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Abstract
Objective

Amylin, which is co-secreted with insulin, plays a role in glycemic regulation and is impaired in type 2 diabetes. 
In the present study we assess, for first time, the implication of amylin in the development of insulin resistance (IR) in 

rheumatoid arthritis (RA). 

Methods
This was a cross-sectional study involving 361 non-diabetic individuals, 151 patients with RA and 210 sex-matched 

controls. Insulin, C-peptide, amylin, lipoprotein serum concentrations, and IR indexes by homeostatic model assessment 
(HOMA2) were evaluated in patients and controls. A multivariable analysis, adjusted for IR-related factors, was 

performed to determine the differences between patients and controls vis-à-vis amylin and how it is related to IR in RA.

Results
Insulin, C-peptide and HOMA2-IR indexes were higher in RA patients than in controls. Amylin serum levels were found to 
be upregulated in RA patients compared to controls (1.36 ± 0.81 vs. 1.79 ± 1.51 ng/ml, p=0.011), although this difference 
was lost after adjusting for covariates (p=0.46). While amylin positively correlated with the presence of rheumatoid factor 

(beta coef. 0.90 [95%CI -0.23–1.56], p=0.009) and SDAI (beta coef 0.01 [95%CI 0.00–0.03], p=0.034), no significant 
association with other disease activity scores, glucocorticoid intake, methotrexate use or TNF-alpha inhibitors was found. 

Conclusion
IR in RA does not appear to be mediated by amylin. This would imply that the mechanisms associated with IR in RA 

patients differ from those at work in type 2 diabetes.
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Introduction
Amylin, or islet amyloid polypeptide, 
is a 37-residue peptide hormone co-
secreted with insulin from pancreatic 
β-cells at a ratio of approximately 10:1. 
Amylin plays a role in glycemic regu-
lation by slowing gastric emptying and 
promoting satiety, thereby preventing 
post-prandial spikes in blood glucose 
levels (1). 
Amylin is deficient in type 1 diabetes 
and relatively deficient in insulin-re-
quiring type 2 diabetes. A greater de-
mand for insulin production, resulting 
in the simultaneous secretion of proin-
sulin and proamylin, seems to occur in 
patients with type 2 diabetes. Interest-
ingly, proamylin has been found to be 
less toxic than amylin in amyloid ac-
cumulation (2). However, in patients 
with type 2 diabetes, the enzymes re-
sponsible for converting these precur-
sors into insulin and amylin cannot 
keep pace with the high secretion levels 
of these molecules, ultimately leading 
to the accumulation of amylin (3). For 
this reason, it is thought that impaired 
amylin is an important factor initiating 
amyloid formation and β-cell death in 
the pancreas. This is supported by the 
fact that elevated levels of amylin have 
been observed in obese adults with im-
paired glucose tolerance, in patients 
with type 2 diabetes (4), and in women 
with polycystic ovary syndrome (5). 
Recent studies have highlighted the 
link between amylin and inflammatory 
markers and the presence of metabolic 
syndrome (6). However, this amylin-
metabolic syndrome association has 
also been found to occur independently 
of established risk factors of metabolic 
syndrome, including obesity, inflam-
matory markers and insulin resistance. 
It is still unclear whether amylin plays 
a causative role in type 2 diabetes and 
insulin resistance (IR), or if it is merely 
present in increased amounts due to a 
defect in insulin secretion.
IR, a condition involving resistance 
to insulin-mediated glucose uptake by 
cells, is central to the clustering of mul-
tiple metabolic abnormalities and clini-
cal syndromes (7). Several studies have 
shown an increased prevalence of IR in 
patients with rheumatoid arthritis (RA) 
(8-10), which may reflect the level of 

RA disease activity present (11). It is 
thought that RA’s low-grade inflamma-
tion state might contribute to its devel-
opment (12). This is supported by the 
fact that in RA patients, IR has also 
been found to directly correlate with 
levels of interleukin 6, tumour necro-
sis factor-(TNF-) alpha, and C-reactive 
protein (13). In addition, TNF-alpha 
inhibitor therapies have been shown to 
improve insulin sensitivity and to re-
duce IR in RA (14). Diabetes mellitus 
has also been shown to be a predictor 
of mortality in RA patients (15). The 
precise mechanism that links systemic 
inflammation and IR in RA patients re-
mains unknown. 
The aim of this study was two-fold: to 
investigate how amylin is expressed in 
patients with RA and to study its po-
tential role in the IR observed in these 
patients compared to controls.

