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ABSTRACT

Objective There is little long-term data on the association between the
serum albumin levels and mortality in community-based populations. We
aimed to determine whether the serum albumin level is an independent
risk factor for all-cause and cause-specific death in a community-based

cohort study in Japan.

Methods In 1999, we performed a periodic epidemiological survey over a
15-year period in a population of 1,905 healthy subjects (783 males, 1,122
females) who were older than 40 years of age and who resided in
Tanushimaru, a rural community, in Japan. Over the course of the study,
we periodically examined the blood chemistry of the study subjects,
including their serum albumin levels. Their baseline serum albumin levels

were categorized into quartiles.

Results The baseline albumin levels were significantly associated with
age (inversely), body mass index (BMI), diastolic blood pressure, lipid
profiles (high density lipoprotein-cholesterol [HDL-c], low-density

lipoprotein-cholesterol  [LDL-c] and triglycerides) and estimated
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glomerular filtration rate (eGFR). After adjusting for confounders, a Cox
proportional hazards regression analysis demonstrated that a low serum
albumin level was an independent predictor of all-cause death (hazard
ratio [HR]: 0.39, 95% confidence interval [CI]: 0.24-0.65), cancer death
(HR: 0.43, 95% CI: 0.18-0.99), death from infection (HR: 0.21, 95% CI:
0.06-0.73) and cerebro-cardiovascular death (HR: 0.19, 95% CI:
0.06-0.63). The HRs for all-cause and cerebro-cardiovascular death in the
highest quartile vs. the lowest quartile of albumin after adjusting for
confounders were 0.59 (95%CI:0.39-0.88) and 0.15 (95%CI: 0.03-0.66),

respectively.

Conclusions The serum albumin level was thus found to be a predictor of

all-cause and cerebro-cardiovascular death in a general population.
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Introduction

Although it has been reported that low levels of serum albumin are
associated with greater all-cause mortality in the general population (1,2),
the impact of serum albumin and nutrient intake on long-term mortality
remains scant. The normal serum concentration of albumin in healthy
adults is >4.0g/dL, while hypoalbuminemia is defined as a serum albumin
level of <3.4g/L (3). A meta-analysis by Vincent et al. (4) suggested that
hypoalbuminemia is a powerful, reproducible and independent risk factor
that predicts a poor outcome in patients with acute illness. This finding has
been consistently and pervasively observed. In older veteran patients,
hypoalbuminemia at 3 months after hospital discharge was associated with
a poor long-term prognosis (5). However, most reports have been limited

to cause-specific death (6-9) and in-hospital outcomes (10,11).

A study of patients with end-stage renal disease revealed that low
serum albumin levels in the presence of vascular disease might not reflect
the nutritional state (6). Hence, a reference standard of nutritional

measurement should be used to determine the presence of protein
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malnutrition. Cooper et al. (7) also suggested that protein malnutrition and
hypoalbuminemia are independent predictors of morbidity and mortality,
whereas hypoalbuminemia predicts vascular morbidity (7), supporting the
hypothesis that hypoalbuminemia is pathogenically associated with
vascular disease, but the effect is dissociated from protein malnutrition in

patients with end-stage renal disease.

To eclucidate whether serum albumin levels and protein
malnutrition are associated with cause-specific death and dietary habits, it
is necessary to examine this relationship in a large number of subjects with
confirmed dietary habits from a general population. We therefore
investigated the relationships between serum albumin levels and protein

malnutrition and cause-specific death in a general population in Japan.

Materials and Methods

Subjects

In 1999, we performed an epidemiological survey in Tanushimaru, a small
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rural community in southwestern Japan. This was a cohort of the Seven
Countries Study (12). As previously reported, the demographic background
of the subjects in this area is similar to that of the general Japanesc
population (13). Subjects with a known history of myocardial infarction
(n=2), stroke (n=3), cancer (n=5) or abnormal Q waves (n=5) (Minnesota
codes 1-1,2) (14) were excluded from the study. Finally, serum albumin
data were obtained from 1,905 subjects (783 males, 1,122 females) of 40 to
95 years of age (40-49 years, n=282 [male, n=102; female, n=180]; 50-59
years, n=450 [male, n=178; female, n=272]; 60-69 years, n=623 [male,
n=259; female, n=364]; 70-79 years, n=464 [male, n=206; female, n=258];
>80 years, n=86 [male, n=48; female, n=38]), over a 15-year period (Figure
1). The respondents accounted for 48.2% of the men and 62.0% of the
women in Tanushimaru who were older than 40 years of age (total target

population: 3,463). The follow-up rate was 95.1%.

