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Abstract

Immune modulators used to treat rheumatologic disease have diverse endocrine effects in patients
with diabetes. Providers should be aware of these effects given that diabetes and rheumatologic
disease overlap in prevalence and cardiovascular morbidity. In patients with type 1 diabetes,
clinical trials have demonstrated that immune modulators used early in the disease can improve
pancreatic function, though their efficacy in adults with longstanding autoimmune diabetes is
unknown. In patients with type 2 diabetes, hydroxychloroquine is an effective antihyperglycemic
and may be preferred for rheumatologic use in patients with difficult glycemic control. In patients
without diabetes, hydroxychloroquine and tumor necrosis factor (TNF) inhibitors have been found
to decrease diabetes incidence in observational studies. Additionally, dapsone and sulfasalazine
alter erythrocyte survival resulting in inaccurate HbAlc values. These multifaceted effects of
immune modulators create a need for coordinated care between providers treating patients with
diabetes to individualize medication selection and prevent hypoglycemic events. More research is
needed to determine the long-term outcomes of immune modulators in patients with diabetes.
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Introduction

Fluidity in

Medications that alter the function of the immune system are the foundation of therapy for
many rheumatologic diseases [1]. The same immune modulators have a variety of effects
specific to patients with diabetes mellitus. These diabetes-specific effects have implications
for treatment selection in patients with rheumatologic disease, for the prevention of
hypoglycemia, and for adjusting glycemic monitoring for altered erythrocyte survival.

Since rheumatologic disease and diabetes often go hand-in-hand, it is important for
clinicians to understand the effects of immune modulators on both conditions. Patients with
type 1 diabetes have a greatly elevated risk of developing rheumatoid arthritis (RA) [2, 3],
and patients with rheumatologic disease have excess rates of type 2 diabetes, cardiovascular
risk factors, and cardiovascular mortality [4, 5]. Given their ability to affect both conditions,
immune modulators deserve special consideration in this high-risk population.

We present a review of the literature on the effects of immune modulators for rheumatologic
disease among patients with diabetes. We report on the effects of these medications on
autoimmune diabetes, including type 1 diabetes and latent autoimmune diabetes of
adulthood (LADA), and type 2 diabetes and its prevention. We also discuss the implications
of these findings for clinicians.

Type 1 Diabetes Disease Activity

While glycemic control in type 2 diabetes tends to worsen predictably in the presence of
certain factors such as weight gain or corticosteroid use, the course of autoimmune diabetes
is more fluid and unpredictable [6]. A noteworthy example of this fluidity is the honeymoon
phase of type 1 diabetes: a period of decreased insulin requirements that occurs after
initiating insulin therapy [6, 7]. It is experienced by approximately half of patients with type
1 diabetes; the onset is usually within weeks of starting insulin therapy but may occur
months later, with insulin needs typically returning to baseline after several months [6, 7].
Definitions of the honeymoon phase vary, including combinations of relative insulin dose
and glycemic control [8]. Most of our knowledge about the honeymoon phase is derived
from studies of children, but it occurs in adults with type 1 diabetes as well [9].

Many immune-modulating medications used to treat rheumatologic disease have been given
to patients with type 1 diabetes in an attempt to induce and extend the honeymoon phase.
Beginning with cyclosporine in 1984, immune modulators were investigated as potential
treatments for recent onset type 1 diabetes in clinical trials [10, 11]. Subsequent trials
targeted many components of the immune system including T and B lymphocytes and
cytokine pathways [10]. In these studies, the primary outcome was typically a direct
measure of pancreatic endocrine function: fasting C-peptide (FCP) or stimulated C-peptide
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(SCP), which is more sensitive than FCP but also time-consuming [12]. Secondary outcomes
included change in HbAlc and insulin dose and some definition of the honeymoon phase
(also referred to as “diabetes remission”). Overall, the utility of immune modulators in
recent-onset type 1 diabetes has been limited by drug toxicity and a lack of lasting effects on
the natural history of the disease when therapy is discontinued [11]. That paradigm may be
changing as less toxic drugs are proving effective, such as seen in a recent clinical trial of
alefacept [13¢]. Future work is needed to understand the potential impact of newer immune
modulators used in rheumatologic disease on type 1 diabetes of recent onset.