Materials and methods
Study participants
This was a cross-sectional study that 
included 361 non-diabetic individu-
als, 151 patients with RA and 210 sex-
matched controls. All RA patients were 
at least 18 years old and fulfilled the 
2010 ACR/EULAR diagnostic crite-
ria (16). They had been diagnosed by 
rheumatologists and were periodically 
followed-up at rheumatology outpa-
tient clinics. For the purpose of inclu-
sion in the present study, RA disease 
duration was required to be ≥1 year. 
Although anti-TNF-alpha treatment 
has been associated with changes in 
insulin resistance (8, 17-19), RA pa-
tients undergoing TNF-alpha antago-
nist therapy were not excluded from 
the present study. The control group 
consisted of patients recruited from the 
Spanish Camargo Cohort (20, 21). This 
cohort was set up between February 
2006 and February 2011, and individu-
als included therein have been followed 
ever since. The aim was to evaluate the 
prevalence and incidence of metabolic 
bone diseases and mineral metabolism 
disorders. Controls included in the cur-
rent study were sex-matched subjects 
without diabetes. Patients and con-
trols with diabetes mellitus were not 
included in the study. Therefore, none 
of the patients or controls was receiv-
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ing glucose-lowering drugs or insulin 
therapy. All patients and controls had 
a glycaemia <7 mmol/l. Patients and 
controls were excluded if they had a 
history of myocardial infarction, an-
gina, stroke, a glomerular filtration 
rate <60 mL/min/1.73m2, a history of 
cancer, or any other chronic disease 
or evidence of infection. None of the 
controls was receiving glucocorticoids. 
However, since prednisone is often 
used in the management of RA, pa-
tients taking this drug, or an equivalent 
dose ≤10 mg/day, were not excluded. 
The study protocol was approved by 
the institutional review committees at 
Hospital Universitario de Canarias and 
Hospital Universitario Marqués de Val-
decilla (both in Spain), and all subjects 
provided written informed consent.

Data collection
Surveys in RA patients and controls 
were performed in the same way. Sub-
jects completed a cardiovascular risk 
factor and medication use questionnaire 
and underwent a physical examination 
to determine their anthropometrics and 
blood pressure. Medical records were 
reviewed to ascertain specific diagno-
ses and medications. Waist circumfer-
ence was measured at the smallest cir-
cumference between the rib cage and 
the iliac crest while the subject was in 
a standing position. Hip circumference 
was measured at the widest circumfer-
ence between the waist and thighs. The 
waist-to-hip ratio also was estimated. 
Hypertension was defined as a systol-
ic or a diastolic blood pressure higher 
than, respectively, 140 and 90 mmHg. 
Dyslipidaemia was defined if one of 
the following metrics was present: to-
tal cholesterol >200 mg/dl, triglyceride 
>150 mg/dl, HDL cholesterol <40 in 
men or <50 mg/dl in women, or LDL 
cholesterol >130 mg/dl. In patients with 
RA, disease activity was measured us-
ing the Disease Activity Score (DAS28) 
in 28 joints (22), while disease disabil-
ity was determined using the Health 
Assessment Questionnaire (HAQ) (23). 
Clinical Disease Activity Index (CDAI) 
(24) and Simple Disease Activity In-
dex (SDAI) (25) scores for RA disease 
activity were also performed as previ-
ously described.

Assessments
The homeostatic model assessment 
(HOMA) method was performed to 
determine IR; specifically, in this study 
we used HOMA2: the updated-com-
puter HOMA model (26, 27). Briefly, 
this method consists of a structural 
computer model of the glucose-insu-
lin feedback system in a homeostatic 
(overnight fasting) state. The model 
is comprised of a number of nonlinear 
empirical equations (and precludes an 
exact algebraic solution), which de-
scribe the functions of organs and tis-
sues involved in glucose regulation. 
This model can be used to determine 
insulin sensitivity (%S) and β-cell 
function (%β) from paired fasting plas-
ma glucose and specific insulin, or C-
peptide concentrations across a range 
of 1–2,200 pmol/l for insulin and 1–25 
mmol/l for glucose. In our study, we 
have used both C-peptide and insulin 
to calculate HOMA2 because there is a 
logic for using C-peptide data to calcu-
late beta cell function (since C-peptide 
is a marker of secretion) and for using 
insulin data to calculate %S (since HO-
MA-%S is derived from glucose dis-
posal as a function of insulin concen-
tration). This computer model provides 
an insulin sensitivity value expressed as 
HOMA2-%S (where 100% is normal). 
HOMA2-IR (insulin resistance index) 
is simply the reciprocal of %S. 
Insulin (Architect Abbott, 2000I) and 
C-peptide (Immulite 2000, Siemens) 
were determined by chemiluminescent 
immunometric assays. Amylin was 
assessed via an enzyme-linked im-
munosorbent assay (ELISA) (Phoenix 
Pharmaceuticals, California, USA). 
The assay sensitivity (minimum de-
tectable concentration) for amylin was 
0.58 ng/ml. This ELISA does not cross-
react with human insulin, glucagon or 
proinsulin. Precision was estimated as 
inter-assay <15%, intra-assay <10%. 
Standard techniques were used to meas-
ure plasma glucose, C-reactive protein 
(CRP), Westergren erythrocyte sedi-
mentation rate (ESR), and serum lipids.

