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Background: Functional dependence (FD) and vitamin D deficiency are common conditions in 

older adults. However, little is known about the relationship between FD and serum vitamin D 

status in centenarians. The current study was designed to evaluate the prevalence of FD and 

examine its relationship with serum vitamin D status among centenarians in China.

Subjects and methods: A cross-sectional study of a large sample of Chinese centenarians 

including 180 men and 822 women was conducted from June 2014 to December 2016. Home 

interviews, physical examinations, and blood analyses were performed in 958 centenarians 

following standard procedures. FD was evaluated using the Barthel index of activities of daily 

living (ADL). Serum 25-hydroxyvitamin D (25OHD) concentrations were measured as a marker 

of vitamin D status.

Results: The prevalence of centenarians with FD was 71.2%. Vitamin D deficiency, lack of 

tea consumption, lack of outdoor activities, visual impairment, and fracture were predictors 

of FD. Centenarians in the lowest quartile of serum 25OHD concentration had an approximately 

threefold greater likelihood of FD than those in the highest quartile in multiple logistic regres-

sion models (OR =2.88; 95% CI 1.75–4.73; P,0.001). The multivariable OR with a 1 ng/mL 

decrease in serum 25OHD concentration was 1.06 (95% CI 1.04–1.08; P,0.001) for FD.

Conclusion: Serum 25OHD levels have important associations with FD in Chinese centenar-

ians. Future research could focus on the value of intervening in the case of low serum 25OHD 

levels through vitamin D supplementation and improving ADL in the older population.

Keywords: centenarians, China, functional dependence, vitamin D

Introduction
Functional dependence (FD), an aspect of disability measured by impairment in the 

activities of daily living (ADL; eg, feeding, dressing, bathing, and toileting),1 is related 

to numerous adverse health outcomes such as cognitive decline,2 mental disorder,3 

worse resident quality of life,4 and the increased caregiver stress,5 and it plays a major 

role in transitions from independent living to nursing home care.1,6 In fact, with the 

rapid increase in life expectancy, the oldest old individuals (85 years of age and older) 

have been the fastest growing segment of the population. The oldest old individuals 

are more susceptible to FD with advanced age.7 The maintenance of physical func-

tion in late life is an important factor not only for a healthy and independent life in 

the community but also for preventing negative outcomes such as disability and early 

mortality.8–10 FD with aging is likely linked to several musculoskeletal and nutritional 

risk factors; thus, there is a further need to elucidate the impact of these factors in 

populations with advanced age.11,12
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As a musculoskeletal risk factor, hypovitaminosis D 

is very common among older adults worldwide due to the 

reduced capacity of the skin to produce vitamin D, reduced 

sunlight exposure caused by less outdoor activity, and 

impaired nutrition.13–15 Previous studies have investigated 

the relationship between FD and vitamin D deficiency in 

older adults.16–18 However, only a few studies with a limited 

sample size have examined its relationship among the 

oldest old individuals, and contentious findings have been 

reported.19,20 In addition, surveys on the relationship between 

FD and vitamin D levels in centenarians are scarce, especially 

in developing countries. Considering the high prevalence of 

vitamin D deficiency and functional decline as people age, 

the relationship between vitamin D status and functional 

performance warrants a more focused examination among 

the oldest old populations including centenarians.

For these reasons, the aim of the current study was to 

investigate the prevalence of FD and to evaluate its rela-

tionship with serum 25-hydroxyvitamin D (25OHD) status 

among a group of population-based centenarians in China.

Subjects and methods
study population
The sample of this study was obtained from the baseline 

survey of the China Hainan Centenarian Cohort Study 

(CHCCS), which was conducted in Hainan, China, from 2014 

to 2016. Details of this study including sampling strategy and 

interview procedures have been described elsewhere.21,22 In 

brief, a total of 1,002 centenarians (180 men and 822 women 

aged 100 years and over) were interviewed, and blood 

samples were collected in this study. After excluding 44 

participants who failed to provide complete information 

on physical examinations or blood analyses, 958 subjects 

(176 men and 782 women) were included in the final analysis.

