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Relationship Between Insulin Sensitivity and β-Cell
Secretion in Nondiabetic Subjects with Rheumatoid
Arthritis 
Beatriz Tejera-Segura, Raquel López-Mejías, Antonia M. de Vera-González, 
Alejandro Jiménez-Sosa, José M. Olmos, José L. Hernández, Javier Llorca, 
Miguel A. González-Gay, and Iván Ferraz-Amaro

ABSTRACT. Objective. In nondiabetic healthy individuals, insulin secretion and sensitivity are linked by a negative
feedback loop characterized by a hyperbolic function. We aimed to study the association of traditional
insulin resistance (IR) factors with insulin secretion and sensitivity, and to determine whether the
hyperbolic equilibrium of this relation is preserved in patients with rheumatoid arthritis (RA).
Methods. This was a cross-sectional study encompassing 361 nondiabetic individuals: 151 with RA
and 210 controls. Insulin, C-peptide, and IR indices by homeostatic model (HOMA2) were assessed.
A multivariable analysis was performed to evaluate the differences in the correlation of traditional
IR-related factors with glucose homeostasis molecules, as well as IR indices between patients and
controls. Nonlinear regression analysis was used to assess the hyperbolic relation of insulin sensitivity
and secretion.
Results.HOMA2-IR indices were higher in patients with RA than controls. Hepatic insulin extraction,
as assessed by the insulin:C-peptide molar ratio, was lower in patients with RA after multivariable
analysis (0.08 ± 0.02 vs 0.14 ± 0.07, p < 0.001). Traditional IR-related factors showed significantly
lower adjusted correlation coefficients with IR indices in patients with RA. The association between
insulin sensitivity and secretion showed a different hyperbolic relation in patients with RA: the
variability explained by the curve was lower in RA (nonlinear r2 = 0.845 vs r2 = 0.928, p = 0.001) and
β coefficients (–0.74, 95% CI –0.77 to –0.70 vs –1.09, 95% CI –1.17 to –1.02, ng/ml, p < 0.001) were
different in RA. 
Conclusion. The traditional factors associated with IR in healthy individuals are less related to IR in
patients with RA. Insulin sensitivity and secretion yield a different hyperbolic equilibrium in RA. 
(First Release October 1 2018; J Rheumatol 2019;46:229–36; doi:10.3899/jrheum.180198)
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The relationship between glucose and insulin in the basal
state reflects the balance between hepatic glucose output and
insulin secretion, which is maintained by a feedback loop
between the liver and β-cells. It has been postulated1,2 that
this relationship is hyperbolic (i.e., the product of insulin
sensitivity and insulin secretion is a constant). Therefore,
insulin sensitivity and insulin secretion are linked by a
negative feedback loop. In this regard, when an individual
becomes more insulin resistant, the β-cell function is
enhanced. A likely consequence of this interaction is that the
magnitude of the change in the β-cell response accompanying
a change in insulin sensitivity would depend on the initial
degree of insulin sensitivity. Thus, in subjects with marked
insulin resistance (IR), additional small changes in insulin
sensitivity would produce large changes in insulin levels,
whereas in very sensitive subjects, large changes in sensi-
tivity would be associated with small changes in insulin
concentrations. In the progression from normal glucose
tolerance to impaired glucose tolerance, this compensatory
mechanism seems to weaken over the short term until
eventually deteriorating, thereby compromising β-cell
compensation for ambient insulin resistance, leading to overt
β-cell failure, and finally, the onset of type 2 diabetes3.
    The elevation in basal insulin levels is a well-documented
manifestation of IR. The condition exists when insulin levels
are higher than expected relative to the level of glucose4.
Although some reports have not found this association5,6, an
increased prevalence of IR has been observed in patients with
rheumatoid arthritis (RA)7,8,9,10,11, whereby high-grade
systemic inflammation is thought to be implicated in the
development of IR. However, although the phenomenon of
compensatory hyperinsulinemia is known to exist in RA, the
quantitative nature of the relationship between insulin sensi-
tivity and insulin secretion in subjects with RA has not been
studied, to our knowledge. To accomplish these goals, we
analyzed data from a large number of patients with RA and
healthy subjects. We hypothesized that in RA, a recognized
IR state, the relationship between insulin secretion and sensi-
tivity would be manifestly different compared to healthy
subjects.

