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Abstract

Objective. To determine the burden of comorbidities in OA and their temporal relationships in the UK.

Methods. The Clinical Practice Research Datalink (CPRD) GOLD was used to identify people with incident OA

and age, gender and practice matched non-OA controls from UK primary care. Controls were assigned the same

index date as matched cases (date of OA diagnosis). Associations between OA and 49 individual comorbidities

and multimorbidities (two or more comorbidities excluding OA) both before and after OA diagnosis were estimated,

adjusting for covariates, using odds ratios (aORs) and hazard ratios (aHRs), respectively.

Results. During 1997–2017, we identified 221 807 incident OA cases and 221 807 matched controls. Of 49 comorbidities

examined, 38 were associated with OA both prior to and following the diagnosis of OA and 2 (dementia and systemic lupus

erythematosus) were associated with OA only following the diagnosis of OA. People with OA had a higher risk of developing

heart failure [aHR 1.63 (95% CI 1.56, 1.71)], dementia [aHR 1.62 (95% CI 1.56, 1.68)], liver diseases [aHR 1.51 (95% CI 1.37,

1.67)], irritable bowel syndrome [aHR 1.51 (95% CI 1.45, 1.58)], gastrointestinal bleeding [aHR 1.49 (95% CI 1.39, 1.59)], 10

musculoskeletal conditions and 25 other conditions following OA diagnosis. The aOR for multimorbidity prior to the index date

was 1.71 (95% CI 1.69, 1.74), whereas the aHR for multimorbidity after the index date was 1.29 (95% CI 1.28, 1.30).

Conclusions. People with OA are more likely to have other chronic conditions both before and after the OA diag-

nosis. Further study on shared aetiology and causality of these associations is needed.
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Introduction

Comorbidity is defined as the existence or occurrence

of any additional chronic condition during the clinical

course of a patient who has the index disease under

study [1]. There has been growing interest in identifying

comorbidities that may associate with OA, especially

since the presence of additional comorbidities may in-

crease disease severity and healthcare utilization and re-

quire more complex management guidelines [2]. Our

recent systematic review found that 60% of people with

OA had one or more other chronic conditions, which
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was 20% greater than those without OA [3]. However,

to date, the range of comorbidities studied is primarily

limited to cardiovascular diseases (CVDs), diabetes, de-

pression and chronic obstructive pulmonary disease

(COPD) [4–6]. Furthermore, because most studies are

cross-sectional and the occurrence of comorbidities

after OA diagnosis has not been examined, the temporal

and causal associations between them have yet to be

established. With the exception of shared risk factors,

such as ageing and obesity, little is known about the

biological plausibility of concurrence of OA and associ-

ated comorbidities [7].

Multimorbidity is a rapidly evolving research area in

chronic conditions and primary care and is defined as

the presence of two or more chronic conditions in the

same individual [8]. To date, no studies are available on

the reported associations of multimorbidity or comorbid-

ities with OA, and many possible associated conditions

have not been examined. In the UK, widespread use of

electronic medical records in general practices captures

research-quality information on visits, diagnoses, pre-

scribed medications, management and interventions [9].

The longitudinal nature of the recorded data allows the

study of information on consultations and diagnoses at

multiple time points. Therefore, using data representa-

tive of the UK general population in the Clinical Practice

Research Datalink (CPRD), this study aimed to examine

the burden of comorbidity and multimorbidity both prior

to and following the diagnosis of OA compared with

matched controls without OA.

Methods

We used the CPRD GOLD database for both retrospect-

ive (before OA diagnosis) and prospective (after OA

diagnosis) analyses. The study involved analyses of ano-

nymised patient-level data and was approved by the

Independent Scientific Advisory Committee for

Medicines and Healthcare Products Regulatory Agency

(MHRA) database research (protocol 19_030R).

Data source

The CPRD contains primary care electronic medical

records and is generalisable to the wider UK population

[10]. As of 31 December 2017, CPRD contained data on

�17.5 million individuals from 736 general practices [10].

Substantial research has provided satisfactory results

regarding the validity, representativeness and complete-

ness of the CPRD [12]. More details about the database

can be found at https://cprd.com/primary-care.

Case definition of OA

We used Read codes, which is a standard clinical cod-

ing system used in general practice in the UK, to identify

people with a diagnosis of incident OA between 1

January 1997 and 31 December 2017. The date of the

first recorded diagnosis for OA was used as the index

date to separate retrospective and prospective analyses.

Inclusion criteria for incident OA cases were at least one

recorded physician diagnosis of OA for the hip, knee,

ankle/foot, wrist/hand or recorded as ‘unspecified’; age

�20 years at the index date; having active registration

for at least 36 months with the up-to-standard (UTS)

practice prior to the index date; and registered at a

practice flagged as having acceptable data (determined

by CPRD standards).

An existing Read code list for OA (www.keele.ac.uk/

mrr) was updated and adapted according to the inclu-

sion and exclusion criteria and screened by two inde-

pendent general practitioners (GPs) before use. The

codes obtained from the website were previously

matched with International Classification of Diseases,

Tenth Revision codes (Musculoskeletal disorder chapter)

[13]. Although not all OA joint codes have been vali-

dated, a recent study reported a positive predictive

value of almost 80% for Read codes for hip OA in peo-

ple �60 years of age [13].

Selection of controls

Controls were people registered for at least 36 months

with UTS practices and with no record of diagnosed

OA, OA-related joint pain or total joint replacement. One

control was selected per OA case (i.e. 1:1 matching),

matched by year of birth (62 years), gender, year of first

registration and practice. The same index date (i.e. date

of first OA diagnosis) as their matched case was used.

Definitions and extraction of comorbidities and

multimorbidity

We defined comorbidity as the recording of a diagnosis

of predefined chronic conditions in individuals of both

groups. An extensive list of 49 chronic conditions was

prepared from the Quality Outcome Framework (QOF)

[15], a list of the US Department of Health and Human

Services Initiative on Multiple Chronic Conditions [16]

and the Charlson comorbidity index [17]. The list was

updated with findings from our systematic review [3]

and a previous UK community-based knee pain study

[3, 18] by including common and important morbidities

not included in the above [19, 20]. We also examined

the association of multimorbidity (two or more condi-

tions other than OA) with OA before and after the diag-

nosis/index date.

The 49 comorbidities in our study were further cate-

gorised into eight groups, specifically: musculoskeletal

(MSK), respiratory, genitourinary, neuropsychiatric, can-

cer, circulatory, metabolic/endocrine and gastrointestinal

(GI). In addition, nine other conditions were grouped as

a ninth ‘other’ category (Supplementary Table S1.1,

available at Rheumatology online). Wherever required,

the codes were further refined after comparing with

codes used by other researchers in our department and

other sources [21, 22]. Most of the comorbidities listed

have been externally validated [12, 23]. A final list of

codes was shared with our GP collaborator for input

and verification. Finally, the corrected codes were

reviewed and agreed upon by the research team. A
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summary of the disease list with primary Read codes is

given in Supplementary Table S1.1, available at

Rheumatology online.

