Extended report

V,

EDITOR'S
CHOICE

"Department of Rheumatology
and Clinical Immunology,
University Medical Center
Utrecht, Utrecht, The
Netherlands

“Diabetes Center/Department of
Internal Medicine, VU University
Medical Center, Amsterdam,
The Netherlands

3Department of Rheumatology,
VU University Medical Center,
Amsterdam, The Netherlands

Correspondence to

J N Hoes, Department of
Rheumatology and Clinical
Immunology, University Medical
Center Utrecht, F02.127, PO
Box 85500, 3508 GA Utrecht,
The Netherlands;
mail@hoesjn.org

Accepted 11 July 2011
Published Online First
10 September 2011

Glucose tolerance, insulin sensitivity and 3-cell
function in patients with rheumatoid arthritis treated
with or without low-to-medium dose glucocorticoids

J N Hoes," M C van der Goes," D H van Raalte,? N J van der Zijl,2 D den Uyl,> W F
Lems,® F P G J Lafeber," J W G Jacobs,' P M J Welsing," M Diamant,? J W J Bijlsma’

ABSTRACT

Objectives To compare glucose tolerance and
parameters of insulin sensitivity and B-cell function
between chronic glucocorticoid (GC)-using and GC-naive
patients with rheumatoid arthritis (RA).

Methods Frequently sampled 75 g oral glucose
tolerance tests were performed in 58 chronic GC-using
and 82 GC-naive patients with RA with established
disease, with no known type 2 diabetes mellitus
(T2DM), and 50 control subjects of comparable age with
normal glucose tolerance. The associations between
cumulative GC dose and disease characteristics and
glucose tolerance state, insulin sensitivity and B-cell
function were tested using multivariate linear and logistic
regression models, correcting for patient characteristics.
Results Glucose tolerance state, insulin sensitivity

and B-cell function did not differ between the two RA
populations; de novo T2DM was detected in 11% and
impaired glucose metabolism in 35% of patients with RA.
In patients with RA, cumulative GC dose was associated
with T2DM, which seemed mostly driven by the effects
of cumulative GC dose on insulin resistance; however,
the association decreased when corrected for current
disease activity. Patients with RA had decreased insulin
sensitivity and impaired B-cell function compared with
controls, and multivariate regression analyses showed

a negative association between the presence of RA and
insulin sensitivity.

Conclusions GC-using and GC-naive patients with

RA had comparable metabolic parameters, and had
decreased insulin sensitivity and B-cell function as
compared with healthy controls. Although cumulative GC
dose was shown to have a negative impact on glucose
tolerance state and insulin sensitivity, confounding by
indication remains the main challenge in this cross-
sectional analysis.

INTRODUCTION

Patients with rheumatoid arthritis (RA) are at
increased risk of developing cardiovascular disease,
comparable to the risks seen in subjects with type 2
diabetes mellitus (T2DM).! Additional impairment
of glucose metabolism may contribute significantly
to the accelerated atherogenesis in patients with
RA.? Fasting and postprandial glucose metabolism
are determined by B-cell function (insulin produc-
tion) and by the peripheral effects of insulin (insu-
lin sensitivity) which increases glucose uptake in
skeletal muscle and decreases glucose production
by the liver. Glucocorticoids (GCs) impair hepatic
and peripheral insulin sensitivity and induce
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B-cell dysfunction; however, the precise under-
lying mechanisms are still being investigated.? *
Previously, patients with RA were shown to have
impaired fasting insulin sensitivity (homoeostatic
model assessment of insulin resistance (HOMA-IR)
and fasting B-cell function (HOMA-B)), which
correlated with disease activity and markers of
inflammation.>” Consequently, prevalent diabetes
was estimated to be up to 15-19% in patients with
RA,®? an increased number as compared with the
estimated T2DM prevalence of 4-8% in middle-
aged men and women in the general population.!®