MATERIALS AND METHODS
Study participants. This was a cross-sectional study that included 361 white
nondiabetic individuals, 151 patients with RA, and 210 controls. All patients
with RA were at least 18 years old and fulfilled the 2010 American College
of Rheumatology/European League Against Rheumatism diagnostic
criteria12. They had been diagnosed by rheumatologists and were periodi-
cally followed up at rheumatology outpatient clinics. For the purpose of
inclusion in our present study, RA disease duration was required to be ≥ 1
year. Although anti–tumor necrosis (TNF)-α treatment has been associated
with changes in insulin resistance7,13,14,15, patients with RA undergoing
TNF-α antagonist therapy were not excluded from our study. The control
group consisted of patients recruited from the Spanish Camargo Cohort16,17.
This cohort spanned the time from February 2006 to February 2011, and
enrolled individuals have been followed ever since. The aim of our study
was to evaluate the prevalence and incidence of metabolic bone diseases and
mineral metabolism disorders. Patients and controls with diabetes mellitus

were not included. Therefore, none of the patients or controls was receiving
glucose-lowering drugs or insulin therapy. All patients and controls had a
glycemia level < 7 mmol/l. Patients and controls were excluded if they had
a history of myocardial infarction, angina, stroke, a glomerular filtration rate
< 60 ml/min/1.73 m2, a history of cancer, or any other chronic diseases or
evidence of infection. None of the controls was receiving glucocorticoids.
However, because they are often used in the management of RA, patients
taking prednisone, or an equivalent dose ≤ 10 mg/day, were not excluded.
The study protocol was approved by the institutional review committee at
Hospital Universitario de Canarias and Hospital Universitario Marqués de
Valdecilla (both in Spain), and all subjects provided written informed
consent (IRB approval number: 2015-34).
Data collection. Surveys of patients with RA and controls were performed
in the same way. Subjects completed a cardiovascular risk factor and
medication use questionnaire and underwent a physical examination to
determine their anthropometric measures and blood pressure. Medical
records were reviewed to ascertain specific diagnoses and medications. Waist
circumference was measured at the intermediate circumference between the
rib cage and the iliac crest while the subject was in a standing position.
Hypertension (HTN) was defined as a systolic or a diastolic blood pressure
< 140 and 90 mmHg, respectively. Dyslipidemia was defined if one of the
following was present: total cholesterol > 200 mg/dl, triglyceride > 150
mg/dl, high-density lipoprotein (HDL) cholesterol < 40 in men or < 50 mg/dl
in women, or low-density lipoprotein cholesterol > 130 mg/dl. In patients
with RA, disease activity was measured using the 28-joint count Disease
Activity Score (DAS28)18, while disease disability was determined using
the Health Assessment Questionnaire19. In addition, Clinical Disease
Activity Index20 and the Simple Disease Activity Index21 scores for RA
disease activity were also performed as previously described.
Assessments. The homeostatic model assessment (HOMA) was performed
to determine IR; specifically, in this study we used HOMA2: the updated
computer HOMA model22,23. Briefly, this method consists of a structural
computer model of the glucose-insulin feedback system in a homeostatic
(overnight-fasted) state. The model was composed of a number of nonlinear
empirical equations (one that precluded an exact algebraic solution), which
describe the functions of organs and tissues involved in glucose regulation.
This model can be used to determine insulin sensitivity (%S) and β-cell
function (%β) from paired fasting plasma glucose and specific insulin, or
C-peptide concentrations across a range of 1–2200 pmol/l for insulin and
1–25 mmol/l for glucose. In our study, we used C-peptide to calculate β-cell
function, because the former is a marker of secretion. In addition, we used
insulin data to calculate %S (because HOMA-%S is derived from glucose
disposal as a function of insulin concentration). 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 in
serum. Standard techniques were used to measure in-serum plasma glucose,
C-reactive protein (CRP), Westergren erythrocyte sedimentation rate (ESR),
and lipids. Blood collected from all the participants by means of
venipuncture was stored at 4°C for < 4 h, centrifuged, and subsequently
serum was removed and stored at –80°C.
Statistical analysis. Demographic and clinical characteristics between
patients with RA and controls were compared using chi-square tests for
categorical variables or Student t test for continuous variables (data
expressed as the mean ± SD). For non-normally distributed continuous
variables, either a Mann-Whitney U test was performed or a logarithmic
transformation was made and data were expressed as a median (interquartile
range). Differences in glucose homeostasis metabolism molecules and
HOMA indices were studied by 3 different multivariable linear regression
models: a univariate unadjusted model; a second model adjusted for those
variables with a p value < 0.20 in differences between patients and controls
(age, sex, waist circumference, dyslipidemia, statins, antihypertensive
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treatment, and CRP and cholesterol levels); and third, a model adding gluco-
corticoid intake as a binary variable and adjusted for the same variables
described before. Additionally, to further control potential confounding
effects, we obtained a propensity score using as independent variables age,
sex, waist circumference, dyslipidemia, statins, antihypertensive treatment,
CRP and cholesterol levels, and glucocorticoid intake; and group (control
vs patients with RA) as dependent variable. Residuals distribution was tested
and normality was confirmed in all the multivariate models. Correlations
between variables were studied through Pearson’s correlation coefficient.
Fisher r-to-z transformation was assessed to study the differences in
Pearson’s correlation coefficients between patients and controls. Nonlinear
regression was used to study the relationship between insulin sensitivity
(HOMA2-%S) and insulin secretion (C-peptide), also adjusted for age, sex,
waist circumference, dyslipidemia, statins, antihypertensive treatment, and
CRP and cholesterol levels, and glucocorticoid intake. For all analyses, we
used a 5% two-sided significance level, and all analyses were performed
using IBM SPSS Statistics version 21 software (IBM), STATA version 13/SE
software (StataCorp), and Statgraphics Centurion XVII version 17.2.0
(StatPoint Technologies). A p value < 0.05 was considered statistically
significant.