Covariates

The whole study period was divided into five observa-

tion periods (0–1 year, 0–5 years, 0–10 years, 0–15 years

and 0–20 years) before and after the index date. We

extracted information on BMI, alcohol use and smoking

status at the end of each time. If information on these

variables was missing in one time period, it was imputed

using the last observation carried forward from the pre-

vious time interval (i.e. assuming the value remained un-

changed). However, for completely missing information

we used multiple imputation with chained equations to

generate five imputations per person using the MICE

package in R software (R Foundation for Statistical

Computing, Vienna, Austria).

BMI (in kg/m2) was categorized as underweight

(<18.5), normal (18.5–24.9), overweight (25.0–29.9) or

obese (�30.0) [24]. Smoking status was categorised as

ex-smoker, current smoker or non-smoker. Alcohol use

was grouped into non-user, ex-user, current user 1–9

units/week, current user �10 units/week or current user

(unknown quantity).

Statistical methods

For the retrospective analysis, a nested matched (please

see above about matching) case–control design was

used. The prevalence of a specific comorbidity in OA

patients and controls was estimated by calculating the

proportions of people diagnosed with the comorbidity

during the previous 1, 5, 10, 15 and 20 years (maximum)

before the index date out of the total number of cases

and controls. This method was used primarily to exam-

ine whether longer observation periods would give

greater prevalence to assess observational bias [25] and

because longer observation periods are often needed to

capture the diagnosis of chronic diseases in a

consultation-based database [26]. Odds ratios (ORs)

and 95% CIs were used to estimate the associations

between OA and each comorbidity. Multivariable condi-

tional logistic regression was used to adjust for age,

BMI, smoking, alcohol use and multimorbidity count at

the index date. Age was adjusted to account for the re-

sidual variation due to the group matching (62 years).

We also estimated the total number of comorbidities

(none, one, two, three and four or more comorbidities)

and the OR for multimorbidity (two or more chronic con-

ditions) during the retrospective time periods.

In the prospective analysis, a cohort study design was

used. We assessed incident comorbidity at the earliest

date of diagnosis after the index date. Both the OA and

matched non-OA cohorts were followed up to 20 years

after the index date for each specific comorbidity in

people without the comorbidity studied at the index

date, namely, people at risk. The follow-up period was

censored at the earliest date of comorbidity diagnosis,

death, transfer out or end of the study (31 December

2017). The Kaplan–Meir method was used to display the

cumulative probability of each comorbidity in people

with incident OA and matched controls. Hazard ratios

(HRs) and 95% CIs were calculated for each comorbid-

ity separately using a Cox proportional hazards model

adjusting for age, gender, BMI, smoking, alcohol use,

multimorbidity count at the index date and index year.

Age, BMI, smoking status and alcohol use were

included as time-varying covariates. The proportional

hazard assumption for each comorbidity was examined

with log-log plots and Schoenfeld residual tests. We

also assessed the incidence and HR of developing mul-

timorbidity (i.e. recording of the new second condition

after the index date) in a similar way.

Further analyses were carried out to examine the spe-

cific associations with knee, hip, wrist/hand and ankle/

foot OA. These were restricted to cases with OA at

those joints and their matched controls and associations

were estimated both retrospectively and prospectively

using the above mentioned methods.

We tested the associations with 49 comorbidities. To

address the risk of a higher false discovery rate (FDR)

due to ‘multiple significance testing’ [27], the FDR

method proposed by Benjamini and Hochberg was used

to calculate adjusted P-values for both retrospective

and prospective analyses [28]. Details of the multiple

testing methods is given in Supplementary File 2, page

1, available at Rheumatology online. The statistical anal-

yses were performed using Stata version 15 (StataCorp,

College Station, TX, USA) and R software version 3.5.

Sensitivity analysis

As a sensitivity analysis for the prospective study, we

re-ran the analysis for each comorbidity restricted to

people with OA and matched controls without any

comorbidities on or before the index date. This study

population can be defined as an ‘at-risk’ group for

developing any of the comorbidities of interest. For mul-

timorbidity, the incident date was defined as the date of

diagnosis of the second new chronic condition from the

index date in an individual. Cox proportional hazard

models were used to estimate the HR for each comor-

bidity adjusted for, smoking status, alcohol use and

BMI.

Results

During the period 1 January 1997 to 31 December 2017,

we identified 494 716 incident OA cases [29]. Matched

controls could be found for 221 807 cases, with a mean

age of 61.1 years at diagnosis (S.D. 13.2) with 58% being

women. The mean age of the control population

(n¼221 807) was 60.9 years (S.D. 13.3) with 58% being

women. Table 1 shows the characteristics of the OA

cases and matched controls.

Temporal relationship between osteoarthritis and comorbidities
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Retrospective analysis

Comorbidities prior to OA index date at every 5 years up

to 20 years in the OA case and control groups are

shown in Table 2. Within the maximum 20 year observa-

tional period prior to the index date, 53.1% of cases

and 41.8% of controls had multimorbidity.

Of the 49 comorbidities studied, significant associa-

tions were seen with 40 comorbidities in the past

20 years (Table 2). During this period the adjusted

odds ratio (aOR) for multimorbidity prior to OA was

1.71 (95% CI 1.69, 1.74). The strongest associations

were seen with rheumatoid arthritis (RA) [aOR 1.95

(95% CI 1.80, 2.11)], fibromyalgia [aOR 1.89 (95% CI

1.75, 2.04)], polymyalgia [aOR 1.74 (95% CI 1.62,

1.87)], back pain [aOR 1.67 (95% CI 1.64, 1.69)] and

SS [aOR 1.67 (95% CI 1.39, 2.00)] (Table 2). The

prevalence and aORs according to different observa-

tional periods prior to the index date are shown in

Supplementary Tables S1.2 and S1.3, available at

Rheumatology online.

Joint-specific associations retrospectively for each

comorbidity are given in Supplementary Table S1.4,

available at Rheumatology online. For hip OA, for

20 years before the index date, leading comorbidities

having a positive association were back pain and AS.

Leading comorbidities associated with knee OA within

20 years of the index date were fibromyalgia and poly-

myalgia. For wrist and hand OA, leading associations

were seen with gout and back pain. Comorbidities asso-

ciated with ankle/foot OA within 20 years of the index

date were gout and irritable bowel syndrome (IBS)

(Supplementary Table S1.4, available at Rheumatology

online).

