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Anti-inflammatory Agents in the
Treatment of Diabetes and Its
Vascular Complications
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The association between hyperglycemia and inflammation and vascular compli-
cations in diabetes is now well established. Antidiabetes drugs may alleviate
inflammation by reducing hyperglycemia; however, the anti-inflammatory effects
of these medications are inconsistent and it is unknown whether their beneficial
metabolic effects are mediated via modulation of chronic inflammation. Recent
data suggest that immunomodulatory treatments may have beneficial effects on
glycemia, B-cell function, and insulin resistance. However, the mechanisms un-
derlying their beneficial metabolic effects are not always clear, and there are
concerns regarding the specificity, safety, and efficacy of immune-based thera-
pies. Herein, we review the anti-inflammatory and metabolic effects of current
antidiabetes drugs and of anti-inflammatory therapies that were studied in pa-
tients with type 2 diabetes. We discuss the potential benefit of using anti-inflammatory
treatments in diabetes and important issues that should be addressed prior to
implementation of such therapeutic approaches.

The prevalence of diabetes is on the rise, with 415 million people affected world-
wide according to recent data from the International Diabetes Federation (1). This
number is predicted to increase further, with 642 million people expected to de-
velop diabetes by 2040. While many factors are known to contribute to the devel-
opment of diabetes and its complications, the involvement of the immune system in
the pathogenesis of metabolic diseases has been gaining interest. It has long been
appreciated that inflammation is central to the pathology of the pancreatic islet in
type 1 diabetes. However, growing evidence suggests that inflammation also plays
an important role in the pathogenesis of type 2 diabetes, including obesity-related
insulin resistance, impaired insulin secretion, and diabetes-related vascular compli-
cations. Pioneering studies suggest that immunomodulatory treatments may im-
prove glycemia, B-cell function, and/or insulin resistance in patients with type 2
diabetes (2,3). These studies constitute a proof of concept that chronic inflamma-
tion is implicated in the pathophysiology of type 2 diabetes, and therefore targeting
inflammation may ameliorate diabetes, preventing its progression and vascular
complications. However, the effects of immunomodulatory treatments are not
limited to tissues involved in disease pathophysiology and thus might have unwar-
ranted side effects. Moreover, current antidiabetes drugs may alleviate systemic
and tissue-specific inflammation (4-12), and therefore the added value of using
specific immunomodulatory treatments needs to be confirmed. Herein, we review
the anti-inflammatory and metabolic effects of standard antidiabetes medications
and of novel anti-inflammatory treatments. We further discuss issues that should
be addressed prior to implementation of immune-based therapy in the treatment
of diabetes.
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Role of Inflammation in Metabolic
Disorders

Multiple mechanisms are thought to
contribute to B-cell dysfunction, insulin
resistance, and vascular complications
of diabetes. They have previously been
extensively reviewed and are beyond
the scope of the current review (13).
We briefly refer to several key mecha-
nisms regulating inflammation in diabe-
tes and their translational implications.
In diabetes, hyperglycemia and elevated
free fatty acids may promote inflamma-
tion by stimulating glucose utilization
along with alterations in oxidative phos-
phorylation (3,4,14). Such metabolic dys-
regulation has been shown to induce a
proinflammatory trait in macrophages
residing or invading the adipose tissue
and other tissues including the islets and
vasculature (15-19). Glucotoxicity and
lipotoxicity might also exert oxidative
and endoplasmic reticulum stress, which
in turn elicits an inflammatory response
by activating thioredoxin-interacting pro-
tein (TXNIP) and the NLR family, pyrin
domain containing 3 (NLRP3) inflamma-
some, which increase the release of
active interleukin (IL)-18 (3,4,14,18,20).
IL-1B further amplifies inflammation by
inducing the expression of various cyto-
kines and chemokines, resulting in the
recruitment of immune cells including
macrophages (“auto-stimulation”) (21).
Similar mechanisms have been reported
in diabetic -cells, adipose tissue, and
blood vessels (18,20,22,23). In type 2 di-
abetes, oligomers of islet amyloid poly-
peptide deposit in the pancreas and may
trigger inflammation by stimulating the
NLRP3 inflammasome and the generation
of mature IL-13 (24). Stress and inflamma-
tion may eventually lead to apoptosis and
contribute to B-cell dysfunction, insulin
resistance, and atherosclerosis.

