
Study Protocol

Examining the relationship between
rheumatoid arthritis, multimorbidity
and adverse health-related outcomes:
A systematic review protocol

Jordan Canning1 , Stefan Siebert2, Bhautesh D Jani1,
Frances S Mair1 and Barbara I Nicholl1

Abstract

Background: Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterised by articular inflammation and
systemic complications. Multimorbidity (the presence of two or more long-term health conditions) is highly prevalent in
people with RA but the effect of multimorbidity on mortality and other health-related outcomes is poorly understood.

Objective: To determine what is known about the effect, if any, of multimorbidity on mortality and health-related out-
comes in individuals with RA.

Design: Systematic review of the literature. The following electronic medical databases will be searched: MEDLINE,
Embase, Cumulative Index to Nursing and Allied Health Literature, PsycINFO, The Cochrane Library and Scopus.
Included studies will be quality appraised using the Quality in Prognostic Studies tool developed by the Cochrane
Prognosis Methods Group. A narrative synthesis of findings will be undertaken and meta-analyses considered, if appro-
priate. This protocol adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols 2015
guidelines, ensuring the quality of the review.

Conclusions: Understanding the influence of multimorbidity on mortality and other health-related outcomes in RA will
provide an important basis of knowledge with the potential to improve future clinical management of RA. PROSPERO
registration number: CRD42019137756.
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Introduction

Rationale

Rheumatoid arthritis (RA) is the most prevalent inflamma-

tory arthropathy, affecting 0.5–1.0% of the adult population

in developed countries.1 In RA, persistent autoimmune-

mediated inflammation causes pain, swelling, tenderness

and destruction of synovial joints which is associated with

functional disability and reduced quality of life.2 High eco-

nomic costs and increased morbidity and mortality are

often a consequence of RA and contribute substantially to

the overall burden of disease at both patient and healthcare
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level.3 The management of RA has been transformed in

recent decades by the optimal use of disease-modifying

anti-rheumatic drugs and the availability of targeted biolo-

gical treatments.4 However, the presence of concurrent

long-term conditions (LTCs) can cause additional compli-

cations in individuals with RA.5 Common comorbid LTCs

include cardiovascular disease, osteoporosis and depres-

sion, with the average RA patient having 1.6 additional

LTCs; this number increases with age, disease duration and

disease activity. It is estimated that multimorbidity (the co-

existence of two or more LTCs) is present in approximately

two-thirds of people with RA.6 Multimorbidity itself has

been linked to excess mortality, increased healthcare utili-

sation and poorer quality of life.7,8 However, the relation-

ship between RA and multimorbidity is poorly understood.

Likewise, the effects of this relationship on mortality and

other health-related outcomes remain unclear. Examining

such relationships will provide a valuable foundation to

support future patient care through greater understanding

of those at increased risk of adverse health-related

outcomes.

Objectives

This systematic review will appraise the literature to deter-

mine what is known about the effect, if any, of multimor-

bidity on mortality and other health-related outcomes in

individuals with RA.

Methods

The Preferred Reporting Items for Systematic Review and

Meta-Analysis Protocols (PRISMA-P) 2015 reporting

guidelines were used to prepare this protocol (Online Sup-

plementary File S1).9,10

Eligibility criteria

Inclusion and exclusion criteria are summarised in Table 1.

Study design. Empirical studies using quantitative methods

will be eligible for our review. We will expressly target

longitudinal cohort studies (both retrospective and prospec-

tive). Cross-sectional studies, intervention studies, qualita-

tive studies, case reports/series and review articles

(including systematic reviews) will be excluded. There will

be no restriction on the publication date of included studies

in the systematic review, with a search end date of 6

December 2018.

Population. Studies must involve adults (18 years or older)

with RA and two or more other physical or mental health

LTCs. Studies involving children/adolescents (under

18 years) or animals will be excluded.

Exposure. The exposure of interest is the presence of two or

more LTCs in adults with RA. We will include studies that

assess the relationship between RA, multimorbidity and our

outcomes of interest using any numerical count of comor-

bidity/multimorbidity, where the type of comorbid condi-

tions is also specified. Studies that focus solely on one

comorbid condition with RA will be excluded as this sys-

tematic review is only interested in the relationship

between RA and multimorbidity.

Comparators. Participants with only RA and no other LTCs

or those with RA and one other LTC will act as the com-

parator/control group. However, studies that do not include

a comparator/control group will not be excluded.

Outcomes. The primary outcome will be all-cause mortality.

Health-related outcomes will also be of interest, particu-

larly those relating to disability and quality of life. Of inter-

est, are those reported by patients regarding their

emotional, social and physical wellbeing via health assess-

ment questionnaires (HAQ) and/or patient-reported out-

come measures. Studies which provide data on any of

these outcomes will be included.

Publication type. Studies must be full-text published articles.

Conference abstracts, dissertations/theses and editorials/

commentaries/letters will be excluded.

Language. Studies must be in the English language.

Table 1. Summary of inclusion and exclusion criteria to be used during the study selection process.

