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Abstract
Objective—To determine what variables separate community-dwelling elders from assisted-
living dwelling elders.

Design—Cross-sectional

Setting—Community and assisted living facilities in Connecticut

Participants—114 individuals (77 community-dwelling, 37 assisted living)

Assessments—Nutritional survey, 6 minute walk, Mini-Mental Status Exam (MMSE), Center
of Epidemiologic Studies (CES)-Depression Scale, 25-OH vitamin D

Results—At baseline, assisted-living dwelling elders appeared to have lower serum 25-OH
vitamin D levels, lower MMSE scores, higher CES-depression scale scores, and walked shorter
distances in the six minute walk. Serum 25-OH vitamin D levels and six minute walk were
significantly different between the two groups using logistic regression analysis. As serum 25-OH
vitamin D levels increased, the probability of an elder living in an ALF decreased, and as distance
walked during the six minute walk increased, the probability of an elder living in an ALF
decreased.

Conclusions—Elders living in assisted living facilities had significantly lower 25-OH vitamin D
levels and walked shorter distances during the six minute walk. These variables can be used to
predict the probability of an elder living in an assisted living facility. The lack of effect of nutrition
suggests that the role of vitamin D in this setting is in physical function.

Introduction
The last US Census in 2000 counted 35 million people 65 years of age and older, a 12 %
increase from 1990. Of those 35 million people, 1.5 million live in skilled nursing facilities
(SNF) [1]. While the Census did not count the elders living in assisted living facilities
(ALF), most long-term care is now provided outside SNFs [2], with an estimated 1.15
million people living in ALFs as of 1998 [3]. This number continues to grow as elders view
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assisted living as the preferred alternative to entering SNFs due to the lower cost, higher
level of independence and the more “home-like” environment [4].

Assisted living encompasses several residential settings but generally includes support
available 24 hours a day, facilitation of aging in place, and services and activities to promote
independence and maintain dignity, autonomy, and privacy through a homelike environment
[5–7]. This population is of interest because, compared to their community-dwelling cohort,
ALF-dwelling elders are in general more physically impaired and vulnerable and exhibit a
more depressive affect [8,9]. There is also some evidence of higher rates of mortality in ALF
dwelling elders [10]. In a two year comparison of functioning between ALF-dwelling and
community-dwelling elders, Fonda et al. (2002) found that 10.9% fewer of the ALF
residents had stable high functioning (independent in instrumental activities of daily living
and activities of daily living) and 14% more moved into more care intensive institutions at
the end of 2 years. Decline in function, discharge to SNFs and death accounted for
approximately half of the ALF residents’ outcomes during the 2 year study [9]. ALFs can be
considered a transitional setting to SNFs as many residents worsen and develop new
morbidities, necessitating transfer to nursing homes (NH). In a one year longitudinal study
of the outcomes of ALF residents, Zimmerman et al. (2005) reported that the annual rate of
NH transfer was 21.3 per 100 residents. Probability of hospitalization over 100 days per 100
residents was 12.7 [11]. In addition, another study reported an average length of stay at an
ALF of 3 years with reasons for leaving including moving to NH (33–36%) and hospital
stays (11–18%) [8].

The purpose of this paper is to determine what variables separate ALF-dwelling elders from
community dwelling elders and if in turn, those variables can be used to predict the
probability of an elder living in an ALF. As it seems that ALF-dwelling elders are more
physically impaired to begin with and are at higher risk of requiring more intensive care
providing facilities in the future, by identifying factors that predisposed an elder to requiring
relocation to an ALF, preventive measures may be put into place.

The variables that will be used are those related to frailty characteristics. Frailty has been
defined as a biologic syndrome of increased vulnerability to stressors resulting from aging-
associated declines in function and reserve across multiple physiologic systems and
ultimately compromising the ability to maintain a stable homeostasis. Given this definition,
several markers of frailty have been established: low strength, low energy, slowed motor
performance, low physical activity, and/or unintentional weight loss [12]. Frailty is often a
risk factor in elders entering ALFs and ALF-dwelling elders are, in general, frailer than
community-dwelling elders [13–15]. In addition, factors that often plays a part in residents’
discharge from ALFs to SNFs, such as worsening morbidities, cognitive decline, and
requiring more nursing assistance and help with ADLs [12,16], are associated with increased
frailty.

We hypothesize that a combination of variables, including physical function, cognition,
mood, and nutritional factors will separate ALF-dwelling and community-dwelling elders
and can be used to predict elders at risk of entering assisted living.

Methods
Secondary data analysis was performed on a data set obtained for a previous study [17]. One
hundred fourteen individuals were evaluated in the study; 77 individuals from the
community and 37 from assisted living environments. Assisted living was defined as
congregate housing with meals and housekeeping provided and with nurse and home-health
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care availability. Inclusion criteria were living in assisted living or being age- and gender-
matched control living in the community. There were no exclusion criteria for this study.

