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Abstract

Objective—Systemic inflammation and insulin resistance (IR) are linked, yet the determinants of 

IR and its impact on atherosclerosis in rheumatoid arthritis (RA) are incompletely understood. The 

aim of this study was to explore the prevalence of IR in RA and non-RA populations and 

investigate whether the associations of IR with measures of atherosclerosis differ between these 

groups.

Methods—IR was quantified using the homeostatic model assessment of IR (HOMA-IR), and 

was compared between RA patients and demographically matched non-RA controls. Differences 

in the associations between the HOMA-IR index and the Agatston coronary artery calcium (CAC) 

score, ultrasound-determined intima-media thickness (IMT) of the common carotid artery (CCA) 

and internal carotid artery (ICA), and focal plaque in the ICA/carotid bulb were compared 

according to RA status.

Results—Among the 195 RA patients and 198 controls studied, average HOMA-IR levels were 

higher in the RA group by 31%, and were consistently higher in the RA group regardless of 

stratification by demographic or cardiometabolic risk factors. While the HOMA-IR index was 

strongly and significantly associated with C-reactive protein (CRP) and interleukin-6 (IL-6) levels 
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in the control group, the association was weaker in the RA group. Among RA patients, higher 

HOMA-IR levels were associated with rheumatoid factor (RF) seropositivity in men and women, 

and prednisone use in women only. Before adjustment, higher HOMA-IR levels were associated 

with all assessed measures of subclinical atherosclerosis in the control group only; associations 

were diminished and lost statistical significance after adjustment for cardiovascular risk factors. 

Among the RA patients, neither baseline nor average HOMA-IR levels were significantly 

associated with change in any of the atherosclerosis measures over an average of 3.2 years of 

followup.

Conclusion—Although IR was higher in RA patients than in non-RA controls, higher levels may 

not independently impart additional risk of atherosclerosis.

Although effective treatment strategies for rheumatoid arthritis (RA) have become 

increasingly available over the past decades, affected individuals still have a lower life 

expectancy (1), manifested by a 50% higher rate of fatal cardiovascular events than the 

general population, regardless of sex (2). Values of subclinical measures of atherosclerosis 

are also increased in RA patients relative to controls, with greater coronary calcification, 

greater intima-media thickness (IMT) of the carotid artery, and more arterial plaque 

observed in RA patients compared with controls of similar age and with similar risk factors 

(3–5).

Determinants of increased subclinical coronary and carotid atherosclerosis in RA have not 

been fully elucidated. In general, traditional cardiovascular risk factors implicated in 

atherogenesis (e.g., diabetes, hypertension, and hyperlipidemia) do not fully account for the 

increase in atherosclerosis (6). Among nontraditional cardiovascular risk factors, several 

studies have indicated an increased prevalence of insulin resistance (IR) in patients with RA 

(7–10), a finding potentially correlated with the degree of RA disease activity (8,9). 

However, to date there is a paucity of published data defining the degree of IR in RA 

patients compared with matched controls (7), and only a few studies have sought to 

determine the relationship of IR with other cardiometabolic risk factors in the context of 

RA-related factors (11–13). Moreover, studies of the effect of RA therapies, including 

glucocorticoids and tumor necrosis factor (TNF) inhibitors, on IR have yielded divergent 

results (10,11,14–16). The few studies that have explored the relationship between IR and 

measures of atherosclerosis in RA have involved relatively small sample sizes, were 

restricted in the ability to control for traditional cardiovascular risk factors, and many lacked 

a non-RA comparator group (12,17–19). Moreover, no study has explored the relationship 

between IR and measures of atherosclerosis in multiple vascular beds.