Statistical analysis
Demographic and clinical characteris-
tics were compared between patients 
with RA and controls using chi-square 

tests for categorical variables or a T-
Student test for continuous variables 
(data expressed as mean ± standard de-
viation). For non-continuous variables, 
either a Mann-Whitney U-test was per-
formed or a logarithmic transformation 
was made and data were expressed as a 
median (interquartile range). Differenc-
es in glucose homeostasis metabolism 
molecules and HOMA indexes were 
studied through three different multivar-
iable regression models: 1) a univariate 
unadjusted model; 2) a model adjusted 
for those variable with a p-value lower 
than 0.20 in the differences between 
patients and controls (age, sex, waist 
circumference, dyslipidaemia, statins, 
antihypertensive treatment, and CRP 
and cholesterol levels); and 3) a model 
adding glucocorticoid intake as a binary 
variable and adjusted for the same pre-
viously described variables. Univariate 
association analysis of the relation of 
several inflammation markers and dis-
ease-related data with glucose, insulin, 
C-peptide, amylin and HOMA indexes 
was assessed through lineal regression. 
For all analyses, we used a 5% two-
sided significance level, and all analy-
ses were performed using IBM SPSS 
Statistics v. 21 software (IBM, Armonk, 
NY, USA) and Stata v. 13/SE software 
(StataCorp, College Station, TX, USA). 
A p-value <0.05 was considered statisti-
cally significant.

Results
Demographic, laboratory 
and disease-related data
A total of 361 participants, 151 RA pa-
tients and 210 controls, with a mean 
(± standard deviation) age of 53±11 
and 58±9 years, respectively, were in-
cluded in this study. The demographic 
and disease-related characteristics of 
the participants are shown in Table I. 
Although there were no differences be-
tween patients and controls with regard 
to BMI, waist circumference was found 
to be higher in patients than in controls 
(92±14 vs. 96±13, p=0.015). Although 
the presence of hypertension did not 
differ between controls and patients, 
dyslipidaemia was more frequently 
noted in RA patients. In this sense, RA 
patients generally displayed lower lev-
els of lipid metabolism molecules. In 
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contrast, triglycerides, lipoprotein A 
and apolipoprotein B were found to be 
higher in RA patients (Table I). 
As expected, the assessment of ESR 
and CRP revealed statistically signifi-
cant, higher levels in RA patients than 
controls. Patients in our series had 
moderate-active disease as shown by 
DAS28 (3.7±1.2) and fifty (38%) were 

on prednisone (an average dose of 5 
interquartile range -IQR- 5–6 mg/day). 
Disease duration was 6.6 (IQR 3.3–
13.9) years, and 59% and 72% were 
respectively positive for the anti-citrul-
linated protein antibodies and rheuma-
toid factor. In addition, while 85% of 
the patients were on disease-modifying 
antirheumatic drugs, 13% were on anti 

TNF-alpha treatment and 23% were  
receiving other biologic therapies.

Differences in carbohydrate 
metabolism molecules and insulin 
resistance indexes between RA 
patients and controls
HOMA2-IR indexes, whether calcu-
lated with insulin or C peptide, were 
different between patients and controls 
(Table II). In this sense, HOMA2-S% 
was lower in RA patients than controls 
after adjusting for traditional IR-related 
factors and prednisone intake (105±53 
vs. 108±75, p=0.006). Similarly, HO-
MA2-IR was found to be higher in RA 
patients after multivariable analysis 
(1.65±1.69 vs. 1.27±0.82, p=0.054). In 
contrast, HOMA2-%B was higher in 
the univariate analysis. However, this 
difference was lost after adjusting for 
covariates (p=0.14). 
When HOMA2 indexes were calcu-
lated using C peptide, the differences 
between patients with RA and controls 
were stronger. In this regard, all com-
parisons showed higher HOMA2-IR 
and HOMA2-%B indexes and lower 
HOMA2-%S in RA patients even after 
multivariate analysis (Table II).
Whereas glucose serum levels did not 
achieve statistically significant differ-
ences between controls and patients, 
insulin (9.8±6.5 vs. 13.0±13.4 U/ml, 
p=0.007) and C peptide serum lev-
els (1.53±0.77 vs. 3.37±2.94 ng/ml, 
p=0.000) were found to be upregulated 
in RA patients. These differences were 
still present after multivariate adjust-
ment, including glucocorticoid intake. 
Amylin serum levels were higher in 
patients with RA than in controls in 
the univariate analysis (1.79±1.51 vs. 
1.36±0.81, p=0.011). However, in the 
multivariate regression analysis, which 
included glucocorticoid intake, the as-
sociation with RA was lost (Table II). 
Similarly, an amylin/insulin ratio com-
parison between patients and controls 
was out of the range of significance.

Univariate relation of inflammatory 
markers, disease-related data, and 
disease activity scores with amylin
The associations between laboratory 
markers, disease activity and therapy 
with amylin are shown in Table III. CRP 

Table I. Demographics, laboratory data and disease-related characteristics of RA patients 
and controls.