RESULTS
Demographic, laboratory, and disease-related data. A total
of 361 participants (151 patients with RA and 210 controls),
with a mean (± SD) age of 53 ± 11 and 58 ± 9 years, respec-
tively, were included in our study. The demographic and
disease-related characteristics of the participants are shown
in Table 1. There were no differences between patients and
controls regarding body mass index (BMI). However, waist
circumference was found to be higher in patients compared
to controls (96 ± 13 vs 92 ± 14, p = 0.015). Although the
presence of HTN was no different between controls and
patients, dyslipidemia was found to be less frequent in
patients with RA. In this sense, patients with RA displayed,
in general, lower levels of lipid metabolism molecules. In
contrast, triglycerides, lipoprotein A, and apolipoprotein B
were found to be higher in patients with RA (Table 1). 
    As expected, the assessment of ESR and CRP revealed
statistically significantly higher levels in patients with RA
than in controls. Patients from our series had moderate-active
disease as shown by DAS28 (3.7 ± 1.2), and 57 (38%) were
taking prednisone [a median dose of 5, interquartile range
(IQR) 5–6 mg/day]. Disease duration was 6.6 years (IQR
3.3–13.9), and 59% and 72%, respectively, were positive for
both the anticitrullinated protein antibodies and rheumatoid
factor. In addition, while 85% of the patients were taking
disease-modifying antirheumatic drugs, 23% were receiving
biologic therapies (13% of them anti–TNF-α agents).
Differences in carbohydrate metabolism molecules and IR
indices between patients with RA and controls. HOMA2-IR
indices, calculated with both insulin and C-peptide, were
different between patients and controls (Table 2).
HOMA2-%S was lower in patients with RA than in controls
after adjusting for traditional IR-related factors and
prednisone intake (105 ± 53 vs 108 ± 75, p = 0.003). Simi-
larly, HOMA2-IR (1.65 ± 1.69 vs 1.27 ± 0.82, p = 0.011) and
HOMA2-%β (134 ± 69 vs 111 ± 45, p < 0.001) were found

