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ABSTRACT
Objective To explore possible associations of treatment 
with biological disease- modifying antirheumatic drugs 
(bDMARDs), including T- cell- based and interleukin-6 
inhibition (IL- 6i)- based therapies, and the risk for type 
2 diabetes mellitus (T2DM) in patients with rheumatoid 
arthritis (RA).
Study design, setting and participants Five treatment 
groups were selected from a United States Electronic 
Medical Records database of 283 756 patients with RA 
(mean follow- up, 5 years): never received bDMARD (No 
bDMARD, n=125 337), tumour necrosis factor inhibitors 
(TNFi, n=34 873), IL- 6i (n=1884), T- cell inhibitors 
(n=5935) and IL- 6i+T cell inhibitor abatacept (n=1213). 
Probability and risk for T2DM were estimated with 
adjustment for relevant confounders.
Results In the cohort of 169 242 patients with a mean 
4.5 years of follow- up and a mean 641 200 person years 
of follow- up, the adjusted probability of developing T2DM 
was significantly lower in the IL- 6i (probability, 1%; 95% 
CI 0.6 to 2.0), T- cell inhibitor (probability, 3%; 95% CI 2.3 
to 3.3) and IL- 6i+T cell inhibitor (probability, 2%; 95% CI 
0.1 to 2.9) groups than in the No bDMARD (probability, 5%; 
95% CI 4.6 to 4.9) and TNFi (probability, 4%; 95% CI 3.7 
to 4.7) groups. Compared with No bDMARD, the IL- 6i and 
IL- 6i+T cell inhibitor groups had 37% (95% CI of HR 0.42 
to 0.96) and 34% (95% CI of HR 0.46 to 0.93) significantly 
lower risk for T2DM, respectively; there was no significant 
difference in risk in the TNFi (HR 0.99; 95% CI 0.93 to 
1.06) and T- cell inhibitor (HR 0.96; 95% CI 0.82 to 1.12) 
groups.
Conclusions Treatment with IL- 6i, with or without T- cell 
inhibitors, was associated with reduced risk for T2DM 
compared with TNFi or No bDMARDs; a less pronounced 
association was observed for the T- cell inhibitor abatacept.

INTRODUCTION
Cardiovascular morbidity is the main cause 
of complications and death in patients with 
rheumatoid arthritis (RA).1 2 Although 
disease activity and chronic inflammation 
contribute to the burden of cardiovascular 
disease (CVD), traditional cardiovascular 

risk factors, including diabetes, should be 
carefully monitored in these patients.

Cardiovascular comorbidities including 
type 2 diabetes (T2DM) have been associ-
ated with disease activity score (DAS) in 
people with RA, with a close association 
between uncontrolled DAS and glucose 

Strengths and limitations of this study

 ► Observational studies have reported an associa-
tion between treatment with a T- cell costimulatory 
blocker or tumour necrosis factor inhibitor and re-
duced risk for type 2 diabetes (T2DM) in patients 
with established rheumatoid arthritis; however, no 
holistic evaluation of population- level data has been 
conducted to evaluate the potential association of 
interleukin-6 (IL-6)- based therapies with the risk for 
T2DM with or without interactions with other biolog-
ics or the risk for T2DM with no biological therapy.

 ► The novelties of this pharmacoepidemiological 
study include thorough evaluation of approximately 
170 000 US patients with rheumatoid arthritis over 
a mean of 4.5 years of follow- up from nationally 
representative electronic medical records (EMR), 
extensive published methodological development 
to support the robustness of longitudinal data ex-
traction and study cohort identification, use of a 
new- user design, holistic evaluation of the associ-
ation of treatment with different classes of biolog-
ical and non- biological therapies and their possible 
interactions with the risk for T2DM, comparative 
assessment of independent or residual benefits of 
treatment with an IL-6 receptor inhibitor and a T- cell 
inhibitor, a robust approach to extract the potential 
roles of confounders and risk factor heterogeneity 
and investigation of population- level risk factors and 
comorbidities at the time of RA diagnosis.