Category Inclusion criteria Exclusion criteria

Study design Longitudinal cohort studies (retrospective
and prospective)

Cross-sectional studies; intervention studies; qualitative studies;
case reports/series; review articles (including systematic reviews)

Population Adults (18 years or older) Children/adolescents (under 18 years); animal studies
Exposure RA þ �2 LTCs RA þ 1 LTC
Comparator RA þ �1 LTC None
Outcomes Mortality and/or health-related outcomes
Publication type Full-text published article Conference abstracts; dissertations/theses; editorials/commentaries/

letters
Language English language Non-English language

RA: rheumatoid arthritis; LTC: long-term condition.
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Information sources

The following electronic medical databases will be

searched: MEDLINE (Ovid), Embase (Ovid), Cumulative

Index to Nursing and Allied Health Literature (CINAHL;

EBSCOhost), PsycINFO (EBSCOhost), The Cochrane

Library (Central Register of Controlled Trials (CEN-

TRAL); Wiley) and Scopus (Elsevier). The International

Prospective Register of Systematic Reviews (PROSPERO)

will be monitored for other ongoing and completed sys-

tematic reviews on RA and multimorbidity.

Search strategy

The search strategy will combine the following concepts:

(1) RA, (2) comorbidity/multimorbidity, (3) mortality and

(4) health-related outcomes (see ‘Outcomes’ section),

using subject index terms and keywords (Table 2). Each

database will be searched individually with the search

strategy adapted to reflect the differing subject index

terms and keywords used by each database. Advanced

search features, such as multi-field search, operators, trun-

cation/wildcards and limits, will be combined with the

appropriate Boolean terms to create our search strategy.

This search strategy will be reviewed by the University of

Glasgow College Librarian for Medical, Veterinary and

Life Sciences and members of our review panel with

expertise in RA and multimorbidity (Online Supplemen-

tary File S2).

Study records

Data management. The results of the literature search will

be downloaded to EndNote (X7.7.1; Thomson Reuters) and

duplicates removed. The remaining studies will be

uploaded to the systematic review management software,

DistillerSR (Evidence Partners, Ontario, Canada), in pre-

paration for the selection process.

Selection process. The process for selecting eligible studies

will be conducted in two stages, namely title/abstract

screening and full-text screening. Titles and abstracts of

studies identified from the database searches will be

screened independently by the primary researcher (JC) and

another member of the review team (SS, BJ, FM or BN)

against predefined eligibility criteria. Studies that meet the

eligibility criteria will undergo full-text screening. Con-

flicting studies will also undergo full-text screening. Full-

text articles will be obtained and the primary researcher

(JC) and one other reviewer (SS, BJ, FM or BN) will again

independently review studies against the predefined elig-

ibility criteria. Online supplementary material will be con-

sulted when necessary to support the decision-making

process. Disagreements at this stage will be resolved by

discussion and/or consultation with a third reviewer. A

citation search will also be performed on full-text articles

to identify any additional relevant studies.

Data collection process. Data from included studies will be

extracted and recorded in a predefined data extraction form

designed by the primary researcher (JC), as per Cochrane

Handbook recommendations, specifically the Cochrane

PICO statement where Intervention (‘I’) is replaced with

Exposure (‘E’). The form will cover Population, Exposure,

Comparator and Outcomes (Table 1). Study characteristics

will also be included to record study design, setting, study

time period and aims and objectives. The data extraction

form will be piloted and any modifications to the form will

be made by the review team. Data extraction will be carried

out in duplicate by independent reviewers and discrepan-

cies will be resolved by discussion and/or consultation with

a third reviewer.

Data items

Study characteristics. Details relating to study design, setting,

period of study and study aims and objectives will be

extracted.

Population. Study population characteristics, such as sample

size, sex, age, ethnicity, sociodemographic status, occupa-

tion, education, RA duration and treatment, will be

Table 2. Summary of subject index terms and keywords used in search strategy and adapted for each electronic medical database.

Key concepts Rheumatoid arthritis Multimorbidity Mortality Health-related outcomes

Search index terms and
keywords

arthritis, rheumatoid
rheumatoid arthritis
rheumatic disease*

multimorbid*
multi morbid*
multiple morbid*
multicondition*
multi condition*
multiple condition*
multidisorder*
multi disorder*
multiple disorder*
comorbid*
co morbid*
condition count*

mortality
death
surviv*
surviv* analys*

function* outcome*
function* abilit*
function* disability*
physical* function*
emotion* function*
social* function*
quality of life
chronic pain
musculoskeletal pain
health assessment questionnaire*
patient reported outcome measure*
short form questionnaire*
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extracted. RA definition/diagnosis criteria will be noted.

Population recruitment and sampling for each study will

be recorded, as will the individual inclusion/exclusion

criteria.

Exposure. The definition/measure of multimorbidity and

number/type of comorbid conditions will be reported for

each included study.

Comparator. Details of comparator/control groups including

definition/measure of participants with RA and no/one

other LTCs will be extracted.

Outcome. We will record how all-cause mortality and

health-related outcomes are defined and measured by each

included study. Length of follow-up and statistical analyses

used by the authors to evaluate the relationship between

RA, multimorbidity and mortality or health-related out-

comes will be extracted.

