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Abstract
AIM: To assess residual diuresis and diverse variables 
according to body mass index (BMI).

METHODS: Cross-sectional study (n  = 57), with 3 
groups. Group A: BMI < 25, n  = 22; Group B: BMI 
25-30, n  = 15; Group C: BMI > 30, n  = 20. Diuresis, 
hematocrit, albumin, C-reactive protein, Malnutrition 
inflammatory score, Pro-BNP, Troponin T, leptin and in-
sulin levels are expressed as median and ranges (r). 

RESULTS: Albumin (g/dL): GA vs  GC, 3.70 (r2.20-4.90) 
vs  3.85 (r3.40-4.90), P  = 0.02. Diuresis (mL/d): GA 
690 (r0-1780); GB 660 (r60-1800); GC 840 (r40-2840). 
Diuresis GA vs  GC, P  = 0.01. Leptin (ng/mL): GA vs  
GC, 3.81 (r0.78-69.60) vs  GC, 32.80 (r0.78-124.50), P 
< 0.001. Insulin (µU/mL): GA vs  GB, 7 (r2-44) vs  11.50 
(r4-38), P  = 0.02; GA vs  GC, 7 (r2-44) vs  19.5 (r5-155), 
P  = 0.0001. Troponin T and Pro-BNP levels were not 
different. Significant correlations: GC, Insulin-UF: ρ 

= 0.53; P  = 0.03; TroponinT-diuresis: ρ = -0.48, P  < 
0.05; Pro-BNP-diuresis: ρ = -0.39, P  < 0.01; Troponin 
T-ProBNP: ρ = 0.77, P  < 0.0001; albumin-Troponin T: ρ 
= -0.66, P  < 0.0001; albumin-ProBNP: ρ = -0.44, P  < 
0.05.

CONCLUSION: High BMI associated positively with 
higher diuresis and albuminemia, and negatively with 
TropT and Pro-BNP. High BMI-associated better survival 
may be explained by better urinary output, lowering 
cardiovascular stress.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Cardiovascular disease is the major cause 
of death in hemodialysis, while residual diuresis and 
increased body mass index (BMI) are associated with 
better survival. We found that an elevated BMI > 30 
associated positively with higher diuresis, insulin levels 
and albuminemia. This higher urinary output dialysis 
individuals with BMI > 30%, may reflect water reten-
tion, in part due to hyperinsulinemia, hyperleptinemia 
and secondary higher ultrafiltration rates. The ability 
to excrete water correlates negatively and significantly 
with Troponin T and Pro-BNP levels, reflecting lower 
myocardial and vascular overload. High BMI-associated 
better survival may be explained by better diuresis, and 
lower cardiovascular stress.
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INTRODUCTION
The International Task Force has established that world-
wide 1.5 billion adults are overweight or obese, with 
nearly 500 million being obese[1]. Only in the United 
States, a third of  the adult population is overweight and 
another third is obese[2]

. In the general population, obe-
sity is associated with higher rates of  hypertension, dia-
betes, metabolic syndrome, cardiovascular disease, and 
death[3,4]. Morbidly obese adults present a 6-fold higher 
risk of  diabetes compared with their lean peers[5]

. More-
over, approximately 70% of  hypertension can be attrib-
uted to excess weight[6,7]. Because a large proportion of  
chronic kidney disease is attributed to both diabetes and 
hypertension, conditions associated with high body mass 
index (BMI), it seems logical to suppose that obesity 
should be associated with bad prognosis in hemodialysis 
(HD) individuals. However, in HD patients obesity is 
independently associated with reduced all-cause mortal-
ity[8-11]. In this regard, there is a negative correlation be-
tween BMI and death, generally referred to as the obesi-
ty paradox[12]. In hemodialysis individuals, obesity seems 
to act as a protective factor[13,14] and in general, obese 
subjects display a better nutritional status, regardless of  
portraying a more severe cardiac condition[15]. While dia-
betes and obesity are two usually associated conditions, 
in HD diabetics tend to present increased morbidity and 
mortality rates but obesity has been reported to display 
better survival. Many variables have been ascribed as po-
tential factors that could explain this apparent paradox 
about obesity in HD: A better nutritional status, higher 
albumin levels, and a lower inflammatory milieu as as-
sessed by C-reactive protein (CRP), among other fac-
tors[8-11]. 

In end stage kidney disease, residual renal function 
or remnant diuresis is considered an important variable 
associated with better survival[16-18]. Besides a better vol-
ume management, residual diuresis has been associated 
with better preserved renal functions, such as calcium, 
phosphorus and vitamin D homeostasis, erythropoietin 
levels, and removal of  middle molecules[19-24]. In this re-
gard, residual renal function has been shown to present 
a greater influence on dietary protein intake and nutri-
tional status[25-27]. However, with respect to urinary out-
put, in obese hemodialyzed people the reported results 
are scant or controversial. In this regard, some studies 
have found an inverse association between obesity and 
diuresis, while this association has also been reported to 
be inconclusive[28,29].

