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The relationship between rheumatoid arthritis and diabetes
mellitus: a systematic review and meta-analysis
Zixing Tian?, John Mclaughlin®, Arpana Verma®, Hector Chinoy®®¢ and

Adrian H. Heald?f

Objective This systematic review/meta-analysis
was conducted to investigate the relationship between
rheumatoid arthritis and the incidence of diabetes mellitus.

Methods A comprehensive search was conducted up

to 10 March 2020 in Medline (via Ovid), Embase (via Ovid)
and Web of Science core collection to identify cohort
studies comparing the risk of diabetes mellitus incidence
in people with rheumatoid arthritis with the general
population. The 12 statistic was used to test heterogeneity.
Pooled relative risks were calculated using random-effects
models. Publication bias was assessed using Egger’s test
and Begg’s test.

Results The initial search provided 3669 articles. Of
those, five journal articles/two conference abstracts
comprising 1 629 854 participants were included in
this study. The funnel plot showed potential publication
bias, proven by Egger’s test (—3.15, P < 0.01), but

not Begg’s test (—0.05, P = 1.00). Heterogeneity was
observed in 12 test (12 = 96%, P < 0.01). We found that
rheumatoid arthritis was associated with a higher risk
of diabetes mellitus incidence (pooled relative risk,
1.23; 95% confidence interval, 1.07-1.40). Exploration
of potential sources of heterogeneity found significant
heterogeneity in different countries/regions (P = 0.002),
but heterogeneity was NS in different study designs

Introduction

Rheumatoid arthritis (RA) is an autoimmune and inflam-
matory disorder characterized by persistent synovial
inflammation resulting in damage to cartilage and under-
lying bone [1]. The prevalence of this disease is 0.5-1.0%
of adults in developed countries [2]. Accumulating evi-
dence showed that inflammation emerges as a key fac-
tor in the onset and progression of diabetes [3]. Systemic
inflammation associated with RA might contribute to
the risk of developing diabetes in the future. Markers
of active inflammation, such as CRP, are associated
with an increased risk of diabetes in people with RA.
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(P = 0.30). Sensitivity analyses confirmed that the
association between rheumatoid arthritis and diabetes
mellitus incidence was robust.

Conclusion Rheumatoid arthritis is associated with an
increased risk of diabetes mellitus incidence. This finding
supports the notion that inflammatory pathways are
involved in the pathogenesis of diabetes. More intensive
interventions targeting diabetes risk factors should be
considered in people with rheumatoid arthritis. Cardiovasc
Endocrinol Metab 10: 125-131 Copyright © 2021 The
Author(s). Published by Wolters Kluwer Health, Inc.
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Other traditional risk factors for type 2 diabetes mellitus
(T2DM) are also highly prevalent among people with RA
[4] and may contribute to the higher risk of diabetes. The
prevalence of metabolic syndrome in people with RA is
high [5]. As a result of chronic pain, swelling and stiff-
ness of the joints, physical inactivity is common in people
with RA, which in turn contributes to 'T2DM [6] through
decreased calorie burning.

In summary, inflammation is implicated in the devel-
opment of diabetes. Some traditional risk factors of
T2DM are also highly prevalent among people with RA.
Therefore, the incidence of diabetes could be higher in
people with RA. Several observational studies investi-
gated the relationship between RA and DM incidence;
however, results have been conflicting [7,8]. A previous
meta-analysis reviewed cohort studies (five eligible stud-
ies) before January 2014 and found that people with RA
had a statistically significant increased risk of diabetes
[relative risks (RR), 1.24; 95% confidence intervals (CI),
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1.14-1.35] [9]. Since then, three further cohort studies
have been published [10-12]. We aim to update the sys-
tematic review and meta-analysis.

Method

The meta-analysis was conducted according to the report
Meta-analysis of Observational Studies in Epidemiology
[13], and the protocol was registered with PROSPERO
(CRD42020172084).

