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Abstract
Background & aims: The usefulness of body mass index (BMI) and calf circumference (CC) for predicting emerging care-need of older adults has not been carefully evaluated. We attempted to compare the abilities of these two anthropometrics in predicting emerging care-need in older adults.
Methods: We analyzed the 1999 (baseline) and 2003 (end-point) datasets of the Taiwan Longitudinal Survey on Aging. Participants were 2521 ≥65-year old adults without care at baseline. To derive proper cut-offs of BMI and CC, we first drew a plot to show the relationship between the risk of care-need and the cumulative distribution of BMI or CC. We then divided the risk into three levels and calculated the corresponding percentiles of BMI and CC. Multivariable logistic regression was used to build up predictive models. Akaike Information Criterion (AIC) and net reclassification improvement (NRI) were performed to compare the models as well as the predictive abilities of BMI and CC. 
Results: After controlled other independent variables, CC was significantly associated with emerging care-need in the subsequent 4 years, but BMI was not. The AIC value of the model with CC (1956.3) was remarkably lower than BMI (1968.7). The NRI was 4.8% (p=0.007) which quantified the improvement of the model with inclusion of CC instead of BMI to predict emerging care-need. 
Conclusions: All indices we performed suggest that CC has better ability to predict emerging care-need in older Taiwanese compared to BMI. The potential application of anthropometric indicators, especially CC, for predicting emerging care-need deserves further investigation. 
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1. Introduction
	Population aging is a world-wide phenomenon. Aging is associated with physiological and functional declines. Severe functional decline or frailty can usually lead to disability and increasing the need for assistance in carrying out the activities of daily living.1 Similar to many industrialized countries, the number of older people requiring care in Taiwan is on the rise. It is expected to increase by 55% in 10 years, from 250,000 in 2008 to 390,000 in 2018.2
	There is evidence that proper intervention can prevent or delay functional decline, disability, and care-need.3 To enable timely intervention, it is necessary to have a simple and effective tool/indicator to identify those who are at risk. Simple anthropometric indicators such as body mass index (BMI) and calf circumference (CC) have been shown to be effective in predicting subsequent morbidity, functional impairment, and mortality of older adults.4,5 For example, weight loss is a component item in the Tilburg Frailty Indicator, the Groningen Frailty Indicator, and the Gerontopole Frailty Screening Tool that rate functional decline of older adults;6-8 and BMI status and weight changes have been included in the Mini Nutritional Assessment, a widely used tool for rating the nutritional status of older adults.9 
	Recently, we have found that the Mini Nutritional Assessment has the ability to predict emerging care-need whether the scale contains BMI or CC, suggesting that both CC and BMI might have predicting abilities for care-need.10 CC has been shown to reflect functional status. Lower CC was associated with greater disability and lower physical functioning,11 whereas higher CC was associated with lower risk of frailty and better functional performance in community-living older adults.12 A World Health Organization report suggests that CC can provide the most sensitive measure of muscle mass and is superior to BMI or arm circumference in older people.5 In addition, CC is highly accessible and easy to measure, and is better than BMI in reflecting muscle loss of the lower extremities that occurs with aging or decreased physical activity.5,13 Muscle mass atrophy of the lower extremity often coexists with mobility impairment or functional inability in older adults.13,14
	Thus, we hypothesize that CC might be more appropriate than BMI for predicting emerging care need in older adults. Hence, the objective of the present study was to compare the abilities of CC and BMI in predicting emerging care-need in older adults. 

