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Abstract
Given the link between systemic inflammation, body composition and insulin resistance (IR), anti-inflammatory therapy 
may improve IR and body composition in inflammatory joint diseases. This study assesses the IR and beta cell function in 
rheumatoid arthritis (RA) patients with active disease compared to osteoarthritis (OA) patients and investigates the effect 
of anti-TNF treatment on IR, beta cell function and body composition in RA. 28 Consecutive RA patients starting anti-TNF 
treatment (adalimumab), and 28 age, and sex-matched patients with OA were followed for 6 months. Exclusion criteria were 
use of statins, corticosteroids, and cardiovascular or endocrine co-morbidity. Pancreatic beta cell function and IR, using the 
homeostasis model assessment (HOMA2), and body composition, using dual-energy X-ray absorptiometry (DXA) were 
measured at baseline and 6 months. At baseline, IR [1.5 (1.1–1.8) vs. 0.7 (0.6–0.9), 100/%S] and beta cell function (133% vs. 
102%) were significantly (p < 0.05) higher in RA patients with active disease as compared to OA patients. After 6 months of 
anti-TNF treatment, IR [1.5 (1.1–1.8) to 1.4 (1.1–1.7), p = 0.17] slightly improved and beta cell function [133% (115–151) 
to 118% (109–130), p <0.05] significantly improved. Improvement in IR and beta cell function was most pronounced in RA 
patients with highest decrease in CRP and ESR. Our observations indicate that IR and increased beta cell function are more 
common in RA patients with active disease. Anti-TNF reduced IR and beta cell function especially in RA patients with 
highest decrease in systemic inflammation and this effect was not explained by changes in body composition.
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Introduction

In healthy persons, normoglycaemia is maintained by a bal-
anced interaction between insulin action [insulin sensitivity 
(IS)] and insulin secretion (pancreatic beta cell function). 
Insulin resistance (IR) is more prevalent in rheumatoid 
arthritis (RA) and is associated with endothelial dysfunction 
and with increased CVD [1–3]. Already in 1949, generalized 
muscle wasting and hyperglycaemia, both characteristics of 
IR, were identified in patients with RA [4]. Previous studies 
demonstrated that RA patients have peripheral IR that is 
correlated with inflammatory markers and normalizes after 
reduction of inflammation with glucocorticoid treatment 
[5–7]. Previous studies in non-diabetic RA patients found 
pancreatic beta cell function to be impaired [8, 9].

Increasing evidence arises that body composition, par-
ticularly body fat distribution and the quantity and character-
istics of (visceral) adipose tissue, is an important factor con-
tributing to enhanced CV risk in inflammatory diseases [3]. 
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Cachectic obesity, defined as a loss of body cell mass with-
out weight loss, but with concomitant increased fat mass, is 
a prominent feature of RA, and associated with increased 
circulating tumor necrosis factor (TNF) levels [10].

A clear link between obesity and chronic (low grade) 
inflammation was established when TNF-α, a pro-inflamma-
tory cytokine, was found to be overexpressed in the adipose 
tissue of obese mice [11]. TNF-α is also overexpressed in 
adipose and muscle tissues of obese humans [12] and exog-
enous TNF-α administration leads to IR [13].

Nowadays, TNF antagonists are widely used to treat 
several inflammatory diseases, including RA. A recent 
systematic review and meta-analysis suggests that anti-
TNF treatment improved IR in RA patients [14]. However, 
the underlying inflammatory mechanisms affecting IR in 
relation with body composition have not yet been fully 
elucidated.

To investigate the role of systemic inflammation and 
body composition in the development of IR, we compared 
RA patients, starting anti-TNF treatment, with matched 
osteoarthritis (OA) patients. We hypothesize that decrease 
in systemic inflammation and change in body composition 
(secondary to decrease in systemic inflammation) will posi-
tively affect IR in RA patients treated with anti-TNF. The 
objectives of the present investigation were (1) to investi-
gate the body composition and IR in RA to sex and age-
matched OA patients (2) to investigate correlations between 
IR, inflammation and body composition and (3) to study if 
and to what extent IR and body composition are influenced 
by anti-TNF treatment.

