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Independent and Joint Associations of
Nutritional Status Indicators With Mortality
Risk Among Chronic Hemodialysis Patients
in the Dialysis Outcomes and Practice
Patterns Study (DOPPS)
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Objective: To consider the Kidney Disease Outcomes Quality Initiative recommendation of using multiple nutri-
tional measurements for patients on maintenance dialysis, we explored data for independent and joint associations
of nutritional indicators with mortality risk among maintenance hemodialysis patients treated in 12 countries.

Setting: Dialysis units in seven European countries, the United States, Canada, Australia, New Zealand, and Japan.

Main Outcome: Mortality risk.

Methods: We conducted a prospective cohort study of 40,950 patients from phases | to Ill of the Dialysis Out-
comes and Practice Patterns Study (1996-2008). Independent and joint effects (interactions) of nutritional indicators
(serum creatinine, serum albumin, normalized protein catabolic rate, body mass index [BMI]) on mortality risk were
assessed by Cox regression with adjustments for demographics, years on dialysis, and comorbidities.

Results: Important variations in nutritional indicators were seen by country and patient characteristics. Poorer nu-
tritional status assessed by each indicator was independently associated with higher mortality risk across regions.
Significant multiplicative interactions (each p = 0.01) between indicators were also observed. For example, by using
patients with serum creatinine 7.5-10.5 mg/dL and BMI 21-25 kg/m? as referent, BMI <21 kg/m? was associated
with lower mortality risk among patients with creatinine >10.5 mg/dL (relative risk = 0.68) but with higher mortality
risk among those with creatinine <7.5 mg/dL (relative risk = 1.38). The association of lower albumin concentration
with higher mortality risk was stronger for patients with lower BMI or lower creatinine.

Conclusion: The joint effects of nutritional indicators on mortality indicate the need to use multiple measurements

when assessing the nutritional status of hemodialysis patients.
© 2010 by the National Kidney Foundation, Inc. All rights reserved.

*Department of Medicine, Federal University of Bahia, Salvador,
BA, Brazil.

TArbor Research Collaborative for Health, Ann Arbor, MI 48103.

TRenal Research Institute, New York, NY 10128.

§Ghent University Hospital, Ghent, Belgium.

**Middlemore Hospital, Auckland, New Zealand.

T1Koga Red Cross Hospital, Koga, Ibaraki, Japan.

Tt Showa University Hospital, Shingawa, Tokyo, Japan.

§§ Veterans Affairs Ann Arbor Healthcare System/University of
Michigan, Ann Arbor, MI 48105.

The DOPPS is administered by Arbor Research Collaborative for
Health. DOPPS I, 11, and III have been supported by research grants
from Amgen Inc. and Kyowa Hakko Kirin Co., Ltd. As of January
2009, the DOPPS is additionally funded by Genzyme Corp.

224

Support is provided without restrictions on publications. Friedrich K.
Port receives research_funding for the DOPPS from Amgen Inc. and
Kyowa Hakko Kirin Co Ltd. (additionally since 2009 from
Genzyme Corp.). This manuscript was edited by Shauna Leighton,
a medical editor employed by Arbor Research Collaborative for Health.

Address reprint requests to Dr. Antonio Alberto Lopes, Departamento
de Medicina da Faculdade de Medicina da Universidade Federal da Ba-
hia, Av. Reitor Miguel Calmon, s/n, Vale do Canela, Salvador, BA -
CEP: 40110-100 Brazil. E-mail: aaslopes@ufba.br

© 2010 by the National Kidney Foundation, Inc. All rights
reserved.

1051-2276/$36.00

doi:10.1053/j.jrn.2009.10.002

Journal of Renal Nutrition, Vol 20, No 4 (July), 2010: pp 224-234


mailto:aaslopes@ufba.br

JOINT ASSOCIATIONS OF NUTRITIONAL STATUS IN HEMODIALYSIS 225

BJECTIVE NUTRITIONAL indicators,
such as serum albumin, serum creatinine,
body mass index (BMI), and normalized protein
catabolic rate (nPCR), have been used to assess
the nutritional status of patients with chronic kid-
ney diseases.' > The Kidney Disease Outcomes
Quality Initiative (KDOQI) asserts, however, that
none of these measures provides complete evalua-
tion of nutritional status and therefore recommends
a collective evaluation of multiple nutritional pa-
rameters for patients on maintenance dialysis.®
The changes in conventional nutritional measures
are apparently the result of different mechanisms,
such as reduced protein intake and inflammation.””
Thus, it is meaningful to assess the joint effects of
these measures on the risk of death among dialysis
patients. The evaluation of joint effects will pro-
vide insight into the value of using more than one
measure to assess the nutritional status of hemodial-
ysis patients, particularly when the objective is to
identify patients at higher risk of death.