Therefore, we sought to compare levels and indicators of IR in RA patients and non-RA 

controls, using the homeostatic model assessment of IR (HOMA-IR). We hypothesized that 

IR would be higher among RA patients than controls, even among those with low levels of 

traditional cardiometabolic risk factors. Further, we speculated that the degree of IR among 

RA patients would correlate with RA disease characteristics and treatments and would be 

associated with the degree of subclinical coronary and carotid atherosclerosis.
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PATIENTS AND METHODS

Study participants and timing of visits

Participants were enrolled in the Evaluation of Subclinical Cardiovascular Disease and 

Predictors of Events in Rheumatoid Arthritis (ESCAPE RA) study, a prospective cohort 

study investigating subclinical cardiovascular disease (CVD) in RA, which has been 

previously described in detail (3,5). Participants met the American College of Rheumatology 

1987 RA classification criteria (20), had an RA duration of >6 months from the time of 

diagnosis, were 45–84 years of age, and were without known prior cardiovascular events.

Among the 197 RA patients completing the baseline visit, 186 (94%) returned for the second 

visit (at a mean ± SD of 21 ± 3 months postbaseline), and 158 (80%) returned for the third 

visit (at a mean ± SD of 39 ± 4 months postbaseline). Imaging assessments of coronary and 

carotid atherosclerosis occurred at visits 1 and 3, with 195 participants completing all 

assessments at visit 1 and 155 at visit 3. Clinical data and biologic specimens were collected 

at all visits (after a morning fast). Controls were participants in the Multi-Ethnic Study of 

Atherosclerosis (MESA) from the Baltimore Field Center; they did not have RA (exclusions 

were based on the use of disease-modifying antirheumatic drugs [DMARDs] typical in the 

treatment of RA). RA patients and controls were similarly assessed by MESA-trained staff 

using identical procedures and protocols, as previously described (5). The control group for 

the current study was a subgroup from the Baltimore MESA cohort, frequency matched by 

demographic characteristics to the RA group, as previously described (3). Frequency 

matching was performed such that balance in age and ethnicity distributions between RA 

cases and non-RA controls was maintained when the cohorts were stratified by sex. The 

study was approved by the Institutional Review Board of the Johns Hopkins Hospital. 

Control enrollment occurred between 2000 and 2002, and RA enrollment occurred between 

2004 and 2006. The final followup visit for the RA cohort occurred in April 2009.

Imaging of subclinical atherosclerosis

Coronary artery calcium (CAC) was measured using multidetector row computed 

tomography, as previously described (5). Scans were transmitted electronically to the MESA 

Computed Tomography Reading Center, where calcium scores were quantified using the 

method described by Agatston et al (21). MESA personnel scoring the scans were blinded 

with regard to group allocation and clinical characteristics. Carotid imaging was performed 

as previously described (3) and involved measures in the common carotid artery (CCA), 

internal carotid artery (ICA), and the carotid blub. Videotaped scans were analyzed at the 

MESA Ultrasound Reading Center. Carotid plaques were localized to the ICA and carotid 

bulb and were defined as maximal focal protrusion into the lumen with reduction in the 

lumen diameter of >25%. Baseline and followup scans were reanalyzed concurrently by a 

single MESA reader who was aware of the temporal ordering but unaware of clinical 

characteristics.

Sociodemographic and lifestyle covariates

Demographic characteristics and smoking history were assessed based on self-reported 

information. Physical activity was assessed with the Seven-Day Physical Activity Recall 
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Questionnaire (22). Current use and dosage of medications were ascertained by review of 

prescription bottles. Body mass index (BMI) was calculated as the body weight in kilograms 

divided by the square of the height in meters.

CVD risk factors

The HOMA-IR index (HOMA2 model) was used to quantify IR. This index is a validated 

estimate of glucose handling based on fasting assessments of glucose and insulin (23). 

Hypertension was defined as systolic blood pressure of ≥140 mm Hg, diastolic blood 

pressure of ≥90 mm Hg, or antihypertensive medication use. Diabetes was defined as a 

fasting serum glucose level of ≥126 mg/dl or use of anti-diabetic medications. Impaired 

fasting glucose was defined as a fasting glucose level of 101–125 mg/dl. Metabolic 

syndrome was defined according to the National Cholesterol Education Program Adult 

Treatment Panel III criteria (24), with those meeting 3 or more of the 5 criteria classified as 

having metabolic syndrome.