In addition, obesity is associated with
alterations in the gut microbiome along
with increased gut leakiness of bacterial
wall lipopolysaccharides (endotoxins)
that may further promote tissue inflam-
mation (25,26). Endotoxins, free fatty
acids (probably in conjunction with fe-
tuin), and cholesterol induce inflamma-
tion by activating Toll-like receptor (TLR)
pathways and, subsequently, nuclear
factor-kB (NF-kB)-mediated release of a
broad range of cytokines and chemo-
kines including tumor necrosis factor
(TNF), IL-1B, IL-8, and MCP-1 that pro-
mote the accumulation of various

immune cells in different tissues (17,18).
It has recently been reported that in obe-
sity, alterations of the gut microbiome
might stimulate not only the innate im-
mune system but also the adaptive im-
mune system, which might contribute
to insulin resistance (27). Adipose tissue
inflammation can also be triggered by
local hypoxia caused by rapid expansion
of adipose tissue with insufficient vascu-
lar adaptation (28).

The renin-angiotensin system may also
play a role in inflammation, insulin resis-
tance, and vascular damage (29-32). Re-
cent data suggest that this system may
have a role in islet inflammation and
B-cell dysfunction, independent of its eff-
ects on glucose metabolism. Angiotensin Il
has been shown to induce expression of
chemokine MCP-1 and IL-6, leading to
impaired mitochondrial function and in-
sulin secretion, as well as increased
B-cell apoptosis (33).

These findings shed new light on the
mechanisms of inflammation in obesity
and diabetes and open new venues for
prevention of inflammation by modify-
ing the proinflammatory microbiota
or by using inhibitors of the renin-
angiotensin system. Alternatively, it is
possible to use treatments that target
key molecules that regulate the inflam-
matory response.

Anti-inflammatory Properties of
Antidiabetes Drugs

The link between nutrient metabolism
and inflammation raises the hypothesis
that correction of metabolic abnormali-
ties by lifestyle modifications and/or
antidiabetes medications may reduce
inflammation, thereby improving 3-cell
function and insulin resistance while
protecting against vascular complica-
tions, hence modifying the natural his-
tory of type 2 diabetes. The current
available treatments for type 2 diabetes
act through diverse mechanisms to im-
prove glycemia. Many of these treat-
ments also exert anti-inflammatory
effects that might be mediated via their
metabolic effects on hyperglycemia and
hyperlipidemia or by directly modulat-
ing the immune system. Part of the find-
ings as to the effects of different
medications on systemic and tissue-
specific inflammation was obtained in
vitro or in animal models. Notably, in
preclinical studies testing the anti-
inflammatory effects of antidiabetes
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drugs, the drug concentrations used
were much higher than those used in
clinical practice; therefore, the findings
should be interpreted with caution. Be-
low, we summarize the current data on
the anti-inflammatory properties of
antidiabetes medications (Table 1).

Metformin

Currently the first-line treatment of
type 2 diabetes, metformin improves di-
abetes control primarily by suppressing
hepatic glucose production and by im-
proving insulin sensitivity. Its effects are
thought to be mediated in part though
activation of AMPK, a key regulator of
cellular energy homeostasis known to
exert both anti-inflammatory and anti-
oxidant effects (34). Metformin has also
been shown to directly inhibit produc-
tion of reactive oxygen species from
complex | (NADH:ubiquinone oxidore-
ductase) of the mitochondrial electron
transport chain. In lipopolysaccharide-
activated macrophages, metformin in-
hibited production of the proform of
IL-13, while it boosted induction of the
anti-inflammatory cytokine, IL-10 (35).
Metformin has been shown to inhibit
proinflammatory responses in vascular
endothelial and smooth muscle cells
(5,36). Recent reports have demonstrated
that metformin may attenuate oxidized
LDL-induced proinflammatory responses
in monocytes and macrophages and in-
hibit monocyte-to-macrophage differen-
tiation (37). In rodents, it decreased the
expression of the proinflammatory and
proapoptotic protein TXNIP in B-cells
and hepatocytes (38). In human studies,
however, the effects of metformin on
inflammation are not well established.
Inthe U.S. Diabetes Prevention Program,
metformin modestly reduced C-reactive
protein (CRP) levels in patients with im-
paired glucose tolerance (39). Others
found that metformin decreased the lev-
els of several markers of endothelial dys-
function and coagulation but did not
affect TNF-a or CRP (40). In the LANCET
Trial: A Trial of Long-acting Insulin Injec-
tion to Reduce C-reactive Protein in Pa-
tients With Type 2 Diabetes, metformin
did not modify the levels of inflamma-
tory biomarkers in patients with recent-
onset type 2 diabetes, despite improved
glycemia (41). Of note, recent studies
suggest that metformin may have bene-
ficial effects in chronic inflammatory dis-
eases and cancers and may extend life
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Table 1—Anti-inflammatory effects of glucose-lowering agents used in the treatment of type 2 diabetes

