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Abstract
Background Objective deterioration in activities of daily living (ADL) exists in older people, particularly grows with age. While as the
criterion standard of positive aging and longevity, little information that focuses on centenarians is available. The objective of this study
is to examine the relationship between serum albumin and activities of daily living among centenarians in long-lived areas.

Methods design—population-based cross-sectional study; setting—a complete sample study in Hainan, the longest-lived areas of China;
subjects—Chinese older adults aged 100 and above (N=1002); measurements—serum albumin, basic and instrumental activities of daily
living (BADL and IADL).Results Of 1002 participants included in the analysis 287(28.64%) were BADL disability, and 648(64.67%) were
IADL disability. The median serum albumin level was 38.5 g/L (interquartile range, 36.2-41.3). In multivariable analyses controlling for
socio-demographic characteristics, lifestyle characteristics and other in�uential factors, low albumin in the bottom quartile were
associated with BADL disability (OR=5.994;95% CI: 3.542-10.143) and IADL disability (OR=4.398; 95% CI, 2.661-7.269). Serum albumin
concentration showed a signi�cant inverse linear relationship with ADL disability (P for trend <0.001). In sex-strati�ed analyses, the
association was more pronounced in women. And we found a nonlinear relationship between serum albumin and IADL disability in
female centenarians (P=0.025) from restricted cubic splines.

Conclusions Low levels of albumin were associated with the decline in ADL function in centenarians, and this association was gender-
speci�c and more prominent in the female.

Background
World population is aging. Globally, the share of population aged 60 and over increased from 9.2% in 1990 to 11.7% in 2013 and will
continue to grow, accounting for 21.1% of the world’s population by 2050.[1] Very old adults aged 85 and over is growing faster than
other groups, and especially, the number of centenarians has risen exponentially worldwide.[2] Centenarians are said to represent the
criterion standard of positive aging and longevity.[3] Basic data research for longevity population has arisen as an essential topic in the
�eld of gerontology to solve the problems that population ageing brings to health and social security systems.

Activities of daily living (ADL) is a core set of essential activities for individuals to live independently, and important index in�uencing
the quality of life and life expectancy.[4] Increasing numbers of centenarians may be associated with the majority of elderly people with
disabilities and poor health, and may eventually increase the burden on medical care and treatment.[5] Objective deterioration in
functional status exists in centenarians; most of them depend on help from family or professional aides in their activities of daily living.
[6] Many factors are in�uencing the impairment of ADL in older adults, and nutritional biomarkers are a signi�cant one. [7, 8]

Serum albumin (Alb) is the most abundant plasma protein in human body with critical biological functions. A study of 4115 persons
aged 71 years and older demonstrates that age increment was associated with lower serum albumin level and a higher risk of
hypoalbuminemia.[9] Among older people, hypoalbuminemia is a prognostic indicator of various complications, disability and mortality.
[10] Previous studies showed that a strong relationship exists between serum albumin and ADL. A comprehensive indicator of albumin
combined with ADL is a valid predictor of all-cause mortality in older people.[11, 12] Besides, low levels of serum albumin are potential
in�uencing factors for ADL decline in this population.[13–15]

At present, most of the studies on the association between Alb and ADL in older people are mainly focus on the younger people under
the age of 80. And samples are mainly from hospitalized or nursing homes. The data of the very old population, especially that of
centenarians, is limited. A study in 95 Japanese centenarians suggested that serum albumin levels are valuable indicators of activities
of daily living.[16] But we still need more large-sample data of both community-dwelling and institutionalized centenarians to
understand the association clearly.

Therefore, this study used cross-sectional data of a complete-sampled centenarian cohort from Chinese longest-lived areas, to identify
the distribution characteristics of Alb levels and ADL disability, and to investigate the association between serum albumin and ADL
impairment in centenarians.

Methods

Study Population
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We analyzed the 2014–2016 cross-sectional data collected from the China Hainan Centenarian Cohort Study (CHCCS)[17], a
longitudinal observational study that targeted the population aged 100 years or older in Hainan, China. CHCCS is based on a complete
sample of Hainan community-dwelling and institutionalized centenarian population by an interdisciplinary research team. The study
was approved by the Chinese People’s Liberation Army General Hospital (Beijing, China) Review Board, and all participants gave signed
informed consent.