Statistical methods. We will also record the statistical meth-

ods used, reported results, nature of association reported

along with the corresponding effect sizes and adjusting

confounders used in the model.

Outcomes and prioritisation

The primary outcome of interest is all-cause mortality

which may be calculated as hazard ratios, odds ratios, inci-

dence rates or survival percentages. Health-related out-

comes may be clinician- and/or patient-reported via

appropriate questionnaires, for example, HAQ, patient/

physician global assessment and short form 36.

Risk of bias in individual studies

The Quality in Prognostic Studies tool (developed by the

Cochrane Prognosis Methods Group) will be used by two

reviewers (JC and SS, BJ, FM or BN) to independently

assess risk of bias within included studies. Judgements will

be made for each of the following domains: Study Partic-

ipation, Study Attrition, Prognostic Factor Measurement,

Outcome Measurement, Study Confounding and Statistical

Analysis and Reporting. Each domain will be assigned a

‘Rating of “Risk of bias”’ as either ‘High’, ‘Moderate’ or

‘Low’. The adequacy of reporting will be rated as ‘Yes’,

‘Partial’, ‘No’ or ‘Unsure’. Text comments to facilitate the

consensus process will also be included, as necessary. Dis-

agreements between reviewers at this stage will be dis-

cussed and resolved by a third reviewer, if required.

Data synthesis

Included studies will be grouped together according to out-

comes in preparation for data synthesis. A narrative synth-

esis of findings will be conducted which will describe the

following from each included study: study characteristics,

population, exposure, comparator, outcomes, risk of bias

(quality) assessment and study inconsistencies, if any. If

appropriate, a meta-analysis will be conducted with tests

for publication bias and heterogeneity carried out before-

hand. No analysis of subgroups or subsets is planned at

present. However, this decision will be re-assessed depend-

ing on findings. If appropriate, separate analyses may be

conducted on relevant study population characteristics, for

example, age, gender, socioeconomic status or multimor-

bidity count/type of comorbid conditions.

Ethics approval and dissemination

This systematic review will not contain individual patient

data therefore ethics approval is not required. The results of

this review will be disseminated via relevant scientific con-

ferences, peer-reviewed publications and social media.

This review also fulfils objectives of the primary research-

er’s (JC) Doctoral Training Programme (DTP) project.

Discussion

This systematic review will evaluate the existing literature

to determine what is known about the effect of multimor-

bidity on mortality and adverse health-related outcomes in

people with RA. We expect to find multimorbidity to be

associated with excess mortality, worsened functional sta-

tus and reduced quality of life in individuals with RA. We

also anticipate that differing numbers and types of comor-

bid LTCs will have varying impacts on these outcomes.

This systematic review will be the first to our knowledge

to examine the current information available to delineate

such relationships, identify gaps in knowledge and contrib-

ute to overall understanding in this area. Identifying areas

for additional investigation may further bridge the gap

between current understanding and future clinical guide-

line/health service design modifications.

This systematic review has several key strengths includ-

ing adhering to PRISMA-P 2015 guidelines to ensure

clarity and transparency in our reporting. We will also

develop a comprehensive search strategy with guidance

from a specialist librarian to minimise the omission of rel-

evant studies. Likewise, all screening and data extraction

will be performed independently by two reviewers to limit

any oversights.

The definition of multimorbidity and the reporting of

outcomes in literature are expected to vary considerably.

A narrative synthesis of findings may therefore be con-

ducted to accommodate the heterogeneous nature of the

literature which is a potential limitation. The search strat-

egy also restricts publications to English language only

which is a possible limitation, although it has previously

been suggested that this is not a major drawback to the

quality of a systematic review.11

Without a defined relationship between RA and multi-

morbidity, it is difficult to develop and implement

4 Journal of Comorbidity



standardised treatment advice and guidelines that are inclu-

sive to RA patients with multimorbidity. Enhanced under-

standing of RA and multimorbidity may therefore help to

identify those at increased risk of experiencing adverse

clinical and health-related outcomes, with potential impli-

cations for future clinical practice.
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8. Simões D, Araújo FA, Severo M, et al. Patterns and conse-

quences of multimorbidity in the general population: there is

no chronic disease management without rheumatic disease

management. Arthrit Care Res 2017; 69(1): 12–20.

9. Shamseer L, Moher D, Clarke M, et al. Preferred reporting

items for systematic review and meta-analysis protocols

(PRISMA-P) 2015: elaboration and explanation. BMJ 2015;

349: g7647.

10. Moher D, Shamseer L, Clarke M, et al. Preferred reporting

items for systematic review and meta-analysis protocols

(PRISMA-P) 2015 statement. Syst Rev 2015; 4(1): 1.

11. Morrison A, Polisena J, Husereau D, et al. The effect of

English-language restriction on systematic review-based

meta-analyses: a systematic review of empirical studies.

Int J Technol Assess Health Care 2012; 28(2): 138–144.

Canning et al. 5

https://orcid.org/0000-0002-1432-1302
https://orcid.org/0000-0002-1432-1302
https://orcid.org/0000-0002-1432-1302


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


