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Chapter 7

ABSTRACT

OBJECTIVE

To summarize and to determine the association between osteoarthritis (OA) and
mortality in three clinical settings: patients undergoing arthroplasty or seeking
care for their OA or persons in the general population.

METHODS

A systematic search was performed up to October 2016. Two independent
reviewers identified studies that reported mortality for OA patients, compared
with a non-OA population. Study quality was also assessed. Information on
study design, patient characteristics, OA status, duration of follow-up, mortality
assessment and mortality rates were extracted for each study. Meta-analysis was
performed when appropriate.

RESULTS

Of 5121 individual references, 33 articles reporting on 35 studiesincluding 499103
participants were selected.

Seven high quality joint arthroplasty studies reported either an equal or reduced
overall mortality rate for OA patients when compared to the general population.
Two high quality studies of OA patients seeking care reported no association
between OA and mortality.

Results of ten population-based studies of high quality were equivocal. Some
studies found a positive association between OA and mortality, while others did
not. Meta-analysis of 6 studies showed no association. (HR 1.04 (95% Confidence
Interval 0.91-1.18)). The association may depend on OA subtype.

CONCLUSION
There is no clear association between the presence of OA and mortality.
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INTRODUCTION

Osteoarthritis (OA) is a common disease and its prevalence is rising. It has been
estimated that more than 40 million of European adults suffer from symptomatic
OA." OA often results in pain, disability and decreased quality of life.? Whether OA
also results in increased mortality is currently not clear.

Evidence concerning mortality due to OA is contradictory. One narrative review and
two systematic reviews have broached this topic.>* Unfortunately, these reviews
had some shortcomings. In the narrative review the search for evidence was not
systematically performed, so relevant and valid studies could have been missed.>¢
The systematic reviews focused on mortality risk estimates (hazard ratios (HR)), did
not include studies that classified OA based on total joint replacement surgery, #
or only included studies when radiographic OA was present.® Furthermore, several
new studies on this subject have been published.”®

Therefore, we conducted a systematic review to summarize and to determine
the association between OA and mortality for three different settings, i.e., the
general population, among patients with OA requiring a total joint replacement,
and among patients seeking health care for their OA complaints.

METHODS

Identification of studies

A systematic search (up to October 2016) was performed with a medical
librarian in the databases PubMed, Embase, COCHRANE Library, Web of Science,
ScienceDirect, CINAHL and Academic Search Premier (see supplementary Appendix
| for a detailed overview of the search strategy). Reference lists of included studies
were screened to identify additional relevant studies and articles could also added
by hand search.

Inclusion and exclusion criteria

Two reviewers (RL and MK) performed the selection of titles, abstracts and full text
articles, independently of each other. The exclusion of full text articles and thus
selection of articles for inclusion in this review was performed by two independent
reviewers (by either RL and MK or RL and MCK). Disagreements were resolved
by discussion in consensus meetings. Studies which reported overall mortality
in primary OA patients, when compared with a non-OA or general population,
were included. Case reports, case series, (meeting) abstracts, reviews, studies
investigating other musculoskeletal disease than primary OA and studies in other
languages besides English and Dutch were excluded. Studies solely using diseases
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with an established increased mortality rate as control groups, e.g. rheumatoid
arthritis, were also excluded. Follow-up of at least ayear was required to distinguish
OA related mortality from mortality as a part of postoperative complications. If
multiple publications occurred of the same study, the publication with the largest
or most recent analysis was selected.

Data extraction

Information on OA demographics (population size, patient characteristics, age,
sex) and duration of follow-up were extracted for each study. We only extracted
mortality data for OA patients. In case more than one control group was used, the
general population group was chosen if present.

Assessment of study quality

Study quality was assessed by RL and MCK using 14 criteria based on previous
systematic reviews in the field of musculoskeletal disorders.®'® The criteria were
modified to evaluate studies on the association between OA and mortality (see
supplementary Appendix II). When a criterion was met in the article, ‘1’ was given,
otherwise ‘0. A ‘0’ was also given when incomplete or no information was given
about the specific criterion or if information was not provided for the OA patients
separately. The maximum score obtainable for cohort studies was 10, for nested
case-control studies 13. For each study, the total quality score was calculated as
the percentage of the maximum score obtainable. A study was rated as a high
quality study if 267% was scored.

Data analysis

To investigate the association between population based OA studies and mortality,
a meta-analysis was performed. The HRs of high quality studies were pooled using
a random effect model to account for heterogeneity of the studies. Subgroup
analyses were performed for different OA subtypes (knee, hip, hand). If different
radiographic scoring systems were used to define OA, the HR based on the most
often used was included in the meta-analysis. Additionally, a sensitivity analysis
was performed by analyzing radiographic and symptomatic OA separately. All
analyses were done using Stata V14 (StataCorp LP, Texas).

RESULTS
Selection of studies

The electronic databases yielded 5121 individual references of which 1525 were
duplicates and 561 only contained meeting abstracts, 2551 articles were excluded
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on the basis of title and 284 articles on the basis of abstracts. Two hundred articles
were screened full-text. Seven articles were additionally excluded due to multiple
or overlapping publications for the same population (the most recent or largest
cohort publication remained). In the end, 32 articles were included. Two articles
reported multiple studies and one article was added by hand-search (Figure 1). In
total 33 articles, investigating 35 studies, were selected for the present review.
Only one study reported the results of nested case control studies.

Identified references
5121

Exclusion of duplicates
1525

Unique references

3596
Meeting abstracts
561
References
3035

Exclusions based on titles
2551

Possibly relevant references
484

Exclusions based on abstracts
284

Full-text articles
200

Exclusion based on full-text 161
Exclusion based on double report 7

Total included articles
32

Article describing multiple studies 2

Hand search: 1

Total included studies
35

Figure 1. Flow chart of systematic review
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Characteristics of included studies

Table 1 lists the characteristics of all OA studies.