The role of GCs in glucose intolerance in patients
with RA has been one of paradox. Other than the
electrolyte balance-regulating activity of their
family member mineralocorticoids, GCs derived
their name through their carbohydrate-regulating
abilities.!! GCs play essential roles in glucose, lipid
and protein metabolism in the fasted state, provid-
ing substrate for oxidative metabolism by increasing
adipose tissue lipolysis (glycerol and non-esterified
free fatty acids), skeletal muscle proteolysis and
hepatic glucose production.’? The effects of GCs on
glycogenolysis and glycogen synthesis are at pres-
ent less clear. It is evident that GCs increase endog-
enous glucose production by the liver by enhancing
gluconeogenesis. The contribution of glycogenoly-
sis to endogenous glucose production is less well
established.!® On the one hand, in animal models
and in short-term clinical trials in healthy subjects,
GCs were shown to impair glucose metabolism by
weakening hepatic and peripheral insulin sensitivity
and by inducing B-cell dysfunction.'® In retrospec-
tive, population-based studies, GC therapy was
associated with incident diabetes,'* and the need
for blood-glucose-lowering treatment in a cumula-
tive dose-dependent way.'” In retrospective studies
in patients with RA, GC exposure was shown to
correlate with insulin resistance,!® and to predict
diabetes.’” On the other hand, the use of GCs in
chronic inflammatory states may improve glucose
tolerance by their anti-inflammatory effects, as was
demonstrated in a number of short-term studies
using GC treatment;'® ¥ this was also shown in a
study using methotrexate.?’ In addition, confound-
ing by indication should be kept in mind when
evaluating the relation between GC use and glu-
cose tolerance in patients with RA in observational
studies. This is the possibility that patients with
higher cumulative inflammation (ie, higher disease
activity), resulting in a priori increased insulin resis-
tance, were more likely to be given high-dose GCs
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than those with less inflammation (disease) activity. Thus, the
impact of GC treatment on glucose metabolism in patients with
RA requires further clarification.

Previous studies that have examined the effects of GCs on glu-
cose tolerance, insulin sensitivity and B-cell function in patients
with RA included a small number of patients, '€ or relied solely
on fasting parameters, that is, HOMA-IR and HOMA-B.1¢ As
mentioned above, as insulin sensitivity and insulin secretion are
inter-related, the use of the HOMA formulas, both of which use
the same fasting variables—that is, fasting plasma insulin and
glucose, may not be appropriate to discern changes in insulin
sensitivity from changes in insulin secretion.?! For instance, if
two subjects have the same fasting glucose level, but, one per-
son achieves this with higher fasting insulin levels, this person is
more insulin resistant (thus has lower insulin sensitivity), which
is expressed by a higher HOMA-IR score. Similarly, from fasting
glucose and insulin levels, a HOMA-B score is calculated which
gives an impression of B-cell function. Although these model-
derived indices are well validated, they provide no information
about the stimulated, postload state.?! From dynamic tests, such
as the frequently sampled oral glucose tolerance test (OGTT),
indices of postload insulin sensitivity and glucose-stimulated
B-cell function may be calculated, in order to provide more
detailed information on glucose metabolism.??

Therefore, in this study, we compared glucose tolerance and
(fasting and dynamic) parameters of insulin sensitivity and -cell
function from frequently sampled OGTTs in a large group of
chronic GC-using patients with RA versus GC-naive patients
with RA. Furthermore, we included a control group of compara-
ble age to create a perspective of our OGTT findings in patients
with RA, and to assess the association of RA itself with mea-
sures of insulin sensitivity and B-cell function in subjects with
normal glucose tolerance. Finally, we assessed the association
between cumulative GC dose and disease characteristics with
these metabolic parameters.

METHODS

Population

Patients with RA with established disease—that is, defined as
having a disease duration of >2 years, were recruited in four
rheumatology clinics in the region of Utrecht, The Netherlands.
Patients were either current and chronic GC users (RA+GC),
which indicated GC treatment for at least 3 months, or they
were GC usage naive (RA-GC). Known T2DM (defined as
receiving treatment) was an exclusion criterion. We included a
control group (controls) with normal glucose tolerance and with-
out first-degree relatives with T2DM, consisting of individuals
who had undergone an OGTT for screening purposes for other
studies at the Diabetes Centre of the VU University Medical
Centre in Amsterdam. Accordingly, this group consisted of rela-
tively overweight predominantly male individuals. We did not
match the control population to the RA population, since our
main focus was on studying the effects of GCs in patients with
RA (particularly compared with GC-naive patients with RA).
The healthy control group in our study served to show the per-
spective of the values in the patients with RA. An independent
ethics committee approved the study and all subjects provided
written informed consent before participation; the protocol was
according to the ‘Declaration of Helsinki’.

Protocol
Participants visited the clinic after an overnight fast of a mini-
mum of 10 h. A physical examination, including recording
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of height, weight and waist circumference was performed
and fasting blood tests were carried out in all patients. In
the patients with RA, in addition, the Disease Activity Score
(DAS28 and DAS28-C-reactive protein)?® 24 was calculated; his-
tory of disease-modifying antirheumatic drug (DMARD) taking,
laboratory measurement of anti-citrullinated protein antibodies
(ACPA) and x-ray examinations of hands and feet (to detect
erosive damage) were also performed. Finally, all participants
underwent a 2 h 75 g OGTT. Blood samples for determination
of glucose, insulin and C-peptide were collected at times 0, 10,
20, 80, 60, 90 and 120 min, starting immediately after the inges-
tion of the 75 g glucose solution. Since insulin clearance may
vary considerably between subjects,? plasma C-peptide levels
may provide additional information on B-cell function.