Diabetes-Specific Effects of Rheumatologic Immune Modulators

Study Selection

We performed a literature review to identify the effects on diabetes of immune-modulating
medications for rheumatologic disease. We searched PubMed from inception to March 2016
using MESH topics: (immunosuppressive agents OR immunomodulation OR antirheumatic
agents) AND (diabetes mellitus OR hyperglycemia OR hypoglycemia). \We also searched
commonly used rheumatologic drugs as [drug namé] AND (diabetes mellitus OR
hyperglycemia OR hypoglycemid). The resultant studies were reviewed and included if
relevant to glycemic control, pancreatic function, and/or clinical diabetes management. The
bibliographies of identified studies were reviewed for additional relevant publications.
Studies were excluded if they were not in vivo studies of humans, not English language, or
had pathophysiologic (e.g., insulin resistance by euglycemic clamp) rather than clinical
outcomes.

Evidence from randomized controlled trials (RCTs) and large cohort studies is presented in
Table 1.

Azathioprine

Colchicine

Azathioprine is a purine analog that interferes with nucleic acid metabolism [14]. It is used
as a second-line treatment for RA and off-label (U.S. Food and Drug Administration
labeling) for other rheumatologic diseases [1]. Azathioprine was studied in two early trials
of patients with recent onset type 1 diabetes. The first of these trials randomized subjects
without masking to azathioprine and prednisone versus no treatment and found lower insulin
needs and higher SCP in the treatment group at 1 year of follow-up, but no difference in
HbA1c [15]. The second trial was a double-blinded RCT of azathioprine alone versus
placebo which found no effect on FCP, SCP, HbA1c, nor insulin dose at 1 year [16]. Two
small trials using alternating (non-randomized) assignment without placebo found mixed
effects [17, 18].

Colchicine is a naturally occurring alkaloid that disrupts microtubule assembly, inhibiting
neutrophil function and cytokine activation [19]. It is used for gout prophylaxis and
treatment [1]. In a small placebo-controlled crossover study of colchicine in twelve patients
with type 2 diabetes, subjects had a significantly lower glucose by oral glucose tolerance test
while on colchicine [20]. In patients without diabetes, a large retrospective cohort study
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found that colchicine users (matched to non-users by propensity scoring) did not have a
significantly lower diabetes incidence (adjusted hazard ratio 0.88; 95 % CI 0.66, 1.16) [21].

Cyclosporine

Cyclosporine is a fungal metabolite that inhibits calcineurin which is an enzymatic
component of lymphocyte intracellular signaling [22]. It is used for refractory RA and off-
label for several rheumatologic diseases [1]. There have been five RCTs of cyclosporine in
recent onset type 1 diabetes [23-27]. In the studies that administered cyclosporine
consistently for more than 6 months and evaluated effects on pancreatic function [23, 24],
cyclosporine increased SCP relative to placebo, and had no effects on HbAlc and insulin
dose. In these studies, effects of cyclosporine on SCP became apparent by 3 to 6 months,
and withdrawal of cyclosporine at 1 year resulted in an immediate increase in insulin needs
in some subjects [28]. There have been several non-randomized studies of cyclosporine in
type 1 diabetes which were consistent with beneficial effects on pancreatic function [29-31].

Cyclophosphamide

Dapsone

Cyclophosphamide is a synthetic DNA alkylating agent that is used off-label for vasculitides
and severe systemic complications of rheumatologic disease [1, 32]. There is little evidence
of effects of cyclophosphamide on diabetes. There is one case report of cyclophosphamide
causing transient hyperglycemia [33], though no other reports were found.

Dapsone is a synthetic sulfone antimicrobial that inhibits bacterial folic acid synthesis and
exerts immune-modulating effects in humans by unclear mechanisms [34]. It is used off-
label for complications of lupus, some vasculitides, and Beh et disease [1]. Dapsone has no
known effects on glycemic control in patients with diabetes; however, it may cause changes
in erythrocytes that can falsely lower HbAlc measurements. Dapsone frequently causes
hemolysis and reduced erythrocyte survival, even in patients without glucose-6-phosphate
dehydrogenase deficiency [35-37]. Dapsone can also cause varying degrees of
methemoglobinemia [35, 37, 38]. Each of these effects can interfere with HbAlc
measurement resulting in falsely low values [39, 40]. There are numerous case reports of
patients with diabetes developing spuriously low HbA1c values on dapsone therapy [41-44].