	 Controls	 AR	 p
	 (n=210)	 (n=151)	
	
Age, years	 58	±	9	 53	±	11	 0.000
Female, n (%)	 148	 (70)	 120	 (79)	 0.052
Body mass index, kg/m2	 28	±	5	 28	±	5	 0.78
Waist circumference, cm	 92	±	14	 96	±	13	 0.015

Cardiovascular risk factors	 	 	   
Smoking, n (%)	 42	 (20)	 26	 (17)	 0.51
Hypertension, n (%)	 58	 (27)	 45	 (30)	 0.65
Dyslipidaemia, n (%)	 33	 (15)	 54	 (36)	 0.000
Diabetes, n (%)	 0	 (0)	 0	 (0)	 -

Medication	 	 	   
Statins	 14	 (6)	 43	 (28)	 0.000
Antihypertensive treatment	 35	 (16)	 45	 (30)	 0.003

Laboratory data	 	 	   
CRP, mg/dL	 1.0	 (1.0-3.0)	 3.2	 (1.5-5.8)	 0.000
ESR, mm/hour	 10	±	8	 34 	±	22	 0.000
Triglycerides, mg/dL	 104	±	50	 144	±	92	 0.000
HDL-C, mg/dL	 63	±	18	 56	±	15	 0.000
LDL-C, mg/dL	 135	±	34	 121	±	31	 0.000
Total Cholesterol, mg/dL	 219	±	37	 206	±	36	 0.001
Lipoprotein A, mg/dL	 16	 (9-39)	 35	 (11-121)	 0.000
Apolipoprotein A1, mg/dL	 191	±	35	 170	±	28	 0.000
Apolipoprotein B, mg/dL	 102	±	24	 110	±	63	 0.11
ApoB:ApoA ratio	 0.55	±	0.16	 0.66	±	0.30	 0.000
Atherogenic index	 3.7	±	4.0	 4.0	±	3.6	 0.10

Disease-related data	 	 	   
Disease duration, years		  6.6	 (3.3-13.9)	
ACPA, n (%)		  89	 (59)	
Rheumatoid factor, n (%)		  109	 (72)	
Erosions, n (%)		  55	 (36)	
Extrarticular manifestations, n (%)		  16	 (11)	
DAS 28-ESR				    3.7	±	1.2	
DAS 28-CRP				    2.9	±	1.0	
SDAI	 13	 (8-21)	
CDAI	 81	 (33-108)	
HAQ	 0.630	 (0.380-1.130)	
Current prednisone, n (%)	 57	 (38)	
Prednisone current doses, mg/day	 5	 (5-6)	
NSAIDs. n (%)	 69	 (46)	
DMARDs, n (%)	 129	 (85)	
Methotrexate, n (%)	 113	 (75)	
Biologic drugs, n (%)	 35	 (23)	
Anti-TNF alpha drugs, n (%)	  20	 (13)	 

Data expressed as mean (± standard deviation) or median (interquartile range). Dichotomous variables 
are expressed as n and percentage. DAS28: Disease Activity Score. ACPA: Anti-citrullinated peptide/
protein antibody; DMARDs: Disease-modifying Antirheumatic Drug; ESR: erythrocyte sedimenta-
tion rate; CRP: C reactive protein; HAQ: Health Assessment Questionnaire; SDAI: Simple Disease 
Activity Index; CDAI: Clinical Disease Activity Index;	 HDL-C: high-density cholesterol lipoprotein;  
LDL-C: low-density cholesterol lipoprotein; NSAIDs: non-steroidal anti-inflammatory drugs; TNF: 
tumour necrosis factor.	
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tended to be associated with amylin 
(beta coef. 0.01 [95%CI -0.00-0.01], 
p=0.07). DAS28 was not related with 
amylin serum levels (this association 
was not found either using categorised 
DAS28). No statistically significant as-
sociation of ACPA or rheumatoid fac-
tor with amylin was found. Amylin was 
associated with SDAI (beta coef. 0.01 
[95%CI 0.00-0.03], p=0.034) but not 
with other disease activity scores. 
Glucocorticoids intake was positively 
associated with insulin (beta coef. 
2.56 [95%CI -0.31-5.42], p=0.080), C-

peptide (beta coef. 1.69 [95%CI 1.09-
2.28], p=0.000), HOMA-IR (beta coef. 
0.34 [95%CI -0.02-0.70], p=0.067] 
and HOMA2-%B-C peptide (beta coef. 
51 [95%CI 31-70], p=0.000). How-
ever, this relation was not found with 
amylin. Methotrexate, TNF-alpha in-
hibitors, and others non-TNF biologic 
agents use were not related to glu-
cose homeostasis molecules includ-
ing amylin. Furthermore, the group of 
DMARDs including methotrexate, and 
the whole group of biologic therapies, 
did not disclose relation with amylin.

Other data showing the relations of in-
flammatory markers and disease activi-
ty scores with insulin, C-peptide serum 
levels and HOMA indexes are shown 
in Table III.