Methods

Study population and design

For this prospective study, 69 consecutive subjects, 36 
RA and 33 OA patients were recruited from the outpatient 
rheumatology clinic at Reade, Center for Rehabilitation and 
Rheumatology, Amsterdam, the Netherlands. RA patients 
fulfilled the American College of Rheumatology criteria of 
1987 for RA [15]. The RA patients with active disease were 
biological naive and were included when they were eligible 
for anti-TNF therapy according to the Dutch consensus state-
ment on the initiation of anti-TNF therapy [16]. All patients 
started with adalimumab 40 mg every 2 weeks. The OA 
patients, not treated with anti-TNF, were matched for sex 
and age to the RA patients and they all had OA of the hands 
according to the American College of Rheumatology cri-
teria of 1990 for osteoarthritis of the hand [17]. We chose 
OA patients as controls, because they have substantially less 
systemic inflammation but many similarities to RA patients 
in terms of life style, physical inactivity, frequent use of 

non-steroidal anti-inflammatory drugs (NSAIDs) and obe-
sity. Patients, with a medical history of CVD, diabetes mel-
litus or hypothyroidism and/or used glucose or cholesterol-
lowering medication, were excluded. Also, patients, who 
used systemic (oral or intramuscular) corticosteroids within 
a month before inclusion, were excluded from analyses. All 
patients were followed for 6 months and measurements 
were performed at t = 0 (before start of anti-TNF therapy 
and at t = 6 months (after start of therapy). Non-steroidal 
anti-inflammatory drugs (NSAIDs) were allowed to be dis-
continued during follow-up. When patients altered the use 
of anti-TNF or disease-modifying anti-inflammatory drugs 
(DMARDs) or started using corticosteroids, glucose, or cho-
lesterol-lowering medication during the follow-up period, 
they were excluded from the follow-up analyses. This study 
was approved by the Ethics committee of the Slotervaart 
Hospital/Reade (NL19944.048.07) and prior to inclusion 
written informed consent from all patients was obtained.

Patient characteristics

At baseline and after 6 months of treatment, all patients were 
interviewed to record details about history of co-morbidity, 
medication use, and disease characteristics. Special attention 
was paid to history of cardiovascular risk factors like hyper-
tension, hypercholesterolemia, overweight, diabetes mellitus 
(DM), and smoking.

A physical examination was performed by experienced 
research nurses to assess blood pressure, heart rate, waist 
and hip circumference, length, weight, and body mass index 
(BMI).

Blood pressure and heart rate were measured twice (left 
and right) in sitting position after 5 min of rest. Hyper-
tension was defined as a mean systolic blood pressure 
(SBP) ≥ 140 mmHg and/or a mean diastolic blood pressure 
(DBP) ≥ 90 mmHg and/or the use of antihypertensive drugs. 
Hypercholesterolemia was defined as total cholesterol (TC) 
level of ≥ 6.5 mmol/L.

Waist circumference was measured at the level of the 
navel, hip circumference was measured at the level of the 
trochanter major of the hip bone (widest circumference). 
The ratio of these two measurements was determined as 
waist–hip ratio (WHR).

Height and weight were measured using the same port-
able weight scale and height meter, without shoes but with 
clothes on. Overweight was defined as a BMI ≥ 25 kg/m2 and 
obesity as a BMI ≥ 30 kg/m2.

RA disease activity was assessed with the disease activity 
score of 28 joints (DAS28) [18] and the Health Assessment 
Questionnaire (HAQ) [19], a questionnaire measuring daily 
functioning in RA patients.

After the physical examination, an oral glucose tolerance 
test (OGTT) was performed. Patients were asked to drink 
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a solution of 250 ml of water with 75 g of glucose within 
5 min. Patients were not allowed to exercise or come out of 
the chair for the next 2 h. Two hours (plus minus 15 min) 
after the glucose intake blood samples were drawn to meas-
ure the glucose level.

Blood tests

Fasting blood samples were collected to measure erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP), choles-
terol levels (including apolipoprotein-A and B), and fasting 
glucose levels. All the above tests were performed the same 
day that blood was drawn in a single laboratory at Reade in 
Amsterdam. Furthermore, serum and plasma were stored at 
– 20 C to measure C-peptide and insulin batch-wise after all 
the samples were collected.

Insulin resistance and beta cell function

The updated homeostasis model assessment (HOMA2) com-
puter model, available from www.OCDEM .ox.ac.uk, was 
used to estimate insulin resistance (HOMA2-IR), and pan-
creatic beta cell function (HOMA2-%B) [20]. This model 
calculates IR and beta cell function from fasting plasma 
insulin and glucose concentrations and correlates well with 
insulin clamp method which is considered the gold standard 
in the assessment of insulin action in vivo [21]. This lat-
est developed computer model has non-linear solutions as 
it accounts for variations in hepatic and peripheral glucose 
resistance and also other organs and tissues involved in glu-
cose regulation. Pancreatic beta cell function is expressed as 
percentage of a normal reference population, where 100% is 
normal. However, HOMA2-%B measures first of all beta cell 
activity, not beta cell health or pathology. Therefore, the out-
comes of HOMA2-%B have to be interpreted together with 
HOMA2-IR. Insulin resistance is expressed as 100/%insulin 
sensitivity (100/%S) and a normal IR is 1. The HOMA2-
IR is race and age dependent of which cut-off values for 
abnormal insulin resistance range from 1.6 to 3.8 [22, 23]. 
For IR, simultaneously drawn fasting plasma glucose and 
insulin values were used. For beta cell function instead of 
insulin, C-peptide values from the same blood sample were 
used [24].