We examined data of more than 40,000 mainte-
nance hemodialysis patients from 12 countries
participating in the Dialysis Outcomes and Prac-
tice Patterns Study (DOPPS) from 1996 through
2008 using several conventional measures of nutri-
tional status. To consider the KDOQI recommen-
dation of using multiple measures of nutritional
status for patients on maintenance hemodialysis,
we investigated both independent and joint associ-
ations of nutritional indicators with mortality. We
also assessed how nutritional status indicators vary
by patient characteristics and by country in the
DOPPS to provide a broad-based international
perspective for this evaluation.

Subjects and Methods
Subjects

The data were from adult maintenance hemodi-
alysis patients (aged =18 years) enrolled in phases I
to III of the DOPPS. The DOPPS is an interna-
tional, prospective, observational study based on
nationally representative samples of randomly se-
lected dialysis facilities.”'” DOPPS I data (308 fa-
cilities) were collected in five European countries
(France, Germany, Italy, Spain, and the United
Kingdom), Japan, and the United States. Data col-
lection began in 1996 in the United States, 1998 in
Europe, 1999 in Japan, and continued into 2001.
DOPPS 1I (322 facilities) was initiated in 2002
and continued through 2004. It included dialysis

facilities from the DOPPS I countries as well as
facilities from Australia, Belgium, Canada, New
Zealand, and Sweden. DOPPS III (301 facilities)
was initiated in 2005 with data collection com-
pleted in 2008. DOPPS III included the same 12
countries as DOPPS II.

Within each participating facility, 20—40
patients were randomly selected, depending on
facility size. This study used a sample of 40,950
patients who were on maintenance hemodialysis
for at least 3 months. Patients departing from the
study typically were replaced every 4 months by
randomly selected patients who had entered the
dialysis unit since the time of the prior random
selection. For between-country comparisons of
nutritional status, only data from a prevalent cross
section of patients on hemodialysis for at least 3
months at the time of a facility’s entry into DOPPS
III were used.

Nutritional Indicators

The following indicators of nutritional status
were assessed: serum creatinine concentration,
serum albumin concentration, nPCR, BMI, and
appearance of cachexia. Laboratory methodology
has not been standardized in the DOPPS.

Statistical Methods

Multivariable logistic regression was used to
identity patient characteristics and regions associ-
ated with the odds of cachectic appearance, lower
concentrations of serum albumin (=3.5 vs. >3.5
g/dL), lower serum concentration of creatinine
(=7.5 vs. >7.5 mg/dL), lower nPCR (=0.9 vs.
>0.9 g/kg/day), and lower BMI (=22 vs. >22
kg/m?). Cox regression was used to assess whether
poorer nutritional status by each indicator was
associated with the risk of all-cause and cause-
specific death (death due to cardiovascular and in-
fectious causes). Cox models were stratified by
country and study phase. To assess for joint eftects
(multiplicative interactions) between nutritional
indicators on mortality risk separate Cox models
were used. The p values for the interaction terms
were based on the product of two continuous vari-
ables (serum albumin X serum creatinine): BMI X
serum albumin and serum creatinine X BMI.
Logistic and Cox regression models were adjusted
for facility clustering and the effects of age, black
race, sex, marital status, living situation (living
with spouse or friends, alone or in nursing homes),
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years on dialysis, being seen by a dietitian, ability to
eatindependently, dialysis dose by single-pool Kt/V
(spKt/V), 14 comorbid conditions (cancer [other
than skin], cerebrovascular disease, congestive heart
failure, coronary artery disease, other cardiovascular
disease, diabetes mellitus, gastrointestinal bleed,
HIV/AIDS, hypertension, lung disease, neurologi-
cal disease, peripheral vascular disease, psychologi-
cal disorders, recurrent cellulitis/gangrene),
catheter as vascular access and neutrophil:lympho-
cyte ratio >4. Neutrophil:lymphocyte ratio was in-
cluded in the analysis as a proxy for inflammation
that has been found to be associated with mortality
and serum albumin concentration.®'" All analyses
were performed using SAS version 9.1 (SAS Insti-
tute, Cary, NC).

Results

Table 1 shows the baseline characteristics of pa-
tients in the overall study sample and stratified by
three regions. The results stratified by region
were based only on the DOPPS III cross-sectional
sample. The time since first dialysis was longer for
patients treated in Japan than for those treated in
other regions. Japan was also the country with
the highest percentage of patients living with
a spouse or friends and with the lowest prevalence
rates for the majority of comorbidities. North
America (Canada and the United States) had the
highest prevalence of reported comorbidities.

As shown in Table 2, there was large variation in
the mean values of indicators of nutritional status
across countries. Mean serum creatinine varied
from 7.7 = 2.3 in Sweden to 11.0 = 2.8 mg/dL
in Japan, mean albumin from 3.48 = 0.48 in
Sweden to 4.02 * 0.50 g/dL in Germany,
nPCR from 0.93 = 0.21 in Germany to 1.12 £
0.25 g/kg/day in Australia/New Zealand, and
BMI from 20.9 £ 3.2 in Japan to 27.7 * 6.9
kg/m” in the United States. The percentage of
patients with cachectic appearance varied from
3.6% in Japan to 18.0% in the United Kingdom.