Written informed consent was obtained from all men and 

women who participated in this study. The ethics committee 

of the Hainan branch of the Chinese People’s Liberation 

Army General Hospital (Sanya, Hainan) approved the study 

protocol (no. of serial: 301hn11201601).

Functional performance
To evaluate the FD of the centenarians, the Barthel index on 

the ADL was used;23 the validity and reliability of this tool 

in Chinese older people have been well established.24 The 

Barthel index consists of ten items that measure a person’s 

daily activities: grooming, feeding, dressing, bathing, toilet 

use, transferring from bed to chair, walking, stair climbing, 

bowel continence, and urinary continence. Each item of 

the ADL is rated on a scale with a given number of points 

assigned to each level of activity, and the total score ranges 

from 0 to 100 points with 5-point increments (Table S1). 

A higher score indicates higher levels of function. Items of 

the Barthel index are regarded as dependent if they are per-

formed with any help from other people.25 Participants were 

deemed to have good functional capacity (independence) 

when the total score was $95 points; participants with a total 

score of ,95 points were regarded as dependent.26

Vitamin D status
Serum circulating 25OHD is commonly measured to reflect 

vitamin D status.27 Blood samples were obtained from each 

participant by an experienced nurse and transported in cold 

storage to the Clinical Laboratory of the Hainan branch of 

the Chinese PLA General Hospital. Serum 25OHD concen-

trations were measured by automated radioimmunoassay 

analyzers (DiaSorin, Stillwater, MN, USA) using a standard 

procedure. The inter-assay and intra-assay coefficients of 

variation for serum 25OHD in the current study were 8.3% 

and 6.7%, respectively. Vitamin D deficiency was defined as 

25OHD ,20 ng/mL or 50 nmol/L according to the Endocrine 

Society Clinical Practice Guidelines.28

Covariates
Home interviews were conducted to collect data on the 

demographic details (age, gender, education, marital status, 

ethnicity, and living arrangements), season of blood collec-

tion, lifestyles (smoking, alcohol use, tea consumption, and 

outdoor activities), and common conditions (hypertension, 

diabetes, dyslipidemia, visual and auditory impairments, 

and fractures) of the participants. The ethnic origin was cat-

egorized as “Han” (the predominant ethnicity in China) and 

“non-Han”; the season of blood sampling was dichotomized 

into summer (April–September) and winter (October–March). 

The body mass index (BMI) was calculated as the weight 

in kilograms divided by the square height in meters. Blood 

samples from each participant were collected, and the plasma 

parathyroid hormone (PTH) levels were measured using auto-

mated electrochemiluminescence immunoassay (ECLIA) 

analyzers (Hoffman-La Roche Ltd., Basel, Switzerland). 

Smoking and alcohol use were categorized as “current,” 

“past,” and “never.” The habits of daily tea consumption and 

outdoor activities (more than 10 minutes) were divided into 

“yes” or “no.” Common conditions, including hypertension, 

diabetes, dyslipidemia, visual impairment, auditory impair-

ment, and fractures, were recorded as self-reported combined 

with the medical records of the participants.
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statistical analyses
Categorical variables were reported as numbers with percent-

ages, while continuous variables were reported as the mean 

with SD, and they were compared by Student’s t-test and 

chi-squared test, respectively. Multiple logistic regression 

analyses were performed to investigate the independent 

factors related to FD.

To examine its relationship with functional dependency, 

serum 25OHD concentrations were further categorized into 

quartiles (lowest, ,16.3 ng/mL; second, 16.4–21.5 ng/mL; 

third, 21.6–28.0 ng/mL; and highest, .28.1 ng/mL). Differ-

ences of the Barthel index score and the sum of dependent 

items of ADL among four groups according to the quartiles of 

serum 25OHD levels were evaluated using one-way ANOVA 

and linear polynomial contrast analyses.

To elucidate the level of serum 25OHD associated with 

FD, logistic regression analyses were used to evaluate the 

odds of FD according to the quartiles of the serum 25OHD 

concentrations and a 1 ng/mL decrease in serum 25OHD 

concentrations with multiple adjustments for potential con-

founders. P for trend was evaluated by entering FD in the 

model as a ranked variable. A P-value of ,0.05 was con-

sidered statistically significant. All analyses were carried out 

using SPSS software (version 19.0 for windows, no. of serial: 

5087722; IBM Corporation, Armonk, NY, USA).

