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Editorial

Diabetogenesis in
Rheumatoid Arthritis:
Do Inflammation and
Glucocorticoid-induced
Incretin Overproduction Cause β-Cell
Overcompensation and Consequent Premature
Decompensation?

Metabolic abnormalities occur frequently in rheumatoid
arthritis (RA)1. In this regard, metaanalyses documented an
enhanced diabetes prevalence (OR 1.74, 95% CI 1.22–2.50)
in RA2. Diabetes increases the risk of combined cardiovascular (CV) morbidity including myocardial infarction,
angina, heart failure, stroke, and peripheral artery disease
(RR 1.94, 95% CI 1.58–2.30) in RA3. Poor RA activity
control strongly predicts incident-impaired fasting glucose
and type 2 diabetes4. Diabetes is likely to account for a
substantial proportion of the enhanced CV disease burden in
RA.
In healthy persons, glucose homeostasis is maintained by
optimal (1) insulin sensitivity; (2) hepatic insulin extraction;
(3) pancreatic β-cell insulin secretion; and (4) interactions of
all three5. Type 2 diabetes development typically comprises
the sequential stages of long-lasting adverse lifestyle factor
(excess adiposity and physical inactivity)–induced insulin
resistance and reduced hepatic insulin extraction that exacerbates reduced insulin sensitivity, compensatory increased
β-cell insulin secretion, and β-cell decompensation with
reduced insulin secretion that results in prediabetes [impaired
fasting glucose (5.6–6.9 mmol/l), impaired glucose tolerance
(7.8–11.0 mmol/l), and/or raised hemoglobin A1c concentrations (6.0–6.4%/42–46 mmol/l)] and ultimately diabetes
(Figure 1).
Insulin resistance is a pathological state in which the
ability of insulin to transport glucose into the cells is
impaired. It associates with other metabolic abnormalities
and increases CV risk, but in itself does not cause
diabetes6,7,8. By contrast, impaired β-cell function is essential
in diabetes development and is genetically mediated7,8.
Whereas genetic factors are also implicated in impaired

hepatic insulin extraction, its main determinant is pulsatile
pancreatic insulin secretion extent (insulin release pulse
mass) into the portal vein8. Increased free fatty acid concentrations and steatosis are additional causes of impaired
hepatic insulin extraction5.
Methods used to determine insulin sensitivity and/or
β-cell function include the homeostasis model assessment
(HOMA and HOMA2), frequently sampled oral glucose
tolerance tests (OGTT) and intravenous glucose tolerance
tests, hyperglycemic and euglycemic-hyperinsulinemic
clamp procedures, and meal tolerance tests9. Insulin and
equimolar co-secreted C-peptide production occurs in a
reciprocal and proportional response to insulin resistance in
an attempt to maintain glucose homeostasis9. Therefore,
insulin sensitivity needs to be accounted for when estimating
β-cell function. This can be effectively achieved by determining the disposition index, which is a measure of insulin
secretion during the prevailing degree of insulin action. The
disposition index can be calculated as the product between
insulin sensitivity and insulin production and is a constant
for a given degree of glucose tolerance7. Accordingly, the
disposition index is reduced in diabetes and prediabetic
conditions including impaired fasting glucose and glucose
tolerance, a family history of type 2 diabetes, polycystic
ovarian syndrome, former gestational diabetes, and advanced
age. Forty to 80% of secreted insulin is cleared by the liver.
By contrast, C-peptide is not metabolized by the liver8.
Therefore, the molar ratio of circulating C-peptide to insulin
represents a surrogate marker of hepatic insulin extraction.
Less is known about diabetogenesis in RA. Increased
cytokine production (a prominent feature of RA) can impair
both insulin sensitivity and β-cell function6,10. Insulin
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Figure 1. Proposed sequential diabetogenesis stages in patients with RA compared to those without. The main differences are shown in bold italics. RA:
rheumatoid arthritis.

resistance has been amply reported in RA10. Characteristics
that associate with impaired insulin sensitivity in RA
include not only excess adiposity but also systemic inflammation, chronic oral glucocorticoid therapy, and subclinical
hypothyroidism6,10,11,12.
Ferraz-Amaro and colleagues13 found that patients with
RA experience increased proinsulin production, which represents impaired insulin processing and β-cell function. Disease
activity relates to impaired β-cell function as determined by
HOMA β-cell function in RA11. This relationship is
independent of insulin resistance risk factors11. Both
synthetic conventional and biological disease-modifying
antirheumatic drugs (DMARD) increase insulin sensitivity
in RA6,10,14,15. Tumor necrosis factor-α inhibition14 and
hydroxychloroquine (HCQ)15 additionally improve β-cell
function in patients with RA. HCQ further increases
adiponectin production15.
In this issue of The Journal, Tejera-Segura and
colleagues16 report a comprehensive analysis of glucose
metabolism in 151 nondiabetic patients with RA and 210
control subjects. The included patients had severe RA; they
experienced moderate/uncontrolled disease activity [mean
(SD) Disease Activity Score = 3.7 (1.2)] despite the use of
prednisone, synthetic conventional DMARD, and biologic
agents in 38%, 85%, and 23% of them, respectively. Both
circulating insulin and C-peptide concentrations were
measured and HOMA2 modeling with optimal use of insulin
220