RA disease characteristics

Forty-four joints were examined by a single trained assessor. RA disease duration was 

assessed as of the self-reported date of diagnosis. RA disease activity was calculated based 

on the Disease Activity Score in 28 joints using the C-reactive protein level (DAS28-CRP) 

(25). Current and past use of glucocorticoids and DMARDs was queried by detailed 

examiner-administered questionnaires. The Stanford Health Assessment Questionnaire 

(HAQ) (26) was used to assess disability related to common activities. Single-view, 

anteroposterior radiographs of the hands and feet were scored by a single trained 

rheumatologist, using the Sharp/van der Heijde (SHS) method (27).

Laboratory covariates

Levels of high-sensitivity CRP and interleukin-6 (IL-6) were measured as previously 

described (28). None of the participants had an IL-6 level below the detectable threshold. 

Plasma lipid and glucose levels were measured using standard assays; low-density 

lipoprotein (LDL) cholesterol levels were estimated using the Friedewald equation. 

Rheumatoid factor (RF) was assessed by enzyme-linked immunosorbent assay (ELISA), 

with seropositivity defined as ≥40 units. Anti–cyclic citrullinated peptide (anti-CCP) 

antibody levels were assessed by ELISA, with seropositivity defined as ≥60 units. HLA 

alleles bearing the shared epitope were investigated by DRB1 gene sequencing as previously 

described (3).

Statistical analysis

Differences in participant characteristics between the RA and control groups were compared 

using t-tests for normally distributed continuous variables, the Kruskal-Wallis test for non-

normally distributed continuous variables, and the chi-square goodness-of-fit test or Fisher’s 

exact test, as appropriate, for categorical variables. Differences in the associations between 

characteristics of the participants and the HOMA-IR according to RA status were explored 

in linear regression models using RA status and the given characteristic as interaction terms, 

with the outcome of HOMA-IR log transformed to meet modeling requirements. For ease of 
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interpretation, transformed HOMA-IR index levels were back-transformed from regression 

modeling and expressed as mean HOMA-IR index levels. Interactions were tested using 

analysis of covariance. Adjusted models included characteristics associated with the 

outcome in univariate analyses at the level of P < 0.20. Within the RA group, the 

associations between RA characteristics and the log HOMA-IR index were explored using 

linear regression, adjusting for non-RA covariates associated with the outcome as above. 

Noncontributory RA characteristics were excluded from the model using Akaike’s 

information criterion for nested models. Multivariable models were constructed with each 

significant RA characteristic modeled in separate linear regression models adjusted for 

demographic, lifestyle, and CVD risk factors associated with HOMA-IR. Next, extended 

and reduced multivariable models were constructed by co-modeling all of the RA 

characteristics that were significant at P < 0.20 from prior models. Differences in the 

association of the log HOMA-IR index with cardiovascular outcomes according to RA status 

were explored in general linear models using RA status and the log HOMA-IR as interaction 

terms.

Linear regression was utilized for continuous outcomes (Agatston CAC score, IMT, and 

yearly averaged progression rate for CAC and IMT) and ordinary logistic regression was 

used for dichotomous outcomes (carotid plaque, strata of change in CAC, etc.), with 

covariate adjustment as described above. The average HOMA-IR level was calculated from 

the area under the curve for the 3 repeated measures divided by the total number of days 

between repeated measures. All statistical calculations were performed using Intercooled 

Stata 12 (StataCorp). A 2-tailed alpha level of 0.05 was used throughout.

RESULTS

Baseline characteristics

Baseline characteristics of the 195 RA patients and 198 controls are summarized in Table 1. 

Demographic and anthropometric characteristics and reported exercise were balanced 

between groups, but duration of TV watching was statistically significantly higher in the RA 

group. Among cardiovascular risk factors, the prevalence of hypertension was higher in the 

RA group (54%) than in the control group (38%) (P = 0.002); however, RA patients and 

controls had a similar prevalence of impaired fasting glucose, diabetes, smoking, and similar 

mean levels of high-density lipoprotein (HDL), LDL, and triglycerides, and they received 

similar treatment with lipid-lowering medications. Controls were slightly more likely to 

meet classification requirements for the metabolic syndrome (23% of RA patients versus 

31% of controls; P = 0.051). As expected, median levels of CRP and IL-6 were significantly 

higher in RA patients than in controls.

