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Objective: To analyze the association between vitamin D and the performance of activity of daily living in the elderly.
Methods: A total of 94 patients over the age of 65 were eligible to participate if they had undergone a bone mineral density test and if 
they were in a stable health condition. Subjects were further divided into two groups according to activity of daily living (ADL): the 
score over 40 of the patients as the high ADL group and the below as the low ADL group.
Results: According to univariate analysis, the mean of total hip T score, serum creatinine/cystatin C ratio (CCR), and vitamin D were 
significantly different between the two groups (P=0.024, 0.008, 0.010). Multivariate ORs showed that the CCR (OR: 0.948; 95%CI: 
0.910–0.989; P=0.013) and vitamin D (OR: 865; 95%CI: 0.752–0.994; P=0.047) were inversely associated with having low ADL. 
Furthermore, on multiple linear regression analysis, the Barthel ADL index was related to geriatric nutritional risk index (GNRI), CCR 
and vitamin D but independent of patients’ age with the slope of 0.732, 0.539, and 0.689 separately, reflected the stronger relative 
within the variables.
Conclusion: We demonstrated that there is a negative correlation of CCR and vitamin D with having low ADL in elderly population. 
Monitoring the trend of serum vitamin D and CCR, may have a role in the early detection of low ADL with loss of muscle mass and 
strength in the population of the elderly.
Keywords: vitamin D, CCR, elderly, ADL, muscle mass

Introduction
With the improvement of the public health and lifestyle, human life expectancy has doubled in most developed countries1 

and is projected to continue to increase.2 Caring for the elderly and their physical activities in their remaining life 
expectancy are deficiently addressed and growing emphasis on the life quality of the elderly is appreciated. Progressive 
and generalized loss of skeletal muscle mass and strength resulting in the risk of adverse outcomes such as function 
decline, poor quality of life and mortality is widely put forward in the elderly.3,4 Optimized methods to evaluate the 
frailty accurately and rapidly in the elderly are critical for prediction, diagnosis and treatment of the potential and explicit 
physical disability.

Activities of daily living (ADL) play a crucial role in the determination of the health status of elderly and are used 
extensively as measurement tools in clinical approaches.5 Ten personal activities involved include feeding, personal 
toileting, bathing, dressing and undressing, getting on and off a toilet, controlling bladder, controlling bowel, moving 
from wheelchair to bed and returning, walking on level surface (or propelling a wheelchair if unable to walk) and 
ascending and descending stairs.6,7 Hence, such activities are considered significant in revealing the underlying func-
tional status of elderly and functional mobility is used as an assessment tool for risk of fall and frailty.5

Skeletal muscle mass is essential for maintaining physical function and performing ADL.8 Vitamin D is becoming 
a common trend and a much-discussed topic in skeletal muscle mass, even sarcopenia research. In cellular models, 
a variety of mechanisms by which vitamin D interferes with skeletal muscle function has been elucidated: (1) genomic 
effects arising from the interaction of the 1,25-VDR-RXR heterodimer at specific nuclear receptors that influence gene 
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transcription; (2) non-genomic effects, characterized by rapid activation followed by other complex pathways of 
intracellular signal transduction after binding of 1,25- (OH)-D to its non-nuclear receptor.9 There are systematic review 
and meta-analysis of randomized controlled trials raised that vitamin D supplementation has a small positive impact on 
muscle strength,10 even vitamin D supplementation did not improve any sarcopenia indices in community-dwelling older 
adults and may compromise some aspects of physical performance.11 However, a lack of clinically compelling evidence 
linking to muscle mass and even muscle metabolism and a lack of consensus on the pathological serum level and 
supplements of vitamin D on the muscle aspects still exist.

The current study was designed to investigate the association between the serum level of vitamin D and musculos-
keletal-related factors and ADL to assess the vitamin D-deficient loss of muscle mass and ADL disability.

Method
Study Design and Participants
The cross-sectional study was conducted at The First Rehabilitation Hospital of Shanghai. A total of 94 patients over 
the age of 65 were eligible to participate if they had undergone a bone mineral density test and if they were in a stable 
health condition. Key exclusion criteria were disturbance of consciousness, severe dementia, and the acute phase of 
disease.

