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Abstract

Objective—To examine the hypothesis that improving insulin sensitivity would improve

vascular function in rheumatoid arthritis (RA).

Methods—We performed a 20-week, single center, randomized, double-blind, placebo-

controlled, crossover study. Patients with RA (n=34) and moderate disease activity on stable

disease modifying anti-rheumatic drug therapy were randomized to drug sequence, receiving

either pioglitazone 45mg daily or matching placebo for 8 weeks, followed by a 4-week washout

period and the alternative treatment for 8 weeks. We measured change in vascular stiffness

(augmentation index and aortic pulse wave velocity), endothelial function (reactive hyperemia

index), and blood pressure. High sensitivity C-reactive protein (CRP), and the homeostatic model

assessment of insulin resistance (HOMA) were also measured. The treatment effect of

pioglitazone on outcomes was analyzed using linear mixed effect models.

Results—Pioglitazone reduced augmentation index by −4.7% units (95% CI, −7.9, −1.5% units)

P=0.004 and diastolic blood pressure by −3.0 mmHg (−5.7, −0.2 mmHg) P=0.03, but did not

change aortic pulse wave velocity (P=0.33), or reactive hyperemia index (P=0.46) significantly.

The improvements in augmentation index and diastolic blood pressure were not mediated by

pioglitazone's effect on insulin resistance or inflammation.

Conclusion—Pioglitazone improved some indices of vascular function, including augmentation

index and diastolic blood pressure, in patients with RA; this was not mediated by improved insulin

sensitivity.
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Rheumatoid arthritis (RA) is a systemic inflammatory disease associated with increased

cardiovascular (CV) risk and mortality; this increase is independent of traditional CV risk

factors (1-3). One potentially modifiable novel risk factor that may contribute to excess CV

risk in RA is insulin resistance. We have shown that the prevalence of insulin resistance is

increased more than two-fold in patients with RA, compared to controls, and that this is

associated with coronary atherosclerosis (4,5).

Insulin resistance is associated with vascular dysfunction measured by pulse wave

reflection, arterial stiffness, and endothelium-dependent vasodilation in non-RA populations

(6,7); this vascular dysfunction is thought to represent early, subclinical vascular disease that

subsequently leads to increased atherosclerosis and CV mortality (8,9). We have shown that

patients with RA have vascular dysfunction, measured as increased augmentation index, and

that this is associated with coronary artery calcification, a measure of coronary artery

atherosclerosis (10). Because of the relationship between insulin resistance, vascular

dysfunction and atherosclerosis, improvement of insulin resistance is an attractive strategy

to improve CV risk in RA.

Insulin resistance can be improved by treatment with a thiazolidinedione peroxisome

proliferator activated receptor gamma (PPAR-γ) agonist, such as pioglitazone, an insulin

sensitizing drug that has improved vascular function (11-16) and also reduced the risk of

myocardial infarction and mortality among patients with diabetes (17,18). Whether

improved insulin sensitivity in non-diabetic patients with RA would improve vascular

function is not known. We have previously shown that pioglitazone improved insulin

resistance in non-diabetic RA patients and decreased some measures of disease activity and

inflammation (19). In the current study we examined the hypothesis that improvement in

insulin resistance would improve vascular function in patients with RA. We postulated that

improved insulin sensitivity resulting from treatment with pioglitazone in RA would

significantly improve measures of vascular function including vascular stiffness

(augmentation index and pulse wave velocity), endothelial function (reactive hyperemia

index), and blood pressure.

Methods

Study design

The design of this study has been previously described (19). Briefly, this was a single center,

randomized, double-blind, placebo-controlled, cross-over study with washout. Patients were

randomly assigned to receive pioglitazone 45mg daily or matching placebo for 8 weeks in

addition to their stable baseline disease modifying anti-rheumatic drug (DMARD) therapy at

unchanged doses. This was followed by a 4-week washout, and then patients switched to the

alternative treatment for an additional 8 weeks (Supplementary Figure). Study visits

occurred at screening, baseline (week 0), and every 4 weeks through week 20, or withdrawal
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from the study. If a change in RA disease activity warranted a change in DMARD or

corticosteroid therapy, the patient was withdrawn from the study. The study was approved

by the Vanderbilt University Institutional Review Board and all subjects gave written

informed consent.