Search terms and strategy

The PICO/S tool was deployed to define the scope of
the literature. We included cohort studies and nested
case-control studies in adult humans (population) and
compared the incidence of diabetes (outcome) between
people with RA (intervention/exposure) and the general
population (control).

A comprehensive search was conducted in Medline (via
Ovid), Embase (via Ovid) and Web of Science core col-
lection from inception to 10 March 2020. The search was
limited to English language and human studies. The
search terms were a combination of thesaurus terms and
free-text terms, including RA, diabetes, cohort study or
nested case-control study, and human. These were based

on the search strategy developed for Medline but revised
appropriately for the other two databases (Supplementary
Contents 1-3, Supplemental digital content 1, 4zzp.//links.
lfow.com|/CAEN/A29). Search alerts were created in the
databases to notify new studies according to the outlined
search strategy. We also manually checked reference
lists of the identified studies for potentially missing eli-
gible studies. For eligible conference abstracts, we fur-
ther searched the author to find if there were related full
texts.

Inclusion and exclusion criteria

Two independent reviewers (A.H. and Z.T)) assessed
the eligibility of studies according to the inclusion and
exclusion criteria below. Disagreements were resolved by
a third independent investigator (J.M.).

Inclusion: (1) cohort studies or nested case-control stud-
ies; (2) to compare general population with people with
RA (case-control design); (3) to provide enough data to
calculate RR and ClIs; (4) to consider the incidence of
diabetes mellitus as a specific outcome event.

Exclusion: (1) review studies, editorials/letters, case
reports; (2) studies with the main outcome as gestational
diabetes mellitus. If there was more than one publication
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from the same study population, only the study from the
most recent publication was included.

Data extraction and quality assessment

For each eligible study, two researchers (A.H. and Z.T.)
independently extracted the following items: (1) the
first author, the year of publication, the country or region
where the subjects lived; (2) characteristics of the par-
ticipants, including sample size, sex and age; (3) study
design and data source; (4) diagnosis criteria of RA and
DM; (5) the number of outcomes in exposed and non-
exposed cohorts; (6) crude and adjusted risk estimates,
95% CI; (7) adjustments. The quality of the included
studies was assessed by the Newecastle-Ottawa scale
[14], in which a study was judged based on section (four
items, one star each), comparability (one item, up to two
stars) and outcome (three items, one star each). In this
meta-analysis, we graded quality as good (27 stars), fair
(4-6 stars) and poor (<4 stars) [15]. We evaluated compa-
rability by whether the studies had adequately adjusted
for potential confounders (one star for age, one star for at
least three of five confounders including a family history
of diabetes, BMI or other measures of overweight/obe-
sity, comorbidity, the use of glucocorticoids and ethnic-
ity). The item ‘was follow-up long enough for outcomes
to occur’ was evaluated by whether the study period was
above 5 years.

Outcome measures

T2DM was defined when the subjects were described
as having adult-onset, type II or noninsulin-dependent
DM. DM is defined when the subjects were described as
DM or composite DM.

Statistical analysis
The random-effects models were used to estimate
the pooled RR according to heterogeneity. The /-

statistic and Q-test were used to test heterogeneity.

> 0.10 was considered to indicate no significant

Q statistic ) i A > i

heterogeneity among the included studies. Publication
bias was assessed using funnel plot, Egger’s test and
Begg’s test. Sensitivity analyses were conducted by
excluding one study at a time. Subgroup analyses were
conducted based on the countries (or regions) of sub-
jects and study designs (age and sex-matched or not).
All analyses were performed using R, version 3.6.2 64 bit
(R Core Team. R Foundation for Statistical Computing,
Vienna, Austria) and Review Manager (RevMan), ver-
sion 5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark).

Results

The initial search provided 3669 articles. Forty-nine
studies were included after a screen of titles and
abstracts. Ultimately, five journal articles and two con-
ference abstracts comprising 1 629 854 participants were
included in our study (Fig. 1).