Data collection
The subjects’ medical history, alcohol intake, smoking habit, and

current medications for hypertension, dyslipidemia, and diabetes were
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ascertained by questionnaire. The alcohol intake and smoking habit were
classified according to whether or not the respondent was a current habitual
user. The height and weight were measured, and the body mass index
(BMI) was calculated as weight (kg) divided by the square of height (m”),
as an index of obesity. Blood pressure (BP) was measured twice with the
subject in the supine position. The second BP measurement was taken after
5 deep breaths and the Sth-phase diastolic pressure was used for the
analysis. Blood was drawn from the antecubital vein for the determination
of the fasting plasma glucose (FPG) and hemoglobin A;. level (HbA,.
[NGSP]), the Ilipid profiles (total cholesterol, high density
lipoprotein-cholesterol [HDL-c], low density lipoprotein-cholesterol
[LDL-c] and triglycerides) and uric acid levels. The estimated glomerular
filtration rate (¢GFR) was calculated using the Modification of Diet in
Renal Disease (MDRD) study equation modified with a Japanese
coefficient: eGFR (ml * min™' * 1.73 m %) = 194 x age *® x serum
creatinine " (if female x 0.739) (15). The serum albumin level was
measured according to standard methods in a commercial laboratory

(Kyodo Igaku Laboratory, Fukuoka, Japan).
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Nutritional data

Dictary habits were evaluated by a food frequency questionnaire
(13,15). This questionnaire was modified for Japanese individuals by
using an adaptation of ARIC study’s food frequency questionnaire (17). It
consisted of 105 items. Habitual nutrient intake was estimated based on
reports of the average portion size of foods and the frequency at which
they were consumed over the previous year. Due to the difference between
Caucasian and Japanese diets, we added items and changed the portion
size of the foods consumed. The following items were added according to
the Japanese standard food composition tables (18); thick wheat flour
noodles (udon), buchwheat noodles (soba), soybean paste (miso), soybean
curd (tofu), fermented soybeans (natto), mushrooms, seaweed, and
Japanese sweet. The following items were deleted due to the low
frequency at which they were consumed, hamburger, hot dog, French fries,
brown bread, peanut butter, and low calorie carbonated water.

The frequency of intake and weights of the frequency were

classified into the following 9 categories: 1) once per day (x1.0); 2) two or
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three times per day (x2.5); 3) four to six times per day (x5); 4) more than
six times per day (*7); 5) once per week (x0.14); 6) two to four times per
week (x0.43); 7) five or six times per week (x0.79); 8) one to three times
per month (<0.066); and 9) never (x0) (17).

The dietary data that were used for validation were compared with
the results of the Japanese National Nutrition Survey in 1999 (19). The
results of the National Nutrition Survey in 1999 are shown in parentheses.
The total daily energy intake of the study subjects in the present study was
1,945 kcal (vs. 1988 kcal), the percentages of the daily calorie intake from
carbohydrate, protein and fat were 58% (vs. 59%), 19% (vs. 16%), and
23% (vs. 24%), respectively. Thus, the eating pattern in the subjects of the
present study was similar to that reported in the results of the National
Nutrition Survey.

We followed up the participants annually for 15 years (from 1999 to
2014). The causes of death were determined based on a review of
obituaries, medical records, death certificates, hospital charts, and
interviews with primary care physicians, the families of the deceased and

other witnesses. The information was coded independently in accordance
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with the rules of the Seven Countries Study (12), and using the World
Health Organization’s 10th Revision of the International Statistical
Classification of Diseases and Related Health Problems (WHO-ICD) (20).
The follow-up data that were collected prior to the end of December 2014
were used in this study.

The present study was approved by the Ukiha and Tanushimaru
Branches of the Japan Medical Association, the local citizens’ committee
of Tanushimaru, and by the Research Ethics Committee of the Kurume
University School of Medicine (Process No. 9908/1999). The study
conformed to the principles of the declaration of Helsinki. All of the

participants provided written informed consent.

Statistical analysis

Natural logarithmic transformations were performed for the
triglyceride values because of their skewed distribution. The triglyceride
values after the analysis using log (natural)-transformed values are
presented in the original scale (Tables 1 and 2). In Tables 1 and 2, the
triglyceride values are presented as the geometric mean and range. Sex
(men=0, women=1), smoking habits (non-smoker and former smoker=0,

10
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current smoker=1), alcohol intake (non-drinker and former drinker=0,
current drinker=1), and medications for hypertension, dyslipidemia, and
diabetes (no=0, yes=1) were used as dummy variables. The mean serum
albumin levels were classified into the following quartiles: <4.2g/dl,
4.2-4.4¢/dl, 4.4-4.6g/d], and >4.6g/dl. The mean parameters, stratified by
the albumin levels quartiles were compared using an analysis of variance.
The survival curves for all-cause death for each albumin quartile were
estimated and compared using the Kaplan-Meier method and the log-rank
statistic, respectively. For the categorical parameters, the * test was used
to test differences among groups. Uni- and multivariate regression
analyses were performed using Cox’s proportional hazards model to
determine the factors associated with mortality from all causes, cancer,
infection and cerebro-cardiovascular disease. In order to obtain hazard
ratios (HRs) for all-cause, cancer, infection and cerebro-cardiovascular
discase death, stratified by the serum albumin level quartiles, we
performed a Cox proportional hazards regression analysis after adjusting

for confounding factors. P values of <0.05 were considered to indicate
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statistical significance. All of the statistical analyses were performed using

the SAS software program (version 9.3, SAS Institute, Cary, NC).

