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Objective: The purpose of this study was to determine the optimal cut-o�

values of age for disability in order to predict the risk of disability for older adults

in rural areas.

Methods: WHO Disability Assessment Schedule 2.0 was used to assess

disability. The cut-o� values of age for disability were obtained by ROC

curve analysis.

Results: The cut-o� points of age for cognition restriction, mobility restriction,

self-care restriction, getting along with people restriction, life activities

restriction, and social participation restriction for men were 70.5, 68.5, 72.5,

70.5, 71.5, and 68.5 years old, respectively. The cut-o� points of age for

cognition disability, mobility restriction, self-care disability, getting along with

people disability, life activities disability, and social participation disability for

women were 72.5, 71.5, 70.5, 70.5, 71.5, and 71.5 years old, respectively. Over

the cut-o� values of age was an independent risk factor for disability (P < 0.05).

Conclusion: Presenting first disability symptoms were di�erent between men

and women. Preventive e�orts to prevent future disability should be di�erent

for men and women.
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Introduction

A significant proportion of older adults living in rural areas experience functional

limitations resulting in disability. Several investigations on older people living in rural

China indicated that daily activities disability rate was up to 28.4% (1), cognition

disability rate was up to 16.7% (2), and social participation disability rate was up to

20.84% (3). Older adults experiencing disability may place significant strain on the health

care system, long-term care system, and health insurance (4, 5). Average demand for

medical expenses of one disabled elder is 1000 yuan higher than that of the non-disabled

elderly in China (6). In addition to its financial impact, individuals with disability face

higher rates of poverty, loss of independence, and health challenges (4, 7).
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The high burden and cost of disability makes it imperative

to understand the age of disability onset and take interventions

before then. Existing research on disability of older adults mainly

discussed the influencing factors, illustrating that aging, being

female, low economic income, low educational level, living

alone, absence of health insurance, residence in a rural area,

depression, frailty, and higher number of hospitalization were

risk factors (8–11). However, these studies just pointed out that

the risk of disability increases with aging. The question of what

specific age disability will onset has not been addressed. Also,

gender differences in disability suggested that age for disability

onset might be also different between male and female (12).

Although substantial studies have been done regarding risk

factors of disability, there is a critical lack of research concerning

gender specific age for disability onset in the Chinese rural

elderly population.

ROC curve analysis originated from the theory of electronic

signal detection in the early 1950s (13), and has since

been applied to psychology and clinical diagnoses (14). ROC

curve can be used to evaluate the effectiveness of predictors

in identifying the diseased and non-diseased population,

and the optimal cut-off value can be determined by the

maximum Youden index. The individuals on one side of

the optimal cut-off value were marked as diseased, and the

individuals on the other side were marked as healthy (15).

It is suggested that we could identify the optimum cut-

off values of age for disability onset with the help of ROC

curve analysis.

WHO redefines disability as a general term including

physical structure and functional impairment, daily activities

restriction, and social participation restriction in the

International Classification of Functioning, Disability, and

Health (ICFDH) (16). A variety of tools can be used to

evaluate disability status for older people, such as WHO

Disability Assessment Schedule 2.0 (WHO DAS 2.0) (17),

Activities of Daily Living (ADL) (18), and Short Form-

36 (SF-36) (19). The theoretical framework of ADL and

SF-36 were not consistent with the structure and content

of ICFDH, which cannot comprehensively and accurately

evaluate disability. According to the classification structure

and content of ICFDH, WHO DAS 2.0 developed in 2001 can

comprehensively evaluate the overall function of older adults in

six dimensions.

Effective prevention and care of disability requires suitable

measures tailored for elderly people. An understanding of

gender specific cut-off values of age for disability onset

would facilitate the implementation of more appropriate

interventions. Therefore, we used WHO DAS 2.0 to measure

disability. The gender specific cut-off values of age for

disability onset were determined by ROC curve analysis and

possible reasons for differences were explored in discussion.

Suggestions of prevention and care for disability based on

gender specific cut-off values of age for disability onset

were provided.

Materials and methods

Data and sample

From January to July in 2018, a multi-stage stratified cluster

random sampling survey method was adopted. According to

the geographical location, economic development, and other

factors, we divided Anhui Province into three regions: Northern

Anhui Province, Central Anhui Province, and Southern Anhui

Province. A county was randomly selected from each region

as a sample county. Two towns were selected randomly from

each county, three villages were selected randomly from each

town, a total of 18 villages were selected as survey points.