Body composition

Next to the WHR and the BMI, specific body composition 
data, including total, gynoid (hip area) and android (abdomi-
nal area) fat percentage, lean body mass (LBM) and visceral 
adipose tissue (VAT) mass calculations were obtained using 
dual-energy X-ray absorptiometry (DXA) whole body com-
position. (GE Healthcare Lunar iDXA and enCORE soft-
ware version 13.6) [25].

Statistical analysis

The sample size calculation was based on the results of the 
of HOMA-IR measurements by Dessein et al. [26]. Based on 
a power analysis with alpha 0.05 and power > 85% resulted 
in a sample size of 25 per group.

Results are expressed as mean ± standard deviation (SD) 
when normally distributed, as median (interquartile range) 
when not normally distributed or as number and percentage. 
When variables were not normally distributed, the (natu-
ral) logarithms of these variables were calculated and used 
for analyses. Unpaired sample t tests were used to observe 
differences in baseline variables between RA and OA. For 
comparisons of paired continuous variables between base-
line and follow-up with normal distribution paired t test were 
used. In case of non-normal distribution, we used the Wil-
coxon signed-ranks test or log transformation. Pearson or 
Spearman correlation coefficients were determined to look 
for correlations between IR, IS, beta cell function, body 
composition measurements, and inflammatory markers. 
To assess the effect of change in systemic inflammation on 
IR and beta cell function, patients were stratified in tertiles 
for ΔCRP, ΔESR, and ΔDAS28. Mann–Whitney U tests 
were used to determine changes of variables after 6 months 
between groups. Two-sided p values less than 0.05 were con-
sidered statistically significant. All analyses were performed 
by IBM SPSS Statistics version 18.0.

Results

Study population

From the 69 patients, who were initially screened for study 
inclusion, 13 patients were excluded at baseline, mostly due 
to the exclusion criteria and again 9 patients were excluded 
at follow-up, because of discontinuation of adalimumab or 
loss to follow-up (Fig. 1). Baseline patient characteristics are 
displayed in Table 1.

Baseline measurements in patients with rheumatoid 
arthritis and osteoarthritis

Table 2 presents the results of the baseline measurements 
in RA and OA patients. There were no significant differ-
ences in the anthropometric characteristics or blood pressure 
between the groups. The prevalence of metabolic syndrome 
determined by the NCEP ATP III guidelines [28] was 11% 
in the RA group and 18% in the OA group. One matched 
OA patient with diabetes was included erroneously but was 
left in according to the intention-to-treat principle. Fur-
thermore, leaving this patient out did not affect our results. 
Moreover, this did not hamper our analyses of the effect 

http://www.OCDEM.ox.ac.uk
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of anti-TNF on the insulin resistance, as subjects did not 
receive any treatment and were only used as age and sex-
matched controls. As expected, both ESR and CRP levels 
were significantly higher in the RA group. Baseline insulin 
levels, IR, and beta cell function were all significantly higher 
in RA patients compared to OA patients (Fig. 2). Fasting 
glucose was significantly lower in RA patients compared 
to OA patients (p < 0.05). The percentage of gynoid fat was 
significantly higher in RA patients compared to OA patients 
(p < 0.05). LBM and VAT mass were not significantly differ-
ent between the groups. Total cholesterol, LDL-cholesterol, 

and apolipoprotein B were significantly lower in RA patients 
compared to OA patients (Fig. 3).  

Inflammation, insulin resistance, and beta cell 
function

To analyse the association between change in systemic 
inflammation and change in IR and beta cell function, 
patients were stratified in equal tertiles of delta inflamma-
tory parameters, i.e. ΔCRP, ΔESR, and ΔDAS28. Results 
are displayed in Fig. 4.

Fig. 1  Flowchart of study inclusion

Table 1  Baseline characteristics

RA rheumatoid arthritis, OA osteoarthritis, n number, NSAID non-
steroidal anti-inflammatory drugs, DMARD disease-modifying 
anti-rheumatic drugs,  DAS28  disease activity score of 28 joints, 
HAQ  health assessment questionnaire, N/A not applicable.  Results 
are presented as mean and standard deviation (SD), median and inter-
quartile range (IQR) or number and percentage (%)
a   According to the WHO criteria for OGTT [27].

