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Abstract

Increased body mass index (BMI) confers a survival advantage in maintenance hemodialysis 

(MHD) patients. Diabetic (DM) patients undergoing MHD have worse survival. There are limited 

studies examining the effect of obesity on the risk of death among MHD patients with diabetes.

Ninety-eight MHD patients were studied for median follow-up time of 78 months. Patients were 

classified according to the presence of obesity (BMI ≥ 30 kg/m2) or DM. Primary outcome was 

all-cause mortality. Cox regression was used to evaluate the effect of obesity on time to death. 

Effect modification and mediation analysis were also performed.

Mean age was 49 ± 13 years, 66% were male, 48% were obese and 34% were diabetic. Mortality 

rates (per 100 person years) were: 3.4 for non-diabetic obese, 8.6 for non-diabetic non-obese, 14.3 

for diabetic non-obese and 18.1 for diabetic obese patients. Log-rank comparing diabetic obese 

versus non diabetic obese was significant (p=0.007). Diabetes was associated with an increased 

risk of mortality after adjustment for potential mediators. Effect modification of obesity in the 

mortality risk was different between patients with and without diabetes. With adjustment for 

adipokines, a greater effect modification by diabetes was observed whereas adjustment for 

inflammatory marker did not influence the effect modification.

Diabetic obese MHD patients have increased mortality risk compared to non-diabetic obese. 

Obesity does not offer survival benefits in Diabetic obese MHD patients and potentially may have 

detrimental effects. Larger studies evaluating the effect of adipokines and obesity in outcomes in 

the diabetic MHD population need to be undertaken.
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INTRODUCTION

Maintenance hemodialysis (MHD) patients have an increased death risk, which has not 

significantly improved over the last two decades.1 In contrast to general population, 

traditional cardiovascular risk factors display an inverse relationship with mortality in MHD 

patients. For example, while increased adiposity is associated with increased expression of 

pro-inflammatory cytokines, increased oxidative stress burden, adipocytokines imbalances 

and worse insulin resistance (IR) both in the general population and MHD patients2, 3, large 

observational studies have shown that increased body mass index (BMI) is associated with 

improved lifespan in MHD patients, even in very high ranges4-8. How obesity is associated 

with improved survival in MHD patients, as opposite to the general population, is still a 

matter of debate.

Amongst MHD patients, ones with diabetes mellitus (DM) are known to have the worst 

outcomes. The mechanisms leading to this increased death risk are not clearly elucidated but 

are proposed to be associated with the underlying metabolic disturbances, such as oxidative 

stress, systemic inflammation and the adipocytokine imbalance. Obesity is a well-known 

feature of DM, which could also worsen the underlying metabolic disturbances that would 

increase cardiovascular disease risk further. Studies examining the relationship and effect 

modification between DM, obesity and metabolic disturbances in ESRD are scarce. In this 

study, we hypothesized that presence of DM and obesity will lead to an exaggerated risk for 

metabolic disturbances and subsequently increased mortality risk in MHD patients.

MATERIAL-METHODS

Study Population

We conducted a retrospective analysis from 98 MHD patients whom had formerly 

participated in a variety of metabolic studies at Vanderbilt University Medical Center 

(VUMC) and the VA Tennessee Valley Health Care System (VA-TVHS) between 2003 and 

2011 and had data available on body composition as well as on metabolic biomarkers. 

Follow up data was collected by chart review. Inclusion criteria included patients aged 18 

years and older who were on MHD therapy for more than three months and were delivered 

an adequate dose of dialysis (single-pool Kt/V ≥ 1.2) on a thrice-weekly dialysis program 

using biocompatible hemodialysis membranes. Exclusion criteria included pregnancy, 

patients with severe unstable underlying disease who had clinical signs of overt infection, 

vasculitis or liver disease, and those hospitalized within one month prior to enrollment into 

the study.

Demographical and clinical data were obtained including age, sex, ethnicity, BMI and 

dialysis vintage. BMI was calculated as the weight in kilograms divided by the height in 

square meters. Patients were classified as obese and non-obese by BMI cut-off ≥ 30 kg/m2. 

Deger et al. Page 2

Ren Fail. Author manuscript; available in PMC 2016 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The dialysis vintage was defined as the duration of time between the first day of the dialysis 

therapy and the day of the blood draws were obtained.