According to the household register provided by the civil affairs bureau in 2014, there were 1811 living centenarians in total. After a
rigorous age validation process, we established contact with 1473 eligible individuals. We also excluded individuals who were not
conscious and could not perform ADL or other questionnaire interview, physical health examination and blood tests. Finally, 1002
centenarians aged 100 to 116 years are enrolled during recruitment and baseline data collection between July 2014 and December
2016.

Activities of Daily Living
We conducted face-to-face interviews to assess the ability to perform ADL and conduct inspections through relatives or caregivers to
ensure effective and reliable investigations. Activities of daily living consist of two parts, basic activities of daily living (BADL) and
instrumental activities of daily living (IADL). The Barthel index (BI) and Lawton Scale were used to evaluate BADL and IADL respectively.

The BI was developed in 1965 and later modi�ed as a scoring technique that measures the patient’s performance in 10 activities of daily
life (feeding, grooming, bathing, dressing, bowel and bladder care, toilet use, ambulation, transfers, and stair climbing).[18, 19] Each item
scores 0–15 points according to different evaluation results, and sum to a total of 0–100 points. The BI total score classi�es the
individuals’ level of dependence as follows: 0–20 total, 21–60 severe, 61–90 moderate and 91–99 slight. 100 points indicate that the
patient is independent of assistance from others. [20, 21]In this study, we de�ne BADL disability as BI ≤60.[22]

The Lawton IADL Scale is an appropriate instrument to assess independent living skills considered more complex than BADL (using the
phone, shopping, preparing food, housekeeping, doing laundry, using transportation, handling medications, handling �nances).[23, 24]
Each skill measured by the scale requires some degree of both cognitive and physical function.[25] It takes 10 to 15 minutes to
complete with a summary score from 0 to 8. A total score of the scale sorts IADL dependence into 4 levels: ≤ 2 severe, 3–5 moderate,
6–7 slight and 8 none. In this study, we de�ne BADL disability as the Lawton IADL Scale ≤ 2.

Serum Albumin Levels
Experienced nurses collected 8 ml of fasting blood from each participant using four vacutainer tubes (2 ml each). All blood samples
were transported to the Clinical Laboratory in a chilled transport container (4°C) and assayed within 4 hours. Comprehensive metabolic
panel examinations were conducted using a fully automatic biochemical autoanalyzer (Cobas 8000; Roche Products Ltd, Basel,
Switzerland). Alb were categorized as two groups according to the minimum of normal concentrations (35 g/L).[26, 27]

Covariates

For the interview and examination, participants were visited at their residences or nearby clinics by a well-trained interdisciplinary
medical group. Using a face-to-face interview in the appropriate regional dialect, the interviewers recorded detailed information on the
standardized structured questionnaire. Socio-demographic characteristics included age, gender, education, ethnicity, marriage,
educational level and residence type. We also took the lifestyle characteristics including smoking status, alcohol drinking status and
weekly exercise into consideration. Standing height and weight were measured with a manufactured instrument, with body mass index
(BMI) calculated as kg/m2. BMI< 18.5kg/m2 is recognized as underweight.[28] Respondents were asked to report whether they were
diagnosed and treated by the doctor for any speci�c medical conditions. Given recall bias, the presence of hypertension was de�ned by
a self-report of high blood pressure, and/or sitting systolic blood pressure >140mmHg and/or diastolic blood pressure >90mmHg.[29]
Similarly, the self-reported and/or fasting blood glucose ≥7.0 mmol/L was de�ned as diabetes.[30] And the self-reported and/or the
glomerular �ltration rate <60 ml·min–1/1.73 m2 is to renal function impaired.[31]

Statistical Analysis
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For continuous variables, results were presented as median and interquartile range or mean ± standard deviation, and as n (%) for
categorical variables. Differences among groups were evaluated by Mann-Whitney U test and chi-square test, respectively. Multivariable
logistic regression models were performed to evaluate the associations between Alb with BADL disability and IADL disability
respectively. We used ADL disability (BI ≤60) and IADL disability (the Lawton IADL Scale ≤ 2) as outcomes. And Alb continuous
variable and dichotomous variables (35g/L as cutoff point) were used as independent variables respectively. Also, strati�ed analyses
were conducted to examine the association between Alb and ADL disability in different sex groups. Restrictive cubic spline was used to
examine the dose-response and nonlinear relationship. In multivariable analyses, we considered socio-demographic characteristics,
lifestyles and other in�uential factors including BMI classi�cation, hemoglobin (Hb), total cholesterol (TC), serum 25-hydroxyvitamin D
(25HOD) and hypertension as covariates. All statistical analyses were performed with IBM SPSS Statistics 24.0(IBM Corporation,
Armonk, NY, USA). Statistical package R (3.6.0 version) was used for the restrictive cubic spline. All tests were two-sided and performed
at a 5% signi�cance level.