Most eligible studies were population-based, whereas
one was hospital-based [16]. All the eligible studies were
retrospective cohort in design. Sample sizes ranged from
1121 to 600 336, with a female predominance. The stud-
ies were conducted in diverse settings, including large
electronic medical record databases [10-12,16], insur-
ance claims [7,17] or a population-based RA inception
cohort with a medical records linkage system [8]. Most of
these studies used International Classification of Disease
codes (ICD-9-CM 714.0) [7,16,17], diagnosis codes [10—
12] and/or prescription of antirheumatic drugs [10,17] to
identify people with RA. One study further reviewed
RA cases identified by medical records based on the
American Rheumatism Association 1987 classification
criteria [8]. International Classification of Disease codes
[7,12,16,17], diagnosis codes [10,11] and/or DM-specific

Fig. 2
RA non-RA Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Gaonzalez 2008 a1 258 98 962 9.2% 0.68 [0.51, 0901 2008
Solomon 2010 1949 48718 10732 442033 1508% 1.65[1.57,1.73] 2010 -
Su 2013 445 3839 58810 ABR497 146.0% 1.18[1.08,1.28] 2013 =
Mathew 2013 198 1502 a549 7887 13.5% 1.22[1.05,1.400 2013
Schmidt 2015 1513 26013 1065 25823 153% 1.411.31,157] 2018 —-—
Jafri 2017 3026 48638 18722 3649388 159% 1.211.17,1.26] 2017 -
Wilson 2019 1462 31330 1235 31464 15.3% 1.191.10,1.28] 2018 -
Total (95% CI) 160600 1469254 100.0% 1.23 [1.07, 1.40] -l
Total events 8660 81521
Heterogeneity: Tau®*=0.03; Chi*=143.22, df=6 (P < 0.00001}; F= 96% 0?5 Uf? 1f5 é

Test for overall effect Z=2 93 (P=0.003)

RA: rheumatoid arthritis; Cl: confidence interval; M-H Random: Mantel-Haenszel Random

Incidence of diabetes in people with rheumatoid arthritis compared with controls, calculated from a 2 x 2 table. RA, rheumatoid arthritis; Cl, confi-

dence interval; M—H random, Mantel-Haenszel random
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Fig. 3
Hazard Ratio Hazard Ratio
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Incidence of diabetes in people with rheumatoid arthritis compared with controls, generic inverse variance method. RA, rheumatoid arthritis; Cl,

confidence interval; M—H random, Mantel-Haenszel random.
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drug [7,11,12,16] were used to identify the DM. Two
studies also used blood glucose to define the incidence
of DM during follow-up ('Table 1) [8,16]. The quality of
the studies was good (7-8 stars, Supplementary Content
4, Supplemental digital content 1, Azp://links.lww.com/
CAEN/A29).

The pooled RR from random-effects analysis for the
association between RA and the risk of DM incidence
is shown in Fig. 2, which was 1.23 (95% CI, 1.07-1.40).
There was considerable between-study heterogeneity
(I* = 96%). Exploration of potential sources of heteroge-
neity found that there was no significant heterogeneity
in different study designs (P = 0.30). However, there was
significant heterogeneity in different countries or regions
(P = 0.002). RA was not significantly associated DM
in studies conducted in the United States of America
(RR, 0.92, 95% CI, 0.52-1.63, Supplementary Content
5, Supplemental digital content 1, Az#p://links.lww.com/
CAEN/AZ29).

Sensitivity analyses showed that the heterogeneity
ranged from 84 to 96%, and confirmed that the associ-
ation between RA and DM incidence was robust. We

further performed a sensitivity analysis with studies
reporting adjusted HR (Fig. 3), where the DM incidence
was still higher in people with RA (HR, 1.52, 95% (I,
1.20-1.93). The funnel plot showed potential publication
bias (Fig. 4), proven by Egger’s test (-3.15, P < 0.01), but
not Begg’s test (-0.05, P = 1.00).

