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Abstract

Background Although hypoalbuminemia was associated with high risk of mortality in community-dwelling older
adults, as well as in the hospitalized older adults, little is known among centenarians. And there are limited data
on whether having cardiometabolic diseases (CMDs) is associated with additive effects.

Methods Baseline examinations including a determination of aloumin levels were performed in 1002 Chinese cente-
narians from January 2014 through to December 2016, and the survival status was subsequently ascertained until 31
May 2021. Cox proportional risk model was performed to assess the risk of all-cause mortality associated with albumin
levels and hypoalbuminemia combined with CMDs.

Results Of 1002 participants included in the analysis, the mean level of albumin was 38.5 g/L (£ standard deviation,
4.0 g/L), and 174 (17.4%) had hypoalbuminemia (albumin < 35 g/L). The multivariable analyses showed that albumin
level was negatively associated with all-cause mortality (P;nq < 0.05). Compared to normoalbuminemia, hypoal-
buminemia was associated with an increased mortality risk in the overall participants (hazard ratio [HR]: 1.55, 95%
confidence interval [CI]: 1.22-1.97). Furthermore, the HR (95% Cl) of hypoalbuminemia combined with multiple CMDs
was 2.15 (1.14-4.07). There was evidence of an additive deleterious dose effect of an increasing number of CMDs
(Prreng =0.001).

Conclusions Hypoalbuminemia is associated with an increased risk of all-cause mortality in Chinese centenar-
ians, and this risk is more pronounced among centenarians with multiple cardiometabolic diseases. Our findings
suggest that older adults with hypoalbuminemia, especially comorbid multiple CMDs warrant early identification
and management.
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Background

Serum albumin is one of the earliest recognized and
abundant proteins, with its synthesis accounting for
approximately a quarter of total hepatic protein syn-
thesis [1]. Since albumin provides a relatively objective
reflection of the body’s protein reserve levels, it has been
widely recognized as an evaluation tool for nutritional
status [2]. Low albumin level has been used as a marker
of malnutrition related to increased risk of adverse health
outcomes, including death and other severe diseases [3—
8]. Besides the association between low serum albumin
levels and malnutrition, these findings have additionally
been supported by the decline in the function of albumin
as an extracellular antioxidant agent [9-11]. Moreover,
albumin is the principal negative acute-phase reactant,
and its level falls in response to inflammation during
acute critical illnesses or chronic systemic diseases, mak-
ing a decrease in albumin an indicator of increased risk of
adverse outcomes [12—14].

Many studies have reported that hypoalbuminemia is
associated with high mortality in patients with various
diseases or in healthy community-dwelling older adults
[5, 15-18]. However, most of the current older adults,
especially those of advanced aged, exist with cardiometa-
bolic diseases (CMDs) including diabetes, coronary heart
diseases (CHD), stroke and hypertension [19-21]. Of
interest is that inflammation and nutritional problems are
present in older adults with CMDs, while whether CMDs
has an impact on the association between albumin, a dual
indicator of inflammation and nutrition, and mortality is
not clear. Prior studies have suggested that the associa-
tion between lower albumin and increased risk of death
in patients with acute coronary syndrome, stroke and
acute heart failure [16, 22—-25]. However, presently, there
is a lack of large-scale research on the potential effect of
increasing number of CMDs on the association between
hypoalbuminemia and mortality, especially among Chi-
nese centenarians.

Therefore, this study attempts to detect the relationship
between serum albumin levels and the risk of all-cause
death, and to explore the additional effects of CMDs on
such an association in the community-based centenar-
ians, using data from the China Hainan Centenarian
Cohort Study (CHCCS), to provide ideas for the early
identification and intervention of hypoalbuminemia in
the centenarians.

Methods

Study design and participants

Study participants were recruited from the CHCCS
Project, a longevity population-based study. A detailed
description of study design framework has previously
been published [26]. This prospective cohort study
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included 1,002 eligible centenarians aged more than
100 years old residing in 16 cities and counties of Hainan
province from January 2014 through to December 2016.
Participants were subsequently contacted until 31 May
2021 to obtain follow-up information including death for
any cause.