References

Remarks and limitations

Main findings

Mechanism of action

Drug

39-43

May have beneficial effects in chronic

| or & CRP; < inflammatory biomarkers; | markers

Activate AMPK

Biguanides

inflammatory diseases and cancer

of endothelial dysfunction and coagulation

| or « inflammatory markers and markers of Conflicting data; modest effect, if any 45-49

Close Karp channels on B-cell plasma membranes

SUs

endothelial dysfunction; | or & CRP

46,48,49,57-61

Consistent anti-inflammatory effect

1l CRP; | inflammatory markers; 1 adiponectin

Activate the nuclear transcription factor PPARy

TZDs

10,62-64,66-70

Moderate effect; requires further study

| Inflammatory cytokines and biomarkers; | CRP

Inhibit DPP-4 activity, increasing postprandial

DPP-4 inhibitors

active incretin concentrations

47,74,75

| Inflammatory cytokines and biomarkers; | markers Moderate effect; requires further study

Activate GLP-1 receptors

GLP-1 RAs

of endothelial dysfunction; | CRP

Unknown

Future studies needed

Inhibit SGLT2 in the proximal nephron

SGLT2 inhibitors

Insulins

41,78,79

Moderate effect, although data conflicting

| or « inflammatory cytokines and immune mediators; | or < CRP

Activate insulin receptors

ROS, reactive oxygen species.

span independent of its effects on glu-
cose metabolism (42,43). Several clinical
studies are currently assessing the effects
of metformin in this context and whether
these are mediated via modulation of the
inflammatory state.

Sulfonylureas

While these agents directly stimulate insu-
lin secretion by the (3-cell, they have also
been shown to have anti-inflammatory ef-
fects. As an example, glyburide has been
shown to inhibit the NLRP3 inflamma-
some and subsequent IL-13 activation
in macrophages (24,44). Similarly, glicla-
zide also decreased the expression of in-
flammatory markers and endothelial
dysfunction in patients with type 2 diabe-
tes (45). By contrast, in various compara-
tive clinical trials, no significant changes in
CRP were observed with sulfonylurea (SU)
therapy, whereas significant reductions
were found with the thiazolidinedione
(TZD) pioglitazone and the glucagon-like
peptide 1 (GLP-1) receptor agonist (GLP-1
RA) exanatide (46-48). In a recent 52-
week comparative study examining the
effects of metformin, gliclazide, and pio-
glitazone on markers of inflammation, co-
agulation, and endothelial function, no
improvements were seen in inflammatory
markers (IL-1, IL-6, and TNF-a) with SU
therapy compared with the other treat-
ments, while similar glycemic control was
attained (49).

TZDs

Extensive data support the direct role of
peroxisome proliferator—activated re-
ceptor (PPAR)y in the negative regula-
tion of inflammation. TZDs are PPARYy
agonists that improve metabolism by in-
creasing insulin sensitivity primarily by
increasing glucose utilization and de-
creasing hepatic glucose production. In
rodents, they may have direct protec-
tive effects on the B-cell against oxida-
tive stress and apoptosis, which may
contribute to preservation of B-cell
mass (50). Despite extensive research,
the precise mechanism(s) underlying
the beneficial metabolic effects of TZDs
are still not well understood and may
involve stimulation of AMPK; both
PPARYy and AMPK are important regula-
tors of inflammation (51). Indeed, TZDs
have anti-inflammatory effects, which
may affect both insulin resistance and car-
diovascular risk. TZDs have been shown to
decrease inflammatory markers in visceral
adipose tissue, liver, atherosclerotic
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plaques, and circulating plasma (52). Pio-
glitazone treatment decreased invasion
of adipose tissue by proinflammatory
macrophages and increased hepatic and
peripheral insulin sensitivity (53). Treat-
ment with TZDs also decreased inflamma-
tion in nonalcoholic steatohepatitis and in
atherosclerotic lesions (54,55).