Results

There were 343 deaths (male, n=201; female, n=142). The causes
of death were as follows: cancer, n=102 (29.7%); cerebro-cardiovascular
discase, n=48 (14.0%); infection, n=45 (13.1%); other causes, n=69
(20.1%); and unknown, n=79 (23.0%). The 102 cancer deaths included,
malignancies of the digestive system (n=34), liver, bile duct and pancreas
(n=29), malignancies of the respiratory system (n=19), hematological
malignancies (n=10), and other types of malignancy (n=10). The serum
albumin levels were missing from the reports of 1 subject who died of
cerebro-cardiovascular disease, 3 who died of cancer, and 2 who died of
infection. Eventually, the data of 337 subjects (male, n=196; female,
n=141) were analyzed (Figure 1).

Table 1 shows the baseline characteristics of the 1,905 subjects
stratified by the serum albumin quartiles. The baseline characteristics of
age (p<0.001; inversely), total cholesterol (p<0.001), HDL-c (p<0.001),
LDL-c (p<0.001), log-transformed triglycerides (p<0.001) and eGFR

12
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(p<0.05) were significantly associated with the albumin quartiles. Table 2
shows the baseline nutrient characteristics of the 1,905 subjects stratified
by the serum albumin quartiles. The baseline nutrient intake levels were
not significantly associated with the serum albumin quartiles.

Three hundred forty-three of the 1,905 subjects died (male, n=201;
female, n=142) during the 15-year follow-up period. In a Cox proportional
hazards model with all-cause and cause-specific death as the outcome
variable, a low albumin level was found to be a predictor of all-cause
death (hazard ratio [HR], 0.39; 95% confidence interval [CI], 0.24-0.65;
p<0.001], cancer death (HR, 0.43; 95% CI, 0.18-0.99; p=0.049], death
from infection (HR, 0.21; 95% CI, 0.06-0.73; p=0.014) and
cercbro-cardiovascular disease-related death (HR, 0.19; 95% ClI,
0.06-0.63; p=0.006) (Table 3). In a Cox proportional hazards model with
all-cause and cause-specific death as the outcome variable, with the
exception of vegetable protein (for cancer death), none of the baseline
nutrient levels was significantly associated with the outcome (Table 4).

We categorized the baseline albumin levels into quartiles and

calculated the HRs for all-cause, cancer, infection and
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cerebro-cardiovascular disease death using the lowest quartile as the
reference  value (Table 5). The HRs for all-cause and
cerebro-cardiovascular disease death in the lowest quartile vs. the highest
serum albumin quartile (after adjusting for age, sex, HDL-c, LDL-c,
triglycerides and eGFR) were 0.59 (95%CI: 0.39-0.88) and 0.15 (95%CI:
0.03-0.66), respectively.

In the Kaplan-Mecier curves for the cumulative survival rate,
stratified by the serum albumin quartiles, the lowest quartile group showed
the worst all-cause mortality in a significant albumin level-dependent
manner (log rank statistic=22.9; p<0.0001) among the four groups (Figure

2).

Discussion
The novel findings of the present study were that the serum
albumin level was a predictor of all-cause and cerebro-cardiovascular
disease death, even in healthy individuals, during a 15-year follow-up
period, and that the serum albumin level was not correlated with nutrition

intake. Although two previous reports (1,2) from Japanese investigators
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demonstrated a strong association between the serum albumin level and
all-cause death in a community-based population, the present study
reported that the serum albumin level was associated with both all-cause
and cerebro-cardiovascular disease death.

To determine the causes of death, we used a review of obituaries,
medical records, death certificates, hospital charts, and interviews with
primary care physicians, family members of the deceased and other
witnesses. The information was carefully independently coded in
accordance with the rules of the Seven Countries Study (12).

Among the participants of the present study (mean albumin level;
4.4g/dL), only 89 subjects (4.7%) showed an albumin level of <4.0g/dL.
Based on the findings of this study, we hypothesize that nutritional
deficiencies (low albumin and low cholesterol) may be important in the
pathology of all-cause and cause-specific death. It is interesting to note that
hypoalbuminemia has been associated with hemorrhagic stroke in previous
studies (21,22), and that hypoalbuminemia has been associated with
cause-specific death and diseases in many studies including our own study

(23-31). It has been demonstrated that low albumin levels are associated
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with long-term protein-energy deprivation, liver disease (30) and renal
disease (6,7,25), acute illness (4,9,10,11,26,29) and chronic illness (8,25),
inflammation (31) and poor physical function (24). There is increasing
evidence to show that low albumin levels are associated with cancer (27).
However, whether low levels of albumin are associated with the nutritional
status and disease of healthy participants has not previously been
clucidated. Four subjects died within 1 year of enrollment due to
hepatocyte cell carcinoma (3.6 months), subarachnoid hemorrhage (4.8
months), lung cancer (6 months), and an accident (7.2 months). The low
albumin levels in the 2 subjects who died of cancer might have affected the
results; however, we were not able to exclude the cases, because their
records did not describe any history of cancer treatment nor was there any
information to suggest that they were undergoing cancer treatment at the
start of the study period.

Hypoalbuminemia, which can be associated with various diseases,
is frequently observed in hospitalized patients (24-31). Regardless of the
cause, hypoalbuminemia has a strong impact on mortality and morbidity.