Results

Baseline Characteristics
A total of 1002 centenarians were included, including 822 women, accounting for 82.04% of the total population. The age ranged from
100 to 116 years, with a median age of 102 years (interquartile range [IQR], 101–104). The samples were mainly the Han ethnicity,
illiterate, widowed/divorced/unmarried and living with their families. The proportion of smoking, alcohol drinking and weekly exercise
were all lower than 20%. The median serum albumin level was 38.5 g/L (IQR, 36.2–41.3) for the entire sample. Adults who had a lower
level of Alb had lower Hb, TC, 25OHD and lower prevalence of hypertension. (Table1)

Prevalence of ADL disability
The higher Alb group had a signi�cantly lower rate of BADL and IADL disability than the lower group. (Table1) The prevalence of BADL
disability was 28.64%, and that of IADL disability was 64.67%. Only 19 individuals were IADL completely independent, accounting for
1.9% of the population. The distribution of BADL was different from that of IADL by chi-square test. (Figure1)

Association of serum albumin with BADL disability and IADL disability

Multivariable logistic regression analyses revealed a signi�cant association between Alb and ADL disability. In Model 3 that controlled
for socio-demographic characteristics, lifestyle characteristics, as well as other correlates, every increase of 1 g/L albumin can reduce
the risk of BADL disability by 16.6%, and 13.9% for IADL disability. In the two groups (Alb≥35, Alb<35 g/L), low level of albumin was
signi�cantly associated with ADL disability (Model 3, BADL: OR = 3.086, 95% CI, 2.068–4.606; IADL: OR = 3.764, 95% CI, 2.230–6.353).
When albumin was introduced as quartiles, the association was still signi�cant, the odds ratio of BADL that Q1 to Q4 was 5.994 (95%
CI: 3.542–10.143) in Model 3, and for IADL disability, OR = 4.398 (95% CI, 2.661–7.269). Besides, a linear association was found
between serum albumin levels and BADL and IADL disability (Ptrend<0.001). In all models, when the covariates were gradually
incorporated, the effect is weakened but still suggested the association in the same direction. (Table 2, Table 3)

Strati�ed analyses of the associations between serum albumin and BADL disability and IADL disability

In male centenarians, all logistic regression models suggested that the association between Alb and BADL disability was no more
signi�cant in the comparison between the two Alb level groups (P>0.05). For IADL disability of male adults, we could just �nd the
signi�cant relationship in model 1 (OR = 2.361, 95% CI, 1.041–5.352). In female centenarians, the associations were signi�cant in every
model between Alb’s continuous and categorical variables with BADL and IADL disability, and the odds ratios were higher than that of
the whole population. (Table 4)

Restricted cubic splines showed the dose-response relationship between serum albumin with BADL disability and IADL disability in
different sex groups. We found a nonlinear relationship between serum albumin and IADL disability in female centenarians (P = 0.025).
(Figure 2)

Discussion
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Before our work., there was only one study that concerned about the association between serum albumin and activities of daily living
among centenarians.[16] However, the data is old and derived from a small-scale survey. Our data comes from the 2014–2016 cross-
sectional data of CHCCS, which included a complete-sampled large population in Hainan province. Hainan province has one of the
highest life expectancies (76.3 years in 2010) and the highest percentage of centenarians (18.75/100 000) in China.[32] Therefore, our
study may have some implications for positive aging and longevity.

Of 1002 Hainan centenarians in this study, the average level of serum albumin is 38.5 g/L (IQR, 36.2–41.3). This is lower than that of
another Chinese longevity cohort with an average age of 97 years (IQR, 96–98), which reported a mean albumin level of
42.4g/L(SD,4.6).[12] The difference may be related to the age distribution characteristics of the subjects and different laboratory testing.
A study shows that albumin concentration is related to aging and gradually decreases from 0.08 to 0.17 g/L per year; males tend to
decrease faster than females.[10] In a study included 95 Japanese centenarians, the serum albumin concentration of women is 36.0g/L
(SD, 4.0), and the male is 36.0g/L (SD, 5.0).[16] Albumin concentration in centenarians was at a low level close to the lower limit of the
adult reference value (35.0–50.0g/L). So we have the reason to doubt the utility of using this traditional reference in the very old
population, which is in line with Kuzuya M’s �nding.[33] We need to establish a reference standard for healthy elderly populations, not
only of serum albumin but also other concernful serological indicators.