Physical function measures were collected based on the frailty phenotype described by Fried
et al. [12] including reported weights loss of ≥ 10 pounds in the preceding year, grip
strength measured by hand-held Jamar dynamometer, sense of exhaustion as evaluated by
two question from the Center of Epidemiologic Studies-Depression Scale [18], walking
speeding by an 8-foot walk, and level of physical activity reported in kcals/week using the
Physical Activity Scale in the Elderly [19]. Individuals were reported as frail if they met
criteria for 3 or more of the 5 characteristics. The six minute walk was performed as
described by Guyatt et al [20]. Depression was assessed using the Center for Epidemiologic
Studies-Depression (CESD) Scale [18] and cognitive status using the Folstein Mini-mental
Status Exam (MMSE) [21]. Vitamin D and fat consumption were estimated using a
standardized food log.

Serum 25-hydroxyvitamin D level was also measured. Serum was divided into 0.5 ml
aliquots and stored at −70°C. 25-hydroxyvitamin D levels were measured by enzyme
immunoassay (Immunodiagnostic Systems Inc., Fountain Hills, AZ) with an intra-assay CV
of less than 6.6%.

Statistical Analysis
Summary statistics for baseline characteristics of ALF and community-dwelling samples
were calculated using means (± standard deviations) or percentages (with counts), as
appropriate. Differences between group proportions were evaluated with either ANOVA or
chi-square tests. Continuous variables were checked for normality.

Total frailty score was calculated for each group by summing the number of qualifying
frailty criteria. Frailty status was represented by classifying subjects into one of three
categories: non-frail (Frailty score of 0), intermediate frail (Frailty score 1 or 2), or frail
(frailty score 3–5). We then compared the proportion of frail (frailty score 3–5) to nonfrail/
intermediate (frailty score 0–2) subjects.

Logistic regression was performed to identify variables that predict the likelihood of living
in ALF or the community. The dependent variable was living situation. The model included
age, gender, BMI, CESD score, MMSE score, serum 25-hydroxyvitamin D, daily intake of
fat calories and 6-minute walk results. Odds ratios and 95% confidence intervals indicated
the effect of each predictor and whether it met statistical significance. Logistic functions
were calculated and graphed to depict the probability of living in an assisted living facility,
based on significant predictors from the logistic regression model. Analyses were performed
using SPSS (version 16.0.1, SPSS Inc., Chicago, Illinois).

Results
The subject characteristics are summarized in Table 1. Both groups were similar in average
age, gender (predominantly female), BMI and intake of calories from fat. The assisted living
participants appeared to have significantly higher depression scores, lower serum 25 OH
vitamin D levels, lower MMSE scores and walked shorter distances in the six minute walk
(Table 1).

Logistic regression was used to test several factors for the likelihood of living in an assisted-
living facility (Table 1). Serum 25-OH vitamin D levels and distance walked during the six
minute walk were significantly associated with living situation (Table 2). Odds ratios
revealed that decreases in serum 25-OH vitamin D and distance walked significantly
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increased the likelihood of being in an assisted living facility. Age, gender, BMI, CESD
scores, MMSE scores, and calories from fat were not associated with ALF-dwelling or
community-dwelling. Frailty was not entered into the model.

Using the results of the logistic regression, a logistic function was calculated for the two
significant variables, six minute walk and serum 25-OH vitamin D. The probability of
individuals living in an assisted living facility based on those variables was fitted to the
logistic curves (Figures 1a and b). Figure 1a demonstrates the increased probability of an
individual living in assisted living facility as they cover less distance during the six minute
walk. For example, an individual who walked about 1100 feet in six minutes had a 20%
chance of living in an ALF while someone who walked 650 feet in six minutes has an
almost 35% probability of living in an ALF. Figure 1b shows that as serum 25-OH vitamin
D levels decrease, the probability of individual living in ALF increases. The similar
association is seen with serum 25-OH vitamin D: an individual with a vitamin D level of 53
nmol/L (approx. 21 ng/dL) has a 45% probability of living in an ALF while a two-fold
increase in vitamin D level halves that probability.

Discussion
Lower serum 25-OH vitamin D and six minute walk distance were significant predictors of
living situation between community-dwelling and ALF-dwelling elders. These results were
not surprising. Previous studies have shown that ALF-residents tend to be more physically
impaired and vulnerable [8,9,11]. Thus, the fact that the six minute walk separates the two
populations of community-dwelling and ALF-dwelling elders can be expected. Lower
extremity function in elders over age 70 has been found to be predictive of subsequent
disability [22,23], and a study of assisted living residents testing grip strength, walking
speed, chair rise and balance found better performance on those tests was associated with
reduced risk of nursing home placement, fracture and decline over one year [24]. In
addition, frail women are at increased risk of falls and fractures [25] and ALF-dwelling
elders have increased risk factors for falls and fractures compared to community dwelling
elders [17,25].

Results relating to the serum 25-OH vitamin D levels warrant further examination. It is
unclear whether the effect of vitamin D levels can be attributed to nutritional influences or to
a physical function role. Additional data (not shown) demonstrated that the amount of daily
protein consumed was not significant in separating the two populations, neither was calories
consumed from fat, or BMI. This suggests that nutrition alone does not explain how vitamin
D levels significantly affect an individual’s likelihood of living in an ALF.