Analytical determinations

Plasma glucose was measured using a chemical technique on a
DXC-800 analyser (Beckman Coulter, Los Angeles, California,
USA). Plasma insulin was measured using an immunometric
technique on an IMMULITE 1000 Analyzer (Siemens Medical
Solutions Diagnostics, Los Angeles, California, USA). Plasma
C-peptide was measured using an electrochemiluminescence
immunoassay on the Modular E170 (Roche Diagnostics GmbH,
Mannheim, Germany).

Data analysis

Normal glucose tolerance was defined as fasting plasma glu-
cose (FPG) <6.1 mmol/l and a 2 h glucose value <7.8 mmol/l;
impaired glucose metabolism (IGM) as FPG between 6.1 and 7.1
mmol/l or a 2 h glucose value between 7.8 and 11.1 mmol/];
T2DM as FPG >7.1 mmol/l or a 2 h glucose value >11.1 mmol/l.
Areas under the 2 h glucose (AUCquc), insulin (AUC, ) and
C-peptide (AUC_, ) curves were determined using the trap-
ezoidal rule. Insulin sensitivity in the fasted state was computed
by HOMA-IR.? Estimated metabolic clearance rate (MCR_/
Stumvoll Index) and oral glucose insulin sensitivity (OGIS) were
used to estimate postload insulin sensitivity.” Various measures
of B-cell function were calculated: HOMA-B was derived from
fasting measures.?® Dynamic measures of B-cell function were
derived from OGTT data and included: AUCc-pep/AUCgluc
ratio over the 2 h period and the Insulinogenic Index (IGI):
(insulint=30—insulint=0)/(gluct=30—-gluct=0), as measures of
early insulin secretion.?® The oral Disposition Index (DI) was
calculated by multiplying IGI and OGIS, to adjust insulin secre-
tion for insulin sensitivity. Insulin clearance was calculated by
dividing AUCc-pep and AUCins.?

Statistical analysis

Comparison of parameters of glucose tolerance state, insulin sensitivity
and B-cell function of RA=GC groups and controls

Data were presented as mean values+SD and as median (IQR) for
non-normal distribution. Intergroup differences in continuous out-
comes were tested by analysis of variance, and with the Kruskal-
Wallis tests in cases of non-normal distribution. Differences
between groups in dichotomous outcomes were tested with the
x> test. Post hoc Bonferroni correction was applied to multiple
testing by multiplying the p value by 2 (3 groups minus 1).

Associations between patient and disease characteristics and
parameters of glucose tolerance state, insulin sensitivity and 3-cell
function

Associations between known determinants of insulin sensitiv-
ity and B-cell function (age, waist circumference, body mass
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Table 1 Baseline characteristics

p Value controls*

Controls RA-GCs RA+GCs Vs RA-GCs Vs RA+GCs

N 50 82 58 -
Age (years) 56+8 57+12 59+12 1.0 0.4
Female (%) 38 n n <0.001 <0.001
BMI (kg/m2) 29+4 25+4 26+6 <0.001 0.008
Waist circumference male (cm) 104+10 95+8 94+10 0.002 0.005
Waist circumference female (cm) 10012 82+11 91+16 <0.001 0.03
Increased waistt (%) 62 24 35 <0.001 0.003
SBP (mm Hg) 125+10 124+18 125+17 1.0 1.0
DBP (mm Hg) 807 73+10 73+10 0.001 0.002
Hypertensiont (%) 10 23 26 0.6 0.3
Antihypertensive drugs (%) - 24 29 - -
FPG (mmol/l) 5.4+0.5 5.5+0.7 5.3+0.7 0.6 1.0
Triglycerides (mmol/l) 1.2+0.4 1.0+0.5 1.2+0.7 0.2 1.0
LDL (mmol/l) 3.3+0.9 3.4+0.9 3.4+1 1.0 1.0
HDL male (mmol/l) 1.4+0.3 1.1+0.3 1.4+04 0.02 1.0
HDL female (mmol/l) 1.6+0.5 1.5+0.4 1.6+0.4 0.4 1.0
Total cholesterol (mmol/l) 5.3+0.9 52+1.0 5.4+1.2 1.0 1.0
Dyslipidaemiat (%) 50 82 62 <0.001 0.3
Hypercholesterolaemiat (%) 78 76 76 0.6 0.7
Statin use (%) - 12 7 - -
RA-characteristics p Value
Duration of RA (years) 13+8 13+8 0.6
Diabetes$ (%) 9 14 0.3
IGMS (%) 37 33 0.6
Current DMARD use