 ► Study limitations include non- availability of or in-
complete data for medication adherence, disease 
activity, pain scores, insurance type, socioeconomic 
status, diet and physical activity, although potential 
residual confounding and indication bias remain a 
common problem in any EMR- based outcome study.
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metabolism, whereas a multinational data- based study 
suggests 14% prevalence of diabetes in people with 
RA.3–6 It has been shown that inflammatory cytokines, 
especially tumour necrosis factor α (TNFα), inter-
leukin-1 (IL-1) and interleukin-6 (IL-6), affect insulin 
and glucose metabolism.7–11 Insulin resistance in 
patients with RA may be related to increased IL-6 levels.12 
Disease- modifying antirheumatic drugs (DMARDs) can 
also alter inflammation- associated insulin resistance in 
patients with RA.1 7 13 14

Treatment with hydroxychloroquine is associated with 
reduced risk for T2DM, and treatment with glucocorticoids 
is associated with increased risk for T2DM.8 15–18 Several 
studies report decreased risk for T2DM in patients treated 
with TNF inhibitors (TNFi).19–21 Use of other biological 
DMARDs (bDMARDs), such as anakinra (IL-1 receptor 
antagonist), has been shown to improve glycaemic profiles 
in patients with T2DM.22 Furthermore, one study of patients 
with immunological disease without diabetes suggests that 
inhibition of IL-6 signalling improves insulin sensitivity, thus 
implying that elevated IL-6 levels in T2DM might be causally 
involved in the pathogenesis of insulin resistance.23 A recent 
study by Ozen et al21 indicated that treatment with the T- cell 
costimulatory blocker abatacept is associated with decreased 
risk for T2DM; this study in approximately 13 700 patients 
with RA reported a 48% risk reduction for T2DM among 
those receiving abatacept compared with those receiving 
methotrexate monotherapy. Based on claims data from the 
USA, two recent studies evaluated the cardiovascular safety of 
abatacept or tocilizumab versus TNFi in patients with RA.24 25 
The population- level evidence of possible additional bene-
fits of treatment with IL-6 inhibitor (IL- 6i)- based therapies, 
with or without interactions with other biological therapies 
in terms of overall cardiovascular risk reduction including 
diabetes, would be of great importance for the prevention 
and management of chronic disease. However, we are not 
aware of any observational study that has evaluated the role 
of TNFi and IL- 6i, with or without T- cell therapy, on insulin 
resistance in patients with incident RA.

The primary aim of this retrospective pharmacoep-
idemiological outcomes study was to evaluate—with 
the use of a large, nationally representative, longitu-
dinal, patient- level cohort of electronic medical records 
(EMRs) from the USA—the possible association of treat-
ment with TNFi, T- cell inhibitor and IL- 6i compared 
with no exposure to any bDMARD (No bDMARD) with 
the risk for T2DM. Given recent results showing that 
treatment with abatacept was associated with decreased 
risk for T2DM,21 we also aimed to assess the potential 
role of T- cell costimulatory blockade in the develop-
ment of T2DM, with or without concomitant IL- 6i use.

METHODS
Data source
The Centricity Electronic Medical Records (CEMR) incor-
porate patient- level data from more than 40 000 inde-
pendent physician practices, academic medical centres, 

hospitals and large integrated delivery networks covering 
all states of the USA. The similarities in general popula-
tion characteristics, cardiometabolic conditions and risk 
factors between the CEMR database and those reported 
in the US national health surveys have been reported by 
our research group and others.26 27

The database has been used extensively for academic 
research26 28 29 and has enabled our research group to 
report robust methodology for extraction and assessment 
of longitudinal patient- level medication data30 and to 
gather a detailed account of therapy use in the US popu-
lation with T2DM.31 Clinically driven machine learning- 
based algorithms to identify patients with T2DM from 
EMRs have been described by our research group and 
others.32 33

Longitudinal EMRs were available for more than 34 
million persons from 1995 to April 2016, with compre-
hensive patient- level information on demographics and 
anthropometric, clinical and laboratory variables. Medi-
cation data included brand names and doses for medica-
tions prescribed, along with start/stop dates and specific 
fields to track treatment alterations. The CEMR database 
also contains patient- reported medications, including 
prescriptions received outside the EMR network and 
over- the- counter medications.

Study design and patient population
The study cohort included patients who met the following 
criteria: (1) RA diagnosis between 1 January 2000 and 30 
April 2016, (2) age at diagnosis ≥18 and ≤80 years, (3) 
complete data on age and sex, (4) RA diagnosis preceded 
diabetes diagnosis and (5) follow- up for ≥6 months. 
Because of issues with the quality and completeness 
of electronic data, only RA diagnoses after 1999 were 
considered.