The informed consent was signed by all the patients or their legally representative if they could not sign it. The study 
protocol was approved by The First Rehabilitation  Hospital Ethics Committee and was performed in accordance with the 
Helsinki Declaration.

Investigation
Demographic and clinical information collected for all patients included gender, age, habits of smoking and alcohol, 
history of hypertension and diabetes mellitus, and fracture status.

Each patient underwent blood drawing for laboratory parameters including albumin (Alb), blood urea nitrogen 
(BUN), uric acid (UA), serum creatine (SCr), cystatin C (CysC), serum calcium (Ca), serum phosphorus (P), parathyroid 
hormone (PTH), osteocalcin, vitamin D (VitD), homocysteine (HCY), thyroid stimulating hormone (TSH), total 
cholesterol (TC), fasting glucose (FP), and alkaline phosphatases (ALP). Urine specimen was obtained to measure 
urine protein (UP) and uromicroprotein (UMP).

Height, weight, waist circumference, and hip circumference of all the participants were measured by the well-trained 
nurses in a standard process. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters 
squared. Waist/hip ratio (WHR) was calculated as waist circumference divided by hip circumference. A skinfold caliper 
was used for the measurement of waist skinfold thickness for the estimation of the total amount of body fat.

Bone Mineral Density
Regional BMD, including lumbar spine, femoral neck, and total hip, were measured using dual-energy X-ray absorptio-
metry (DXA). To minimize interobserver variation, all scans and analyses were conducted by the same investigator. The 
densitometer was standardized by a standard phantom prior to each measurement. Osteopenia is diagnosed by a −2.5<T 
score<−1.0 standard deviation (SD), and osteoporosis by a T score≤−2.5 SD at any of the sites on the lumbar spine, 
femoral neck, or total hip.12

Assessment of Activities of Daily Living
The performance of participants in ADL was measured by the Barthel index (BI), commonly used in rehabilitation 
facilities, which is an ordinal scale comprised of 10 variables of mobility and selfcare to assess the degree of assistance. 
The original Index is a three-item ordinal rating scale completed by the observer. Each item is rated in terms of whether 
the patient can perform the task independently, with some assistance, or is dependent on help based on observation 
(0=unable, 1=needs help, 2=independent). The final score based on the obtained number to time 5 ranged in a 100-point 
score. The proposed method of interpreting BI is that scores of less than 20 indicate totally dependent, 20–39 indicate 
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very dependent, 40–59 indicate partially dependent, 60–79 indicate minimally dependent and 80–100 indicate 
independent.13 Therefore, we designated the score over 40 of the patients as the high ADL group and the below as 
the low ADL group.

Assessment of Nutritional Status
Geriatric nutritional risk index was applied with the formula of GNRI=1.489×albumin (g/L) +41.7× (current/ ideal 
weight), with which individuals less than 92 were assigned to the malnutrition group and more than 92 were assigned to 
the normal group with mild or no risk of malnutrition.14

Karnofsky Performance Scale
The Karnofsky performance scale (KPS) is an 11-point rating scale that ranges from normal functioning (100) to dead 
(0), increasing by 10 points. It is a widely used assessment tool for functional impairment to predict the length of 
survival in terminally ill patients. The permanent observer assessed the status of these patients based on the rating 
criteria.

Statistical Analysis
Statistical analysis was performed with software SPSS 22.0. First of all, Shapiro–Wilk normality test was performed to 
verify whether data followed normal distribution. The continuous variables are presented in means ± standard deviation 
(SD) or medians with interquartile range (IQR) when distributions were not normal. Categorical variables are reported in 
number and percentage. Comparisons between groups were made by Student’s t-test with normally distributed variables, 
whereas the Mann–Whitney U-test was used otherwise. Categorical data was compared using the chi-squared test. 
Univariate and multiple logistic regression analysis and stepwise analysis were used. Statistical significance for all 
analyses was set at P<0.05.

