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Abstract 

Serum Resistin Concentrations and Incident Heart Failure in Older Adults 

By Zhaochuan Wang 

Objectives: Resistin is a polypeptide found in adipocytes that promotes insulin resistance 

and may be a novel risk factor for heart failure.  We investigated the association between 

baseline serum resistin concentrations and incident heart failure (HF) during the next 5 

years for adults aged 70-79 years.  

Methods: We used data from the Health, Aging, and Body Composition (Health ABC) 

Study, a prospective, NIH-funded cohort study, which enrolled 3075 participants from 

Pittsburg, PA, and Memphis, TN. Kaplan-Meier survival curves were plotted for incident 

HF during the 5-year follow up by resistin quartiles, overall and in subgroups by race and 

gender. The Cochran-Armitage trend test was used to compare incident HF across 

quartiles of baseline serum resistin concentrations. Cox proportional hazards model was 

used to assess whether baseline serum resistin concentration was associated with incident 

HF over 5 years of follow up. Assessment of interaction and confounding was performed.  

Results: Median follow-up time was 949 days.  Incident HF curves were significantly 

different among resistin quartile groups (log-rank test p-value < 0.0001). The lowest 

quartile of serum resistin had the highest probability of HF-free survival, followed by 2nd, 

3rd quartiles, and lastly the 4th quartile. Serum resistin concentration was associated with 

incident HF during the follow-up period [raw HR per 10 ng/ml increase = 1.21 (95% CI: 

1.16-1.27), p=0.005;]. The multivariable adjusted effect of resistin HR per 10 ng/ml 

increase in the overall population is 1.13 (95% CI: 1.11-1.15, p=0.14). This association 

was modified by baseline physical activity status (p-value for interaction= 0.0438). The 

hazard of incident HF was 1.21 (95% CI: 1.19-1.23, p=0.006) and 1.22 (95% CI: 1.21-

1.24, p=0.004) per 10 ng/ml increase in serum resistin level for participants with physical 

activity and physical inactivity respectively. This effect of resistin on incident HF was 

also confounded by sitting systolic blood pressure, heart rate, trunk fat, total fat 

percentage, and baseline serum albumin concentration. 



 
 

Conclusions: Serum resistin concentration is associated with incident HF over 5 years in 

older adults, and this association was modified by physical activity and confounded by 

sitting systolic blood pressure, heart rate, trunk fat, total fat percentage, and baseline 

serum albumin concentration. 
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Chapter 1 

Literature Review 

Heart Failure 

Heart failure (HF), often called congestive heart failure, occurs when the heart is 

unable to provide sufficient pump action to maintain blood flow to meet the needs of the 

body. Heart failure can cause a number of symptoms including shortness of breath, leg 

swelling, and exercise intolerance. The condition is diagnosed by patient physical 

examination and confirmed with echocardiography (1). 

Heart failure is a common health problem, which has a poor prognosis with high 

mortality rate and its incidence has increased continuously in the past decade (2). In the 

USA, HF affects about 5.1 million adults older than 20 years of age with 550,000 cases 

per year (3). The American Heart Association (AHA) also estimates that by 2030, the 

prevalence of HF will increase 25% (4). The onset of HF is uneven across age, race and 

gender (4). Among people over 65 years of age, the HF incidence approaches 10 per 

1000, and shows a increasing trend with the effect being greater in men.  Seventy-five 

percent of HF cases have antecedent hypertension (5,6). The annual risks per 1000 

population of new HF events for white men are 15.2 for those 65 to 74 years of age, 31.7 

for those 75 to 84 years of age, and 65.2 for those ≥85 years of age. For white women in 

the same age groups, the risks are 8.2, 19.8, and 45.6, respectively. For black men, the 

risks are 16.9, 25.5, and 50.6, and for black women, the estimated risks are 14.2, 25.5, 

and 44.0, respectively (7). Compared to other ethnic groups, African Americans have the 

highest risk of developing HF, followed by Hispanic, Caucasian, and Chinese Americans, 

http://en.wikipedia.org/wiki/Heart
http://en.wikipedia.org/wiki/Blood_flow
http://en.wikipedia.org/wiki/Shortness_of_breath
http://en.wikipedia.org/wiki/Peripheral_edema
http://en.wikipedia.org/wiki/Peripheral_edema
http://en.wikipedia.org/wiki/Exercise_intolerance
http://en.wikipedia.org/wiki/Echocardiography
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according to the Multi-Ethnic Study of Atherosclerosis (MESA) study, which reported 

ethnic differences in the prevalence of hypertension, obesity, diabetic, systolic 

dysfunction and socioeconomic status (8,9). 

There are over 1 million hospitalizations annually for HF, 1.8 millions physician 

office visits with a primary diagnosis of HF in 2010, 668,000 emergency room visits and 

293, 000 outpatient department visits for HF in 2009 in the U.S (10). HF patients have a 

poor quality of life and shorter life expectancy and also impose a heavy financial burden 

to the health care system.  Re-admission risk post discharge is approximately 50% within 

6 months of hospitalization. The AHA estimated that the total cost of HF would increase 

almost 120% to $70 billion in 2030 based on the 2013 estimated total cost of $32 billion 

(11). 

Since the initiation of the Framingham Heart Study, the survival time after HF 

onset has increased but the mortality rate is still as high as 50% after HF diagnosis within 

5 years (12, 13). 

The overall 1-year mortality rate declined slightly over the past decade but remains high. 

Changes were uneven across states among Medicare beneficiaries (14). 

 

Risk Factors for Heart Failure 

Because of the high mortality associated with HF and an aging population, it is 

very important to identify risk factors for HF in order to evaluate prevention strategies. 

Under these circumstances, a large number of risk factors have been studied and 

established. 
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In the Framingham Heart Study, age, coronary heart disease (CHD), valvular 

heart disease (VHD), left ventricular hypertrophy, diabetes, and obesity were associated 

with an increasing risk of HF (13). B-type natriuretic peptide, urinary albumin-to-

creatinine ratio, and elevated serum γ-glutamyl transferase were also established as risk 

factors (15, 16).  

 Cigarette smoking was identified as an important and independent risk factor. 

There was a 45% higher risk of HF in men and 88% higher risk in women among 

smokers after adjusting for CHD and other known risk factors for HF (17). Physical 

inactivity and lower socioeconomic status were also considered as important and 

independent risk factors in prospective cohort studies (17).  Although a higher level of 

physical activity was associated with CHD, hypertension, obesity and diabetes, after 

adjusting for these established factors, physical inactivity also attributed to 9.2% of HF 

cases in US general population, which indicated a higher physical activity leads to a 

lower risk of HF. Lower educational level is associated with low access to healthcare 

which is an important risk factor on HF (17).  

Hypertension, healthy lifestyle (normal weight, not smoking, regular exercise, 

moderate alcohol intake, consumption of breakfast cereals, and consumption of fruits and 

vegetables) were researched in the Physicians Health Study, which showed that 

hypertension was a risk factor for HF and a healthy lifestyle was related to lower risk of 

HF (18). 