Various clinical studies have examined
the anti-inflammatory and antiathero-
genic properties of TZDs. A meta-analysis
showed that pioglitazone and rosiglita-
zone significantly decreased serum CRP
levels in both people with and people
without diabetes, irrespective of effects
on glycemia (56). Treatment with TZDs
improved endothelial function, decreased
hs-CRP and inflammatory markers, and in-
creased adiponectin levels (46,48,49,57—
59). In a study using “®F-fluorodeoxyglucose
positron emission tomography imaging
in subjects with impaired glucose toler-
ance or type 2 diabetes, pioglitazone
treatment attenuated inflammation in
atherosclerotic plaques (60). This was as-
sociated with increased HDL cholesterol
level and decreased hs-CRP. This may ex-
plain the finding that treatment of sub-
jects with type 2 diabetes with
pioglitazone was associated with re-
duced cardiovascular morbidity (61).

Dipeptidyl Peptidase-4 Inhibitors

There is substantial evidence that dipep-
tidyl peptidase (DPP)-4 inhibitors can
improve a variety of cardiovascular risk
factors and inflammation (62—64). DPP-4
inhibitors were found to suppress
NLRP3, TLR4, and IL-1f3 expression in hu-
man macrophages (65). High-fat diet—
fed obese rodents of advanced age
treated with vildagliptin for 11 months
had improved glucose tolerance, en-
hanced insulin secretion, and higher sur-
vival rate (9). Furthermore, treatment
with the DPP-4 inhibitor prevented
peri-insulitis, typically observed in ro-
dents fed a high-fat diet. In clinical
studies, a potent anti-inflammatory ef-
fect has been reported with sitagliptin
in patients with type 2 diabetes. Treat-
ment with sitagliptin for 12 weeks re-
duced mRNA expression of CD26, TNF-c,
TLR2, TLR4, proinflammatory kinases
c-Jun N-terminal kinase-1 and inhibitory
kB kinase, and inhibitor of chemokine re-
ceptor CCR-2 in mononuclear cells, as well
as of plasma CRP, IL-6, and free fatty acids
(10). In a cohort of Japanese patients with
uncontrolled diabetes and coronary artery

disease, sitagliptin improved the inflam-
matory state and endothelial function
(66). Furthermore, sitagliptin added to
the antidiabetes regimen of patients
with type 2 diabetes already treated
with metformin, and pioglitazone re-
duced hs-CRP and other inflammatory
markers (67,68). Studies examining the
effects of the DPP-4 inhibitors vildaglip-
tin and linagliptin showed that they also
reduce inflammation (69,70). However,
large randomized controlled prospec-
tive studies analyzing the cardiovascu-
lar safety of different DPP-4 inhibitors,
including Saxagliptin Assessment of Vas-
cular Outcomes Recorded in Patients with
Diabetes Mellitus—Thrombolysis in Myo-
cardial Infarction (SAVOR-TIMI 53), Exam-
ination of Cardiovascular Outcomes with
Alogliptin versus Standard of Care
(EXAMINE), and Trial Evaluating Car-
diovascular Outcomes with Sitagliptin
(TECOS), have not demonstrated cardio-
vascular benefit with DPP-4 inhibitors
(71-73). Of note, in these studies follow-
up was relatively short, the patients already
had established cardiovascular disease,
and the studies were designed to show
noninferiority rather than superiority. The
findings should therefore be interpreted
with caution.

GLP-1 RAs

GLP-1 RAs induce weight loss and im-
prove glycemia and cardiovascular risk
factors, which may be partially medi-
ated by their anti-inflammatory effects.
In patients with type 2 diabetes, treat-
ment with GLP-1 analogs may modulate
the proinflammatory activity of the in-
nate immune system, leading to re-
duced proinflammatory activation of
macrophages and consequently the ex-
pression and secretion of proinflamma-
tory cytokines, such as TNF-a, IL-1f3, and
IL-6 and increased adiponectin (74).
With regard to the effects of GLP-1 an-
alogs on CRP, a small placebo-controlled
study demonstrated a significant reduc-
tion in CRP levels with exenatide (75).
In a 12-month comparative study, exe-
natide demonstrated a significant de-
crease in hs-CRP compared with SU
(47). However, the effects of GLP-1 RAs
on cardiovascular morbidity and mortal-
ity are currently unknown.