Prospective analysis

The cumulative probabilities of all comorbidities were

higher in the OA group than the control group in each

year of follow-up (Supplementary Table S1.5, available

at Rheumatology online). The adjusted cumulative

TABLE 1 Characteristics of incident OA patients and matched controls at the index date

Characteristics Incident OA

(n 5 221 807)

Controls

(n 5 221 807)

Unadjusted

ORa (95% CI)

Age, mean (S.D.), years 61.05 (13.17) 60.88 (13.31)

Age (men), mean (S.D.), years 60.71 (12.85) 60.54 (12.97)

Age (women), mean (S.D.), years 61.30 (13.40) 61.12 (13.55)

Age (years), n (%)

<40 12 266 (5.53) 13 018 (5.87) NA

40–49 30 809 (13.89) 31 673 (14.28) NA

50–59 60 287 (27.18) 59 606 (26.87) NA

60–69 60 442 (27.25) 59 294 (27.02) NA

70–79 40 879 (18.43) 40 418 (18.22) NA

80–89 15 926 (7.18) 15 815 (7.13) NA

>90 1198 (0.54) 1353 (0.61) NA

Gender, n (%)

Men 93 895 (42.33) 93 895 (42.33) NA

Women 127 912 (57.67) 127 912 (57.67) NA

BMI (kg/m2), n (%)

BMI, mean (S.D.) 28.28 (5.62) 26.62 (4.98)

<18.5 (underweight) 3039 (1.37) 4810 (2.17) 0.85 (0.82 0.90)*

18.5–24.9 (normal) 63 547 (28.65) 86 620 (39.06) Reference

25.0–29.9 (overweight) 82 734 (37.30) 83 013 (37.44) 1.38 (1.36, 1.40)*

�30 (obese) 72 487 (32.68) 47 294 (21.33) 2.14 (2.11, 2.18)*

Alcohol consumption (units/week), n (%)

Never 44 117 (19.89) 41 392 (18.67) Reference

Ex-drinker 6033 (2.72) 5349 (2.41) 1.04 (1.00, 1.08)

Current, 1–9 77 588 (34.98) 80 381 (36.25) 0.89 (0.88, 0.91)*

Current, �10 43 186 (19.47) 43 226 (19.49) 0.92 (0.91, 0.95)*

Current, unknown 50 883 (22.94) 51 409 (23.18) 0.92 (0.91, 0.94)*

Smoking status, n (%)

Never smoked 117 536 (52.99) 123 882 (55.86) Reference

Ex-smoker 62 571 (28.21) 57 668 (26.00) 1.15 (1.14, 1.17)*

Current smoker 41 700 (18.80) 40 237 (18.14) 1.10 (1.08, 1.12)*

Joints involved, n (%)

Hip 25 091 (11.31)

Knee 54 841 (24.72)

Wrist/Hand 13 255 (5.97)

Ankle/Foot 5311 (2.39)

Unspecified 158 620 (71.51)

aMatched by gender, age, practice, and index date. *P-value <0.05. BMI, Body mass index; NA, not applicable.
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TABLE 2 Associations between OA (any joint) and comorbidities diagnosed during a maximum period of 20 years prior to

the index date (expanded version for every 5 year interval is provided in Supplementary Table S1.3, available at

Rheumatology online)

Comorbidities Prevalence OR (95% CI)

OA cases

(n 5 209 601), n (%)

Non-OA controls

(n 5 208 799), n (%)

Unadjusted Adjusteda

Multimorbidity 117 997 (53.19) 92 899 (41.88) 1.86 (1.83, 1.88)* 1.71(1.69, 1.74)*

Musculoskeletal

Ankylosing spondylitis 3258 (1.55) 2158 (1.03) 1.53 (1.45, 1.62)* 1.53 (1.44, 1.62)*

Back pain 84 092 (40.12) 61 835 (29.61) 1.70 (1.67, 1.72)* 1.67 (1.64, 1.69)*

Gout 8013 (3.82) 4829 (2.31) 1.69 (1.64, 1.76)* 1.52 (1.46, 1.57)*

Osteoporosis 6260 (2.98) 4896 (2.34) 1.27 (1.22, 1.32)* 1.41 (1.35, 1.47)*

Polymyalgia 2226 (1.06) 1243 (0.59) 1.80 (1.68, 1.93)* 1.74 (1.62, 1.87)*

Rheumatoid arthritis 1956 (0.93) 972 (0.46) 1.97 (1.83, 2.13)* 1.95 (1.80, 2.11)*

Sjögren’s syndrome 340 (0.16) 202 (0.09) 1.64 (1.38, 1.96)* 1.67 (1.39, 2.00)*

Systemic lupus erythematosus 122 (0.05) 81 (0.04) 1.49 (1.12, 1.98) 1.54 (1.15, 2.07)*

Fibromyalgia 2162 (1.03) 1073 (0.51) 1.95 (1.81, 2.10)* 1.89 (1.75, 2.04)*

Fatigue 2453 (1.17) 1739 (0.83) 1.42 (1.33, 1.51)* 1.42 (1.32, 1.51)*

Respiratory

Asthma 17 029 (8.12) 12 320 (5.9) 1.41 (1.38, 1.45)* 1.33 (1.30, 1.37)*

COPD 12 642 (6.05) 9296 (4.45) 1.40 (1.37, 1.45)* 1.35 (1.31, 1.39)*

Genito-urinary

Chronic kidney disease 8965 (4.27) 7527 (3.6) 1.25 (1.20, 1.29)* 1.12 (1.08, 1.16)*

Benign prostatic hypertrophyb 8436 (4.02) 6365 (3.05) 1.38 (1.32, 1.43)* 1.38 (1.33, 1.43)*

Renal stones 1923 (0.91) 1567 (0.75) 1.22 (1.14, 1.31)* 1.16 (1.09, 1.25)*

Neurological/psychiatric

Stroke 16 158 (7.7) 14 200 (6.8) 1.17 (1.14, 1.20)* 1.15 (1.11, 1.19)*

Dementia 1068 (0.51) 990 (0.47) 1.07 (0.97, 1.17) 1.09 (0.99, 1.19)

Epilepsy 1376 (0.65) 1125 (0.54) 1.20 (1.11, 1.30)* 1.18 (1.08, 1.29)*

Multiple sclerosis 348 (0.17) 433 (0.2) 0.79 (0.68, 0.91)* 0.80 (0.69, 0.93)*

Parkinson’s disease 696 (0.33) 502 (0.24) 1.36 (1.21, 1.53)* 1.39 (1.23, 1.57)*

Migraine 11 359 (5.41) 8489 (4.06) 1.36 (1.32, 1.39)* 1.37 (1.33, 1.41)*

Depression 38 417 (18.32) 27 362 (13.1) 1.53 (1.50, 1.56)* 1.49 (1.46, 1.52)*

Psychosis 398 (0.19) 419 (0.2) 0.94 (0.82, 1.08) 0.86 (0.75, 1.00)