to be higher in patients with RA in the univariate analysis.
However, these differences were lost after adjusting for
covariates. 
    When HOMA2 indices were calculated using C-peptide,
the differences between patients with RA and controls were
greater. In this regard, all comparisons showed higher
HOMA2-IR and HOMA2-%β indices and lower HOMA2-%S
in patients with RA even after multivariate analysis (Table 2).
    Whereas glucose serum levels did not achieve statistically
significant differences between controls and patients, insulin
(13.0 ± 13.4 vs 9.8 ± 6.5 u/ml, p = 0.079) and C-peptide
serum levels (3.37 ± 2.94 vs 1.53 ± 0.77 ng/ml, p < 0.001)
were found to be upregulated in patients with RA. Moreover,
the insulin to C-peptide ratio was lower in patients with RA,
even in the multivariable analysis (0.08 ± 0.02 vs 0.14 ± 0.07,
p < 0.001). These differences were still present after multi-
variate adjustment by glucocorticoid intake.
    Propensity score–based method analysis to further study
these differences disclosed similar statistically significant
results.
Differences in the relationship of traditional IR factors with
insulin, C-peptide, and IR indices in RA and healthy popula-
tions. Traditional IR-related factors strongly correlated with
glucose, insulin, C-peptide, HOMA2-IR, and HOMA2-%β
in both patients with RA and controls (Table 3). However,
Pearson’s correlation coefficients were, in general, lower in
patients with RA. This shows that the variability in glucose
homeostasis molecules or IR indices had a weaker associ-
ation with traditional IR-related factors in patients with RA.
Regarding this, the relationship of waist circumference with
glucose, C-peptide, and IR indices disclosed statistically
significant lower correlation coefficients in patients with RA
than in controls. The associations of BMI with glucose,
insulin, C-peptide, and both HOMA2-%β and HOMA2-IR
were also weaker in patients. Regarding lipid profiles,
triglycerides (a factor strongly associated with IR) were
significantly less related to glucose in patients with RA.
Moreover, HDL cholesterol was negatively and less related
to glucose, C-peptide, and HOMA2-%β index in patients
with RA than in controls. 
    Interestingly, although CRP was significantly and
positively associated with glucose, insulin, C-peptide, and
HOMA2 indices in controls, as well as with HOMA2-%β in
patients with RA, statistical analysis revealed a significant
difference between patients and controls, showing a lower
correlation in patients. 
    All these comparisons were performed with the predictive
data obtained following adjustments for age, sex, waist
circumference, dyslipidemia, statins, antihypertensive treat-
ment, CRP, cholesterol levels, and glucocorticoid intake. An
extended version of Table 3 is shown in Supplementary Table
1, available with the online version of this article.
Differences in the correlations of glucose, insulin, C-peptide,
and IR indices between patients and controls. Linear relations
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between glucose homeostasis molecules (glucose, insulin,
and C-peptide) and HOMA2 indices were studied in patients
with RA and controls (Table 4). As expected, all the corre-
lation coefficients between molecules and indices showed
high values that reached statistical significance. However,
many differences between patients and controls were
observed. Except for the relation between HOMA2-IR and
C-peptide serum levels, which did not reveal any differences

between patients and controls, all the remaining relations
between glucose homeostasis molecules and HOMA2-IR
indices one to each other were found to be lower in patients
with RA than in controls.
Hyperbolic relationship between insulin secretion and sensi-
tivity in patients with RA and controls. In both patients and
controls, the relationship between insulin secretion and sensi-
tivity was hyperbolic in nature. Supplementary Table 2
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Table 1. Demographic and laboratory data and disease-related characteristics of patients with rheumatoid arthritis
(RA) and controls.

Characteristics                                               Controls, n = 210                  RA, n = 151                              p
                                                                                                                               