Study population

We enrolled 34 patients meeting the 1987 ACR criteria for RA (20) who had moderate

disease activity (≥3 tender and ≥3 swollen joints) on stable (no change in past one month)

DMARD and anti-inflammatory therapy. Exclusion criteria included active cancer other

than skin cancer, history of bladder cancer or precancerous bladder lesions, HIV, heart

failure, severe edema, diabetes mellitus requiring drug therapy, aspartate aminotransferase

(AST) or alanine aminotransferase (ALT) greater than twice the upper limit of normal,

major surgery within 3 months, untreated osteoporosis, dialysis, pregnancy, unwillingness to

use effective birth control if of child bearing potential, concomitant use of gemfibrozil or

rifampin, allergy to pioglitazone, previous organ or bone marrow transplant, unwillingness

or inability to cooperate with the study protocol, or severe comorbid conditions likely to

compromise survival or study participation.

Study procedures

Study procedures were performed after at least 6 hours of fasting and 30 minutes of supine

rest. At the baseline visit, and every 4 weeks thereafter, augmentation index, aortic pulse

wave velocity, reactive hyperemia index and blood pressure were measured. Peripheral

blood pressure was measured twice by automated sphygmomanometer (Dinamap Pro 110,

GE Healthcare, Milwaukee, WI, USA), and the average blood pressure was recorded. At the

beginning and end of each treatment arm venous blood was drawn for C-reactive protein

(CRP) and fasting insulin and glucose concentrations.

Pulse wave analysis for augmentation index and aortic pulse wave velocity (also called

carotid-femoral pulse wave velocity) was performed using applanation tonometry with the

SphygmoCor system (AtCor Medical, Sydney, Australia) as we have previously described

(10). For the augmentation index the tonometer was held lightly on the radial artery at the

site of maximum impulse, and after at least 12 consecutive beats the measurements were

recorded. Waveform quality was confirmed and the system software generated the central

aortic pressure waveform normalized to a heart rate of 75 beats per minute (21). For the

aortic pulse wave velocity, the distances from the suprasternal notch to the carotid and

femoral arteries were measured. The tonometer was first applied to the carotid artery then to

the femoral artery at the point of maximum impulse, each for at least 12 consecutive beats.

The aortic pulse wave velocity was calculated as the distance travelled by the arterial pulse

wave (meters) divided by the time delay (seconds) between the carotid and femoral arteries.

Endothelial function was measured as the reactive hyperemia index using the EndoPAT

system (Itamar Medical, Caesarea, Israel) to assess endothelium-dependent vasodilator

responses (22). Peripheral artery tonometry (PAT) probes were placed on a finger on each

hand and were inflated. The baseline pulse amplitude was recorded for 10 minutes. Ischemia

was induced in the test arm with a blood pressure cuff inflated 60 mmHg above systolic
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blood pressure or a maximum of 200 mmHg, whichever was lower, for 5 minutes. The

blood pressure cuff was then deflated causing reactive hyperemia, and the post-ischemia

pulse amplitude was recorded for 10 minutes. The pulse amplitude was measured

simultaneously in the control arm without ischemia. Baseline pulse amplitude was recorded

as the average PAT signal over 2.5 minutes before ischemia. The post-ischemia pulse

amplitude was recorded as the average PAT signal 1.5 minutes after ischemia. Reactive

hyperemia was calculated as the ratio of the pre to post-ischemia PAT signal of the test arm

divided by the ratio of the pre to post-ischemia PAT signal of the control arm.

Hypertension was defined as a medical history of hypertension and currently on treatment or

blood pressure greater than or equal to 140 mmHg systolic or 90 mmHg diastolic (23).