Glucocorticoids

Glucocorticoids are corticosteroid hormones which are widely used for their anti-
inflammatory and immunosuppressive properties [45]. The predominant effect of
glucocorticoids on patients with diabetes is to induce hyperglycemia, particularly in the
post-prandial period [46]. In addition, glucocorticoids can independently cause new-onset
diabetes in non-diabetic patients [47¢]. Given its immunosuppressive effects, prednisone was
studied as a treatment for new-onset type 1 diabetes in two RCTSs. In these trials, prednisone
alone increased insulin needs and had no effect on FCP or HbA1c [48], but prednisone in
combination with azathioprine increased SCP and reduced insulin needs [15].
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Hydroxychloroquine

Hydroxychloroquine is an antimalarial that alters epitope binding of major
histocompatibility complex molecules in antigen-presenting cells [49]. It is a first-line
treatment for RA and systemic lupus erythematosus and is commonly used off-label for a
variety of rheumatologic conditions [1]. It has long been recognized that quinoline
antimalarials may have hypoglycemic effects, hypothesized to be due to changes in
intracellular insulin metabolism in peripheral tissues [50]. There are case reports
documenting hypoglycemia in hydroxychloroquine-treated patients with no prior diabetes
[51, 52] and with type 2 diabetes [53-55].

Hydroxychloroquine has been found to be an effective antihyperglycemic in patients with
type 2 diabetes. An RCT of adults with poorly controlled type 2 diabetes found that the
addition of hydroxychloroquine to standard sulfonylurea treatment reduced HbA1c by
1.02% (95 % CI 0.24%, 1.81%) more than placebo at 18 months of follow-up [56]. In
patients with type 2 diabetes on insulin therapy, hydroxychloroquine was also found to
significantly reduce HbAlc compared to placebo at 6 months of follow-up [57]. A non-
inferiority trial found that hydroxychloroquine and pioglitazone had comparable
antihyperglycemic efficacy [58¢]. In addition, a small retrospective cohort study of adults
with diabetes and rheumatologic disease compared those treated with hydroxychloroquine
versus methotrexate and found that hydroxychloroquine was associated with a significantly
greater reduction in HbAlc from pre-treatment baseline to its lowest value within 12 months
of initiating treatment [59].

Hydroxychloroquine has also been found to prevent incident diabetes in adults with
rheumatologic disease in four large cohort studies. These studies did not distinguish between
incident type 1 and type 2 diabetes, though most cases were likely type 2 given the
participants’ age. The first of these studies was a prospective cohort of patients with RA
with a study duration of 21.5 years which found an adjusted hazard ratio (aHR) for incident
diabetes of 0.62 (95 % CI 0.42, 0.92) in those prescribed hydroxychloroquine versus other
RA treatments [60]. A retrospective cohort study of patients with RA with a median follow-
up time of 2 years found an aHR for incident diabetes of 0.29 (95 % CI1 0.09, 0.95) in ever
versus never users of hydroxychloroquine [61]. Similarly, a retrospective cohort study of
patients with RA or psoriasis with a median follow-up time of 6 months found an aHR for
incident diabetes of 0.54 (95 % CI 0.36, 0.80) in those prescribed hydroxychloroquine
versus other disease-modifying drugs excluding TNF inhibitors [62]. In these three studies,
the outcome was adjusted for prior glucocorticoid use as a binary categorical variable. A
recent retrospective cohort study of patients with systemic lupus erythematosus with a mean
follow-up time of 5.6 years found an aHR for incident diabetes of 0.26 (95 % CI 0.18, 0.37)
in those with cumulative hydroxychloroquine dose =129 g (compared to those never
prescribed hydroxychloroquine), adjusted for daily glucocorticoid dose in four categories
[63¢]. A cross-sectional study of non-diabetic women with rheumatologic disease found that
hydroxychloroquine was associated with lower fasting glucose [64].

Relatively, little is known about the effects of hydroxychloroquine on patients with
autoimmune diabetes. Since hydroxychloroquine is suspected to augment the response to
insulin in target tissues, we would expect it to result in reduced exogenous insulin needs. In
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addition, rat models of endocrine pancreatic failure have demonstrated that
hydroxychloroquine inhibits inflammatory cytokines and protects against beta cell loss
[65¢]. One case report describes a patient with type 1 diabetes who experienced improved
glycemic control after hydroxychloroquine was started to treat Sjogren’s syndrome [66].

Leflunomide

Leflunomide is an inhibitor of pyrimidine synthesis that is used for RA and off-label for
several rheumatologic diseases [1, 67]. No studies were found for effects of leflunomide on
diabetes.