However, in the present study, the enrolled subjects were free from

16
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apparent cerebro-cardiovascular disease at the start of the study period and
their serum albumin levels were within the normal range. Furthermore,
after adjusting for confounding factors, the Cox proportional hazards
regression analysis demonstrated that a low albumin level was an
independent predictor of all-cause death and cerebro-cardiovascular disease
death (Table 5). In contrast, the subjects with the highest albumin level had
the lowest mortality rate, indicating that a small variation within the normal
range of the albumin level could have an effect on future all-cause
mortality, even in a general population. The precise mechanism underlying
the relationship between serum albumin levels and mortality should be
clarified in future studies.

Next, we focused on the association between nutrient intake and
all-cause/cause-specific death, vegetable protein intake was the only
nutrient-related factor that was found to be associated with mortality (Table
4). The previous reports did not consider the nutrient intake of their study
populations (1,2,21-31). Our findings suggest that it is likely that the
nutrient intake of the healthy subjects in the present study did not directly

influence their serum albumin levels. Malabsorption or protein loss might
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be considered when an imbalance is detected between a subject’s albumin
level and his or her nutrient intake. This issue should be clarified in future

studies.

Study limitations

The present study is associated with several limitations. First, in
order to exclude subjects with cardiovascular diseases, we carefully
examined their medical history, and performed physical examinations. The
subjects with Q waves on an electrocardiogram were excluded. However,
it is possible that some subjects with asymptomatic cardiovascular
diseases might have been included. Second, we were not able to exclude
subjects with undetected cancer. Third, the total number of deaths from
cerebro-cardiovascular disease and cancers was small, which limited the
statistical power of the outcome. Fourth, we used a single baseline
measurement to predict the all-cause and cause-specific death. Fifth, we
did not have data on chronic hepatitis in the present study. Thus, some
subjects’ serum albumin levels might have been influenced by chronic

hepatitis. Finally, the pathophysiological mechanism underlying the
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association between low albumin levels and all-cause death was not

revealed from our observational study.

Conclusions
In conclusion, the present study demonstrated that the serum
albumin level was an independent predictor of all-cause and

cerebro-cardiovascular disease death in the Japanese general population.

The authors declare no Conflict of Interest (COI) in association with

the present study.

Acknowledgments
We are grateful to the members of the Japan Medical Association
of Ukiha, the elected officials and residents of Tanushimaru, and the team

of physicians who helped in performing the health examinations.

19
Umeki Y, et al.



References

1. Okamura T, Hayakawa T, Hozawa A, Kadowaki T, Murakami Y, Kita Y,
Abbott RD, Okayama A, Ueshima H for the NIPPON DATA 80
Research Group. Lower levels of serum albumin and total cholesterol
associated with decline in activities of daily living and excess mortality
in a 12-year cohort study of elderly Japanese. ] Am Geriatr Soc 56:
529-535, 2008.

2. Takata Y, Ansai T, Yoshihara A, Miyazaki H. Serum albumin levels and
10-year mortality in a community-dwelling 70-year-old population.
Arch Gerontol Geriatr 54: 39-43, 2012.

3. Herrmann FR, Safran C, Levkoff SE, Minaker KL. Serum albumin level
on admission as a predictor of death, length of stay, and readmission.
Arch Intern Med 152: 125-130, 1992.

4. Vincent JL, Dubois MJ, Navickis RJ, Wilkes MM. Hypoalbuminemia in
acute illness: Is there a rationale for intervention? A meta-analysis of

cohort studies and controlled trials. Ann Surg 237: 319-334, 2003.

20
Umeki Y, et al.



5. Sullivan DH, Roberson PK, Bopp MM. Hypoalbuminemia 3 months
after hospital discharge: significance for long-term survival. J Am
Geriatr Soc 53: 1222-1226, 2005.

6. Foley RN, Partrey PS, Harnett JD, Kent GM, Murray DC, Barre PE.
Hypoalbuminemia, cardiac morbidity, and mortality in end-stage renal
disease. J] Am Soc Nephrol 7:728-736, 1996.

7. Cooper BA, Penne EL, Bartlett LH, Pollock CA. Protein malnutrition
and hypoalbuminemia as predictors of vascular events and mortality in
ESRD. Am J Kidney Dis 43: 61-66, 2004.

8. Menon V, Greene T, Wang X, Pereira AA, Marcovina SM, Beck GJ,
Kusek JW, Collins AJ, Levey AS, Sarnak MJ. C-reactive protein and
albumin as predictors of all-cause and cardiovascular mortality in
chronic kidney disease. Kidney Int 68: 766-772, 2005.

9. Dziedzic T, Pera J, Slowik A, Gryz-Kurek EA, Szczudlik A.
Hypoalbuminemia in acute ischemic stroke patients: frequency and
correlates. Eur J Clin Nutri 61: 1318-1322, 2007.

10.Kinugasa Y, Kato M, Sugihara S, Hirai M, Kotani K, Ishida K,

Yanagihara K, Kato Y, Ogino K, Igawa O, Hisatome I, Shigemasa C. A

21
Umeki Y, et al.



simple risk score to predict in hospital death of elderly patients with
acute decompensated heart failure: hypoalbuminemia as an additional
prognostic factor. Circ J 73: 2276-2281, 2009.

1 1.Hartopo AB, Gharini PPR, Stetianto BY. Low serum albumin levels and
in-hospital adverse outcomes in acute coronary syndrome. Int Heart J
51: 221-226, 2010.