This study was approved by the Biomedical Ethics
Committee of Chinese PLA general hospital (301hn11-
206-01), and was performed in accordance with the
Declaration of Helsinki. All participants gave written
informed consent.

Investigation method

We had a face-to-face interview with each study subject
in the participants’ residences or nearby clinics through
appropriate regional dialects. Demographic and sociolog-
ical characteristics, personal disease and family histories,
lifestyle and disability were collected by a standard ques-
tionnaire. All the questions on the questionnaire were
asked and recorded by trained investigators from Hainan
Hospital affiliated to the Chinese PLA General Hospi-
tal. Anthropometric measurements and blood pressure
levels were recorded during physical examination. Body
mass index is calculated as weight in kilograms divided
by height squared in meters (For those with marijuana,
measure their length instead of height). Blood samples
were collected after a 8-h overnight fasting by venous
puncture and sent to the department of biochemistry,
Hainan Hospital, within 4 h, to test the level of total cho-
lesterol (TC), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol
(LDL-C), fasting blood glucose (FBG), total protein, albu-
min, aspartate aminotransferase (AST), alanine transam-
inase (ALT), hemoglobin, CRP and creatinine.

Measurement and classification of albumin
Comprehensive metabolic panel examinations were
determined on Cobas 8000 automatic biochemical
autoanalyzer (Roche Products Ltd., Basel, Switzerland).
Albumin levels was divided into quartiles:<36.2 g/L,
36.2-38.9 g/L, 39.0-41.2 g/L, and >41.3 g/L, and further
dichotomized: more than 35 g/L and less than 35 g/L.
Hypoalbuminemia is defined by a serum albumin <35 g/L
[27].

Assessment of cardiometabolic diseases

In the present analysis, CMDs included diabetes, CHD,
stroke and hypertension. As part of the baseline assess-
ment, participants were asked whether a physician
had diagnosed diabetes, CHD, stroke or hyperten-
sion. We defined hypertension as previous diagnosis or
SBP >140 mmHg or DBP >90 mmHg [28], and diabetes
as previous diagnosis or FBG>7.0 mmol/L [29]. CHD
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and stroke history was finally determined from their
medical records output from Grade II and III hospitals.
The CMDs status was categorized as CMD-free, single
CMD (any one of the above CMDs) and multiple CMDs
(two or more the above of CMDs).

Outcomes

The death information was ascertained through linkage
to the death registration system of the public security
department and the registration system of the Hainan
Provincial Committee on Aging, and was verified by tele-
phone. After the survival status was confirmed, the study
came to an end. There was no missing follow-up until
May 31, 2021.

Covariates

Socio-demographic characteristics assessed included age,
sex, education, ethnicity and marriage. The ethnicity of
a subject is classified as either Han or minority. Marital
status is divided as widowed or not (including married,
divorced, or other). The education level is classified as
illiteracy or not according to the total years of education.
Smoking status, alcohol drinking status and disability
assessment were also collected at the same time. Smoking
status and alcohol drinking status are classified into two
categories: current or former, and never. Dyslipidemia
was defined as previous diagnosis or TC>6.22 mmol/L,
or TG>2.26 mmol/L, or HDL-C<1.04 mmol/L, or
LDL-C>4.14 mmol/L [30]. Activities of daily living
(ADL) function was evaluated using the Barthel index
[31], which evaluates 10 different instrumental ADL with
a maximum score of 100. The ADL score was categorized
into two groups to reflect degrees of ADL disability: 1)
ADL independent (ADL score>40); 2) Having an ADL
disability (ADL score <40). Estimated glomerular filtra-
tion rate (eGFR) was calculated by CKD epidemiology
collaboration (CKD-EPI) [32].