Insulin

Several studies have suggested that insu-
lin may exert an anti-inflammatory re-
sponse, independent of its effects on

Pollack and Associates

glycemia (76,77). Insulin has been shown
to alleviate inflammation through several
mechanisms, including increased endo-
thelial nitric oxide release and decreased
expression of proinflammatory cytokines
and immune mediators, such as NF-kB,
intracellular adhesion molecule-1, and
MCP-1, as well as several TLRs (76). In a
randomized parallel-group study in pa-
tients with type 2 diabetes, serum con-
centrations of hs-CRP and IL-6 were
markedly reduced in insulin-treated pa-
tients compared with metformin, despite
similar glycemic control (78). This may
suggest that insulin reduces inflamma-
tion, irrespective of its effects on glyce-
mia. In contrast, in LANCET, treatment
with insulin compared with placebo
or metformin did not provide an anti-
inflammatory benefit, despite improved
glycemia (41). Similarly, in Outcome Re-
duction with an Initial Glargine Interven-
tion (ORIGIN), insulin treatment did not
affect cardiovascular mortality (79). Over-
all, the findings as to the anti-inflammatory
effects of insulin are controversial and
inconclusive.

Sodium—-Glucose Cotransporter 2 Inhibitors
Sodium—glucose cotransporter (SGLT) 2
inhibitors improve glycemia by inhibit-
ing reabsorption of glucose in the prox-
imal tubule of the kidney, inducing
glucosuria and lowering plasma glu-
cose levels. Currently, there are limited
data available with regard to the anti-
inflammatory properties of SGLT2 in-
hibitors. Treatment with the SGLT inhibitor
phlorizin in Psammomys obesus gerbils
was shown to decrease islet inflamma-
tion, possibly related to the improvement
in glucotoxicity (3). In type 2 diabetic
mice, the SGLT2 inhibitor ipraglifloxin
was shown to improve hyperglycemia,
insulin secretion, hyperlipidemia, and
liver levels of oxidative stress biomarkers
and reduce markers of inflammation in-
cluding IL-6, TNF-a;, MCP-1, and CRP levels
(80). While no clinical trial has reported
the effects of SGLT2 inhibitors on inflam-
matory markers, the recent EMPA-REG
OUTCOME [BI 10773 (Empagliflozin) Car-
diovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients] demonstrated
a 38% reduction in cardiovascular death in
patients with type 2 diabetes and cardio-
vascular disease after treatment with em-
pagliflozin (81). It is of interest whether
this effect is in part mediated by anti-
inflammatory properties.
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Drug Mechanism of action Main findings Remarks and limitations References
Anti—TNF-a antibody, soluble ~ TNF-a antagonism No effect on insulin sensitivity; Studies underpowered and of 83-87
TNF receptor:Fc fusion 1 insulin secretion; | CRP short duration
protein
IL-1 receptor antagonist, IL-1 antagonism | HbA4¢; 1 insulin sensitivity; Effects persisted several weeks 88-92
IL-1B—specific antibody 1 insulin secretion; | CRP after treatment cessation;
long-term studies ongoing
Salsalate IKK-B—NF-kB inhibition | HbA,.; | FBG; 1 insulin Increased LDL cholesterol and 94-100
sensitivity; 1 insulin urine albumin levels; further
secretion; | CRP; studies needed to confirm
1 adiponectin cardiovascular and renal
safety
Diacerein Reduces TNF-a and IL-13 by | HbA;; | FBG; 1 insulin Single study in drug-naive 101
unknown mechanism of secretion patients; further studies
action warranted to clarify long-
term efficacy and safety
Chloroquine/HCQ Unknown | HbA,; | FBG; 1 insulin Observational or small-scale 106-111

secretion; | insulin
degradation

prospective RCT

FBG, fasting blood glucose; IKK-B, inhibitory kB kinase-@; RCT, randomized controlled trials.