Degree of insulin resistance was quantified by the homeostatic model assessment of insulin

resistance (HOMA) and was calculated as fasting glucose [mmol/L] × fasting insulin

[uU/ml]/22.5.

Statistics

For change in augmentation index, sample size was estimated using a paired t-test

(calculated with PS Power v 3.0) assuming that the mean baseline augmentation index

would be approximately 29.6±9.9 % units (10). A sample size of at least 32 patients

contributing follow-up data would provide 90% power to detect a 20% decrease (24) (i.e., a

decrease from 29.6% units to 23.7% units) in augmentation index comparing pioglitazone to

placebo. Thus, 34 patients were enrolled to ensure at least 32 patients with follow-up data

would be available. Because the outcomes were not independent and were pre-specified, we

did not adjust for multiple comparisons.

Descriptive statistics are presented as frequencies and percentage (%) for categorical

variables, and mean with standard deviations (mean ±SD) for continuous variables. Linear

mixed-effects models were fitted separately for all outcomes to estimate the effect of

pioglitazone on outcomes. The fixed effect of the baseline value of the outcome, treatment

regimen, week, and product of week and treatment regimen, on outcomes was modeled.

Random intercepts were used to model between-patient variability. We assessed for a carry-

over effect by comparing the mean of baseline outcome measurements between patients who

received pioglitazone in the first phase followed by placebo, and those who received placebo

in the first phase followed by pioglitazone, using linear mixed-effects models with random

intercepts for between-patient variation. Because this was a 2 arm cross-over design, data

were pooled for the 2 treatment phases after finding no carryover effect, and we report

between-group difference at the end of study time points (week 8 and week 20) using linear

contrast of regression coefficients in the mixed effect models.

To assess if change in HOMA mediated pioglitazone's effect on vascular outcome measures,

we used mixed effect models to examine for attenuation in the effect of the treatment by

additional adjustment for the change in HOMA (25). Because we had previously found

independent anti-inflammatory effects of pioglitazone on some RA disease activity

measures (19), we similarly evaluated if pioglitazone's anti-inflammatory effect, measured

as change in CRP, mediated its effect on vascular outcome measures. Values for CRP and
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HOMA were natural logarithm transformed to improve normality in the residuals. Thus,

changes in these outcomes were back-transformed and presented as percent change.

Statistical analyses were performed using R version 2.15.1 (http:www.r-project.org) and

IBM SPSS Statistics version 20. A two-sided significance level of 5% was considered

statistically significant.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. Patients were on average 51 years old,

82% were female, and 85% were Caucasian. Patients had moderate disease activity with a

mean DAS28 CRP score of 4.58 (±1.10). Most patients (70.6%) were taking methotrexate,

52.9% a biologic DMARD, and 44.1% an anti-hypertensive drug.

Effect of pioglitazone on vascular function

The addition of pioglitazone to current RA treatment was associated with a −4.7% units

(95% CI, −7.9, −1.5% units) decrease in augmentation index compared to placebo (P=0.004)

(Table 2 and Figure). Aortic pulse wave velocity (P=0.33) and reactive hyperemia index

(P=0.46) were not changed significantly by pioglitazone treatment (Table 2). Pioglitazone

resulted in a non-significant decrease in systolic blood pressure by −2.1 mmHg (95%CI,

−7.7, 3.4 mmHg) (P=0.45) and a significant decrease in diastolic blood pressure by −3.0

mmHg (95%CI, −5.7, −0.2 mmHg) (P=0.03).