2. Methods
2.1 Source of data
	Data for this analysis were the 1999 and 2003 datasets of the Taiwan Longitudinal Survey on Aging (TLSA), a cohort study conducted by the Health Promotion Administration of Taiwan for gaining an understanding of the impact of time-related demographic, socioeconomic, lifestyle, and environmental changes on health, healthcare-use, and well-being of older Taiwanese. The survey employed a three-stage equal probability sampling process to draw 4412 ≥60-year old men and women as the initial sample in 1989. In order to extend the younger age range of the study sample, a supplemental sample of 2462 persons aged 50-66 years old was drawn with the same method and added to the original cohort in 1996. Participants in the cohort were interviewed for eliciting socio-demographic, lifestyle, health- and healthcare-related data at baseline and every 3 or 4 years thereafter. The design and sampling of TLSA has been described elsewhere.15 The 1999 survey that included the anthropometric data met the need of the present study and, thus, served as the baseline; the 2003 survey served as the end-point of the present study. 
	Among the 4440 participants who completed the interview in 1999, 1550 aged <65 years and 286 required care at baseline were excluded. Among the remaining 2064 participants, 83 were lost to follow-up between the two surveys. Thus the study sample consisted of 2521 participants (Fig. 1). The original TLSA survey had ethical approval from a review board consisted of government-appointed representatives, and the survey was conducted in accordance with the principles of the Helsinki Declaration. All participants provided written consents. The Institutional Review Board of Cheng-Ching General Hospital approved the study protocol and ethical aspects of the present study (HP130015). 
2.2 Outcome measures
	Our main outcome measure was care-need (requiring care) defined as a person either had received care or required care. Because some participants survived at but others died before the end-point of the study, we separately rated their statuses of care-need as follows. For those who survived at the end-point, participants were classified as care-need if they received either formal care (performed by employed care-givers) or informal care (performed by non-employed care-givers, like family members), or required assistance in performing the Activities of Daily Living (ADL)16 but had no care-givers on duty. For participants who died before the end-point, we inferred care-need from the cause of death defined by the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9 CM).17 Generally, those who died of accidents, injuries, or causes unrelated to chronic diseases were assumed to be no care-need, while those who died of other causes were assumed to be care-need.
2.3 Independent variables
	Educational level was classified into ≤6, 7-12, and ≥13 years of formal education; living arrangement was living alone or not. Hypertension, diabetes mellitus, heart disease, stroke, lung disease, and cancer were determined by two specific questions in the questionnaire: (a) "Do you have this disease?" and "Is it told by a physician?". Those who answered "yes" to both questions were rated as having the disease. Co-morbidities were then classified into 0, 1, 2, and ≥3 diseases listed above. Physical functioning was rated by the Instrument Activities of Daily Living (IADL) scale. The IADL scale consists of six items and rates the levels of difficulty in doing grocery shopping, using money, using public transportation, doing heavy housework, doing light house work, and using telephone.18 Each item in the scale was scored 0 to 3 according to the level of difficulty in carrying out the activity. A participant was considered as dependency for an item if he/she scored 3 (not able to do it at all) for the item.19 The number of IADL dependency was classified into 0, 1-2, 3-4, and 5-6. Cognitive impairment was rated by Short Portable Mental Status Questionnaire (SPMSQ).20 The SPMSQ contains 10 items with the maximum score of 10. It assesses participants’ short-term and long-term memory, orientation to surroundings, knowledge of current events and abilities to conduct calculations. An education-adjusted score was examined in this study. Those who scored <6 for illiterate, <7 for elementary school, and <8 for high school or higher educational levels were considered as cognitive impairment.21 
2.4 Derivation of the BMI and CC cut-offs for predicting emerging care-need
	BMI (kg/m2) was calculated according to body weight (kg) divided by height (m) squared. CC was measured on the left leg (or the right leg for left-handed older adults) in a sitting position with feet resting on the floor. To derive proper cut-offs of BMI and CC, we first plotted the estimated risk of care-need against the cumulative distribution of BMI or CC for all 2521 participants by gender (Fig. 2). The risk of care-need showed non-linear but significantly negative correlations with BMI and CC. We divided the entire range of the risk into three levels (high, moderate and low risk of care-need) with equal-interval. The cut-off points of the cumulative distributions of BMI and CC, as well as the corresponding percentiles (the inverse of the cumulative distributions) were then calculated on the basis of the 3-level dividing points of the risk.  
2.5 Statistical analysis
	Basic statistics were used to describe the characteristics of study participants. Chi-square test was used to understand the associations between the risk of emerging care-need and BMI or CC, stratified by gender. Multivariable logistic regression, adjusted for age, gender, years of formal education, living arrangement, physical functioning, cognitive impairment, and co-morbidities, was employed to build up the predictive models. Akaike Information Criterion (AIC) which is defined as [–2 log likelihood + 2x(the number of parameters in a model)] was calculated to compare two models with respective inclusion of BMI and CC. A lower AIC value generally indicates a better predictive model. The net reclassification improvement (NRI)22 was calculated to quantify the improvement and assess the significance when BMI was replaced by CC in the predictive model. The NRI is defined as [the proportion of participants in the care-need group reclassified upward (having higher risk) – reclassified downward] minus [the proportion of participants in the no care-need group reclassified upward – reclassified downward]. Statistical analyses were performed using the IBM SPSS software (version 19.0, SPSS Inc., IBM Corp., Chicago, IL) and weighing-adjusted according to the sampling design. The significance level for all analyses was set at α = 0.05.

