 (1.2 to 56.5).30 Of 11 1015161820,242831,3439,4
2 high-quality cross-sectional studies, seven studies 1>161820313442 ranorted a positive

association.

In a subgroup of studies that used radiographic criteria with or without clinical
criteria for hand osteoarthritis, 13 of 21 studies were deemed to be high quality.
Ten 13-1618,2030313442 of these 13 studies showed a positive association and the level of
evidence remained moderate. In the subgroup of studies using radiographic criteria
only (18 studies; of which 10 were high quality), seven 1316203442 stydies showed a
positive association, but because of the lack of a sufficient number of high-quality
cohort (only one study) and case—control (only one study) studies, the level was

limited. The subgroup of clinical studies 13! showed conflicting levels of evidence.

Using alternative cut-offs for methodological quality assessment (median or 25th
percentile) did not change the results. When using the 75th percentile as the cut-off,

few studies were retained, leading to limited level of evidence.
5.3.6. Publication bias

We plotted the association sizes (OR and RR) against the sample sizes of 14 studies to

investigate publication bias (figure 5.3). Visually, the plot was asymmetric.
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Figure 5.3 Funnel plot showing the relationship between association sizes (odds ratios (OR)
or relative risks (RR)) and sample size. The numbers represent the references of the studies.
When studies presented multiple association sizes, the largest RR or OR concerning a cut-off
at body mass index (BMI) 25 kg/m? was denoted. If this information was not available, the
association size of a cut-off at a higher BMI level was used. Preferentially, association sizes for
radiographic hand osteoarthritis and for men and women combined were presented.

5.4. DISCUSSION

This systematic review showed that the evidence for a positive association between
weight or BMI and hand osteoarthritis is moderate. This conclusion is based on three
high-quality studies with preferred study designs. A moderate level of evidence did

not change for the subgroup of studies investigating hand osteoarthritis using
radiographic criteria. When no best-evidence synthesis was performed, a pooled risk
ratio was approximately 1.9, in which 64% of published studies showed a positive

association between (over)weight and hand osteoarthritis.

The strength of a systematic review is the use of a focused research question,
an extended search strategy and a predefined system to evaluate the quality of
evidence. Here, we also use qualitative levels of evidence to give a conclusion when
a summary of quantity statistic was not appropriate. Yet, this systematic review has

some possible limitations, which also reflect the limitations of the published studies.
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The first caveat is the heterogeneities in multiple aspects of the studies, such as the
definition of BMI, hand osteoarthritis and study population. Studies categorised BMI
in various ways, mainly based on the distribution of the study population, such as
tertiles and median or BMI as a continuous variable. Preferentially, the cutoff of BMI
is 25 kg/m?, as the World Health Organization definition for overweight could be
used.® However, this was the case in only a minority of studies. Included studies also
defined hand osteoarthritis in various ways, using radiographic and clinical criteria.
Subgroup analysis of studies that used radiography to make a diagnosis of hand
osteoarthritis, however, did not change the level of evidence. The level of evidence
became conflicting when we performed a subgroup analysis in only two studies
defining hand osteoarthritis using clinical criteria. The lack of clinical studies might
reflect the available evidence, which suggests that radiography is a better method of
defining hand osteoarthritis in epidemiology studies.* Another heterogeneity that
should be mentioned here is the study population. Although most studies used a
mixed sex population, a third of the included studies concerned only women. These
heterogeneities lead to difficulties in comparing studies and in summarizing studies
guantitatively. The second caveat of this review is the possibility of publication bias.
However, when we examine the funnel plot carefully, the asymmetry is caused by one
study with a large effect.®® That study also differs from other studies in that it used
hand osteoarthritis based on clinical criteria supported by radiographic findings. The
third caveat of this review is that theoretically the criteria we used can influence the
outcomes of the review. We used and modified criteria that were previously used in
systematic reviews of the musculoskeletal field, because no generally accepted set of

criteria exist for methodological quality assessment in observational studies.

The consequence of the moderate level of evidence of an association is that further
research is likely to have an important impact.* Therefore, future studies, especially
well-designed prospective cohort or case—control studies, are called for, which
should also investigate the aetiological mechanisms of the association and temporal
relationship between overweight or obesity and hand osteoarthritis.
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The pathogenesis of osteoarthritis is largely unknown and no disease-modifying
treatment exists, therefore knowledge of the role of overweight in hand osteoarthritis
is of importance for understanding and treating (hand) osteoarthritis. The association
between overweight and hand osteoarthritis suggests that factors other than
mechanical forces also play a role. Some possible links between overweight and
osteoarthritis have been proposed, such as metabolic alteration, atherosclerosis and
diabetes mellitus.* Fat tissues secrete pro and anti-inflammatory adipo(cyto)kines,
such as leptin, which was observed in synovial fluid obtained from osteoarthritic
joints.* The concentration of leptin in advanced osteoarthritic cartilage is significantly
correlated with the BMI of the patients, and its level and pattern of expression were
related to the grade of cartilage destruction. Obesity-associated atherosclerosis can
also accelerated the osteoarthritis process by vascular disease in subchondral bone.*”
Finally, in diabetes mellitus, advanced glycation end-products (AGE) are formed and
accumulated. AGE cross-links the damaged collagen network and leads to cartilage
changes associated with osteoarthritis. This AGE formation is initiated by sugars and
by lipids.*®

In summary, this is the first systematic review to investigate the association between
weight and BMI and hand osteoarthritis. The association is positive and the level of
evidence is moderate. This calls for well-designed studies that further estimate the

association as well as its underlying mechanisms.
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