Patients with RA were identified by International 
Classification of Disease Codes (ICD) as follows: ICD-
9—446.5, 710.0–710.4, 714.0–714.2, 714.8 and 725.x; 
ICD- 10CM—M05.x, M06.x, M31.5, M32.x–M34.x, M35.1, 
M35.3 and M36.0. Patients with diagnoses of T2DM were 
identified with the use of a robust machine learning 
algorithm, which uses a combination of ICD codes, anti-
diabetes medications and lifestyle- modification interven-
tions.32 33 Validation of the final terms was conducted 
until consensus was achieved between data scientists and 
invited experts in the field. The final cohort was vali-
dated in terms of True Positive/Negative Rate and area 
under receiver operating characteristic curve among 
other candidates. The general framework for generating 
code lists is provided in online supplemental figure S1. 
Patients in whom type 1 diabetes or gestational diabetes 
developed during follow- up were excluded. CVD was 
defined as ischaemic heart disease (including myocardial 
infarction), peripheral vascular arterial disease, heart 
failure or stroke. Cancer was defined as any malignant 
neoplasm or carcinoma in situ, excluding melanoma. 
Anaemia was defined by clinical diagnosis or haemo-
globin level <12.0 for women and <13.5 g/dL for men 
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at diagnosis of RA. Hypertension was defined by clinical 
diagnosis or systolic blood pressure (SBP) >140 mm Hg 
at diagnosis of RA.

Demographic variables included sex, age and ethnicity. 
Measures of body weight, body mass index (BMI), SBP, 
HbA1c and lipids were calculated as the average of avail-
able measurements within a 3- month window of the index 
date.

Text mining was performed on original medica-
tion names to determine the defined generic names 
and corresponding brand names approved by the 
US Food and Drug Administration (including drug 
combinations). The following non- biological DMARDs 
(nbDMARDs) were identified: methotrexate, sulphasal-
azine, leflunomide, hydroxychloroquine, chloroquine, 
minocycline, tofacitinib citrate, azathioprine, cyclo-
phosphamide, penicillamine, cyclosporine, auranofin 
and mycophenolate (mofetil or sodium). TNFi included 
adalimumab, certolizumab pegol, etanercept, golim-
umab and infliximab; IL- 6i included tocilizumab; and 
T- cell costimulatory blocker included abatacept. All 
generic names listed under the M01A class of Anatom-
ical Therapeutic Chemical (ATC) classification system 
and acetylsalicylic acid (aspirin; ATC code B01AC06) 
were considered non- steroidal anti- inflammatory drugs 
(NSAIDs). ATC codes H02 and N02A were used to 
obtain generic names for corticosteroids and opioids, 
respectively.

In the study cohort, the following mutually exclusive 
treatment groups were defined: No bDMARD, patients 
who never received any bDMARD; TNFi, patients who 
were prescribed any TNFi and were never exposed to IL- 6i 
or T- cell costimulatory blocker; IL- 6i, patients who were 
exposed to IL- 6i but not to T- cell costimulatory blocker 
at any time during follow- up; T- cell, patients who were 
exposed to T- cell costimulatory blocker but not to IL- 6i at 
any time during follow- up; IL- 6i+T cell, patients who were 
exposed to IL- 6i and T- cell costimulatory blocker at any 
time during follow- up.

Index date (baseline) was defined as the date of the first 
prescription of each drug within each group on or after 
the diagnosis of RA (new- user design). Extensive data 
mining was conducted to evaluate whether patients were 
exposed to any RA therapy of interest before the clin-
ical diagnosis of RA. Patients who received any DMARD 
before the diagnosis of RA were excluded from the study 
cohort. Time to event for T2DM was defined using the 
index date and the date of clinical diagnosis of T2DM or 
was otherwise censored to the last follow- up data in the 
database. Separate subgroup analyses were conducted in 
a subcohort of patients with no history of CVD, chronic 
kidney disease (CKD) or cancer at the time of RA diag-
nosis (no disease history subcohort). Sensitivity analyses 
included an exposure- based study design, where the time 
to development of T2DM was calculated from the time of 
diagnosis of RA, and an observation of T2DM events after 
1 year of follow- up after the index date to address possible 
undiagnosed T2DM.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

Ethics approval
This study involved the use of patient- level EMRs, and the 
patients could not be identified either directly or through 
linked identifiers. Therefore, according to the US Depart-
ment of Health and Human Services Exemption 4 (CFR 
46.101(b)(4)), this study is exempt from ethics approval 
from an institutional review board and from informed 
consent.