Schizophrenia 1073 (0.51) 1034 (0.49) 1.03 (0.95, 1.12) 0.95 (0.87, 1.04)

Cancer 8972 (4.28) 7984 (3.8) 1.13 (1.09, 1.17)* 1.12 (1.09, 1.16)*

Circulatory

Coronary heart disease 18 302 (8.73) 14 262 (6.83) 1.33 (1.30, 1.36)* 1.24 (1.21, 1.27)*

Arterial/venous 1429 (0.68) 1062 (0.51) 1.34 (1.23, 1.45)* 1.29 (1.19, 1.41)*

Heart failure 3113 (1.48) 1847 (0.88) 1.72 (1.62, 1.82)* 1.52 (1.43, 1.62)*

Hypertension 53 659 (25.6) 46 012 (22.03) 1.24 (1.22, 1.26)* 1.08 (1.06, 1.10)*

Peripheral vascular disease 5539 (2.64) 3906 (1.87) 1.41 (1.35, 1.47)* 1.45 (1.39, 1.51)*

Metabolic/endocrine

High cholesterol 26 558 (12.67) 21 865 (10.47) 1.27 (1.24, 1.29)* 1.18 (1.16, 1.20)*

Diabetes mellitus 16 147 (7.7) 12 656 (6.06) 1.31 (1.27, 1.34)* 1.06 (1.03, 1.09)*

Hyperthyroid 2047 (0.97) 1843 (0.88) 1.10 (1.03, 1.17)* 1.09 (1.02, 1.16)*

Hypothyroid 12 276 (5.85) 9793 (4.69) 1.27 (1.23, 1.30)* 1.18 (1.15, 1.22)*

Digestive

Gastritis 10 527 (5.02) 7551 (3.61) 1.42 (1.37, 1.46)* 1.42 (1.36, 1.45)*

Gastroinstestinal bleed 2253 (1.07) 1570 (0.75) 1.43 (1.34, 1.53)* 1.42 (1.33, 1.52)*

Gall bladder stones 9189 (4.38) 6461 (3.09) 1.44 (1.39, 1.49)* 1.27 (1.22, 1.31)*

Inflammatory bowel disease 8704 (4.15) 6409 (3.06) 1.38 (1.33, 1.43)* 1.36 (1.32, 1.41)*

Liver diseases 1029 (0.49) 689 (0.32) 1.47 (1.33, 1.62)* 1.42 (1.29, 1.57)*

Irritable bowel syndrome 14 335 (6.83) 10 015 (4.79) 1.47 (1.43, 1.51)* 1.52 (1.47, 1.56)*

Others

HIV /AIDS 19 315 (9.21) 15 587 (7.46) 1.99 (0.75, 5.32) 2.08 (0.76, 5.75)

Hearing 1313 (0.62) 1136 (0.54) 1.26 (1.24, 1.29)* 1.26 (1.23, 1.29)*

Psoriasis 4602 (2.19) 3655 (1.75) 1.24 (1.19, 1.30)* 1.20 (1.14, 1.25)*

Scleroderma 55 (0.02) 54 (0.02) 0.98 (0.67, 1.43) 0.97 (0.65, 1.44)

Sleep disorder 5148 (2.45) 3820 (1.82) 1.43 (1.36, 1.49)* 1.35 (1.28, 1.41)*

Tuberculosis 417 (0.19) 342 (0.16) 1.21 (1.04, 1.39) 1.25 (1.08, 1.45)

Anaemia 6732 (3.21) 5406 (2.59) 1.25 (1.20, 1.29)* 1.25 (1.21, 1.30)*

Vision problems 12 179 (5.81) 10 218 (4.89) 1.15 (1.07, 1.25) 1.11 (1.02, 1.21)

Cataract 3258 (1.55) 2158 (1.03) 1.23 (1.19, 1.27)* 1.21 (1.17, 1.24)*

*P<0.05 adjusted for multiple testing using FDR. COPD, chronic obstructive pulmonary diseases. aAdjusted for age, gen-
der, BMI, smoking, alcohol use, multimorbidity count and index year. bOnly for men.
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probabilities of having multimorbidity at 5, 15 and

20 years following the index date were 27.3%, 68.4%

and 77.4% in people with incident OA and 19.5%,

42.9% and 70.7% in controls, respectively (Fig. 1). The

adjusted HR (aHR) for incident additional multimorbidity

was 1.29 (95% CI 1.28, 1.31) in OA cases compared

with controls (Table 3).

Except for HIV/AIDS, psychosis, multiple sclerosis, tu-

berculosis, scleroderma, vision problems, schizophrenia,

hypertension and renal stones, the risks of developing

each of the other comorbidities were significantly higher

in people with OA (Table 3). Patients with OA were >3

times more likely to develop RA [aHR 3.56 (95% CI

3.26, 3.89)] and 2.6 times more likely to develop fibro-

myalgia [aHR 2.64 (95% CI 2.41, 2.89)]. Besides MSK

conditions, people with OA had a higher risk compared

with matched controls of developing heart failure [aHR

1.63 (95% CI 1.56, 1.71)], dementia [aHR 1.62 (95% CI

1.56, 1.68)], liver diseases [aHR 1.51 (95% CI 1.37,

1.67)], IBS [aHR 1.51 (95% CI 1.45, 1.58)] and GI bleed-

ing [aHR 1.49 (95% CI 1.39, 1.59)] (Table 3).

Joint-specific results for each comorbidity are given in

Table 4. It shows that the risk of being diagnosed with

other MSK conditions after an OA diagnosis was higher

for all the OA types. People with hip OA had a higher

risk of being diagnosed with anaemia and arterial/ven-

ous diseases while among people with knee OA the

leading comorbidities diagnosed prospectively were GI

bleeding and heart failure. After the diagnosis of wrist

and hand OA there was an increased risk of sleep disor-

ders and heart failure. In people with ankle/foot OA, the

highest risks were for dementia and cancer (Table 4).

A comparison of aORs and aHRs found that 38 condi-

tions had significant associations with OA both retro-

spectively and prospectively (Fig. 2). Dementia and

systemic lupus erythematosus (SLE) only had a signifi-

cant association with OA prospectively and hypertension

and renal stones only had a significant association with

OA retrospectively.