Results
Of 94 people screened for eligibility, 32 male (34.0%) and 62 female participants were included in the study. The clinical 
information of the study population was summarized in Table 1. Although they were elderly, the difference of the mean 
age with 85.28 years old in the low ADL group and 82.39 years old in the high ADL group, was statistically significant 
(P=0.026). There was no significant difference between the groups in median total score of the GNRI. Similarly, there 
was no difference between the groups regarding history of hypertension, diabetes or fracture. What stands out in the table 
was that the mean of total hip T score, CCR, and vitamin D were significantly different between two groups (P=0.024, 
0.008, 0.010). It was worth emphasizing that total hip T in the low ADL group was less than −2.50 and was −2.30 in the 
high ADL group, which represented the osteoporosis and osteopenia in both research group.

Multivariate ORs for having low ADL are shown in Table 2. Although age was not associated with an incremental 
risk of low ADL (OR: 1.014; 95%CI: 0.956–1.075; P=0.647), the CCR (OR: 0.948; 95%CI: 0.910–0.989; P=0.013) and 
vitamin D (OR: 865; 95%CI: 0.752–0.994; P=0.047) were inversely associated with having low ADL.

The Barthel ADL index was related to GNRI, CCR and vitamin D (Table 3) but independent of patients’ age with the 
slope of 0.732, 0.539, and 0.689 separately, reflected the stronger relative within the variables (Table 3).

Discussion
This study provided a basis and thinking method for assessing low level activity of daily living with serum vitamin D in 
elderly population. To our knowledge there are few reports in the literature with the aspect of serological markers, 
musculoskeletal-related factors and ADL. The current study showed that CCR and vitamin D were negatively related 
with having low ADL.

Recently, CCR has been postulated as the surrogate marker of sarcopenia in diverse populations.15–17 As is well 
known, serum creatinine is a waste product left over from energy-producing processes in the muscle, occurring in the 
muscle cells of vertebrates as the only intermediate product of creatine metabolism.18 Cystatin C is produced in the 
nucleated cells in a constant amount, and its serum concentration does not depend on muscle mass and protein intake.19 
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Table 1 Patients Characteristics

Characteristics Low ADL (ADL ≤40) High ADL (ADL >40) P-value

n=40 n=54

Sex, n (%) 0.543

Male 15 (37.5) 17 (31.5)
Female 25 (62.5) 37 (68.5)

Alcohol, n (%) 4 (10.0) 3 (5.6) 0.454

Smoking, n (%) 4 (10.0) 11 (20.4) 0.283
Hypertension, n (%) 31 (77.5) 44 (81.5) 0.635

Diabetes, n (%) 17 (42.5) 28 (51.9) 0.370

Fracture, n (%) 10 (25.0) 10 (18.5) 0.448
CKD stage, n (%) 0.338

1 26 (65.0) 28 (51.9)

2 3 (7.5) 10 (18.5)
3 10 (25.0) 11 (20.4)

4 1 (2.5) 3 (5.6)

5 0 (0) 2 (3.7)
UP, n (%) 19 (47.5) 30 (55.6) 0.722

Age 85.28±8.78 82.39±7.96 0.026*

Course of DM (year) 10.0 (0–26.40) 10.0 (0–21.50) 0.442
GNRI 88.35±7.59 89.69±6.99 0.204

GNRI <92 28 (70.0) 33 (66.1) 0.372

GNRI ≥92 12 (30.0) 21 (38.9)
Height (m) 1.62±0.08 1.63±0.09 0.918

Weight (kg) 61.08±10.82 61.87±10.13 0.734

BMI (kg/m2) 22.10±4.85 22.93±2.61 0.396
WHR 0.86±0.07 0.87±0.07 0.748

Waist circumference (m) 0.81±0.10 0.80±0.08 0.973
Waist skinfold thickness (mm) 31.62±13.47 30.54±11.21 0.963

KPS 45.81±11.48 54.11±12.19 <0.001**

Barthel Index 25.0 (20.0, 30.0) 60.0 (50.0, 80.0) <0.001**
DXA Parameters

Lumbar spine BMD (g/cm2) 0.92±0.25 0.96±0.22 0.328

T score −2.10 (−2.90, 0.10) −1.60 (−2.73, −0.05) 0.367
Femoral neck BMD (g/cm2) 0.56±0.25 0.61±0.24 0.064