Metabolic Effects of Anti-
inflammatory Drugs

Targeted anti-inflammatory therapy has
been suggested for both prevention and
treatment of diabetes; this has previ-
ously been extensively reviewed (82).
Herein, we briefly summarize the cur-
rent data on the metabolic effects of
different anti-inflammatory treatments
(Table 2).

Anti—TNF-«

TNF-a was the first proinflammatory cy-
tokine implicated in the pathogenesis of
insulin resistance and type 2 diabetes;
this has been confirmed in preclinical
studies in various animal models (2).
However, to date, TNF-a antagonism
has not demonstrated any clear benefit
in type 2 diabetes in man (83-87). Careful
analysis of these clinical studies suggests
that all have serious limitations, as they
were underpowered and of short dura-
tion (13). A number of observational
studies have demonstrated that treat-
ment of subjects without diabetes and
with inflammatory diseases, such as
rheumatoid arthritis, psoriasis, and
Crohn disease, with TNF-a antagonists
has improved glycemia and reduced the
risk for developing diabetes. While the
majority of these studies are not pro-
spective, and the improvement is not a
direct effect on glucose metabolism nec-
essarily but, rather, improvement in the
underlying disease, these observations
warrant a well-designed clinical study of

TNF antagonism in patients with type 2
diabetes.

Anti-IL-18

Since the discovery of the central role of
IL-18 in the pathogenesis of type 2 di-
abetes, numerous studies have investi-
gated the role of IL-1 blockade on
insulin resistance and type 2 diabetes.
To date, eight independent clinical stud-
ies conducted with an IL-1 receptor an-
tagonist (anakinra) or IL-1B3-specific
antibody (gevokizumab, canakizumab,
and LY21891020) have demonstrated
beneficial effects on metabolic parame-
ters including decreased HbA;. and en-
hanced insulin sensitivity and B-cell
secretory function, with concomitant
improvement in inflammatory markers
(82,88-91). In a double-blind, placebo-
controlled, parallel-group study involv-
ing 70 patients with type 2 diabetes, IL-1
blockade with anakinra reduced HbA,,
CRP, IL-6 levels, and the proinsulin-to-
insulin ratio, while enhancing C-peptide
secretion, indicating improved (3-cell
function; these beneficial effects persisted
up to several weeks after treatment cessa-
tion (92). Although the duration of these
studies does not provide definitive
proof, the findings suggest a role for
IL-1B blockade in modulating diabetes-
associated inflammation and metabolic
dysregulation. With regard to safety,
IL-13 antagonism was generally well tol-
erated, with the main concern being that
anakinra requires daily injections and

often causes adverse reactions at the in-
jection site. The humanized antibodies
against IL-1f3 allow for monthly injections,
which minimize these localized reactions.

Salsalate

Salsalate, a prodrug of salicylate, with
fewer adverse reactions than aspirin
and sodium salicylate, has demon-
strated beneficial effects on glycemia
and insulin sensitivity, probably through
inhibition of the NF-kB pathway (93). To
date, there are seven independent clin-
ical trials that consistently demonstrate
improvement in glycemia with salsalate
(94-100). These data support the role of
inflammation and of the NF-kB pathway
in the pathogenesis of type 2 diabetes
that might become novel therapeutic
targets for type 2 diabetes. Salsalate also
reduces insulin clearance and may there-
fore partly improve glycemia via nonin-
flammatory mechanisms. The safety of
salsalate was studied in a well-designed
multicenter, placebo-controlled study of
48 weeks’ duration (96). While the drug
was well tolerated, a small increase in LDL
cholesterol level was observed. Further,
urinary albumin secretion was also in-
creased and returned to baseline upon dis-
continuation of treatment. While salsalate
may be an effective and inexpensive ad-
junct to type 2 diabetes treatment, further
studies are needed to confirm its long-term
cardiovascular and renal safety and to de-
termine whether these effects are sustain-
able with continued administration.
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Diacerein

A drug currently used in the treatment
of arthritis, diacerein decreases levels of
IL-1B, although its mechanism of action
is unknown. In drug-naive patients with
type 2 diabetes, diacerein treatment im-
proved insulin secretion and HbA. lev-
els, while reducing IL-13 and TNF-a
levels (101). Further studies are war-
ranted to clarify its long-term efficacy
and safety.