Discussion
In the present study we assessed, for 
the first time, amylin in a large series 
of patients with RA. Amylin was not 
related to disease characteristics. Our 
data indicate that the mechanisms un-
derlying IR in RA may be different 
from those involved in type 2 diabetes, 
where amylin plays a central role.
Our data regarding IR levels in RA are 
in agreement with previous studies. In 
this regard, higher insulin, C peptide 
serum levels and HOMA2 indexes 
have been described in patients with 
RA (9, 10, 14). In fact, the degree to 
which the levels of these molecules and 
indexes are abnormal is proportional to 
the severity of the inflammatory bur-
den; this holds true for other inflam-
matory chronic diseases as well (28). 
Our data concerning cholesterol levels 
reduction in patients with RA is also in 
agreement with previous knowledge 
regarding differences in lipid profile in 
these patients (29). 
Previous studies assessing insulin sen-
sitivity and β-cell function in RA have 
relied predominantly on fasting param-
eters, such as HOMA. Although these 
model-derived indexes have been well 
validated, they do not account for the 

Table II. Differences in carbohydrate metabolism molecules, including amylin, and insulin 
resistance indices between RA patients and controls.	 	
				  
			   Univariate	 Adjusted	 Adjusted
			   model	 model	 model + GC
	 Controls	 Rheumatoid arthritis	 p	 p	 p
	 (n=210)	 (n=151)	 	 	   

Glucose, mg/dL	 90	±	10	 88	±	19	 0.21	 0.37	 0.71
Insulin, U/mL	 9.8	±	6.5	 13.0	±	13.4	 0.007	 0.037	 0.046
C-peptide, ng/mL	 1.53	±	0.77	 3.37	±	2.94	 0.000	 0.000	 0.000
Amylin, ng/mL	 1.36	±	8.81	 1.79	±	1.51	 0.011	 0.96	 0.46
Amylin:insulin ratio	 0.18	±	0.14 	 0.24	±	0.27	 0.051	 0.39	 0.09

HOMA2 insulin	 	 	 	 	     
HOMA2-IR	 1.27	±	0.82	 1.65	±	1.69	 0.011	 0.036	 0.054
HOMA2-%S	 108	±	75	 105	±	53	 0.65	 0.019	 0.006
HOMA2-%B	 111	±	45	 134	±	69	 0.000	 0.33	 0.14

HOMA2 C-peptide	 	 	 	    
HOMA2-IR	 1.13	±	0.58	 2.49	±	2.35	 0.000	 0.000	 0.000
HOMA2-%S	 115	±	75	 67	±	41	 0.000	 0.000	 0.000
HOMA2-%B	 104	±	36	 180	±	82	 0.000	 0.000	 0.000

HOMA: Homeostasis Model Assessment, IR: insulin resistance; %S insulin sensitivity;	 %B: beta cell 
production; GC: glucocorticoids.						    
Adjusted model for age, sex, waist circumference, dyslipidaemia, statins,	 anti-hypertensive treatment, 
and CRP and cholesterol levels.		Analytical data represent the unadjusted values.		

Table III. Inflammatory markers, disease-related data, and disease activity scores: univariate relation with insulin and C-peptide serum 
levels, HOMA indices and amylin.

	 beta coefficient (95% confidence interval), p 

	 Insulin, U/mL	 C-peptide, ng/mL	 Amylin, ng/mL	 HOMA2-IR insulin	 HOMA2-%B C peptide