Age, yrs                                                                   58 ± 9                               53 ± 11                            < 0.001
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                                                           42 (20)                               26 (17)                               0.51
     Hypertension                                                    58 (27)                               45 (30)                               0.65
     Dyslipidemia                                                   151 (72)                              93 (62)                              0.023
     Diabetes                                                              0 (0)                                   0 (0)                                   —
Medication  
     Statins                                                                14 (6)                                43 (28)                             < 0.001
     Antihypertensive treatment                              35 (16)                               45 (30)                              0.003
Analytical data 
     CRP, mg/l                                                     1.0 (1.0–3.0)                      3.2 (1.5–5.8)                        < 0.001
     ESR, mm/1st h                                                  10 ± 8                               34 ± 22                            < 0.001
     Triglycerides, mg/dl                                        104 ± 50                            144 ± 92                           < 0.001
     HDL-C, mg/dl                                                  63 ± 18                              56 ± 15                            < 0.001
     LDL-C, mg/dl                                                 135 ± 34                            121 ± 31                           < 0.001
     Total cholesterol, mg/dl                                   219 ± 37                            206 ± 36                             0.001
     Lipoprotein A, mg/dl                                      16 (9–39)                         35 (11–121)                         < 0.001
     Apolipoprotein A1, mg/dl                               191 ± 35                            170 ± 28                           < 0.001
     Apolipoprotein B, mg/dl                                 102 ± 24                            110 ± 63                              0.11
     ApoB : ApoA ratio                                        0.55 ± 0.16                        0.66 ± 0.30                         < 0.001
     Atherogenic index                                           3.7 ± 4.0                            4.0 ± 3.6                              0.10
Disease-related data 
     Disease duration, yrs                                                                             6.6 (3.3–13.9)                             
     ACPA, n (%)                                                                                               89 (59)                                   
     Rheumatoid factor, n (%)                                                                          109 (72)                                  
     Erosions, n (%)                                                                                           55 (36)                                   
     Extraarticular manifestations, n (%)                                                           16 (11)                                   
     DAS28-ESR                                                                                              3.7 ± 1.2                                  
     DAS 28-CRP                                                                                             2.9 ± 1.0                                  
     SDAI                                                                                                         15 (8–21)                                 
     CDAI                                                                                                         9 (5–16)                                  
     HAQ                                                                                                 0.630 (0.380–1.130)                        
     Current prednisone, n (%)                                                                          57 (38)                                   
     Prednisone current doses, mg/day                                                              5 (5–6)                                   
     NSAID, n (%)                                                                                             69 (46)                                   
     DMARD, n (%)                                                                                         129 (85)                                  
     Methotrexate, n (%)                                                                                   113 (75)                                  
     Biologic drugs, n (%)                                                                                 35 (23)                                   
     Anti-TNF-α drugs, n (%)                                                                          20 (13)                                   

Data expressed as mean (± SD) or median (interquartile range); dichotomous variables are expressed as n (%).
Values in bold face are statistically significant. DAS28: 28-joint count Disease Activity Score; ACPA: anticitrul-
linated protein antibody; DMARD: disease-modifying antirheumatic drug; ESR: erythrocyte sedimentation rate;
CRP: C-reactive protein; HAQ: Health Assessment Questionnaire; SDAI: Simple Disease Activity Index; CDAI:
Clinical Disease Activity Index; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol; NSAID: nonsteroidal antiinflammatory drugs; TNF: tumor necrosis factor. 
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(available with the online version of this article) shows that
this hyperbolic relationship revealed the better r2 for controls
when different nonlinear regression analyses were performed.
This was not the case for patients with RA. However,
nonlinear r2 and nonlinear regression analysis β coefficients
showed statistically significant differences between patients
and controls. In this sense, the variability explained by the
curve (r2 = 0.845 vs r2 = 0.928, p = 0.001) and β coefficients

(–0.74, 95% CI –0.77 to –0.70 vs –1.09, 95% CI –1.17 to 
–1.02, p = < 0.001) were different in patients with RA than
in controls (Figure 1). 
    Additionally, we performed this analysis separately in
patients with RA taking and not taking glucocorticoids.
Patients not taking glucocorticoids compared to controls also
disclosed an inferior variability explained by the curve 
(r2 = 0.869 vs r2 = 0.928, p = 0.001) and different β coeffi-

233Tejera-Segura, et al: Insulin sensitivity in RA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2019. All rights reserved.

Table 2. Differences in carbohydrate metabolism molecules and insulin resistance indices between patients with RA and controls.

Variables                                Controls, n = 210         RA, n = 151       Univariate Model, p     Adjusted Model, p       Adjusted Model        Propensity Score, p
                                                                                                                                                                                               + GC, p