In addition, insulin and particularly hyperinsulinemia 
itself  due to peripheral tissue resistance and deeply in-
volved in the pathogenesis of  metabolic syndrome and 
obesity, has been reported to be elevated in high BMI 
individuals on HD[15,30]. Insulin causes myocardial hy-
pertrophy and water and salt retention and is associated 
with diabetes and hypertension, conditions that contrib-
ute to high morbidity and mortality rates, particularly 
in end stage kidney disease[31]. Finally, leptin and insulin 
not only present similar metabolic and hemodynamic ac-

tions, but also display the same patterns of  distribution 
with respect to BMI in HD[30,32].     

We investigated cardiac and metabolic biomarkers in 
HD subjects with respect to urinary output, and propose 
another potential protective cardiovascular mechanism 
high BMI individuals display in HD. Finally, a consid-
eration is addressed with respect to the importance of  
defining elevated body weight in hemodialysis, as obesity 
may not always be the case when other factors intervene, 
as fluid overload or muscle wasting.  

MATERIALS AND METHODS 
Design
Cross-sectional, prospective, observational study under-
taken in 57 chronic clinically stable HD individuals.

Patients
The Teaching and Research Committee of  the Hospital 
Británico de Buenos Aires approved this observational 
study. Each patient signed the respective informed con-
sent. Fifty-seven patients with more than 3 mo of  HD 
were enrolled. Exclusion criteria: Patients younger than 
18 years old, or with an active cancer, acute infections, 
hepatopathy, non-treated hypothyroidism, anuria or BMI 
> 40 kg/m2. Anuria was defined as a urinary output < 
140 mL/d and proteinuria was considered positive when 
the daily excretion was > 0.15 g/d. One included patient 
was HIV positive and another one was HbsAg positive. 
Failed transplant patients were excluded. The popula-
tion was divided into three groups as to BMI tertiles as 
described above. Group A, BMI < 25 (n = 22); Group 
B, BMI 25-30 (n = 15) and Group C, BMI > 30 (n = 20). 
Median age (range): Group A: 65 (36-83) years; Group 
B: 71 (26-88) years; Group C: 63 (33-79) years, P = 0.61. 
Moreover, the three groups were not different with 
regard to gender, time on chronic HD, estimated glo-
merular filtration rate at the beginning of  HD, etiology 
of  kidney disease, hypertension, diabetes mellitus, CRP 
levels, nutritional status evaluated by the malnutrition 
inflammatory score (MIS), daily diuresis, ultrafiltration 
rates and no difference in mean estimated GFR in the 
three groups when dialysis was initiated (Table 1). The 
rates of  decline of  diuresis were 13%, 17% and 6 %, re-
spectively. Determinations: Mean automatic intradialytic 
ultrafiltration rates, mean average blood pressure per 
session, Troponin T (TropT), Pro-BNP, albumin, insulin 
levels and HOMA. Serum concentrations of  albumin and 
CRP were measured by routine procedures. TropT levels 
were determined by electrochemoluminiscence, Cobas 
e411, Roche Diagnostics, Indianapolis, IN, United States, 
(normal value: < 1 ng/mL); Pro-BNP levels were mea-
sured by chemiluminescence, VITROS 5600®, Johnson 
and Johnson, New Jersey, United States: (reference values: 
< 125 pg/mL for subjects < 75 years and < 450 pg/mL 
for those > 75 years).  Insulinemia was measured by elec-
trochemoluminiscence, Cobas e411, Roche Diagnostics®, 
Indianapolis, Indiana United States, (normal value: 2-15 
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µUI/mL). HOMA was calculated as follows: (Insulin x 
glycemia)/405. Leptin levels were determined by ELISA, 
Millipore®, Missouri United States.

Blood samples were obtained in fasting condition 
prior to the dialysis session. Depending on the dialysis 
schedule, 24-h urine samples were collected on Sundays 
or Mondays. All the determinations were performed at 
the Hospital Británico. 

Hemodialysis aspects
High-flux biocompatible membranes were employed 
in the hemodialysis sessions (Polyflux 21 R®, Gambro, 
Sweden and Sureflux 190®, Nipro, Japan). Dialysis was 
performed using bicarbonate bath with a mean blood 
flow: 450 ± 50 mL/min, and a dialysate flow: 500 mL/
min; mean time of  the sessions lasted 4.0 ± 0.5 h. The 
ultrafiltration rate recorded was the one obtained by the 
automatic dialysis machines (Surdial 190, Nipro® Japan 
or Diamax, Nipro® Japan) in coincidence with the ses-
sion when the blood samples were obtained.     

Medications
The majority of  the patients were receiving aspirin, beta-
blockers, angiotensin converting enzyme inhibitors, 
angiotensin II receptor blockers, and other commonly 
used drugs in HD: Subcutaneous erythropoietin, iv iron, 
calcium salts, potassium chelators, folic acid, vitamins, iv 
L-carnitine, statins, proton-pump inhibitors and benzo-
diazepines.   