In this study, 287 (28.64%) centenarians were identi�ed as BADL disability. The prevalence of BADL disability is lower than that in older
people and centenarians reported in similar studies concerned the 90+ population in foreign countries.[34, 35] According to relevant
domestic research reports, approximately 50 % were classi�ed as BADL disability in the baseline data of a longevity cohort study, which
has investigated 433 long-lived individuals aged 95+ years.[12] In CLHLS, a nationwide survey conducted in a randomly-selected half of
the counties and cities in 22 of the 31 provinces, covering about 85 percent of the total population of China, 37.1% of the sample had
BADL disability at baseline.[36, 37] One possible reason for the discrepancy is that diseases or factors of early death are delayed or
absent in centenarians. Comparatively, long-lived individuals tend to live in good functional states. Besides, there are different versions
of rating scales with different scoring criteria, and de�nitions of disability in each study were not all the same.

BADL functions are essential for an individual’s self-care, whereas IADL functions are more concerned with higher-level skills in a
speci�c situation of social living. In our study, only 19 (1.9%) individuals were IADL completely independence according to the total
score of the Lawton IADL scale. That means almost every centenarian had lost at least one of the advanced functional independency
necessary in daily living. The combination of all IADL items explains a larger portion of the difference in physical and psychological
dimensions of quality of life compared to IADL items.[38] The performance of IADL in this sample is worse than that of the younger
older population reported in similar kind of researches.[38–40] This may be owing to that the incidence rate of ADL disability increases
with age.[41] Therefore, we need to �gure out whether the IADL assessment is suitable for use in very old age groups, and should we
introduce a new tool or a unique cutoff point of existing scales to assess IADL more effectively.

The main �nding of our study is that low levels of serum albumin were associated with ADL disability, especially in females. Most of the
previous researches only focused on the younger older population and risk factors of BADL disability. Two cross-sectional studies,
including community-living and nursing home participants, showed that serum albumin and hemoglobin are associated with physical
function.[13, 14] Cohort studies of elderly Japanese have reported an association between serum albumin and ADL levels in elderly
people as well.[15, 42] Our study provided evidence from the age group over 100 years old, and dealt with issues involve BADL and IADL
disability comprehensively.

Serum albumin plays an essential physiological role in keeping healthy, including maintaining plasma colloid osmotic pressure,
transporting endogenous substances and exogenous drugs, and so on. Its correlation with ADL may have the following hypotheses.
Low serum albumin concentrations are associated with reduced muscle mass (sarcopenia) in relatively healthy, well-nourished older
adults.[43, 44] The loss of muscle mass is always accompanied by a decrease in limb strength, which would affect the activities of daily
living. Moreover, serum albumin modulates the in�ammatory reaction and plays a vital role in the pathogenesis of organ or system
dysfunction/failure.[45] Albumin-associated in�ammatory state and associated poor acute pathological recovery may be an
explanation for ADL disability. In addition, IADL disability is a multidimensional construct that included physical and cognitive domains.
[25] Signi�cant cognitive decline is common among older people[46], and it is strongly associated with IADL di�culties.[47] For this
reason, the severe deterioration of IADL in centenarians is also explainable. In fact, the exact mechanism of interaction between ALB
and ADL is not clear. Further research is needed to elucidate the precise interaction and causal link between serum albumin
concentration and ADL disability.
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Several limitations in this study deserve mention. First, as this study was cross-sectional designed, causal inference is limited. A
longitudinal survey will further clarify the clinical signi�cance and predictive effectiveness of serum albumin in the older population.
Second, due to the small sample size of male group, analyses and abilities to detect any statistical signi�cance may be limited. For
example, in the sex-strati�ed analyses, the associations in the male group are not as signi�cant as in the female group. We can’t tell if
the result is due to the fact or the in�uence of the sample size. Third, we excluded some people who were unable to conduct interviews
and physical exams before the investigation. The excluded subjects should be more likely in a low level of physical and cognitive
function, which may lead to a certain underestimation of prevalence of the ADL disability. Fourth, the self-reported results of the
questionnaire may be biased for older people with poor cognitive function.