RA OA

Demographics n = 28 n = 28
Females 20 (71) 19 (68)
Age, years 53 ± 10 55 ± 11
Cardiovascular risk factors
Impaired glucose  tolerancea 3 (11) 4 (14)
Diabetes  mellitusa 0 1 (4)
Metabolic syndrome (NCEP ATP III) 3 (11) 4 (14)
Hypertension 4 (14) 4 (14)
Antihypertensive drug use 3 (11) 4 (14)
Hypercholesterolemia 3 (10) 8 (28)
Smoking
Current smoker 5 (18) 10 (36)
Past smoker 14 (50) 6 (21)
Never smoker 9 (32) 12 (43)
Disease characteristics
Disease duration, years 4 (1–14) 1 (1–2)
Orthopedic surgery 5 (19) 8 (30)
Anti-inflammatory medication use
NSAID use 14 (50) 10 (36)
DMARD use 25 (89) 0
Rheumatoid arthritis specific charac-

teristics
Rheumafactor positive 22 (82) N/A
Anti-CCP positive 24 (92) N/A
Erosive disease 15 (56) N/A
DAS28 4.34 ± 1.35 N/A
HAQ 1.0 ± 0.6 N/A
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Table 2  Results of measurement changes after 6  months comparing rheumatoid arthritis patients with anti-TNF treatment to osteoarthritis 
patients without anti-TNF treatment

RA group n = 28
t = 0

RA group n = 23
t = 6 months

p (differ-
ence paired 
values)

OA group n = 28
t = 0

OA group n = 25
t = 6 months

p (differ-
ence paired 
values)

p (difference 
baseline 
values)

Physical examina-
tion

 Systolic blood 
pressure, mmHg

126 ± 17 123 ± 16 0.19 122 ± 12 118 ± 11 0.14 0.26

 Diastolic blood 
pressure, mmHg

76 ± 9 72 ± 8 < 0.01* 72 ± 9 70 ± 8 0.21 0.18

 Waist–hip ratio 0.88 ± 0.07 0.87 ± 0.07 0.63 0.87 ± 0.07 0.87 ± 0.076 0.69 0.40
 Body mass index, 

kg/m2
26.2 ± 4.0 25.7 ± 3.5 0.80 25.3 ± 4.9 25.7 ± 5.1 0.12 0.41

 DAS28 4.34 ± 1.35 2.76 ± 0.94 < 0.001* – – – –
 Health assessment 

questionnaire
1.1 (0.4–1.5) 0.5 (0–1.3) 0.001* – – – –

Inflammatory mark-
ers

 ESR, mm/hour 17 (11–32) 14 (6–17) < 0.01* 7 (3–11) 5 (4–9) 0.25 < 0.001*
 CRP, mg/l 5 (3–9) 2 (2–4) < 0.01* 2 (1–3) 2 (1–3) 0.62 < 0.01*

Glucose and insulin 
measurements

 Fasting glucose, 
mmol/l

4.9 (4.7–5.1) 4.9 (4.6–5.4) 0.32 5.2 (4.8–5.4) 5.2 (4.9–5.5) 0.94 < 0.05*

 Glucose 2 h after 
75 g glucose, 
mmol/l

5.6 (4.5–6.5) 5.6 (4.2–6.8) 0.87 5.0 (4.2–5.7) 4.7 (4.2–5.8) 0.85 0.14

 C-peptide nmol/l 0.71 (0.58–0.80) 0.64 (0.51–0.76) < 0.05* 0.52 (0.46–0.71) 0.56 (0.44–0.68) 0.55 0.10
 Insulin, µU/ml 12.0 (8.4–13.7) 9.8 (6.2–11.5) 0.14 5.7 (4.3–7.0) 4.9 (4.17–6.82) 0.71 < 0.01*
 Insulin resistance 

(100/%S)
1.5 (1.1–1.8) 1.4 (1.1–1.7) 0.17 0.7 (0.6–0.9) 0.64 (0.55–0.9) 0.75 < 0.01*

 Beta cell function, 
% (Cpep)

133 (115–151) 118 (109–130) < 0.05* 102 (91–133) 100 (90–125) 0.3 < 0.01*

Body composition 
whole body DXA

 Fat percentage 
whole body

37 ± 11 37 ± 8 0.52 35 (29–43) 35 (27–45) 0.18 0.77

 Gynoid fat per-
centage

43 ± 11 41 ± 10 0.01* 37 ± 10 37 ± 10 0.75 < 0.05*

 Android fat per-
centage

43 ± 12 41 ± 10 0.20 38 (31–49) 40 (29–49) 0.13 0.13

 Visceral adipose 
tissue mass, 
grams

888 (492–1436) 870 (473–1350) 0.93 722 (435–1098) 785 (455–1249) < 0.05* 0.68

 Lean body mass 
whole body, 
kilograms

46.1 ± 7.6 46.7 ± 7.7 0.25 46.1 ± 9.7 46.5 ± 9.6 0.92 0.99

Lipid profile
 Total cholesterol, 

mmol/l
5.02 ± 0.95 5.47 ± 1.00 < 0.01* 5.88 ± 1.01 5.70 ± 0.99 < 0.05* < 0.01*

 Triglycerides, 
mmol/l

1.13 ± 0.50 1.20 ± 0.56 0.49 1.09 (0.94–1.54) 1.17 (0.89–1.55) 0.47 0.12

 LDL-cholesterol, 
mmol/l

3.04 ± 0.87 3.33 ± 0.92 < 0.05* 3.76 ± 0.96 3.64 ± 0.90 < 0.05* < 0.01*

 HDL-cholesterol, 
mmol/l

1.48 ± 0.34 1.66 ± 0.54 < 0.05* 1.53 ± 0.41 1.49 ± 0.34 0.60 0.59
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Correlations between insulin resistance, beta cell 
function, and body composition data per group