Synthetic (%/n) 89/1.2 78/1.2 0.07

Biological (%) 21 55 <0.001
Historic DMARD use

Synthetic (%/n) 71/1.9 71/2.8 1.0

Biological (%/n) 7.3 24/1.9 0.005
DAS28 (no dimension) 2.8+1.3 35+1.2 0.002

Tender joint count 0(0-3) 2 (0-5) 0.004

Swollen joint count 0(0-1) 1(0-2) 0.09

General well-being (VAS 0 (good) to 100) 26+21 38+25 0.002

ESR (mm/h) 11 (8-21) 14 (9-28) 0.1
Anti-CCP positive (%) Al n 0.9
Any erosive damage at x-ray of hands or feet (%) 72 81 0.2 (only hand erosions p=0.06)
Cumulative dose GCs (g. prednisone equivalent) 0 13 (7-27) -
Daily dose (mg) 0 6.3 (5-10) -
Dexamethasone pulse (% ever used pulse/mean n pulses) 0 19/2 -

Data represent means+SD or median (IQR) when data were not normally distributed. Intergroup differences in continuous outcomes
were tested by ANOVA, and with both the Kruskal-Wallis and Mann—\Whitney tests in cases of non-normal distribution. Differences
between groups in dichotomous outcomes were tested with the %2 test. Post hoc Bonferroni correction was applied in cases of
multiple testing (p value x2).

*p Value controls is the intergroup difference tested by ANOVA, Mann-Whitney or %2 test with the Bonferroni post hoc test. p Values
of the RA—GC RA-+GC difference were not depicted; the only significant/trend differences were male HDL p=0.07; dyslipidaemia
p=0.009.

tincreased waist circumference was defined as >102 cm in men and >88 c¢m in women. Hypertension was defined as >140 mm Hg
systolic or 90 mm Hg diastolic pressure.

$Dyslipidaemia was defined as triglycerides > 1.7 mmol/l and/or HDL-cholesterol < 0.9 mmol/l (male) and <1 mmol/I (female).
Hypercholesterolaemia was defined as total cholesterol >5 mmol/l and/or LDL-cholesterol >3 mmol/l.

8Diabetes was defined as either FPG>7.1, or >11 at 120 min of OGTT; IGM was defined as either FPG (<7.1 and >6.1), or impaired
glucose tolerance (<11 and >7.8 at 120 min of OGTT).

ANOVA, analysis of variance; BMI, body mass index; CCP, cyclic citrullinated peptide; DAS28, Disease Activation Score using 28
joints; DBP, diastolic blood pressure; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; FPG,
fasting plasma glucose; GC, glucocorticoid; HDL, high-density lipoprotein; IGM, impaired glucose metabolism; LDL, low-density
lipoprotein; OGTT, oral glucose tolerance test; RA, rheumatoid arthritis; RA+GCs, patients with rheumatoid arthritis, currently using
glucocorticoids; RA—GCs, patients with rheumatoid arthritis, glucocorticoid- naive; SBP, systolic blood pressure; VAS, Visual Analogue
Scale.

index (BMI) and insulin clearance) and gender, and, within
the RA populations, cumulative and daily GC dose and dis-
ease activity (DAS28 and its components, DMARD use, hand
or feet erosions on x-ray examination, ACPA) and parameters
of insulin sensitivity and B-cell function were investigated
with linear regression analysis; associations of the above
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factors with IGM and T2DM were investigated with logistic
regression analyses. Non-normally distributed variables were
log transformed when used in multivariate linear regression
analysis. In the multivariate analyses with OGTT outcomes as
dependent variable, where the RA populations were compared
with the controls, patients with RA with previously unknown
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T2DM, IGM or with first-degree relatives with T2DM were
excluded (ie, fitting the exclusion criteria of controls). SPSS for
Mac version 16.0 (SPSS, Chicago, Illinois, USA) was used for
all statistical analyses. A p value <0.05 was considered statisti-
cally significant.

RESULTS

Baseline characteristics

After screening 167 patients with RA, a total of 140 middle-
aged patients with established RA were included; 82 were GC
naive (RA-GC) and 58 were current GC users (RA+GC). Of the
27 excluded patients with RA, 16 were patients with known
T2DM (11 RA-GC and 5 RA+GC). In addition, 50 controls
with comparable age were recruited. Subject characteristics are
provided in table 1. As compared with patients with RA, con-
trols had a higher percentage of male gender, and had a higher
BMI and waist circumference; these factors were corrected for
in the multivariate models. The RA groups had similar anthro-
pometrics, but RA+GC had higher disease activity than RA-GC
(table 1).

