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Obesityy and Clinical Restenosis after 
Coronaryy Stent Placement 
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Chapterr 3 

Abstract t 

Background: : 

Obesityy has been associated with improved clinical outcomes after percutaneous coronary 

interventionn - "obesity paradox". 

Methods: : 

Wee studied 6,186 patients pooled from six major coronary stent clinical trials. Clinical 

restenosiss was defined as target lesion revascularization (TLR) at one year. Body mass 

indexx was classified according to World Health Organization criteria as underweight (< 18.5 

kg/m2),, normal-weight (18.5 to 24.9 kg/m2); overweight (25 to 29.9 kg/m2), obesity 

classs I (30 to 34.9 kg/m2) and obesity class I I / I I I (>35 kg/m2). Multivariable logistic 

regressionn analysis was used to evaluate the effect of obesity class on TLR. 

Results: : 

Comparedd with normal- weight patients, there was a trend to more frequent TLR in 

patientss of obesity class I I / I I I (13.6% vs. 10.9%, p =0.08). After adjustment for previously 

definedd predictors of TLR, other than the obesity-related intermediate states of diabetes 

andd hypertension, obesity class II/III was associated with 1.33 fold (95% CI, 1.00-1.78) 

higherr odds of TLR. In an analysis restricted to patients without diabetes or hypertension, 

obesityy class I I / I I I was also associated with significantly higher odds of undergoing 

TLRR (OR 2.14, 95% CI 1.21 3.77). 

Conclusion: : 

Afterr coronary stenting, the odds of undergoing TLR were higher in patients with obesity 

classs I I / I I I compared with normal-weight patients. The significant association of severe 

obesityy in non-diabetic and normotensive patients suggests other obesity associated 

mechanismss such as insulin resistance and inflammation should be further explored. 
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Introduction n 

Obesityy is known to predispose patients to increased overall cardiac morbidity and 

mortalityy (1,2,3)- However, overweight and obese patients have been shown to have 

similarr (4,5) or even better (6,7) long-term outcomes, including death, myocardial 

infarction,, and repeat revascularization, compared with normal-weight patients after 

percutaneouss coronary intervention (PCI). Other studies have reported increased in-

hospitall  mortality after PCI for extremes of both low and high body mass index, but 

didd not assess the effect of obesity on restenosis or late ischemic events (8, 9). Clinical 

outcomee in the first year after coronary stenting is determined primarily by restenosis, 

manifestedd clinically as recurrent ischemia prompting repeat revascularization of the 

originall  target lesion (TLR), so it is likely that any effect of obesity would be mediated 

primarilyy by an impact on restenosis and these related clinical events. 

Obesityy is associated with conventional cardiovascular risk factors such as hypertension 

andd diabetes mellitus, both of which have been previously associated with an increased 

riskk for TLR after coronary stent placement (10). Thus, any effect of obesity on TLR 

mayy be influenced by the increased prevalence of these obesity-related diseases and it 

mayy not be appropriate to adjust for these intermediate factors (11), since they are in 

thee causal pathway for any overall detrimental effect of obesity (12). Furthermore, 

obesityy is associated with endothelial dysfunction (13), insulin resistance (14) and 

inflammationn that may contribute towards the increased risk for adverse clinical 

outcomess in obese patients even before the manifestation of overt obesity-related 

diseasee (15). 

Wee hypothesized that obesity is associated with increased risk for TLR after appropriate 

adjustmentt for other known risk factors. Furthermore, we considered that adjustment 

forr the we sought to isolate the obesity effect by using a separate model, which did not 

adjustt for these covariates, as well as an analysis restricted to non-diabetic and 

normotensivee patients. 
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Methods s 

Studyy design 

Dataa from six major clinical trials of native coronary artery stenting with relatively 

homogenouss inclusion criteria and study protocols were pooled for this analysis. The 

detailss of the study protocols and justification for pooling have been previously reported 