12 Hirai Y, Geleijnse JM, Adachi H, Imaizumi T, Kromhout D. Systolic
blood pressure predicts cardiovascular mortality in a farming but not in
a fishing community: A 40-year follow-up of the Japanese cohorts of
the Seven Countries Study. Circ J 75:1890-1896, 2011.

13.Hino A, Adachi H, Toyomasu K, Yoshida N, Enomoto M, Hiratsuka A,
Hirai Y, Satoh A, Imaizumi T. Very long chain N-3 fatty acids intake
and carotid atherosclerosis: An epidemiological study evaluated by
ultrasonography. Atherosclerosis 176:145-149, 2004.

14.De Bacquer D, De Backer G, Kornitzer M. Prevalence of ECG findings
in large population based samples of men and women. Heart 84:

625-633, 2000.

22
Umeki Y, et al.



15.Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yamagata K,
Tomino Y, Yokoyama H, Hishida A, and collaborators developing the
Japanese equation for estimated GFR Revised equations for estimated
GFR from serum creatinine in Japan. Am J Kidney Dis 53:982-992,
2000.

16. Thompson FE, Byers T. Dietary assessment resource manual. J Nutr
124: 22458-23178S, 1994,

17.The ARIC Investigators. The atherosclerosis risk in communities
(ARIC) study: Design and objectives. Am J Epidemiol 129: 687-702,
1989.

18.Standard tables of food composition in Japan. 4th revised edition
Resource council science and technology agency, Japan. 1999; Printing
bureau Ministry of Finance (in Japanese).

19.The National Nutrition Survey. Ishikawa S (eds). The Ministry of
Welfare and Labor, Japan. 1999; Daiichi Publishing Co., Ltd (in

Japanese).

23
Umeki Y, et al.



20.World Health Organization. International Statistical Classification of
Diseases and Related Health Problems. 10th Revision. 2003; Geneva:
WHO.

21.0Okumura K, Iseki K, Wakugami K, Kimura Y, Muratani H, Ikemiya Y,
Fukiyama K. Low serum cholesterol as a risk factor for hemorrhagic
stroke in men. — A community-based mass screening in Okinawa, Japan
— Jpn Circ J 63: 53-58, 1999.

22 Famakin B, Weiss P, Herzberg V, McCellan W, Presley R, Krompf K,
Karp H, Frankel MR. Hypoalbuminemia predicts acute stroke mortality:
Paul Coverdell Georgia stroke registry. J Stroke Cerebrovasc Dis 19:
17-22,2010.

23.Takeuchi T, Adachi H, Ohuchida M, Nakamura T, satoh A, Jacobs DR,
Imaizumi T. A case-control study found that low albumin and smoking
were associated with aortic dissection. J Clin Epidemiol 57:386-391,
2004.

24.Corti MC, Guralnik JM, Salive ME, Sorkin JD. Serum albumin level
and physical disability as predictors of mortality in older persons.

JAMA 272:1036-1042, 1994.

24
Umeki Y, et al.



25.Shah NR, Dumler F. Hypoalbuminaemia - A marker of cardiovascular
disease 1in patients with chronic kidney disease stage II-IV. Int ] Med Sci
5:366-370, 2008.

26.Wiedermann CJ, Wiedermann W, Joannidis M. Hypoalbuminemia and
acute kidney injury: a meta-analysis of observational clinical studies.
Intensive Care Med 36:1657-1665, 2010.

27.Crumley ABC, Stuart RC, McKernan M, McMillan DC. Is
hypoalbuminemia an independent prognostic factor in patients with
gastric cancer? World J Surg 34:2393-2398, 2010.

28.Filippatos GS, Desai RV, Ahmed MI, Fonarow GC, Love TE, Aban IB,
Iskandrian AE, Konstam MA, Ahmed A. Hypoalbuminaemia and
incident heart failure in older adults. Eur J Heart Fail 13:1078-1086,
2011.

29.Bonilla-Palomas JL, Gamez-Lopez AL, Moreno-Conde M,
Lopez-Ibanez MC, Anguita-Sanchez M, Gallego de la Sacristana A,
Garcia-Catalan F, Villar-Raez A. Hypoalbuminemia in acute heart
failure patients: Causes and its impact on hospital and long-term

mortality. J Cardiac Fail 20: 350-358, 2014.

Umeki Y, et al.



30.Gatta A, Verardo V, Bolognesi M. Hypoalbuminemia. Intern Emerg Med
7: S193-S199, 2012.

31.Eustace JA, Astor B, Muntner PM, Ikizler TA, Coresh J. Prevalence of
acidosis and inflammation and their association with low serum albumin

in chronic kidney disease. Kidney Int 65:1031-1040, 2004.