Statistical analysis

Continuous variables, expressed as mean (+standard
deviation) in case of normally distributed variables or
as median (interquartile ranges), were compared using
the unpaired Student’s t-test, Mann—Whitney U-test,
or One-way analysis of variance, as appropriate. Cat-
egorical variables, expressed as count (percent), were
compared using the chi-square test. We used multivari-
able adjusted restricted cubic splines to examine pos-
sible albumin threshold levels for mortality, as well as
the potential non-linear association with the risk of
all-cause death. Time data for the occurrence of death
events were graphically presented using the Kaplan—
Meier method. After verification of proportionality
assumptions, the univariate and multivariable Cox
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proportional risk model was used to calculate the haz-
ard ratios (HRs) and 95% confidence intervals (CIs) of
follow-up all-cause mortality associated with albumin
levels and hypoalbuminemia combined with different
numbers of CMDs. The models were adjusted for sex,
age, ethnicity, marriage, educational levels, smoking
status, alcohol drinking status, dyslipidemia, diabetes,
CHD, stroke, hypertension, hemoglobin and CRP. Sen-
sitivity analyses were conducted based on the following
in further analyses to test the robustness of the primary
results: a. Given to some studies add dyslipidemia in
the definition of CMDs [33], we performed sensitiv-
ity analyses including dyslipidemia as a component for
the definition of CMDs. b. The centenarians with ADL
independent may nonetheless have higher levels of total
daily physical activity compared to the centenarians
with ADL disability, who might be poorer in nutritional
status including hypoalbuminemia. Thus, those with
ADL disability were excluded to minimize the possibil-
ity of reverse causation bias by baseline health status.
c. Additional adjustment for eGFR to reduce the con-
founding effect of renal excretion on the relationship
between albumin levels and mortality. Statistical analy-
ses were performed using SPSS Statistics version 24.0
(IBM Corporation, Armonk, NY, United States) and R
version 3.6.0 (R Foundation for Statistical Computing).
Two-tailed p values of<0.05 were considered statisti-
cally significant.

Results

Baseline characteristics

A total of 1002 participants were enrolled in our
analysis, with 82.0% (822) females and median aged
102 (101-104) years old, and baseline characteristics
were shown in Table 1 and Additional file 1: Table S1.
Among centenarians, there was a high percentage of
Han ethnicity, widowed and illiterate. The proportions
of participants who never smoking and alcohol drink-
ing were all higher than 80%. The centenarians who
died had lower levels of albumin and higher preva-
lence of hypoalbuminemia. Albumin had a normal dis-
tribution with mean (+standard deviation) values of
38.5 g/L (£4.0 g/L) and ranged from 23.1 to 52.2 g/L.
The prevalence of hypoalbuminemia for our study was
17.4%. The distribution of albumin was depicted in
Additional file 1: Figure S1. In addition, the prevalence
of hypertension, diabetes, CHD and stroke were 74.7%,
9.6% 4.1% and 2.2%, respectively. The participants with
lower albumin levels were tend to have significantly
higher CRP levels and prevalence of ADL disability,
while lower BMI, blood pressure, total protein levels
and hemoglobin levels (all p <0.05).
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Table 1 Baseline characteristics of the study participants

Total Serum albumin Pvalue

Q4 (>41.3g/L) Q3(38.9-41.2g/L) Q2(36.2-38.9g/L) Q1(<36.2g/L)