Statistical analysis
The results are expressed as the median (range), unless 
explained otherwise. Fisher exact test or Student test 
were used to determine categoric variables; for continu-
ous variables, Mann-Whitney test was employed; for in-
tervariable correlations Spearman Rank and ρ coefficient 
were calculated. P values ≤ 0.05 were accepted as statisti-
cally significant. To compare the different variables with 
respect to BMI, χ2 coefficients were calculated and the 
Kruskal-Wallis test was used.

RESULTS
Groups were not different as to age, gender, time on 
HD, hematocrit, ultrafiltration rates (UF), inflamma-
tion status evaluated by CRP levels and MIS (Table 1). 
Median glomerular filtration rates (mL/min) were: GA: 
10 (r: 7-15), GB: 9 mL/min (r: 8-17), GC: 10 (r: 8-14), 
mL/min. Although the nutritional status, assessed by 
MIS, was not different among groups, albumin levels 
were statistically different between subjects with low 
BMI compared to those with BMI > 30: GA vs GC, 3.70 
g/dL (r 2.20-4.90) vs 3.85 g/dL (r 3.40-4.90), P = 0.02 
(Table 1). Urinary outputs measured in ml/day were 
also different between both groups: GA 690 (r 0-1780) 
vs GC 840 (40-2840), P = 0.01 (Table 1). Leptin levels 
increased significantly from GA to GC and correlated 
significantly with insulin (Tables 2 and 3). Insulin levels 
increased positively and significantly with BMI determi-
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Table 1  Patient characteristics n  (%)

Variable Group A Group B Group C

N 22 15 20
Male gender 10 (45)   9 (60) 14 (70)
Diabetics   4 (18)   3 (20) 10 (50)
Hypertensives 15 (68) 12 (80) 17 (85)
Median age (yr) 65 71 63
Range 36-83 26-88 33-79
Median time  on HD (mo) 12 26 15.5
Range 4-101 9-92 4-55
BMI (Mean ± SD) (kg/m2) 21.3 ± 2.4b 27.6 ± 1.4b 33.9 ± 4.2b

 Median MIS 5.5 4 3
Range 1-21 2-8 0-13
Causes of ESRD
Glomerulonephritis 8 7 11
Diabetes 2 2 3
Nephroangiosclerosis 7 3 4
Obstructive uropathy 1 0 1
Interstitial nephritis 1 1 1
Polycystic kidney disease 3 2 0
Median C-Reactive protein (mg/dL) 1.2 1.1 1.1
Range 0.50-12 0.20-8 0-4.5
Median urinary output (mL/d) 690 660 840
Range 140-1780 160-1800 140-2840
Median initial urinary output (mL/d) 790 800 890
Range 170-1860 180-1970 940-2900
Median albumin (g/dL) 3.70a 3.8 3.85a

Range 2.2-4.9 3.2-4.4 3.4-4.9 

bP = 0.001, aP = 0.02. MIS: Malnutrition Inflammatory Score; ESRD: End-stage renal disease; HD: 
Hemodialysis.
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nations (µU/mL): GA vs GB, 7 (r 2-44) vs 11.50 (4-38), P 
= 0.02; GA vs GC, 7 (r 2-44) vs 19.5 (r 5-155), P = 0.0001 
(Table 2). With respect to cardiac and hemodynamic 
biomarkers, TropT and Pro-BNP levels were not differ-
ent amongst groups (Table 2). However, the following 
significant correlations were observed, all in high BMI 
patients: In GC, TropT-diuresis: ρ = -0.48, P < 0.05; 
Pro-BNP-diuresis: ρ = -0.39, P < 0.01; TropT-ProBNP: 
ρ = 0.77, P < 0.0001; insulin-UF rate: ρ = 0.53, P = 
0.03; albumin-TropT: ρ = -0.66, P < 0.0001; albumin-
ProBNP: ρ = -0.44, P < 0.05 (Table 3).

DISCUSSION
In the present study, we observed that subjects with 
high BMI displayed higher diuresis, albumin, leptin and 
insulin levels. In this group, higher urinary outputs cor-
related significantly with lower TropT and Pro-BNP lev-
els. Albumin inversely and significantly correlated with 
TropT and Pro-BNP. As expected, insulin levels raised 
accordingly with BMI, but correlated significantly with 
UF rates only in individuals with high BMI. Besides, 
all groups were not different according to the time on 
HD, and initial urinary outputs were similar in the whole 
cohort (Table 1). Noteworthy, the rates of  decline in 
diuresis were lower in patients with high BMI (6%) in 
comparison with those from either Groups A (13%) or 
B (17%).  