Prevalence rates of CAC and ICA/bulb plaque and the average IMT in this cohort have been 

reported previously (3,5). Briefly, the prevalence of moderate-to-severe CAC (defined as an 

Agatston score of >100), the median ICA-IMT (but not median CCA-IMT), and the 

prevalence of ICA/bulb plaque were higher in the RA group than in the control group.

Among RA patients, median disease duration was 9 years, and 78% of patients were 

seropositive for either RF or anti-CCP. Shared epitope alleles were observed in 70% of 
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patients. The median DAS28 was in the moderate range (3.6 units), and baseline HAQ 

scores indicated mild-to-moderate reported disability for the majority of enrollees. 

Glucocorticoids were prescribed in 38% of patients at the time of data collection, but 74% of 

patients had received glucocorticoids at some point in their clinical course. Current 

treatment with biologic and nonbiologic DMARDs was recorded in 46% and 85% of 

patients, respectively.

Insulin resistance according to RA status

Average HOMA-IR levels, according to RA status and stratified by selected participant 

characteristics, are shown in Table 2. Mean HOMA-IR levels were significantly higher (by 

31%) in the total RA group than in the control group, a relative increase that was evident in 

both men and women with RA, although only among white patients. As expected, increasing 

BMI was associated with higher HOMA-IR levels in both groups; however, the RA group 

demonstrated higher mean HOMA-IR levels than controls at all BMI categories. 

Importantly, the largest relative difference in HOMA-IR between RA patients and controls 

was observed in RA patients in the “normal” BMI group (i.e., BMI <25), in which mean 

HOMA-IR levels were 61% higher in the RA group than in the control group.

In both the RA and control groups, mean HOMA-IR levels were higher among those with 

metabolic syndrome versus those without metabolic syndrome or any of its components. 

Additionally, mean HOMA-IR levels were significantly higher in the RA group compared 

with the control group for all strata of metabolic syndrome and its components. In fact, the 

relative difference in the mean HOMA-IR level between the RA and control groups was 

similar for those meeting and those not meeting classification criteria for metabolic 

syndrome (+39% versus +37%, respectively), and was not meaningfully different for those 

with no metabolic syndrome components compared with those with 3 or more components 

of metabolic syndrome (+35% versus +44%, respectively). Adjustment, where appropriate, 

for relevant characteristics associated with HOMA-IR in the combined RA and control 

groups (ethnicity, educational attainment, waist circumference, exercise, TV watching, 

hypertension, diabetes, HDL cholesterol levels, triglyceride levels, and use of lipid-lowering 

medication) did not meaningfully alter the relative differences in mean HOMA-IR levels 

between the RA and control groups from those observed in the crude comparisons.

Association of IL-6 and CRP levels with IR according to RA status

Comparisons (between the RA and control groups) of the associations of IL-6 and CRP 

levels with the HOMA-IR index are depicted in Figure 1. The linear association of the log 

IL-6 level with the log HOMA-IR index (Figure 1A) was strong and significant in the 

control group (β = 0.38, P < 0.001) but weaker and not statistically significant in the RA 

group (β = 0.06, P = 0.18). The linear association differed between the RA and control 

groups (P < 0.001 for the interaction between RA status and IL-6 level). The linear 

association of log CRP level with the log HOMA-IR index (Figure 1B) was significant in 

both the control and RA groups (β = 0.17 [P < 0.001] and β = 0.09 [P = 0.007], 

respectively). Although the association of log CRP level with log HOMA-IR index was 

weaker in the RA group, the difference in linear slope was not significantly different from 

that in the control group (P = 0.15 for the interaction). For both associations, RA patients 
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with the lowest IL-6 and CRP levels had significantly higher HOMA-IR levels than control 

subjects.