Conclusions
In conclusion, this study is the �rst to report the levels of serum albumin and prevalence of ADL disability and to explore their
association in Chinese centenarians. In this study, serum albumin concentration was at a low level and the prevalence of BADL
disability and IADL disability was 28.64% and 64.67% respectively. Low levels of albumin were associated with the decline in ADL
function in centenarians, and this association was gender-speci�c and more prominent in the female. Whether albumin-de�cient
interventions are ideal strategies for preventing disability development or improving older people’s independence should be validated by
appropriately designed randomized and controlled trials.
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Tables

Table 1. Prevalence of risk factors for ADL disability by two levels of serum albumin in 1002 centenarians
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    Serum albumin  

Characteristics Total(n=1002) <35g/L(n=174) ≥35g/L(n=828) P value

Age, median(IQR),y 102.0(101.0-104.0) 103.0(101.0-105.0) 102.0(101.0-104.0) 0.003

Female,% 822(82.0) 140(80.5) 682(82.4) 0.551

Han ethnicity,% 883(88.1) 156(89.7) 727(87.8) 0.492

Illiterate,% 915(91.3) 162(93.1) 753(91.1) 0.325

Married,% 100(10.0) 16(9.2) 84(10.1) 0.704

Living with families,% 863(86.1) 159(91.4) 704(85.0) 0.027

Current smoker,% 35(3.5) 6(3.5) 29(3.5) 0.963

Current alcohol drinker,% 99(9.9) 14(8.1) 85(10.3) 0.002

Weekly exerciser,% 129(12.9) 11(6.3) 118(14.3) 0.005

BMI<18.5kg/m2,% 575(57.4) 118(67.8) 457(55.2) 0.005

Alb, median(IQR),g/L 38.5(36.2-41.3) 32.8(30.6-34.2) 39.4(37.7-41.7) 0.001

Hb, median(IQR), g/L 103.0(114.0-123.0) 102.0(94.0-113.0) 116.9(107.0-125.0) 0.001

TC, median(IQR), mmol/L 4.60(4.1-5.3) 4.0(3.4-4.6) 4.66(4.2-5.3) 0.001

25OHD, median(IQR), ng/mL 21.6(16.9-27.8) 20.9(14.0-26.5) 21.6(17.4-28.1)  0.001

Diabetes,% 96(9.6) 18(10.3) 78(9.4)  0.706

Hypertension,% 757(75.6) 121(69.5) 636(76.8)  0.042

Renal function impaired,% 299(29.8) 56(32.2) 243(29.4)  0.457

BADL disability,% 287(28.6) 94(54.0) 193(23.3) 0.001

IADL disability,% 648(64.7) 151(86.8) 497(60.0) 0.001

Abbreviations: ADL, activities of daily living; IQR, interquartile range; BMI, body mass index; Alb, serum albumin; Hb,

hemoglobin; TC, total cholesterol; 25OHD, serum 25-hydroxyvitamin D.

 

Table 2. Association of continuous and dichotomous variables of serum albumin with BADL/IADL disability. a

 Continuous Variable of Albb Dichotomous Variables of Albb

 ≥35g/L n=828 <35g/L n=174

BADL disability      

Model 1 0.827(0.795,0.860) Ref. 3.961(2.813,5.578)

Model 2 0.840(0.806,0.874) Ref. 3.537(2.474,5.057)

Model 3 0.834(0.795,0.874) Ref. 3.086(2.068,4.606)

IADL disability      

Model 1 0.857(0.824,0.890) Ref. 4.412(2.771,7.025)

Model 2 0.863(0.828,0.900) Ref. 4.095(2.499,6.711)

Model 3 0.861(0.821,0.902) Ref. 3.764(2.230,6.353)
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a Model 1: Adjusted for age, gender;

 Model 2: Adjusted for age, gender, ethnicity, marriage, educational levels, residence type, smoking status, alcohol

drinking status, weekly exercise;

 Model 3: Adjusted for variables in Model 2 plus BMI classification, hemoglobin, total cholesterol, serum 25-

hydroxyvitamin D and hypertension.

b Described as OR (95%CI).