In the literature, many manuscripts refer to obesity 
as a variable associated with a better survival in HD 
subjects[8-11,33]. Many causes have been attributed to 
explain this phenomenon. It is possible that one vari-
able associated with good prognosis could be remnant 

dieresis. In the present work, this association occurred 
independently of  the time on HD (Table 1). However, 
many studies have reported that obese subjects on HD 
present with low renal residual function[28,29]. In addition, 
in our study patients with BMI > 30 presented signifi-
cantly higher albumin levels that correlated with better 
residual kidney function. This clinical picture of  a better 
oncotic pressure coupled with a preserved diuretic func-
tion could lead to a lower vascular stress. Consequently, 
a smoother hemodynamic scenario would originate. Ac-
cording to our findings, higher albumin levels could not 
be ascribed to a better nutritional status, as MIS was not 
different among groups, or to a better inflammatory mi-
lieu, as CRP levels were similar in all subjects (Table 1). 
Noteworthy, residual renal function has been associated 
with higher albumin levels[25-27]. However, notwithstand-
ing the cause, these higher albumin levels in GC could 
be exerting a more efficient intravascular oncotic pres-
sure, removing more interstitial water. As a consequence, 
vessels could be better replenished, being more volume 
delivered to the kidneys. The result would be a higher 
urinary output. This hemodynamic situation is also il-
lustrated by the fact that albumin is negatively correlated 
with TropT and Pro-BNP, two cardiovascular biomark-
ers that are increased in overfilling states and myocardial 
stretching[34-39] (Table 3). Although we reported signifi-
cantly low ProBNP levels in high BMI individuals, we 
could not demonstrate this phenomenon in the present 
work[15] (Table 2). It is possible that this smoother hemo-
dynamic setting could explain in part one of  the causes 
of  a higher survival rate in high BMI subjects. Finally, it 
could also contribute to the absence of  hypertension in 
GC, which in the general population is associated with 
elevated BMI[40,41]. Interestingly, Trop T can increase not 
only due to vascular causes as myocardial infarction, 
vascular shear stress, endothelial damage, cardiomyo-
cyte hypertrophy, but also due to muscular wasting in 
obese subjects on HD[35,36,42,43]. In this regard, TropT is 
a non-specific marker of  cardiovascular origin. Taken 
together, we propose that in obese subjects on HD, the 
higher urinary output that patients with high BMI pres-
ent is correlated with lower TropT and Pro-BNP levels. 
A better residual renal function could also contribute 
to lower TropT levels, as this molecule is cleared by the 
kidneys[35,36,42].

Moreover, an interesting additional factor that could 
play a role in preserved remnant diuresis in obesity is in-
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Table 2  Blood measurements and ultrafiltration rates in all groups

Group TropT (ng/mL) UF rates (L) Pro-BNP (pg/mL) Insulin (µU/mL) HOMA Leptin (ng/mL)

GA 40 2 4970 7.00a,b 1.30c,b 3.81b,d

(9-1081) (0.8-4) (216-234000) (2-44) (0.3-22.4) (0.8-69.6)
GB 48 2.5 2180 11.50a 2.50c 18.60d

(5-179) (0.8-4) (226-102000) (4-38) (1.10-9.30) (4.7-47.40)
GC 41 3 2040 19.50b 3.75b 32.80b

(4-186) (0.5-4.0) (139-166000) (5.0-155.0) (1.0-59.3) (0.78-124.80)

aP = 0.02; bP = 0.0001; cP = 0.03; dP = 0.01. UF: Ultrafiltration; Pro-BNP: Pro-brain natriuretic peptide.

Table 3  Different correlations in Groups A and C

GA BMI <25 GC BMI >30

VARIABLE ρ; P  ρ; P

Insulin-ultrafiltration rate 0.21; 0.44 0.53; 0.03
TroponinT-diuresis -0.46; 0.07 -0.48; < 0.05
Pro-BNP-diuresis -0.43; 0.09 -0.39; < 0.01
TroponinT-proBNP 0.44; 0.09 0.77; < 0.0001
Albumin-TropT -0.04; 0.87 -0.66; < 0.0001
Albumin-proBNP -0.1; 0.72 -0.44; < 0.05
Leptin-insulin 0.34; 0.26 0.52; < 0.03

Pro-BNP: Pro-brain natriuretic peptide.
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sulin. As it occurred in one of  our previous publications, 
in subjects with BMI > 30, insulin is again associated 
with higher UF rates in high BMI patients, albeit UF 
rates were not different amongst groups[30]. As expected, 
insulin increased in parallel with BMI, but did not cor-
relate significantly with any other variable except fluid 
removal and only in high BMI individuals (Table 3). This 
phenomenon could be related to the ability of  insulin to 
retain salt and water[44]. In turn, this fluid retention would 
be the trigger for a pressure-diuresis phenomenon and 
a maintained urinary output, probably potentiated by 
higher albumin levels. This increase in insulin could also 
reflect an insulin-resistant state in high BMI patients, 
which is inherent to obese individuals[44,45]. In addition, in 
our study high BMI was associated with lower Pro-BNP 
levels, which is in agreement with other publications that 
report the association between hyperinsulinemia and low 
Pro-BNP patients in obesity[15,45-47]. 