Age(year), median(IQR) 102 (101-104) 102 (101-104) 02 (101-105) 102 (101-105) 102 (101-105) 0.026
Female, n(%) 822 (82.0) 203 (84.2) 213 (83.5) 197 (79.1) 209 (81.3) 0.440
Han ethnicity, n(%) 883 (88.1) 213(884) 217 (85.1) 225(904) 228 (88.7) 0318
Widowed, n(%) 836 (83.4) 99 (82.6) 220 (86.3) 208 (83.5) 209 (81.3) 0.485
llliterate, n(%) 915(91.3) 217 (90.0) 236 (92.5) 223 (89.6) 239(93.0) 0.762
Never smoking, n(%) 896 (89.4) 215(89.2) 232(91.0) 223 (89.6) 226 (87.9) 0.736
Never alcohol drinking, n(%) 836 (83.4) 201 (834) 217 (85.1) 212(85.1) 206 (80.2) 0.386
ADL disability, n(%) 140 (14.0) (2.9) 29(11.4) 26 (104) 78(30.4) <0.001
Hypertension, n(%) 744 (74.3) 202 (83.8) 199 (78.0) 176 (70.7) 167 (65.0) <0.001
Diabetes, n(%) 96 (9.6) 29(12.0) 7(6.7) 23(9.2) 27 (10.5) 0216
CHD, n(%) 41(4.1) 13(54) 11(43) 10 (4.0) 7(27) 0512
Stroke, n(%) 22(2.2) 52.1) 7(2.7) 9(3.6) 1(04) 0.085
Dyslipidemia, n(%) 230(23.0) 59 (24.5) 52(204) 55(22.1) 64(24.9) <0.001
B!\/H(kg/mz), mean+SD 18.04+341 18.46+3.24 18.13+£3.25 18.27+3.20 17.33£3.79 0.001
SBP(mmHg), mean +SD 152.57+2443 159.90+24.85 154.99+22.46 51.51+24.59 144.31+23.29 <0.001
DBP(mmHg), mean+SD 75751294 79.99+14.02 77.09+11.37 74.62+1213 7153+12.72 0.001
CRP (mg/L), median (IQR) 0.19(0.08-0.43) 0.13 (0.05-0.30) 0.19(0.09-0.33) 0.17 (0.07-0.40) 0.33(0.14-0.99) <0.001
Haemoglobin (g/L), 113.05+16.35 120.73+15.44 115.73+13.69 112.17+£1530 104.04+16.27 <0.001
mean+SD
FBG(mmol/L), median(IQR) 4.82 (4.26-5.64) 4.82 (4.20-5.25) 4.82 (4.32-5.62) 4.82 (4.23-5.67) 4.97 (4.27-5.85) 0.225
eGFR(mL/min/1.73 m?), 7642 (48.62-100.96) 80.87 (47.99-103.46) 7642 (49.82-97.74) 71.52(46.88-99.78) 77.72(49.32-101.18) 0.724
median (IQR)
Total protein (g/L), mean+SD  68.65+6.27 73.00+5.88 69.65+5.18 67.62+4.90 64.73+£5.87 <0.001
ALT (UI/L), median(IQR) 9.20 (7.20-12.00) 10.00 (8.20-12.95) 9.40 (7.70-11.80) 8.50 (7.10-12.35) 8.20 (6.40-10.85) 0.086
AST (UI/L), median(IQR) 20.60 (17.50-24.40)  21.50(18.90-25.65)  20.70 (17.95-24.60) 20.20 (17.40-23.60) 19.40 (16.60-23.90) 0.396

ADL activities of daily living, ALT alanine transaminase, AST aspartate aminotransferase, BMI body mass index, CHD coronary heart diseases, CRP C-reactive protein, DBP
diastolic blood pressure, eGFR estimated glomerular filtration rate, FBG fasting blood glucose, HDL high-density lipoprotein, IQR interquartile ranges, LDL low-density
lipoprotein, SBP systolic blood pressure, SD standard deviation, TC total cholesterol, TG triglycerides

Association between albumin levels and all-cause
mortality

During the median follow-up time of 49.9 months, 522
(52.1%) all-cause deaths were observed. When treating
albumin as a continuous variable, the restricted cubic
spline analysis showed a flat L-shape with the inflection
point at about 35 g/L (Fig. 1). A strong linear relationship
was observed between a gradual rise in all-cause mortal-
ity risk and declining albumin levels, when the albumin
level was <35 g/L. However, when the albumin level was
above the inflection point, the risk decreased and eventu-
ally leveled-off.