Discussion

Using both, calculation of pooled RR from a 2 x 2 table
and adjusted HRs from original studies, we have con-
firmed an association between RA and DM, which was
consistent across five included studies. Our finding
strengthens the potential role of inflammation in DM on
the basis of an increased incidence of this disease in peo-
ple with RA.

Most eligible studies provided no distinction between
different types of diabetes. Therefore we could not
exclude the possibility that the data provided could rep-
resent the sum of all types of diabetes. However, consid-
ering T2DM accounts for more than 90% of all diabetes
worldwide [18], and that the mean age of subjects in eli-
gible studies was above 50 years old, it is reasonable to
conclude that the papers in our meta-analysis predomi-
nantly described the link between RA and incidence of
T2DM.

Accumulating evidence showed that inflammation
emerges as a key factor in the onset of diabetes. The f3-
cell has a high density of interleukin-1f3 (IL-1p) recep-
tors [19], and is susceptible to the toxic effects of innate
mediators [20]. IL-1B, which is abundantly expressed
in RA [21], induces the production of various cytokines
and chemokines, including interleukin 6 (IL.-6), inter-
leukin-8, interleukin-33 and tumour necrosis factor-al-
pha (TNF-a). These mediators attract macrophages
and other immune cells to the islet leading to B cell
dysfunction and apoptosis, relative and absolute insulin
deficiency and eventually DM [1]. Key pathways in the
pathophysiology of RA include overproduction and over-
expression of TNF-a and IL-6 [1]. TNF-a and I1.-6 have
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a deleterious effect on insulin sensitivity in animal exper-
iments, and are involved in inhibiting insulin signalling,
thereby promoting insulin resistance [22], which links to
T2DM.

Subgroup analysis showed heterogeneity was significant
for the countries or regions of study. RA was not signif-
icantly associated with RA in studies conducted in the
United States of America. The reason for this may due to
a high incidence rate of DM in the control group in one
study of this group [7].

Widdifield ez a/. [23] found only half of the people with
RA were screened for diabetes risk factors, including lipid
testing, glycosylated haemoglobin testing or BMI. The
screening rates were similar between RA and non-RA
groups. However, people with RA are at greater risk
of developing DM. Thus we suggest that RA patients
require enhanced screening to prevent and reduce dia-
betes morbidity.

We have found only two previous meta-analyses focused
on the association between RA and DM [9,24]. The sub-
study of Boyer in 2011 included seven case-control or
cross-sectional studies and found people with RA had
a higher prevalence of DM (odds ratio, 1.74; 95% CI,
1.22-2.50). The second meta-analysis of Jiang, in 2015,
compared the prevalence (11 studies) and incidence
(five studies) of DM between people with RA and those
without. Our meta-analysis has updated the relationship
between RA and incidence of DM from three points as
follows: (1) two of five eligible studies reporting inci-
dence in Jiang’s article were from the same study pop-
ulation [8,25], so we only kept the most recent one in
this study [8]; (2) we replaced another included study
in Jiang’s with the study of Jafri ez «/. [10], which used
the same data as the previous one; (3) our meta-analysis
also included three new retrospective cohort studies; (4)
we included both conference abstracts and full texts for
potential publication bias.

Our study also has several limitations. We only included
English articles. There were only seven eligible studies
in our study, so the power of funnel plot and Egger test
was too low to test publication bias. We could not perform
further subgroup analyses to explore the heterogeneity
due to the limited number of studies.

Conclusion

RA is associated with an increased risk of diabetes inci-
dence. This finding supports the notion that inflam-
matory pathways are involved in the pathogenesis of
diabetes. We suggest that more intensive screening and
tighter management of DM risk factors should be consid-
ered in people with RA.
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