A total of 125 households were randomly selected from each

village. In the households survey, all older adults aged 60

years old and above were participants. Inclusive criteria: (1)

age ≥ 60 years old, (2) voluntary participation in the survey,

and (3) registered residence in Anhui Province and living in

the local area for more than 1 year. For older adults with

cognitive impairment, language communication impairment,

and hearing impairment, their family members or caregivers

who were familiar with them could answer the questionnaire

on their behalf. Exclusion criteria: people with cognitive

impairment, hearing impairment, language communication

impairment, and no family members or caregivers who were

familiar with them who could answer the questionnaire on

their behalf.

The survey was conducted with the assistance of local

healthcare committees, village committees, and village doctors.

The questionnaire surveys were completed by face-to-face

interviews with specially trained investigators at the participants’

home. A total of 3,491 older people were interviewed and 3,336

valid questionnaires were obtained. The effective response rate

was thus 95.56% (3,336/3,491).

Assessment instruments

WHO disability assessment schedule 2.0 (WHO
DAS 2.0)

WHO DAS 2.0 is a generic scale for measuring disability,

which consists of 36 items, divided into 6 domains: (1) cognition,

(2) mobility, (3) self-care, (4) getting along with people, (5)

life activities, (6) social participation (20). Each item includes

five levels: 1=no difficulty, 2=mild, 3=moderate, 4=severe,

5=extreme/unable to do. If participants choose 2, 3, 4, 5, the

item will be identified as a disability. As long as one item of the

participant is identified as a disability, the participant is judged as

disabled (21). This test has high reliability and good validity (22).
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TABLE 1 Sample characteristic by genders, N (%).

Total

(N = 3,336)

Male

(N = 1,640)

Female

(N = 1,696)

P-value

Educational level <0.001

Illiterate 2,211 (66.3) 778 (47.4) 1,433 (84.5)

Elementary school or higher 1,125 (33.7) 862 (52.6) 263 (15.5)

Economic status <0.001

Impoverished 1,206 (36.2) 645 (39.3) 561 (33.1)

Non-impoverished 2,130 (63.8) 995 (60.7) 1,135 (66.9)

Profession <0.001

Unemployed 2,137 (64.1) 941 (57.4) 1,196 (70.5)

Employed 1,199 (35.9) 699 (42.6) 500 (29.5)

Living arrangement 0.004

Alone 660 (19.8) 306 (18.7) 354 (20.9)

With a spouse 1,436 (43.0) 753 (45.9) 683 (40.3)

Others 1,240 (37.2) 581 (35.4) 659 (38.9)

Chronic diseases <0.001

0 865 (25.9) 473 (28.8) 392 (23.1)

1 1,227 (36.8) 631 (38.5) 596 (35.1)

≥2 1,244 (37.3) 536 (32.7) 708 (41.7)

Hospitalization 0.548

Yes 1,062 (31.8) 514 (31.3) 548 (32.3)

No 2,274 (68.2) 1,126 (68.7) 1,148 (67.7)

Demographic characteristics

The participants’ key demographic information was

collected, including gender, age, education level, economic

status, profession status, living arrangement, number of chronic

diseases, and hospitalization within the previous year.

Statistical analysis

Epidata3.1 (EpiData Association, Odense, Denmark) was

used to establish the database. Data were entered twice by two

trained people independently and checked for consistency. SPSS

17.0 (SPSS, Inc., Chicago, IL, USA) was used to analyze the data.

Descriptive analysis was used to describe the social demographic

characteristics of the participants. Chi square test and rank sum

test were used to compare the differences in social demographic

characteristics by genders. Area under curve (AUC), sensitivity,

specificity, and Youden index (Youden index = sensitivity +

specificity-1) were calculated by SPSS 17.0. If the AUC> 0.5, the

ROC curve has predictive power. The corresponding age of the

maximum Youden index was considered the best cut-off values.

Logistic regression model was used to verify the effect of cut-

off values of age on disability. We used a significance level of

alpha= 0.05.

Results

Sample characteristics

In total, 3,336 respondents comprised the effective sample,

including 1,640 males and 1,696 females.

Table 1 describes the sample characteristics by genders.