Glucose, mg/dl                               90 ± 10                     88 ± 19                        0.21                             0.36                            0.92                              0.50
Insulin, U/ml                                 9.8 ± 6.5                 13.0 ± 13.4                    0.007                           0.062                          0.079                             0.10
C-peptide, ng/ml                         1.53 ± 0.77               3.37 ± 2.94                  < 0.001                        < 0.001                      < 0.001                         < 0.001
Insulin:C-peptide molar ratio      0.14 ± 0.07               0.08 ± 0.02                  < 0.001                        < 0.001                      < 0.001                         < 0.001
HOMA2 insulin 
    HOMA2-IR                             1.27 ± 0.82               1.65 ± 1.69                    0.011                           0.062                          0.095                            0.117
    HOMA2-%S                             108 ± 75                   105 ± 53                       0.65                            0.011                          0.003                            0.011
    HOMA2-%β                             111 ± 45                   134 ± 69                    < 0.001                          0.33                            0.12                              0.34
HOMA2 C-peptide 
    HOMA2-IR                             1.13 ± 0.58               2.49 ± 2.35                  < 0.001                        < 0.001                      < 0.001                         < 0.001
    HOMA2-%S                             115 ± 75                    67 ± 41                     < 0.001                        < 0.001                      < 0.001                         < 0.001
    HOMA2-%β                             104 ± 36                   180 ± 82                    < 0.001                        < 0.001                      < 0.001                         < 0.001

Data expressed as mean (± SD). Analytical data represent the unadjusted values. Molar ratio of circulating insulin to circulating C-peptide is shown using pmol/l
units.  All measurements refer to serum. Values in bold face are statistically significant. RA: rheumatoid arthritis; HOMA: homeostasis model assessment; IR:
insulin resistance; %S: insulin sensitivity; %β: β-cell production; GC: glucocorticoids. 

Table 3. Correlation of glucose, insulin, and C-peptide with traditional factors related to insulin resistance.

Variables                                                 Controls                                                            RA                                          Comparison of Pearson’s r Coefficients
                                     Gluc.    Insulin       CP      HOMA HOMA    Gluc.    Insulin      CP     HOMA    HOMA     Gluc.     Insulin        CP       HOMA  HOMA
                                                                                2-IR     2-%β                                               2-IR        2-%β                                                      2-IR      2-%b

                                                             Pearson’s r                                                    Pearson’s r                                                   Pearson’s r comparison

Age, yrs                        0.241     0.056      0.183     0.055    0.187     0.777     0.529     0.722     0.561       0.266     < 0.001   < 0.001    < 0.001   < 0.001        
Systolic pressure, 

mmHg                       0.252     0.236      0.264     0.237    0.256     0.412     0.348     0.436     0.361       0.240                                                                        
Diastolic pressure, 

mmHg                       0.066     0.048      0.091     0.048    0.087     0.253     0.320     0.361     0.322       0.319                      0.017       0.016       0.016      0.040
BMI, kg/m2                        0.767     0.823      0.864     0.826    0.865     0.221     0.699     0.555     0.688       0.653     < 0.001     0.011      < 0.001     0.004    < 0.001
Abdominal circumference, 

cm                             0.816     0.910      0.948     0.913    0.961     0.360     0.866     0.693     0.857       0.738     < 0.001                   < 0.001     0.026    < 0.001
Cholesterol, mg/dl       0.024     0.207      0.026     0.200    0.049     0.056     0.201     0.191     0.201       0.221                                                                        
Triglycerides, mg/dl     0.367     0.408      0.413     0.407    0.431     0.085     0.313     0.290     0.310       0.341       0.007                                                        
HDL, mg/dl                 –0.451   –0.350    –0.475   –0.354  –0.473   –0.122   –0.237   –0.202   –0.233     –0.209      0.002                      0.009                     0.012
CRP, mg/l                     0.763     0.504      0.597     0.506    0.453    –0.068    0.047     0.114     0.044       0.233     < 0.001   < 0.001    < 0.001   < 0.001    0.034
ApoA, mg/dl               –0.323   –0.273    –0.351   –0.275  –0.364    0.008    –0.058   –0.007   –0.051     –0.050      0.004                      0.003                     0.005
ApoB, mg/dl                0.071     0.183      0.094     0.180    0.095     0.028     0.032     0.049     0.033       0.049                                                                        
Lipoprotein A, nmol/l    0.026     0.089      0.027     0.086    0.034     0.049     0.135     0.196     0.127       0.298                                                                   0.022
LDL, mg/dl                  0.166     0.297      0.164     0.292    0.183     0.077     0.169     0.155     0.170       0.162                                                                        
Atherogenic index       0.500     0.486      0.515     0.486    0.520     0.118     0.301     0.266     0.297       0.302     < 0.001                     0.013                     0.027
ApoB/ApoA                 0.243     0.282      0.271     0.281    0.273     0.029     0.086     0.084     0.083       0.116                                                     0.015          