(16).. Briefly, the population included 6,186 patients who underwent stenting of 6, 219 

targett vessels using the Palmaz-Schatz coronary stent or one of six second-generation 

baree metal designs. Adequate height and weight values for calculating BM1 were available 

forr 6,116 patients. The stenting protocol for each study included routine high-pressure 

post-- dilation with recommended balloon:artery ratios of 1.1: 1.2, and four weeks of 

ticlopidineticlopidine 250 mg twice daily plus aspirin as the standard post procedure antithrombotic 

regimen.. All angiographic data were analyzed by the same angiographic core laboratory, 

andd all clinical events were adjudicated by the same Clinical Events Committee. 

Definitionss and outcomes 
Bodyy mass index (BMI) was calculated as the reported weight in kilograms divided by the 

squaree of the reported height in meters (kg/m2). For the purpose of our analysis, we 

classifiedd patients by BMI according to the W HO definition: (17), underweight (<18.5 

kg/m2),, normal weight (18.5 to 24.9 kg/m2); overweight (25 to 29.9 kg/m2), obesity 

classs I (30 to 34.9 kg/m2) and obesity class I I / I I I (>35 kg/m2). Clinical follow-up was 

obtainedd at hospital discharge, and one month, six months, and 9-12 months after the 

procedure.. The clinical restenosis endpoint was TLR, defined as any repeat percutaneous 

revascularizationn or surgical bypass of the original target lesion that occurred 30 or more 

dayss after the index procedure and was driven by clinical findings (presence of ischemic 

symptomss and/or a positive functional ischemia study) in the presence of a target lesion 

diameterr stenosis (DS) > 5 0% as determined by the angiographic core laboratory. Even 

iff  a positive functional ischemia study or ischemic symptoms were absent, revascularization 

forr a target lesion DS > 7 0% was also considered a clinically driven TLR. The target 

lesionn was considered to be the area covered by the study stent(s) plus a 5-mm margin 

proximall  and distal to the stent edges. Target lesion revascularization performed earlier 

thann 30 days alter the procedure was defined as related to an early procedural complication 
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andd not included as clinical restenosis. Routine follow-up angiography was planned in a 

subsett of 1,937 (32%) patients and was performed otherwise based on clinical necessity. 

Diabetess and hypertension was based on history of clinical diagnosis. Hypercholestrolemia 

wass defined as total cholesterol levels > 200 mg/dl or history of medication for high 

cholesteroll  levels. 

Statisticall  analysis 

Continuouss variables are presented as means and standard deviations. Binary variables 

aree presented as counts and percentages. Differences in baseline characteristics between 

patientss in the five study-defined BMI groups were compared using the chi-square 

testt for dichotomous variables and analysis of variance for continuous variables. The 

frequencyy of TLR for obesity class I I / I I I was compared with normal weight patients 

usingg chi-square. Covariates for the multiple logistic regression models, in addition to 

BMII  category, were selected based on a prior analysis of TLR predictors in this 

populationn (10) and included vessel diameter, lesion length, diabetes, and hypertension 

andd the negative predictors of cigarette smoking and prior MI . 

Separatee models were constructed as follows: Model A included all patients and adjusted 

forr the above mentioned variables; Model B included all patients but was not adjusted 

forr diabetes or hypertension since these covariates are not only associated with TLR but 

aree recognized intermediate states in the causal pathway of obesity and its complications; 

Modell  C was restricted to patients without diabetes or hypertension to test for the effect 

off  obesity without influence of these disease states. BMI category was added to all 

modelss after adjustment for the other variables. Al l statistical analyses were performed 

usingg SAS for Windows Version 6.12 (SAS Institute, Cary, North Carolina). 