Table 3 shows adjusted odds ratios (AOR) for
the associations between patient characteristics
and baseline indicators of nutritional status. Each
odds ratio was adjusted for variables listed in the ta-
ble and also for DOPPS phase and country. The
difference in sample sizes among nutritional indi-
cators is explained by missing values. In general,
older patients had higher odds of poorer nutri-
tional status as indicated by a lower concentration

of serum creatinine (=7.5 mg/dL), lower concen-
tration of serum albumin (=3.5 g/dL), lower
nPCR (=1.0 g/kg/day), and being considered
cachectic. However, older patients had lower ad-
justed odds of BMI =22 kg/m>. Males had signif-
icantly lower odds of serum creatinine <7.5 mg/
dL, serum albumin =3.5 g/dL, and BMI =22
kg/ m>. As compared with patients of other races,
blacks had higher odds of nPCR <1.0 g/kg/day
but lower odds of serum creatinine concentration
=7.5 mg/dL and BMI =22 kg/m?. These associ-
ations by race were similar when the analysis was
restricted to patients treated in the United States.
For some measurements, significantly higher ad-
justed odds of poorer nutritional status were ob-
served for patients who were not married, living
in nursing homes, had =1 year on dialysis, did
not eat independently or had a spKt/V =1.2.
The presence of a dietitian in the dialysis unit
was associated with lower odds of a patient having
low albumin and being considered cachectic. A
neutrophil:lymphocyte ratio >4 was associated
with higher odds of cachectic appearance, BMI
=22 kg/m?, having serum creatinine concentra-
tions =7.5 mg/dL, and serum albumin concentra-
tion =3.5 g/dL. In general, the odds of having at
least one measurement indicative of poorer nutri-
tional status were significantly higher for patients
with comorbidities, except for hypertension. Gas-
trointestinal bleeding, neurologic disease, and
psychological disorders were comorbidities signif-
icantly associated with higher odds of having a se-
rum creatinine =7.5 mg/dL, serum albumin =3.5
g/dL, BMI =22 kg/m”>, and cachectic appearance.

In the total sample, diabetics had lower odds of
having BMI =22 kg/m® or being considered
cachectic. Analysis of the association between
the odds of nutritional indicator by diabetic status
was also performed by age at the onset of end-stage
renal disease (ESRD): <35 years, 35—44 years, and
=45 years. The prevalence of diabetes mellitus by
age at ESRD onset was 13.2% for ages <35, 26.1%
for ages 35—44 years, and 43.1% for ages =45 years
(data not shown in the table). As shown in Table 3,
the association between diabetic status and lower
odds of BMI =22 kg/m” was stronger for ages
=45 years; odds ratios were 0.78 (p < 0.05) for
ages <35, 0.67 (p < 0.0001) for ages 35—44, and
0.43 (p < 0.0001) for ages =45 years). The odds
of cachectic appearance were significantly lower
among diabetic than among nondiabetic patients
in the age group =45 years (OR = 0.7, p <
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Table 1. Baseline Characteristics and Comorbidities by Region
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DOPPS Ill Sample*

Entire Sample Europe and A/NZ**  North America Japan
N = 40,950 n = 4,102 n=2212 n=1,752
Age, mean (SD) 62.0 (14.9) 64.2 (14.4) 62.0 (15.4) 62.4 (12.4)
Gender (% male) 58.0 58.1 55.2 60.0
Race (% black) 13.1 1.7 30.5 0.0
Married (%) 56.6 57.8 459 69.1
Eat independently (%) 95.5 97.1 96.4 96.3
Saw dietitian in prior 6 months (%) 53.0 36.0 84.1 25.8
Living with spouse/friends (%) 75.3 72.0 69.5 84.7
Living alone (%) 15.7 18.9 20.0 11.3
Living in nursing home (%) 5.0 4.2 6.6 2.2
Kt/V =1.2 (%) 17.6 11.7 8.2 23.6
Years on dialysis; mean(SD) 3.6 (5.2 5.1 (5.7) 4.1(4.1) 8.3(7.0)
Years on dialysis; median 1.5 3.2 2.8 6.3
Neutrophil:lymphocyte > 4 (%) 19.1 20.4 16.0 16.6
Catheter as access (%) 26.3 18.8 26.8 0.3
Comorbidities (%)
Cancer, other than skin 114 14.2 12.2 8.8
Cerebrovascular disease 16.6 19.4 18.5 13.5
Coronary artery disease 44.6 51.7 67.4 41.3
Other cardiovascular disease 33.6 42.1 36.4 32.9
Diabetes mellitus 38.0 31.1 53.3 31.7
Gastrointestinal bleed 6.2 4.9 6.1 4.0
HIV/AIDS 0.6 0.5 1.0 0.6
Hypertension 78.2 78.7 88.2 71.9
Lung disease 11.2 13.3 19.0 2.6
Neurological disease 10.0 11.4 13.6 10.0
Peripheral vascular disease 24.9 31.3 33.4 17.5
Psychiatric disorder 18.1 11.8 20.1 3.6
Recurrent cellulitis/gangrene 7.6 9.4 10.9 4.1

*The DOPPS Il is a prevalent cross section of patients on dialysis for at least 3 months. The entire sample contains

replacement patients.
**A/NZ, Australia and New Zealand.