Compared with the highest quartile of albumin levels,
the all-cause mortality was higher in participants with
lower albumin levels (Additional file 1: Figure S2), and
the multivariable-adjusted HRs for mortality in the third,
second, and first quartile were 1.19 (95% CI: 0.92-1.53),
1.10 (0.85-1.44) and 1.45 (1.10-1.90) respectively, with
a upward trend (Py.,q=0.021) (Table 2). In the dichoto-
mous analysis of serum albumin using 35 g/L as the

RCS

HR (95%Cl)

30 35 40 45
Serum albuminr levels (g/L)

Fig. 1 Restricted cubic spline of the association between albumin
levels and risk of all-cause death. Adjusted for sex, age, ethnicity,
marriage, educational levels, smoking status, alcohol drinking status,
dyslipidemia, hypertension, diabetes, CHD, stroke, hemoglobin

and CRP. CHD coronary heart diseases, C/ confidence interval, CRP
C-reactive protein, HR hazard ratio
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Table 2 HRs and 95%Cl of risks of all-cause death associated with albumin levels
Valid Mortality HR (95% Cl)
Model 1 Model 2 Model 3 Model 4
Quintile variable
Q1(<36.2g/L) 145 (56.4%) 1.38(1.08-1.76) 1.38(1.08-1.77) 140 (1.09-1.81) 145 (1.10-1.90)
02(36.2-389 g/L) 124 (49.8%) 1.09 (0.85-1.41) 1.08 (0.83-1.39) 1.09 (0.84-1.40) 1.10 (0.85-1.44)
Q3(39.0-41.2g/L) 138 (54.1%) 1.20 (0.94-1.54) 1.18 (0.91-1.52) 1.17 (0.91-1.50) 1.19(0.92-1.53)
Q4(=413 g/L) 115 (47.7%) 1 1 1 1
P for trend 0.193 0.028 0.030 0.020 0.021
Binary variable
Normoalbuminemia (>35 g/L) 418 (50.5%) 1 1 1 1
Hypoalbuminemia (<35 g/L) 104 (59.8%) 141 (1.14-1.75) 141 (1.14-1.75) 149 (1.20-1.86) 1.55(1.22-1.97)

CHD coronary heart diseases, Cl confidence interval, CRP C-reactive protein, HR hazard ratio

Model 1: No adjustment for any covariates
Model 2: Adjusted for sex, age, ethnicity, marriage, educational levels

Model 3: Model 2 plus smoking status, alcohol drinking status, dyslipidemia, hypertension, diabetes, CHD and stroke

Model 4: Model 3 plus hemoglobin, CRP

cutpoint, the cumulative incidence of death was 59.8%
for participants with hypoalbuminemia and 50.5% for
those with normoalbuminemia of>35 g/L, with signifi-
cant differences shown in Kaplan—Meier curves (Addi-
tional file 1: Figue S3). In addition, hypoalbuminemia was
associated with higher risk of all-cause mortality after
multivariable adjustment (HR 1.55; 95% CI: 1.22-1.97)
(Table 2).

Risk of mortality associated with hypoalbuminemia
combined with CMDs

The mortality risk for hypoalbuminemia were further
analyzed taking into account the number of combined
CMDs (Table 3). Among participants with hypoal-
buminemia, 60.3% had single CMD and 8.6% had
multiple CMDs. Compared to those with albumin lev-
els>35 g/L, the cumulative mortality for participants

with hypoalbuminemia combined with single CMD
and multiple CMDs were noticeably higher (Fig. 2).
The adjusted HRs were 1.45 (95%CI 1.08-1.93) and
2.15 (95%CI 1.14-4.07) respectively, and the increas-
ing trend was significant (P,,q=0.001). However, the
number of CMDs itself was not related to a significantly
increased risk of all-cause mortality (Additional file 1:
Figure S4). Considering that a large proportion of cen-
tenarians with dyslipidemia, we preformed the analyses
again after the inclusion of dyslipidemia into CMDs.
The results were found to be similar (Additional file 1:
Table S2).

Moreover, similar relationships were found after
excluding participants with ADL disability or addition-
ally adjusting for eGFR in the model, although some of
the results were borderline significant due to smaller
sample size (Additional file 1: Table S3, S4).