Statistical methods
Baseline characteristics were summarised as number (%), 
mean (SD) or median (first quartile, third quartile) as 
appropriate. Given the observational nature of the study 
with heterogeneous baseline characteristics among treat-
ment groups, multinomial propensity scores34 were calcu-
lated and inverse probability (IP) of exposure weights35 36 
was used to balance treatment groups on baseline age 
categories, sex, BMI, and history of CVD, cancer, CKD, 
hypertension and anaemia. In the balanced data, Cox 
proportional hazards were used to assess the risk for 
T2DM development, and the proportionality assump-
tion was evaluated using Schoenfeld testing on individual 
covariates and for the overall model. Akaike and Bayesian 
information criteria were used to select the best model fit. 
The final model was adjusted for age, sex, BMI category 
(normal, overweight, obese), hypertension, anaemia, 
statin use, any nbDMARD, methotrexate and hydroxy-
chloroquine. Separate adjustments for other drugs 
(including corticosteroids and NSAIDs) were assessed but 
were not included in the final model (based on informa-
tion criteria assessment). HRs and robust 95% CIs were 
reported. Additional sensitivity analysis was conducted to 
compare HRs from the IP- weighted model and the simple 
covariate/confounder- adjusted model.

Separate analyses using the treatment effect modelling- 
based balancing approach, with balancing and adjust-
ments consistent with those described,37 were conducted 
to estimate the probability (95% CI) of T2DM devel-
oping. Additional sensitivity analyses included probability 
estimation in patients without CVD at baseline. Crude 
rates (95% CI) of T2DM incidence per 1000 person years 
(PY) were calculated with a standard life- table approach. 
Although Cox regression- based survival analysis was 
conducted after propensity matching on the risk factors, 
baseline data were presented for the original cohort as 
extracted based on the study design to allow for clear 
understanding of risk factor distribution at baseline in 
different therapy groups.

RESULTS
The study cohort included 125 337 patients in the No 
bDMARD group, 34 873 patients in the TNFi group, 
1884 patients in the IL- 6i group, 5935 patients in the 
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T- cell group and 1213 patients in the IL- 6i+T cell group 
(figure 1, table 1). The mean follow- up from RA diag-
nosis was 4.1 years in the No bDMARD group, 5.4 years 
in the TNFi group, 4.9 years in the IL- 6i group, 5.9 years 
in the T- cell group and 7.1 years in the IL- 6i+T cell group 
(table 1). The mean age of patients ranged between 52 
and 58 years. Higher proportions of patients in the No 
bDMARD group had a history of hypertension (40%) and 
cancer (12%) at or before the RA diagnosis compared 
with other groups (25%–28% hypertension, 4%–7% 
cancer).

In the No bDMARD, TNFi, IL- 6i, T- cell and IL- 6i+T 
cell groups, respectively, any nbDMARD was used by 
51%, 82%, 87%, 87% and 93% of patients; methotrexate 
was used by 30%, 65%, 68%, 65% and 74% of patients; 
hydroxychloroquine was used by 24%, 25%, 28%, 33% 

Diagnosed with rheumatoid arthritis (n=283,756)
+ age at diagnosis ≥18 years (n=279,137)

+ diagnosed after January 1, 2000 (n=272,613)
+ no diabetes before RA diagnosis (n=232,038) 

+ no type 1 or gestational diabetes during follow-up (n=231,544)
+ 6 months of follow-up (n=169,242)

Study Cohort (n=169,242)

No bDMARD
(n=125,337)

TNFi
No IL-6i

No T-cell inhibitor
(n=34,873)

IL-6i
No T-cell inhibitor

(n=1,884)

T-cell inhibitor
No IL-6i

(n=5,935)

IL-6i +
T-cell inhibitor

(n=1,213)

Figure 1 Flow chart of the study cohort. bDMARD, 
biological disease- modifying antirheumatic drug; IL- 6i, 
interleukin-6 inhibitor; RA, rheumatoid arthritis; TNFi, tumour 
necrosis factor inhibitor.