Results
The study sample included 782 women (81.6%) and 176 men 

(18.4%) with the mean age of 102.8 years. The prevalence 

of FD and vitamin D deficiency in the total sample was 

71.2% and 39.7%, respectively. It was observed that 74.0% 

of women and 58.5% of men were functionally dependent 

(P,0.001), and 80.0% of participants with vitamin D defi-

ciency and 65.4% without vitamin D deficiency had FD 

(P,0.001).

Table 1 summarizes the characteristics of participants 

with and without FD. The participants with FD had sig-

nificantly lower values of serum 25OHD concentrations 

(21.7±9.5 vs 25.3±8.8 ng/mL; P,0.001) than those without 

FD. Subjects who were female, were illiterate, lived with 

family members, were evaluated in winter, were vitamin D 

deficient, had a higher PTH concentration, participated in 

Table 1 Characteristics of participants according to functional performance

Characteristics Overall (N=958) Dependent (n=682) Independent (n=276) P-value

Age (years), mean ± sD 102.8±2.7 102.9±2.8 102.6±2.7 0.180
gender, % ,0.001

Female 782 (81.6) 579 (84.9) 203 (73.6)
Male 176 (18.4) 103 (15.1) 73 (26.4)

Illiterate, % 872 (91.0) 629 (92.2) 243 (88.0) 0.046
Widowed, % 855 (89.2) 616 (90.3) 239 (86.6) 0.106
han ethnicity, % 844 (88.1) 599 (87.8) 245 (88.0) 0.742
live with, % ,0.001

Family members 821 (85.7) 604 (88.6) 217 (78.6)
Alone 129 (13.5) 71 (10.4) 58 (21.0)
Institution 8 (0.8) 7 (1.0) 1 (0.4)

Winter, % 331 (34.6), vitamin D 252 (37.0) 79 (28.6) 0.008
Current smoker, % 32 (3.3) 21 (3.1) 11 (4.0) 0.631
Current alcohol user, % 85 (8.9) 48 (7.0) 37 (13.4) 0.002
Tea consumption, % 95 (9.9) 53 (7.8) 42 (15.2) 0.001
Outdoor activities, % 570 (59.5) 331 (48.5) 239 (86.6) ,0.001
Chronic conditions, %

hypertension 623 (65.0) 438 (64.2) 185 (67.0) 0.409
Diabetes mellitus 92 (9.6) 67 (9.8) 25 (9.1) 0.715
Dyslipidemia 181 (18.9) 131 (19.2) 50 (18.1) 0.696
Visual impairment 264 (29.0) 222 (34.3) 42 (16.0) ,0.001
Auditory impairment 293 (30.6) 231 (33.9) 62 (22.5) ,0.001
Fracture 83 (8.7) 76 (11.1) 7 (2.5) ,0.001

BMI, mean ± sD 18.0±3.4 17.8±3.4 19.0±3.2 ,0.001
serum 25OhD, ng/ml, mean ± sD 22.8±9.4 21.7±9.5 25.3±8.8 ,0.001
PTh, pg/ml, mean ± sD 48.8±28.0 50.2±29.3 45.4±24.2 0.017
Vitamin D deficiency, % 380 (39.7) 304 (44.6) 76 (27.5) ,0.001

Notes: Data are presented as the mean (±sD) and frequency (%). Differences between groups were assessed by student’s t-test and chi-squared test.
Abbreviations: BMI, body mass index; 25OhD, 25-hydroxyvitamin D; PTh, parathyroid hormone.
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less outdoor activities, had visual or auditory impairment, 

and suffered a fracture were more likely to be functionally 

dependent (P,0.05). Alcohol use and tea consumption 

were more common in functionally independent participants 

(P,0.05). Multiple logistic regression analyses revealed that 

vitamin D deficiency, tea consumption, outdoor activities, 

visual impairment, and fracture were significant factors 

related to FD in this population (Table 2). In addition, 

the participants with vitamin D deficiency have higher odds 

of dependence in eight functional items (including grooming, 

bathing, toilet use, dressing, feeding, stair climbing, trans-

ferring from bed to chair, and walking) than those without 

vitamin D deficiency (Table S2).