Table 3 Risks of all-cause death associated with hypoalbuminemia combined with cardiometabolic diseases

Adverse outcome Normoalbuminemia

Hypoalbuminemia combined with cardiometabolic diseases

0 1 >2 P for trend
Mortality 418 (50.5%) 32 (59.4%) 62 (59.0%) 10 (66.7%) 0.152
HR (95% Cl)
Model 1 1 144 (1.01-2.06 1.34(1.03-1.75) 1.86 (0.99-3.48) 0.002
Model 2 1 144 (1.00-2.08 1.34(1.02-1.75) 1.97 (1.04-3.71) 0.002
Model 3 1 148(1.02-2.13 1.39(1.06-1.81) 2.09 (1.11-3.93) 0.001
Model 4 1 1.54 (1.05-2.25 1.45(1.08-1.93) 2.15(1.14-4.07) 0.001

Cl confidence interval, CRP C-reactive protein, HR hazard ratio

Model 1: No adjustment for any covariates

Model 2: Adjusted for sex, age, ethnicity, marriage, educational levels
Model 3: Model 2 plus smoking status, alcohol drinking status, dyslipidemia
Model 4: Model 3 plus hemoglobin, CRP
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Combined status

Strata =+~ Nommoalbuminemia =+= Hypoalbuminemia+CMD-free =+= Hypoalbuminemia+single CMD
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Hypoalbuminemia+multiple CMDs
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Fig. 2 Kaplan-Meier curves for all-cause death by hypoalbuminemia combined with cardiometabolic diseases

Discussion

In this prospective cohort study of 1,002 Chinese cente-
narians with a median age of 102 years, hypoalbumine-
mia was frequently observed in centenarians with the
prevalence of 17.4%, and was independently associated
with increased all-cause mortality risk. Of note, the sig-
nificant association was strongest with almost a doubling
of risk in participants with comorbid hypoalbuminemia
and multiple CMDs.

Significant associations between all-cause mortality
and the lower serum albumin levels found in the present
study, after adjustments for various confounding factors,
also were in accord with previous results in community-
dwelling older adults from other countries. In a Japanese
population of 80-year-old community residents, albumin
levels are an independent predictor of all-cause mortal-
ity [34], and this result was also observed in 421 Japanese
residents aged 69-71 years [35]. The same association
was found in studies of community-dwelling Americans
over 65 years of age [36—38]. However, the HRs obtained
in this study were relatively smaller than those of the
previous study. This may be related to the different char-
acteristics of the age distribution of the study subjects,

which were mostly concentrated below 80 years old in
the previous study and none of them reached centennial
age. To our knowledge, our study based on the consider-
able population-based centenarian samples to fill this gap
in the field of centenarian research for the first time.

In addition, our findings may support the hypoth-
esis that the association between hypoalbuminemia
and the risk of death was enhanced with the increasing
number of co-morbid CMDs. Notably, several studies
on elderly patients with stroke or acute coronary syn-
drome observed low serum concentration of albumin is
a negative prognostic index for in-hospital mortality [16,
22-24]. However, the above studies have focused exclu-
sively on specific patients admitted to hospital, the short-
term mortality is probably impacted by other factors
during acute illness. For general older population, more
recent data from 4947 persons participating in the Ath-
erosclerosis Risk in Communities (ARIC) Study, showed
an association of hypoalbuminemia with death, and this
association was not modified by the presence of diabetes
[38]. However, the association between hypoalbumine-
mia and death was weakened in the presence of diabetes
in the Geisinger cohort study [38]. Therefore, research on
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the prognosis for the general participants with hypoal-
buminemia combined with CMD is scant and inconsist-
ent. Moreover, with the epidemic of multimorbidity, it
is essential to explore whether the relationship between
lower albumin levels and mortality was modified by the
increasing number of CMDs. With the escalating bur-
den of aging populations worldwide, multimorbidity is
related to the reduced quality of life and the greater use
of health-care resources, which is becoming a global
health challenge [39]. An increasing prevalence of mul-
timorbidity with age has been reported from 6.4 to 76.5%
of elderly individuals in China [40]. Among these chronic
diseases, CMDs, including hypertension, diabetes, CHD
and stroke, are the main components of multimorbidity
[41, 42]. In fact, 60.3% of the participants with hypoal-
buminemia combined with at least single CMD, and a
tendency of increasing the risk of mortality in our study.
Therefore, this study expands upon previous studies and
also highlights that the community-dwelling older adults
with hypoalbuminemia with multiple co-existing CMDs
should be given special attention and targeted for priority
interventions to reduce the risk of adverse outcomes.