3. Results
	Table 1 shows the characteristics of the participants at baseline. The study sample included slightly more men (55.2%) than women; 59.5% of the study participants were 65-74 years old and the rest were over 75 years; 58.3% exercised ≥3 times/week; and 59.8% had one or more co-morbidities.
	Table 2 shows the classification of participants stratified by gender according to population-specific BMI or CC care-need cut-offs. According to BMI cut-offs (<18, 18-20, and ≥20 kg/m2 for high, moderate and low risks, respectively), 4.3%, 10.7% and 84.9% of men and 5.0%, 11.2% and 83.8% of women, had high, moderate, or low risk of requiring care, respectively, at baseline. The proportions of participants requiring care in each respective group during the subsequent 4 years based on these BMI cut-offs were 39.6%, 30.3% and 23.0% in men (p = 0.010) and 45.7%, 30.4% and 22.4% in women (p < 0.001). According to CC cut-offs (<29, 29-33, and ≥33 cm in men and <27, 27-31 and ≥31 cm in women for high, moderate and low risks, respectively), 4.4%, 24.2% and 71.4% of men and 5.2%, 22.9% and 71.8% of women had high, moderate, or low risk of requiring care, respectively, at baseline. The proportions of participants requiring care during the subsequent 4 years based on these CC cut-offs were 44.9%, 32.1% and 20.7% in men (p < 0.001) and 48.9%, 33.0% and 20.0% in women (p < 0.001).
	Table 3 shows the multivariable logistic regression analysis to compare the ability of BMI and CC in predicting emerging care-need in the subsequent 4 years, with adjusted for age, gender, years of education, and living arrangement (Model A), and further adjusted for physical functioning, cognitive impairment, and co-morbidities (Model B). AIC values appear to be lower for the models with CC than the models with BMI.
	Table 4 cross-tabulates the risk categories developed by the logistic models with respective inclusion of BMI and CC for participants who were care-need and who were not. If BMI was replaced by CC in the predictive model, 31 of 493 participants in the care-need group were reclassified in a higher risk (upward) and 32 of 493 reclassified in a lower risk (downward), so reclassification improved by –0.2%; while 168 of 1526 participants in the no care-need group were reclassified downward and 92 of 1526 upward, so reclassification improved by 5.0%. Thus, the NRI was estimated to be 4.8% (p = 0.007), which suggested that CC had better predictive ability compared to BMI.