Relationship between improvement in vascular function and insulin resistance

We previously showed in this cohort that pioglitazone reduced DAS28 and insulin

resistance, measured as the homeostatic model of insulin resistance (HOMA), by −26.4%

(95% CI, −43.8, −3.7%), P=0.025 (19). To determine if improvement in insulin resistance

mediated the improvement in augmentation index and diastolic blood pressure, we

compared results of the models before and after additional adjustment for HOMA or fasting

insulin. We found no significant attenuation of pioglitazone's effect on augmentation index

(original analysis: −4.7% units (95% CI, −7.9, −1.5% units), P=0.004; compared to −5.26%

unit (95% CI, −10.5, −0.04% units), P=0.048 after adjusting for HOMA; and −4.50% units

(95%CI, −7.65, −1.36% units), P=0.005 after adjusting for fasting insulin). Similarly, there

was little change in the magnitude of the effect of pioglitazone on diastolic pressure after

additionally adjusting for HOMA (original analysis: −3.0 mmHg (95%CI, −5.7, −0.2

mmHg), P=0.03; compared to −3.67 mmHg (95% CI, −7.92, 0.578 mmHg), P=0.09 after

adjusting for HOMA; and −2.95 mmHg (95%CI, −5.69, −0.20 mmHg), P=0.04 after

adjusting for fasting insulin). Therefore, pioglitazone's effect on insulin resistance did not

appear to mediate the change in augmentation index or diastolic blood pressure.

Relationship between improvement in vascular function and inflammation

Pioglitazone has an anti-inflammatory effect independent of its impact on insulin resistance

(19,26,27). Therefore, we additionally sought to determine if improvement in augmentation

index and diastolic blood pressure were mediated by pioglitazone's anti-inflammatory effect.
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We compared results of the statistical models before and after additional adjustment for CRP

or DAS28 and found no attenuation of pioglitazone's effect on augmentation index (original

analysis: −4.7% units (95% CI, −7.9, −1.5% units), P=0.004; compared to −4.84% units

(95% CI, −7.21, −2.49% units), P<0.001 after adjusting for CRP; and −4.95% units (95%CI,

−8.28, −1.62% units), P=0.004 after adjusting for DAS28). Similarly, there was no

substantial change in pioglitazone's impact on diastolic pressure (original analysis: −3.0

mmHg (95%CI, −5.7, −0.2 mmHg), P=0.03; compared to −2.06 mmHg (95% CI, −4.23,

0.112 mmHg), P=0.06 after adjusting for CRP; and −2.62 mmHg (95%CI, −5.46, 0.21

mmHg), P=0.07 after adjusting for DAS28).

Discussion

The major new findings of this study are that pioglitazone improved augmentation index and

diastolic blood pressure in patients with RA, but did not alter aortic pulse wave velocity,

endothelial function or systolic blood pressure significantly. Additionally, pioglitazone

appeared to improve augmentation index and diastolic blood pressure through mechanisms

independent of improved insulin resistance or decreased inflammation.

Different techniques measure various components of vascular function. We measured large

vessel stiffness (pulse wave velocity), large and small vessel stiffness (augmentation index)

and endothelial function (reactive hyperemia index). Pulse wave velocity is the speed at

which the pulse wave travels between two anatomic locations, indicating the stiffness of

large blood vessels (28). Augmentation index is a measure of the reflected pressure wave

produced when the pulse wave encounters resistance in the periphery; it is measured as the

ratio (reported as percent, %) of the augmented pressure to the pulse pressure in the pulse

wave form (29). Like pulse wave velocity, augmentation index measures stiffness of the

large vessels, but it also encompasses resistance in smaller vessels. The reactive hyperemia

index measures the endothelium-dependent increase in blood flow following brief ischemia,

and is a validated measure of endothelial function (30). Several studies have reported that

vascular function was impaired and associated with markers of CV risk in patients with RA.