0.0001) and a nonsignificant trend to higher odds
of cachectic appearance was observed among dia-
betics in the age group <35 years.

Table 4 shows adjusted odds ratios of associa-
tions between country of hemodialysis treatment

and indicators of nutritional status in the initial
cross section using the United States as the referent
country. Each odds ratio was adjusted for all cova-
riates in Table 3 and DOPPS study phase. Com-
pared to the United States, the adjusted odds of

Table 2. Nutritional Status Indicators Based on a Prevalent Cross Section of DOPPS |l

Creatinine

Albumin (g/dL), nPCR (g/kg/day), BMI (kg/m?),

(mg/dL), mean (SD) mean (SD) mean (SD) mean (SD) % Cachectic
Australia/New Zealand (n = 497) 8.4 (2.4) 3.75 (0.45) 1.12 (0.25)* 27.2 (6.3) 10.9
Belgium (n = 472) 8.5 (3.0) 3.76 (0.46) 1.01 (0.26)* 25.2 (5.0)* 14.8
Canada (n = 508) 8.1 (2.6)* 3.58 (0.46)* 1.00 (0.24) 26.7 (6.6)* 7.1
France (n = 515) 8.3 (2.3 3.69 (0.47)* 1.09 (0.27)* 24.3 (5.0)* 12.0
Germany (n = 556) 8.7 (2.9 4.02 (0.50) 0.93 (0.21) 26.1 (5.0)* 5.5
Italy (n = 507) 9.0 (2.5 3.83 (0.50) 1.06 (0.24)* 24.2 (4.5)* 10.1
Japan (n = 1,752) 11.0 (2.9)* 3.83(0.41) 1.02 (0.20)* 20.9 (3.2)* 3.6*
Spain (n = 627) 8.5(2.4) 3.83 (0.44) 1.10 (0.26)* 24.6 (4.5)* 8.5
Sweden (n = 512) 7.7 2.3)* 3.48 (0.48) 1.02 (0.26) 25.3 (5.0)* 11.7
United Kingdom (n = 416) 8.5 (2.6) 3.77 (0.45) 0.98 (0.22) 25.4 (5.4)* 18.0*
United States (n = 1,704) 8.7 (3.1) 3.80 (0.43) 0.96 (0.24) 27.7 (6.9) 9.4

*Significantly different from the United States (p < 0.05).



Table 3. Adjusted Odds Ratios of the Associations Between Patient Characteristics and Baseline Indicators of Nutritional Status in DOPPS |, I, and IlI
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Creatinine Albumin BMI nPCR Cachectic
=7.5vs. >7.5 mg/dL =3.5vs. >3.5g/dL =22 vs. >22 kg/m? <1.0vs. =1.0 g/kg/day Yes vs. No
(n = 36,071) (n = 32,443) (n = 34,242) (n =23,172) (n = 36,747)
Age 45-64 (vs. <45 years) 1.53* 1.24* 0.64** 1.02 1.23*
Age =65 (vs. <45 years) 2.92** 1.54* 0.70** 1.51* 1.64*
Male (vs. female) 0.51* 0.79* 0.85* 1.03 0.94
Black (vs. other) 0.36™* 0.98 0.87* 1.32* 1.06
Black (vs. other) only in the United States 0.37* 1.01 0.86* 1.30* 1.06
Married (vs. not married) 0.89* 1.02 0.81* 0.99 0.79**
Living alone (vs. with spouse/friends) 0.96 0.93 1.03 1.05 0.95
In nursing home (vs. with spouse/friends) 1.60* 1.30* 1.26* 0.96 1.25*
Dietitian (yes vs. no) 0.95 0.85** 1.00 1.00 0.87
Eat independently (yes vs. no) 0.62* 0.59** 0.82* 0.91 0.39**
Kt/V =1.2 (vs. >1.2) 0.97 1.01 0.61** 2.69 1.00
Years on dialysis (=1 year vs. >1 year) 3.72* 1.79* 0.87** 1.35* 1.21*
Neutrophil:lymphocyte > 4 1.19* 1.35* 1.15* 0.95 1.26™
Catheter as access (yes vs. no) 1.31* 214 1.13* 1.21* 1.92**
Comorbidities (yes vs. no)
Cancer (other than skin) 1.02 1.21* 1.10* 1.06 1.28**
Congestive heart failure 1.21™ 1.16™ 1.12* 0.96 1.28*
Cerebrovascular disease 1.13* 1.02 1.08* 1.03 1.10*
Coronary artery disease 1.07* 0.97 0.94* 1.11* 0.96
Other cardiovascular disease 1.14* 1.03 1.13* 0.98 117"
Diabetes mellitus (DM)-All 1.84* 1.30* 0.46** 1.07* 0.72**
DM-Age at ESRD start <35 yr 2.22* 1.92* 0.78* 1.31 1.21
DM-Age at ESRD start 35-44 yr 1.93* 1.72* 0.67** 1.33* 0.87
DM-Age at ESRD start =45 yr 1.78* 1.22** 0.43** 1.02 0.7*
Gastrointestinal bleed 1.15* 1.33" 1.12* 1.13* 1.77
HIV/AIDS 1.05 2.41* 1.21 1.27 2.10*
Hypertension 0.79* 0.85* 0.95 0.93* 0.80**
Lung disease 1.26™* 1.04 1.23** 1.17* 1.38**
Neurological disease 1.24* 1.28* 1.43* 1.15* 1.42*
Peripheral vascular disease 1.24* 1.05 1.09* 1.12¢ 1.20*
Psychological disorder 1.21™ 1.16™ 147 117" 1.76™
Recurrent cellulitis/gangrene 1.23* 1.44* 1.05 1.02 1.37*