Serum resistin has been recently identified as a potential risk marker and risk 

factor for HF. Higher concentrations of resistin in serum were found in subjects with 

prevalent HF (19). In the Framingham Offspring Study, resistin was found to be strongly 
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associated with increased risk of HF during 6 years of follow-up of a community-based 

sample. This association persisted after adjusting for obesity, markers of insulin 

resistance, inflammation, concentrations of B-type natriuretic peptide, and other 

established HF risk factors (12). 

 

Resistin  

Resistin is a 114-amino acid (12.5 kDa) signaling polypeptide found in adipocytes 

that got its name because it seems to cause insulin resistance. This protein was also 

demonstrated to impair insulin action in normal mice and cultured adipocytes, and 

immunoneutralization of resistin improved insulin action in mice with diet-induced 

obesity. Insulin-stimulated glucose uptake was also increased by resistin neutralization 

and was reduced by resistin treatment (20).  

Resistin was also found in other types of cells like macrophages and was 

associated with inflammation (21-23).  Several studies showed that serum Resistin 

correlate with the risk for CHD, renal dysfunction and outcomes among stroke patients 

(23-26). 

 Resistin levels are also altered by thiazolidinediones (TZDs), a class of insulin 

sensitizing drugs that suppress resistin expression in 3T3-L1 adipocytes and in white 

adipose tissues of mice fed a high fat diet (27). 

Increased serum resistin level was observed in the serum of obese and type 2 

diabetic patients (28, 29). These elevations suggesting resistin may play an important role 

in the etiology of insulin resistance and diabetes. Resistin was also observed to impair 

glucose transport in isolated cardiomyocytes, suggesting resistin may affect cardiac 
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function. However, the exact pathophysiology has not yet been clearly elucidated and the 

underlying mechanism by which resistin impairs cardiac function is unknown (30). 

Relationship between Resistin and Heart Failure 

Several prospective cohort studies have shown that resistin was associated with 

prevalent HF or HF incidence (12, 17, 31).  The mechanisms may involve insulin 

resistance, inflammation and effects on cardiomyocytes.  

Glucose homeostasis and insulin action was affected after resistin protein was 

administered intraperitoneally in mice (20).  It was also demonstrated that in skeletal 

muscle cells and adipocytes, the recombinant resistin impaired glucose transport in 

primary mouse cardiomyocytes. This evidence indicated a potential relationship between 

resistin and glucose metabolism related HF (20, 32, 33). 

It was demonstrated that several markers of inflammation, including C-reactive 

protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α) receptor 2 and 

plasminogen activator inhibitor-1, had been associated with HF, and these biomarkers 

also correlated with elevated serum resistin level (34, 35). These inflammatory and 

fibrinolytic markers were also demonstrated to have a strong association with insulin 

resistance and metabolic syndrome as well (36). 

Resistin also may influence HF onset by direct mechanisms on cardiomyocytes. 

Studies have demonstrated that over-expression of resistin in neonatal rats could cause an 

increase in sarcomere organization, protein synthesis in cardiomyocytes, and altered 

myocyte mechanics by depressing cell contractility and relaxation velocities. Resistin 

could also stimulate TNF-α secretion and impair cardiac recovery after ischemia occurred 

which plays an interesting role in myocardial damage and HF (37, 38).  
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Chapter 2 

Manuscript 

Abstract 

Serum Resistin Concentrations and Incident Heart Failure in Older Adults 

By Zhaochuan Wang 

 

Objectives: Resistin is a polypeptide found in adipocytes that promotes insulin resistance 
and may be a novel risk factor for heart failure.  We investigated the association between 
baseline serum resistin concentrations and incident heart failure (HF) during the next 5 
years for adults aged 70-79 years.  

Methods: We used data from the Health, Aging, and Body Composition (Health ABC) 
Study, a prospective, NIH-funded cohort study, which enrolled 3075 participants from 
Pittsburg, PA, and Memphis, TN. Kaplan-Meier survival curves were plotted for incident 
HF during the 5-year follow up by resistin quartiles, overall and in subgroups by race and 
gender. The Cochran-Armitage trend test was used to compare incident HF  across 
quartiles of baseline serum resistin concentrations. Cox proportional hazards model was 
used to assess whether baseline serum resistin concentration was associated with incident 
HF over 5 years of follow up. Assessment of interaction and confounding was performed.  

Results: Median follow-up time was 949 days.  Incident HF curves were significantly 
different among resistin quartile groups (log-rank test p-value < 0.0001). The lowest 
quartile of serum resistin had the highest probability of HF-free survival, followed by 2nd, 
3rd quartiles, and lastly the 4th quartile. Serum resistin concentration was associated with 
incident HF during the follow-up period [raw HR per 10 ng/ml increase = 1.21 (95% CI: 
1.16-1.27), p=0.005;]. The multivariable adjusted effect of resistin HR per 10 ng/ml 
increase in the overall population is 1.13 (95% CI: 1.11-1.15, p=0.14). This association 
was modified by baseline physical activity status (p-value for interaction= 0.0438). The 
hazard of incident HF was 1.21 (95% CI: 1.19-1.23, p=0.006) and 1.22 (95% CI: 1.21-
1.24, p=0.004) per 10 ng/ml increase in serum resistin level for participants with physical 
activity and physical inactivity respectively. This effect of resistin on incident HF was 
also confounded by sitting systolic blood pressure, heart rate, trunk fat, total fat 
percentage, and baseline serum albumin concentration. 

Conclusions: Serum resistin concentration is associated with incident HF over 5 years in 
older adults, and this association was modified by physical activity and confounded by 
sitting systolic blood pressure, heart rate, trunk fat, total fat percentage, and baseline 
serum albumin concentration. 
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1 INTRODUCTION 

1.1 Background  

 Heart failure (HF) is a common health problem that has a poor prognosis with 

high mortality rate (2). In the USA, HF affects about 5.1 million adults based on the data 

collected by National Health and Nutrition Examination Survey, with an incidence of 

550,000 cases per year (5). 

 Because of the high population prevalence of HF and increasingly older 

population, it is very important to identify the risk factors in order to prepare the 

preventative strategy. Under this circumstance, a large number of risk factors had been 

studied and established including age, CHD, hypertension, Valvular heart disease (VHD), 

left ventricular hypertrophy, diabetes, obesity, cigarette smoking, physical inactivity, 

lower socioeconomic status, and unhealthy lifestyle (10-12). 

 Serum resistin may be a novel risk factor for HF. Higher serum concentrations of 

resistin were found in subjects with prevalent HF (19). The mechanisms may involve 

insulin resistance, inflammation and effects on cardiomyocytes (12, 20, 37, 38). 

1.2 Objectives 

 The research objective was to assess the association between baseline serum 

resistin concentration and incident HF during 5 years of follow-up for the elderly 

population aged 70-79 years. 
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2 METHODOLOGY 

2.1 Study population and data collection  

 Data for this analysis are from the Health, Aging, and Body Composition (Health 

ABC) Study, a prospective cohort study investigating the associations among body 

composition, weight-related health conditions, and incident functional limitation in older 

adults. The Health ABC Study enrolled 3075 community dwelling black and white men 

and women aged 70 –79 years between April 1997 and June 1998. Participants were 

recruited from a random sample of white Medicare-eligible residents and all of the black 

Medicare-eligible residents in the Pittsburgh, PA, and Memphis, TN, metropolitan areas. 