HOMA2-IR was calculated with insulin; HOMA2-%β was calculated using C-peptide. An extended version of Table 3 is available with the online version of
this article (Supplementary Table 1). Fisher r-to-z transformation comparison of Pearson’s r between controls and patients with RA and glucocorticoids intake
from Table 2. Values in bold face are statistically significant. RA: rheumatoid arthritis; Gluc.: glucose; HOMA2-IR: insulin resistance index; HOMA2-%β:
β-cell production; CRP: C-reactive protein; BMI: body mass index; CP: C-peptide; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein
cholesterol; apo: apolipoprotein; HOMA: homeostasis model assessment. 
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cients (–0.74, 95% CI –0.77 to –0.70 vs –1.15, 95% CI –1.24
to –1.06, p = 0.015; Supplementary Figure 1, available with
the online version of this article).

DISCUSSION
In our present study, we show that the traditional factors

associated with IR in healthy individuals are less related to
IR in patients with RA compared to controls. In addition, the
association between insulin secretion and sensitivity in
patients with RA consists of a different nonlinear hyperbolic
relationship compared to that of controls. These data may
indicate that the relationship between insulin secretion and
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Table 4. Differences in correlations of glucose, insulin, C-peptide, and IR indices between patients and controls.

Variables                                                                                                                 Pearson’s r 
                                         Glucose, mg/dl              p               Insulin, U/ml                  p           C-peptide, ng/ml            p                HOMA2-IR                p

Insulin, U/ml                                                                                                                                                                                                                  
    Patients with RA                0.686*               < 0.001                                                                                                                                                            
    Controls                              0.872*                                                                                                                                                                                       
C-peptide, ng/ml                                                                                                                                                                                                            
    Patients with RA                0.818*               < 0.001               0.915*                  < 0.039                                                                                               
    Controls                              0.942*                                          0.947*                                                                                                                               
HOMA2-IR                                                                                                                                                                                                                   
    Patients with RA                0.724*               < 0.001               0.998*                    0.003                0.928*                  0.13                                                
    Controls                              0.874*                                          0.999*                                            0.949*                                                                         
HOMA2-%β C-peptide                                                                                                                                                                                                 
    Patients with RA                0.254*               < 0.001               0.794*                  < 0.001              0.747*               < 0.001               0.767*               < 0.001
    Controls                              0.855*                                          0.940*                                            0.975*                                          0.942*                     

Correlations were made with the predictive data of the adjusted model (for age, sex, waist circumference, dyslipidemia, statins, antihypertensive treatment,
CRP, cholesterol levels, and glucocorticoid intake) from Table 2. P represents the p value for the comparison of Pearson’s correlation coefficient between
patients and controls using the Fisher r-to-z transformation. * p value < 0.001 only for the Pearson’s correlation coefficient. HOMA: homeostasis model
assessment; IR: insulin resistance calculated with insulin; %β: β-cell production calculated with C-peptide; RA: rheumatoid arthritis.