26
Umeki Y, et al.



‘S3PLIAdA[ELY ‘D], M0} IB|NISWO[T pajewnsa Y 0?3 taunssald poojq ‘Jg Xapur ssew Apoq T

suoneIAIqqy

‘san[eA pawrojsue) (jeanjeu) Jof Suisn sisk|eue IaJe o[eOS [RUITLIO oY) Ul  pajussaldal Sa[qrLIEA ,
Jua019d 10 ‘dFuel ‘Ueaul J1NAW0aT ‘SUORIASD PIEPUE)ST SULSL 2Je BR(]

LLED ( sz ) Tl ( 9¢ ) LI ( &6 1 Il ( 0t ) el (sakes) sajaqel(q

1990 ( S ) 9z ( 8¢ ) 8l ( 8'v ) €< ( 0S ) T (s9hoy) erwapidipradAy

91L0 ( €6l ) T6 (€81 ) L8 ( 00z ) <6 (71T ) 101 (s2404) uotsuaprad Ay

SUONEBIIPAIA

5070 (€6l ) T6 ( s+l ) 69 (  v91 ) 8¢ (€81 ) /8 (s2404) Sunjows juann)

9110 ( 96z ) ( €61 ) T6 ( o1z ) o0l (  szz ) Lol (sa4us) ayeaul [oyory

0650 L F TS 9 F TS 8 F TS 8 F TS (26)°"VaH

1S€0 ST F IS €1 F 61 €1 F 67 ST * 0% (p/Sur) proe o

LTO0 0El F 688 LTl F 84S STl F I'LS vEl F 698 (GWEL T/ TW/[W) YJD2

100000> [ #821-8C 1 601 [ €¥8-6T 1 1ol [ €96ct | 6 [ Z6¢-8C 1 68 [a3uet],(1p/Sw) DL
1000°0> I've ¥ 821 L0 F 6¢€T1 808 F 0611 €C1e F vyl (Ip/Bwr) [o1e3sa10Y2-TAT
1000°0> 6'SI ¥ T8S TEl F PSS 0Pl F 66§ 97l F LES (1p/Bur) jorysajoyd-(IH
1000°0> 0ve F 811C 0ZE F 0502 LTE F 961 €S8 F 6L8I ([p/3w) [o1aysajoyd [ej0],
ZaN] 071 F 678 ST ¥ TTY T F 918 $I1 F TI8 (SHww) gg onoiserq

7850 L0ZT F TOFI L'TT ¥ vopl TIT 7 06¢1 LT F §0bl (BHuww) gg o1j03sAS

56170 I't ¥ I'6C 0f F £ 0E F 0T Ve F 0€Z (w/3Y) Ind

LOT0 (  8Tr ) toT ( 8LE ) 081 ( ['6€ ) 981 (  L¥r ) €IC (soemog) xXag

1000 0= [0l F 1'6S 80l F 9719 90l F 9'¢€9 TIL ¥ +'99 (s189K) 28y
1000°0> o = LY o = (5 1o = £ 70 F I't (Ip/3) wungpy
LLY 9L 9L 9Lt u‘ejo],

e (4s9y3IH) +0O £0 0 (1359m0T) 10 SonSLIdIBIRYD)

(1p/3) unnqpe jo sajuengy

sa[nIenb urwnge winias Aq paynens s192[qns g6 Ayl JO SONSHIAORIRYD suljaseq ‘[ J[qe,







pl1oe dI0ueXayes000(] ‘VHA
‘proe orouseyuadesoory ‘yddq
'SUOIBIARIQQY

‘sanjeA pawiojsuen (jernjeu) of Sulsn sis{[eue 13)Je ajeos [ewSLo oy} ul pajuasaidal sa[qELIBA
Juadsad 10 ‘9Fuel ‘UBSW SLIJOWI0AT ‘SUDIRIAP PIBPUR)STE SUBSW JIE BlE(]

L3€°0 L'81E F T8IS $19¢ F SL0S 8997 F 1'98F LI18T  F  9'tep (Aep/3w) YHA
66270 0€TC F 80¢€¢ £LYT F €TTE T8I F 990¢ 0z6l  F L1Ig (Aep/dw) vdq
FEF 0 0759 F 6'8LT1 SHT9 F 9611 689 F 09g€l I'S19  F  +'18T1 (Aep/3u) proe orusjoul]
(Aep/3ur) proe Apey ¢-N
0590 '8 F ¢€6T1 £9¢ F 87Tl 08S F ¢LTI 09¢ F 971 (Aep/3ur) proe owopryaery
SPE0 L'Shve F +'1978 8'081¢ F 919v8 S60SE F LbLYS T8TIE F  0vrIg (Aep/Gu) proe ora[our]
(Aep/Sur) proe Aney 9-N
0St°0 St F g0l oFr F U1l vy F 011 or F L0l (Aep/3) yey pajeimesunijo
LSS0 69 F 61 79 F 6Pl 99 F I'G] €9 FOoSHI (Aep/3) yey pajesnyesunouoly
el 7S F 901 0 F SI1 0S F 911 s F O OI'I1 (Kep/3) yey opeInies
8170 0011 F €ove T00I F 071g€ 6901 F T'1¢€ PEOT F 6'EEC (Lep/F) arraphyoqie)
9t°0 Tl F 89 L0l F €LT S0l F 04T ol F €92 (Kep/3) 1ey o[qeiadap
F6£°0 6cl F LET €¢l F TET CEl F THT 67l F 6 (Kep/T) yej [ewnuy
STY0 L1 F 5§08 661 F S0S 10T ¥ TIS €6l F  leb (Aep/3) 11 [e10],
£69°0 0vZ F 6°€S 97T F TES 07T F TTS vET  F9CS (Aep/3) urajoud sjqeipfop
9850 §6l F 76t L8] F 88¢ 981 F TOv '8t F L8 (Aep/3) urayoud [eurnuy
0L8°0 €68 F €6 1'2e F 076 9z¢ F 6 9¢e F€I6 (Aep/3) urajoud feso
98+°0 [evvv-6v8 1 L681  [Le0v-€16 1  0s81  [Z96t-698 1 2881 [ 6ecb-LI8 1 8<8I [23uer] . (£ep/jeay) A310ug
1000°0> o + Ly o = St o = £v 0 T I't (Ip/8) ununqpy
LLY 9Lp 9Lp 9Lp u oy,
puiss; oy d (153Y51H) 0O £0 20 (asemo) 10 SOpSHaaeIY )