In the RA group, except for a correlation between BMI and 
IR (r = 0.38, p < 0.05) (see Fig. 3), no significant correlations 

were found between IR or beta cell function and body com-
position (data not shown).

In the OA group, IR and beta cell function were correlated 
(p < 0.01) with BMI (r = 0.73, r = 0.65 respectively, Fig. 3), 
whole body fat percentage (r = 0.65, r = 0.60 respectively), 
android fat percentage (r = 0.72, r = 0.56, respectively) and 
(p < 0.05) gynoid fat percentage (r = 0.39, r = 0.48, respec-
tively). IR but not beta cell function was also significantly 
correlated with VAT mass (r = − 0.66, p < 0.01, r = 0.31, 
p = 0.14, respectively) and LBM (r = 0.41, p = 0.04, r = 0.11, 
p = 0.58, respectively).

The effect of anti‑TNF treatment

The results of the comparisons between OA and RA patients 
after 6 months anti-TNF treatment are displayed in Fig. 2 
and Table 2. Eventually, five RA patients and three OA 
patients were excluded from follow-up due to lost to follow-
up, change in anti-inflammatory treatment, and change in 
glucose/cholesterol-lowering medication. Both inflamma-
tory markers ESR and CRP decreased significantly in the 
RA group compared to the OA group. Also DAS28 and 
HAQ decreased significantly in RA. In contrast to the OA 
patients, in the RA group, beta cell function and gynoid fat 
percentage decreased significantly (p < 0.05 and p = 0.01). 
Total cholesterol, LDL, apolipoprotein A, and also HDL 
increased significantly after 6 months of treatment in the 
RA group compared to the OA group (p < 0.01). However, 
total cholesterol/HDL ratio did not change at follow-up.

Discussion

Insulin resistance (IR) is increased in rheumatoid arthritis 
(RA) and it is assumed that IR, systemic inflammation, and 
body composition are interrelated. We hypothesized that 

RA rheumatoid arthritis, OA osteoarthritis, n number, NCEP ATP III National Cholesterol Education Program Adult Treatment Panel III (US 
2001), DXA dual-energy X-ray absorptiometry
Results are presented as mean and standard deviation (± SD), median and interquartile range (IQR) or number percentage
*Significance level of p < 0.05

Table 2  (continued)

RA group n = 28
t = 0

RA group n = 23
t = 6 months

p (differ-
ence paired 
values)

OA group n = 28
t = 0

OA group n = 25
t = 6 months

p (differ-
ence paired 
values)

p (difference 
baseline 
values)

 Total cholesterol/
HDL ratio

3.69 ± 1.17 3.58 ± 1.18 0.41 4.10 ± 1.24 4.02 ± 1.13 0.26 0.17

 Apolipoprotein 
A, g/l

1.67 ± 0.29 1.83 ± 0.48 < 0.05* 1.73 ± 0.28 1.68 ± 0.25 0.17 0.47

 Apolipoprotein 
B, g/l

0.92 ± 0.27 0.99 ± 0.26 0.084 1.07 ± 0.24 1.07 ± 0.26 1.0 < 0.05*
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Fig. 2  Insulin resistance and pancreatic beta cell function at baseline 
and after 6 months in patients with rheumatoid arthritis and osteoar-
thritis
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Fig. 3  Associations between 
body mass index and insulin 
resistance and pancreatic beta 
cell function in rheumatoid 
arthritis patients (RA) and 
osteoarthritis patients (OA)

Fig. 4  Change in insulin resistance and pancreatic beta cell function in RA patients after 6 months anti-TNF treatment categorized in tertiles for 
delta inflammatory parameters
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a decrease of systemic inflammation and change in body 
composition would favourably affect IR in RA patients. The 
present study showed: (1) IR and beta cell function were 
significantly higher in RA than in OA; (2) no significant 
correlations were found between IR or beta cell function 
and body composition in RA patients; (3) pancreatic beta 
cell function and IR improved after anti-TNF treatment in 
RA patients with highest decrease of CRP and ESR, albeit 
that this did not reach statistical significance.

This latter effect might be due to a decrease in hyper-
metabolism and resting energy expenditure that comes along 
with inflammation and active disease [29, 30]. However, 
there was no clinical relevant alteration of the overall body 
composition.