Table 1 Characteristics of the study cohorts

No bDMARD TNFi IL- 6i T- cell inhibitor
IL- 6i+T cell 
inhibitor Total

N 125 337 34 873 1884 5935 1213 169 242

Follow- up after RA, mean (SD), years 4.1 (3.2) 5.4 (3.6) 4.9 (3.3) 5.9 (3.6) 7.1 (3.6) 4.5 (3.4)

Follow- up after index, mean (SD), years 3.8 (3.1) 4.4 (3.3) 2.3 (1.4) 3.4 (2.3) 4.4 (2.4) 3.9 (3.1)

Age, mean (SD), years 58 (14) 54 (13) 54 (13) 55 (13) 52 (12) 57 (14)

Age category, years

  <40 14 231 (11) 5294 (15) 293 (16) 768 (13) 192 (16) 20 778 (12)

  40–50 18 158 (14) 6741 (19) 361 (19) 1077 (18) 310 (26) 26 647 (16)

  50–60 29 316 (23) 10 162 (29) 560 (30) 1660 (28) 346 (29) 42 044 (25)

  60–70 33 833 (27) 8827 (25) 457 (24) 1559 (26) 270 (22) 44 946 (27)

  70+ 29 799 (24) 3849 (11) 213 (11) 871 (15) 95 (8) 34 827 (21)

Male 30 696 (24) 8451 (24) 330 (18) 963 (16) 189 (16) 40 629 (24)

White 88 715 (71) 25 915 (74) 1455 (77) 4607 (78) 972 (80) 121 664 (72)

Weight, mean (SD), kg 80 (21) 81 (22) 81 (21) 79 (21) 82 (21) 80 (21)

BMI, mean (SD), kg/m2 29 (7) 29 (7) 29 (7) 29 (7) 30 (7) 29 (7)

BMI category

  Normal 29 502 (29) 7873 (29) 415 (28) 1411 (30) 247 (26) 39 448 (29)

  Overweight 33 233 (33) 8605 (32) 495 (33) 1492 (32) 313 (32) 44 138 (32)

  Obese 39 251 (38) 10 765 (40) 596 (40) 1800 (38) 408 (42) 52 820 (39)

Systolic blood pressure, mean (SD), 
mm Hg

128 (16) 126 (16) 124 (17) 125 (16) 125 (16) 127 (16)

Hypertension 50 428 (40) 9827 (28) 492 (26) 1668 (28) 299 (25) 62 714 (37)

HbA1c, mean (SD), % 5.8 (0.7) 5.6 (0.5) 5.6 (0.6) 5.7 (0.9) 5.7 (0.3) 5.8 (0.7)

LDL, mean (SD), mg/dL 112 (35) 113 (34) 108 (31) 110 (36) 116 (34) 112 (35)

HDL, mean (SD), mg/dL 55 (17) 55 (17) 57 (17) 58 (18) 60 (28) 55 (17)

Triglycerides, median (Q1, Q3) 112 (81,156) 110 (79,153) 114 (82,162) 110 (82,150) 128 (86,177) 112 (80,155)

Anaemia 18 671 (15) 4492 (13) 244 (13) 819 (14) 145 (12) 24 371 (14)

Cardiovascular disease 14 705 (12) 1904 (5) 87 (5) 401 (7) 54 (4) 17 151 (10)

Chronic kidney disease 2851 (2) 271 (1) 21 (1) 57 (1) 9 (1) 3209 (2)

Cancer 8867 (7) 1029 (3) 63 (3) 213 (4) 30 (2) 10 202 (6)

Neuropathy 2751 (2) 312 (1) 21 (1) 83 (1) 11 (1)

All values are n (%) unless stated otherwise.
bDMARD, biological disease- modifying antirheumatic drug; BMI, body mass index; HDL, high- density lipoprotein; IL- 6i, interleukin-6 inhibitor; LDL, low- density 
lipoprotein; Q1, first quartile; Q3, third quartile; RA, rheumatoid arthritis; TNFi, tumour necrosis factor inhibitor.
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and 36% of patients; and statins were used by 33%, 29%, 
33%, 33% and 35% of patients (table 2).

Over 641 200 PY of follow- up, 4.4%, 5.2%, 1.7%, 3.9% 
and 3.1% of patients had clinical diagnoses of T2DM 
in the No bDMARD, TNFi, IL- 6i, T- cell and IL- 6i+T cell 
groups, respectively. The incidence rate/1000 PY of 
T2DM was significantly lower in the IL- 6i (7.6; 95% CI 5.4 
to 10.8) and IL- 6i+T cell (7.0; 95% CI 5.1 to 9.7) groups 
than in the No bDMARD group (12.1; 95% CI 11.8 to 
12.4) (table 3). The incidence rate/1000 PY of T2DM in 
the TNFi and T- cell groups was similar to that in the No 
bDMARD group (table 3).