Glucose tolerance state

The prevalence of previously unknown T2DM was comparable
between the two RA groups (table 1). If those patients with RA
who were excluded because of known T2DM (n=27) had been
included, then the prevalence of T2DM would have been 19%
(RA-GC 18% vs RA+GC 21%, p=0.9). Within the RA groups,
both cumulative and daily prednisolone dose was associated
with incident T2DM in univariate analyses (OR cumulative dose
(g): 1.04; p=0.002; daily dose (mg): 1.13; p=0.048). This associa-
tion was sustained after adjusting for disease activity and patient
characteristics (DAS28, ACPA, erosions, DMARD history, disease
duration, age, BMI, waist circumference and gender; OR cumula-
tive dose (g): 1.04; p=0.03; daily dose (mg): 1.15; p=0.13), whereas
it was decreased and less significant (a trend) after adjustment for
current disease activity alone and patient characteristics (DAS28,
age, BMI, waist circumference and gender; OR cumulative GC
dose (g): 1.02; p=0.08; daily dose (mg): 1.11; p=0.3).

Metabolic responses during 0GTT
Glucose levels during the OGTT did not differ between the RA
groups, whereas AUC,;, was higher in patients with RA than in
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Figure 1 Glucose and insulin levels during oral glucose tolerance test (OGTT). Mean (+=SD) of glucose and C-peptide levels, respectively, are

shown during an OGTT for control subjects (control), GC-naive patients with RA (RAGC-) and GC-using patients with RA (RAGC+). Intergroup
differences were tested by analysis of variance, and with the Kruskal-Wallis test in cases of non-normal distribution. Post hoc Bonferroni
correction was applied in cases of multiple testing (p value x 2). GC, glucocorticoid; RA, rheumatoid arthritis.
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Figure 2 Insulin sensitivity indices. Mean (=SD) of insulin sensitivity indices (A) HOMA-IR (Fasting Index), and of the dynamic parameters (B)

MCR,, Index and (C) oral glucose insulin sensitivity (representing glucose clearance during a 2 h oral glucose tolerance test) are shown. Intergroup
differences were tested by analysis of variance, and with the Kruskal-Wallis test in case of non-normal distribution. Post hoc Bonferroni correction

was applied in cases of multiple testing (p value X 2). GC, glucocorticoid; HOMA-IR, homoeostatic model assessment of insulin resistance; MCR

est’

estimated metabolic clearance rate; RAGC—, GC-naive patients with RA; RAGC+, GC-using patients with RA.
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Table 2 Association of risk factors and disease characteristics with HOMA-IR and MCR_,

B (95% CI) (RA-patients
(n=56), controls (n=50)) only (n=140))

Patient characteristics

B (95% CI) (RA-patient

B (95% CI) (RA-patient
only (n=140)

Three multivariate regression analysis models with HOMA-IR as dependent variable

RA—-GC* 0.6 (0.08, 1.0)
RA+GC* 1.0 (0.6, 1.5)

Waist circumference 0.02 (—0.01 to 0.04)
Age 0.002 (—0.02 to 0.02)
BMI 0.03 (—0.05t0 0.1)

Female gender 0.2(—0.2t0 0.6)
Cumulative GC dose (mg)t

Daily GC doset (mg)

DAS28%

Any erosions of the hands or feet

Past DMARDs (n)8§

ACPA

Disease duration (years)

Four multivariate regression analysis models with MCR

RA—-GC* 0.4(-0.5t01.3)
RA+GC* 0.4(-05t01.2)
Waist —0.02 (—0.07 to 0.03)
Age —0.03 (—0.06 to 0.005)
BMI —0.3(—0.4to —0.1)
Female gender —0.8 (—1.6t0 0.08)
Cumulative GC dose (g)t

Daily GC doset (mg)

DAS28%

Any erosions of the hands or feet

Past DMARDs (n)$

ACPA

Disease duration (years)

0.02 (—0.003 to 0.05)

0.008 (—0.007 to 0.02)

0.05(—0.2t00.1)
—0.1(-0.5100.3)

0.01 (0.003 to 0.02)

0.01 (—0.04 to 0.05)

as dependent variable

—0.06 (—0.1t0 0.01)
—0.07 (-0.1 to —0.03)
—0.2 (—0.4 to —0.06)
—0.08 (-1.3t0 1.1)
0.002 (—0.01 to 0.04)
—0.07 (—0.19 to 0.05)

0.03 (0.0002 to 0.06)
0.006 (—0.01, 0.02)
0.03(—0.04t0 0.1)
—0.06 (—0.5t0 0.4)
0.01 (0.003 to 0.02)
0.005 (—0.04 to 0.05)
0.1(—0.04 t0 0.3)
—0.3(-0.7t00.2)
—0.06 (—0.2 to 0.05)
0.2(-0.7t00.2)
0.02 (—0.008 to 0.04)

—0.09 (-0.2to —0.02)
—0.07 (—0.1 to —0.03)
—0.1(—0.3 to —0.06)
—05(-1.71t00.7)