TV L9 SAdOT

Each odds ratio was adjusted for the other variables in the table, DOPPS study phase and country using logistic regression.
*p < 0.05.
**p < 0.0001.



Table 4. Adjusted Odds Ratio (AOR) of the Associations Between Country and Baseline Indicators of Poorer Nutritional Status in DOPPS |, Il and Ill, Using the
United States as the Referent Country

Creatinine Albumin BMI nPCR Cachectic
=7.5vs. >7.5 mg/dL =3.5vs. >3.5 g/dL =22 vs. >22 kg/m? <1.0 vs. =1.0 g/kg/day Yes vs. No
AOR p-value AOR p-value AOR p-value AOR p-value AOR p-value
Country (vs. United States)
Australia/New Zealand 0.86 0.19 1.42 0.03 0.89 0.24 0.50 <0.00012 2.26 <0.00012
Belgium 0.78 0.03 0.88 0.42 1.06 0.43 0.67 0.0004% 1.30 0.14
Canada 1.02 0.86 1.96 <0.00012 0.93 0.37 0.81 0.05 1.05 0.80
France 0.78 0.02 1.25 0.12 1.43 <0.00012 0.50 <0.00012 2.49 <0.00012
Germany 1.13 0.24 0.61 0.0005 0.89 0.14 1.16 0.22 1.28 0.1
Italy 0.54 <0.00012 0.92 0.57 1.34 <0.00012 0.40 <0.00012 1.82 0.0001%
Japan 0.29 <0.0001% 1.22 0.02 8.96 <0.00012 0.72 <0.00012 1.12 0.36
Spain 0.88 0.13 1.03 0.84 1.13 0.08 0.41 <0.00012 1.33 0.07
Sweden 1.23 0.06 3.27 <0.00012 1.12 0.15 0.67 0.002 1.49 0.02
United Kingdom 0.987 0.21 1.11 0.45 1.12 0.09 1.01 0.93 2.54 < 0.00012
Phase (DOPPS | vs. Ill) 0.78 <0.00012 1.43 <0.00012 1.51 <0.00012 0.70 <0.00012 1.22 0.06
Phase (DOPPS Il vs. IIl) 1.00 0.87 1.45 <0.00012 1.19 <0.00012 0.85 0.004% 1.40 0.0003%

Using logistic regression, each odds ratio was adjusted for all variables in Table 3 and DOPPS phase.
Bold AORs indicate p < 0.005.
2To correct for multiple comparisons between countries p-values <0.005 should be considered statistically significant.
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having a lower serum creatinine (=7.5 mg/dL)
were significantly lower for patients treated in Bel-
gium, Japan, Italy, and France. Significantly lower
adjusted odds (compared to the United States)
were observed for serum albumin =3.5 g/dL in
Germany, and significantly higher adjusted odds
were observed in Australia/New Zealand, Japan,
Sweden, and Canada. Compared to the United
States, the adjusted odds of BMI =22 kg/m2
were significantly higher for Japan, France, and
Italy. The adjusted odds of nPCR <1.0 g/kg/
day were also much lower in Australia/New Zea-
land, Belgium, France, Italy, Japan, Spain, and
Sweden than in the United States. The adjusted
odds of cachectic appearance were significantly
higher for Australia/New Zealand, France, Italy,
Sweden, and the United Kingdom than for the
United States.