Sensitivity analysis

The results from sensitivity analyses among OA patients

and controls without any comorbidities at the index date

showed significant prospective associations for 25 con-

ditions. Comorbidities with the strongest prospective

associations were fibromyalgia, RA, liver diseases, sleep

problems and GI bleeding. The adjusted risk of develop-

ing multimorbidity was 1.34 times greater (95% CI 1.28,

1.41) compared with controls. For more details on the

sensitivity analysis see Supplementary File 2, available

at Rheumatology online.

Discussion

This study estimated the burden of comorbidities prior

to the diagnosis of OA and the risk of developing

comorbidities following the diagnosis of OA using a na-

tionally representative large UK primary care database.

The key findings are that people diagnosed with OA are

significantly more likely to have multimorbidity both prior

to and following the diagnosis of OA; while MSK, GI,

cardiovascular and psychological conditions were asso-

ciated with OA in both directions, dementia and SLE

were only associated with OA after its diagnosis.

Associations in both retrospective and prospective
analyses

In this study, OA was found to be associated with large

numbers of conditions. This is the first-ever study to

examine the association of OA with a large number of

conditions in the same primary care cohort.

Multimorbidity associations with OA before and after the

diagnosis reveal the important role of MSK conditions.

Both multimorbidity and OA have positive relationships

with ageing. Multiple shared risk factors such as obesity,

physical inactivity, medication use and the possible role

of inflammation in multimorbidity might lead to OA, and

vice versa [30, 31]. Age-related changes in widespread

structural components such as collagen and reduced

reparative potential with age may also play a role in de-

velopment of ‘degenerative diseases’ in multiple tissues

and systems [32].

Associations of OA with some of the identified MSK

comorbidities in this study agree with previous studies

[33], such as for RA [34]. The bidirectional associations

with discrete chronic pain–related conditions such as

fibromyalgia, back pain and IBS could result from

shared non-restorative sleep and central pain sensitiza-

tion, which causes a decreased pain threshold and ex-

acerbation of other causes of pain [35, 36]. The

FIG. 1 Cumulative probabilities of developing additional

multimorbidity in cases with OA and matched non-OA

controls irrespective of any comorbidities at the index

date
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TABLE 3 HRs and 95% CIs for each comorbidity comparing incident OA (any joint) cases and matched controls for a

maximum 20 years of follow-up

Comorbidities OA cases,

incidence/

1000 p-y

Controls,

incidence/1000 p-y

Unadjusted HR

(95% CI)

aHR

(95% CI)a

Multimorbidity 77 695 (6.76) 74 111 (5.12) 1.37 (1.36, 1.39) 1.29 (1.28, 1.30)*

Musculoskeletal

Ankylosing spondylitis 218 496 (0.8) 217 711 (0.48) 1.63 (1.49, 1.77) 1.44 (1.32, 1.58)*

Back pain 117 392 (42.82) 144 323 (28.99) 1.45 (1.43, 1.47) 1.38 (1.36, 1.41)*

Gout 213 278 (4.46) 214 843 (2.77) 1.63 (1.57, 1.69) 1.41 (1.35, 1.46)*

Osteoporosis 215 723 (5.21) 215 211 (4.47) 1.19 (1.15, 1.23) 1.28 (1.24, 1.32)*

Polymyalgia 219 904 (1.43) 218 863 (0.9) 1.49 (1.40, 1.59) 1.48 (1.39, 1.58)*

Rheumatoid arthritis 219 874 (1.42) 219 077 (0.36) 3.82 (3.50, 4.17) 3.56 (3.26, 3.89)*

Sjögren’s syndrome 221 805 (0.16) 219 902 (0.08) 2.01 (1.64, 2.46) 1.87 (1.52, 2.29)*

Systemic lupus erythematosus 222 027 (0.06) 220 031 (0.02) 2.14 (1.52, 3.01) 1.90 (1.34, 2.69)*

Fibromyalgia 219 834 (1.28) 218 978 (0.37) 3.32 (3.04, 3.63) 2.64 (2.41, 2.89)*

Fatigue 219 556 (1.54) 218 276 (1.06) 1.45 (1.36, 1.54) 1.30 (1.22, 1.38)*

Respiratory

Asthma 197 561 (3.5) 201 834 (2.53) 1.35 (1.29, 1.40) 1.20 (1.15, 1.25)*

COPD 207 583 (4.13) 209 489 (3.42) 1.22 (1.17, 1.26) 1.18 (1.14, 1.22)*

Genito-urinary

Chronic kidney disease 212 998 (1.46) 212 652 (1.26) 1.17 (1.15, 1.19) 1.06 (1.04, 1.08)*

Benign prostatic hypertrophyb 213 434 (4.01) 213 577 (3.13) 1.27 (1.22, 1.32) 1.27 (1.22, 1.32)*

Renal stones 219 574 (0.74) 217 980 (0.6) 1.25 (1.15, 1.36) 1.10 (1.01, 1.19)

Neurologic/psychiatric

Stroke 204 629 (8.68) 204 936 (7.26) 1.21 (1.18, 1.24) 1.22 (1.19, 1.26)*

Dementia 221 101 (4.05) 219 204 (3.18) 1.36 (1.32, 1.42) 1.62 (1.56, 1.68)*

Epilepsy 219 002 (0.51) 217 678 (0.37) 1.39 (1.25, 1.54) 1.31 (1.18, 1.46)*

Multiple sclerosis 221 632 (0.09) 219 473 (0.07) 1.18 (0.93, 1.49) 1.09 (0.86, 1.39)

Parkinson’s disease 221 470 (0.79) 219 635 (0.58) 1.41 (1.29, 1.53) 1.46 (1.34, 1.59)*

Migraine 205 856 (2.44) 208 048 (1.74) 1.36 (1.29, 1.43) 1.26 (1.20, 1.33)*

Depression 170 180 (12.86) 182 837 (7.92) 1.58 (1.54, 1.62) 1.43 (1.39, 1.47)*

Psychosis 221 619 (0.19) 219 562 (0.17) 1.10 (0.93, 1.29) 0.94 (0.79, 1.10)

Schizophrenia 220 303 (0.36) 218 301 (0.29) 1.21 (1.07, 1.36) 1.08 (0.96, 1.22)

Cancer 212 110 (9.87) 211 362 (6.72) 1.50 (1.47, 1.54) 1.49 (1.46, 1.53)*

Circulatory

Coronary heart disease 201 870 (6.32) 204 490 (4.6) 1.35 (1.31, 1.39) 1.22 (1.18, 1.26)*

Arterial/venous 220 674 (1.17) 219 035 (0.84) 1.43 (1.33, 1.53) 1.39 (1.30, 1.49)*