4. Discussion
	Results show that the predictive ability of CC is substantially stronger than BMI in predicting emerging care-need in the subsequent 4 years in older Taiwanese. For Taiwanese aged over 65 years, the proposed cut-offs for CC, 29 and 33 cm for men, and 27 and 31 cm for women, could be useful to evaluate the risk of care-need.
4.1 Predicting care-need using BMI and CC
	Our results show that CC has stronger ability than BMI in predicting emerging care-need of older adults. Several underlying reasons are addressed in the following. In general, BMI reflects mainly body fatness, whereas CC reflects lean body mass (especially the lower extremities) more than subcutaneous fat.13 Muscle mass, especially of the lower extremities is important for maintaining physical functioning (especially walking). Weaker muscle power of the lower extremities is associated with poor functional performance, and is highly predictive of subsequent disability and adverse events such as falls.23 CC has been shown to be more effective than BMI in predicting nutritional status, general healthy condition, and mortality in nursing home residents.24 CC, but not BMI, has been shown to be associated with functional changes in hospitalized older patients19 and long-term mortality in older Taiwanese.24 Thus, CC is higher associated with physical functional ability, general health status, or mortality, compared to BMI.19,24,25 
4.2 Implication of the finding 
	A decline in physical and/or mental function generally causes care-need, and it can be a major turning point in one’s life, not only the patient but also the close family members. If care-need can be fore-warned, people can timely arrange a proper care plan or taking an effective intervention or training plan, to delay the decline and care-need. In the present study, we classified the risk of care-need into three levels instead of just two. In clinical practice, an intervention would be helpful for both groups of older adults with high- and moderate-risk of care-need. While a timely plan or arrangement of care is more urgently required for those with high-risk of care-need. Besides, as an ordinal scale, the risk with three levels keeps one having an option to assign ordinal scores when developing a screening tool of care-need.
A successful delay of decline and care-need is more likely to decrease healthcare cost, promote quality of life, and increase a life span.26 In the present study, we showed that CC is a better indicator than BMI in predicting care-need among older adults. Thus, CC should be an important component of a tool for predicting emerging care-need of older adults. In addition, because CC is easier to be measured than weight and height, especially for those older adults who are frail or even bedridden, our finding should have clinical relevancy since saving time and improving efficiency are important in today's demanding clinical settings. 

4.3 Study limitations
	This study has some limitations. (a) The TLSA survey was conducted every 3 or 4 years. The actual time of emerging care-need was not available in the dataset. Thus, we could not have performed the Cox regression analysis to determine the association of CC status with the onset of care-need. (b) Although extreme obesity (BMI ≥35 kg/m2) may increase the risk of needing care,27 there are relatively few participants in this category in older Taiwanese, thus preventing us from carrying out a meaningful analysis. (c) Most data in TLSA were self-reports. In general, self-reports have acceptable accuracy, however, the errors caused by wrong recall or unwilling to expose personal information are not avoidable.28 (d) In longitudinal or cohort studies, missing or lost to follow-up is an intrinsic issue especially for older adults. In our analysis, we included those who died but not the 83 participants who were lost to follow up because of lack of care-need data. (e) Many non-health related factors, such as ethnicity-related traditions, socioeconomic status, personal belief, and the availability/affordability of caregivers, can influence care arrangement. (f) Our assumption that all those who were receiving care had care-need might have inflated the estimation of care-need. Conversely, some individuals might have under-reported the level of difficulty encountered in performing ADL. All these factors can have some impact on the study results but cannot be totally controlled.

5. Conclusion
	Using a population-based cohort data, we have identified the appropriate BMI and CC cut-offs for predicting emerging care-need in older Taiwanese. The BMI cut-offs are 18 and 20 kg/m2 for both men and women; the CC cut-offs are 29 and 33 cm for men, and 27 and 31 cm for women, respectively. CC is stronger than BMI in predicting emerging care-need. Population-specific CC cut-offs would probably be a valuable indicator for predicting emerging care-need of older adults. Given that both the geriatric populations and healthcare costs increase rapidly in many populations around the world, the potential application of CC in geriatric health promotion deserves further investigation. 
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Legends for figures and tables
Fig. 1. Flowchart of study participants and their care need status
Fig. 2. The estimated risks of care-need for 2521 ≥65-year old Taiwanese men (         ) and women (         ) against the cumulative distribution of BMI and calf-circumference (CC). The entire range of the risk was divided into three levels with equal-interval. These dividing points were then used to calculate the cut-off points of cumulative distributions of BMI and CC as well as the corresponding percentiles of BMI and CC. (a) The three-level cut-offs of BMI were around 18 and 20 km/m2 for both men and women. (b) The three-level cut-offs of CC were around 29 and 33 cm for men, and 27 and 31 cm for women, respectively.
Table 1. Characteristics of participants at baseline. (N=2521)
Table 2. The classification of participants stratified by gender according to population-specific cut-offs  of BMI or calf circumference. (weighted, N=2020)
Table 3. Multivariable logistic regression analyses for evaluating the models with inclusion of BMI and calf circumference in predicting emerging care-need in the subsequent 4 years in ≥65-year old Taiwanese. (weighted, N=2020) 
Table 4. Net reclassification improvement for comparing the predictive abilities of the two logistic models with BMI and calf circumference. (weighted, N=2020)
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Table 1. Characteristics of participants at baseline (N=2521)
		