 

 

 

 

 

 

 

 

 

 

 

Table 3. Association of quintiles of serum albumin with BADL/IADL disability. a

 Serum albumin quartiles b, c

 Q1(n=257) Q2(n=250) Q3(n=253) Q4(n=242) Ptrend

BADL disability          

Model 1 7.424(4.678,11.783) 3.159(1.965,5.080) 2.165(1.329,3.529) Ref. <0.001

Model 2 6.401(3.984,10.284) 3.032(1.864,4.932) 2.022(1.226,3.335) Ref. <0.001

Model 3 5.994(3.542,10.143) 2.990(1.811,4.937) 1.929(1.159,3.211) Ref. <0.001

IADL disability          

Model 1 5.150(3.378,7.853) 1.895(1.313,2.735) 1.415(0.988,2.027) * Ref. <0.001

Model 2 4.538(2.882,7.147) 1.842(1.239,2.740) 1.257(0.852,1.854) * Ref. <0.001

Model 3 4.398(2.661,7.269) 1.791(1.184,2.710) 1.228(0.825,1.827) * Ref. <0.001

a Model 1: Adjusted for age, gender;
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 Model 2: Adjusted for age, gender, ethnicity, marriage, educational levels, residence type, smoking status, alcohol

drinking status, weekly exercise;

 Model 3: Adjusted for variables in Model 2 plus BMI classification, hemoglobin, total cholesterol, serum 25-

hydroxyvitamin D and hypertension.

b Serum albumin quintiles were defined as: ≤36.2, 36.2 ~38.5, 38.5 ~41.3, >41.3g/L, respectively.

c Described as OR (95%CI).

*P > 0.05

 

 

 

 

 

 

 

 

 

Table 4. Sex-stratified analyses between serum albumin with BADL/IADL disability. a
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Male b  

Female b

  Continuous

Variable of Alb

Dichotomous Variables of

Alb

  Continuous

Variable of Alb

Dichotomous Variables of

Alb

 ≥35g/L <35g/L  ≥35g/L <35g/L

BADL

disability

             

Model 1

a

0.825(0.778,0.874) Ref. 2.097(0.921,4.777)

*

  0.812(0.777,0.849) Ref. 4.580(3.127,6.707)

Model 2

b

0.823(0.775,0.875) Ref. 1.940(0.776,4.854)

*

  0.823(0.786,0.861) Ref. 4.120(2.767,6.134)

Model 3 0.839(0.775,0.909) Ref. 2.464(0.838,7.240)

*

  0.826(0.783,0.871) Ref. 3.348(2.140,5.236)

IADL

disability

             

Model 1

a

0.858(0.789,0.934) Ref. 2.361(1.041,5.352)   0.856(0.819,0.894) Ref. 5.721(3.164,10.343)

Model 2

b

0.863(0.783,0.951) Ref. 2.435(0.954,6.212)

*

  0.862(0.823,0.904) Ref. 5.041(2.732,9.300)

Model 3 0.886(0.791,0.992) Ref. 1.806(0.642,5.076)

*

 0.856(0.811,0.903) Ref. 4.889(2.560,9.337)

a Model 1: Adjusted for age;

 Model 2: Adjusted for age, ethnicity, marriage, educational levels, residence type, smoking status, alcohol drinking

status, weekly exercise;

 Model 3: Adjusted for variables in Model 2 plus BMI classification, hemoglobin, total cholesterol, serum 25-

hydroxyvitamin D and hypertension.

b Described as OR (95%CI).

*P > 0.05

 

 

Figures



Page 14/15

Figure 1

ADL distribution according to the score of the Barthel index and Lawton Scale. The distribution of BADL is different from that of IADL by
chi-square test. (P<0.001)



Page 15/15

Figure 2

Restricted cubic splines of the relationship between serum albumin and the risk of ADL disability. The y-axis represents the odds ratio,
and the x-axis is serum albumin concentration. The solid line shows the odds ratio estimate and the shaded part the 95% con�dence
intervals. All adjusted for age, ethnicity, marriage, educational levels, residence type, smoking status, alcohol drinking status, weekly
exercise, BMI classi�cation, hemoglobin, total cholesterol, serum 25-hydroxyvitamin D and hypertension. A: total BADL disability; B:
male BADL disability; C: female BADL disability; D: total IADL disability; E: male IADL disability; F: female IADL disability (P for nonlinear
relationship =0.025).