After participants were categorized into four groups 

according to the quartiles of serum 25OHD concentrations, 

an elevated trend of the Barthel index score (ranging from 

64.6 in the lowest quartile to 82.5 in the highest quartile, P for 

trend ,0.05) and a decreased trend of the sum of dependent 

ADL items (ranging from 4.8 in the lowest quartile to 2.6 in 

the highest quartile, P for trend ,0.05) were observed. The 

trends remained constant after the stratification of participants 

by gender (Figure 1).

Table 3 summarizes that the adjusted OR for the lowest 

vs highest quartile of serum 25OHD levels was 2.88 

(1.75–4.73), and the adjusted odds of FD when comparing 

Table 2 Significant correlates of FD

Characteristics OR (95% CI) P-value

Vitamin D deficiency, % 1.58 (1.13–2.20) 0.007
Tea consumption, % 0.36 (0.21–0.62) 0.001
Outdoor activities, % 0.16 (0.11–0.24) ,0.001
Visual impairment 2.46 (1.57–3.84) ,0.001
Fracture 3.89 (1.65–9.04) 0.002

Notes: All the significantly different variables were included in the multivariate 
logistic regression model. Only significant predictive variables of FD are presented.
Abbreviation: FD, functional dependence.

Figure 1 Functional performance by vitamin D status and its gender difference.
Notes: Quartiles for serum 25OhD are as follows: quartile 1, ,16.3 ng/ml; quartile 2, 16.4 to ,21.5 ng/ml; quartile 3, 21.6 to ,28.0 ng/ml; quartile 4, 28.1 ng/ml or 
higher. In general, elevated trends of the Barthel score (ranging from 64.6 in the first quartile to 82.5 in the fourth quartile) and descending trends of the sum of dependent 
items of ADL (ranging from 4.8 in the first quartile to 2.6 in the fourth quartile) were observed when serum 25OHD levels were elevated (P for linear trend ,0.001). After 
the participants were stratified by gender, the Barthel score increased from 64.9 in the first quartile to 80.9 in the fourth quartile among women and from 60.3 in the first 
quartile to 86.0 in the fourth quartile among men (P for linear trend ,0.001), and the sum of dependent items of ADl among women and men decreased from 4.8 to 2.7 
and from 5.3 to 2.3, respectively (P for linear trend ,0.001).
Abbreviations: ADl, activities of daily living; 25OhD, 25-hydroxyvitamin D.
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the second and third quartiles with the highest quartile were 

1.91 (1.23–2.96) and 1.36 (0.90–2.07), respectively (P for 

trend ,0.001). In addition, the multivariable adjusted OR 

with a 1 ng/mL decrease in serum 25OHD levels was 1.06 

(1.04–1.08, P,0.001).

Discussion
In this study, we observed an association between serum 

25OHD levels and FD in a population-based sample of Chinese 

centenarians in Hainan province. Low serum 25OHD levels 

were associated with an increased prevalence of FD, and 

this association remained unchanged after adjusting for 

demographics and other potential confounders. Based on this 

Chinese study with a relatively large sample size, we added 

to the evidence of the association between vitamin D status 

and FD among extremely longevous people.

Several studies have shown an association between low 

serum vitamin D levels and FD among older individuals in 

developed countries such as USA and Japan.16,18 To the best 

of our knowledge, this is the first study to specifically focus 

on the relationship between FD and serum 25OHD levels in 

a representative sample of centenarians from a developing 

country.

The maintenance of physical function in old age is an 

important factor not only for a healthy and independent life 

in the community but also for preventing disability and early 

mortality.9,29 The current population-based study reported 

that nearly 3/4 of centenarians were functionally depen-

dent; in other words, these subjects exhibited a decline in 

physical function and required help in the basic ADL. The 

finding is consistent with that of previous studies that have 

reported that the prevalence of FD among centenarians was 

81% in Japan,30 76% in the USA,31 67% in Poland,9 and 

61% in Australia.32 However, a lower dependence rate of 

53% was observed in Denmark.33 Despite the controversy 

surrounding this concept, it was observed that centenarians 

who were functionally dependent were more likely to have 

1-year mortality at a rate of 11.1% compared to those who 

were not;9 further effective interventions should be addressed 

among this population with FD.