In our study, leptin is significantly high in GC, where 
its correlation with insulin is positive and significant. 
Recently, insulin has been reported to upregulate leptin 
gene expression. With respect to leptin sodium and wa-
ter handling, the results are controversial. While some 
studies have shown leptin presents natriuretic effects, 
many others have reported its association with water and 
salt retention, sympathetic nervous system activation and 
hypertension, which could add to insulin hemodynamic 
effects[32,48]. With respect to the cardiovascular system, 
leptin (as insulin) is involved in the pathogenesis of  
myocyte hypertrophy[32,48].   

     Finally, the obesity paradox in hemodialysis has 
always been related to an elevated weight and assumed 
to be due to fat. However, BMI correlates with body 
fatness or density[49], but in these studies and in our 
present manuscript, the increase in body weight has not 
been discriminated in tissue compartments. An elevated 
BMI could be due to an increase in fat, water, bone den-
sity and/or muscle mass[50]. Therefore, increased body 
weight, particularly in end-stage kidney disease patients, 
is not a synonymous of  obesity. Moreover, assuming 
overweight dialysis patients as obese, may be a mislead-
ing statement. We assume our GC subjects as obese due 
to high leptin and insulin levels and an elevated HOMA 
index, a characteristic profile encountered in obesity 
(Table 2). 

Our manuscript contains several pitfalls. It is a cross-
sectional study including a limited number of  patients. 
Our findings must be interpreted with caution, as it joins 
previous studies with respect to the evaluation of  body 
tissue and fluid composition and distribution. We call 
the attention of  future authors to make the appropri-
ate distinction when overweight patients are studied 
in the dialysis setting. Obesity is not a synonymous of  
high BMI in renal failure. Water retention and muscle 
wasting are to be addressed. Finally, these variables can 
operate simultaneously in these individuals. In this re-
gard, bioimpedancy studies are mandatory. It is possible 
that whether this issue is taken into account, the obesity 

paradox in hemodialysis may not be such. In this regard, 
residual renal function would be more related to fluid 
overload and a pressure-diuresis forced situation. 

In conclusion, our study shows that high BMI HD 
patients display higher diuresis rates, albumin and insulin 
levels. This higher urinary output dialysis individuals with 
BMI > 30 present, may reflect water retention, in part 
due to hyperinsulinemia, hyperleptinemia and secondary 
higher UF rates. The ability to excrete water correlates 
negatively and significantly with TropT and Pro-BNP 
levels, which would reflect a lower myocardial and vas-
cular stress and a better hemodynamic status. Whether 
these events are associated with a better survival rate in 
HD should be appropriately assessed.

COMMENTS
Background
Cardiovascular disease is the most important cause of mortality in dialysis, 
while residual diuresis and increased body mass index (BMI) are associated 
with better survival. The authors studied residual diuresis and diverse variables 
according to BMI.
Research frontiers
To be able to discern between BMI and fluid retention in dialysis patients.  Re-
sidual diuresis may be an important in outcome in these subjects, and high BMI 
subjects may display higher dieresis rates, lowering cardiovascular stress.  
Innovations and breakthroughs
High BMI hemodialysis patients display higher diuresis rates, albumin and insu-
lin levels. This higher urinary output dialysis individuals with BMI > 30 present, 
may reflect water retention, in part due to hyperinsulinemia, hyperleptinemia 
and secondary higher ultrafiltration rates rates. The ability to excrete water 
correlates negatively and significantly with TropT and Pro-BNP levels, which 
would reflect a lower myocardial and vascular stress and a better hemodynamic 
status.
Applications 
In the every-day assessment of dialysis subjects, this paper suggests that obe-
sity may not always be the reflection of a fat tissue, but the fluid overload must 
be taken into account. This water retention may explain the residual renal func-
tion this group may display, in relation with the pressure-diuresis phenomenon. 
Terminology
The obesity paradox in dialysis states that this cohort of patients do better than 
other groups with lower BMIs. This is in contradiction with what occurs in the 
general population. The authors state that an elevated BMI may not always 
be a mere reflection of a higher fat tissue mass, but to an accumulation of 
water. The residual renal function displayed by these subjects may be due to a 
pressure-diuresis phenomenon. 
Peer review
The present study aimed to investigate the associations between several car-
diac and metabolic biomarkers as well as residual diuresis with BMI in chronic 
dialysis patients. The study is interesting and it could be published provided that 
the discussion should be re-written taking into account that some differences 
between groups.

REFERENCES
1	 Wickman C, Kramer H. Obesity and kidney disease: po-

tential mechanisms. Semin Nephrol 2013; 33: 14-22 [PMID: 
23374890 DOI: 10.1016/j.semnephrol.2012.12.006]

2	 Flegal KM, Carroll MD, Ogden CL, Curtin LR. Preva-
lence and trends in obesity among US adults, 1999-2008. 
JAMA 2010; 303: 235-241 [PMID: 20071471 DOI: 10.1001/
jama.2009.2014]

3	 Ramos F, Baglivo HP, Ramírez AJ, Sánchez R. The metabol-
ic syndrome and related cardiovascular risk. Curr Hypertens 
Rep 2001; 3: 100-106 [PMID: 11276389]