CRP, mg/dL	 0.02 (-0.05-0.08), 0.61	 0.01 (-0.02-0.03), 0.09	 0.01 (-0.00-0.01), 0.07	 0.00 (-0.01-0.01), 0.61	 0.54 (0.16-0.96), 0.013
ESR, mm/hour	 -0.01 (-0.10-0.09), 0.88	 0.00 (-0.02-0.03), 0.67	 -0.00 (-0.02-0.01), 0.76	 -0.00 (-0.01-0.01), 0.90	 0.08 (-0.50-0.66), 0.79
Disease duration, years	 -0.03 (-0.27-0.20), 0.78	 0.01 (-0.05-0.06), 0.82	 0.02 (-0.02-0.05), 0.37	 -0.00 (-0.03-0.03), 0.82	 -0.51 (-1.95-0.94), 0.49
ACPA	 -4.57 (-9.09--0.04), 0.048	 -1.11 (-2.10--0.11), 0.029	 0.11 (-0.54-0.76), 0.73	 -0.57 (-1.14-0.01), 0.053	 -32.23 (-60.02--4.44), 0.023
Rheumatoid factor	 -1.41 (-6.45-3.63), 0.58	 -0.10 (-1.21-1.01), 0.85	 0.90 (-0.23-1.56), 0.009	 -0.13 (-0.77-0.50), 0.68	 -18.37 (-49.31-12.57), 0.24
DAS 28-ESR	 -0.49 (-2.32-1.35), 0.60	 -0.01 (-0.41-0.40), 0.98	 -0.02 (-0.30-0.27), 0.91	 -0.06 (-0.29-0.18), 0.64	 -0.79 (-12.11-10.53), 0.89
DAS 28-CRP	 -0.22 (-2.43-2.00), 0.85	 0.08 (-0.41-0.57), 0.75	 0.06 (-0.28-0.40), 0.72	 -0.02 (-0.30-0.26), 0.88	 3.33 (-10.31-16.97), 0.63
SDAI	 -0.01 (-0.11-0.10), 0.92	 0.00 (-0.02-0.03), 0.72	 0.01 (0.00-0.03), 0.034	 -0.00 (-0.01-0.01), 0.91	 0.34 (-0.32-0.99), 0.31
CDAI	 0.01 (-0.04-0.05), 0.73	 0.00 (-0.01-0.01), 0.41	 0.00 (-0.01-0.01), 0.90	 0.00 (-0.01-0.01), 0.72	 0.12 (-0.16-0.39), 0.41
Glucocorticoids intake	 2.56 (-0.31-5.42), 0.080	 1.69 (1.09-2.28), 0.000	 0.11 (-0.30-0.52), 0.59	 0.34 (-0.02-0.70), 0.067	 51 (31-70), 0.000
Methotrexate	 -9.9 (-44-25), 0.57	 -0.11 (-0.47-0.25), 0.55	 0.59 (-0.14-1.31), 0.11	 -0.19 (-0.82-0.44), 0.55	 -5 (-36-25), 0.73
Anti-TNF-alpha drugs	 28 (-16-72), 0.21	 0.21 (-0.26-0.67), 0.39	 0.10 (-0.87-1.06), 0.84	 0.54 (-0.27-1.34), 0.19	 -12 (-51-27), 0.55

ACPA: Anti-citrullinated peptide / protein antibody; TNF: tumour necrosis factor; GC: glucocorticoids;	 ESR: erythrocyte sedimentation rate; CRP: C-reac-
tive protein. DAS28: Disease Activity Score;	 SDAI: Simple Disease Activity Index; CDAI: Clinical Disease Activity Index; HOMA: Homeostasis 
Model Assessment, HOMA2-IR: calculated with insulin, HOMA2-%B: beta cell production calculated with C peptide.		
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differences observed in hepatic and 
peripheral insulin sensitivity or for in-
sulin secretion. Intact and split proinsu-
lin have been found to be upregulated 
in patients with RA (10), indicating 
that disproportionate hyperproinsuli-
naemia is present in RA a reflection 
of β-cell dysfunction. In this report, 
disproportionate hyperproinsulinae-
mia was observed in patients with RA 
after multivariable analysis, including 
glucocorticoids. However, we did not 
find hyperamylinaemia in patients with 
RA after multivariable analysis. Taking 
this in account, it is possible that amylin 
plays no role in the development of IR 
in RA. Therefore, we believed that the 
pathophysiological pathways related to 
amyloid deposit may not be preponder-
ant in the mechanisms leading to IR in 
RA. 
In the univariate analysis, we found a 
positive relation of amylin serum lev-
els with SDAI and rheumatoid factor. 
In addition, we noted a positive trend 
in the relation with CRP, although sta-
tistical significance was not reached. 
This relation with disease activity was 
not observed for the other disease ac-
tivity scores. This trend for a relation 
with CRP is consistent with a recent 
report (6) in which plasma amylin con-
centrations were positively associated 
with CRP, IL-6, BMI, waist circumfer-
ence, blood pressure, fasting glucose, 
insulin, amylin/insulin ratio, HOMA-
IR, LDL cholesterol and triglycerides, 
while being negatively associated with 
HDL cholesterol. In this report, after 
multiple adjustments, the risk of meta-
bolic syndrome was significantly high-
er (odds ratio 3.71 [95%CI 2.53–5.46]) 
in comparisons between the highest 
and lowest amylin quartiles. The asso-
ciation remained significant even fur-
ther controlling for BMI, inflammatory 
markers, insulin or HOMA-IR (6).
To the best of our knowledge, our study 
is the first in the literature to assess am-
ylin in a chronic inflammatory disease. 
Remarkably, in our series, although 
insulin, C peptide serum levels and 
HOMA2 indices were higher in patients 
treated with prednisone, this was not 
the case with amylin. It is believed that 
glucocorticoids induce an increase in 
hepatic glucose production and periph-