Results s 

Baselinee clinical and angiographic characteristics according to BMI category are shown 

inn Table 1. History of past smoking and current smoking were more common in 

patientss with normal weight BMI . Subjects with class I I / I I I obesity' were more likely 
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Tablee 1. Baseline Clinical and Lesion Ch 

Clinicall  and Angiographic 
Characteristics s 

n,, (%) 
ff  Age, mean,  SD yrs 
Female,, (%) 
Historyy of Smoking, (%) 
Currentt Smoker, (%) 
*Diabetess Mellitus, (%) 

Insulinn treated diabetes, (%) 
**  Hypertension, (%) 
*Hypercholestrolemia,, (%) 
Previouss MI, (%) 
Previouss PCI, (%) 
Previouss CABG, (%) 
Unstablee Angina, (%) 
Triplee Vessel Disease, (%) 
ff  LVEF, mean,  SD yrs 

Quantitativee Angiography 
ff  Ixsion Diameter, mean,  SD mm 
ff  Reference diameter, mean,  SD mm 
tPretreatmentt MLD, mean,  SD mm 
tLesionn Length,  SD mm 
ff  Final MLD, mean,  SD mm 

ll  Stent length, mean,  SD mm 

Diabetess and hypertension were defined 
perr clinical records and were on medical tr 

aracteristics s 

/Mll  Patients 

6116 6 
622 ) 
18899 (31) 
16577 (26) 
13188 (22) 
12755 (21) 
3533 (28) 

35277 (58) 
25255 (41) 
20022 (33) 
2444 (4) 
5244 (9) 

26000 (42) 
600(10) ) 

54.5(11.3) ) 

3.11 ) 
2.99 ) 
1.00 ) 
13.44 ) 
2.88 ) 
20.66 ) 

ass those patients th 

Underweight t 
(BMK18.5kg/mz) ) 

34(0.6) ) 
699 ) 

19(56) ) 
10(29) ) 
7(21) ) 
8(24) ) 
3(37) ) 
222 (67) 
8(24) ) 
12(36) ) 
2(22) ) 
1(3) ) 

13(38) ) 
4(12) ) 

56.. ) 

2.99 ) 
2.99 ) 
1.00 ) 
11.22 ) 
2.88 ) 
22.11 ) 

att were diagnosed by th 
ïerapy.. Hypercholestrolemia, was defi 

levelss > 200 mg/dl or history of taking medication for high 
meanss and p-value calculated with AN OVA 

cholesteroll  levels. 

Normal-weight t 

(BMII  18.5-24.9 kg/™2) 

1116(18) ) 
) ) 

425(38) ) 
354(32) ) 
288(26) ) 
137(12) ) 
355 (26) 
5599 (51) 
423(38) ) 
379(34) ) 
45(16) ) 
100(9) ) 

487(44) ) 
123(11) ) 

) ) 

) ) 
) ) 
) ) 
) ) 
) ) 
) ) 

eirr physicians as 
ness as total cholesterol 

fVal l uess presented as 

too have diabetes compared to the rest of the groups. There was a trend for increased 

probabilityy of TLR among patients with obesitv class II/II I compared with normal-

weightt BMI (13.6% vs. 10.9%, p=0.08). Table 2 shows the relationship of BMI category 

too risk of TLR after adjusting for potential confounders. After adjustment for all 

previouslyy reported predictors of TLR (model A), there is no significant association 

off  BMI with the odds of TLR. In model B, including all covariates of model A except 

forr the presumed intermediates of diabetes and hypertension, obesity class II/II I was 

associatedd with 33% higher odds of undergoing TLR when compared to normal 

weightt patients. Likewise, in the model restricted to patients that did not have 

documentedd diabetes or hypertension (model C), patients with obesity class II/II I 

hadd a significant 114% higher odds of undergoing TLR compared with normal weight 
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Overweight t 
(BMII  25.0-29.9 kg/m2) 

25355 (41) 
633 ) 
650(11) ) 
6633 (26) 
5266 (21) 
4288 (17) 
132(31) ) 
1344(54) ) 
10099 (41) 
8500 (34) 
102(15) ) 
2311 (9) 

10544 (42) 
2655 (10) 
566 ) 

) ) 
) ) 
) ) 
) ) 
) ) 
) ) 