Subjects were eligible if they reported no difficulty walking one-fourth of a mile, 

climbing up 10 steps, or performing basic activities of daily living; were free of life-

threatening illness; planned to remain in the geographic area for ≥3 y; and were not 

enrolled in lifestyle intervention trials. All participants provided written informed consent. 

The Institutional Review Boards at both sites approved the protocol (35).  

 

At baseline a total of 3075 eligible participants were identified from the original 

cohort, participants with HF or missing data on HF were excluded. Among participants 

without prevalent HF, 2905 (99.0%) had available serum resistin concentrations. 

Participants with missing or extreme values of serum resistin concentrations were also 

excluded. Three participants were excluded because of extreme outlying resistin values; 

the remaining 2902 participants were included in this study. The mean of the total follow 

up period was 9.1 years, the median of the total follow up period was 11.4 years, and the 

maximum follow up period was 13.5 years.  
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 2.2 Time to Heart Failure Event 

 Based on symptoms, signs, chest radiograph results, and echocardiographic 

findings, using criteria similar to those used in the Cardiovascular Health Study (39), all 

first admissions with an overnight stay that was confirmed as related to HF were 

classified as incident HF. All identified cases were required to have at least one HF 

diagnosis from a physician and/or a recorded treatment for HF. Survival analysis was 

used to compare the time until the development of HF event among 2902 subjects.  

2.3 Measurement of Exposure 

Blood samples were obtained at baseline after overnight fasting, frozen at 70°C and 

shipped to the central laboratory at the University of Vermont. Serum resistin 

concentration was measured using a sandwich enzyme-linked immunosorbent assay 

(ELISA; Linco Research Inc). Intra- and inter-assay coefficients of variation for this 

assay are 4.5% and 7.4%, respectively. 

2.4 Covariate Definitions  

Covariates of interest included age, race, gender, body mass index (BMI), 

smoking status, baseline alcohol consumption, history of clinical diabetes, the presence of 

left ventricular hypertrophy status, baseline prevalent hypertension status, sitting systolic 

blood pressure, sitting diastolic blood pressure, imputed abdominal circumference, 

abdomen visceral fat area, abdomen subcutaneous fat area, heart rate, trunk fat, total fat, 

baseline serum total cholesterol, baseline serum high density lipoprotein, baseline serum 

albumin, baseline creatinine and baseline fasting serum glucose. 
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Race was self-defined by the participants and categorized as white and black. 

Gender was classified as male and female.  Smoking was from self-reported information 

as current, past, or never. Alcohol consumption was grouped to never, occasional, 1-7 

drinks per week, and more than 7 drinks per week.  History of clinical diabetes was from 

self-report of a history of diabetes or use of hypoglycemic medication. Other 

dichotomous variables included the presence of left ventricular hypertrophy; history of 

surgical or percutaneous revascularization; electrocardiographic evidence of myocardial 

infarction; and self-reported history of myocardial infarction or angina accompanied by 

use of antianginal medications.  Hypertension was dichotomized as yes and no, based on 

self-report of a history of physician diagnosis or use of antihypertensive medication. 

Physical activity was dichotomized to physically active group (≥ 65.21 kcal per kg per 

week) and physically inactive group (< 65.21 kcal per kg per week). 

BMI, average sitting systolic blood pressure, sitting diastolic blood pressure, 

abdominal circumference, abdomen visceral fat area, abdomen subcutaneous fat area, 

heart rate, trunk fat, total fat, one year serum total cholesterol, first year serum high 

density lipoprotein, first year serum albumin, first year creatinine, and first year fasting 

serum glucose were retrieved from medical records. 

2.5 Statistical Analyses 

All analyses were performed using SAS statistical software (version 9.2; SAS 

Institute, Cary, NC). Demographic and clinical variables were compared between patients 

who developed HF by the end of study period and patients who did not develop HF. 

Categorical variables were presented as counts and percentages and compared between 
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groups with Pearson’s chi-square test. Continuous variables were presented as means and 

standard deviations and compared between groups with the 2-sample t test.  

The main exposure variable, baseline serum resistin concentration, was 

categorized into 4 quartiles. The Cochran-Armitage trend test was used to test for a trend 

in binomial proportions of developing incident HF over 5 years across the quartile groups 

of baseline serum resistin concentration. 

The univariate association between baseline serum resistin and survival until the 

first HF event was examined by Kaplan Meier’s plots overall and in subgroups of males 

and females, and white and black subjects.  Log-rank test was conducted to compare 

survival curves across baseline serum resistin quartiles.  

In order to assess the association between baseline serum resistin concentration 

and incident HF over 5 years of follow up, interaction and confounding were evaluated 

before fitting the final model. The continuous baseline serum resistin concentration 

variable was used in a Cox proportional hazards (PH) model. To assess interaction terms, 

we began with a Chunk Test by using Cox PH regression with the null hypothesis that all 

interaction terms equal zero. Based on the Wald Test results, interaction term with 

highest p-value was dropped from the initial model. After that, a new Chunk Test was 

reevaluated without the interaction term that was just dropped out of the previous step. 

This step was repeated for each Chunk test to drop the least significant interaction term. 

The repetition ended when the remaining interaction terms in the model were all 

significant (p<0.05). By this backward elimination technique, interaction effect was 

identified.  
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After performing the interaction assessment, other first order terms besides the 

exposure variable resistin and terms in the interaction terms were evaluated further for 

confounding effect. The 10% rule was used in confounding assessment. The gold 

standard model contained the exposure variable, the interaction term identified, the 

corresponding first order term for the interaction term, and the remaining 26 covariates. 

Each of the 26 covariates was removed from the model. If the beta coefficient for the 

exposure variable resistin changed over 10% after dropping a certain covariate, then this 

covariate was considered as potential confounder.   

We then fit a multivariate Cox PH model to assess the association between 

baseline serum resistin concentration and incident HF over 5 years while adjusting for 

potential confounders. Interaction terms and their corresponding first-order term were 

included if there were any. 

PH assumptions for each variable in the final model were assessed by goodness of 

fit test with Schoenfeld residuals. The 5% significance level was applied to all models.  

The study has been approved by the Emory IRB. 
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3 RESULTS 

3.1 Cohort demographics  

At baseline a total of 3075 eligible participants were identified from the original 

cohort. Participants with HF or missing data on HF (n=140) were excluded. Of the 2935 

participants without prevalent HF at baseline, 2905 (99.0%) had available serum resistin 

concentrations. Three participants were excluded because of extreme outlying resistin 

values; the remaining 2902 participants were included in this study, of which 182 (6.30%) 

developed HF by the end of study period (Table 1). The mean of the total follow up 

period was 9.1 years, the median of the total follow up period was 11.4 years, and the 

maximum follow up period was 13.5 years.  