Heart failure 219 010 (2.92) 218 309 (1.69) 1.74 (1.66, 1.83) 1.63 (1.56, 1.71)*

Hypertension 161 900 (23.68) 169 134 (20.58) 1.13 (1.11, 1.15) 1.01 (0.99, 1.03)

Peripheral vascular disease 216 126 (2.93) 215 876 (2.02) 1.45 (1.38, 1.51) 1.36 (1.30, 1.43)*

Metabolic/endocrine

High cholesterol 194 351 (1.34) 197 519 (1.11) 1.18 (1.16, 1.21) 1.08 (1.05, 1.10)*

Diabetes mellitus 204 495 (11.83) 206 477 (9.05) 1.33 (1.30, 1.36) 1.08 (1.06, 1.11)*

Hyperthyroid 219 061 (0.7) 217 505 (0.57) 1.21 (1.11, 1.32) 1.12 (1.03, 1.22)*

Hypothyroid 208 088 (4.59) 209 156 (3.9) 1.16 (1.12, 1.20) 1.06 (1.02, 1.09)*

Digestive

Gastritis 207 695 (4.94) 209 676 (3.05) 1.62 (1.57, 1.68) 1.45 (1.40, 1.51)*

Gastrointestinal bleed 219 414 (1.4) 218 162 (0.85) 1.65 (1.54, 1.76) 1.49 (1.39, 1.59)*

Gall bladder stones 209 651 (4.0) 211 412 (2.76) 1.45 (1.40, 1.51) 1.23 (1.18, 1.28)*

Inflammatory bowel disease 211 501 (3.89) 212 175 (2.59) 1.49 (1.45, 1.55) 1.31 (1.26, 1.37)*

Liver disease 220 977 (0.65) 219 294 (0.38) 1.74 (1.58, 1.92) 1.51 (1.37, 1.67)*

Irritable bowel syndrome 222 101 (3.49) 222 145 (2.45) 1.50 (1.44, 1.56) 1.51 (1.45, 1.58)*

Others

HIV/AIDS 222 161 (<0.001) 220 123 (<0.001) 3.79 (1.23, 11.65) 2.98 (0.95, 9.37)

Hearing 200 102 (12.48) 202 329 (10.92) 1.16 (1.13, 1.19) 1.14 (1.11, 1.16)*

Psoriasis 215 401 (1.3) 214 766 (1.03) 1.23 (1.15, 1.31) 1.14 (1.06, 1.21)*

Scleroderma 222 097 (0.03) 220 060 (0.02) 1.50 (1.05, 21.3) 1.33 (0.93, 1.92)

Sleep disorder 216 765 (3.11) 216 231 (2.06) 1.49 (1.43, 1.56) 1.33 (1.27, 1.39)*

Tuberculosis 220 697 (0.1) 218 804 (0.08) 1.45 (1.16, 1.79) 1.36 (1.09, 1.69)

Anaemia 214 130 (5.62) 213 681 (3.62) 1.57 (1.52, 1.62) 1.42 (1.37, 1.47)*

Vision problems 220 721 (7.62) 218 929 (6.89) 1.12 (1.03, 1.21) 1.09 (1.00, 1.18)

Cataract 222 200 (10.35) 222 215 (9.63) 1.09 (1.07, 1.12) 1.13 (1.10, 1.16)*

p-y, person-years; COPD, chronic obstructive pulmonary diseases. *P<0.05 adjusted for multiple testing using FDR.
aAdjusted for age, gender, BMI, alcohol use, smoking, multimorbidity count and index year. bOnly for men.
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TABLE 4 Adjusteda HR and 95% CIs for each comorbidity for a maximum 20 years follow-up, comparing incident OA

cases (joint wise) and matched controls irrespective of comorbidities at the index date

Comorbidities Hip,

aHR

(95% CI)

Knee,

aHR

(95% CI)

Wrist/hand,

aHR

(95% CI)

Ankle/foot,

aHR

(95% CI)

Additional multimorbidity 1.16 (1.11, 1.21)* 1.24 (1.20, 1.28)* 1.46 (1.36, 1.56)* 1.17 (1.07, 1.29)*

Musculoskeletal

Ankylosing spondylitis 1.92 (1.47, 2.51)* 1.59 (1.31, 1.93)* 1.82 (1.29, 2.56)* 1.72 (0.98, 2.99)

Back pain 1.36 (1.29, 1.43)* 1.41 (1.36, 1.46)* 1.30 (1.21, 1.39)* 1.38 (1.24, 1.53)*

Gout 1.35 (1.21, 1.51)* 1.42 (1.32, 1.53)* 1.59 (1.34, 1.89)* 1.71 (1.37, 2.13)*

Osteoporosis 1.28 (1.17, 1.40)* 1.37 (1.28, 1.46)* 1.45 (1.27, 1.66)* 1.22 (0.98, 1.52)

Polymyalgia 1.42 (1.18, 1.69)* 1.38 (1.20, 1.58)* 1.67 (1.27, 2.20)* 1.43 (0.90, 2.27)

Rheumatoid arthritis 3.20 (2.40, 4.27)* 2.64 (2.20, 3.17)* 2.27 (1.76, 2.91)* 2.22 (1.28, 3.87)*

Sjörgen’s syndrome 0.95 (0.49, 1.83) 1.61 (0.99, 2.58) 1.72 (0.86, 3.45) 1.72 (0.34, 8.63)

Systemic lupus erythematosus 1.38 (0.58, 3.31) 1.60 (0.78, 3.27) 1.39 (0.38, 5.04) –

Fibromyalgia 2.32 (1.69, 3.19)* 2.32 (1.88, 2.86)* 1.68 (1.24, 2.28)* 1.68 (0.93, 3.05)

Fatigue 1.42 (1.18, 1.72)* 1.32 (1.15, 1.50)* 1.17 (0.92, 1.50) 1.10 (0.74, 1.64)

Respiratory

Asthma 1.05 (0.91, 1.20) 1.16 (1.07, 1.28)* 1.25 (1.05, 1.49) 1.30 (0.99, 1.71)

COPD 1.24 (1.12, 1.38)* 1.15 (1.07, 1.24)* 1.13 (0.95, 1.35) 0.99 (0.77, 1.25)

Genito-urinary

Chronic Kidney Disease 1.14 (1.08, 1.20)* 1.12 (1.07, 1.17)* 1.25 (1.13, 1.38)* 1.23 (1.07, 1.41)*

Benign prostatic hypertrophyb 1.27 (1.14, 1.42)* 1.42 (1.32, 1.53)* 1.22 (1.01, 1.47) 1.30 (1.04, 1.62)

Renal stone 1.29 (1.01, 1.65) 1.30 (1.10, 1.54) 0.99 (0.69, 1.41) 1.29 (0.73, 2.31)