Clinical diagnosis of DM was made according to the American Diabetes Association (ADA) 

Clinical Practice Guidelines or presence of history of DM in medical records. The dates of 

death or other censoring events were obtained for all patients until February 1, 2012. Patient 

deaths were determined from VUMC and VA-TVHS medical records. Deaths at outside 

hospitals were screened from United States Death Index record system. Subjects were 

censored if they received kidney transplantation or moved to another dialysis unit and no 

survival data were available. The Institutional Review Board for each facility approved each 

study and written informed consent was obtained from all study participants.

Measurement of Body Composition

Assessment of body composition was performed by Dual Energy X-Ray Absorptiometry 

(DEXA) 3, 9 , which offers a rapid, noninvasive three-compartment evaluation that quantifies 

fat mass (FM), lean body mass (LBM), and bone mineral (BM) content with minimal 

radiation exposure. All DEXA measurements were done on non-dialysis day by using a 

Lunar Prodigy iDEXA machine, v.11.40.004 (software versions 2003 to 2011, General 

Electric, Madison, WI).

Laboratory Analysis

All blood sampling was performed at the General Clinical Research Center and analyzed at 

VUMC central laboratories. After blood drawn was performed, samples were transported on 

ice and centrifuged at 3000 rpm for 15 minutes before kept frozen at −80 °C. Plasma fasting 

glucose concentrations were analyzed by using the glucose oxidase method (Glucose 

analyzer 2; Beckman Coulter, Brea, CA). Concentrations of serum albumin, prealbumin, 

bicarbonate and intact parathyroid hormone (iPTH) were measured using standard methods 

at VUMC central laboratories. Serum leptin levels were performed at Diabetes Research 

Training Center (DRTC) hormone laboratory by using certified methods. High sensitivity C-

reactive protein (hs-CRP) concentrations were measured by high-sensitivity particle-

enhanced turbidimetric UniCel DxI Immunoassay system (Beckman Coulter). Plasma IL-6 

levels were determined using cytometric bead arrays (Becton Dickinson, San Jose, CA). 

Plasma protein thiol groups were analyzed according to the procedure which previously 

published by Ellman 10et al and as modified by Hu 11 et al.

Statistical Analyses

Normally distributed variables were expressed as mean ± SD, and non-normally distributed 

variables were presented as median and interquartile range (25th- 75th percentiles). 

Categorical data were presented as percentage values and compared as Mann-Whitney U or 

χ2 tests when appropriate. Correlation analysis was performed by Spearman correlation 

coefficient. Comparisons among four groups of patients defined by obesity and DM were 

performed by nonparametric analysis using Kruskall-Wallis tests or χ2 tests.

The primary outcome was all-cause mortality. Kaplan-Meier survival curves with log-rank 

test are presented to compare mortality by BMI status and the presence or absence of DM. 
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Event rates (mortality rates) were calculated as events per 100 person year of follow-up. Cox 

proportional hazard model was used to quantify the relationship between all-cause mortality 

and study variables, with and without adjustment for covariates. The variables selected for 

multivariate cox model were a priori selected within an allowable number of variables 

determined by 10 events per-variable rule to prevent over-fitting. The effect modification of 

obesity to the mortality risk associated with DM was assessed in a multivariable regression 

with including a cross product term between BMI and DM. Mediation analysis was planned 

to explore the potential mechanisms through which obesity modified the mortality risk of 

DM. This was indirectly assessed by introducing the proposed mediator in the multivariable 

model with the effect of interaction12-14. Statistical significance for all analysis was assesses 

at the 2-sided 95% confidence interval. Analyses were performed using SPSS 19 for 

Windows (Chicago, IL).

RESULTS

Characteristics of the study subjects

The mean age of study participants was 49 ± 13 years with a median follow up period of 78 

(range, 1, 101) months. The study subjects were predominantly African-American (75%), 

66 % were male, and 34 % had DM according to ADA criteria or medical history. The 

median duration of dialysis was 44 (range, 19, 105) months. The median BMI was 29 kg/m2 

(interquartile range: 24.2, 36.3) and 48% of participants had obesity. Table 1 depicts the 

clinical characteristics of the study participants.