The adjusted probability of developing T2DM was 
significantly lower in the IL- 6i (probability, 1%; 95% CI 
0.6 to 2.0) and IL- 6i+T cell (probability, 2%; 95% CI 0.1 
to 2.9) groups and somewhat less pronounced in the 
T- cell group (probability, 3%; 95% CI 2.3 to 3.3) than 

in the No bDMARD (probability, 5%; 95% CI 4.6 to 4.9) 
and TNFi (probability, 4%; 95% CI 3.7 to 4.3) groups 
(table 3).

Sensitivity analyses based on data from patients without 
CVD at baseline produced similar probability estimates.

Compared with patients in the No bDMARD group, 
those in the IL- 6i and IL- 6i+T cell groups had 37% (95% 
CI of HR 0.42% to 0.96%) and 34% (95% CI of HR 0.46% 
to 0.93%) significantly lower risk for T2DM, respectively, 
though there was no significant difference in estimated 
risk for patients in the TNFi (95% CI of HR 0.93 to 1.06) 
and T- cell (95% CI of HR 0.82 to 1.12) groups (figure 2, 
table 3). These probability/risk estimates were similar 
in the no disease history subcohort, the cancer at index 
subcohort and the exposure- based sensitivity analyses and 
in the analysis in which any event of T2DM within 1 year 
of follow- up was excluded.

Table 2 Medication exposure before type 2 diabetes or end of follow- up

No bDMARD TNFi IL- 6i T- cell inhibitor
IL- 6i+T cell 
inhibitor Total

nbDMARD 63 746 (51) 28 455 (82) 1646 (87) 5156 (87) 1130 (93) 100 133 (59)

Methotrexate 38 099 (30) 22 576 (65) 1282 (68) 3863 (65) 901 (74) 66 721 (39)

Hydroxychloroquine 30 225 (24) 8612 (25) 535 (28) 1968 (33) 435 (36) 41 775 (25)

Anakinra — 128 (0) 25 (1) 43 (1) 23 (2) 219 (0)

Rituximab — 887 (3) 234 (12) 491 (8) 293 (24) 1905 (1)

Steroid 68 326 (55) 24 537 (70) 1570 (83) 4875 (82) 1116 (92) 100 424 (59)

NSAID 88 968 (71) 25 988 (75) 1441 (76) 4720 (80) 1042 (86) 122 159 (72)

Statin 41 267 (33) 10 252 (29) 621 (33) 1961 (33) 420 (35) 54 521 (32)

All values are n (%).
bDMARD, biological disease- modifying antirheumatic drug; IL- 6i, interleukin-6 inhibitor; nbDMARD, non- biological disease- modifying 
antirheumatic drug; NSAID, non- steroidal anti- inflammatory drug; TNFi, tumour necrosis factor inhibitor.

Table 3 Proportions of patients who developed type 2 diabetes (T2DM), incidence rate (95% CI) per 1000 person years of 
T2DM in the study cohorts, adjusted HR (95% CI) (based on propensity weights and on without propensity weights using only 
covariates) and adjusted probability (95% CI) of developing T2DM in the study cohorts (based on new user design)

T2DM event 
(%)

Incidence rate
(95% CI) HR (95% CI); p* HR (95% CI); p†

Adjusted probability
(95% CI)

No bDMARD 5544 (4) 12.1 (11.8 to 12.4) Reference Reference 0.048 (0.046 to 0.049)

TNFi 1829 (5) 12.4 (11.8 to 13.0) 0.99 (0.93 to 1.06); 
0.26

0.97 (0.91 to 1.04); 
0.24

0.040 (0.037 to 0.047)

IL- 6i, no T- cell 
inhibitor

32 (2) 7.6 (5.4 to 10.8) 0.63 (0.42 to 0.96); 
0.021

0.58 (0.40 to 0.94); 
0.019

0.013 (0.006 to 0.020)

T- cell inhibitor, no 
IL- 6i

229 (4) 11.7 (10.3 to 13.4) 0.96 (0.82 to 1.12); 
0.37

0.93 (0.81 to 1.10); 
0.30

0.028 (0.023 to 0.033)

IL- 6i and T- cell 
inhibitor

37 (3) 7.0 (5.1 to 9.7) 0.66 (0.46 to 0.93); 
0.019

0.62 (0.41 to 0.91); 
0.017

0.020 (0.010 to 0.029)