The average age of the participants was 71.17 ± 7.103, with

no significant difference between men (71.25 ± 6.775) and

women (71.10 ± 7.408). The proportion of illiteracy of females

(84.5%) was significantly higher than that of males (47.4%).

The proportion of poverty in the male group (39.3%) was

significantly higher than that in the female group (33.1%). A

total of 64.1% of the participants were unemployed, and the

proportion of unemployed participants in the female group

(70.5%) was significantly higher than that in the male group

(57.4%).

Additionally, 19.8% of the participants were living alone and

43.0%were living with a spouse.Moreover, a total of 74.1% of the

participants had one and more chronic diseases. Finally, 31.8%

of the participants had been hospitalized during the year before

the survey, and there were no significant differences between the

male and female groups.
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TABLE 2 Gender specific cut-o� points of age for disability.

Male Female

Cut-off Sensitivity Specificity AUC (95%CI) P Cut-off Sensitivity Specificity AUC (95%CI) P

Cognition 70.5 53.2 59.3 57.8 (54.9∼60.6) <0.001 72.5 42.5 76.5 62.2 (59.3∼65.1) <0.001

Mobility 68.5 68.8 52.3 64.0 (61.4∼66.7) <0.001 71.5 48.8 77.1 67.1 (64.3∼69.9) <0.001

Self-care 72.5 58.6 32.9 66.6 (63.5∼69.7) <0.001 70.5 64.0 62.5 68.6 (65.9∼71.3) <0.001

Getting along with

people

70.5 62.8 51.8 63.4 (60.5∼66.3) <0.001 70.5 60.3 63.5 66.4 (63.8∼69.0) <0.001

Life activities 71.5 53.9 68.9 64.6 (62.0∼67.3) <0.001 71.5 49.0 75.4 67.0 (64.3∼69.7) <0.001

Social

participation

68.5 62.3 55.5 61.3 (57.3∼65.3) <0.001 71.5 43.0 74.3 61.0 (55.7∼66.3) <0.001

Cut-off values of age are expressed in years. Sensitivities, specificities, and AUCs are expressed in percentage (%).

Cut-o� points of age for disability

The optimum cut-off points of age for disability were

identified by ROC curves analysis. The cut-off points are showed

in Table 2 and Figure 1. For cognition, the cut-off values of age

were found to be 70.5 years old among men and 72.5 years

old among women, the sensitivity and specificity were 53.2 and

59.3% for men and 42.5 and 76.5% for women (p < 0.05). With

regard to mobility, at cut-off levels of 68.5 years old for men

and 71.5 years old for women, the sensitivity and specificity were

68.8 and 52.3% among men and 48.8 and 77.1% among women

(p < 0.05). Considering self-care, the cut-off values were as

follows 72.5 years old for men and 70.5 years old for women, the

sensitivity and specificity were 58.6 and 32.9% for men and 64.0

and 62.5% for women (p < 0.05). The optimum cut-off values

of age for getting along with people were both 70.5 years old for

men and women, and the sensitivity and specificity were 62.8%

and 51.8 among men, and 60.3 and 63.5% among women (p <

0.05). The optimum cut-off values of age for life activities were

71.5 years old for both men and women, and the sensitivity and

specificity were 53.9 and 68.9% among men, and 49.0 and 75.4%

among women (p < 0.05). For social participation, the cut-off

values of age for men was 68.5 years old with 62.3% sensitivity

and 55.5% specificity, and for women was 71.5 years old with

43.0% sensitivity and 74.3% specificity (p < 0.05).

E�ects of cut-o� values of age on
disability

The effects of cut-off values of age for disability were showed

in Table 3. Logistic regression analysis was carried out with the

six dimensions disability status (no disability = 0, disability =

1) as dependent variables, and the cut-off values of age (≤cut-

off value of age =1, >cut-off value of age =2) as independent

variables. Over cut-off value of age was independent risk factor

for disability, the minimum OR is 1.817, the maximum OR is

2.890, and the differences were statistically significant (P< 0.05).

Discussion

This study was conducted to develop gender specific cut-

off points of age for disability for rural older adults in Anhui

Province, so as to determine their risk of disability.