Table 5 shows Cox regression results for unad-
justed and adjusted relative risks of all-cause mor-
tality by region in relation to indicators of poor
nutritional status. In the models without adjust-
ments for covariates, each measure of poorer nu-
tritional status was significantly associated (each
p < 0.0001) with a higher risk of death. For the
whole DOPPS cohort, the risk of death increased
by 16% (relative risk [RR] = 1.16) for each 1-mg/
dL lower serum creatinine concentration; by 20%
(RR = 1.20) per 0.3-g/dL lower serum albumin;
by 20% (RR = 1.20) for each 5-kg/m” lower
BMI; and by 7% (RR = 1.07) per 0.1-g/kg/day
nPCR. The mortality risk was more than twofold
higher (RR = 2.40) for patients diagnosed with
cachexia. Adjustment for comorbidities reduced
the magnitude of the associations between nutri-
tional indicators and mortality risk but the associ-
ations remained statistically significant except for
nPCR in North America (United States and
Canada).

In the cross-sectional sample of patients in
DOPPS III, the observed cardiovascular- and in-
fection-related death rates per 100 patient-years
were, respectively, 5.65 and 2.43 in the United
States, 4.18 and 2.97 in Europe/Australia/New
Zealand, and 1.92 and 1.36 in Japan. Septicemia
was reported for 55.3% of the patients with infec-
tion-related death. Figure 1 shows the relationship
of nutritional indicators with the adjusted relative
risks of death due to cardiovascular- and infection-
related causes. The associations of lower serum
albumin and cachectic appearance with a higher
risk of death were stronger for infection-related

Table 5. Relative Risk (RR) of All-Cause Mortality Associated With Worse Nutritional Status, by Region

Cachectic
(yes vs. no)

nPCR per
0.1-g/kg/day lower

BMI per
5-kg/m? lower

Serum Albumin
per 0.3-g/dL lower

Serum Creatinine

per 1-mg/dL lower

Unadjusted Relative Risk

RR p-value RR p-value RR p-value RR p-value

p-value

RR

<0.0001
<0.0001
<0.0001
<0.0001

2.71%+
5.57

<0.0001
<0.0001
<0.0001
<0.0001

14104
1.18

<0.0001
<0.0001
<0.0001
<0.0001

1.19¢
1.98

<0.0001
<0.0001
<0.0001
<0.0001

1.20*
1.48

<0.0001
<0.0001
<0.0001
<0.0001

1,175+
1.24

Europe/Australia /New Zealand

Japan

2.09*
2.40

1.04*
1.07

1.19*

1.20
Adjusted Relative Risk

1.18*

1.

1.14*
1.16

United States/Canada

All countries

20

RR p-value RR p-value RR p-value RR p-value

p-value

RR

<0.0001
<0.0001
<0.0001
<0.0001

1.72%+
3.27

<0.0001
<0.0001
0.4682

1,055

1.13

<0.0001
<0.0001
<0.0001
<0.0001

1.20%+
1.81

<0.0001
<0.0001
<0.0001
<0.0001

1.13*

1.

<0.0001
<0.0001
<0.0001
<0.0001

1.10%+
1.17

Europe/Australia /New Zealand

Japan

34

1.36*
1.57

1.01*

1.03

1.14*

1.17

1.12*

1.1

1.06*
1.09

*Significantly different from Japan (p < 0.05).

United States/Canada

** All countries

<0.0001

4

**Adjusted for all variables in Table 3 and stratified by DOPPS phase.

tSignificantly different from United States and Canada (p < 0.05); nPCR, normalized protein catabolic rate; n = 36,722.
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causes than for cardiovascular-related causes. By
contrast, lower BMI was more strongly associated
with a higher risk of death due to cardiovascular-
related causes than to infection-related causes.
Lower nPCR was significantly associated with
higher risk of death due to infection-related causes
but not to cardiovascular-related causes.

Separate Cox models with coefticients of inter-
action were used to assess multiplicative joint
effects of nutritional indicators on mortality risk
(Fig. 2). All the tested joint effects (creatinine X al-
bumin, BMI X albumin, and BMI X creatinine)
were statistically significant (p < 0.01). As shown
in Figure 2A, an excess mortality risk of more
than 40% (RR = 1.46, p < 0.05) was observed
for patients who had both lower serum creatinine
(<7.5 mg/dL) and lower serum albumin (<3.5
g/dL) as compared with the referent category
that was composed of patients who had serum
creatinine 7.5-10.5 mg/dL and serum albumin
3.5-3.8 g/dL. However, compared with the refer-
ence category, serum albumin below 3.5 g/dL was
not associated with mortality risk (RR = 1.01)
when serum creatinine was >10.5 mg/dL. By
using patients with serum albumin 3.5-3.8 g/dL
who also had BMI 21-25 kg/m?> as referent
(Fig. 2B), an excess risk of 50% (RR = 1.50,
p < 0.05) was observed for those with BMI <21
kg/m” who had serum albumin <3.5 g/dL. By
contrast, the mortality risk was lower among pa-
tients with BMI <21 kg/m? who had serum albu-
min >3.8 g/dL compared with the referent
category. Similarly, by using the group of patients
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who had serum creatinine 7.5-10.5 mg/dL and
BMI 21-25 kg/m> as referent (Fig. 2C), it was
observed that lower BMI (<21 kg/ m?) was associ-
ated with an excess mortality risk of 38% (RR =
1.38, p < 0.05) among those with serum creati-
nine <7.5 mg/dL. As observed for the joint eftects
between BMI and albumin, BMI <21 kg/m? was
associated with reduction in the risk of death
among those with serum creatinine >10.5 mg/dL,
compared with the referent group, i.e., patients
with BMI 21-25 kg/m? and creatinine 7.5-10.5
mg/dL.