A total of 499103 participants were included in 35 studies ##7813% Two studies
only included female participants, while both men and women were included in
the other reported studies.'>?? In studies reporting average age of the participants
the age averaged between 54.5 and 91.9 years. Follow-up time ranged between 1
year and 42 years.

Most studies focused on knee or/and hip OA (n=24). Only one study reported
shoulder OA."" Comparisons were mostly made with the general population using
information from the country’s bureau of statistics. One study used different
radiographic scoring systems to define OA, while all other studies only used the
Kellgren/Lawrence (K/L) score. Studies were conducted in one of three settings:
patients undergoing arthroplasty, patients seeking care for their OA and persons
with OA in the general population.

Study quality assessment

There was only one nested case control study and this study was of good quality
with a clear description of the study, valid OA definition, cases and controls
drawn from the same source population, valid measurements of the outcome and
adequate analysis and presentation of the results.?”

Of the 34 included cohort studies, the mean quality assessment was 62% (median
was 70%, range 10 - 90%)(Table 2). ACR criteria were never used to define OA,
radiographic definitions were however used in seven studies. One study used
radiographic definition for part of the study?. Seventeen studies investigated total
joint arthroplasty due to OA. Selection bias could sometimes not be determined
due to a lack of information about exclusion criteria. The majority of the studies
adjusted for age and gender to calculate the effect of OAin mortality. Standardized
mortality ratios (SMRs) or HR were not often reported.

Association between osteoarthritis and mortality

Sixteen joint arthroplasty articles reported mortality in 17 studies, receiving
either total knee or hip arthroplasty (Table 3A).81113.16.21,22.2527.30,31,3336.38 Qne study
investigated mortality after total shoulder arthroplasty. There were seven high
quality studies and all reported equal or lower overall mortality rates for OA
patients when compared to the general population. One study reported a lower
SMR at follow-up time of less than 10 years and a higher SMR at follow-up time of
10 years or more.®

Sixstudiesinvolved patients consulting either their general practitioneroramedical
specialist (Table 3B);"'52323° three of these studies were of high quality. None of
these high quality studies reported an association between OA and mortality.
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Table 2. Results of quality assessment scores in the cohort studies investigating mortality
in osteoarthritis.
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Study 06 v o0oa & 2E >8 Lo tv <®g < ® score
Amundsen 1 0 1 1 1 1 0 1 1 1 80%
Barbour'? 1 1 1 1 1 1 1 1 0 1 90%
Bohm™ 1 0 0 1 0 1 0 1 1 1 60%
Cacciatore™ 1 0 0 1 1 1 1 1 0 1 70%
Danielsson'® 0 0 1 0 0 1 0 0 0 0 20%
Garellick's 0 0 0 1 1 1 0 1 1 1 60%
Haara 03" 1 1 0 1 1 1 1 1 0 1 80%
Haara 048 1 1 0 1 1 1 1 0 0 1 70%
Haugen'™ 1 1 1 1 1 1 1 1 0 1 90%
Holbrook? 0 0 0 1 1 1 0 0 0 1 40%
Holmberg®' 1 0 1 1 1 1 0 1 0 1 70%
Karuppiah?? 1 0 1 1 0 1 0 1 0 0 50%
Kluzek?? 1 0 1 1 1 1 1 1 0 1 80%
Kumar#° 0 0 1 1 1 1 0 1 1 0 60%
Lee?* 0 0 1 1 0 0 0 1 0 0 30%
Lie?® 1 0 0 1 1 1 0 1 1 1 70%
Lindahl?¢ 0 0 0 0 0 0 0 1 0 1 20%
Lindberg?” 1 0 0 0 1 1 0 1 1 1 60%
Liu.Q*® 1 1 1 1 1 1 1 1 0 1 80%
Liu.R GARP? 1 0 1 1 1 1 1 1 1 1 90%
Liu.R OCC? 1 0 0 1 1 1 1 1 1 1 80%
Lizaur® 1 0 1 1 1 1 1 1 1 1 90%
Michet?' 0 0 0 1 1 1 0 1 1 0 50%
Monson* 0 0 1 0 1 1 0 1 1 1 60%
Niesch? 1 0 1 1 1 1 1 1 1 1 90%
Ohzawa* 0 0 0 1 0 1 0 1 1 1 50%
Pedersen®* 1 0 0 0 1 1 0 1 0 1 50%
Robertsson?* 1 0 0 1 1 1 0 1 1 1 70%
Schrgder TKA3¢ 0 0 0 0 1 1 0 1 1 1 50%
Schregder THA3® 0 0 0 0 1 1 0 0 0 1 30%
Turkiewicz’ 1 0 1 1 1 1 0 1 0 1 70%
Veronese* 1 0 1 1 1 0 1 1 0 1 70%
Visuriz® 1 0 0 1 1 1 0 1 1 1 70%
Visuri 20158 1 0 0 1 1 1 0 1 1 1 70%
Watson** 0 0 0 0 0 0 0 0 0 1 10%

112



Mortality in osteoarthritis: a systematic review

Table 3A. Results of studies investigating mortality in joint arthroplasty for osteoarthritis

Confounders adjusted

First author [ref] Mortality for in the analyses

Amundsen' Incidence rate: OA 945/100.000 and general Age, sex
population 1526/100 000

B6hm' SMR: 3'1.14 (0.68-1.80), $1.03 (0.76-1.37) Age, sex

Garellick' Number of deaths in & expected 31.4, observed 25 Age, sex
Number of deaths in EE: expected 49.2, observed 34

Holmberg?' Number of deaths: OA n=83,15% (p<0.001) of Age, sex
expected mortality rate for general population

Karuppiah? Survival times: longer in THA group than age Age

matched general population (p<0.001); mean
survival time: THA 96.13 (95%Cl 95.35-96.91) and
general population 93.72 (95%Cl 93.65-93.79)

Lie? SMR: 0.68 (0.66-0.70) Age, sex

Lindahl %6 Death hazard: after a year equal to general Age, sex
population for age 60 and below. Higher age group:
risk lower.