321 November 6, 2014|Volume 3|Issue 4|WJN|www.wjgnet.com

 COMMENTS

Trimarchi H et al . Residual diuresis and high BMI



4	 Obesity Epidemic Increases Dramatically in the United 
States. Center for Disease Control. National Center for Chronic 
Disease Prevention and Health Promotion. Available from: 
URL: http: //www.cdc.gov/nccdphp/dnpa/obesityepidemic. 
htm

5	 Chan JM, Rimm EB, Colditz GA, Stampfer MJ, Willett WC. 
Obesity, fat distribution, and weight gain as risk factors 
for clinical diabetes in men. Diabetes Care 1994; 17: 961-969 
[PMID: 7988316 DOI: 10.2337/diacare.17.9.961]

6	 He J, Whelton PK, Appel LJ, Charleston J, Klag MJ. Long-
term effects of weight loss and dietary sodium reduction 
on incidence of hypertension. Hypertension 2000; 35: 544-549 
[PMID: 10679495]

7	 Garrison RJ, Kannel WB, Stokes J, Castelli WP. Incidence 
and precursors of hypertension in young adults: the Fram-
ingham Offspring Study. Prev Med 1987; 16: 235-251 [PMID: 
3588564 DOI: 10.1016/0091-7435(87)90087-9]

8	 Kopple JD, Zhu X, Lew NL, Lowrie EG. Body weight-for-
height relationships predict mortality in maintenance he-
modialysis patients. Kidney Int 1999; 56: 1136-1148 [PMID: 
10469384 DOI: 10.1046/j.1523-1755.1999.00615.x]

9	 Johnson DW, Herzig KA, Purdie DM, Chang W, Brown 
AM, Rigby RJ, Campbell SB, Nicol DL, Hawley CM. Is 
obesity a favorable prognostic factor in peritoneal dialysis 
patients? Perit Dial Int 2000; 20: 715-721 [PMID: 11216565]

10	 Wolfe RA, Ashby VB, Daugirdas JT, Agodoa LY, Jones CA, 
Port FK. Body size, dose of hemodialysis, and mortality. Am 
J Kidney Dis 2000; 35: 80-88 [PMID: 10620548]

11	 Kaizu Y, Tsunega Y, Yoneyama T, Sakao T, Hibi I, Miyaji K, 
Kumagai H. Overweight as another nutritional risk factor 
for the long-term survival of non-diabetic hemodialysis pa-
tients. Clin Nephrol 1998; 50: 44-50 [PMID: 9710346]

12	 Ades PA, Savage PD. The obesity paradox: perception 
vs knowledge. Mayo Clin Proc 2010; 85: 112-114 [PMID: 
20118385 DOI: 10.4065/mcp.2009.0777]

13	 Johansen KL, Young B, Kaysen GA, Chertow GM. Associa-
tion of body size with outcomes among patients beginning 
dialysis. Am J Clin Nutr 2004; 80: 324-332 [PMID: 15277152]

14	 Kalantar-Zadeh K, Block G, Humphreys MH, Kopple JD. 
Reverse epidemiology of cardiovascular risk factors in 
maintenance dialysis patients. Kidney Int 2003; 63: 793-808 
[PMID: 12631061 DOI: 10.1046/j.1523-1755.2003.00803.x]

15	 Trimarchi H, Muryan A, Dicugno M, Forrester M, Lombi F, 
Young P, Pomeranz V, Iriarte R, Barucca N, Campolo-Girard 
V, Alonso M, Lindholm B. In hemodialysis, adiponectin, 
and pro-brain natriuretic peptide levels may be subjected to 
variations in body mass index. Hemodial Int 2011; 15: 477-484 
[PMID: 21838836 DOI: 10.1111/j.1542-4758.2011.00562.x]

16	 Chandna SM, Farrington K. Residual renal function: con-
siderations on its importance and preservation in dialysis 
patients. Semin Dial 2004; 17: 196-201 [PMID: 15144545 DOI: 
10.1111/j.0894-0959.2004.17306.x]

17	 Vilar E, Wellsted D, Chandna SM, Greenwood RN, Far-
rington K. Residual renal function improves outcome in 
incremental haemodialysis despite reduced dialysis dose. 
Nephrol Dial Transplant 2009; 24: 2502-2510 [PMID: 19240122 
DOI: 10.1093/ndt/gfp071]

18	 Vilar E, Farrington K. Emerging importance of residual 
renal function in end-stage renal failure. Semin Dial 
2011; 24: 487-494 [PMID: 21999737 DOI: 10.1111/j.1525-
139X.2011.00968.x]

19	 Trimarchi H. Remnant proteinuria in chronic hemodialysis. 
Chapter 7. En Hemodialysis, edited by Hiromichi Suzuki, 
INTECH Rijeka Croatia 2013. [DOI: 10.5772/53657]

20	 Caro J, Brown S, Miller O, Murray T, Erslev AJ. Erythropoi-
etin levels in uremic nephric and anephric patients. J Lab 
Clin Med 1979; 93: 449-458 [PMID: 570997]