Discussion

Using data from hemodialysis patients in 12
countries, our study shows important variations
by country in nutritional status indicators. Coun-
tries with the lowest values for a specific nutri-
tional indicator were not necessarily the ones
with the lowest values for the other indicators.
We also found important variations in nutritional
indicators by patient characteristics. The adjusted
odds of lower concentrations of serum creatinine
and serum albumin were higher for patients who
were older, female, living in nursing homes, had
less than 1 year on dialysis, or had lower Kt/ V. Sig-
nificantly lower nutritional status as indicated by
all five assessed measures was observed for patients
with gastrointestinal bleeding, neurologic disease,
psychological disorders or those receiving hemo-
dialysis by catheter. Another factor associated
with several measures of nutritional status was

0.6 T

Serum Creatinine Serum Albumin BMI (per 5 Kg/m2 nPCR (per 0.1

(per 1 mg/dL
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1.09

(per 0.3 g/dL
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All-Cause RR = 1.14
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lower) lower) no)
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Figure 1. Adjusted relative risks of death due to cardiovascular and infection-related causes associated with
nutritional indicators. BMI, body mass index; nPCR, protein catabolic rate; RR, relative risk. Relative risks were
adjusted for age, sex, race, vintage, 14 summary comorbidities, neutrophil:lymphocyte ratio and dialysis by

catheter. *p < 0.01.
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Figure 2. The relative risks of all-cause mortality due
to the joint effects of nutritional indictors: A) Creati-
nine by Albumin, B) BMI by Albumin, C) BMI by Cre-
atinine. Relative risks were adjusted for age, sex,
race, vintage, 14 summary comorbidities, neutro-
phil:lympocyte ratio and dialysis by catheter. *p <
0.05 compared with the referent group; ref = refer-
ent group; BMI = body mass index.

neutrophil:lymphocyte ratio that was included in
the present study as a proxy for inflammation."’
Similar to a previous study, higher neutrophil:lym-
phocyte ratio was associated with lower serum
albumin concentration.® Additionally, our results
suggest that patients with higher neutrophil:
lymphocyte ratio have also higher odds of ca-
chexia, lower BMI, and lower serum creatinine
concentration.

Differences in the direction of the associations
among nutritional indicators and patient charac-
teristics were observed in relation to race and dia-
betic status. Lower odds of serum creatinine =7.7
mg/dL and BMI = 22 kg/m” were observed for

blacks compared with patients of other races. By
contrast, blacks had higher odds of nPCR <1.0
g/kg/day. These findings are consistent with pre-
vious studies that have shown higher serum creat-
inine and BMI but lower nPCR in blacks than in
patients of other races.'”'* The reason for these
results on nutritional indicators by race is not clear
but may be related to the fact that the various
nutritional measures assess different aspects of
body composition and are affected differently by
factors related to dialysis treatment.®

Other interesting findings were the associations
between diabetes and nutritional indicators for the
total group and by age groups. In the total group,
the odds of BMI =22 kg/m” or being diagnosed as
cachectic were lower for diabetics than for nondi-
abetics. Our results indicate, however, that these
results observed for the total group are largely ex-
plained by the stronger association of diabetes with
lower odds of BMI =22 kg/m? or cachectic ap-
pearance in the age group =44 years. As suggested
by a study developed in the United States, diabetes
as cause of ESRD onset among patients older than
44 years of age is far more likely to be type 2 and
rarely type 1.'° The results regarding the compar-
isons of nutritional indicators by diabetic status ob-
served in the present study might be explained by
the strong associations of obesity with type 2 dia-
betes, which is more prevalent than type 1 diabe-
tes, particularly among older ESRD patients.'”

A strict definition of cachexia was not used in
the present study. The patients were classified as
undernourished or cachectic at enrollment in the
study based on their general appearance. Despite
the lack of more rigorous diagnostic criteria,
cachexia was independently associated with higher
mortality risk among patients treated in different
regions. By assuming that misclassification of
cachexia was nondifterential (random), we can ex-
pect that the associations between cachexia and
mortality risk could be even stronger than the
one described in the present study. A previous
DOPPS analysis showed that cachexia appearance
was associated, in a dose-response fashion, with
lack of appetite, a factor that was found to be
strongly associated with higher odds of several
other indicators of poorer nutritional status and
with higher risk of death.'® Taken together, these
data support the predictive validity of cachectic ap-
pearance to identify hemodialysis patients at
higher risk of adverse outcomes. The results sug-
gest that variations in the prevalence of cachexia
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across regions could be partially explained by dif-
ferences in patient characteristics. For example,
in the unadjusted analysis, the prevalence of ca-
chexia was significantly lower for patients treated
in Japan than in the United States. After adjust-
ment for patient characteristics, no significant dif-
ference was observed between Japan and the
United States in the odds of cachexia.