Together with the inflammatory markers, IR and beta cell 
function were significantly higher in RA than in OA. Over-
all, in the OA group, IR and beta cell function were in the 
normal range, whereas in the RA group, IR and beta cell 
function were both raised. Inflammation is considered cru-
cial in the pathogenesis of IR. Therefore, these observed dif-
ferences were expected as RA is a high-grade inflammatory 
disease compared to OA which is a low-grade inflamma-
tory disease [2]. When we investigated the effect of systemic 
inflammation in more detail by dividing the RA patients 
in tertiles according to change in CRP, ESR and DAS28 
levels, we found that IR and especially beta cell function 
improved most after anti-TNF treatment in the RA patients 
with the highest decrease of CRP and ESR. This suggests 
that reducing inflammation also improves IR and beta cell 
function, whether or not this is anti-TNF specific or caused 
by inflammation reduction [31]. As we found beta cell func-
tion equally raised compared to IR and also found no dif-
ferences between RA and OA in impaired glucose tolerance 
overall, it’s unlikely that beta cell function was significantly 
impaired in our group of RA patients as was found by Fer-
raz-Amaro et al. [8].

In OA patients there were clear correlations between 
IR, beta cell function and BMI and especially android fat 
percentages, as expected, while in RA only BMI was mod-
estly correlated with IR. Total fat percentage and BMI were 
slightly higher in RA, but except for gynoid fat percentage, 
which was significantly higher in RA compared to OA, no 
significant differences were found in android fat percentage 
and VAT or LBM, which we had expected. This is to some 
extent in contrast to the existing literature where increases 
of BMI and body fat after anti-TNF have been described 
[32]. Generally, increases of BMI and body fat and BMI 
were observed after more than a year treatment. Therefore, 
the 6 months anti-TNF treatment in our study might have 
been be too short to detect changes in body composition; 
particularly as in other studies also, no changes in BMI 
and/or body composition were observed after 6 months or 
shorter duration of anti-TNF treatment [32]. Altogether, 

these data show that inflammation rather than an altered 
body composition explains the higher IR and beta cell func-
tion in RA; however, further research to discover the exact 
pathophysiologic mechanism is still needed. Theoretically, 
a direct effect of anti-TNF on the insulin pathway and fat 
metabolism cannot be ruled out. However, as more studies 
demonstrated a correlation between systemic inflammation 
and insulin resistance, it is plausible to assume the impact 
of anti-TNF is based on the anti-inflammatory effect. This 
is underscored by several studies where the effect of other 
anti-inflammatory anti-rheumatic drugs therapy on the insu-
lin resistance in RA patients was investigated [33, 34]. No 
significant differences in total fat percentage and VAT mass 
between RA and OA patients were found. This might be 
explained by the fact that OA is associated with obesity and 
physical inactivity leading to an altered body composition 
in comparison to the general population [35]. Furthermore, 
OA is a disease which has many similarities with RA, like 
for instance chronic pain and joint deformity that both could 
result in reduced physical activity. Our findings suggest that 
reduced physical activity and inflammation play an impor-
tant role in the body composition of both groups, but pre-
sumably in different ways and gradations.

Strength of this study was that factors that could have 
influenced the results, i.e. use of corticosteroids, statin use, a 
history of CVD or metabolic diseases were excluded. More-
over, changes in medication use during the study period were 
prohibited. With OA patients as controls, the effect of anti-
TNF treatment could be better evaluated, as time can also 
influence results. Our study has its limitations. It may be 
argued that the study duration was very short to capture the 
metabolic effects of anti-TNF on the insulin action and body 
composition. Nonetheless, as several studies did observe 
similar effects after comparable treatment period [14, 32], 
this did not hamper the assessment of the relation between 
systemic inflammation and insulin resistance.

In conclusion, this study showed that IR and beta cell 
function are increased in RA patients compared to OA 
patients. Anti-TNF treatment improved IR and beta cell 
function in RA patients with highest decrease of CRP and 
ESR which was not explained by change in body composi-
tion. The data suggest that this is caused by lowering of 
inflammatory activity in general; however, a direct effect by 
blocking TNF cannot be excluded in this study and needs 
further investigation. Nevertheless, our data indicate that 
reducing systemic inflammation and disease activity reduces 
IR and beta cell function which ultimately might lessen the 
CV disease burden.

Acknowledgements We want to express our gratitude to the nurses 
(S. de Boer, A. Twisk, M. Kos and D. Zeinstra) for gathering the data, 
N. Nurmohamed for entering data into the database, M. de Koning for 
storing the blood samples and C. Fokker and R. de Slegte for their help 
with the analysis of the DEXA data.