Obesityy Class I 
(BMII  30.0-34.9 kg/m2) 

1560(26) ) 
) ) 

449(29) ) 
421(27) ) 
327(21) ) 
377(24) ) 
833 (22) 

9822 (63) 
698(45) ) 
517(34) ) 
666 (18) 
126(9) ) 

670(43) ) 
130(8) ) 

) ) 

3.00 ) 
3.00 ) 

) ) 
) ) 
) ) 

22.11 ) 

Obesityy Class 11/111 
(BMII  >35.0 kg/m2) 

871(14) ) 
) ) 

346(40) ) 
209(24) ) 
170(20) ) 
325(37) ) 
1000 (31) 
6200 (72) 
377(44) ) 
264(31) ) 
299 (14) 
66(8) ) 

376(43) ) 
78(9) ) 

) ) 

3.0(+0.5) ) 
) ) 

1.11 ) 
) ) 
) ) 
) ) 

P-value e 

<0.001 1 
0.001 1 
0.002 2 
0.004 4 
0.001 1 
0.04 4 
0.001 1 
0.001 1 
0.56 6 
0.76 6 
0.4 4 
0.73 3 
0.1 1 
0.68 8 

0.9 9 

<0.001 1 
<0.001 1 

0.56 6 
0.1 1 
0.9 9 

patientss (figure 1). Patients with a BMI in the overweight or obesity class 1 categories 

hadd TLR risk similar to those with normal-weight category in all 3 models. 

Thee effect of obesity on angiographic restenosis parameters is shown in Table 3. 

Follow-upp data were available for 1441 (74%) of the pre-specified angiographic follow-

upp subset. Late loss, defined as the difference in vessel lumen within the stent 

immediatelyy after implantation and follow-up 6-9 months later, and binary angiographic 

restenosis,, defined as follow-up diameter stenosis >50%, were not significantiy different 

forr obese compared with normal weight patients. 
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Figuree 1. Odds of Clinical Restenosis (TLR) Obesity Class 11/111 (BMI >35 kg/ m2). 

3.85 5 

3.6 6 
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2.855 i 
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2.14 4 
I I I 
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Modell  A: 

Modell  B: 

Modell  C: 

Normall  Model A Model B Model C 
18.5-24.99 kg/m2 Obesity Class 11/111 Obesity Class II/111 Obesity Class II/II I 

Fullyy adjusted model including diabetes, hypertension, history of prior MI , stent length, 
referencee vessel diameter, current smoking. 
Nott adjusted for diabetes and hypertension 

Restrictedd model, without patients with diabetes and hypertension 

Tablee 2. Odds of Clinical Restenosis (TLR) according to BMI category. 

BMII  Category 
Underweight t 
(BMI<18.5kg/m2) ) 
Normal l 
(18.5-24.99 kg/m2) 
Overweight t 
(25.0-29.99 kg/m2) 
(( )besity Class I 
(BMII  30.0- 34.9 kg/m2) 
Obesityy Class II/II I 
(>35.0kg/m2) ) 

Modell  A 

n=6116 6 
34 4 

1116 6 

2535 5 

1560 0 

871 1 

ORR (95% CI) 
0.588 (0.13-2.46) 

1.00 0 

1.08(0.85-1.37) ) 

1.02(0.784.33) ) 

1.20(0.89-1.61) ) 

Modell  B 

n=6116 6 
34 4 

1116 6 

2535 5 

1560 0 

871 1 

ORR (95% CI) 
0.599 (0.14-2.53) 

1.00 0 

1.10(0.864.31) ) 

1.07(0.82-1.40) ) 

1.33(1.00-1.78) ) 

Modell  C 

n== 2241 
9 9 

515 5 

1041 1 

494 4 

182 2 

ORR (95%, CI) 
** * 

1.00 0 

1.30(0.864.96) ) 

1.14(0.70-1.86) ) 

2.14(1.21-3.77) ) 

TLRR = target lesion revascularization. Model A: Fully adjusted model adjusted for diabetes, hypertension, 
historyy of prior MI , stent length, reference vessel diameter, current smoking, and BMI categories. 
Modell  B: Not adjusted for diabetes and hypertension. Model C: Restricted model, without patients 
withh diabetes and hypertension . **  Small number of patients resulted in a lack of statistical power to 
makee inferences about this group. 
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Tablee 3. Follow-up angiographic parameters according to BM1 category. 