Lindberg? Death observed/expected: >1 year since operation  Age, sex
age

50-69 years @ 8/9.40, 4 13/16.06; age >70years ¢
52/69.09, & 45/46.55

Lizaur® SMR: @ 0.779 (0.681-0.894), & 0.928 (0.874-1.016)  Age, sex
Michet?' SMR: THA 0.81 (0.76-0.87) Age, sex
SMR: TKA 0.77 (0.72-0.83)
Ohzawa* SMR: 0.11 (0.02-0.40) Age, sex
Pedersen3* Mortality rates: THR vs general population.?: 8.5 Age, sex, Charlson

vs 11.7, $10.1 vs 13.5. Age 10-59 years 2.3 vs 2.4, comorbidity index
60-69 years 5.0 vs 6.8, 70-79 years 11.8 vs 16.1, >80

22.8vs 35.9.

Mortality rate ratios: calculated with adjust gender,

age and Charlson comorbidity index. ¢ and & 0.7

(0.7-0.7)
Robertsson** SMR: 0.77 (0.76-0.78. Age, sex
Schreder TKA3¢ SMR: 1 year FU 0.74 (0.60-0.87) Age, sex

Cumulative 5 year survival: 89%. No postoperative
excess mortality

Schreder THA® Cumulative 5 year survival: 89%. No postoperative  Age, sex
excess mortality

Visuri®® SMR: MM 0.96 (0.78-1.18) Age, sex
SMR: MP 0.90 (0.66-0.87)

Visuri 20158 SMR: 1.00 (0.98-1.02) Age, sex

OA=osteoarthritis; SMR=standardized mortality ratios (95% confidence intervals (Cl)); THA=total
hip arthroplasty; TKA=total knee arthroplasty; FU=Ffollow-up; MM=metal-on-metal; MP=metal-on-
polyethylene
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Table 3B. Results of studies investigating mortality in osteoarthritis patients seeking health

care

First author [ref] Mortality

Confounders adjusted For in the analyses

Danielsson'® Expected death rates: higher

in practically all age groups

Liu GARP# SMR: 0.54 (0.37-0.79)

Liu OCCc® SMR: 0.45 (0.25-0.82)

Monson3? SMR: 1.11

Turkiewicz’ HR knee OA: 0.92 (0.90-0.94)
HR hip OA: 0.95 (0.93-0.97)

Watson?° SMR J: OA/no arthritis

19.5/20.6. 2: OA/no arthritis
15.9/17.3.

Age

Age, sex
Age, sex
Age, sex

Age, sex, baseline confounders (income, highest
level of achieved education, marital status,
residential area and year of first health-care
visit), comorbidities (ischemic heart diseases,
cerebrovascular disease, diabetes mellitus,
other malignant neoplasms, chronic obstructive
pulmonary disease and malignant neoplasm of
bronchus and lung

Age, sex

GARP=Genetics ARthrosis and Progression;0CC=osteoarthritis care cliniccSMR=standardized mortality
ratios(95% confidence intervals (Cl));HR=hazard ratio(95% Cl);OA=osteoarthritis

Table 3C. Results of studies investigating mortality in population based osteoarthritis

First author [ref] Mortality Confounders adjusted For in the analyses
Barbour™ HR: Croft grade =22 1.14 Age, BMI, education, smoking, health status,
(1.05-1.24) diabetes and stroke
HR: K/L grade 22 1.10
(0.99-1.22)

HR: Croft grade =2 excluding
THA 1.24 (1.13-1.35)

Cacciatore™ HR: 1.28 (0.98-1.39)

Haara 03" RR: OA in any finger joint
?1.17 (0.87-1.56),
21.02 (0.83-1.27)

RR: Symmetrical DIP OA
© 1.23(1.01-1.51),

4 0.89 (0.68-1.16)

RR: thumb CMC OAKL 2,3,4
no association

RR: thumb CMC OAKL 3 or 4
Q no association 41.32
(1.03-1.69)

Haara 04

Age, sex, BMI, waist circumference, heart rate,
pulse blood pressure, Charlson co-morbidity
index, number of drugs, NSAIDs, corticosteroids
and geriatric depression scale

Age, education, history of workload, smoking
and BMI

Age, sex and other unreported confounders
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Table 3C. Results of studies investigating mortality in population based osteoarthritis

(Continued)

First author [ref] Mortality

Confounders adjusted For in the analyses

HR: Radiographic hand OA
0.82 (0.63-1.07)
HR: Symptomatic hand OA
0.79 (0.57-1.10)

Haugen™

Holbrook?® RR: ¢ 0.9, 3 0.8

For specific OA sites,
mortality is not increased
HR: Radiographic knee OA
1.05 (0.58-1.88)

HR: Symptomatic knee OA
1.97 (1.20-3.22)

HR: Radiographic hand OA,
0.91 (0.60-1.39)

HR: Symptomatic hand OA
1.05 (0.66-1.66)

Lee? RR: 0.62 (0.58-0.67)

Liu, Q% HR: symptomatic knee OA:
1.9 (1.0-3.5)
HR: radiographic knee OA:
1.2 (0.7-1.9)

SMR: 1.55 (1.41-1.70)

Deaths after 10 years:

OR 2.316 (1.412-3.801)

HR: All OA 0.95 (0.77-1.15)
HR: Hand OA 1.00 (0.78-1.29)
HR: Hip OA 0.96 (0.77-1.20)
HR: Knee OA 0.86 (0.66-1.12)

Kluzek??