We previously reported that augmentation index is increased in RA and is associated with

coronary artery calcification, a measure of coronary artery atherosclerosis (10). Others have

found an association between carotid intima-media thickness and both augmentation index

and aortic pulse wave velocity (31) in RA. Endothelial dysfunction, measured by several

modalities, is frequently present in patients with RA and is associated with carotid intima-

media thickness in long-standing RA (32). In addition, all three measures of vascular

function predict future CV risk in non-RA populations. Augmentation index and aortic pulse

wave velocity are independent predictors of CV risk and mortality in several groups of

patients, including those with diabetes (9), hypertension (28) and end stage renal disease

(33). Additionally, the reactive hyperemia index is an independent predictor of

cardiovascular events (34). Thus, an agent that improves vascular function may have

beneficial CV effects in many patient populations, particularly in RA. Moreover, vascular

dysfunction is strongly related to insulin resistance (35) and inflammation (36).
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Pioglitazone improved vascular function in several different patient populations. In patients

with type 2 diabetes mellitus, pioglitazone improved arterial stiffness (11) and endothelial

function (12). It also improved endothelial function in patients with impaired glucose

tolerance with (13) and without known coronary artery disease (14), and in women with

polycystic ovary disease (15). Additionally, in patients with obesity, pioglitazone improved

augmentation index and pulse wave velocity (16). Findings such as these provided a strong

rationale for studying the effect of pioglitazone on vascular function in RA.

We found that pioglitazone improved augmentation index but not aortic pulse wave velocity,

in RA. The finding of improved augmentation index but not pulse wave velocity is

compatible with other studies reporting that changes in the two measures are not always

concordant (37,38). One reason for such a differential change is that structural vascular

changes may contribute more to pulse wave velocity than to augmentation index and may

therefore change more slowly. Another reason is that the major vascular effect of

pioglitazone in patients with RA may be to decrease resistance in small peripheral vessels,

which would be reflected as a change in augmentation index but not pulse wave velocity.

Potential mechanisms for such an effect of pioglitazone on the microvasculature are its

PPAR-γ independent inhibition of vascular smooth muscle contraction (39) and ability to

improve endothelial function (40).

Indeed, we postulated that pioglitazone would improve endothelial function in RA. Insulin

resistance is frequently accompanied by endothelial dysfunction and reduced nitric oxide-

mediated, endothelium-dependent vasodilation. Moreover, in patients with diabetes,

pioglitazone improved endothelial function even before changes in insulin resistance

occurred (40). However, we found that pioglitazone did not change endothelial function

measured by the reactive hyperemia index in patients with RA. As previously shown (41),

discordance in augmentation index and reactive hyperemia index can be seen as the two

measure different aspects of vascular function. A study performed in patients with diabetes

suggested that improvement in endothelial function after pioglitazone was mediated by the

accompanying reduction in tumor necrosis factor- α (TNFα) concentrations (42). If correct,

this could provide a mechanistic explanation for the lack of improvement in endothelial

function in RA after pioglitazone, because we previously showed that although there was a

robust decrease in interleukin-6 (IL-6) concentrations after pioglitazone in RA, there was no

significant reduction in TNFα (19).

Changes in microvascular tone after pioglitazone might also be reflected by changes in

blood pressure. We found that diastolic blood pressure was significantly reduced and

systolic blood pressure trended lower with pioglitazone use. The effect of pioglitazone on

blood pressure in other studies has been mixed, but several have reported a decrease. In

patients with impaired glucose tolerance (43) and hypertension (44), pioglitazone lowered

diastolic blood pressure robustly without major effects on systolic pressure, and in other

studies it improved both systolic and diastolic pressure (45). However, in some studies there

was no change in blood pressure (46). It is interesting to note that in a large meta-analysis

metformin, another insulin sensitizer, did not affect blood pressure significantly (47). A

potential mechanism is pioglitazone's PPAR-γ-independent inhibition of vascular smooth
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muscle contraction (39). Thus, changes in blood pressure resulting from pioglitazone are

likely to be independent of its insulin sensitizing effects, as we also observed.

We used statistical models to examine if the vascular benefits of pioglitazone were mediated

though improved insulin resistance or decreased inflammation, and found that these were

not the primary mediators. Similar results were reported in subjects with impaired glucose

tolerance in whom pioglitazone reduced insulin resistance and inflammation and progression

of carotid intima-media thickness; however, improvements in insulin resistance and CRP did

not account for the slower rate of progression of atherosclerosis (46).