When comparing participants who developed HF by the end of study period to 

participants who did not develop HF, there were no statistically significant differences in 

gender and alcohol consumption at baseline; however, there were significant differences 

according to race, smoking status at baseline, history of clinical diabetes, left ventricular 

hypertrophy, prevalent hypertension, and prevalent coronary artery disease at baseline. 

The proportion of black participants who had HF over 5 years of follow up was 

significantly greater than the proportion of white participants (7.40 vs. 5.50%, p=0.0443). 

The proportion of current smokers who had HF over 5 years of follow up was 

significantly greater than the proportion of former smoker and non-smokers (11.6 vs. 

6.30 vs. 4.90 %, p<0.0001).  Patients with a history of clinical diabetes had a greater 

proportion of HF than patients without a history of clinical diabetes (9.60 vs. 5.70 %, 

p=0.0017). Patients with left ventricular hypertrophy at baseline were more likely to have 

HF during the study period than patients without left ventricular hypertrophy (10.4 vs. 
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5.70%, p=0.0007). The proportion of patients with prevalent hypertension at baseline 

who had HF during the study period was significantly higher than the proportion among 

patients without prevalent hypertension at baseline (8.00 vs. 4.90%, p<0.0001). Patients 

with prevalent coronary artery disease at baseline had a higher proportion of having HF 

over 5 years of follow up compared with patient without prevalent coronary artery 

disease (15.1 vs. 4.60%, p<0.0001).  

Mean and standard deviation, together with two-sample t-test result are given for 

each of the continuous variables to compare participants who developed HF by the end of 

study period with participants who did not develop HF (Table 2). Age, sitting systolic 

blood pressure, sitting diastolic blood pressure, heart rate, baseline serum creatinine, 

baseline serum resistin, and baseline fasting serum glucose were significantly higher for 

participants who developed incident HF than those who did not; whereas baseline serum 

albumin and baseline plasma total cholesterol were significantly lower for participants 

who developed incident HF, compared with those who did not. Other characteristics, 

including body mass index, physical activity, abdominal circumference, abdomen total 

area, abdomen visceral fat area, abdomen subcutaneous fat area, trunk fat, total fat, total 

fat percentage, baseline plasma triglycerides, baseline plasma high density lipoprotein 

and baseline plasma low density lipoprotein did not vary significantly between the two 

groups.  The mean of age at baseline of patient who had HF during the 5 years follow up 

period was significantly greater than patients who didn’t develop HF (73.9 vs. 73.6, 

p=0.0498). Patients who had HF during the follow up period had a significant greater 

sitting systolic blood pressure mean than patient who didn’t develop HF (142 vs. 135, 

p<0.0001). Patients who had HF during the follow up period also had a significant 
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greater sitting diastolic blood pressure mean than patient who didn’t develop HF (72.6 

vs.71.3, p=0.0154). The mean of heart rate at baseline of patient who had HF during the 5 

years follow up period was significantly greater than patients who didn’t develop HF 

(68.6 vs. 65.2, p<0.0001). Patients with a higher mean of baseline serum creatinine were 

more likely to have HF than patient with a lower mean of baseline serum creatinine (1.24 

vs. 1.05, p<0.0001). Patients who had HF during the follow up period also had a 

significant greater baseline fasting serum glucose mean than patient who didn’t develop 

HF (116 vs.103, p<0.0001). The mean of baseline serum resistin at baseline of patients 

who had HF during the 5 years follow up period was significantly greater than patients 

who did not develop HF (25.1 vs. 19.9, p<0.0001). Patients who had HF during the 

follow up period also had a significant lower baseline mean plasma total cholesterol 

levels than patients who did not develop HF (199vs.203, p=0.0408). The mean baseline 

serum albumin of patients who had HF during the 5 years follow up period was 

significantly lower than patients who did not develop HF (3.91 vs. 3.98, p=0.0024). 

A histogram for serum resistin concentration measured at baseline was plotted to 

examine its distribution (Figure 1). The distribution was right skewed. Serum resistin 

concentration was divided into 4 quartiles.  The Cochran-Armitage trend test showed an 

increasing trend of incident HF proportion across the four quartiles of serum resistin 

concentration measured at baseline (p < 0.0001). Compared with concentration of 1.88-

14.0 ng/ml of serum resistin, the hazard of getting the first HF among those who having 

serum resistin concentration of 14.0-18.1 ng/ml was 1.37 (95%CI: 0.87-2.16)，the 

hazard of getting the first HF among those who having serum resistin concentration of 

18.1-24.3 ng/ml is 1.85 (95%CI: 1.20-2.85), and the hazard of developing the first HF 
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among those who having serum resistin concentration of 24.3-221 ng/ml is 3.44 (95%CI: 

2.31-5.11)(Table 3.1). It suggested that participants who had high resistin concentration 

were more likely to have incident HF over 5 years of follow up. Chi-square p-value 

showed the serum resistin concentration differed between the white and black  

(p<0.0001), same as for the difference between males and females (p= 0.0333). 

3.2 Kaplan-Meier estimate curves for incident HF  

Survival curves were plotted by serum resistin quartiles and further stratified by 

gender and race respectively over 5 years of duration (Figure 2, 3). Survival curves were 

significantly different among resistin quartile groups (log-rank test p-values <0.0001). 

The lowest quartile of serum resistin had the highest survival probability, followed by 2nd, 

3rd quartiles, and lastly the 4th quartile. 

3.3 Association of resistin with incident HF over 5 years of follow up  

 Serum resistin concentration was associated with incident HF during the follow-

up period [raw HR per 10 ng/ml increase = 1.21 (95% CI: 1.16-1.27), p=0.005]. The 

multivariable adjusted effect of resistin HR per 10-ng/ml increase in the overall 

population is 1.13 (95% CI: 1.11-1.15, p=0.14). 

By Wald test and backward elimination technique, only dichotomous variable 

physical activity status was found to have interaction with the effect of resistin on the 

incident HF during the 5 year of follow up.  For physically active participants (≥ 65.2 

kcal per kg per week), the hazard of incident HF is 1.03 (95% CI: 1.00-1.07) fold higher 

per one ng/ml increase in serum resistin level (Table 4). For physically inactive 

participants (<65.2 kcal per kg per week), the hazard of incident HF is 1.02 (95% CI: 
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1.01-1.03) fold higher per one ng/ml increase in serum resistin level (Table 5). Equally 

the hazard of incident HF was 1.21 (95% CI: 1.19-1.23) and 1.22 (95% CI: 1.21-1.24) per 

10 ng/ml increase in serum resistin level for participants with physical activity and 

physical inactivity respectively. The effect of serum resistin level on the incident HF was 

slightly higher for physically active participants compared with that in physically inactive 

participants. 

By 10% rule, five variables including sitting systolic blood pressure, heart rate, 

trunk fat, total fat percentage, and baseline serum albumin concentration were found to 

confound the effect of resistin on the incident HF during the 5 year of follow up. 