Associations of RA characteristics with IR

Crude and adjusted associations of RA characteristics with the log HOMA-IR index are 

shown in Table 3. Before any adjustment, higher log HOMA-IR levels were associated with 

RF and anti-CCP seropositivity, higher HAQ and SHS scores, the presence of rheumatoid 

nodules, and higher cumulative prednisone dose in women. After adjustment for relevant 

demographic, lifestyle, CVD risk factor, and RA characteristics (model 3), RF seropositivity, 

current prednisone use, and higher cumulative prednisone dose were the only RA 

characteristics significantly associated with the log HOMA-IR in women. In men, only RF 

seropositivity was significantly associated with higher log HOMA-IR levels after 

adjustment. These data translate to average adjusted HOMA-IR levels 48% higher among 

those with versus those without RF (0.92 versus 0.62 units, respectively; P < 0.001) for men 

and women combined, and average adjusted HOMA-IR levels 40% higher among female 

prednisone users versus nonusers (0.99 versus 0.70, respectively; P = 0.013).

Association of IR with measures of subclinical atherosclerosis according to RA status

Associations of the log HOMA-IR index with measures of coronary and carotid 

atherosclerosis are depicted in Figure 2. In the control group, higher HOMA-IR levels were 

significantly associated, on average, with higher CAC scores (r = 0.227, P = 0.0013) (Figure 

2A) before adjustment. In contrast, higher HOMA-IR levels did not correlate with higher 

CAC scores in the RA group, a difference in associations as compared with controls that was 

statistically significant (P = 0.024 for the interaction). The association of the log HOMA-IR 

index with log CAC + 1 remained significant in the control group after adjusting for 

demographic characteristics and physical activity, but was no longer significant after 

additional adjustment for waist circumference or traditional CVD risk factors. Similarly, 

before adjustment, higher HOMA-IR levels were associated, on average, with significantly 

higher CCA-IMT (Figure 2B) and ICA-IMT (Figure 2C) levels in the control group, but not 

in the RA group. Adjustment for demographic characteristics, physical activity, waist 

circumference, and traditional CVD risk factors further reduced the magnitude of the 

associations of HOMA-IR with IMT in both groups, and narrowed the difference in 

association between the groups. Similar relationships were observed for the association of 

HOMA-IR with the frequency of carotid plaque (data not shown). Within the RA group, 

adjustment dose for RF and cumulative prednisone did not alter the association between 

HOMA-IR and atherosclerosis measures (data not shown).

Association of baseline and average HOMA-IR with change in measures of subclinical 
atherosclerosis among the RA group

A total of 155 RA patients had repeated CAC and carotid ultrasonographic measures of 

atherosclerosis, which occurred a mean ± SD of 39 ± 4 months postbaseline. Rates of 

change in these outcomes have been reported previously (29,30). Although there was 

intrasubject variation in HOMA-IR for the 3 repeated measures over the study interval, the 

correlation between baseline and time-weighted average HOMA-IR was high (Spearman’s 

rho = 0.869; P < 0.001). However, neither baseline nor average HOMA-IR levels were 
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significantly associated with the change in CAC, CCA-IMT, ICA-IMT, or carotid plaque, 

either in crude analyses or in models adjusted for pertinent demographic, lifestyle, or RA 

characteristics or cardiovascular risk factors (data not shown).

DISCUSSION

Among our cohort of RA patients and demographically similar controls without overt CVD, 

we detected significantly higher levels of IR, estimated using the HOMA-IR index, among 

white patients in the RA group compared with controls regardless of demographic 

characteristics, lifestyle characteristics, and levels of cardiometabolic risk factors. Among 

RA patients, RF seropositivity and glucocorticoids (both current use and cumulative 

exposure) (in women only) were associated with higher IR levels. However, we did not 

detect an association of IR, either at baseline or averaged over the study interval, with 

baseline or change in measures of coronary or carotid atherosclerosis, either in crude 

analyses or after adjustment for relevant cardiometabolic correlates.