T score −3.30 (−4.20, −1.80) −2.65 (−3.40, −1.38) 0.465

Total hip BMD (g/cm2) 0.59±0.24 0.69±0.30 0.064
T score −3.50 (−4.30, −2.10) −2.30 (−3.30, −0.98) 0.024*

Laboratory parameters

Albumin (g/dL) 31.81±4.76 32.91±4.81 0.090
BUN (mmol/L) 6.18±2.87 7.86±5.10 0.156

UA (umol/L) 296.61±89.63 341.80±144.85 0.297

SCr (umol/L) 63.61±32.66 86.41±78.62 0.146
eGFR (mL/min/1.73 m2) 97.26±49.23 84.01±41.24 0.283

CysC (umol/L) 1.55±0.55 1.68±1.13 0.842

CCR (SCr/CysC) 40.62±11.39 50.58±19.48 0.008**
Calcium (mmol/L) 2.08±0.11 2.09±0.11 0.279

P (mmol/L) 1.04±0.22 1.05±0.18 0.100

PTH (pg/mL) 38.52 (26.57, 49.10) 33.82 (26.87, 57.67) 0.630
Osteocalcin 20.18±10.66 21.16±15.42 0.966

VitD (ng/mL) 7.66±3.14 9.93±6.52 0.010*

TSH (mU/L) 2.99±1.68 2.60±1.72 0.438

(Continued)
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That is to say, the considerable muscle tissue that can metabolize Scr, the better the muscle strength and coordination, the 
less low ADL appears. As an indicator rarely used in clinical, the research of CCR brings us a new sight of muscle mass 
and strength, laying a new foundation for subsequent molecular research.

In the previous observational study enrolling 4630 community-dwelling adults proposed that dynapenia only and 
dynapenia combined with low 25 (OH) D serum levels were important risk factors for ADL disability in middle-aged 
individuals and older adults in two years of follow-up.20 The association between low ADL and vitamin D is often 
overlooked in the elderly population over 80 years of age. Although there are many factors that contribute to ADL 
disability and decreased muscle strength in the elderly population for various reasons, vitamin D cannot be ignored. 
A certain amount of mechanism of vitamin D on skeletal muscle function has been elaborated on the cellular level. 
A previous study examined the concentration and time-dependent effects of calcitriol on the capacity of muscle cells to 

Table 2 Factors Associated with the Risk of Low ADL

Factors Multivariate Analysis

OR (95%CI) P-value

Age 1.014 (0.956, 1.075) 0.647

CCR 0.948 (0.910, 0.989) 0.013
VitD (ng/mL) 0.865 (0.752, 0.994) 0.047

Note: Multivariate analysis of these correlations was performed with 
forward stepwise multivariate linear regression.

Table 3 Multiple Linear Regression Analysis of ADL

Factors B SE 95%CI β VIF P-value

Age −0.086 0.298 −0.678, 0.506 −0.029 1.119 0.773

GNRI 0.732 0.345 0.045, 1.418 0.204 1.059 0.037

CCR 0.539 0.154 0.234, 0.845 0.359 1.194 0.001
VitD 0.689 0.339 0.015, 1.364 0.194 1.040 0.045

Notes: Beta coefficients (B) refer to how many deviations a dependent variable will change per deviation increase in the 
predictor variable. SE refers to standard error. Variance inflation factor (VIF) measures the severity of multicollinearity in 
regression analysis. It is a statistical concept that indicates the increase in the variance of a regression coefficient as a result 
of collinearity.

Table 1 (Continued). 

Characteristics Low ADL (ADL ≤40) High ADL (ADL >40) P-value

n=40 n=54

Cholesterol (mmol/L) 3.40±0.89 3.62±1.01 0.090
Glucose (mmol/L) 5.84±1.86 5.48±1.49 0.966

ALP (U/L) 73.90±27.93 67.11±16.70 0.073

HCY (umol/L) 18.03±16.78 16.16±6.27 0.364
UMP (mg/L) 23.0 (13.5, 68.0) 35.5 (15.0, 104.0) 0.651