Niesch?

Tsuboi *7

Veronese*

Age, sex, cohort, BMI, total cholesterol:

HDL ratio, current lipid lowering treatment,
increased blood pressure, current anti-
hypertensive treatment, elevated fasting or
non-fasting blood glucose, current antidiabetic
treatment, previous cardiovascular events,
previous cancer, current use of NSAIDs, daily use
of aspirin, current/previous smoking, alcohol
use.

Age, sex

Age, smoking total cholesterol, HDL-cholesterol,
systolic blood pressure and blood pressure
medication, occupation, BMI, hormone
replacement therapy, past physical activity,
current/previous CVD disease, non-ASA NSAIDs
and glucose levels

Age

Age, sex, BMI, income level, education, levels of
occupational physical activity and comorbidities

Age, sex

Age, sex, BMI and lifestyle

Age, sex, BMI, educational level, alcohol
drinking, monthly income, physical activity,
presence at baseline of cardiovascular diseases,
fractures, chronic obstructive pulmonary
disease, orthostatic hypotension, hypertension,
diabetes, frailty and cancer, number of
medication smoking status, activities of daily
living, mini-mental state, geriatric depression
scale and geriatric nutrition risk index scores.

HR=hazard ratio (95% confidence intervals (Cl)); K/L=Kellgren/Lawrence; THA=total hip arthroplasty;
BMI=body mass index; NSAIDs=non-steroidal anti-inflammatory drugs; RR=relative risk (95% Cl);
OA=osteoarthritis; DIP=distal interhalangeal joint; CMC=carbometacarpal; HDL=high density
lipoprotein; CVD non-ASA=non-acetylsalicylic acid; SMR=standardized mortality ratios (95% Cl);
OR=0dds ratio (95% Cl)

Twelve studies were based in the general population, of which ten were high
quality studies (Table 3C).24121417-2023242837 Some studies reported separate results
for more than one subtype of OA.24121417-2023.24.2837 A meta-analysis was performed
of the high quality studies based in the general population.
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Four studies were excluded from the meta-analysis because of lack of outcome
that could be summarized. Two of the excluded studies reported an association
between mortality,?>3” while two studies did not (Figure 2).""'® A meta-analysis of
six studies (n=5169) resulted in a pooled HR of 1.04 (0.91-1.18).

Radiographic and symptomatic OA were also not associated with mortality when
analyzed separately (data not shown).

Osteoarthritis subtype Hazard* %
First author [ref] definition Ratio (95% Cl) Weight
Hip H
Barbour{12] Radiographic H— 1.10 (0.99, 1.22) 20.90
Veronese[4] Symptomatic —0--:— 0.96 (0.77,1.20) 1512
Subtotal <f:> 1.06 (0.94,1.18) 36.02
i
Knee :
Kluzek[23] Symptomatic : > 197(1.20,322) 165
Veronese[4] Symptomatic —0—:— 0.86 (0.66,1.12) 14.32
Liu, Q[28] Symptomatic : > 1.90 (1.00,3.50) 1.10
Subtotal —_— 1.43 (0.57,2.30) 17.07
:
1
Hand '
Haugen[19] Symptomatic —o—-i— 0.79 (0.57, 1.10) 12.59
Kluzek[23] Symptomatic :‘ 1.05 (0.66, 1.66) 5.59
Veronese[4] Symptomatic —_— 1.00(0.78,1.29) 13.06
Subtotal < TIe 0.92(0.74,1.09) 31.24
i
Unknown H
Cacciatore[14] Symptomatic — 1.28(0.98,1.39) 1567
Subtotal R i 1.28(1.07,1.48) 1567
:
Overall <:|:> 1.04 (0.91,1.18) 100.00
‘
T * T T T
5 1 15 2 25

Figure 2. Meta-analysis

DISCUSSION

Overall we did not identify an association between OA and mortality when
analyzing almost half a million patients. We explored whether patients with OA
who presented themselves in a specific clinical setting could have an increased
mortality risk that warrants attention. We investigated three clinical settings: OA
patients receiving an arthroplasty, patients seeking care for their OA and OA in
persons from the general population. All high quality studies which investigated
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mortality in patients receiving a joint replacement for OA and in patients who
sought help for their OA reported an equal or lower mortality rate for OA.
However, the results from high quality population based studies were more
diverse.

Two meta-analyses were performed previously and both studies found that OA
was not significantly associated with mortality.** For the high quality studies
investigating patients who received a joint arthroplasty and patients who
consulted general practitioner or a medical specialist, no meta-analysis was done
due to the heterogeneous outcomes used in the studies. These studies also had
similar results and reported either equal or lower mortality rate. The meta-analysis
summarizing 6 high quality studies investigating OA in persons from the general
population also did not show an association of OA with mortality. In the latter
meta-analysis four high quality studies were excluded due to a lack of similar
outcomes. However, since two studies reported an increased risk and two studies
did not, the influence of this exclusion on the overall pooled mortality rate is likely
very limited.

Onestudy®suggested that a follow-up time of 10 years or more may lead to a higher
mortality rate in OA. This ‘healthy cohort’ effects may occur due to exclusion of
patients with shortened life span. A ‘healthy cohort’ effect could also be presentin
studies including patients that have received a joint arthroplasty. Since this effect
ebbs away after a couple of years, one article tested this hypothesis by delaying
the start of follow-up.?® However, mortality for OA patients did not increase. In
the studies including patients that received a joint arthroplasty follow-up time
differed, but especially in the high quality studies this was relatively long, making
the ‘healthy cohort’ effect less likely. The absence of a ‘healthy cohort’ is further
supported by several studies with longer follow up time, which also did not find an
increased risk for mortality.*3®

Another possible explanation may be that patients seeking care for their OA and
receivingaknee or hip arthroplasty are also patients who in general take better care
of themselves or possess a better general health. Population studies also include
patients who are less in tune with their health. However, in the study by Turkiewicz
et al, additional analyses were done using patients without OA who sought care as
a control group.” These analyses did not change the lack of association between
OA and mortality. So, this aspect cannot explain the total difference.