Variables	n (%)	
Sex		
	Men	1391 (55.2)	
	Women	1130 (44.8) 	
Agea (year)		
	65-74	1500 (59.5)	
	75-84	  891 (35.3)	
	≥85	  130 (5.2)	
Formal education (year)		
	≤6	1983 (78.7) 	
	7-12	  401 (15.9)	
	≥13	  137 (5.4) 	
Living alone		
	Yes	2256 (89.5)	
	No	  265 (10.5)	
IADL dependency (item)b
	0   	1990 (78.9)
	1-2	  374 (14.8)
	3-4	  112 (4.4)
	5-6	    45 (1.8)
Cognitive statusc
	No impaired	2372 (94.1)
	Impaired	  149 (5.9)
Co-morbiditiesd		
	0	1013 (40.2)	
	1	  855 (33.9)	
	2	  454 (18.0)	
	≥3	  199 (7.9)	
aParticipants averaged 74.0 ± 5.7 years old.
bEach item in the Instrument Activities of Daily Living (IADL) scale was scored 0 to 3 according to the level of difficulty in carrying out the activity. A participant was considered as dependency for an item if he/she scored 3 (not able to do it at all) for the item.
cAccording to the education-adjusted Short Portable Mental Status Questionnaire (SPMSQ). 
Those who scored <6 for illiterate, <7 for elementary school, and <8 for high school or higher educational levels were considered as cognitive impairment.
dIncluding hypertension, diabetes mellitus, heart disease, stroke, lung disease and cancer.



Table 2. The classification of participants stratified by gender according to population-specific cut-offs of BMI or calf circumference. (weighted, N=2020)
										
Indicators and	Men (n = 1109)		             	Women (n = 911)			
cut-offs	n/Na	%	χ2	p	n/Na	%	χ2	p	
According to BMI (kg/m2)
	<18	  19/48	39.6	9.1	.010	  21/46	45.7	14.9	<0.001
	18-20	  36/119	30.3			  31/102	30.4
	≥20	217/942	23.0			171/764	22.4
According to CC (cm)
	<29/<27b	  22/49	44.9	25.5	<0.001	  23/47	48.9	30.6	<0.001
	29-33/27-31	  86/268	32.1			  69/209	33.0
	≥33/≥31	164/792	20.7			131/655	20.0			
BMI = body mass index; CC = calf circumference 
an/N = n requiring care/N in category according to BMI or CC cut-offs.
bFor men/women, respectively.
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Table 3. Multivariable logistic regression analyses for evaluating the models with inclusion of BMI and calf circumference in predicting emerging care-need in the subsequent 4 years in ≥65-year old Taiwanese. (weighted, N=2020) 
						