Notes: *P<0.05, **P<0.01 vs low ADL using the Independent sample test (t-test) method if the variance is equal or 
the Tamhane’s T2 method when the variance is not equal, using Mann–Whitney U-test in case of nonparametric data 
distribution. Numbers are mean ±SD or proportion. 
Abbreviations: CKD, chronic kidney disease; UP, urine protein positive; DM, diabetes mellitus; GNRI, geriatric 
nutritional risk index; BMI, body mass index; WHR, waist to hip ratio; KPS, Karnofsky performance scale; DXA, 
dual-energy X-ray absorptiometry; BMD, bone mineral density; BUN, blood urea nitrogen; UA, uric acid; SCr, 
serum creatinine; eGFR, estimated glomerular filtration rate; CysC, cystatin C; P, phosphate; PTH, parathyroid 
hormone; VitD, vitamin D; TSH, thyroid stimulating hormone; ALP, alkaline phosphatase; HCY, homocysteine; UMP, 
urine microprotein.
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take up and release 25(OH) D3, showed an evidence that skeletal muscle cells indeed contain a mobile pool of 25(OH) 
D3 which accumulates from and returns to the extracellular environment.21 Furthermore, they hypothesized that storage 
and gradual release from muscles would increase the level of circulating 25(OH) D3 and this would maintain adequate 
status during the months when vitamin D supply was low giving skeletal muscles a pivotal role in the maintenance of 
vitamin D status.21–23 Much of the biological function of the active form of vitamin D3 is mediated by vitamin 
D receptor (VDR), a protein that effectively binds 1α,25(OH)2 D3 at a sub-nanomolar concentration.24,25 However, 
serum 25(OH) D3 levels and the expression of VDR in muscle cells decline with age,26 which may lead to muscle 
weakness and onset of sarcopenia.27 VDR is predominantly on the fast-twitch muscle fibers, which respond first in rapid 
actions, thus adequate vitamin D may improve the strength and coordination.28,29 A study of human muscles showed that 
vitamin D deficiency induced atrophy and decreases the concentration of intramyonucelar VDR and VDR gene 
expression level.30 Thus, low level of vitamin D may reduce muscle mass, strength and coordination, or lower level 
activity of daily living. Vitamin D may regulate oxygen consumption and dynamics of mitochondria. Prior research has 
documented that skeletal muscle cells treated with 1α,25(OH)2 D3 increased oxygen consumption rate (OCR), suggest-
ing that vitamin D increases the function of mitochondria in muscle.31 The vitamin D influence on mitochondria was also 
reported by Sinha et al who showed that treatment of vitamin D deficient humans with cholecalciferol improves the 
maximal mitochondrial oxidative phosphorylation rate measured by 31P-NMR spectroscopy.32 Moreover, a recent study 
on patients with chronic low back pain showed that vitamin D deficiency increases antioxidative enzymes activities and 
after five-week vitamin D supplementation, oxidative stress decreased in skeletal muscle.33 Another relevant study34 

indicated that rats treated with vitamin D showed reduced tissue damage and attenuated oxidative stress after exhaustive 
exercise, supporting that vitamin D is involved not only in calcium homeostasis and mitochondrial function, but also is 
responsible for oxidative stress in skeletal muscle. By reason of the foregoing, a low level of serum vitamin D acts as an 
indispensable and direct factor that contributes to the skeletal muscle dysfunction and lessened muscle mass even 
sarcopenia.

In addition, decreased vitamin D intake and metabolism due to decreased physical strength, eating disorders, and 
activity limitations in older adults. Hibler et al put forward that physical activity and serum 1,25(OH)2D levels has 
positive relationship35 which suggested behavior change is essential.

There are several limitations that should be mentioned. First, because we did not have data of muscle mass or 
strength, we could not directly investigate a relationship of vitamin D and CCR with it. Second, the present study had 
a cross-sectional design with the small sample size. Third, we did not take the daily nutrients intake into 
consideration.

Conclusion
In summary, we demonstrated that there is a negative correlation of CCR and vitamin D with having low ADL in elderly 
population. Low serum level of vitamin D appears to be the marker of risk of functional decline in ADL for elderly. 
Monitoring the trend of serum vitamin D and CCR, may have a role in the early detection for low ADL with loss of 
muscle mass and strength in the elderly population.
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