OA subtypes were not equally investigated. The majority of the studies included
knee or hip OA patients while only five studies reported mortality for hand OA.
Some studies did not specify the subtype of OA or combined subtypes and could
thus offer no additional insights into the influence of the individual subtype.
Though not significant, higher rates of mortality were more often reported
for patients with knee OA. It is possible that the association between OA and
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mortality may depend upon the OA subtype, possibly in combination with potential
confounders. However, since these confounders were not equally investigated in
previous studies, too little evidence is currently available to conclude the influence
of the OA subtype on mortality.

The majority of the analyses were performed using only age and sex as confounding
factors and the general population as controls. One study?? reported different
results when different combinations of additional confounders were used, while
another study found similar results. As too few studies were performed using
different sets of additional confounders, it is possible that some additional
confounders than age and sex should be used. However, this would only be
statistically feasible if large cohorts with long follow-up time were used.

The presence of publication bias cannot be ruled out. It is possible that negative
associations between OA and mortality have been underreported. A few smaller
sized studies in knee or hip OA reported an association between OA and mortality,
while a large study in which more confounders were used found no association.
Theresults of thissystematicreviewsuggestthat OAis notassociated with mortality
in patients receiving knee or hip arthroplasty or seeking care. Mortality associated
with OA in persons in the general population was not increased, however these
studies were equivocal and results may depend on the OA subtype and potential
confounders. More well conducted and large studies with long follow-up periods
will be necessary to analyze the association between OA and mortality.

118



Mortality in osteoarthritis: a systematic review

REFERENCES

10

11

12

13

14

15

16

17

World Health Organization. The global burden of disease: 2004 update. 2012;

Nuesch E, Dieppe P, Reichenbach S, Williams S, IFf S, Juni P. All cause and disease specific
mortality in patients with knee or hip osteoarthritis: population based cohort study.
BMJ 2011;342:d1165.

Hochberg MC. Mortality in osteoarthritis. Clin Exp Rheumatol 2008;26:5120-5124.

Veronese N, Trevisan C, De RM, Bolzetta F, Maggi S, Zambon S et al. Association of
Osteoarthritis With Increased Risk of Cardiovascular Diseases in the Elderly: Findings
From the Progetto Veneto Anziano Study Cohort. Arthritis Rheumatol 2016;68:1136-
44,

Xing D, Xu Y, Liu Q, Ke Y, Wang B, Li Z et al. Osteoarthritis and all-cause mortality
in worldwide populations: grading the evidence from a meta-analysis. Sci Rep
2016;6:24393.

Collins JA and Fauser BC. Balancing the strengths of systematic and narrative reviews.
Hum Reprod Update 2005;11:103-4.

Turkiewicz A, Neogi T, Bjork J, Peat G, Englund M. All-cause Mortality in Knee and Hip
Osteoarthritis and Rheumatoid Arthritis. Epidemiology 2016;27:479-85.

Visuri T, Makela K, Pulkkinen P, Artama M, Pukkala E. Long-term mortality and causes
of death among patients with a total knee prosthesis in primary osteoarthritis. Knee
2016;23:162-6.

Kwok WY, Plevier JW, Rosendaal FR, Huizinga TW, Kloppenburg M. Risk factors for
progression in hand osteoarthritis: a systematic review. Arthritis Care Res (Hoboken )
2013;65:552-62.

Yusuf E, Nelissen RG, loan-Facsinay A, Stojanovic-Susulic V, DeGroot J, van OG et al.
Association between weight or body mass index and hand osteoarthritis: a systematic
review. Ann Rheum Dis 2010;69:761-5.

Amundsen A, Rasmussen JV, Olsen BS, Brorson S. Mortality after shoulder arthroplasty:
30-day, 90-day, and 1-year mortality after shoulder replacement--5853 primary
operations reported to the Danish Shoulder Arthroplasty Registry. J Shoulder Elbow
Surg 2016;25:756-62.

Barbour KE, Lui LY, Nevitt MC, Murphy LB, Helmick CG, Theis KA et al. Hip Osteoarthritis
and the Risk of All-Cause and Disease-Specific Mortality in Older Women: A Population-
Based Cohort Study. Arthritis Rheumatol 2015;67:1798-805.

Bohm P, Holy T, Pietsch-Breitfeld B, Meisner C. Mortality after total knee arthroplasty
in patients with osteoarthrosis and rheumatoid arthritis. Arch Orthop Trauma Surg
2000;120:75-8.

Cacciatore F, Della-Morte D, Basile C, Mazzella F, Mastrobuoni C, Salsano E et al. Long-
term mortality in frail elderly subjects with osteoarthritis. Rheumatology (United
Kingdom) 2014;53:293-9.

Danielsson L and Hernborg J. Morbidity and mortality of osteoarthritis of the knee
(gonarthrosis) in Malmo, Sweden. Clin Orthop Relat Res 1970;69:224-6.

Garellick G, Malchau H, Herberts P, Hansson E, Axelsson H, Hansson T. Life expectancy
and cost utility after total hip replacement. Clin Orthop Relat Res 1998;141-51.

Haara MM, Manninen P, Kroger H, Arokoski JP, Karkkainen A, Knekt P et al. Osteoarthritis
of finger joints in Finns aged 30 or over: prevalence, determinants, and association with
mortality. Ann Rheum Dis 2003;62:151-8.