A few prior smaller studies (7,9,10,31) have reported higher levels of IR among RA patients 

compared with non-RA controls. Differing from previous studies, we compared levels of IR 

between RA and non-RA groups according to strata of relevant characteristics. Of interest, 

RA patients with characteristics atypical for IR (i.e., those with lower BMI and those with 

no risk factors for metabolic syndrome) had higher levels of IR compared with controls with 

similar characteristics. In fact, compared with other strata, relative differences in IR between 

RA and non-RA were highest within these low-risk strata. The etiology of higher IR among 

this low-risk RA group is unclear, but is likely multifactorial. A major determinant of IR is 

fat mass, in particular visceral fat. With increasing visceral fat mass, adipose and skeletal 

muscle uptake and utilization of glucose and free fatty acid is impaired, hepatic glycogen 

storage is reduced, and synthesis of triglyceride-rich lipoproteins is increased concomitant 

with a reduction in their clearance—common features of the metabolic syndrome that 

accompanies IR (32). In prior studies (33,34), we demonstrated higher levels of total and 

truncal fat as well as visceral fat among RA patients as compared with controls. Notably, the 

largest relative difference in fat mass between RA patients and controls was among those in 

the “normal weight” BMI group, suggesting that RA patients classified as being of normal 

weight may actually have a higher fat mass than would be implied from their BMI 

classification. This may account, at least in part, for the higher IR among RA patients with 

lower BMI. In the present study, we did not have body composition assessments for the non-

RA controls other than basic anthropometrics. Thus, we could not confirm the possibility of 

higher truncal or visceral fat levels among the RA patients with IR in the lower BMI 

categories as compared with controls.

In addition to fat mass, inflammatory cytokines have been recognized as key regulators of 

metabolism. In particular, TNFα and other proinflammatory cytokines have been shown to 

have pleiotropic effects on metabolism in multiple tissues. Specifically, TNFα inhibits 

signaling through insulin receptors via inhibition of tyrosine phosphorylation (35). In light 

of this, we were somewhat surprised to see a weaker association of measures of systemic 

inflammation with IR among the RA group as compared with the control group. There are 

several possible explanations. For one, we observed that RA patients with lower levels of 
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IL-6 had higher levels of IR compared with controls with similar levels of IL-6, while those 

with higher levels of IL-6 had similar levels of IR as compared with controls. This could 

indicate other noninflammatory processes accounting for higher IR at lower IL-6 levels. 

Another possibility is a ceiling effect in tissue IR response to higher levels of inflammatory 

cytokines, as indicated by prior in vitro studies (35). Finally, since levels of inflammatory 

cytokines are known to fluctuate in RA, a single measurement of IL-6 at baseline may not 

account for variability in levels in the preceding period that may be relevant to current 

insulin sensitivity. This effect may be more limited among controls, in which levels of 

inflammatory cytokines, even higher levels, are presumably more stable over time.

Although we did not detect a strong association between levels of systemic inflammation 

and IR among RA patients, we did note several RA characteristics that had strong 

associations. For one, IR levels among RF-seropositive patients were nearly 50% higher than 

among those who were seronegative, an effect roughly equivalent to the difference in 

HOMA-IR between an RA patient meeting 2 metabolic syndrome criteria versus one 

meeting no criteria. Although RF seropositivity could be a surrogate for RA severity or 

higher cumulative levels of systemic inflammation, we did not observe the same association 

with other measures of RA severity (i.e., SHS scores, HAQ), other autoantibodies (i.e., anti-

CCP), or genetic markers of disease (i.e., shared epitope), raising the possibility of a specific 

causal effect of RF on IR that remains to be elucidated. In confirmation of our findings, 

higher HOMA-IR levels were observed among patients with seropositive early inflammatory 

polyarthritis in a recent study (36).

The biologic plausibility behind higher IR levels among prednisone users is not surprising, 

as in vitro the insulin-resistant state (i.e., reduced insulin-stimulated glucose and free fatty 

acid uptake in muscle and adipose tissue) is recreated with glucocorticoid exposure (37). 

Although recent studies (38) reporting modest effects of short-term glucocorticoid exposure 

on IR in RA patients are reassuring, our data support the potential for adverse effects related 

to long-term exposure that may be underestimated in the shorter time frame of an 

interventional trial. In our study, glucocorticoid use was primarily associated with IR among 

women only, perhaps due to an interaction with estrogens and/or other sex-specific 

physiologic processes (39). This finding requires further study into the mechanisms of 

disease.