 

3. 4 Evaluation of PH assumption  

 To evaluate PH assumption, goodness of fit test was conducted by using 

Schoenfeld residuals. Correlation test between the Schoenfeld residuals and ranked 

failure time was conducted. The corresponding p-values were shown (Table 6). The p-

values for resistin, average sitting systolic blood pressure, heart rate, trunk fat, total fat 

percentage, and serum albumin concentration, physical activity and interaction term 

between resistin and physical activity were all ≥ 0.05. We failed to reject the null 

hypothesis, suggesting that the PH assumption was reasonable. 
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4. DISCUSSION 

 Our study analysis was based on a total of 2902 participants who were HF free at 

baseline and did not have missing or extreme baseline serum resistin concentration. With 

the aim of evaluating the association between serum resistin level and incident HF over 5 

years of follow up, we first performed primary analysis on baseline serum resistin 

concentration. The continuous variable baseline resistin concentration was first 

categorized into quartiles. The Cochran-Armitage trend test was performed to confirm a 

significant increasing trend of risk of incident HF across the four quartiles of resistin 

level. This was consistent with the previous studies (9). Kaplan-Meier survival curves 

were plotted for incident HF by serum resistin quartiles. The log-rank test suggested 

incident HF differed significantly across the resistin quartiles overall as well as in gender 

and race subgroups. 

 We then screened all the variables available in the dataset to identify interaction 

and confounding effect for resistin. We first assessed whether or not any covariate had 

interaction effect with resistin by using Wald test and backward elimination technique. 

The result showed only physical activity status had an interaction with the effect of serum 

resistion on the incident HF over 5 years of follow up. The rest covariates were later 

assessed whether or not they were an effect confounder by using 10% rule. After 

identification of interaction terms and confounders, multivariate Cox PH was fit with the 

main exposure variable resistin, the interaction terms and confounders.  

 As a result we developed a Cox PH model showing the increased incident HF was 

highly associated with higher serum resistin concentration after adjustment for sitting 

systolic blood pressure, heart rate, trunk fat, total percentage of fat and the baseline serum 
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albumin. The effect of serum resistin on incident HF over 5 years was modified by 

physical activity. The effect of serum resistin level on the incident HF was slightly higher 

for physically active participants compared with that in physically inactive participants. 

   These findings were consistent with previous findings (9, 38). Although previous 

studies had identified several individual risk factors with incident HF, no comprehensive 

and internal validated risk prediction models of incident HF with resistin had been 

established. The Framingham Heart Study had developed a model in a community-based 

cohort with known hypertension, coronary heart disease (CHD) and valvular heart 

disease (VHD), which were known high risk factors of HF (31). This kind of participants 

accounted for about a half of Health ABC study population. It not only adds to current 

studies on incident HF on elder people, but also particularly gives more interesting 

evidence about the importance of studying resistin as a novel metabolic marker 

considered its association with obesity, metabolic syndrome and diabetes (39).  

 However, limitations did exist in this study. Diagnosis of HF was depending on 

overnight stay in hospital but not a comprehensive analysis of symptoms, signs, chest 

radiograph results or echocardiography. This may cause the risk of HF to have been 

underestimated due to non-hospitalized HF. Besides, because the definition of HF was 

ambiguous and complicated, it was likely for misclassification that may occurred of 

incident HF over the follow up period. The other shortcoming was that the Health ABC 

study didn’t collect echocardiography data at baseline, which might have caused the 

inclusion of some participants with subclinical heart disease. 

http://en.wikipedia.org/wiki/Valvular_heart_disease
http://en.wikipedia.org/wiki/Valvular_heart_disease
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In addition, collinearity was not tested between each explanatory variable. For 

future work, it might be good to test collinearity before the final multivariate modeling. 

Also, the use of cox PH model was built on several assumptions. Failure to meet these 

assumptions such as incorrect link function, non-constant coefficient, hazard ratios, and 

incorrect systematic component might make the results questionable. We only conducted 

goodness of fit test based on Schoenfeld residuals. More assumption test might be needed 

to make our results more reliable. 

 

 

 

 



P a g e  | 21 
 

REFERENCES 

 

1. Jessup M, Abraham WT, Casey DE, et al. 2009 focused update: ACCF/AHA 
Guidelines for the Diagnosis and Management of Heart Failure in Adults: a report 
of the American College of Cardiology Foundation/American Heart Association 
Task Force on Practice Guidelines: developed in collaboration with the 
International Society for Heart and Lung Transplantation. Circulation 2009; 
119(14): 1977-2016.  

2. Rosamond W, Flegal K, Friday G, et al. Heart disease and stroke statistics—2007 
update: a report from the American Heart Association Statistics Committee and 
Stroke Statistics Subcommittee. Circulation 2007; 115:e69 –171.  

3. National Health and Nutrition Examination Survey, 2007-2010. 
4. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz MD, 

Finkelstein EA, Hong Y, Johnston SC, Khera A, Lloyd-Jones DM, Nelson SA, 
Nichol G, Orenstein D, Wilson PW, Woo YJ; on behalf of the American Heart 
Association Advocacy Coordinating Committee; Stroke Council; Council on 
Cardiovascular Radiology and Intervention; Council on Clinical Cardiology; 
Council on Epidemiology and Prevention; Council on Arteriosclerosis; 
Thrombosis and Vascular Biology; Council on Cardiopulmonary; Critical Care; 
Perioperative and Resuscitation; Council on Cardiovascular Nursing; Council on 
the Kidney in Cardiovascular Disease; Council on Cardiovascular Surgery and 
Anesthesia, and Interdisciplinary Council on Quality of Care and Outcomes 
Research. Forecasting the future of cardiovascular disease in the United States: a 
policy statement from the American Heart Association. Circulation. 2011; 
123:933–944. 

5. Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D’Agostino RB, Kannel 
WB, Murabito JM, Vasan RS, Benjamin EJ, Levy D. Lifetime risk for developing 
congestive heart failure: the Framingham Heart Study. Circulation 2002; 
106:3068–3072. 

6. Barker WH, Mullooly JP, Getchell W. Changing incidence and survival for heart 
failure in a well-defined older population, 1970-1974 and 1990-1994. Circulation 
2006; 113:799–805. 

7. Incidence and Prevalence: 2006 Chart Book on Cardiovascular and Lung Diseases. 
Bethesda, MD: National Heart, Lung, and Blood Institute 2006. 

8. Bahrami H, Kronmal R, Bluemke DA, Olson J, Shea S, Liu K, Burke GL, Lima 
JA. Differences in the incidence of congestive heart failure by ethnicity: the 
Multi-Ethnic Study of Atherosclerosis. Arch Intern Med 2008; 168:2138–2145. 

9. Bibbins-Domingo K, Pletcher MJ, Lin F, Vittinghoff E, Gardin JM, Arynchyn A, 
Lewis CE, Williams OD, Hulley SB. Racial differences in incident heart failure 
among young adults. N Engl J Med 2009; 360:1179–1190. 

http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=19324967
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=19324967
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=19324967
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=19324967
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=19324967


P a g e  | 22 
 

10. Haldeman GA, Croft JB, Giles WH, Rashidee A. Hospitalization of patients with 
heart failure: national hospital discharge survey, 1985 to 1995. Am. Heart J 1999; 
137(2), 352–360. 

11. Roger VL, Weston SA, Redfield MM et al. Trends in heart failure incidence and 
survival in a community-based population. JAMA 2004; 292(3), 344–350. 