The importance of vitamin D, in combination with calcium, in bone health has been well
established. Multiple meta-analyses have shown a positive effect of vitamin D on fracture
and fall incidence, with vitamin D supplementation reducing the risk of falls by more than
20% [26,27]. Furthermore, another meta-analysis reported that serum 25-hydroxyvitamin D
levels should exceed 74 nmol/L to prevent fractures in the elderly with optimal fracture
prevention appearing with levels of up to 100 nmol/L [28]. A recent trial of in nursing
homes, bread was fortified with 5000 IU of vitamin D3 to achieve serum 25-OH vitamin D
levels of greater than 75 nmol/L and was found to increase bone density over 12 months
[29].

Vitamin D’s effect is not only on the skeleton itself but also plays a role in extraskeletal
health as well. Vitamin D deficiency has been associated with sarcopenia, weakness and gait
instability [30–32] with supplementation leading to improvement in balance and physical
performance [33,34]. Furthermore, in a study performed in men and women 60 years and
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older, higher serum 25-OH vitamin D levels were associated with faster walking speeds and
the ability to rise out of a chair faster [35]. Vitamin D supplementation has been associated
with lower incidence of rheumatoid arthritis, lower risk of developing multiple sclerosis; and
with deficiency associated with increased risk for type 1 and type 2 diabetes mellitus,
metabolic syndrome, heart failure and sudden cardiac death [36–40]. It seems that vitamin D
can affect an elder’s probability of living in an ALF in several ways, with an effect on
physical functioning at the forefront.

Several other variables were tested that were not significant in separating the two
populations. By direct comparison, MMSE and CES-depression scores were significantly
different between the two groups. However, these factors did not significantly contribute to
the logistic regression analysis. These tests were considered because depressed mood has
been found to be more prevalent in the assisted-living population of elders compared to
community dwelling elders [41] and has been associated with increased risk of strength
decline in older men, especially in combination with low body weight [42]. Depressed elders
are also at increased risk for death, impairment in ADLs and IADLs, and cognitive
impairment [43,44]. Cognitive impairment has been associated with increased mortality,
unintended weight loss, functional disability, and increased frailty [45–48].

In addition to measures of cognitive function and mood, nutritional assessments were
initially included. Poor appetite, weight loss and subsequent sarcopenia and visceral protein
depletion has been suggested as contributors to frailty [49], and frail elders have
demonstrated lower levels of body fat with corresponding lower leptin levels [50]. If the
effects of nutritional deficiency were contributory, they must have been an indirect effect
that affected the six minute walk.

Limitations of this study included a small study population. Further, results were a cross-
section and thus comments about causal relationships cannot be made. Further studies to
confirm the relationship among vitamin D, six minute walk and living situation are
warranted.

Conclusion
Elders living in assisted living facilities had significantly lower serum 25-OH vitamin D
levels and walked shorter distances during the six minute walk compared to their
community-dwelling counterparts. The data suggests that as serum 25-OH vitamin D levels
decrease and distance walked during the six minute walk decrease, probability of an
individual living in an ALF increases. While the lack of effect of nutrition suggests that the
role of vitamin D is through physical function, further research is warranted to examine the
relationship among vitamin D, physical function and living situation.
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Figure 1.
Figure 1a. Probability estimates for residency in an assisted-living facility by six minute
walk
Figure 1b. Probability estimates for residing in an assisted living facility for every 5 nmol/L
increase in serum 25-OH vitamin D
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Table 1

Characteristics of subjects from community and assisted living facilities

Community Living (77) Assisted Living (37) P Value

Mean ± SD Mean ± SD

Age 82.4 ± 4.6 83.3 ± 5.6 0.44

Female 56 (73%) 25 (68%) 0.57

Body Mass Index (Kg/m2) 24.5 ± 3.3 25.3 ± 3.5 0.29

CES-depression score 5.9 ± 6.2 9.5 ± 9.6 0.02

MiniMental score 28.3 ± 1.9 27.2 ± 2.7 0.009

25 OH Vitamin D (nmol/L) 113.1 ± 40.1 81.8 ± 37.0 <0.001

Fat Calories 506 ± 203 502 ± 260 0.94

Six Minute Walk (feet) 1026 ± 339 723 ± 370 <0.001

Frailty Criteria Total 1.8 ± 0.9 2.4 ± 0.9 0.002

Frail % (N) 21% (16) 46% (17) 0.006

p<0.05 using chi square tests or analysis of variance
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Table 2

Logistic regression model evaluating predictors of assisted living

Variables Unstandardized Beta coefficients Odds ratio 95% CI P value

Age −0.011 0.989 0.90 to 1.08 0.80

Gender (Males=1) −0.325 0.723 0.23 to 2.33 0.59

Body Mass Index (Kg/m2) −0.039 0.962 0.82 to 1.13 0.64

CES-depression score 0.033 1.033 0.97 to 1.11 0.35

MiniMental score −0.132 0.877 0.70 to 1.10 0.26

25 OH Vitamin D (nmol/L) −0.018 0.982 0.97 to 0.997 0.018

Fat Calories 0.000 1.0 0.997 to 1.00 0.81

Six Minute Walk (feet) −0.002 0.998 0.997 to 1.00 0.038
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