Perhaps most surprisingly, despite higher IR levels among nearly every subgroup of RA 

patients studied as compared with controls (consistent with the well-established increase in 

CVD in RA), we did not observe any apparent association between IR and multiple 

measures of subclinical atherosclerosis within our RA cohort. In several prior studies of the 

general population, higher HOMA-IR levels were associated with CVD events (40), CAC 

(41), and extra-coronary vascular calcification (42), in some even after adjustment for CVD 

risk factors (40,41); however, not all studies have demonstrated an independent association 

(42). Because higher HOMA-IR levels are so strongly associated with multiple components 

of metabolic syndrome that themselves may be proatherogenic, it is not surprising that 

HOMA-IR has been shown to be a predictive index of CVD risk. In our study, HOMA-IR 

was associated with measures of atherosclerosis in the control group, and was diminished 

only upon adjustment for the elements of metabolic syndrome to which it is linked. 
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However, we did not observe the same associations within the RA group. This could suggest 

an unlinking of the mechanisms mediating higher HOMA-IR levels and those mediating 

atherosclerosis in RA, perhaps reducing the predictive ability of HOMA-IR for CVD. Our 

findings are broadly compatible with other reports in RA demonstrating an unlinking 

between adipokine indicators of insulin resistance (i.e., adiponectin and leptin) and 

atherosclerosis (43). At present, our cohort is being followed up longitudinally for CVD 

events, which will provide information as to whether HOMA-IR is better at predicting 

events than is subclinical atherosclerosis (44).

There are notable strengths and limitations to our study. Among strengths, this is, to our 

knowledge the largest study of the relationship between IR and atherosclerosis to date in RA 

and the only one to explore longitudinal associations in multiple vascular beds in the same 

cohort. An additional strength is the comparability of the RA cases and controls, who were 

not only geographically compatible (with all atherosclerosis assessments performed on the 

same equipment), but were also carefully balanced with regard to demographic 

characteristics, even within subgroups. Among study limitations, there are well-recognized 

limitations of HOMA as an estimate of IR compared with the more accurate timed oral 

glucose tolerance test or hyperinsulinemic euglycemic clamp (23). However, since 

measurements in cases and controls were performed in the same way, there is little reason to 

believe that between-group comparisons in HOMA-IR are impugned. Moreover, the 

cumbersome methodology of the hyperinsulinemic clamp makes it largely unsuitable for a 

study of our size. Finally, our comparisons of associations according to RA status were 

cross-sectional and are thus subject to uncertainties in causality.

In summary, we found higher levels of whole-body IR among RA patients of all strata 

compared with controls. However, we found little indication that these higher levels impart a 

higher risk of subclinical atherosclerosis progression in either the coronary or the carotid 

arteries among a population with increased cardiovascular risk.
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Figure 1. 
Associations of log-transformed interleukin-6 (IL-6) and C-reactive protein (CRP) levels 

with the log-transformed homeostatic model assessment of insulin resistance (HOMA-IR) 

index in the rheumatoid arthritis (RA) group and the non-RA control group. Shown are the 

least squares estimators for the average association and the 95% confidence intervals (dotted 

lines). A, A strong linear association between the IL-6 level and the HOMA-IR index was 

found in the control group (β = 0.381, P = 0.001), although the association was weaker, and 

not significant, in the RA group (β = 0.064, P = 0.18) (P < 0.001 for the interaction between 

RA status and IL-6 level). B, The linear association between the CRP level and the HOMA-

IR index was significant in both the RA group (β = 0.094, P = 0.007) and the control group 

(β = 0.169, P < 0.001) (P = 0.15 for the interaction between RA status and CRP level).

Giles et al. Page 14

Arthritis Rheumatol. Author manuscript; available in PMC 2018 July 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Associations of the natural log–transformed homeostatic model assessment of insulin 

resistance (HOMA-IR) index with coronary artery calcium (CAC) (A), the intima-media 

thickness (IMT) of the common carotid artery (CCA) (B), and the IMT of the internal 

carotid artery (ICA) (C). Shown at left are least squares estimators for the average 

association in the rheumatoid arthritis (RA) group (solid lines) and the non-RA control 

group (shaded lines) and corresponding 95% confidence intervals (95% CIs) (dotted lines), 

as well as Spearman’s correlation coefficients for each group. Shown at right are crude and 

adjusted β coefficients following linear regression with associated 95% CIs for the average 

association between IR and measures of coronary and carotid atherosclerosis. P values are 

for the interaction between RA status and the measures of coronary and carotid 

atherosclerosis. HDL = high-density lipoprotein.
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Table 1