Treatment groups were balanced according to baseline age group, body mass index (BMI) and history of hypertension, anaemia, 
cardiovascular disease, and cancer or chronic kidney disease and were adjusted for age, sex, BMI category, hypertension and anaemia and 
for exposure to statins, any non- biological disease- modifying antirheumatic drug (nbDMARD), methotrexate and hydroxychloroquine.
*Based on propensity weight.
†Based on covariate adjustments without propensity weight.
IL- 6i, interleukin-6 inhibitor; TNFi, tumour necrosis factor inhibitor.
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Patients with hypertension had 41% (95% CI of HR 
1.33% to 1.49%) significantly higher risk for T2DM, and 
overweight and obese patients had more than twofold 
and fivefold higher risk for T2DM, respectively. The 
observed 10%–15% increased risk for T2DM in patients 
with anaemia was statistically significant in primary and 
secondary prevention cohorts (p<0.01). Use of metho-
trexate combined with hydroxychloroquine was inde-
pendently associated with 11%–12% (95% CI of HR 0.82% 
to 0.95%) and 27%–30% (95% CI of HR 0.65% to 0.75%) 
reduced risk for T2DM in the primary study cohort and in 
the no disease history subcohort, respectively.

Although statin use (32% in the cohort) was inde-
pendently associated with an 11% (95% CI of HR 1.05% 
to 1.18%) increased risk for diabetes in the entire cohort, 
this association disappeared in the no disease history 
subcohort. A separate interaction analysis of statin use by 
age group also consistently revealed insignificant associ-
ation of statin use with risk for T2DM in the no disease 
history subcohort (unpublished data).

DISCUSSION
This EMR- based study from a nationally representa-
tive primary and ambulatory care database is novel and 
includes risk profile assessment at the time of clinical 
diagnosis of RA and holistic assessment of a potentially 
beneficial association between treatment with three 
classes of biologics, including IL- 6i signalling blocking- 
based therapy with and without exposure to a T- cell 
inhibitor, and risk for T2DM. Comparative assessment of 
possible independent or residual benefits of treatment 
with an IL-6 receptor inhibitor and a T- cell inhibitor in 
patients with long- term diabetes risk adds new insight 
into the population- level effectiveness of such therapies 
in the prevention and management of cardiovascular risk 
in patients with RA.

In this longitudinal cohort study in approximately 170 000 
patients with incident RA treated with different antirheumatic 
therapies over a mean 4.5 years of follow- up, we observed 
the following: compared with no exposure to bDMARDs, 

exposure to the IL-6 receptor inhibitor tocilizumab was asso-
ciated with the most pronounced risk reduction for T2DM, 
followed by a less pronounced association with inhibition of 
T- cell costimulation with abatacept and no association with 
TNFi; in patients treated with bDMARDs, exposure to IL-6 
receptor inhibitor, with or without T- cell inhibitor, was associ-
ated with significantly lower risk for T2DM, and exposure to 
TNFi and T- cell inhibitor was not independently associated 
with risk for T2DM; compared with exclusive exposure to the 
IL-6 receptor inhibitor tocilizumab, additional exposure to 
the T- cell inhibitor abatacept during therapy did not add any 
benefit in reducing risk for T2DM.

The observed reduction in risk for T2DM in patients 
treated with tocilizumab is evident from the difference 
between hazard estimates 6 months after the initiation 
of therapy in patients treated with tocilizumab and in 
the No bDMARD, TNFi and T- cell groups and from the 
consistently lower risk throughout follow- up (figure 2). 
The association of IL-6 receptor inhibition with reduced 
risk for diabetes was consistent in patients with or without 
a history of major disease. Careful risk analyses, ensuring 
appropriate balancing for potential confounding and 
differentiable risk paradigm among comparative treat-
ment groups, allowed reliable inference in this phar-
macoepidemiological outcome study with a reasonable 
follow- up time. IL-6 is overexpressed in insulin resistance 
and impairs insulin action in liver and adipose tissue. The 
involvement of IL-6 in the regulation of hepatic insulin 
sensitivity was highlighted by the neutralisation of IL-6, 
which showed the subsequent enhancement of hepatic 
insulin sensitivity.10 38 39 Our data suggest a possible proac-
tive therapeutic strategy in improving insulin sensitivity 
by use of IL-6 blocking agents in people with RA and 
prediabetes.

Our observed event rate of 11.7/1000 PY in the T- cell 
inhibitor group was similar to the reported event rate in 
the abatacept group (11.4/1000 PY) reported by Ozen et 
al.21 Although the observed 35% lower event rate/1000 
PY in the IL- 6i group was not significantly different from 
that in the T- cell group in our study, the residual associa-
tion of exposure to IL- 6i in terms of reduced risk (34%–
37%) for T2DM was evident, with similar follow- up times 
of 2.3 and 2.6 years after IL- 6i initiation in the IL- 6i and 
IL- 6i+T cell groups, respectively.