12. Frankel DS, Vasan RS, D’Agostino RB Sr, Benjamin EJ, Levy D, Wang TJ, 
Meigs JB. Resistin, adiponectin, and risk of heart failure: the Framingham 
offspring study. J Am Coll Cardiol 2009; 53:754–762. 

13. Matsushita K, Blecker S, Pazin-Filho A, Bertoni A, Chang PP, Coresh J, Selvin E. 
The association of hemoglobin A1c with incident heart failure among people 
without diabetes: the Atherosclerosis Risk in Communities study. Diabetes 2010; 
59:2020–2026. 

14. Chen J, Normand SL, Wang Y, Krumholz HM. National and regional trends in 
heart failure hospitalization and mortality rates for Medicare beneficiaries, 1998-
2008. JAMA 2011; 306:1669–1678. 

15. Velagaleti RS, Gona P, Larson MG, Wang TJ, Levy D, Benjamin EJ, Selhub J, 
Jacques PF, Meigs JB, Tofler GH, Vasan RS. Multimarker approach for the 
prediction of heart failure incidence in the community. Circulation 2010; 
122:1700–1706. 

16. He J, Ogden LG, Bazzano LA, Vupputuri S, Loria C, Whelton PK. Risk factors 
for congestive heart failure in US men and women: NHANES I epidemiologic 
follow-up study. Arch Intern Med 2001; 161:996 –1002. 

17. Dhingra R, Gona P, Wang TJ, Fox CS, D’Agostino RB Sr, Vasan RS. Serum 
gamma-glutamyl transferase and risk of heart failure in the community. 
Arterioscler Thromb Vasc Biol 2010; 30:1855–1860. 

18. Djoussé L, Driver JA, Gaziano JM. Relation between modifiable lifestyle factors 
and lifetime risk of heart failure. JAMA 2009; 302:394–400. 

19. Takeishi Y, Niizeki T, Arimoto T, Nozaki N, Hirono O, Nitobe J, Watanabe T, 
Takabatake N, Kubota I. Serum resistin is associated with high risk in patients 
with congestive heart failure–a novel link between metabolic signals and heart 
failure. Circ J 2007; 71:460–464. 

20. Steppan CM, Bailey ST, Bhat S et al. The hormone resistin links obesity to 
diabetes. Nature 2001; 409(6818), 307–312. 

21. Jung HS, Park KH, Cho YM et al. Resistin is secreted from macrophages in 
atheromas and promotes atherosclerosis. Cardiovasc  Res 2006;  69(1), 76–85. 

22. Curat CA, Wegner V, Sengenès C et al. Macrophages in human visceral adipose 
tissue: increased accumulation in obesity and a source of resistin and visfatin.  
Diabetologia 2006; 49(4), 744–747. 

23. Reilly MP, Lehrke M, Wolfe ML, Rohatgi A, Lazar MA, Rader DJ. Resistin is an 
inflammatory marker of atherosclerosis in humans. Circulation 2005; 111:932–
939. 

24. Weikert C, Westphal S, Berger K, Dierkes J, Mohlig M, Spranger J, Rimm EB, 
Willich SN, Boeing H, Pischon T. Serum resistin levels and risk of myocardial 
infarction and ischemic stroke. J Clin Endocrinol Metab 2008; 93:2647–2653. 



P a g e  | 23 
 

25. Ellington AA, Malik AR, Klee GG, Turner ST, Rule AD, Mosley TH Jr, Kullo IJ. 
Association of serum resistin with glomerular filtration rate and albuminuria in 
hypertensive adults. Hypertension 2007; 50:708 –714. 

26. Efstathiou SP, Tsiakou AG, Tsioulos DI, Panagiotou TN, Pefanis AV, 
Achimastos AD, Mountokalakis TD. Prognostic significance of serum resistin 
levels in patients with atherothrombotic ischemic stroke. Clin Chim Acta. 2007; 
378:78–85. 

27. Ghosh S, Singh AK, Aruna B, Mukhopadhyay S, Ehtesham NZ. The genomic 
organization of mouse resistin reveals major differences from the human resistin: 
functional implications. Gene Feb 13 2003; 305(1):27–34. 

28.  Burnett MS, Devaney JM, Adenika RJ, Lindsay R, Howard BV. Crosssectional 
associations of resistin, coronary heart disease, and insulin resistance. J Clin 
Endocrinol Metab Jan 2006; 91(1):64–8. 

29. McTernan PG, Fisher FM, Valsamakis G, Chetty R, Harte A, McTernan CL, et al. 
Resistin and type 2 diabetes: regulation of resistin expression by insulin and 
rosiglitazone and the effects of recombinant resistin on lipid and glucose 
metabolism in human differentiated adipocytes. J Clin Endocrinol Metab Dec 
2003; 88(12):6098–106. 

30. Graveleau C, Zaha VG, Mohajer A, Banerjee RR, Dudley-Rucker N, Steppan CM, 
et al. Mouse and human resistins impair glucose transport in primary mouse 
cardiomyocytes, and oligomerization is required for this biological action. J Biol 
Chem Sep 9 2005; 280(36):31679–85. 

31. Butler J, Kalogeropoulos A, Georgiopoulou V et al. Serum resistin concentrations 
and risk of new onset heart failure in older persons. The Health, Aging, and Body 
Composition (Health ABC) Study. Arterioscler Thromb Vasc Biol 2009; 29(7), 
1144–1149. 

32. Moon B, Kwan JJ, Duddy N, Sweeney G, Begum N. Resistin inhibits glucose 
uptake in L6 cells independently of changes in insulin signaling and GLUT4 
translocation. Am J Physiol Endocrinol Metab2003; 285(1), E106–E115. 

33. Graveleau C, Zaha VG, Mohajer A et al. Mouse and human resistins impair 
glucose transport in primary mouse cardiomyocytes, and oligomerization is 
required for this biological action. J Biol Chem 2005; 280(36), 31679–31685. 

34. Vasan RS, Sullivan LM, Roubenoff R, Dinarello CA, Harris T, Benjamin EJ, 
Sawyer DB, Levy D, Wilson PW, D’Agostino RB. Inflammatory markers and 
risk of heart failure in elderly subjects without prior myocardial infarction: the 
Framingham Heart Study. Circulation 2003; 107:1486–1491. 

35. Cesari M, Penninx BW, Newman AB, Kritchevsky SB, Nicklas BJ, Sutton-
Tyrrell K, Rubin SM, Ding J, Simonsick EM, Harris TB, Pahor M. Inflammatory 
markers and onset of cardiovascular events: results from the Health ABC study. 
Circulation 2003; 108:2317–2322. 

36. Qi Q, Wang J, Li H et al. Associations of resistin with inflammatory and 
fibrinolytic markers, insulin resistance, and metabolic syndrome in middle-aged 
and older Chinese. Eur J Endocrinol 2008; 159(5), 585–593. 

37. Kim M, Oh JK, Sakata S et al. Role of resistin in cardiac contractility and 
hypertrophy. J Mol Cell Cardiol 2008; 45(2), 270–280. 