		Model Aa	                               	Model Ba		
Variables 	BMI	Calf circumference	BMI	Calf circumference	
Age (year)b	1.14 (1.12-1.16)***	1.13 (1.11-1.16)***	1.12 (1.10-1.15)***	1.12 (1.10-1.14)***	
Female	0.86 (0.68-1.10)	0.88 (0.69-1.12)	0.73 (0.57-0.94)*	0.75 (0.58-0.97)*	
Formal education (year)b 	0.97 (0.94-1.00)*	0.97 (0.95-1.00)	0.98 (0.95-1.01)	0.98 (0.95-1.01)	
Living alone	1.26 (0.90-1.77)	1.25 (0.89-1.76)	1.34 (0.94-1.89)	1.33 (0.94-1.88)	
IADL dependencyc
	0   			1	1
	1-2			1.87 (1.37-2.54)***	1.80 (1.32-2.45)***
	3-4			3.15 (1.88-5.27)***	3.02 (1.80-5.06)***
	5-6			4.90 (2.06-11.6)***	4.70 (1.98-11.1)***
Cognitive impairmentd			1.01 (0.63-1.62)	1.01 (0.63-1.62)	
Co-morbiditiese					
	None  			1	1	
	1-2     			1.41 (1.10-1.79)**	1.43 (1.12-1.82)**	
	≥3     			2.37 (1.58-3.56)***	2.41 (1.61-3.61)***	
BMI (kg/m2)					
	≥20	1		1		
	18-20	1.20 (0.86-1.67)		1.21 (0.86-1.72)			
	<18	1.57 (0.99-2.48)		1.44 (0.89-2.34)			
Calf circumference (cm)					
	≥33/31f		1		1	
	29-33/27-31		1.50 (1.17-1.92)**		1.51 (1.17-1.95)**	
	<29/27		2.32 (1.47-3.67)***		1.99 (1.24-3.20)**	
AIC 	2025.2 	2010.0 	1968.7	1956.3		
*p<0.05, **p<0.01, ***p<0.001; AIC = Akaike Information Criterion; BMI = body mass index; IADL = Instrument Activities of Daily Living.
aValues shown in table are odds ratios and 95% confidence intervals
bAge and formal education were included as continuous variables.
cThe number of items dependency in the IADL scale and was classified into 0, 1-2, 3-4, and 5-6.
dAccording to the education-adjusted Short Portable Mental Status Questionnaire (SPMSQ). 
Those who scored <6 for illiterate, <7 for elementary school, and <8 for high school or higher educational levels were considered as cognitive impairment.
eIncluding hypertension, diabetes mellitus, heart disease, stroke, lung disease and cancer.
fFor men/women, respectively.


Table 4. Net reclassification improvement for comparing the predictive abilities of the two logistic models with BMI and calf circumference. (weighted, N=2020)
	
	Risk category for the model with CCa		Proportion	Proportion	
Risk category for			reclassified	reclassified	
the model with BMIa	0-10%	10-20%	20-40%	>40%	Total	downward	upward	NRIb	SEc	p-value
Event (care-need)		
	0-10%	  22	    4	    0	    0	    26	0.065 	0.063 	0.048 	0.018	0.007 
	10-20%	    3	  88	  13	    0	  104				
	20-40%	    0	  13	151	  14	  178				
	>40%	    0	    0	  16	169	  185				
	Total	  25	105	180	183	  493				
Nonevent (no care-need)										
	0-10%	258	  26	    0	    0	  284	0.110 	0.060 		
	10-20%	  94	518	  40	    0	  652				
	20-40%	    0	  57	375	  26	  458				
	>40%	    0	    0	  17	115	  132				
	Total	352	601	432	141	1526						
BMI = body mass index; CC = calf circumference; NRI = net reclassification improvement; SE = standard error
aBoth models were adjusted for age, gender, formal education, living alone, IADL dependency, cognitive impairment, and co-morbidities.
bNRI was computed as (pup – pdown)event – (pup – pdown)nonevent, where pup is the proportion reclassified upward and pdown is the proportion reclassified downward.
cThe standard error of NRI was computed as the square root of (pupqup+pdownqdown – 2puppdown)event /Nevent + (pupqup+pdownqdown – 2puppdown)nonevent /Nnonevent, where q=1–p, and Nevent and Nnonevent are respective the numbers of participants in the groups of event (care-need) and nonevent (no care-need).