Neurologic/psychiatric

Stroke 1.21 (1.13, 1.31)* 1.24 (1.18, 1.31)* 1.15 (1.02, 1.30) 1.23 (1.04, 1.45)

Dementia 1.66 (1.51, 1.84)* 1.72 (1.60, 1.85)* 1.89 (1.57, 2.28)* 1.95 (1.49, 2.55)*

Epilepsy 1.58 (1.17, 2.12) 1.41 (1.13, 1.74) 1.34 (0.81, 2.19) 1.07 (0.57, 2.01)

Multiple sclerosis 2.18 (1.08, 4.36) 1.05 (0.61, 1.80) 0.82 (0.25, 2.74) 1.33 (0.38, 4.69)

Parkinson’s disease 1.68 (1.34, 2.12)* 1.69 (1.43, 1.99)* 1.25 (0.81, 1.94) 1.83 (1.04, 3.20)

Migraine 1.06 (0.89, 1.25) 1.23 (1.09, 1.37)* 1.27 (2.05, 2.54) 1.25 (0.93, 1.69)

Depression 1.43 (1.33, 1.54)* 1.44 (1.36, 1.51)* 1.36 (1.22, 1.51)* 1.57 (1.34, 1.85)*

Psychosis 0.94 (0.57, 1.55) 0.99 (0.68, 1.43) 1.23 (0.53, 2.83) 0.78 (0.25, 2.44)

Schizophrenia 1.26 (0.87, 1.84) 0.96 (0.74, 1.24) 0.77 (0.42, 1.42) 0.91 (0.42, 1.97)

Cancer 1.60 (1.49, 1.72)* 1.59 (1.51, 1.67)* 1.46 (1.30, 1.63)* 1.65 (1.40, 1.94)*

Circulatory

Coronary heart disease 1.29 (1.17, 1.41)* 1.30 (1.22, 1.39)* 1.32 (1.14, 1.53)* 1.09 (0.89, 1.34)

Arterial/venous 1.71 (1.42, 2.07)* 1.54 (1.33, 1.77)* 0.93 (0.64, 1.35) 1.64 (1.01, 2.67)

Heart failure 1.64 (1.45, 1.86)* 1.82 (1.66, 2.00)* 1.58 (1.24, 1.99)* 1.36 (0.97, 1.90)

Hypertension 1.05 (0.99, 1.11) 1.04 (1.01, 1.08) 1.08 (0.99, 1.17) 1.01 (0.91, 1.13)

Peripheral vascular disease 1.52 (1.34, 1.73)* 1.41 (1.29, 1.55)* 1.46 (1.19, 1.79)* 1.42 (1.05, 1.93)

Metabolic/endocrine

High cholesterol 0.97 (0.91, 1.04) 1.08 (1.03, 1.12)* 1.09 (0.99, 1.19) 1.16 (1.01, 1.33)

Diabetes mellitus 1.07 (1.00, 1.15) 1.19 (1.14, 1.25)* 1.24 (1.11, 1.38)* 1.12 (0.97, 1.30)

Hyperthyroid 1.02 (0.79, 1.34) 1.04 (0.86, 1.27) 1.52 (1.04, 2.22) 1.07 (0.62, 1.86)

Hypothyroid 1.02 (0.92, 1.14) 0.96 (0.89, 1.04) 1.16 (0.99, 1.34) 1.14 (0.91, 1.42)

Digestive

Gastritis 1.57 (1.41, 1.75)* 1.51 (1.40, 1.63)* 1.31 (1.12, 1.53)* 1.39 (1.11, 1.74)*

Gastrointestinal bleed 1.62 (1.34, 1.96)* 1.97 (1.71, 2.26)* 1.28 (0.94, 1.74) 1.52 (1.00, 2.30)

Gall bladder stones 1.33 (1.19, 1.50)* 1.31 (1.20, 1.42)* 1.45 (1.23, 1.70)* 1.13 (0.88, 1.46)

Inflammatory bowel disease 1.41 (1.25, 1.59)* 1.41 (1.29, 1.53)* 1.33 (1.12, 1.58)* 1.62 (1.26, 2.08)*

Liver disease 1.48 (1.09, 2.02)* 1.64 (1.33, 2.00)* 1.38 (0.85, 2.21) 1.49 (0.82, 2.72)

Irritable bowel syndrome 1.26 (1.06, 1.49)* 1.50 (1.33, 1.69)* 1.67 (1.36, 2.04)* 1.50 (1.09, 2.09)*

Others

Hearing 1.17 (1.10, 1.25)* 1.19 (1.15, 1.25)* 1.23 (1.11, 1.35)* 1.37 (1.19, 1.57)*

Psoriasis 1.09 (0.89, 1.33) 1.05 (0.91, 1.20) 1.12 (0.85, 1.47) 0.97 (0.64, 1.48)

Scleroderma 1.23 (0.47, 3.24) 1.31 (0.54, 3.22) 0.96 (0.24, 3.82) –

Sleep disorder 1.35 (1.19, 1.54)* 1.39 (1.27, 1.52)* 1.66 (1.35, 2.03)* 1.39 (1.05, 1.86)

Tuberculosis 1.58 (0.68, 3.66) 1.36 (0.85, 2.19) 2.55 (0.99, 6.54) 0.87 (0.24, 3.12)

Anaemia 1.74 (1.59, 1.92)* 1.61 (1.51, 1.72)* 1.33 (1.14, 1.55)* 1.55 (1.25, 1.92)*

Vision problems 1.11 (0.87, 1.40) 1.09 (0.93, 1.29) 1.39 (0.93, 2.09) 1.37 (0.76, 2.48)

Cataract 1.16 (1.07, 1.26)* 1.15 (1.09, 1.22)* 1.27 (1.13, 1.42)* 1.12 (0.92, 1.37)

*P<0.05 adjusted for multiple testing using FDR; COPD, chronic obstructive pulmonary diseases. aAdjusted for age, sex,

BMI, alcohol use, smoking, multimorbidity count and index date. bOnly for men.
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association of OA with gout was stronger before the

diagnosis of OA than after, and this might be explained

in part by the ‘amplification loop’ of cartilage damage

enhancing urate crystal deposition and urate crystals

causing cartilage damage [37]. We also found the risk of

osteoporosis following a diagnosis of OA was higher

than the risk before the diagnosis of OA, but the evi-

dence of their association remains speculative and con-

troversial [38]. Care must be taken in interpreting these

associations, especially where joint pain is the reason

for the consultation, since GP diagnoses are predomin-

antly clinical and not pathological. Also, although

FIG. 2 Comparison of aORs and aHRs for comorbidities in OA for a maximum 20 years observation period (before

and after index date)

Red: both HR and OR significant; blue: only HR significant; purple: only OR significant; green: neither HR nor OR sig-

nificant. Dashed black line represents statistical significance level at OR or HR¼1. Significant at P< 0.05 adjusted for

multiple testing using FDR. Both the estimates were adjusted for age, sex, BMI, alcohol use, smoking, multimorbidity

count at the index date.
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characteristics of these various MSK conditions differ,

there is still the possibility of misdiagnosis, especially for

atypical cases.