0.01 (—0.01 to 0.04)
—0.04 (—0.2 t0 0.08)
—0.5(-0.9to —0.1)

0.8 (—0.3t02.0)

0.2 (—0.06 to 0.5)
—0.7(-1.8100.4)

0.03 (—0.04 t0 0.1)

Three multivariate models, correcting for age, BMI and female gender were used to test associations with insulin sensitivity

parameters HOMA-IR and MCR,;: (1) tested RA populations (as compared with healthy controls), (2) tested cumulative and daily GC
dose and (3) tested disease activity (DAS28 and its components, DMARD use, hand or feet erosions on x-ray examination, ACPA).
Significant associations (p<0.05) are depicted in bold

*RA—GC and RA+GC populations are tested with the healthy control group used as the reference population; only patients with RA

with normal glucose tolerance during OGTT and without first-degree relatives with type 2 diabetes mellitus were included in the model

for the comparison with healthy controls.

tCumulative GC dose, daily GC dose were separately tested in models of the RA population only.

tDisease parameters (DAS28, DAS28-CRP, CRP, ESR) were separately tested in the model of the RA population only; only DAS28 is
depicted, whereas ESR was also significantly associated with MCR_, in this model.

8Number of DMARDs (both synthetic and biological; not GCs) that were used by a patient in the past.

ACPA, anti-citrullinated protein antibodies; BMI, body mass index; CRP, C- reactive protein; DAS28, Disease Activation Score
measured by questioning general health, physical examination of 28 joints and ESR or CRP; DMARD, disease-modifying antirheumatic
drug; ESR, erythrocyte sedimentation rate; GC, glucocorticoid; HOMA-IR, homoeostatic model assessment of insulin resistance;

MCR,,, Insulin Sensitivity Index by Stumvoll; OGTT, oral glucose tolerance test; RA, rheumatoid arthritis.

controls, which was mostly driven by higher glucose levels dur-
ing the final 90 min of the test (figure 1A). Insulin levels were
comparable between all groups (figure 1B); however, C-peptide
secretion was higher in the RA groups than in controls (figure 1C),
with no difference between the RA groups, indicating increased
insulin clearance in patients with RA as compared with controls
(data not shown). Insulin clearance was decreased in RA+GC as
compared with RA-GC (data not shown).

Parameters of insulin sensitivity

Parameters of both fasting (figure 2A) and postload insulin sen-
sitivity (figure 2B,C) were comparable between the RA groups.
In multivariate linear regression analyses (correcting for age,
gender, BMI, waist circumference and disease activity) the
presence of RA, waist circumference and cumulative GC dose
were independent predictors of HOMA-IR (table 2). MCR
was negatively associated with DAS28, erythrocyte sedi-
mentation rate, age, BMI and waist circumference (table 2); a
similar pattern was observed for OGIS (data not shown). The
healthy control group was more insulin sensitive in the fasted
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state, but had similar postload insulin sensitivity to that of the
RA groups.

Parameters of (3-cell function

HOMA-B was higher in RA+GC than in RA-GC (figure 3A),
while all dynamic measures of B-cell function were compa-
rable between the RA groups (figure 3B,D). Positive associa-
tions between the presence of RA and cumulative GC use
with HOMA-B were found (corrected for age, gender, BMI,
waist circumference and disease activity; data not shown).
Age and both RA-GC and RA+GC were negatively associ-
ated with IGI (corrected for age, gender, BMI, waist circum-
ference; data not shown), whereas no patient characteristics
correlated with the DI (table 3). As compared with healthy
controls, patients with RA had higher basal C-peptide secre-
tion (higher HOMA-B), but impaired early insulin secretion,
also when corrected for insulin sensitivity (figure 3B,C). The
total amount of C-peptide secreted during the entire OGTT
relative to glucose levels, was higher in patients with RA than
healthy controls (figure 3D).
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Table 3 Association of risk factors and disease characteristics with the DI

B (95% CI) (RA-patients (n=56), [3 (95% CI) (RA-patient only J (95% CI) (RA-patient

(n=140)) only (n=140))

Independent variable controls (n=50))

Three multivariate regression analysis models with DI as dependent variable
RA-GC* —42489 (—96745 to 11767)
RA+GC* —23040 (—75891 to 29810)

Waist circumference —1778 (—4895 to 1338)
Age —3295 (—5219 to —1370)
BMI 6205 (—1930 to 14340)
Female gender —8287 (—52574 to 36000)

Cumulative GC dose (mg)t

Daily GC doset

DAS28t

Any erosions of the hands or feet

Past DMARDs (n)8
ACPA
Disease duration (years)

315 (—1831 to 2462) 274 (—2009 to 2557)
—1280 (—2502 to —57) —1100 (—2385 to 186)
—2771 (—8193 to 2650) —3070 (—8893 to 2752)
25773 (—10358 to 61904) 31014 (—6984 to 69013)
—482 (—1307 to 343) —284 (—1150 to 582)
—885 (—4669 to 2899) 140 (—3731 to 4010)

—4759 (—16525 to 7007)

—14480 (—50730 to
217170)

662 (—7572 to 8896)
24336 (—9300 to 57973)
—1392 (—3447 to 664)

Three multivariate models, correcting for age, BMI and female gender were used to test associations with the 3-cell parameter DI:
(1) tested RA populations (as compared with healthy controls), (2) tested cumulative and daily GC dose and (3) tested disease activity
(DAS28 and its components, DMARD use, hand or feet erosions on x-ray, ACPA).