The current study found that lower vitamin D levels were 

associated with higher adjusted odds of FD in the very old. 

In addition, higher Barthel scores and fewer dependent items 

of ADL were observed as the serum 25OHD levels increased, 

suggesting that vitamin D may exert a dose-dependent effect 

on physical function. This result was comparable with the 

findings of other studies in old adult populations.16 However, 

a study of Georgia centenarians has reported that vitamin D 

status is not associated with physical function but rather with 

grip strength; this diverse result could be explained by dif-

ferent measurements used by the Georgia Centenarian Study 

Composite Scale which had very different components from 

the Barthel index.19

Several pathophysiological mechanisms may explain 

the link between low serum 25OHD levels and FD. First, 

vitamin D plays a beneficial role in the musculoskeletal 

system, and low serum 25OHD levels have been reported to 

be associated with osteoporosis, sarcopenia, and fractures, 

which lead to frailty and functional decline.34 The bioactive 

form of vitamin D, calcitriol, has been reported to regulate 

the cell biology of skeletal muscle, and the expression of 

vitamin D receptor (VDR) played a role in skeletal muscle 

regeneration following injury.35 VDR gene polymorphisms 

are also associated with variations in muscle strength in 

human beings, and genetic ablation of VDR leads to muscle 

fiber atrophy and motor deficits in mice. Second, vitamin D 

deficiency is associated with arterial stiffness and endothe-

lial function, which have potential adverse influence on 

physical function.36–38 Calcitriol also modulates expression 

in vascular smooth muscle cells, thus protecting against 

vascular calcification and arterial stiffness and further reduc-

ing the risk of heart attack, stroke, or other cardiovascular-

related disabilities.39 Third, the immunomodulatory effect 

is also a physiological role of vitamin D, where calcitriol 

Table 3 Or for FD according to the quartiles of serum 25OhD concentration

Serum 25OHD concentrations by quartile (no. of subjects with dependence/ 
no of total subjects)

P for 
trend

1 ng/mL decrement of 
serum 25OHD

#16.3 ng/mL 
(199/237)

16.4–21.5 ng/mL 
(174/234)

21.6–28.0 ng/mL 
(165/243)

$28.1 ng/mL 
(144/244)

Model 1 3.64 (2.36–5.59)* 2.01 (1.36–2.97)* 1.47 (1.02–2.13)** reference ,0.001 1.06 (1.04–1.08)*
Model 2 3.20 (2.04–5.04)* 1.83 (1.22–2.75)** 1.33 (0.91–1.96) reference ,0.001 1.06 (1.04–1.08)*
Model 3 2.88 (1.75–4.73)* 1.91 (1.23–2.96)** 1.36 (0.90–2.07) reference ,0.001 1.06 (1.04–1.08)*

Notes: serum 25OhD levels were categorized into quartiles. Model 1: unadjusted; Model 2: adjusted for age, gender, education, marital status, ethnicity, and living 
conditions; Model 3: further adjusted for season of sample collecting, BMI, plasma PTh levels, smoking, alcohol use, tea drinking, outdoor activities, and chronic conditions 
(hypertension, diabetes, dyslipidemia, visual and auditory impairments, and fractures). *P,0.001; **P,0.05.
Abbreviations: BMI, body mass index; FD, functional dependence; 25OhD, 25-hydroxyvitamin D; PTh, parathyroid hormone.
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regulates both adaptive and innate immunity and is related 

to host resistance to infection.40,41 Moreover, vitamin D has 

been reported to play a critical role in cognitive function 

and mental health.3,42 Vitamin D plays a neuroprotective role 

through several physiological mechanisms such as calcium 

homeostasis, neurogenesis, antioxidant defense, immuno-

modulation, and amyloid beta clearance.43–45

Serum 25OHD concentrations, not calcitriol, were 

measured as a marker of vitamin D status in this study. 