119



Chapter 7

18

19

20

21
22

23

24

25

26

27

28

29

30

31

32
33

34

120

Haara MM, Heliovaara M, Kroger H, Arokoski JP, Manninen P, Karkkainen A et al.
Osteoarthritis in the carpometacarpal joint of the thumb. Prevalence and associations
with disability and mortality. J Bone Joint Surg Am 2004;86-A:1452-7.

Haugen IK, Ramachandran VS, Misra D, Neogi T, Niu J, Yang T et al. Hand osteoarthritis in
relation to mortality and incidence of cardiovascular disease: Data from the Framingham
Heart Study. Annals of the Rheumatic Diseases 2015;74:74-81.

Holbrook TL, Wingard DL, Barrett-Connor E. Self-reported arthritis among men and
women in an adult community. J Community Health 1990;15:195-208.

Holmberg S. Life expectancy after total hip arthroplasty. J Arthroplasty 1992;7:183-6.

Karuppiah SV, Dhaliwal A, Banaszkiewiez PA, Ledingham WM. Total hip arthroplasty in
the very elderly: Isit worthwhile? The mortality and morbidity after total hip arthroplasty
in the very elderly. European Journal of Orthopaedic Surgery and Traumatology
2008;18:461-5.

Kluzek S, Sanchez-Santos MT, Leyland KM, Judge A, Spector TD, Hart D et al. Painful
knee but not hand osteoarthritis is an independent predictor of mortality over 23
years follow-up of a population-based cohort of middle-aged women. Ann Rheum Dis
2016;75:1749-56.

Lee TA, Pickard AS, Bartle B, Weiss KB. Osteoarthritis: a comorbid marker for longer
life? Ann Epidemiol 2007;17:380-4.

Lie SA, Engesaeter LB, Havelin LI, Gjessing HK, Vollset SE. Mortality after total hip
replacement: 0-10-year follow-up of 39,543 patients in the Norwegian Arthroplasty
Register. Acta Orthop Scand 2000;71:19-27.

Lindahl H, Oden A, Garellick G, Malchau H. The excess mortality due to periprosthetic
femur fracture. A study from the Swedish national hip arthroplasty register. Bone
2007;40:1294-8.

Lindberg H, Carlsson AS, Lanke J, Horstmann V. The overall mortality rate in patients
with total hip arthroplasty, with special reference to coxarthrosis. Clin Orthop Relat Res
1984;116-20.

Liu Q, Niu J, Huang J, Ke Y, Tang X, Wu X et al. Knee osteoarthritis and all-cause mortality:
the Wuchuan Osteoarthritis Study. Osteoarthritis Cartilage 2015;23:1154-7.

Liu R, Kwok WY, Vliet Vlieland TP, Kroon HM, Meulenbelt I, Houwing-Duistermaat JJ
et al. Mortality in osteoarthritis patients. Scandinavian Journal of Rheumatology
2015;44:70-3.

Lizaur-Utrilla A, Gonzalez-Parreno S, Miralles-Munoz FA, Lopez-Prats FA. Ten-year
mortality risk predictors after primary total knee arthroplasty for osteoarthritis. Knee
Surg Sports Traumatol Arthrosc 2015;23:1848-55.

Michet lll CJ, Schleck CD, Larson DR, Maradit-Kremers H, Berry DJ, Lewallen DG. Cause-
Specific Mortality Trends Following Total Hip and Knee Arthroplasty. The Journal of
arthroplasty 2016;

Monson RR and Hall AP. Mortality among arthritics. J Chronic Dis 1976;29:459-67.

Ohzawa S, Takahara Y, Furumatsu T, Inoue H. Patient survival after total knee
arthroplasty. Acta Med Okayama 2001;55:295-9.

Pedersen AB, Baron JA, Overgaard S, Johnsen SP. Short- and long-term mortality
following primary total hip replacement for osteoarthritis: a Danish nationwide
epidemiological study. J Bone Joint Surg Br 2011;93:172-7.



Mortality in osteoarthritis: a systematic review

35

36

37

38

39

40

Robertsson O, Stefansdottir A, Lidgren L, Ranstam J. Increased long-term mortality in
patients less than 55 years old who have undergone knee replacement for osteoarthritis:
results from the Swedish Knee Arthroplasty Register. J Bone Joint Surg Br 2007;89:599-
603.

Schroder HM, Kristensen PW, Petersen MB, Nielsen PT. Patient survival after total knee
arthroplasty. 5-year data in 926 patients. Acta Orthop Scand 1998;69:35-8.

Tsuboi M, Hasegawa Y, Matsuyama Y, Suzuki S, Suzuki K, Imagama S. Do musculoskeletal
degenerative diseases affect mortality and cause of death after 10 years in Japan? J
Bone Miner Metab 2011;29:217-23.

Visuri T, Borg H, Pulkkinen P, Paavolainen P, Pukkala E. A retrospective comparative
study of mortality and causes of death among patients with metal-on-metal and metal-
on-polyethylene total hip prostheses in primary osteoarthritis after a long-term follow-
up. BMC Musculoskelet Disord 2010;11:78.

Watson DJ, Rhodes T, Guess HA. All-cause mortality and vascular events among patients
with rheumatoid arthritis, osteoarthritis, or no arthritis in the UK General Practice
Research Database. J Rheumatol 2003;30:1196-202.

Kumar N, Marshall NJ, Hammal DM, Pearce MS, Parker L, Furniss SS et al. Causes of
death in patients with rheumatoid arthritis: comparison with siblings and matched
osteoarthritis controls. J Rheumatol 2007;34:1695-8.