Characteristics of the study participants*

RA patients
(n 195)

Controls
(n 198) P

Age, years 59 ± 9 60 ± 9 0.55

Male, no. (%) 77 (39) 71 (36) 0.46

White, no. (%) 169 (87) 177 (89) 0.40

Any college education, no. (%) 147 (75) 153 (78) 0.59

Body mass index, kg/m2 28.4 ± 5.3 28.8 ± 5.7 0.48

Waist circumference, cm 96 ± 16 97 ± 15 0.40

Exercise, minutes/day 32 (0–77) 32 (11–77) 0.55

TV watching, minutes/day 120 (60–180) 103 (45–180) 0.036

Hypertension, no. (%) 104 (54) 75 (38) 0.002

Fasting glucose, no. (%)

 Normal 151 (77) 139 (70) 0.10

 Impaired 33 (17) 42 (21) 0.28

 Diabetes 11 (6) 17 (9) 0.26

Ever smoking, no. (%) 115 (59) 107 (54) 0.35

Current smoking, no. (%) 23 (12) 19 (10) 0.49

HDL cholesterol, mg/dl 55 ± 19 52 ± 15 0.13

LDL cholesterol, mg/dl 116 ± 31 118 ± 30 0.46

Triglycerides, mg/dl 107 (68–151) 114 (76–161) 0.25

Taking lipid-lowering medications, no. (%) 34 (17.4) 46 (23.2) 0.15

Metabolic syndrome, no. (%) 44 (23) 62 (31) 0.051

CRP, mg/liter 2.5 (1.1–7.2) 2.3 (0.9–4.7) 0.041

IL-6, pg/ml 3.9 (1.8–7.8) 1.1 (0.7–1.9) <0.001

CAC score >0, no. (%) 107 (55) 107 (54) 0.87

CAC score ≥100, no. (%) 69 (35) 48 (24) 0.016

Carotid plaque, no. (%) 42 (22) 23 (12) 0.009

ICA-IMT, mm 1.09 (0.84–1.54) 0.92 (0.80–1.23) 0.002

CCA-IMT, mm 0.82 (0.75–0.92) 0.84 (0.75–0.94) 0.31

RA duration, years 9 (4–17) – –

RF or anti-CCP seropositivity 152 (78) – –

Any HLA–DRB1 shared epitope, no. (%) 135 (70) – –

DAS28-CRP, units 3.6 (2.9–4.4) – –

HAQ, units 0.63 (0.13–1.25) – –

Total SHS, units 44 (15–119) – –

Current prednisone, no. (%) 75 (38) – –

Current oral prednisone dose, mg/day 5 (5–10) – –

Ever prednisone, no. (%) 145 (74) – –

Cumulative prednisone, gm 5.5 (2.5–11.4) – –

Current nonbiologic DMARD, no. (%) 164 (85) – –
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RA patients
(n 195)

Controls
(n 198) P

 Methotrexate 124 (64) – –

 Hydroxychloroquine 47 (24) – –

Current biologic DMARD, no. (%) 89 (46) – –

 TNF inhibitor 85 (44) – –

*
Except where indicated otherwise, values are the mean ± SD or median (interquartile range). RA = rheumatoid arthritis; HDL = high-density 

lipoprotein; LDL = low-density lipoprotein; CRP = C-reactive protein; IL-6 = interleukin-6; CAC = coronary artery calcium; ICA-IMT = internal 
carotid artery intima-media thickness; CCA-IMT = common carotid artery IMT; RF = rheumatoid factor; anti-CCP = anti–cyclic citrullinated 
peptide; DAS28-CRP = Disease Activity Score in 28 joints using the CRP level; HAQ = Health Assessment Questionnaire; SHS = Sharp/van der 
Heijde score; DMARD = disease-modifying antirheumatic drug; TNF = tumor necrosis factor.
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