The antioxidant properties and the involvement in
chronic inflammation of albumin may be able to par-
tially explain the association between albumin level and
the risk of all-cause mortality observed in this study. It
was demonstrated that serum albumin exerts antioxi-
dant activity by limiting reactive oxygen species (ROS)
production via binding to ligands, such as metal ions and
fatty acids, and by scavenging ROS through free radical-
trapping activity [43]. Augmented albumin level at local
inflammation sites have also been shown to have potent
antioxidant activity [44]. This is supported by the inverse
correlation between albumin levels and CRP levels in
the present study. The reduced antioxidant and anti-
inflammatory effects associated with hypoalbuminemia
may increase the risk of death, especially in participants
combined with multiple CMDs. A common point of the
above CMDs is the appearance of oxidative stress and
inflammation [45, 46], which further exacerbates the det-
rimental effect on mortality risk when the antioxidant
and anti-inflammatory properties of albumin are also not
fully exploited.

In addition, there is increasing evidence that among the
older adults caloric—protein malnutrition is a widespread
problem which is worsening with ongoing population
ageing [47]. Albumin is increasingly being included by
clinicians in attempted interventions as a sensitive indi-
cator for nutritional screening [48]. Prior studies have
shown that serum concentration of albumin is strongly
correlated to the Mini Nutritional Assessment in older
adults, and low albumin usually indicates the body’s mal-
nutrition [49]. It has been reported that malnutrition is
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associated with significantly increased morbidity and
mortality in independently living elderly, as well as the
residents of nursing homes and hospitalized patients [50].
Moreover, evidence suggests that serum albumin levels
may be associated with a wide range of cardiometabolic
outcomes [51]. Additionally, as a key reaction to CMDs,
insulin resistance significantly affects nutritional metabo-
lism and status [52]. This implies that on one hand, mal-
nutrition may cause adverse cardiometabolic outcomes,
whereas on the other hand, CMDs may exacerbate the
malnutrition. This is in line with our results demonstrat-
ing that comorbid malnutrition and CMDs impact all-
cause mortality risk in a dose-dependent manner.

Several strengths of our study, as well as innovations,
are as follows. Firstly, our study focused on the special
populations of centenarians with a community-based and
large sample size, filling this gap in our current knowl-
edge. Secondly, we took the further step of considering
the impact of the number of comorbid CMDs in addition
to hypoalbuminemia only. However, several possible lim-
itations of the present study warrant special considera-
tion. Firstly, centenarians may be exposed to more factors
affecting albumin levels, such as disability and chronic
kidney disease. However, we conducted sensitivity
analyses by excluding those with ADL disability or add-
ing the adjustment of glomerular filtration rate and the
results were materially unchanged. Secondly, survey data
on medication taking in the questionnaire were inaccu-
rate due to memory bias in older adults and there were
relatively large amounts of missing data, so medication
information was not included in the analysis. Thirdly,
the follow up duration was relatively short. However, our
study population was centenarians with a relatively high
mortality rate (52.1%), indicating ample statistical power
to demonstrate the above issues clearly.

Conclusions

Lower levels of albumin were associated with increased
risks of all-cause death in a cohort of centenarians, and
this risk was enhanced when hypoalbuminemia com-
bined with multiple CMDs. Our findings highlight that
those with hypoalbuminemia and co-existing multiple
CMDs deserves more attentions from community and
clinicians to prevent adverse outcomes.
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