Body composition

Obesity was most common in diabetic patients (64%) compared to the non-diabetics (40%) 

(P=0.03) (Figure 1) and diabetic patients had significantly higher BMI levels compared to 

the non-diabetic patients (34.8±8.3 kg/m2 versus 28.6±6.9 kg/m2; p<0.001; respectively). 

Diabetic MHD patients also had significantly higher truncal tissue fat percentage in general 

when compared to non-diabetic MHD patients (40.9±11 % versus 35.6±12%; p=0.05).

Clinical and Metabolic Markers

Table 1 depicts the clinical and laboratory differences over the four subgroups of interest. 

Serum creatinine levels were significantly lower in diabetic obese patients compared to non-

diabetic obese patients (7.4 ±2.6 versus 10.3±2.9; p=0.03). Serum concentrations of IL-6 

and hsCRP were significantly higher in diabetic obese compared to the non-diabetics obese 

(P=0.01 for both comparisons). Serum albumin concentrations and protein thiols levels were 

lower in the diabetic in general compared to the non-diabetics (p<0.02 and p=0.006 

respectively). Leptin levels were higher in obese versus non-obese patients regardless of the 

diabetic status.

Mortality

There were 31 deaths during a follow-up period of 318.3 person years of follow up with a 

mortality rate of 9.74 per 100-person year of follow up (Table 2). The mortality rates (per 

100 person year) for the four subgroups were: 3.4 for non-diabetic obese, 8.6 for non-

diabetic non-obese, 14.3 for diabetic non-obese and 18.1 for diabetic obese patients (Figure 
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2). KM survival curves according to the presence or absence of DM and obesity showed that 

non-diabetic obese patients had the best survival whereas diabetic obese patients had the 

worst survival (log rank p=0.007) (Figure 3). The unadjusted hazard ratio for the 

comparison diabetic obese versus non-diabetic obese was 4.9 (95% confidence interval 1.37, 

17.4).

Predictors of Overall Survival

In unadjusted analyses, presence of diabetes [HR (CI 95%), 2.54 (1.25, 5.15) p=0.01] and 

older age [HR 1.05 (1.02, 1.09), p=0.001] were associated with higher risk of death (Table 
3). Higher serum albumin [0.314 (0.141, 0.701), p=0.005] and prealbumin [HR 0.93 (0.89, 

0.980, p=0.003] were associated with decreased risk of death. BMI [HR 0.99 (95%CI 0.94, 

1.03)], lean body mass [HR 0.65 (0.03, 14.2)], truncal fat mass [HR0.955 (0.44, 2.07)] were 

not associated with mortality. None of the metabolic markers included in this study (i.e., hs-

CRP, IL-6, HOMA-IR, adiponectin, leptin and protein thiols) were associated with mortality 

in the unadjusted analysis.

Multivariate statistical models incorporating several covariates are presented in Table 4. DM 

remained an independent risk factor for overall mortality after adjustment for BMI, age, IL-6 

or leptin. However, DM was no longer associated with mortality after adjusting for 

adiponectin. We performed an interaction analysis of the effect modification of BMI in the 

risk of death conferred by diabetes. Five units of BMI increase had a protective effect with a 

risk reduction in mortality of 46% in the non-diabetic group (p=0.03), while in the diabetic 

group the beneficial effect conferred by increasing BMI was negligible at 7% (p=0.61). The 

interaction term was considered significant (p=0.09). When adiponectin was added to the 

model to assess mediation, we found that hazard ratio for mortality increased to 1.31, though 

it did not reach statistical significance (p=0.47).

DISCUSSION

In this study, we evaluated the interaction between DM, obesity, and mortality amongst a 

well-phenotyped cohort of MHD patients. Consistent with our initial hypothesis, co-

existence of DM and obesity lead to a higher risk of death, while non-diabetic obese MHD 

patients had the best survival. In our study an obese patient with diabetes had 4.9-fold higher 

mortality risk compared to an obese patient without diabetes. These data indicate that DM 

modifies the association between obesity and survival advantage in MHD patients and that 

in these patients the recommendations for weight management (i.e. loss or gain) should be 

individualized.