Significant associations (p<0.05) are depicted in bold

*RA—GC and RA+GC populations are tested against the control subject population; only patients with RA with normal glucose
tolerance during OGTT and without first-degree relatives with type 2 diabetes mellitus were included for the comparison with control
subjects. RA+GC was significantly associated with DI when these analyses were performed with log-transformed DI.

tCumulative GC dose, daily GC dose were separately tested in models of the RA population only.

tDisease parameters (DAS28, DAS28-CRP, CRP, ESR) were separately tested in the model of the RA population only; only DAS28 and

significant correlations are depicted.

8Number of DMARDs (both synthetic and biological; not GCs) that were used by a patient in the past.

ACPA, anti-citrullinated protein antibodies; BMI, body mass index; CRP, C-reactive protein; DAS28, Disease Activation Score measured
by questioning general health, physical examination of 28 joints and ESR or CRP; DI, Disposition Index; DMARD, disease-modifying
antirheumatic drug; ESR, erythrocyte sedimentation rate; GC, glucocorticoid; RA, rheumatoid arthritis; RA+GCs, patients with
rheumatoid arthritis currently using glucocorticoids; RA—GCs, glucocorticoid-naive patients with rheumatoid arthritis.

Effect modification

As compared with patients with RA, controls had a higher per-
centage of male gender, and had a higher BMI and waist circum-
ference; in addition, RA+GC patients had higher disease activity
than RA-GC patients (table 1). These factors were studied for
effect modification using interaction terms in the regression
models mentioned below, and were shown not to modify the
effects of patient and disease characteristics on glucose metabo-
lism outcomes in the multivariate models (data not shown).

DISCUSSION
In this study of patients with RA with established disease,
chronic GC users and GC-naive patients had similar insulin sen-
sitivity and B-cell function parameters; however, high cumula-
tive or daily GC dose was associated with T2DM. In addition,
in all patients with RA IGM and T2DM were frequently diag-
nosed, suggesting that glucose intolerance remains an under-
estimated problem in RA. As compared with a healthy control
group, patients with RA had impaired insulin sensitivity and
B-cell dysfunction, explaining their impaired metabolic state.
To our knowledge, this is the first study that has examined glucose
metabolism in a relatively large sample of patients with RA with
established disease in such detail. A few studies investigated glucose
tolerance state in RA. One study showed an increased prevalence of
T2DM in comparison with age-matched controls®’; another study
reported a 19% diabetes prevalence as part of a longitudinal medical
record cohort on cardiovascular risk.? Both studies relied on self-re-
ported T2DM and did not perform glucose measurements. Because
of the OGTT measurements of glucose at 0 and 120 min we were
now able to register 11% T2DM prevalence in patients with RA
with established disease without known T2DM, and in addition,
identify high-risk patients, by detecting 35% prevalence of IGM.
This shows that glucose intolerance is a considerable and underes-
timated problem in patients with RA with established disease, and
might (partially) explain their increased cardiovascular risk.!
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The subject of insulin resistance in RA has been examined
in recent years, but was only evaluated by the fasting measure
HOMA-IR .2 5 ¢ Unlike these studies, we were able to show a
negative association of DAS28 with insulin sensitivity after
correcting for potential confounders and other risk factors,
which might have been because we also used stimulated mea-
sures of insulin sensitivity and because our sample size was
larger.

Another important finding of our study was impaired B-cell
function in patients with RA as compared with controls, as was
shown by the decreased dynamic parameters IGI and DI, also
when correcting for age, BMI and waist circumference (in the
case of IGI). This indicates impaired insulin secretion during the
early phase after glucose stimulation. So far, a limited number of
other studies have reflected upon B-cell function in RA, and only
used the fasting state measure HOMA-B. In one retrospective
study HOMA-B was reduced in patients with RA with a higher
level of inflammation in comparison with patients with RA with
a lower level of inflammation,® which seems in line with our
findings of impaired B-cell function in patients with RA com-
pared with the control population. In our analysis, HOMA-B
was higher in patients with RA, which indicates increased basal
C-peptide secretion. This seems contradictory in view of the
decrease in B-cell function parameters obtained in the stimulated
state. However, HOMA-B should always be interpreted in the
context of prevailing insulin resistance.?! In our study, RA+GC
participants had higher HOMA-IR values—that is, they were
more insulin resistant. In order to maintain fasting glucose levels
within the normal range, more insulin was secreted in the fasted
state, which resulted in a higher HOMA-B score. However, this
higher HOMA-B score does not imply improved B-cell function,
but merely indicates the potential to compensate for reduced
insulin sensitivity.