Methotrexate

Methotrexate is a synthetic folate analog that inhibits DNA synthesis at chemotherapeutic
doses, but at lower rheumatologic doses, exerts anti-inflammatory effects by several
metabolic mechanisms [68]. It is first-line therapy for RA and juvenile idiopathic arthritis
(JIA) and is used off-label for a variety of rheumatologic conditions [1]. There is little
evidence of effects of methotrexate on diabetes, and the available evidence suggests that
there are no significant effects. A small retrospective cohort study of patients with diabetes
and rheumatologic disease treated with hydroxychloroquine versus methotrexate found no
significant change in HbAlc from baseline in either group (though a significantly larger
decrease in HbAlc in the hydroxychloroquine group) [59]. In a retrospective cohort study of
non-diabetic patients with RA or psoriasis, methotrexate was not significantly associated
with a reduction of incident diabetes (aHR 0.77, 95 % CI 0.53, 1.13) [62].

Minocycline

Minocycline is a tetracycline antibiotic that has anti-inflammatory properties and is used to
treat mild RA [1, 69]. No studies were found for effects of minocycline on diabetes.

Mycophenolate Mofetil

Mycophenolate mofetil is the prodrug of mycophenolic acid which inhibits purine salvage,
suppressing the proliferation of T and B lymphocytes [70]. It is used off-label to treat a
variety of rheumatologic conditions [1, 71]. There is evidence that mycophenolate mofetil
has no significant effects on type 1 diabetes; no studies were found for effects on type 2
diabetes nor diabetes prevention. An RCT of mycophenolate mofetil without and with the
interleukin-2 blocking antibody daclizumab in patients with recent onset type 1 diabetes
found no effect of either intervention on SCP, HbAlc, or insulin dose at 2 years [72]. There
is one case report of mycophenolate mofetil being helpful in treating a patient with profound
insulin resistance due to high levels of anti-insulin antibodies [73].

Sulfasalazine

Sulfasalazine is a compound with sulfonamide and salicylate moieties that exerts anti-
inflammatory effects by multiple mechanisms [74]. It is first-line therapy for mild to
moderate RA and JIA and has several off-label rheumatologic uses [1]. Like dapsone,
sulfasalazine frequently causes hemolysis [75] that can falsely lower HbAlc measurements
[39, 40]. There is one case report of a patient with type 1 diabetes who developed spuriously
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low HbA1c values after sulfasalazine was initiated for treatment of RA [76]. One study
identified patients with diabetes who had taken sulfasalazine and found that their HbAlc
values were dramatically lower when taking the drug, concluding that sulfasalazine has
glucose-lowering effects [77]. However, hemolysis was not evaluated in these patients,
making it impossible to determine whether the reduced HbA1c reflected hemolysis or a true
change in blood glucose.

TNF Inhibitors

Abatacept

Tumor necrosis factor (TNF) inhibitors are monoclonal antibodies (except etanercept which
is an immunoglobulin fusion protein) that suppress the action of TNF-a, a proinflammatory
cytokine [78]. They are approved to treat RA, psoriatic arthritis, ankylosing spondylitis, and
JIA and have many off-label rheumatologic uses [1, 78].

In 2009, an RCT was conducted of etanercept versus placebo in children with recent onset
type 1 diabetes which found that etanercept increased SCP and decreased HbA1c and insulin
dose at 6 months [79]. Although there are no other trials of TNF inhibitors for diabetes
treatment, there are case reports of patients with autoimmune diabetes who experienced
improved glycemic control and/or hypoglycemia after initiating treatment with etanercept
[80, 81], adalimumab [82-84], and infliximab [85], suggesting that the effects of etanercept
on type 1 diabetes are generalizable to TNF inhibitors as a group. Of note, there are two
reported cases of type 1 diabetes developing shortly after TNF inhibitors were started,
raising the concern that TNF inhibitors were the cause [86, 87]. An increased incidence of
type 1 diabetes or secondary autoimmune diseases was not specifically found in trials of
TNF inhibitors, though the degree to which this outcome was reported is unclear [88].