A previous DOPPS publication found a lower
mortality risk among patients treated in Japan
than in patients treated in other regions, a finding
not fully explained by difterences in demographic
factors and comorbidities.'” The present analysis
shows that both the mortality rate due to cardio-
vascular-related causes and the one due to infection-
related causes were lower in Japan than in other
regions. It is also worth noting that, in addition
to the lower mortality risk, Japan displayed
significantly stronger associations of nutritional in-
dicators with mortality risk compared to other
regions. In the DOPPS stronger associations
were also observed between lower scores of
health-related quality of life (HR QoL) and higher
risk of death among hemodialysis patients treated
in Japan than in other regions.'® The reason for
stronger associations of both nutritional markers
and HRQoL measures with higher mortality
risk in Japan than in other regions is a question
for future studies.

Despite variations in nutritional indicators by
patient characteristics and country, and the fact
that laboratory methodology was not standardized,
poorer nutritional status as indicated by each of the
study measurements was found to be indepen-
dently associated with a higher risk of death among
patients treated in different regions. Moreover, sig-
nificant joint effects of nutritional measures on
mortality risk were observed. The described joint
effects of nutritional indicators illustrate the
importance of using more than one measurement
of nutritional status to predict the risk of death
among hemodialysis patients. Consistent with
previous studies in patients on maintenance hemo-
dialysis, lower BMI was associated with higher
mortality risk.""*'” The analysis of joint effects,
however, suggests that the effect of BMI on mor-
tality risk depends on the status of the patient
regarding other nutritional indicators found to be
strong risk factors of death in hemodialysis pa-
tients, such as serum creatinine and serum albu-

4,20

min. It is worth noting that compared with

the referent category (i.e., serum creatinine 7.5—

10.5 mg/dL and BMI 21-25 kg/m?), BMI <21
kg/m> was associated with lower mortality risk
among patients with higher serum creatinine con-
centration (>>10.5 mg/dL) but was associated with
a higher mortality risk among those with lower
serum creatinine concentration (<7.5 mg/dL).
Similarly, the analysis of the joint effects between
BMI and albumin showed thatlower BMI (as com-
pared with the referent BMI-albumin category)
was associated with higher mortality among
patients with lower serum albumin but not among
those with higher serum albumin concentration.
Hypoalbuminemia is strongly associated with
higher risk of death among patients on mainte-
nance hemodialysis.*' Our results indicate, how-
ever, that the association between lower serum
albumin and higher mortality risk among hemodi-
alysis patients depends on the status of the patient
regarding other nutritional indicators, particularly
serum creatinine and BMI.

Because the present study is not interventional,
it can call attention to potentially modifiable nutri-
tional factors associated with mortality risk but
cannot prove if these associations are causal. The
reported joint associations of nutritional indicators
with mortality risk and variations in nutritional
measures across countries and patient characteris-
tics, however, support the KDOQI recommenda-
tion for using multiple measurements to assess the
nutritional status of patients on maintenance dial-
ysis.” The study also shows that there are differ-
ences in the strength of the associations between
nutritional indicators and mortality risk depend-
ing on the specific cause of death. A lower BMI
was more strongly associated with higher risk of
death due to cardiovascular-related causes than in-
fection-related causes. On the other hand, lower
serum creatinine, lower serum albumin, and ca-
chectic appearance were more strongly associated
with higher risk of death due to infection-related
causes than deaths due to cardiovascular-related
causes. The data suggest that lower nPCR is
associated with increased mortality risk due to
infection-related causes but not to cardiovascular-
related causes. Even though nutritional status was
determined at the start of the follow-up, it is
possible that the disease that caused death also con-
tributed to malnutrition. The role of infection-
related disease as a cause of malnutrition at the start
of the follow-up should be viewed as more likely
for chronic conditions such as HIV/AIDS and tu-
berculosis. However, the fact that septicemia was
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cited for more than half of infection-related death
supports the possibility that the infection was more
often an acute complication, which is more likely
to occur among hemodialysis patients with poorer
nutritional status.>*

Conclusion

This study indicates substantial differences
across countries and patient characteristics in
the nutritional status of hemodialysis patients,
depending on which measurement is used. The
study calls attention to the joint effects (interac-
tions) between nutritional measurements on the
risk of death among patients on maintenance
hemodialysis. These joint effects indicate that the
effects of a nutritional indicator on mortality risk
may depend on the status of the patient regarding
other nutritional measures. The results of the pres-
ent study in maintenance hemodialysis patients
treated in several countries support the use of
more than one nutritional measure to improve
the prediction of mortality risk, and suggest
a greater emphasis on nutritional interventions to
improve survival among these patients.
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