Quantitation of serum 25OHD provides a clinically useful 

and reliable assessment of one’s vitamin D status for several 

reasons.46 First, the serum half-life of serum 25OHD is 

approximately 3 weeks.47 This rather long circulating half-life 

serves as an accurate marker of vitamin D scores obtained 

from both ultraviolet B radiation and dietary intake over 

long periods. Second, liver production of serum 25OHD is 

not significantly regulated and is primarily dependent on 

substrate concentration. For these reasons, the measurement 

of serum 25OHD provides the best estimate of an individual’s 

vitamin D status.27

Several observational studies have reported associations 

between functional declines with lower serum 25OHD 

levels.16,48 In addition, a few randomized control trials have 

shown evidence that vitamin D supplementation improves 

functional performance.17,49 Thus, maintaining adequate 

vitamin D levels or the intake of vitamin D supplements 

among the very old may potentially help to prevent declines 

in physical function and preserve good ADL.18,19 Consider-

ing the low cost of vitamin D supplements and the lack of 

habitual intake of vitamin D supplementation among the 

elderly population in China, it is critical to closely examine 

the association between vitamin D levels and the preservation 

or improvement in physical function in this population.

Limitations
As there is little knowledge on FD and limited data on the 

relationship between functional decline and vitamin D status 

among the very old in developing countries, our data provide 

novel insights into the nature of this relationship among a 

representative sample of centenarians in China. Nevertheless, 

the study has some potential limitations. First, our results do 

not indicate any causal inferences due to the cross-sectional 

design, and additional cohort studies with follow-up data are 

essential to strengthen the evidence. Second, other factors 

such as cognitive impairment and psychological situa-

tions were not included in this study, and hence, potential 

confounders may remain unrecognized. Third, the data on 

chronic conditions were based on self-reported data; thus, 

the subjectivity derived from it should also be acknowledged 

in this study.

Conclusion
This study reports that FD is common in a population-based 

sample of centenarians in China, and serum 25OHD levels 

were independently and inversely associated with FD in this 

extremely longevous population. Future research could focus 

on the value of intervening in the case of low serum 25OHD 

levels through vitamin D supplementation and improving 

ADL in older populations.
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Table S1 rating scale of ADl by Barthel index

Task Rating Task Rating

Bathing grooming
0= dependent
5= independent

0= needs to help with personal care
5= independent

Feeding Dressing
0= unable
5= needs help for cutting and spread-
ing food or requires modified diet
10= independent

0= dependent
5= needs help but can do about half unaided
10= independent (including buttons, zips, 
and laces)

Bowel control Urinary control
0= incontinent or needs to be 
given enemas
5= occasional accident
10= continent

0= incontinent or catheterized and unable to 
manage alone
5= occasional accident
10= continent

Toilet use stair climbing
0= dependent
5= needs some help, but can 
do something alone
10= independent (on and off, 
dressing, wiping)

0= unable
5= needs help (verbal, physical, carrying aid)
10= independent

Transferring from bed to chair Walking (on level surface)
0= unable, no sitting balance
5= major help (one or two people, 
physical), can sit
10= minor help (verbal or physical)
15= independent

0= immobile or ,20 m
5= wheelchair independent, including 
comers, .20 m
10= walks with the help of one person 
(verbal or physical) .20 m
15= independent (but may use any aid such 
as stick) .20 m

Abbreviation: ADl, activities of daily living.

Notes: Comparison of the overall and each item of FD between participants with and without vitamin D deficiency. Regarding the overall functional status, participants who 
were deficient in vitamin D had a significantly higher FD rate than those without vitamin D deficiency (78.2% vs 66.2%; P,0.001). The multivariable adjusted Or for serum 
25OhD ,20 ng/ml vs $20 ng/ml was 1.58 (1.13–2.20) for FD. For ten items of the Barthel index, participants with lower serum 25OhD concentrations (,20 ng/ml) 
exhibited a higher percentage of ADl dependence than those with higher serum 25OhD concentrations ($20 ng/ml). aAdjusted for age, gender, education, marital status, 
ethnic, living condition, season, BMI, plasma PTh levels, health-related lifestyles, and chronic conditions.
Abbreviations: ADl, activities of daily living; BMI, body mass index; FD, functional dependence; 25OhD, 25-hydroxyvitamin D; PTh, parathyroid hormone.

Table S2 Functional status of participants according to serum 25OhD concentrations
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