P a g e  | 24 
 

38. Rothwell SE, Richards AM, Pemberton CJ. Resistin worsens cardiac ischaemia-
reperfusion injury. Biochem Biophys Res Commun 2006; 349(1), 400–407. 

39. Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, Kronmal RA, Kuller 
LH, Manolio TA, Mittelmark MB, Newman A, et al. The Cardiovascular Health 
Study: design and rationale. Ann Epidemiol 1991;1:263991;1: 

40. Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, Kronmal RA, Kuller 
LH, Manolio TA, Mittelmark MB, Newman A, et al. The Cardiovascular Health 
Study: design and rationale. Ann Epidemiol 1991;1: 263–276. 

41. Rodondi N, Newman AB, Vittinghoff E, de Rekeneire N, Satterfield S,Harris TB, 
Bauer DC. Subclinical hypothyroidism and the risk of heart failure, other 
cardiovascular events, and death. Arch Intern Med 2005; 165:2460 –2466. 

42. Butler J, Kalogeropoulos A, Georgiopoulou V et al. Incident Heart Failure 
Prediction in the Elderly: The Health ABC Heart Failure Score. Circ Heart Failure 
2008; 1(2): 125-133. 

43. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, Marks JS. 
Prevalence of obesity, diabetes, and obesity-related health risk factors, 2001. 
JAMA 2003; 289:76–79.  

 

 

 

 

 

 

 

 



P a g e  | 1 
 

TABLES AND FIGURES 

Table 1 Comparison of sociodemographic, clinical, and program characteristics (discrete variables) by incident HF over 5 years of follow 
up (N=2,902) - Health, Aging, and Body Composition (Health ABC), 1997-1998 

 

Variable Total Col % 

Having incident HF 
over 5 years 

Median 
Survival 

(days) 
Chi-square  

p-value* Freq Row% 
Race 

    
 

 White 1705 58.8% 94 5.50% 1063 0.0443 

 
Black 1197 41.2% 88 7.40% 746  

Gender       

 
Male 1394 48.0% 95 6.80% 834 0.2457 

 
Female 1508 52.0% 87 5.80% 985  

Smoking status at baseline      

 
Never 1284 44.3% 63 4.90% 962 <.0001 

 
Former smoker 1311 45.2% 83 6.30% 818  

 
Current smoker 303 10.5% 35 11.6% 958  

Alcohol consumption at baseline      

 
Never 1441 49.8% 92 6.40% 956 0.7239 

 
Occasional 613 21.2% 40 6.50% 790  

 
1-7 drinks/week 623 21.5% 34 5.50% 1066  

 
> 7 drinks/week 214 7.40% 16 7.50% 883  

History of clinical diabetes       

 
No 2474 85.3% 140 5.70% 986 0.0017 

 
Yes 425 14.7% 41 9.60% 683  

Left ventricular hypertrophy      

 
No 2557 88.1% 146 5.70% 981 0.0007 
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Yes 345 11.9% 36 10.4% 774  

Prevalent hypertension at baseline      

 
No 1647 56.8% 81 4.90% 1048 <.0001 

 
Yes 1255 43.2% 101 8.00% 834  

Prevalent coronary artery disease at baseline     

 
No 2431 83.8% 111 4.60% 958 <.0001 

 
Yes 471 16.2% 71 15.1% 944  

Total 2902 100% 182 6.30% 949  
 

*Chi-square was based on risk of HF by race, gender, smoking status at baseline, alcohol consumption at baseline, history of clinical diabetes, left ventricular hypertrophy, 
prevalent hypertension at baseline and prevalent coronary artery disease at baseline. 
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Table 2 Comparison of sociodemographic, clinical, and program characteristics (continuous variables) by incident HF over 5 years of 
follow up (N=2,902) - Health, Aging, and Body Composition (Health ABC), 1997-1998 

Variable N 
Not having incident 

HF over 5 years 
Having incident HF              

over 5 years 
2-sample 

t-test 
 p-value Mean  ±SD Mean  ±SD 

Age at year baseline clinic visit 2833 73.6  ±2.86 73.9  ±2.98 0.0498 
Body mass index, kg/m2 2833 27.3  ±4.81 28.0  ±4.91 0.0973 

Sitting systolic BP, mm hg 2833 135  ±20.5 142  ±25.4 <.0001 

Sitting diastolic BP, mm hg 2833 71.3  ±11.6 72.6  ±13.0 0.0154 
Physical activity (kcal/kg/week) 2833 83.3  ±68.8 79.1  ±74.9 0.8261 

Abdominal circumference(cm) 2830 99.4  ±13.3 101  ±12.2 0.0999 
Abdomen total area (cm-sq) 2647 684  ±165 698  ±159 0.5354 

Abdomen visceral fat area (cm-
sq) 2728 142  ±67.1 149  ±67.2 0.2271 

Abdomen subcutaneous fat 
area (cm-sq) 2647 285  ±121 282  ±127 0.4554 
Heart rate 2832 65.2  ±11.0 68.6  ±12.4 <.0001 
Trunk fat (gm) 2783 13425  ±4890 13745  ±4737 0.4147 
Total fat (gm) 2813 26748  ±8753 26974  ±8853 0.7353 
Total %fat 2730 35.0  ±7.80 34.4  ±7.99 0.2488 

Baseline plasma total 
cholesterol (mg/dl) 2804 203.2  ±38.3 199  ±41.7 0.0408 

Baseline plasma triglycerides 
(mg/dl) 2804 137.5  ±78.3 149  ±121 0.7654 
Baseline plasma high density 
lipoprotein (mg/dl) 2802 54.3  ±17.0 51.8  ±17.4 0.1315 

Baseline plasma low density 
lipoprotein (mg/dl) 2766 122  ±34.6 117  ±35.0 0.1433 
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Baseline serum albumin (g/dl) 2809 3.98  ±0.31 3.91  ±0.34 0.0024 
Baseline serum creatinine 
(mg/dl) 2809 1.05  ±0.38 1.24  ±0.67 <.0001 
Baseline serum resistin (ng/ml) 2807 19.9  ±10.7 25.1  ±16.1 <.0001 

Baseline fasting serum glucose 
(mg/dl, .t if not fasting) 2745 103  ±31.6 116  ±49.8 <.0001 
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Table 3 Bivariate analysis for quartiles of serum resistin concentration - Health, Aging, and Body Composition (Health ABC), 1997-1998 

1) Serum resistin concentration by incident HF over 5 years of follow up 

Serum Resistin 
Concentration Quartile 

Incident HF over 5 years     
Cochran-

Armitage Trend 
test p-value Case Total 

Risk 
(%) 

Hazard 
Ratio 95% CI PTa 

1 1.88~14.0 ng/ml 27 735 3.70 1.00   3620 <0.0001b 
2 14.0~18.1 ng/ml 36 737 4.90 1.35 (0.87, 2.16) 3689 

 3 18.1~24.3 ng/ml 47 725 6.50 1.82 (1.20, 2.85) 3690 
 4 24.3~221 ng/ml 72 705 10.2 3.98 (2.31, 5.11) 3647 
 Total 182 2902 6.30         

a. PT = Person time (days) of incident HF during 5 years of follow up 
b. Cochran-Armitage trend test showed the existence of a significant increasing trend of incident HF risk across four quartiles of serum resistin concentration. 