121

Chapter 7



Chapter 7

APPENDICES (ONLINE SUPPLEMENTAL FILES)

Appendix I. Overview of search strategy and results

Number of
Key Words Articles
PubMed "Osteoarthritis/mortality"[Mesh] OR (("osteoarthritis"[Majr] OR 1541

Osteoarthrosis[ti] OR Osteoarthroses[ti] OR Osteoarthritides[ti]

OR Osteoarthritis[ti] OR Osteoartrosis[ti] OR Osteoartroses[ti] OR
Osteoartritides[ti] OR Osteoartritis[ti] OR "Degenerative Arthritis"[ti]
OR "Degenerative Arthritides"[ti] OR Arthrosis[ti] OR Arthroses][ti]

OR Arthritides[ti] OR Artrosis[ti] OR Artroses|[ti]) AND (Mortality OR
"Mortality"[mesh] OR "mortality"[Subheading] OR Mortality[tw] OR
Mortalities[tw] OR "Case Fatality Rate"[tw] OR "Case Fatality Rates"[tw]
OR "Death Rate"[tw] OR "Death Rates"[tw] OR "Cause of Death"[tw] OR
"Fatal Outcome"[tw] OR "Fatal Outcomes"[tw] OR "Survival Rate"[tw] OR
"Survival Rates"[tw] OR "Death"[mesh] OR "Survival"[mesh] OR "Survival
Analysis"[mesh] OR survivorship[tw])) OR (("osteoarthritis"[Mesh] OR
Osteoarthrosis[tw] OR Osteoarthroses[tw] OR Osteoarthritides[tw]

OR Osteoarthritis[tw] OR Osteoartrosis[tw] OR Osteoartroses[tw] OR
Osteoartritides[tw] OR Osteoartritis[tw] OR "Degenerative Arthritis"[tw]
OR "Degenerative Arthritides"[tw] OR Arthrosis[tw] OR Arthroses[tw] OR
Arthritides[tw] OR Artrosis[tw] OR Artroses[tw]) AND ("Mortality"[majr]
OR "mortality"[Subheading] OR Mortality[ti] OR Mortalities[ti] OR

"Case Fatality Rate"[ti] OR "Case Fatality Rates"[ti] OR "Death Rate"[ti]
OR "Death Rates"[ti] OR "Cause of Death"[ti] OR "Fatal Outcome"[ti]

OR "Fatal Outcomes"[ti] OR "Survival Rate"[ti] OR "Survival Rates"[ti]

OR "Death"[majr] OR "Survival"[majr] OR "Survival Analysis"[majr] OR
survivorship[ti]))

Embase ((exp *osteoarthritis/ OR (Osteoarthrosis OR Osteoarthroses OR 2452
Osteoarthritides OR Osteoarthritis OR Osteoartrosis OR Osteoartroses
OR Osteoartritides OR Osteoartritis OR "Degenerative Arthritis" OR
"Degenerative Arthritides" OR Arthrosis OR Arthroses OR Arthritides
OR Artrosis OR Artroses).ti) AND (exp mortality/ OR exp Death/ OR exp
survival rate/ OR (Mortality OR Mortalities OR "Case Fatality Rate" OR
"Case Fatality Rates" OR "Death Rate" OR "Death Rates" OR "Cause of
Death" OR "Fatal Outcome" OR "Fatal Outcomes" OR "Survival Rate"

OR "Survival Rates" OR "Survival Analysis" OR survivorship).ti,ab))

OR ((exp osteoarthritis/ OR (Osteoarthrosis OR Osteoarthroses OR
Osteoarthritides OR Osteoarthritis OR Osteoartrosis OR Osteoartroses
OR Osteoartritides OR Osteoartritis OR "Degenerative Arthritis" OR
"Degenerative Arthritides" OR Arthrosis OR Arthroses OR Arthritides OR
Artrosis OR Artroses).ti,ab) AND (exp *mortality/ OR exp *Death/ OR exp
*survival rate/ OR (Mortality OR Mortalities OR "Case Fatality Rate" OR
"Case Fatality Rates" OR "Death Rate" OR "Death Rates" OR "Cause of
Death" OR "Fatal Outcome" OR "Fatal Outcomes" OR "Survival Rate" OR
"Survival Rates" OR "Survival Analysis" OR survivorship).ti))

(Osteoarthrosis OR Osteoarthroses OR Osteoarthritides OR 180
Osteoarthritis OR Osteoartrosis OR Osteoartroses OR Osteoartritides OR
Osteoartritis OR "Degenerative Arthritis" OR "Degenerative Arthritides"

OR Arthrosis OR Arthroses OR Arthritides OR Artrosis OR Artroses)

AND (Mortality OR Mortalities OR "Case Fatality Rate" OR "Case Fatality

Rates" OR "Death Rate" OR "Death Rates" OR "Cause of Death" OR "Fatal
Outcome" OR "Fatal Outcomes" OR "Survival Rate" OR "Survival Rates"

OR "Survival Analysis" OR survivorship)
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Appendix I. Overview of search strategy and results (Continued)

Number of

Key Words Articles

Web of
Science

(TI=(Osteoarthrosis OR Osteoarthroses OR Osteoarthritides OR 546
Osteoarthritis OR Osteoartrosis OR Osteoartroses OR Osteoartritides OR
Osteoartritis OR "Degenerative Arthritis" OR "Degenerative Arthritides"
OR Arthrosis OR Arthroses OR Arthritides OR Artrosis OR Artroses) AND
TS=(Mortality OR Mortalities OR "Case Fatality Rate" OR "Case Fatality
Rates" OR "Death Rate" OR "Death Rates" OR "Cause of Death" OR "Fatal
Outcome" OR "Fatal Outcomes" OR "Survival Rate" OR "Survival Rates"
OR "Survival Analysis" OR survivorship)) OR (TS=(Osteoarthrosis OR
Osteoarthroses OR Osteoarthritides OR Osteoarthritis OR Osteoartrosis
OR Osteoartroses OR Osteoartritides OR Osteoartritis OR "Degenerative
Arthritis" OR "Degenerative Arthritides" OR Arthrosis OR Arthroses OR
Arthritides OR Artrosis OR Artroses) AND Tl=(Mortality OR Mortalities
OR "Case Fatality Rate" OR "Case Fatality Rates" OR "Death Rate" OR
"Death Rates" OR "Cause of Death" OR "Fatal Outcome" OR "Fatal
Outcomes" OR "Survival Rate" OR "Survival Rates" OR "Survival Analysis"
OR survivorship))