(1p/3) urwngje yo sa[iene)

sa[ienb urwngre Aq patyens ayejul JUBLINY Jo SUBSW UI[aseq ‘7 A[qe,







Table 3. Cox proportional hazards model with all-cause and cause-specific deaths as the outcome variables

All-cause deaths (n=337)

parameter B SE HR (95%CTI) p value
Albumin (g/dl) -0.931 0.256 039 ( 024 - 0.65) <0.0001
Age(years) 0.099 0.007 110 ¢ 1.09 - 1.12) <0.0001
Total cholesterol (mg/dl) -0.004 0.010 1.00 ( 098 - 1.02) 0.718
HDL-cholesterol (mg/dl) 0.007 0.012 1.01 ( 098 - 1.03) 0.544
LDL-cholesterol(mg/dl) -0.006 0.010 099 ( 098 - 1.01) 0.557
Triglycerides (mg/dl)* 0.218 0.319 1.24 ( 0.67 - 232) 0.493
eGFR (ml/ml"'/1.73m?) -0.004  0.005 1.00 (099 - 1.01) 0.463

Cancer deaths (n=99)

parameter B SE HR (95%CI) p value
Albumin (g/dl) -0.855 0.435 043 ( 018 - 099) 0.049
Age(years) 0.078 0.012 1.08 ¢ 1.06 - 1.11) <0.0001
Total cholesterol (mg/dl) -0.059 0.036 094 ( 088 - 1.01) 0.105
HDL-cholesterol (mg/dl) 0.049 0.038 1.05 ¢ 098 - 1.13) 0.198
LDL-cholesterol (mg/dl) 0.048 0.036 1.05 ( 098 - 1.13) 0.184
Triglycerides (mg/dl)* 1.512 0.891 454 ( 079 - 26.03) 0.090
eGFR (ml/mI™"/1.73m?) 0.015 0.009 1.02 ( 1.01 - 1.03) 0.084

Infection deaths (n=43)

parameter B SE HR (95%CI) p value
Albumin (g/dl) -1.584 0.644 021 ( 006 - 0.73) 0.014
Age (years) 0.133 0.018 1.14 ( 1.1 - 1.19) <0.0001
Total cholesterol (mg/dl) 0.001 0.033 1.00 ( 094 - 1.07) 0.973
HDL-cholesterol (mg/dl) 0.017 0.035 1.02 ( 095 - 1.09) 0.628
LDL-cholesterol (mg/dl) -0.009 0.032 099 ( 093 - 1.05) 0771
Triglycerides (mg/dl)* 0.077 0.888 1.08 ( 019 - 6.15) 0.931
eGFR (ml/ml""/1.73m™) 0.009  0.013 1.01 ( 098 - 1.04) 0.503

CVD deaths (n=47)

parameter B SE HR (95%CI) p value
Albumin (g/dl) -1.643  0.599 0.19 ( 006 - 0.63) 0.006
Age(years) 0.091  0.016 110 ( 1.06 - 1.13) <0.0001
Total cholesterol (mg/dl) 0.014 0017 1.0l ( 098 - 1.05) 0.412
HDL-cholesterol (mg/dl) -0.002  0.021 1.00 ( 096 - 1.04) 0.943
LDL-cholesterol (mg/dl) -0.022 0.016 098 ( 095 - 1.01) 0.162
Triglycerides (mg/dl)* -0.330  0.623 072 € 021 -~ 244) 0.597
eGFR (ml/ml"/1.73m™) -0.016  0.012 098 ( 096 - 1.01) 0.984
Abbreviations;

CVD, Cerebro-cardiovascular diseases; Cl, confidence interval; HR, hazard ratio;
eGFR, estimated glomerular filter







Table 4. Cox proportional hazards model with all-cause and cause-specific deaths as the nutrient intakes

All-cause deaths (n=337)

Vaiables § SE HR (95%CI) p value
Sex (men=0,women=1) -0.837 0.140 0433 ( 0329 - 0.569) <0.0001
Age (years) 0.116 0.007 1.123 ( 1.108 - 1.139) <0.0001
Energy (kcal/day) 0.000 0.000 1.000 ( 0999 - 1.000) 0.402