2) Serum resistin concentration by race 

Resistin Concentration 
Quartile 

Race 
White 

  
Black 

 

Case Total 
Risk 
(%) 

Chi-
square 
p-value   Case Total Risk (%) 

Chi-square p-
value 

1 1.88~14.0 ng/ml 12 405 2.96 0.004* 
 

15 330 4.55 0.002* 
2 14.0~18.1 ng/ml 24 469 5.12 

  
12 268 4.48 

 3 18.1~24.3 ng/ml 28 504 5.56 
  

19 221 8.60 
 4 24.3~221 ng/ml 30 327 9.17 

  
42 378 11.1 

 Total 94 1705 5.51     88 1197 7.35   

* Chi-square p-value showed the risk of incident HF across serum resistin concentration quartiles were significantly different for either of the race subgroups (white/black).  
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3) Serum resistin concentration by gender 

Serum Resistin 
Concentration 

Quartile 

Gender 
Male 

  
Female 

 

Case Total 
Risk 
(%) 

Chi-
square 
p-value 

 
Case Total 

Risk 
(%) 

Chi-
square p-

value 
1 1.88~14.0 ng/ml 16 321 4.98 0.027* 11 414 2.66 <.0001* 
2 14.0~18.1 ng/ml 18 355 5.07 

  
18 382 4.71 

 3 18.1~24.3 ng/ml 26 370 7.03 
  

21 355 5.92 
 4 24.3~221 ng/ml 35 348 10.00 

  
37 357 10.3 

 Total 95 1394 6.81     87 1508 5.77   
* Chi-square p-value showed the risks of incident HF across serum resistin concentration quartiles were significantly different for either of the gender subgroups (male/female).  
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Table 4 Multivariate Cox PH model to test association between resistin and incident HF over 5 years of follow up for patient with high 
physical activity- Health, Aging, and Body Composition (Health ABC), 1997-1998 

 

Analysis of Maximum Likelihood Estimates 
Parameter Parameter 

Estimate 
Standard 

Error 
Chi-

Square 
P Hazard 

Ratio 
95% CI* 

Baseline serum 
resistin (per 10 
ng/ml) 

0.190 0.071 7.675 0.006 1.209 1.192 1.226 

Baseline serum 
resistin (per ng/ml) 0.019 0.007 7.675 0.006 1.019 1.006 1.033 

Sitting systolic BP 
(mm hg) 0.021 0.003 40.618 <.0001 1.021 1.015 1.028 

Heart rate 0.033 0.006 28.387 <.0001 1.033 1.021 1.046 
Trunk fat (100gm) 0.002 0.002 0.799 0.371 1.003 0.997 1.009 
Total %fat -0.030 0.013 5.066 0.024 0.971 0.946 0.996 
Baseline serum 
albumin (g/dl) -0.927 0.246 14.174 0.0002 0.396 0.244 0.641 

Physical 
Activity(kcal/kg/wee
k) 

-0.401 0.309 1.684 0.195 0.67 0.365 1.227 

Resistin*Physical 
Activity 0.015 0.011 1.711 0.191 1.015 0.993 1.037 

 
*CI = confidence interval 
Note: For physically active participants (≥ 65.21 kcal per kg per week), the hazard of incident HF is exp(0.019+0.015) = 1.035 fold higher per one ng/ml increase in serum resistin 
level, with 95% CI equals to 1.035±1.96*(0.007+0.011) = (95% CI: 1.000-1.070)  
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Table 5 Multivariate Cox PH model to test association between resistin and incident HF over 5 years of follow up for patient with low 
physical activity- Health, Aging, and Body Composition (Health ABC), 1997-1998 

 

Analysis of Maximum Likelihood Estimates 

Parameter Parameter 
Estimate 

Standard 
Error 

Chi-
Square 

P Hazard 
Ratio 

95% CI* 

Baseline serum 
resistin (per 10 
ng/ml) 

0.200 0.072 8.362 0.004 1.221 1.205 1.238 

Baseline serum 
resistin (ng/ml) 0.020 0.007 8.362 0.004 1.020 1.006 1.034 

Sitting systolic 
BP (mm hg) 0.021 0.004 22.658 <.0001 1.021 1.013 1.030 

Heart rate 0.024 0.008 8.231 0.004 1.025 1.008 1.042 

Trunk fat 
(100gm) 0.002 0.003 0.066 0.797 1.001 0.995 1.006 

Total %fat -0.016 0.01817 0.751 0.386 0.984 0.950 1.020 

Baseline  serum 
albumin (g/dl) -0.480 0.33569 2.044 0.153 0.619 0.320 1.195 

 
*CI=confidence interval 
Note: For physically inactive participants (≥ 65.21 kcal per kg per week, where physical activity equals to 0), the hazard of incident HF is exp(0.020)=1.020 fold higher per one 
ng/ml increase in serum resistin level, with 95% CI equals to (95% CI: 1.006-1.034)  
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Table 1 Goodness of Fit Test - Pearson correlation test between the Schoenfeld residuals and ranked failure time - Health, Aging, and 
Body Composition (Health ABC), 1997-1998 

 

Pearson Correlation Coefficients 
Prob > |r| under H0: Rho=0 

  
Baseline 
serum 
resistin  

Sitting 
systolic 
BP 

Heart 
rate 

Trun
k fat  

Total 
%fat 

Baseline 
serum 
albumin  

Physical 
Activity 

Resistin*Physical 
Activity 

TIMERANKa 0.042 0.082 0.018 -
0.090 

-
0.003 0.108 0.150 0.130 

p-valueb 0.582 0.283 0.811 0.240 0.972 0.157 0.048 0.088 

 
a. Ranked Failure Time was a variable that ranks the order of failures. The subject who had the first (earliest) event got a value of 1, the next got a value of 2, and so on.  
b. P-value > 0.05 suggested of zero correlation, and thus the PH assumption was reasonable. 
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Figure 1 Distribution of baseline serum resistin concentration overall and in subgroups of 
white/black, male/female. They were all right skewed - Health, Aging, and Body 
Composition (Health ABC), 1997-1998 
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  Overall Incident HF by Serum Resistin Quartiles, Log-Rank Test p-value <0.0001 

 

 

 

 

 Figure 2 Overall incident HF by serum resistin quartiles, The log-rank test p-value (< .0001) 
suggested the incident HF changes significantly across the resistin quartiles - Health, Aging, 
and Body Composition (Health ABC), 1997-1998

Time to death, incident HF - over 5 years of follow up 
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Incident HF by Serum Resistin Quartiles in Subgroups 

 
Figure 3 Incident HF by serum resistin quartiles in subgroups. The log-rank test p-value 
(either 0004 or < .0001) suggested the incident HF changed significantly across the resistin 
quartiles in subgroups of male, female, the white, and the black - Health, Aging, and Body 
Composition (Health ABC), 1997-1998 

Time to death, incident HF - over 5 years of follow up 
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