The mechanisms explaining the adverse effects of obesity in the diabetic MHD patient 

compared to the non-diabetic obese MHD patients are unclear. The adipose tissue is a 

recognized active endocrine organ that produces important adipocytokines, including IL-6, 

TNF-alpha, adiponectin and leptin along with other metabolically active proteins15. In 

addition to the systemic inflammatory response related to obesity, adiposity also increases 

oxidative stress via the NADPH oxidase activation and other pathways16. However, in MHD 

patients, these deleterious effects seem to be only uncovered under specific circumstances, 

such as the presence of diabetes as we observed in our current study.
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Diabetes is a clinical syndrome characterized by excessive vascular inflammation and 

oxidative stress burden, both due to an increased production and ineffective scavenging of 

reactive oxygen species (ROS)17, 18. There are various mechanisms that contribute to the 

formation of reactive oxygen species (ROI) in diabetes, including the level of 

hyperglycemia. There is also evidence for the role of protein kinase C, advanced glycation 

end products (AGE) and activation of transcription factors, such as NF kappa B, but the 

exact signaling pathways remain a matter of discussion19. Our observations indicating that 

diabetes obese patients had the highests leveks of pro-inflammatory cytokines and lowest 

levels of protein thiols suggest that these pathways may be exaggerated in these patients

In contrast to the previous reports20, we observed that protein thiol levels were significantly 

decreased in the diabetic patients regardless of presence of obesity, while obese non-diabetic 

patients had higher levels of protein thiols. Quantitatively, plasma free protein thiols are a 

measure of endogenous antioxidant capacity21. These observations suggest that the 

combination of diabetes and obesity may contribute to the largest imbalance of a decreased 

antioxidant defense and exaggerated oxidative stress burden. While our study did not include 

other markers of oxidative stress burden, the results are highly relevant as antioxidant 

interventions may represent an important target to improve outcomes in ESRD patients, 

especially ones with DM.

Another intriguing finding in our mediation models is that when adjusting for adiponectin, 

the risk of death associated with diabetes increased, suggesting that adiponectin could be 

providing a beneficial effect in diabetic MHD patients. Adiponectin has also important 

antioxidant properties22. Animal models have shown that adiponectin specifically increases 

NO production by eNOS phosphorylation and decreases NO inactivation by blocking 

superoxide production 23, 24, and that it is vasculo-protective. It is important to highlight 

that, although not proven, it has been considered that an increase in adiponectin in the face 

of an insult may be a compensatory mechanism to reduce oxidative burden22. Our obese 

diabetic patients had the highest levels of adiponectin. These observations suggest that the 

depleted antioxidant defense may be a tipping point in this population.

In our study the non-diabetic obese had the best outcomes. An important observation in 

these patients was their higher lean body mass (LBM), which was not statistically 

significantly different, however may be reflective of other important nutritional factors that 

were not evaluated in our study that confounds the relationship of obesity with survival. The 

combination of high protein thiol levels along with higher LBM might be reflecting higher 

dietary protein intake, which is not evaluated in our study. In addition, higher LBM is 

associated with higher levels of physical activity, which is another important determinant of 

outcomes in MHD patients25, 26.

There are several limitations of our study. First, the small number of patients limited our 

ability to test important relationships such as oxidative stress burden and risk of mortality, 

however the trends observed in this study are informative and hypothesis generating. 

Second, a significant portion of our study subjects were African-American which is 

reflective of the racial distribution for dialysis patients in the Southeast region of the United 

States. The strengths of our study include relatively long follow-up period (i.e. median 
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follow-up of 78 months), availability of detailed metabolic parameters, such as inflammatory 

markers, adipocytokines and markers of oxidative stress, and the use DEXA as a method to 

determine body composition.

In conclusion, we have shown that although obesity confers survival advantage in MHD 

patients, the presence of obesity in diabetic MHD patients not only eliminates this beneficial 

effect, but potentially increases mortality risk. There are several important metabolic 

pathways that may play a role in the poor outcomes observed in the diabetic MHD patients 

more so if obese, including adipokine pathways and imbalance between the oxidative stress 

defense and oxidative stress burden. Larger studies evaluating or targeting these pathways 

are needed in the future in order to improve survival in the diabetic MHD patients.
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Figure 1. 
Presence of Obesity by Diabetes Status.
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Figure 2. 
Mortality Rates per 100 person years of follow up in obese and non obese patients by 

Diabetes Status
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Figure 3. 
Kaplan Meier curve according to the presence of obesity and diabetes status
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