21	 Jongen MJ, van der Vijgh WJ, Lips P, Netelenbos JC. 
Measurement of vitamin D metabolites in anephric sub-
jects. Nephron 1984; 36: 230-234 [PMID: 6608697 DOI: 

10.1159/000183159]
22	 Morduchowicz G, Winkler J, Zabludowski JR, Boner G. Ef-

fects of residual renal function in haemodialysis patients. 
Int Urol Nephrol 1994; 26: 125-131 [PMID: 8026917 DOI: 
10.1007/BF02768252]

23	 Milutinovic J, Cutler RE, Hoover P, Meijsen B, Scribner BH. 
Measurement of residual glomerular filtration rate in the 
patient receiving repetitive hemodialysis. Kidney Int 1975; 8: 
185-190 [PMID: 1177378 DOI: 10.1038/ki.1975.98]

24	 Weber MH, Reetze P, Neumann F, Warneke G, Scheler F. 
Influence of CAPD and residual diuresis on the serum levels 
of alpha-1-microglobulin in end-stage renal disease. Nephron 
1989; 51: 367-369 [PMID: 2465498 DOI: 10.1159/000185324]

25	 Bergström J, Fürst P, Alvestrand A, Lindholm B. Protein 
and energy intake, nitrogen balance and nitrogen losses 
in patients treated with continuous ambulatory peritoneal 
dialysis. Kidney Int 1993; 44: 1048-1057 [PMID: 8264134 DOI: 
10.1038/ki.1993.347]

26	 Jones MR. Etiology of severe malnutrition: results of an 
international cross-sectional study in continuous ambula-
tory peritoneal dialysis patients. Am J Kidney Dis 1994; 23: 
412-420 [PMID: 8128943]

27	 McCusker FX, Teehan BP, Thorpe KE, Keshaviah PR, 
Churchill DN, for CANUSA Peritoneal Dialysis Study Group. 
How much peritoneal dialysis is required for the mainte-
nance of a good nutritional state? Canada-USA (CANUSA) 
Peritoneal Dialysis Study Group. Kidney Int Suppl 1996; 56: 
S56-S61 [PMID: 8914055]

28	 Drechsler C, de Mutsert R, Grootendorst DC, Boeschoten 
EW, Krediet RT, le Cessie S, Wanner C, Dekker FW; 
NECOSAD Study Group. Association of body mass index 
with decline in residual kidney function after initiation 
of dialysis. Am J Kidney Dis 2009; 53: 1014-1023 [PMID: 
19217702 DOI: 10.1053/j.ajkd.2008.11.027]

29	 Stolic R, Trajkovic G, Jovanovic A, Peric V, Stolic D, Sovtic S, 
Subaric-Gorgieva G. Association of metabolic changes with 
mortality of patients treated by peritoneal dialysis or hemo-
dialysis. Ren Fail 2010; 32: 778-783 [PMID: 20662689 DOI: 
10.3109/0886022X.2010.489168]

30	 Trimarchi H, Muryan A, Raña MS, Paggi P, Lombi F, For-
rester M, Pomeranz V, Karl A, Alonso M, Young P, Dicugno 
M. Proteinuria and its relation to diverse biomarkers and 
body mass index in chronic hemodialysis. Int J Nephrol Re-
novasc Dis 2013; 6: 113-119 [PMID: 23843697 DOI: 10.2147/
IJNRD.S47292]

31	 US Renal Data System. USRDS 2010 annual data report 
atlas of chronic kidney disease and end-stage renal disease 
in the United States. Bethesda, MD: National Institutes of 
Health, National Institute of Diabetes and Digestive and 
Kidney Diseases; 2010

32	 Kshatriya S, Liu K, Salah A, Szombathy T, Freeman RH, 
Reams GP, Spear RM, Villarreal D. Obesity hypertension: 
the regulatory role of leptin. Int J Hypertens 2011; 2011: 
270624 [PMID: 21253519 DOI: 10.4061/2011/270624]

33	 Glanton CW, Hypolite IO, Hshieh PB, Agodoa LY, Yuan 
CM, Abbott KC. Factors associated with improved short 
term survival in obese end stage renal disease patients. Ann 
Epidemiol 2003; 13: 136-143 [PMID: 12559673]

34	 Kanderian AS, Francis GS. Cardiac troponins and chronic 
kidney disease. Kidney Int 2006; 69: 1112-1114 [PMID: 
16531987 DOI: 10.1038/sj.ki.5000174]

35	 Francis GS, Tang WH. Cardiac troponins in renal insuf-
ficiency and other non-ischemic cardiac conditions. Prog 
Cardiovasc Dis 2004; 47: 196-206 [PMID: 15736585]

36	 Fernández-Reyes MJ, Mon C, Heras M, Guevara P, Garcia 
MC, Sanchez R, Velasco S, Alvarez-Ude F. Predictive value 
of troponin T levels for ischemic heart disease and mortal-
ity in patients on hemodialysis. J Nephrol 2004; 17: 721-727 
[PMID: 15593041]