BM11 Category 

Normal(18.5-24.99 kg/m2) 
Overweight(25.0-29.99 kg/m2) 
Obesityy Class 1(BM1 30.0- 34.9 kg/m2) 
Obesityy Class ll/III (>35.0 kg/m2) 

N N 

264 4 
568 8 
390 0 
214 4 

Latee Loss (mm

0.922  0.58 
0.911  0.63 
0.922  0.60 
0.888  0.64 

SD) ) Binaryy Angiographic 
Restenosiss N (%) 

655 (24.6) 
1699 (29.8) 
1144 (29.2) 
600 (28.0) 

Discussion n 

Inn our population of patients who underwent non-emergent deployment of bare-metal 

stentss in native coronary arteries, there was a slightly higher frequency of TLR at one 

yearr for patients with obesity class I I / I I I compared with normal-weight patients. This 

riskk was strongly influenced by the presence of diabetes and hypertension such that 

obesityy was not significantly associated with TLR after adjustment for these covariates. 

Amongg non-diabetic and normotensive patients, however, obesity class I I / I I I was 

associatedd with highly significant increased odds of TLR. 

I tt is illogical if not impossible to separate the effects of obesity on any given outcome 

fromm the effects that are attributable to obesity-related disease states (12). In the case 

off  TLR, previous studies have confirmed that two such disease states, diabetes and 

hypertension,, are significantly and independently associated with increased odds of the 

outcome.. As opposed to typical confounders, which have a non-causal association with 

bothh the outcome and the independent variable of interest, covariates that have a 

causall  association with the independent variable and the outcome, or so-called 

intermediates,, may result in "overadjustmenf' for the effect of independent variable 

inn a multivariable model. 

Ourr approach was to develop 3 different models to help elucidate the association of 

BMII  class with TLR. The fully adjusted model (A) provided results similar to previous 

studiess with no significant association of obesity with TLR. To test if this could be 

relatedd to possible "overadjustment" by the inclusion of diabetes and hypertension in 

thee model, we developed a second model (B) of the same population adjusting for all 
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butt these two covariates. Under these conditions, severe obesity (obesity class II/III ) 

wass indeed associated with significantly higher odds of TLR. This suggests that obesity 

iss associated with increased risk of TLR and that its effect is mediated in part through 

thee causal intermediates of diabetes and hypertension. Clearly, this too is an 

oversimplification,, since not all cases of diabetes or hypertension are related to obesity 

Too further evaluate the independence of an obesity effect, a third model (C) tested all 

off  the identified covariates in a subset of our population without a diagnosis of 

diabetess or hypertension. In this population, obesity was associated with a more than 

doublingg the odds of TLR. These findings are consistent with an obesity effect that is 

nott mediated by diabetes or hypertension. 

Theree are several potential mechanisms for this finding. Even in the absence of frank 

diabetess or hypertension, obesity is associated with insulin resistance, a pro-inflammatory 

statee and endothelial dysfunction (14-16). Metabolic syndrome and insulin resistance 

havee been associated with increased risk of cardiovascular events in patients with 

angiographicc coronary artery disease (17,18). It has also been demonstrated that insulin 

resistancee and endothelial dysfunction are independent predictors of early restenosis 

afterr coronary stenting (19), and neointimal tissue proliferation after stent implantation 

inn patients with impaired glucose tolerance has been shown to be greater than in patients 

withh normal glucose tolerance (20). In addition to their role in insulin resistance and 

metabolicc syndrome, other endocrine functions have been ascribed to adipose cells 

(21,, 22). Products include the cytokines IL-6 and TNF-alpha and C-reactive protein 

(22,, 23). Recent evidence has implicated a central role of inflammation in the process 

off  neointimal hyperplasia (24-26). Correlation between levels of inflammatory markers 

andd propensity for restenosis has also been demonstrated (27). While it is intriguing to 

suspectt any or all of these mechanisms as contributors to an increased risk of clinical 

restenosiss in the severely obese patients of our study population, laboratory data to 

assesss these metabolic and inflammatory mediators are not available from the individual 

studiess to support this inference. 