Figure 1. The hyperbolic relationship between insulin sensitivity (HOMA2-%S) and insulin secretion (C-peptide) in patients with RA and controls. Nonlinear
r2 and β coefficients (95% CI), as well as the p value of their comparisons, are shown. RA: rheumatoid arthritis; HOMA: homeostasis model assessment.
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sensitivity in patients with RA may be distorted by the
presence of certain RA-specific factors, most likely the
presence of chronic inflammation.
    Our findings on the differences in insulin, C-peptide, and
HOMA2 indices between patients with RA and healthy
controls are supported by several previous epidemiological
studies of IR in RA7,8,9,10,11. Interestingly, Dessein, et al has
previously documented that acute-phase response may
explain IR in RA24 and that an increased incidence of
diabetes is present in RA25. Our present study indicates that
the upregulation of these molecules and indices occurs
independently of traditional IR factors and glucocorticoid
intake.
    Although theoretical assumptions and in vitro experiments
suggest equimolar secretion, the molar concentrations of
serum–C-peptide are substantially greater than insulin in
healthy subjects. This discrepancy apparently arises because
C-peptide is more slowly catabolized than insulin. Whereas
a large fraction of endogenous insulin is cleared by the liver,
C-peptide, which is cleared primarily by the kidney and has
a lower metabolic clearance rate than insulin, traverses the
liver with essentially no extraction by hepatocytes. For this
reason, the ratio of insulin to C-peptide has been assumed to
reflect hepatic insulin extraction. 
    A number of studies have suggested that reduced hepatic
extraction of insulin is a major factor in the pathogenesis
underlying the hyperinsulinemia found in type 2 diabetes26
and obesity27. Although both insulin and C-peptide were
higher in patients with RA, their ratio was lower in patients
than in controls. We believe that the hepatic extraction of
insulin may be amplified in patients with RA. Therefore,
unlike other IR-related states, insulin clearance may also be
greater in RA. Augmented production of C-peptide in
patients with RA may also account for the lower insulin to
C-peptide ratio.
    Our results indicate that concomitant comorbidities
associated with IR or cardiovascular risk factors have less
effect on HOMA2 indices and glucose homeostasis
molecules in patients with RA than in controls. Our findings
support the contention that IR in RA may be mediated by
disease-specific factors such as a chronic proinflammatory
state. Nevertheless, this does not exclude the relevance of
the traditional comorbidity factors in the development of
IR. A report28 has disclosed that in established and treated
RA, traditional risk factors, specifically excess adiposity,
play more of a role in predicting skeletal muscle insulin
sensitivity than do systemic inflammation or other
disease-related factors. We think that both chronic inflam-
mation and therapy can modify the degree and the way in
which cardiovascular disease risk occurs in RA. Rather than
weighing traditional risk factors and inflammation
separately, we believe a more effective approach involves
determining how such risk factors are modified by inflam-
mation in patients with RA29. 

    Interestingly, in our work, CRP’s relationships with
insulin, C-peptide, and HOMA indices were significantly
stronger in controls compared to subjects with RA. This
finding is in agreement with a previous report11 in which the
association between CRP with IR was also weaker in the RA
group. It is possible that proinflammatory cytokines, rather
than CRP itself, may influence the presence of higher levels
of IR in RA. 
    The hyperbolic relationship between insulin secretion and
sensitivity was found to be weaker in patients with RA, in
whom the variability and β coefficients were lower compared
to controls. Although the precise mechanisms by which
inflammatory factors interact to produce glucose intolerance
in RA remain unclear, we believe that the loss of this hyper-
bolic relationship could be an expression or consequence of
the failure of pancreatic β cells to compensate for insulin
resistance in RA. Our finding is in agreement with the
accepted pathogenesis underlying the loss of normal glucose
tolerance in type 2 diabetes30. There is a dynamic relationship
between IR and the compensatory increases in β-cell mass
and β-cell glucose metabolism that occurs in this disease.
When the compensatory process is adequate, normal glucose
tolerance is maintained. However, when β-cell compensation
fails, glucose levels rise, leading to either impaired glucose
tolerance or overt diabetes. 
    Unlike our present study, previous reports described
insulin secretion and insulin sensitivity as having an inverse,
nonlinear, functional relationship that relied mostly on
nonfasting data obtained from intravenous or oral glucose
tolerance tests. Therefore, it is possible that basal concentra-
tions may reflect only a single point in the complex
glucose-insulin dose-response curve and thus may not
provide a complete understanding of the ability of β-cells to
respond to rising and falling glucose concentrations such as
typically occur after eating31. Unfortunately, hyperglycemic
clamps and graded glucose infusions are technically complex
and cannot be assessed in a large series of patients. Moreover,
they are limited by their nonphysiological route and pattern
of glucose delivery. Another limitation of our study could be
the lack of glycosylated hemoglobin (HbA1c) measurement.
HbA1c, which reflects chronic blood glucose values, has
been considered of value for the diagnosis of diabetes32.
However, we believe that the cutoff of glycemia < 7 mmol/l
used in patients and controls has reasonably excluded the
presence of diabetes among the participants. 
    IR is present in patients with RA and cannot be completely
explained by concomitant IR-related comorbidities as was
observed in healthy individuals. The hyperbolic, nonlinear
relationship of insulin secretion and sensitivity in subjects
with RA differs from that of controls. The concept of RA as
an IR-driven state warrants further research in this field.

ONLINE SUPPLEMENT
Supplementary material accompanies the online version of this article.
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