Our study had several limitations. It was a small study, but the efficient cross-over design

gave adequate power to evaluate the outcomes. We performed vascular function measures

that predict long term CV outcomes in the general population, but it was a short study with

no long-term outcome data. However, it is important to explore novel strategies to improve

cardiovascular outcomes in RA, and this is most efficiently done by studying the effects of

interventions on vascular function. Our finding that pioglitazone improves some measures of

vascular function are interesting; however, long term pioglitazone treatment has several

potential side effects, such as heart failure (18), osteoporosis (48), bladder cancer (49), and

weight gain that could be particularly problematic in RA. Thus, although pioglitazone is not

an ideal candidate for a novel approach to improve vascular function in RA, newer tissue-

specific compounds in development may have similar CV, insulin sensitizing, and anti-

inflammatory effects with fewer side effects (50).

Conclusion

Pioglitazone improves augmentation index and diastolic blood pressure in RA patients. This

improvement, however, was not through reduction in inflammation or insulin resistance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. Augmentation index is decreased by pioglitazone
The panel on the left shows the change in augmentation index among patients randomized to

receive pioglitazone first, then placebo. The panel on the right shows change in

augmentation index among patients randomized to receive placebo first, then pioglitazone.

Red designates patients taking pioglitazone and black those taking placebo. Open circles

represent mean change and bars represent 95% confidence intervals.
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Table 1

Patient characteristics at baseline

RA patients (n=34)

Demographics and Anthropomorphic Measures

    Age, years 51.0 (±14.2)

    Sex, %female 82% (28)

    Race, %Caucasian 85% (29)

    Hypertension, % 38% (13)

    BMI, kg/m2 28.28 (±6.04)

Disease-related and Laboratory Indices

    DAS28 CRP, units 4.58 (±1.10)

    CRP, mg/dL 12.7 (±24.6)

    HOMA, units 3.11 (±2.68)

Current Medication Use

    Methotrexate, % 70.6% (24)

    Leflunomide, % 14.7% (5)

    Sulfasalazine, % 2.9% (1)

    Hydroxychloroquine, % 17.6% (6)

    Biologic, % 52.9% (18)

    Corticosteroid, % 52.9% (18)

    Anti-hypertensive, % 44.1% (15)

Data are presented as mean (±SD) for continuous data and percent (number) for categorical data. BMI= body mass index, CRP= high sensitivity C-
reactive protein, HOMA= homeostatic model assessment of insulin resistance.
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Table 2

Effect of pioglitazone on vascular function

Pioglitazone phase Placebo phase Pioglitazone treatment effect

Baseline (SD) Mean △ (SD) Baseline (SD) Mean △ (SD) Effect (95% CI) P

Augmentation index, % units 29.1 (11.0) −3.8 (10.6) 27.2 (13.4) 2.2 (10.4) −4.7 (−7.9, −1.5) 0.004

Aortic PWV, m/s 8.6 (2.3) 0.10 (1.81) 8.6 (2.8) −0.46 (1.81) 0.38 (−0.37, 1.13) 0.33

Reactive hyperemia index, units 2.3 (0.7) 0.09 (0.66) 2.1 (0.75) −0.20 (0.95) 0.11 (−0.18, 0.40) 0.46

Systolic BP, mmHg 129.3 (19.2) −6.1 (12.9) 125.2 (19.0) −3.2 (12.2) −2.1 (−7.7, 3.4) 0.45

Diastolic BP, mmHg 72.5 (11.7) −4.7 (9.3) 70.4 (9.1) 0.1 (10.5) −3.0 (−5.7, −0.2) 0.03

Data for each intervention phase (pioglitazone and placebo) are presented as mean (SD). Mean change (△) is the average change of the group.
Pioglitazone treatment effect was calculated by linear mixed-effects models and is presented as change or % change (95% CI). Augmentation index
is normalized to heart rate 75 beats per minute. PWV= pulse wave velocity, BP= blood pressure
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