In addition, we examined the specific role of (cumulative or
daily) GC dose and disease characteristics within patients with

Ann Rheum Dis 2011;70:1887-1894. doi:10.1136/ard.2011.151464
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Figure 3 Parameters of 3 cell function. Mean (*+SD) of {3 cell indices (A) HOMA-B (Fasting Index), and of the dynamic parameters (B) Insulinogenic
Index and (C) Disposition Index, and of the (D) AUCc-pep/AUCgluc ratio are shown. Intergroup differences were tested by analysis of variance, and with
the Kruskal-Wallis and Mann—Whitney tests in cases of non-normal distribution. Post hoc Bonferroni correction was applied in cases of multiple
testing (p value x 2). AUC, area under the curve; DI, Disposition Index; GC, glucocorticoid; HOMA-B, homoeostatic model assessment of 3 cell
function; IGl, Insulinogenic Index; RAGC—, GC-naive patients with RA; RAGC+, GC-using patients with RA.

RA and found strong indications that RA+GC patients were
less glucose tolerant in a dose-dependent manner: Although
no relation was shown between (cumulative or daily) GC dose
and dynamic tests of insulin sensitivity and B-cell function,
cumulative and daily GC dose were associated with previously
unknown T2DM, and negatively affected fasting insulin sen-
sitivity (HOMA-IR), independently of age, gender, BMI, waist
circumference and disease activity. In addition, RA+GC patients
had a decreased insulin clearance, indicating hepatic insulin
resistance, which is explained by the steeper insulin curve in the
first part of the OGTT. Our results are in line with one other ret-
rospective study of non-diabetic patients with RA!®; that study
analysed a successive group of patients with RA and showed
that ever having taken oral prednisone and/or high doses of
pulsed GCs was independently associated with decreased insu-
lin sensitivity independently of BMI.

We acknowledge some limitations in our study design; first,
the difference in anthropometrics between controls (with nor-
mal glucose tolerance) and patients with RA—that is, controls
were primarily recruited for other studies at the VUMC Diabetes
Centre and therefore consisted of more male subjects and had
a relatively high BMI, and lower insulin clearance. Compared
with these control subjects, patients with RA were more insu-
lin resistant and had more B-cell dysfunction. Although the
use of this control population, as compared with more lean,
insulin-sensitive controls, may be suboptimal, it is likely that
the impact of RA and the associated proinflammatory state on
glucose metabolism as described here, may even be underesti-
mated. Besides, in multivariate analyses we corrected for these
anthropometrics and, furthermore, the control subjects served
mainly to create a perspective for the insulin resistance and B-cell
parameters of patients with RA. A second point is confound-
ing by indication that might have caused the effects of GCs on

Ann Rheum Dis 2011;70:1887-1894. doi:10.1136/ard.2011.151464

glucose metabolism, since cumulative GC use might be a proxy
for long-term disease activity, which itself influences glucose
metabolism. This was shown also in our study by a decrease
of the regression coefficient () for the association between
cumulative or daily GC dose and T2DM when disease activity
(DAS28) was added to the multivariate regression model.

In conclusion, because of (1) the stimulated-state measurement
of glucose metabolism parameters, (2) the size of our population
and (3) the contrast with control subjects, we were able to draw
firm conclusions about the prevalence of glucose tolerance abnor-
malities in patients with RA with established disease and to con-
firm the relation between RA (activity) and insulin resistance and
B-cell dysfunction. Chronic GC use was associated with meta-
bolic toxicity in a dose-dependent way, but this association was
difficult to assess owing to confounding by indication.

Until there is more clarity about the problem of glucose intol-
erance in GC-using patients with RA, it remains important to
keep the duration of GC use short and to use the lowest possible
dose, as is advised by the European League Against Rheumatism
recommendations on RA treatment,® and on systemic GC
use.3! The question of how harmful the diabetogenic effects of
long-term GCs are in patients with established RA needs fur-
ther assessment in longitudinal (randomised) trials. These trials
should measure glucose metabolism with stimulated-state mea-
sures, and examine whether GCs exert direct metabolic toxicity
or secondary toxicity owing to other GC-related phenomena,
such as abdominal fat and adipocytokines, which are known
mediators of metabolic toxicity in RA.3?
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