327Rheumatology International (2021) 41:319–328 

1 3

Author contributions IAMO recruited and included all participants, 
partly analysed and interpreted the patient data and was a major con-
tributor in writing the manuscript. MB partly analysed and interpreted 
the patient data and was a major contributor in writing the manuscript. 
SS, HGR, JCD, ICE, MJLP, IEHB, YMS, and MTN substantially con-
tributed to the conception and design of the work and they made a 
major contribution in developing the study protocol and reviewing the 
manuscript for important intellectual content. In addition, MTN acted 
as leader of the study project. All authors read and approved the final 
manuscript.

Funding This research was partially funded by AbbVie.

Availability of data and material The datasets generated during and/or 
analysed during the current study are available from the corresponding 
author on reasonable request.

Compliance with ethical standards 

Conflict of interest MB, IAMO, SS, HGR, JCD, ICE, MJLP, IEHB, 
YMS, and MTN declare that they have no conflict of interest.

Ethics approval This study was approved by the Ethics committee of 
the Slotervaart Hospital/Reade and prior to inclusion written informed 
consent from all patients was obtained.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser 
AH, Feingold KR et al (2004) Effects of infection and inflamma-
tion on lipid and lipoprotein metabolism: mechanisms and con-
sequences to the host. J Lipid Res 45:1169–1196

 2. Tilg H, Moschen AR (2008) Inflammatory mechanisms in the 
regulation of insulin resistance. Mol Med 14:222–231

 3. Wang Z, Nakayama T (2010) Inflammation, a link between obe-
sity and cardiovascular disease. Mediators Inflamm. Article ID 
535918.

 4. Liefmann R (1949) Endocrine imbalance in rheumatoid arthritis 
and rheumatoid spondylitis; hyperglycemia unresponsiveness, 
insulin resistance, increased gluconeogenesis and mesenchy-
mal tissue degeneration; preliminary report. Acta Med Scand 
136:226–232

 5. Svenson KL, Lundqvist G, Wide L, Hallgren R (1987) Impaired 
glucose handling in active rheumatoid arthritis: effects of corti-
costeroids and antirheumatic treatment. Metabolism 36:944–948

 6. Svenson KL, Lundqvist G, Wide L, Hallgren R (1987) Impaired 
glucose handling in active rheumatoid arthritis: relationship to the 

secretion of insulin and counter-regulatory hormones. Metabolism 
36:940–943

 7. Svenson KL, Pollare T, Lithell H, Hallgren R (1988) Impaired 
glucose handling in active rheumatoid arthritis: relationship to 
peripheral insulin resistance. Metabolism 37:125–130

 8. Ferraz-Amaro I, Garcia-Dopico JA, Medina-Vega L, Gonzalez-
Gay MA, Diaz-Gonzalez F (2013) Impaired beta cell function is 
present in nondiabetic rheumatoid arthritis patients. Arthritis Res 
Ther 15:R17

 9. Tejera-Segura B, Lopez-Mejias R, de Vera-Gonzalez AM, Jime-
nez-Sosa A, Olmos JM, Hernandez JL et al (2019) Relationship 
between insulin sensitivity and beta-cell secretion in nondiabetic 
subjects with rheumatoid arthritis. J Rheumatol 46:229–236

 10. Roubenoff R, Roubenoff RA, Ward LM, Holland SM, Hellmann 
DB (1992) Rheumatoid cachexia: depletion of lean body mass 
in rheumatoid arthritis. Possible association with tumor necrosis 
factor. J Rheumatol 19:1505–1510

 11. Hotamisligil GS, Shargill NS, Spiegelman BM (1993) Adipose 
expression of tumor necrosis factor-alpha: direct role in obesity-
linked insulin resistance. Science 259:87–91

 12. Borst SE (2004) The role of tnf-alpha in insulin resistance. Endo-
crine 23:177–182

 13. Krogh-Madsen R, Plomgaard P, Moller K, Mittendorfer B, 
Pedersen BK (2006) Influence of tnf-alpha and il-6 infusions 
on insulin sensitivity and expression of il-18 in humans. Am J 
Physiol Endocrinol Metab 291:E108–E114

 14. Burska AN, Sakthiswary R, Sattar N (2015) Effects of tumour 
necrosis factor antagonists on insulin sensitivity/resistance in 
rheumatoid arthritis: a systematic review and meta-analysis. 
PLoS One 10:e0128889

 15. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, 
Cooper NS et al (1988) The american rheumatism association 
1987 revised criteria for the classification of rheumatoid arthri-
tis. Arthritis Rheum 31:315–324

 16. Furst DE, Keystone EC, Kirkham B, Kavanaugh A, Fleischmann 
R, Mease P et al (2008) Updated consensus statement on biolog-
ical agents for the treatment of rheumatic diseases. Ann Rheum 
Dis 67(3):2–25

 17. Altman R, Alarcon G, Appelrouth D, Bloch D, Borenstein D, 
Brandt K et al (1990) The American college of rheumatology 
criteria for the classification and reporting of osteoarthritis of 
the hand. Arthritis Rheum 33:1601–1610