and C-peptide levels was applied (i.e., insulin sensitivity and
insulin secretion were estimated using insulin and C-peptide
concentrations, respectively). The relationship of C-peptide
production with insulin sensitivity was evaluated. The
insulin–C-peptide molar ratio was calculated as a measure of
hepatic insulin extraction.
This investigation produced a range of novel findings.
First, in univariate analysis, insulin sensitivity as calculated
from fasting insulin and glucose concentrations was similar
in patients and controls. However, once characteristics that
differed between controls and patients were adjusted for,
insulin sensitivity was reduced in RA. This indicates that an
interaction between RA and other patient characteristics
mediated reduced insulin sensitivity. Second, whereas age
and diastolic blood pressure were more strongly associated
with insulin sensitivity indices in RA than in control subjects,
the opposite applied to other traditional insulin resistance risk
factors including adiposity, lipids, and current inflammation
as estimated by C-reactive protein concentrations. Third,
hepatic insulin extraction was increased in RA. Fourth, the
relationship between β-cell function as represented by
C-peptide concentrations and insulin sensitivity was weaker
in patients with RA compared with controls. These results
show that glucose metabolism is consistently different in RA
compared with non-RA subjects.
The most striking finding in this study is that for any given
insulin sensitivity below 200 according to the HOMA2%
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insulin sensitivity (which applied to all except for 1 patient
with RA and 4 control subjects), C-peptide concentrations
were larger in RA compared to control participants. This
indicates that the disposition index and hence β-cell function
was actually increased in RA. This finding, together with the
identified increased hepatic insulin extraction, are intriguing
because they are directly opposite of what is typical of
pre-diabetic conditions7,8.
Why would insulin secretion be increased to a larger
extent than predicted by reduced insulin sensitivity in RA?
In this regard, Tejera-Segura and colleagues17 previously
reported another study on incretin metabolism in the same
group of patients with RA and controls that formed part of
the current study. Incretins are hormones that are produced
by the gut upon food ingestion18. They are secreted into the
circulation and account for about 50% of the insulin
production upon oral glucose intake. Identified incretins
include gastric inhibitory polypeptide (GIP) and glucagon-like peptide-1 (GLP-1). These are both rapidly catabolized by dipeptidyl peptidase 4 (DPP4). The insulinotropic
effect of GIP is lost in diabetes. GLP-1 analogs and DPP4
inhibitors are currently used in diabetes.
This study revealed that GIP and GLP-1 concentrations
were increased and DPP4 levels were reduced in RA17. The
erythrocyte sedimentation rate was associated with increased
GIP concentrations. Glucocorticoid use was related to
increased GIP and GLP-1 and reduced DPP4 levels (as well
as enhanced C-peptide concentrations) in RA. Upon adjustment for traditional insulin resistance risk factors, GLP-1 was
strongly associated with HOMA2% insulin secretion in RA
but not in control subjects, and the respective relationship
differed between both groups (interaction p = 0.003).
Taken together, inflammation and glucocorticoid-mediated
increased incretin production and effects could account for
the excess insulin production in relation to insulin sensitivity
in patients with RA. This phenomenon would represent an
overcompensation of β-cell insulin secretion that may result
in its premature decompensation in RA. Further, such
overcompensation of β-cell insulin secretion would be
expected to result in increased hepatic insulin extraction8, as
was also found in the Tejera-Segura study.
Interestingly, American black children similarly experience greater insulin secretion than predicted by insulin
resistance19. However, in contrast to the findings in the
Tejera-Segura study, hepatic insulin extraction is impaired in
American black children19. The prevalence of diabetes is
markedly increased in adult American blacks.
In 2011, Hoes and colleagues20 reported on glucose
metabolism in patients with RA and control subjects. HOMA
modeling and the OGTT were performed. In keeping with
the Tejera-Segura study, patients with RA were less
insulin-sensitive in the fasting state, but insulin sensitivity
was similar in both groups during the OGTT. Overall
C-peptide production and hepatic insulin extraction were also

increased in RA during the OGTT. However, the disposition
index was reduced during the OGTT in RA. This is
reminiscent of reported results in other diabetes-predisposing
conditions7. The discrepancy between the Tejera-Segura and
Hoes studies may be due to their difference in RA duration,
the mean of which was 7 years in the former and 13 years in
the latter16,20. This interpretation would again be in keeping
with β-cell overcompensation leading to early decompensation in relation to insulin sensitivity among patients with
RA.
Based on reported evidence, we propose that the increased
risk of diabetes in RA may be mediated at least in part by
systemic inflammation and oral glucocorticoid–induced
increased incretin production that causes β-cell overcompensation in relation to decreased insulin sensitivity and consequent premature decompensation. This hypothesis is further
illustrated in Figure 1 and merits future validation.
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