There is evidence suggesting that TNF inhibitors may improve glycemic control in patients
with type 2 diabetes. A retrospective study identified eight patients with type 2 diabetes and
RA or Crohn disease who were treated with etanercept or infliximab and found significantly
lower fasting glucose after TNF inhibitor treatment, unlike control patients treated with other
medications [89]. There are case reports of patients with type 2 diabetes who experienced
improved glycemic control and/or hypoglycemia after treatment with etanercept [90-93] and
adalimumab [83], and one patient who was able to stop insulin therapy during infliximab
treatment and then relapsed after infliximab was withdrawn [94, 95].

Furthermore, there is evidence that treatment with TNF inhibitors reduces the risk of
incident diabetes in patients with rheumatologic disease. A large retrospective cohort study
of patients with RA or psoriasis with a median follow-up time of 6 months found an aHR for
incident diabetes of 0.62 (95 % C1 0.42, 0.91) in patients prescribed TNF inhibitors versus
other disease-modifying drugs excluding hydroxychloroquine [62]. This study adjusted for
glucocorticoid use as a binary categorical variable and did not differentiate between incident
type 1 and type 2 diabetes, though most cases were likely type 2 given participant age.

Abatacept is an immunoglobulin fusion protein that blocks T lymphocyte co-stimulation and
resultant T cell activation [96]. It is used to treat RA, JIA, and off-label for psoriatic arthritis
[1]. In 2011, an RCT was conducted of abatacept for recent onset type 1 diabetes which
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found that abatacept increased SCP and decreased HbAlc at 2 years, with no effect on
insulin dose [97]. Significant improvements in SCP and HbA1c were still present 1 year
after abatacept was discontinued [98+]. No studies were found of effects of abatacept on type
2 diabetes or diabetes prevention.

Alefacept is an immunoglobulin fusion protein that blocks T lymphocyte co-stimulation and
reduces circulating memory T cells [99]. It is used for psoriasis and off-label to treat
psoriatic arthritis [100]. In 2015, an RCT was conducted of alefacept for recent onset type 1
diabetes which found that alefacept increased SCP and decreased insulin dose and major
hypoglycemic events at 2 years, with no effect on HbAlc [13]. No studies were found of
effects of alefacept on type 2 diabetes nor diabetes prevention.

Anakinra and Canakinumab

Rituximab

Tocilizumab

Anakinra and canakinumab are biologic agents that inhibit the inflammatory cytokine, IL-1
[101]. Anakinra is used to treat RA, and canakinumab is used off-label for several
rheumatologic conditions [101]. Anakinra and canakinumab were each examined as a
potential treatment for recent onset type 1 diabetes by the same group in 2013 and were
found to have no effect on SCP, HbAlc, or insulin dose [102¢]. A small study with no
control group found that a short course of anakinra in overweight patients with type 1
diabetes resulted in modestly improved HbA1c and fasting glucose [103].

There is some evidence that IL-1 inhibitors have antihyperglycemic effects in patients with
type 2 diabetes. An RCT of overweight adults (body mass index > 27 kg/m?) with type 2
diabetes found that anakinra decreased HbA1c by 0.46% (95 % CI 0.01%, 0.90%) more than
placebo at 13 weeks [104], with no difference in HbAlc after treatment was withdrawn
[105]. Additionally, there is a case series of two patients with type 2 diabetes who
experienced improved glycemic control after anakinra was started for RA [106]. A phase 1l
trial of canakinumab in patients with type 2 diabetes found no significant improvements in
glycemic control relative to placebo [107].

Rituximab is a monoclonal antibody that targets and depletes B lymphocytes [108]. It is
used to treat RA, certain vasculitides, and off-label for several rheumatologic diseases [1]. In
2009, an RCT was conducted of rituximab for recent onset type 1 diabetes which found that
rituximab weekly for 4 weeks increased SCP and decreased HbA1c and insulin dose at 1
year [109]. There was no significant difference in these outcomes 1 year after treatment was
withdrawn [110]. There is one case report of a patient with type 1 diabetes who experienced
improved glycemic control after starting rituximab for immune thrombocytopenia [111]. No
studies were found of effects of rituximab on type 2 diabetes or diabetes prevention.

Tocilizumab is a humanized monoclonal antibody that targets the proinflammatory cytokine
IL-6 which is used to treat RA and JIA [112]. There is little evidence of effects of
tocilizumab on diabetes. One prospective study of ten patients with type 2 diabetes initiating

Curr Diab Rep. Author manuscript; available in PMC 2018 July 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pilla et al.

Page 9

treatment with tocilizumab for RA found that HbAlc decreased by 0.82% 1 month after
starting treatment and before steroids were tapered; however, there was no relevant control
group [113].