Consistent with previous studies,1 2 17 18 21 we observed 
that treatment with hydroxychloroquine was inde-
pendently associated with 27%–30% reduced risk for 
T2DM (p<0.01); approximately 25% of patients in the 
cohort were exposed to hydroxychloroquine during 
follow- up.

The mean low- density lipoprotein level in our cohort was 
112 mg/dL at the index date. Although approximately 32% 
of the cohort was treated with statins, use of this lipid- lowering 
therapy was not independently associated with risk for T2DM 
in the primary CVD prevention cohort across all age groups. 
In our study cohort, approximately 37% of patients had 
hypertension; 19% of those patients had SBP above 140 
mm Hg at the index date. Patients with hypertension had a 
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Figure 2 Hazard estimate plot of the adjusted risk for 
type 2 diabetes. bDMARD, biological disease- modifying 
antirheumatic drug; IL- 6i, interleukin-6 inhibitor; TNFi, tumour 
necrosis factor inhibitor.
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significant 41% increased risk for T2DM. A separate interac-
tion assessment suggested that patients who have hyperten-
sion and use statins are at marginally higher risk for T2DM 
than patients who do not have hypertension and are not 
using statins (HR, 1.34; 95% CI 1.07 to 1.66) and patients 
who have hypertension and are not using statins (HR, 1.25; 
95% CI 1.06 to 1.38). This finding corroborates the results of 
a recent population- based study in a large number of Chinese 
patients with hypertension.40 Ozen et al21 reported a signifi-
cant increase in the risk for T2DM in approximately 15% of 
statin users based on a cohort of 13 669 patients with approx-
imately 15 years’ duration of RA, though hypertension did 
not contribute significantly to their models.21 Our extensive 
evaluation of the possible interplay between hypertension 
and dyslipidaemia in the risk for T2DM in the study cohort 
also ensures the robustness of the observed association of RA 
therapies with risk for T2DM.

The CEMR database contains information on medi-
cations in the form of prescription dates and number 
of refills and less frequently captures data on dispensed 
prescriptions. Although the non- availability of reliable 
information on medication adherence is a common 
problem in all clinical studies and the EMRs generally 
provide only prescription information (not actual phar-
macy dispensing information), detailed validation studies 
of US EMRs suggest a high level of agreement between 
EMR prescription data and pharmacy claims data, espe-
cially in chronic diseases.41 However, the availability of 
data from patients’ medication lists, including medica-
tions prescribed within the EMR network and medica-
tions that could have been prescribed outside the EMR 
network, is a strength. The CEMR database also tracks 
longitudinal treatment adjustments. Furthermore, we 
used robust algorithms to aggregate medication data at 
the patient level. Finally, the database contains compre-
hensive clinical information, which is usually not avail-
able in claims databases.

There are several potential limitations in any pharma-
coepidemiological study based on retrospective EMRs, 
including incomplete disease coding, missing data (eg, 
data on prescription dispensation and adherence to ther-
apies). Other limitations with the CEMR database include 
the non- availability of data on socioeconomic characteris-
tics, diet and physical activity as well as the non- availability 
of complete or reliable data for disease activity and pain 
scores, longitudinal data on doses of individual therapies 
and insurance type. Although the distribution of major 
cardiometabolic diseases in the CEMR is comparable with 
the distribution in national survey results, the represen-
tativeness of the database in terms of RA has not been 
formally tested. In addition, patient data moved out of 
the EMR database generally cannot be tracked. Although 
we used a carefully drawn new- user design and adjusted 
for the confounders to the best of data availability, poten-
tial residual confounding cannot be completely elimi-
nated from an observational study.

In conclusion, in this large longitudinal cohort study 
of patients with incident RA, we observed that patients 

treated with the IL-6 receptor inhibitor tocilizumab had 
significantly reduced risk for T2DM compared with those 
treated with other bDMARDs and those not exposed to 
any bDMARD. This observation also appears to be true 
for patients treated with bDMARDs in the treatment 
sequence, irrespective of treatment with T- cell inhibitor 
before or after IL-6 receptor inhibitor treatment. These 
findings provide valuable insight for the use of biologics 
in patients with RA for the overall prevention and manage-
ment of cardiovascular risk and diabetes risk.
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