TITLE-ABSTR-KEY(Osteoarthritis AND Mortality) 154

TITLE-ABSTR-KEY((Osteoarthrosis OR Osteoarthroses OR
Osteoarthritides OR Osteoarthritis OR Osteoartrosis OR Osteoartroses
OR Osteoartritides OR Osteoartritis OR Degenerative Arthritis OR
Degenerative Arthritides OR Arthrosis OR Arthroses OR Arthritides OR
Artrosis OR Artroses) AND (Mortality OR Mortalities OR Case Fatality
Rate OR Case Fatality Rates OR Death Rate OR Death Rates OR Cause
of Death OR Fatal Outcome OR Fatal Outcomes OR Survival Rate OR
Survival Rates OR Survival Analysis OR survivorship))

(Osteoarthrosis OR Osteoarthroses OR Osteoarthritides OR
Osteoarthritis OR Osteoartrosis OR Osteoartroses OR Osteoartritides
OR Osteoartritis OR Degenerative Arthritis OR Degenerative Arthritides
OR Arthrosis OR Arthroses OR Arthritides OR Artrosis OR Artroses) AND
(Mortality OR Mortalities OR Case Fatality Rate OR Case Fatality Rates
OR Death Rate OR Death Rates OR Cause of Death OR Fatal Outcome OR
Fatal Outcomes OR Survival Rate OR Survival Rates OR Survival Analysis
OR survivorship)

(Osteoarthrosis OR Osteoarthroses OR Osteoarthritides OR
Osteoarthritis OR Osteoartrosis OR Osteoartroses OR Osteoartritides OR
Osteoartritis OR "Degenerative Arthritis" OR "Degenerative Arthritides"
OR Arthrosis OR Arthroses OR Arthritides OR Artrosis OR Artroses)

AND

(Mortality OR Mortalities OR "Case Fatality Rate" OR "Case Fatality
Rates" OR "Death Rate" OR "Death Rates" OR "Cause of Death" OR "Fatal
Outcome" OR "Fatal Outcomes" OR "Survival Rate" OR "Survival Rates"
OR "Survival Analysis" OR survivorship)
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Appendix I. Overview of search strategy and results (Continued)

Number of

Key Words Articles

CINAHL (Osteoarthrosis OR Osteoarthroses OR Osteoarthritides OR 228
Osteoarthritis OR Osteoartrosis OR Osteoartroses OR Osteoartritides OR
Osteoartritis OR "Degenerative Arthritis" OR "Degenerative Arthritides"

OR Arthrosis OR Arthroses OR Arthritides OR Artrosis OR Artroses)

AND

(Mortality OR Mortalities OR "Case Fatality Rate" OR "Case Fatality
Rates" OR "Death Rate" OR "Death Rates" OR "Cause of Death" OR "Fatal
Outcome" OR "Fatal Outcomes" OR "Survival Rate" OR "Survival Rates"
OR "Survival Analysis" OR survivorship)
Academic  (Osteoarthrosis OR Osteoarthroses OR Osteoarthritides OR 20
Search Osteoarthritis OR Osteoartrosis OR Osteoartroses OR Osteoartritides OR
Premier Osteoartritis OR "Degenerative Arthritis" OR "Degenerative Arthritides"
OR Arthrosis OR Arthroses OR Arthritides OR Artrosis OR Artroses)
AND (Mortality OR Mortalities OR "Case Fatality Rate" OR "Case Fatality
Rates" OR "Death Rate" OR "Death Rates" OR "Cause of Death" OR "Fatal
Outcome" OR "Fatal Outcomes" OR "Survival Rate" OR "Survival Rates"
OR "Survival Analysis" OR survivorship)
Hand 1
Search
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Appendix Il

Item Criteria

Applicable for:

1

10

11

12

13

14

Definition of study
Sufficient description of characteristics of study groups

A “1’is given when a paper describes at least setting and time of period of
the study, ages of patients (and its range) and man:woman ratio

Presence of OA was according to valid definition and the classification was
standardized.

A ‘1" will than given for a study which used ACR criteria for OA or a valid OA
radiographic scoring method (such as Kellgren and Lawrence, OARSI or Croft)

Presence of OA was measured identically in cases and controls.
A ‘1'is given if assessment of mortality was the same in controls as in cases.

Selection bias

Clear description of selection of study subjects.

When a paper described how the study subjects were selected (description
of in- and exclusion criteria) from the population level to the study level, a
‘1" will be given.

Cases and controls were drawn from the same source population.
This is to exclude the possibility of selection bias.

Follow-up
Participation rate = 80% for study groups

80% was an arbitrary margin chosen to determine the quality of the
selection of study subjects.

No difference in withdrawal in both groups, including information on
completers and withdrawals

Assessment of the outcome: Death
Mortality measures were valid, e.g. the use of national register or objective
observations

Valid mortality rates in controls
A “1’is given if mortality rates in controls are valid, e.g. country life tables or
register

Mortality was assessed identical in cases and controls

A‘1"is given if assessment of mortality was the same in controls as in cases.

Analysis and Data Presentation
Frequencies of the most important determinants were given, such as age,
BMI, sex

Frequencies of deaths were given

Appropriate analysis techniques with estimates were used

A “1’is given if SMRs are calculated or may be calculated from observed/
expected

Adjusted for at least age and gender

C/NCC

C/NCC

NCC

C/NCC

NCC

C/NCC

NCC

C/NCC

NCC

C/NCC

C/NCC

C/NCC

C/NCC
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