Cardiovascular diseases (CVDs) such as coronary

heart disease and heart failure [39], stroke [3, 40], per-

ipheral vascular disease (PVD) [41] and diabetes [42] are

well known to associate with OA. We found prospective

risks of developing diabetes, PVD and heart failure were

greater in OA compared with the risk of developing OA

in people with these conditions. This indicates the pos-

sible role of obesity and hypercholesterolaemia among

people with CVD in causing OA and possibly the effect

of non-steriodal anti inflammatory drugs (NSAIDs) use in

people with OA in developing CVD [43]. So screening

for metabolic syndrome and CVDs should be considered

in people presenting with OA [44].

Even though depression and OA had a significant bidir-

ectional association, a higher risk of depression was seen

in people following the diagnosis of OA. A similar finding

was seen with sleep disorders. Depression and non-

restorative sleep are well recognized to associate with

chronic pain experience in OA [5]. Low affect and non-

restorative sleep can reduce pain inhibition and cause

central sensitization, and equally, chronic pain and

reduced participation can cause mood disturbance [45].

The risks of developing gastritis, GI bleeding, liver dis-

eases and gall bladder stones in OA were high com-

pared with developing OA in these conditions. GI

disorders are known comorbidities in OA resulting from

NSAID use [47]. However, recording of incident OA in

people with these conditions could result from self-

medication for OA pain before presenting to the general

practitioner and being diagnosed with OA (i.e. proto-

pathic bias). Interestingly, the risk of OA in liver cirrhosis

is reported to be high, but the reverse relationship has

yet to be established [48].

Other comorbidities with significant bidirectional asso-

ciations with OA were respiratory, hypothyroidism and

neurological conditions such as Parkinson’s disease, epi-

lepsy and migraine. Thyroid disease, epilepsy, migraine

and respiratory illness may have an earlier age of onset

than OA, which could have led to their early recording in

the database prior to OA. Also, these comorbidities could

be mediated through systemic inflammation, medication

use or other comorbidities in OA. The four other condi-

tions with bidirectional positive associations in this study

were anaemia, BPH, cancer and hearing problems, which

have all been reported before [49, 50]. The use of

NSAIDs in people with OA/RA was found to reduce

haemoglobin levels in one previous study [51]. Release of

inflammatory substances has been linked with sensori-

neural hearing loss [52], BPH [53], cataracts [54] and can-

cer [55]. Thus the possibility of having similar subclinical

systemic inflammation from asymptomatic OA prior to

clinical presentation warrants investigation.

Association in prospective analysis only

Dementia associated with OA only in the prospective

analysis. This concurs with a recent systematic review

of cross-sectional and case–control studies that

reported that people with OA were 20% more likely to

have dementia [56]. As dementia is predominantly an

ageing problem, the association in the retrospective

study may not have been significant because of the low

prevalence of dementia in younger adults and difficulty

in detecting OA symptoms and fewer consultations for

OA in people with dementia. However, the association

with SLE could be due to misdiagnosis or miscoding of

joint pain symptoms before the actual diagnosis, which

needs further investigation. A similar problem may exist

for the associations of RA either before or after OA.

This study suggests that although structural changes

of OA may appear relatively limited within the skeleton,

pathologically and physiologically its effect may possibly

be seen in almost every organ. Thus close observation

of people with OA through annual assessment in primary

care appears warranted, as recommended by the

National Institute for Health and Care Excellence (NICE)

[57]. Concordantly, the European League Against

Rheumatology (EULAR) and NICE have emphasized the

importance of diagnosis and management of specific

comorbidities and understanding their pattern in OA

[57].

Limitations

There are several caveats to this study. The chances of

misclassification of OA because of physician diagnosis

rather than full clinical and imaging assessment has

been emphasized already. Nevertheless, we tried to op-

timize identification of symptomatic OA cases through

strict inclusion and exclusion criteria using a similar

methodology to that of previous studies [58] and there is

some reassurance that the codes for hip OA have been

shown to have good validity [14]. Misclassification bias

for comorbidities is also possible, although most comor-

bidities in the study have previously been validated [10,

12]. Another important caveat is unavailability of risk fac-

tors such as diet and physical activity in the analysis, as

these are not routinely recorded within the CPRD.

Therefore the estimates in our study may not always re-

late to direct associations between OA and comorbid-

ities and could have been mediated through other

unrecorded factors as mentioned in the discussion.

However, the primary aim of the study was to estimate

the associations and burden of comorbidities in OA ra-

ther than to define risk factors. The associations could

to some extent be due to ascertainment bias through

increased numbers of hospital or GP visits, especially

for the stronger association with rheumatologic condi-

tions. Even though we have not adjusted for the count

of hospitalizations, our adjusted estimates were mod-

elled accounting for the number of multimorbidities,

which can be considered as a proxy indicator of health-

care visits [59]. Along with the possible Berkesonian

bias, a chance of collider bias due to sampling design

might exist. However, we matched the controls having a

minimum of 36 months of registration and at least one

consultation for any reasons. There is also a chance of
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ascertainment biases due to delayed reporting of OA

cases in the database rather than recording the date of

first symptom onset. Such bias is inherent to electronic

health records, however, our study population age

group is quite comparable to that reported by Yu et al.

[60], showing the consistency in representation of peo-

ple with OA. We focused more on the possible explan-

ation of the association rather than the plausibility,

which is beyond the scope of this study. Our sample

size for the prospective analysis was nearly 440 000,

with equal numbers of OA cases and matched controls

and a maximum follow-up of up to 20 years for 49

comorbidities, making this the first study to provide

such a clear picture of the burden of a large number of

comorbidities in OA.

In conclusion, the risk of multimorbidity was higher in

people with OA. MSK, GI, CVD and psychological con-

ditions were associated with OA both before and after

the diagnosis of OA, whereas dementia and SLE were

only associated with OA after the diagnosis of OA. The

temporal associations reported merit further investiga-

tion regarding causality and have important clinical

implications with respect to optimal management of OA

and its potential comorbidities. Future studies should in-

vestigate clustering of the comorbidities and shared risk

factors.

Supplementary data

Supplementary data are available at Rheumatology online.
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