 18. Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen MA, van 
de Putte LB, van Riel PL (1995) Modified disease activity 
scores that include twenty-eight-joint counts. Development and 
validation in a prospective longitudinal study of patients with 
rheumatoid arthritis. Arthritis Rheum 38:44–48

 19. Fries JF, Spitz P, Kraines RG, Holman HR (1980) Measurement 
of patient outcome in arthritis. Arthritis Rheum 23:137–145

 20. Levy JC, Matthews DR, Hermans MP (1998) Correct homeo-
stasis model assessment (homa) evaluation uses the computer 
program. Diabetes Care 21:2191–2192

 21. Otten J, Ahren B, Olsson T (2014) Surrogate measures of insu-
lin sensitivity vs the hyperinsulinaemic-euglycaemic clamp: a 
meta-analysis. Diabetologia 57:1781–1788

 22. Kim B, Choi HY, Kim W, Ahn C, Lee J, Kim JG et al (2018) 
The cut-off values of surrogate measures for insulin resistance 
in the korean population according to the korean genome and 
epidemiology study (koges). PLoS One 13:e0206994

 23. Tang Q, Li X, Song P, Xu L (2015) Optimal cut-off values for 
the homeostasis model assessment of insulin resistance (homa-
ir) and pre-diabetes screening: developments in research and 
prospects for the future. Drug Discov Ther 9:380–385

 24. Wallace TM, Levy JC, Matthews DR (2004) Use and abuse of 
homa modeling. Diabetes Care 27:1487–1495

http://creativecommons.org/licenses/by/4.0/


328 Rheumatology International (2021) 41:319–328

1 3

 25. Kaul S, Rothney MP, Peters DM, Wacker WK, Davis CE, Shap-
iro MD et al (2012) Dual-energy X-ray absorptiometry for quan-
tification of visceral fat. Obesity (Silver Spring) 20:1313–1318

 26. Dessein PH, Joffe BI, Stanwix A, Botha AS, Moomal Z (2002) 
The acute phase response does not fully predict the presence of 
insulin resistance and dyslipidemia in inflammatory arthritis. J 
Rheumatol 29:462–466

 27. WHO (2006) Definition and diagnosis of diabetes mellitus and 
intermediate hyperglycemia: report of a WHO/IDF consultation. 
WHO, Geneva

 28. Expert Panel on Detection E (2001) Treatment of high blood 
cholesterol in A. Executive summary of the third report of the 
national cholesterol education program (ncep) expert panel on 
detection, evaluation, and treatment of high blood cholesterol 
in adults (adult treatment panel iii). JAMA 285:2486–2497

 29. Masuko K (2014) Rheumatoid cachexia revisited: a metabolic 
co-morbidity in rheumatoid arthritis. Front Nutr 1:20

 30. Straub RH (2014) Insulin resistance, selfish brain, and selfish 
immune system: an evolutionarily positively selected program 
used in chronic inflammatory diseases. Arthritis Res Ther 
16(2):S4

 31. Chen DY, Chen YM, Hsieh TY, Hsieh CW, Lin CC, Lan JL (2015) 
Significant effects of biologic therapy on lipid profiles and insulin 

resistance in patients with rheumatoid arthritis. Arthritis Res Ther 
17:52

 32. Peluso I, Palmery M (2016) The relationship between body weight 
and inflammation: lesson from anti-tnf-alpha antibody therapy. 
Hum Immunol 77:47–53

 33. Bissell LA, Hensor EM, Kozera L, Mackie SL, Burska AN, Nam 
JL et al (2016) Improvement in insulin resistance is greater when 
infliximab is added to methotrexate during intensive treatment of 
early rheumatoid arthritis-results from the idea study. Rheumatol-
ogy (Oxford) 55:2181–2190

 34. Ursini F, Russo E, Ruscitti P, Giacomelli R, De Sarro G (2018) 
The effect of non-tnf-targeted biologics and small molecules on 
insulin resistance in inflammatory arthritis. Autoimmun Rev 
17:399–404

 35. Fernandes GS, Valdes AM (2015) Cardiovascular disease and 
osteoarthritis: common pathways and patient outcomes. Eur J 
Clin Invest 45:405–414

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The effect of anti-TNF treatment on body composition and insulin resistance in patients with rheumatoid arthritis
	Abstract
	Introduction
	Methods
	Study population and design
	Patient characteristics
	Blood tests
	Insulin resistance and beta cell function
	Body composition
	Statistical analysis

	Results
	Study population
	Baseline measurements in patients with rheumatoid arthritis and osteoarthritis
	Inflammation, insulin resistance, and beta cell function
	Correlations between insulin resistance, beta cell function, and body composition data per group
	The effect of anti-TNF treatment

	Discussion
	Acknowledgements 
	References