eral resistance to insulin action, though 
it is not known if the mechanisms in-
volved in glucocorticoid-related IR 
include a defect in β-cell secretion. In 
fact, the role of hepatic insulin extrac-
tion in humans treated long-term with 
glucocorticoids has not been investi-
gated. The effect of dexamethasone on 
beta cell secretion and amylin has only 
been addressed in a single study (30). 
In this report, frequently sampled intra-
venous and oral glucose tolerance tests 
were performed in healthy subjects 
before and after 5 days of oral dexa-
methasone administration (4 mg/day). 
An increase in overall beta-cell activity 
was observed during both tests based 
on analysis of oral glucose tolerance 
test profiles of amylin, the secretion of 
which was higher following glucocor-
ticoid treatment. Our results, however, 
do not go in the same direction. We be-
lieve that the effects of short-term use 
of dexamethasone is not equivalent to 
those driven by prolonged use of low 
doses of glucocorticoids. Our findings 
suggest that amylin is not involved in 
the IR induced by glucocorticoids, in 
which a peripheral phenomenon versus 
a direct β-cell dysfunction or a defect 
in secretion has previously been sug-
gested. However, glucocorticoids exert 
pleiotropic metabolic effects that may 
be difficult to interpret in a chronic 
inflammatory disease setting, such as 
RA. For this reason, future studies are 
needed to clarify the relation of gluco-
corticoids with amylin.
In conclusion, we have assessed for the 
first time how amylin is related to IR 
in a large population of patients with 
RA. Our finding that amylin, a critical 
molecule involved in type 2 diabetes, is 
not implicated in the IR of RA patients 
may well support the contention that 
IR in inflammatory arthritis may be 
due to a peripheral mechanism related 
to inflammation and not stem from a 
mechanism whereby β-cell secretion 
of amylin is disrupted. 

Authors’ contributions
IFA and MAGG had full access to all 
of the data in the study and take re-
sponsibility for the integrity of the data 
and the accuracy of the data analysis. 
IFA and MAGG conceived and de-

signed the study. BTS, AdVG, BU, 
RLM, JMO, JLH, and IFA acquired the 
data. BTS, AdVG, BU, RLM, JMO, 
JLH, MAGG, and IFA analysed and 
interpreted the data. All authors were 
involved in drafting the manuscript or 
critically revising it for important intel-
lectual content. All authors read and 
approved the final manuscript.

References
  1.	PITTNER RA, ALBRANDT K, BEAUMONT K et 

al.: Molecular physiology of amylin. J Cell 
Biochem 1994; 55 Suppl: 19-28.

  2.	KRAMPERT M, BERNHAGEN J, SCHMUCKER 
J et al.: Amyloidogenicity of recombinant 
human pro-islet amyloid polypeptide (ProI-
APP). Chem Biol 2000; 7: 855-71.

  3.	MARZBAN L, RHODES CJ, STEINER DF, 
HAATAJA L, HALBAN PA, VERCHERE CB: 
Impaired NH2-terminal processing of human 
proislet amyloid polypeptide by the prohor-
mone convertase PC2 leads to amyloid for-
mation and cell death. Diabetes 2006; 55: 
2192-201.

  4.	SANKE T, HANABUSA T, NAKANO Y et al.: 
Plasma islet amyloid polypeptide (Amylin) 
levels and their responses to oral glucose in 
type 2 (non-insulin-dependent) diabetic pa-
tients. Diabetologia 1991; 34: 129-32.

  5.	JAMES S, MORALEZ J, NAGAMANI M:          
Increased secretion of amylin in women 
with polycystic ovary syndrome. Fertil Steril 
2010; 94: 211-5.

  6.	HOU X, SUN L, LI Z et al.: Associations of 
amylin with inflammatory markers and met-
abolic syndrome in apparently healthy Chi-
nese. PLoS One 2011; 6: e24815.

  7.	HAYDEN MR: Islet amyloid, metabolic syn-
drome, and the natural progressive history of 
type 2 diabetes mellitus. JOP 2002; 3: 126-
38.

  8.	FERRAZ AMARO I, DIAZ GONZALEZ F, GON-
ZALEZ JUANATEY C, GONZALEZ GAY MA: 
[Insulin resistance and rheumatoid arthritis]. 
Reumatol Clin 2011; 7: 124-9.

  9.	FERRAZ-AMARO I, GONZALEZ-JUANATEY 
C, LOPEZ-MEJIAS R, RIANCHO-ZARRABEI-
TIA L, GONZALEZ-GAY MA: Metabolic syn-
drome in rheumatoid arthritis. Mediators 
Inflamm 2013; 2013: 710928.

10.	FERRAZ-AMARO I, GARCIA-DOPICO JA, 
MEDINA-VEGA L, GONZALEZ-GAY MA, 
DIAZ-GONZALEZ F: Impaired beta cell func-
tion is present in nondiabetic rheumatoid ar-
thritis patients. Arthritis Res Ther 2013; 15: 
R17.

11.	DESSEIN PH, JOFFE BI: Insulin resistance and 
impaired beta cell function in rheumatoid ar-
thritis. Arthritis Rheum 2006; 54: 2765-75.

12.	TILG H, MOSCHEN AR: Inflammatory mecha-
nisms in the regulation of insulin resistance. 
Mol Med 2008; 14: 222-31.

13.	RODRIGUEZ LA, TOLOSA LB, RUIGOMEZ A, 
JOHANSSON S, WALLANDER MA: Rheuma-
toid arthritis in UK primary care: incidence 
and prior morbidity. Scand J Rheumatol 
2009; 38: 173-7.