37	 Mallamaci F, Zoccali C, Parlongo S, Tripepi G, Benedetto 

322 November 6, 2014|Volume 3|Issue 4|WJN|www.wjgnet.com

Trimarchi H et al . Residual diuresis and high BMI



FA, Cutrupi S, Bonanno G, Fatuzzo P, Rapisarda F, Semi-
nara G, Stancanelli B, Bellanuova I, Cataliotti A, Malatino 
LS. Troponin is related to left ventricular mass and predicts 
all-cause and cardiovascular mortality in hemodialysis pa-
tients. Am J Kidney Dis 2002; 40: 68-75 [PMID: 12087563]

38	 Braunwald E. Biomarkers in heart failure. N Engl J Med 
2008; 358: 2148-2159 [PMID: 18480207 DOI: 10.1056/NEJM-
ra0800239]

39	 Tang WH, Francis GS, Morrow DA, Newby LK, Cannon CP, 
Jesse RL, Storrow AB, Christenson RH, Apple FS, Ravkilde J, 
Wu AH. National Academy of Clinical Biochemistry Laboratory 
Medicine practice guidelines: Clinical utilization of cardiac bio-
marker testing in heart failure. Circulation 2007; 116: e99-109 [PMID: 
17630410 DOI: 10.1161/CIRCULATIONAHA.107.185267]

40	 Hall JE. The kidney, hypertension, and obesity. Hypertension 
2003; 41: 625-633 [PMID: 12623970]

41	 Lauer MS, Anderson KM, Kannel WB, Levy D. The im-
pact of obesity on left ventricular mass and geometry. The 
Framingham Heart Study. JAMA 1991; 266: 231-236 [PMID: 
1829117 DOI: 10.1001/jama.1991.03470020057032]

42	 McLaurin MD, Apple FS, Voss EM, Herzog CA, Sharkey 
SW. Cardiac troponin I, cardiac troponin T, and creatine 
kinase MB in dialysis patients without ischemic heart dis-
ease: evidence of cardiac troponin T expression in skeletal 
muscle. Clin Chem 1997; 43: 976-982 [PMID: 9191549]

43	 Diris JH, Hackeng CM, Kooman JP, Pinto YM, Hermens 
WT, van Dieijen-Visser MP. Impaired renal clearance ex-
plains elevated troponin T fragments in hemodialysis pa-
tients. Circulation 2004; 109: 23-25 [PMID: 14691043]

44	 Rocchini AP, Katch V, Kveselis D, Moorehead C, Martin 

M, Lampman R, Gregory M. Insulin and renal sodium re-
tention in obese adolescents. Hypertension 1989; 14: 367-374 
[PMID: 2676858]

45	 Khan AM, Cheng S, Magnusson M, Larson MG, Newton-
Cheh C, McCabe EL, Coviello AD, Florez JC, Fox CS, Levy D, 
Robins SJ, Arora P, Bhasin S, Lam CS, Vasan RS, Melander O, 
Wang TJ. Cardiac natriuretic peptides, obesity, and insulin 
resistance: evidence from two community-based studies. J 
Clin Endocrinol Metab 2011; 96: 3242-3249 [PMID: 21849523 
DOI: 10.1210/jc.2011-1182]

46	 Wang TJ, Larson MG, Keyes MJ, Levy D, Benjamin EJ, Va-
san RS. Association of plasma natriuretic peptide levels with 
metabolic risk factors in ambulatory individuals. Circulation 
2007; 115: 1345-1353 [PMID: 17339551 DOI: 10.1161/CIRCU-
LATIONAHA.106.655142]

47	 Olsen MH, Hansen TW, Christensen MK, Gustafsson F, 
Rasmussen S, Wachtell K, Borch-Johnsen K, Ibsen H, Jør-
gensen T, Hildebrandt P. N-terminal pro brain natriuretic 
peptide is inversely related to metabolic cardiovascular risk 
factors and the metabolic syndrome. Hypertension 2005; 46: 
660-666 [PMID: 16129819]

48	 Nasrallah MP, Ziyadeh FN. Overview of the physiology 
and pathophysiology of leptin with special emphasis on 
its role in the kidney. Semin Nephrol 2013; 33: 54-65 [PMID: 
23374894 DOI: 10.1016/j.semnephrol.2012.12.005]

49	 Bouchard C. Genetics of Obesity. Boca Ratón, FL: CRC 
Press, 1994 [ISBN 0-8493-4880-3]

50	 Kutner NG, Zhang R. Body mass index as a predictor of contin-
ued survival in older chronic dialysis patients. Int Urol Nephrol 
2001; 32: 441-448 [PMID: 11583369 DOI: 10.1023/A:1017581726362]

P- Reviewer: Eirini G, Friedman EA, Papagianni A    
S- Editor: Song XX    L- Editor: A    E- Editor: Lu YJ

323 November 6, 2014|Volume 3|Issue 4|WJN|www.wjgnet.com

Trimarchi H et al . Residual diuresis and high BMI



© 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