Chloroquine/Hydroxychloroquine
Antimalarials such as hydroxychloroquine
(HCQ) are commonly used to treat auto-
immune rheumatic diseases, including
rheumatoid arthritis and lupus. The pre-
cise anti-inflammatory mechanism of
HCQ is not known and is probably related
to alkalinization of endosomal organelles
in immune cells. HCQ has been shown to
reduce the incidence of diabetes among
patients with rheumatoid arthritis and lu-
pus and to improve glycemia in patients
with rheumatic disorders and diabetes
(102,103). Animal studies have shown
that antimalarials improve insulin secre-
tion and peripheral insulin sensitivity in
diabetic rats (104). HCQ also has been
shown to inhibit insulin degradation in
rat hepatocytes (105). A few small ran-
domized controlled trials showed that
HCQ lowers HbA;. and LDL cholesterol
levels in patients with type 2 diabetes
(106-110). The mechanisms of hypogly-
cemia with HCQ are inferred from studies
of the parent drug, chloroquine, which
has been shown to increase insulin levels
in man by both increasing insulin secre-
tion and inhibiting its degradation (111).
Well-designed clinical studies are needed
to further evaluate the effect of HCQ in
individuals with type 2 diabetes and
whether its beneficial metabolic effects
are related to its anti-inflammatory
properties.

Discussion

The association between hyperglycemia,
inflammation, and vascular complications
in diabetes is now well established. Dif-
ferent antidiabetes drugs, such as TZDs,
DPP-4 inhibitors, GLP-1 RAs, and insulin,
have bona fide anti-inflammatory ef-
fects. Since metabolic dysregulation it-
self induces inflammation, effective
antidiabetes treatments may alleviate
inflammation by virtue of improving
the metabolic state. It is therefore diffi-
cult to clearly differentiate the effects of
the drugs on metabolism from their

direct effects on the immune system.
However, the anti-inflammatory effects
of different medications are partial and
inconsistent, probably due to incom-
plete normalization of metabolic dysre-
gulation or because diabetes-associated
inflammation is multifactorial; the mech-
anisms involved include, but are not lim-
ited to, hyperglycemia. This rationalizes
testing the impact of anti-inflammatory
treatments on glycemia, diabetes pro-
gression, and cardiovascular morbidity.
Exciting new data show that different
treatments designed to modulate the im-
mune response have beneficial metabolic
effects; this opens new venues for the
treatment of diabetes. However, it should
be emphasized that the impact of such
treatments on glycemia over long periods
of time and more importantly on cardiovas-
cular complications is still unknown. More-
over, a number of the anti-inflammatory
drugs may have metabolic effects that
are unrelated to their anti-inflammatory
effects. This complicates the interpreta-
tion of the findings as to the metabolic
effects of anti-inflammatory medications.
It also remains a challenge to adequately
assess inflammation in man, since crude
surrogate markers are being used, and it
is currently difficult to appreciate tissue-
specific variations in the level and type of
inflammation. Preclinical studies in animal
models are most helpful in this regard;
however, it may be difficult to extrapolate
from findings in animal models to the clin-
ical setting. Finally, there are important
guestions as to the safety and cost of these
treatments.

Inflammation may have an important
role in the development and progres-
sion of diabetes and its complications;
however, the impact of experimental
anti-inflammatory treatments on diabe-
tes deterioration over time and cardio-
vascular outcomes is still elusive. To
date, there is limited evidence showing
that current antidiabetes medications
have sustainable effects on glycemia
and are able to prevent cardiovascular
events. EMPA-REG showed that treat-
ment with the SGLT2 inhibitor empagliflo-
zin dramatically decreased cardiovascular
mortality (81). It is of great interest
to see whether empagliflozin has
anti-inflammatory effects and if this
plays a role in mediating its effects on
mortality. It remains to be shown
whether anti-inflammatory treatments
administered alone or together with
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current antidiabetes drugs can prevent
the vascular complications of diabetes.
Further studies are required to clarify
the role of anti-inflammatory therapy
in the management of type 2 diabetes.
Better understanding of the inflamma-
tory basis for diabetes may provide for
improved modalities for diabetes pre-
vention and treatment, using novel tar-
geted approaches in conjunction with
current pharmacologic and lifestyle
interventions.
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