14.	BURSKA AN, SAKTHISWARY R, SATTAR N: 



427Clinical and Experimental Rheumatology 2018

Amylin in RA / I. Ferraz-Amaro et al.

Effects of tumour necrosis factor antagonists 
on insulin sensitivity/resistance in rheuma-
toid arthritis: a systematic review and meta-
analysis. PLoS One 2015; 10: e0128889.

15.	van den HOEK J, ROORDA LD, BOSHUIZEN 
HC et al.: Trend in and predictors for cardio-
vascular mortality in patients with rheuma-
toid arthritis over a period of 15 years: a pro-
spective cohort study. Clin Exp Rheumatol 
2016; 34: 813-9.

16.	ALETAHA D, NEOGI T, SILMAN AJ et al.: 
2010 rheumatoid arthritis classification crite-
ria: an American College of Rheumatology/
European League Against Rheumatism col-
laborative initiative. Ann Rheum Dis 2010; 
69: 1580-8.

17.	PINA T, ARMESTO S, LOPEZ-MEJIAS R et al.: 
Anti-TNF-alpha therapy improves insulin 
sensitivity in non-diabetic patients with pso-
riasis: a 6-month prospective study. J Eur 
Acad Dermatol Venereol 2015; 29: 1325-30.

18.	MIRANDA-FILLOY JA, LLORCA J, CAR-
NERO-LOPEZ B, GONZALEZ-JUANATEY C, 
BLANCO R, GONZALEZ-GAY MA: TNF-alpha 
antagonist therapy improves insulin sensi-
tivity in non-diabetic ankylosing spondylitis         
patients. Clin Exp Rheumatol 2012; 30: 850-
5.

19.	GONZALEZ-GAY MA, De MATIAS JM, GON-

ZALEZ-JUANATEY C et al.: Anti-tumor ne-
crosis factor-alpha blockade improves in-
sulin resistance in patients with rheumatoid 
arthritis. Clin Exp Rheumatol 2006; 24: 83-6.

20.	HERNANDEZ JL, OLMOS JM, PARIENTE E et 
al.: Metabolic syndrome and bone metabo-
lism: the Camargo Cohort study. Menopause 
2010; 17: 955-61.

21.	OLMOS JM, HERNANDEZ JL, MARTINEZ J et 
al.: Bone turnover markers and bone min-
eral density in hypertensive postmenopausal 
women on treatment. Maturitas 2010; 65: 
396-402.

22.	PREVOO ML, van ‘t HOF MA, KUPER HH, van 
LEEUWEN MA, van de PUTTE LB, van RIEL 
PL: Modified disease activity scores that 
include twenty-eight-joint counts. Develop-
ment and validation in a prospective longi-
tudinal study of patients with rheumatoid 
arthritis. Arthritis Rheum 1995; 38: 44-8.

23.	PINCUS T, SWEARINGEN C, WOLFE F:           
Toward a multidimensional Health Assess-
ment Questionnaire (MDHAQ): assessment 
of advanced activities of daily living and 
psychological status in the patient-friendly 
health assessment questionnaire format.    
Arthritis Rheum 1999; 42: 2220-30.

24.	ALETAHA D, SMOLEN J: The Simplified Dis-
ease Activity Index (SDAI) and the Clinical 

Disease Activity Index (CDAI): a review of 
their usefulness and validity in rheumatoid 
arthritis. Clin Exp Rheumatol 2005; 23 (Sup-
pl. 39): S100-8.

25.	SMOLEN JS, BREEDVELD FC, SCHIFF MH 
et al.: A simplified disease activity index for 
rheumatoid arthritis for use in clinical practice. 
Rheumatology (Oxford) 2003; 42: 244-57.

26.	LEVY JC, MATTHEWS DR, HERMANS MP: 
Correct homeostasis model assessment 
(HOMA) evaluation uses the computer pro-
gram. Diabetes Care 1998; 21: 2191-2.

27.	WALLACE TM, LEVY JC, MATTHEWS DR: 
Use and abuse of HOMA modeling. Diabetes 
Care 2004; 27: 1487-95.

28.	BREGENZER N, HARTMANN A, STRAUCH U, 
SCHOLMERICH J, ANDUS T, BOLLHEIMER 
LC: Increased insulin resistance and beta 
cell activity in patients with Crohn’s disease.     
Inflamm Bowel Dis 2006; 12: 53-6.

29.	GONZALEZ-GAY MA, GONZALEZ-JUANA-
TEY C: Inflammation and lipid profile in 
rheumatoid arthritis: bridging an apparent 
paradox. Ann Rheum Dis 2014; 73: 1281-3.

30.	KAUTZKY-WILLER A, THOMASETH K, CLO-
DI M et al.: Beta-cell activity and hepatic 
insulin extraction following dexamethasone 
administration in healthy subjects. Metabo-
lism 1996; 45: 486-91.