Itt is also possible that there is a differential risk for clinically indicated TLR that is 

relatedd to obesity but is not dependent on a biological difference in restenosis. The 

similarr angiographic late loss and binary angiographic restenosis rates support this 
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theory.. One possible explanation is the presence of increased myocardial oxygen demand 

amongg obese patients resulting in increased likelihood of ischemic symptoms despite 

similarr degrees of neointimal hyperplasia. 

Whilee angiographic restenosis risk, appears to be similar for obese patients there is no 

evidencee from these data to support a reduced risk of angiographic or clinical restenosis. 

Thee results from our study stand in contrast to other studies of post PCI patients that 

havee shown similar to improved clinical outcomes for obese patients compared with 

normall  weight patients and have supported a so-called obesity paradox (4-7). Generally, 

thesee studies have reported on in-hospital and late mortality after PCI and have not 

evaluatedd the more prevalent outcome of clinical restenosis. Powell et al showed 

significantlyy higher in-hospital and late (two-year) mortality for low BMI (<20 kg/ 

m2)) patients with similar unadjusted mortality for obese and normal-weight patients. 

(4)) Similarly, Gruberg et al demonstrated higher one-year mortality for normal weight 

patientss compared with obese patients (5), but normal weight (BMI <24.9 kg/m2) in 

thiss study may have also included patients at the lower extreme. Unadjusted repeat 

revascularizationn rates were similar among all BMI groups. Gu rm et al (6,7) have also 

shownn significantly higher in-hospital and late mortality for low BMI patients compared 

withh normalweight patients after PCI. They reported only a non-significant increase 

forr Class I I / I I I obese patients but noted small numbers of patients in this group. 

Interestingly,, after coronary artery bypass surgery obesity Class II / I1 I was associated 

withh significantly higher 5-year mortality. (6) 

Thee increased mortality in all of these studies was observed mainly in the lower extremes 

off  BMI , a group known to be at higher risk for death due to multiple factors and 

representingg a special challenge for investigators attempting to evaluate effects of 

BMII  on mortality outcome(12). The absence of independent increased mortality risk 

forr obese patients after PCI is notespecially surprising and convincing evidence of a 

latee protective effect for Class I I / I I I obesity is lacking. Importantly, none of these 

studiess have adequately addressed the effect of obesity on clinical restenosis, the 

outcomee that is ostensibly more closely related to the PCI procedure. 
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Ourr study is limited in that the patients were pooled from several multi-center clinical 

trials.. Although the studies had similar inclusion criteria we can not exclude some level 

off  heterogeneity. We are also limited in that data regarding specific medical therapy, 

inflammatoryy markers, and measures of insulin resistance were not obtained in the 

studiess and, thus these specific effects could not be included in the analysis. 

Inn conclusion, our study does not suggest a protective benefit for obese patients in terms 

off  the most prevalent clinical outcome after coronary stenting- repeat revascularization. 

Indeed,, our results suggest an increased risk for restenosis outcomes for severely obese 

patients.. Previous reports of an "obesity paradox" after PCI are possibly explained by 

inadequatee adjustment for high-risk patients at the lower extremes of BMI and the focus 

onn mortality outcomes, for which PCI has no expected effect. Future studies are required 

too evaluate the role of inflammation and insulin resistance as mechanisms for the increased 

riskk for clinical restenosis among otherwise healthy obese patients. 
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