Conclusions

The effects of immune modulators on pancreatic function in patients with autoimmune
diabetes have implications for treatment selection for rheumatologic indications. Preserving
pancreatic function has important long-term benefits to patients with type 1 diabetes
including reducing microvascular complications and hypoglycemic events [114, 115].
However, most studies of immune modulators have been performed in patients with type 1
diabetes of recent onset. The effects of these drugs on pancreatic function in patients with
autoimmune diabetes of longer duration, as will most commonly be seen in clinical practice,
are not known. Due to the progressive nature of autoimmune pancreatic destruction, we
would expect the efficacy of immune modulators to decrease with longer diabetes duration.
However, there is heterogeneity in the natural history of type 1 diabetes and adequate beta
cell function may persist for many years in a subset of patients [116]. In addition, patients
with slowly progressing type 1 diabetes or LADA have a weaker autoimmune process and
maintain greater pancreatic function over time [117]. It is possible that immune modulators
would have greater benefit in this population, though there is no clear evidence
substantiating this to date. Overall, in selecting an immune modulator for rheumatologic use,
evidence of improved pancreatic function could be considered as a potential benefit to
patients with autoimmune diabetes. Given the limited data on long-term diabetes outcomes,
we do not recommend selecting an immune modulator for rheumatologic use solely because
of diabetes benefits that would otherwise be undesirable due to known adverse effects.

Immune modulators with antihyperglycemic effects should be considered for rheumatologic
indications in patients with type 2 diabetes or type 2 diabetes risk factors. In patients with
difficult to control hyperglycemia, hydroxychloroquine may be preferred for rheumatologic
use due to its consistent benefits on glycemic control. In patients at high risk of developing
type 2 diabetes due to histories of prediabetes, gestational diabetes, obesity, or chronic
corticosteroid use, hydroxychloroquine or a TNF inhibitor should be considered for
rheumatologic use due to evidence of diabetes prevention. The preference for these
medications in patients at high cardiovascular risk is further supported by studies
demonstrating that hydroxychloroquine improves lipid profiles [56, 58, 118, 119], and TNF
inhibitors are associated with a lower rate of cardiovascular events in patients with RA
[120]. Most studies of diabetes prevention by immune modulators are limited by simplistic
modeling of glucocorticoid use as a binary categorical variable which likely created residual
confounding. Further studies are needed to confirm that the effects of immune modulators
on diabetes prevention are independent of their steroid sparing effects.

Starting or switching immune-modulating medications is a high-risk period for changes in
diabetes disease activity that places patients at risk for hypoglycemia. Of note, the glycemic
effects of immune modulators may not be immediate: in trials of recent onset type 1
diabetes, effects on pancreatic function often did not become apparent until after at least 3
months of therapy. In these trials, changes in glycemic control were expected and
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participants were monitored closely to match their pancreatic function and insulin needs.
Likewise, practitioners prescribing immune-modulating drugs should plan for changes in
glycemic control by partnering with the patient and their care team. Patients should be
informed of the risk of hypoglycemia and empowered to contact providers promptly for
trends in home glucose or insulin needs. Practitioners treating diabetes should be made
aware of changes in immune-modulating therapy so that they may coordinate care.

Patients taking dapsone or sulfasalazine require an alternative method of glycemic
monitoring other than HbALc. Prior to initiating therapy with dapsone or sulfasalazine,
patients with diabetes should be switched to monitoring with fructosamine or glycated
albumin [39]. In addition, patients on these medications who require screening for type 2
diabetes should be screened with fasting serum glucose on two occasions or a 2-h oral
glucose tolerance test [121].

There is a need for further study of the effects of immune modulators on diabetes-related
outcomes. In order to guide treatment in patients with rheumatologic disease, it will be
essential to define more clearly the comparative effectiveness of these medications on long-
term outcomes, specifically cardiovascular disease, microvascular disease, and mortality. In
patients with autoimmune diabetes, it will be important to determine whether immune
modulators will benefit those who have not been recently diagnosed, and whether they will
be more effective at improving pancreatic function in patients with LADA who have a more
indolent autoimmune process. Patients with rheumatologic disease provide an excellent
opportunity for prospective studies of immune modulators as there is already an indication
for treatment, and the prevalence of diabetes is relatively high. Collaboration between
providers in the fields of rheumatology and diabetes care will make further studies in this
area possible.
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