Animal protein (g/day) -0.009 0.011 0991 (0971 - 1.012) 0.422

Vegetable protein (g/day) 0.016 0.009 1.016 ( 0.999 - 1.034) 0.066

Animal protein/vegetable protein 0.481 0.342 1.617 ( 0.828 - 3.159) 0.159

Animal fat (g/day) -0.005 0.013 0.995 ( 0969 - 1.021) 0.699

Vegetable fat (g/day) 0.020 0.013 1.020 ( 0994 - 1.047) 0.135

Animal fat/vegetable fat 0.273 0.253 1314 ( 0.800 - 2.158) 0.282

Carbohydrate (g/day) -0.001 0.002 0999 ( 0995 - 1.004) 0.723

EPA (mg/day) -0.001 0.002 0999 ( 0995 - 1.002) 0.451

DHA (mg/day) 0.001 0.001 1.001 ( 0998 - 1.003) 0.587

Cancer deaths (n=99)

Vaiables B SE HR (95%CTI) p value
Sex (men=0,women=1) -0.571 0.234 0565 ( 0357 - 0.894) 0.015

Age (years) 0.099  0.011 1.104 ( 1.080 - 1.128) <0.0001
Energy (kcal/day) 0.000 0.001 1.000 ( 0999 - 1.002) 0.644

Animal protein (g/day) -0.018 0.017 0982 ( 0949 - 1.016) 0.295

Vegetable protein (g/day) 0028 0014 1.028 ( 1.001 - 1.056) 0.045

Animal protein/vegetable protein 0.324 0.605 1.382 ( 0422 - 4.526) 0.593

Animal fat (g/day) -0.006 0.022 0994 ( 0953 - 1.037) 0.778

Vegetable fat (g/day) 0.009 0.021 1.009 ( 0968 - 1.051) 0.680

Animal fat/vegetable fat 0.374 0.415 1453 ( 0.644 - 3.280) 0.368

Carbohydrate (g/day) -0.004 0.004 0996 ( 0989 - 1.004) 0.330

EPA (mg/day) -0.001 0.002 0.999 ( 0996 - 1.003) 0.743

DHA (mg/day) 0.001 0.001 1.001 ( 0998 - 1.004) 0.517

Infection deaths (n=43)

Vaiables B SE HR (95%CI) p value
Sex (men=0,women=1) -1.591 0.396 0204 ( 0.094 - 0442) 0.000

Age (years) 0.142 0.020 1,153 ( 1.109 - 1.198) <0.0001
Energy (kcal/day) -0.001 0.001 0999 ( 0997 - 1.001) 0.465

Animal protein (g/day) -0.013 0.032 0987 ( 0926 - 1.052) 0.692

Vegetable protein (g/day) -0.006 0.027 0.994 ( 0943 - 1.048) 0.831

Animal protein/vegetable protein 0.193 1.060 1213 ( 0.152 - 9.684) 0.855

Animal fat (g/day) 0.042 0.040 1.043 ( 0964 - 1.128) 0.299

Vegetable fat (g/day) 0.013 0.040 1.014 ( 0937 - 1.097) 0.739

Animal fat/vegetable fat -0.608 0.842 0.544 ( 0105 - 2.3834) 0.470

Carbohydrate (g/day) 0.001  0.007 1.001 ( 0989 - 1.015) 0.820

EPA (mg/day) -0.009 0.005 0.991 ( 0981 - 1.001) 0.068

DHA (mg/day) 0.006 0.003 1.006 ( 0999 - 1.013) 0.080

CVD deaths (n=47)

Vaiables B SE HR (95%CI) p value
Sex (men=0,women=1) -0.780 0.342 0458 ( 0234 - 0896) 0.023

Age (years) 0.118 0.017 1.126  ( 1.088 - 1.164) <0.0001
Energy (kcal/day) -0.001 0.001 0.999 ( 0997 - 1.001) 0314

Animal protein (g/day) 0.032 0.024 1.032 ( 0984 - 1.082) 0.193

Vegetable protein (g/day) 0.002 0.023 1.002 ( 0958 - 1.048) 0.933

Animal protein/vegetable protein 0.202 0.799 1.224 (0256 - 5.855) 0.801

Animal fat (g/day) -0.013 0.032 0987 (0928 - 1.051) 0.692

Vegetable fat (g/day) 0.036  0.034 1.037 ( 0970 - 1.108) 0.288

Animal fat/vegetable fat 0.176 0.653 1.192 ( 0331 - 4.289) 0.788

Carbohydrate (g/day) 0.003 0.006 1.003 ( 0991 - 1.016) 0.581

EPA (mg/day) -0.002 0.005 0998 ( 0989 - 1.008) 0.751

DHA (mg/day) -0.001 0.003 0999 ( 0992 - 1.005) 0.700

Abbereviations;
EPA; Eicosapentaenoic acid,
DHA; Docosahexaenoic acid
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Figure Legends

Figure 1: A flow diagram of the assessment of the study subjects.

Figure 2: Cumulative survival curves stratified by serum albumin quartiles
in subjects estimated by the Kaplan-Meier method. There was a significant
trend across the quartiles (p<0.0001 by log-rank test).

QI: Albumin <4.2g/dl (n=476)

Q2: Albumin 4.2-4.4g/dl (n=476)

Q3: Albumin 4.4-4.6g/dl (n=476)

Q4: Albumin >4.6g/dl (n=477)
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