This study has demonstrated that age is an important

variable to influence and predict the risk of disability, and it

interacts with gender. As one ages, health problems accumulate

and function declines and risk of non-communicable diseases

increases (23), which increases their disability risk. There were

some differences in presenting first disability symptoms and cut-

off points of age for disability in terms of cognitive, mobility,

self-care, and social participation between male and female. This

indicates the health services that men and women of the same

age require might be different.

The first disability symptoms presenting in men were

mobility and social participation related, which indicated

that the dysfunctions of mobility and social participation

were the precursor of male disability, and they were targets

for intervention to delay disability with effect. A prior

study demonstrated a significant association between mobility

limitation and participation restriction (24). On the one hand,

older adults with mobility limitations might feel more unsafe

in their neighborhood, and were less likely to walk around,

potentially affecting social participation (25). On the other

hand, social isolation may decrease musculoskeletal function,

accelerating the mobility limitation relevant to aging (26).

One disability does not worsen independently, but also causes

another disability.

The first disability symptoms presenting in women were

in self-care and getting along with others, which indicates that

dysfunctions of self-care and getting along with others were

the precursor of female disability, providing intervention in
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FIGURE 1

Gender specific cut-o� points of age for disability.

TABLE 3 E�ects of cut-o� values of age for disability in terms of six dimensions by genders.

Male Female

B SE Wald OR (95%CI) P-Value B SE Wald OR (95%CI) P-Value

Cognition 0.617 0.115 28.775 1.853 (1.479∼2.322) <0.001 1.061 0.136 60.649 2.890 (2.212∼3.774) <0.001

Mobility 0.729 0.113 41.973 2.074 (1.663∼2.586) <0.001 1.055 0.136 59.991 2.871 (2.199∼3.750) <0.001

Self-care 0.786 0.127 38.486 2.196 (1.713∼2.815) <0.001 0.951 0.115 68.461 2.589 (2.067∼3.243) <0.001

Getting along with

people

0.632 0.117 29.355 1.881 (1.497∼2.365) <0.001 0.823 0.109 56.965 2.276 (1.839∼2.819) <0.001

Life activities 0.849 0.116 53.448 2.337 (1.862∼2.935) <0.001 1.046 0.130 65.130 2.846 (2.207∼3.668) <0.001

Social

participation

0.626 0.165 14.395 1.870 (1.353∼2.584) <0.001 0.597 0.241 6.141 1.817 (1.133∼2.913) 0.013

Statistic results were obtained after adjusting educational level, economic status, profession, living arrangement, chronic diseases, and hospitalization.

those areas first may improve women’s performance effectively

(27). Most rural women spent their entire life engaging in

daily activities and housework. Self-care required the joint

participation of multiple organs of the body, which may be the

most complex activity for rural women, so their self-care ability

declined first.

Whether male or female, the earliest presenting disability

symptom was not single. Our study represented that two

dimensions of disability emerged at the same time. Which

indicated that a single or independent intervention may

not be effective in preventing or delaying disability onset.

The intervention program should be designed based on

gender and two presenting symptoms, forming a multiple

and comprehensive program to improve older adults’

functions better.

The cut-off value of age for self-care disability of women was

earlier than that of men. This finding was consistent with the

result of a previous study (28). The effect of gender difference

on onset of age for self-care disability might be affected by

educational level. The higher cut-off point of age of males was

due to higher educational level of males who participated in

the study. Older adults with higher educational levels might

have better judgment and decision-making to perform self-care

behaviors (29).
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Except for the cut-off value of age for self-care disability,

the cut-off values of age for disability of cognition, mobility,

getting along with people, life activities, and social participation

for women was either equal to or higher than men. The earliest

cut-off value of age for disability for men was 2 years earlier than

that for women, which meant that men would enter the high-

risk of disability period earlier than women. Men were more

likely to drink, smoke, and perform hazardous driving behavior

than women, which led to a high incidence rate and prevalence

of cardiovascular and other chronic non-communicable diseases

and men were more prone to violence and road injuries (30–32).

Our results showed that gaps between the onset of one

disability and the next was small, the longest gap was 2 years,

and the shortest gap was just merely 1 year, this has profound

implications. Care delivery institutions offering higher quality

of care need to take into account that older adults’ functional

capabilities may be getting worse during their period of care, and

care programs have to be changed accordingly to adapt to such

dynamic realities.

In conclusion, this study took older people in rural regions

as research subjects, and explored the cut-off values of age for

disability onset. The datamay be used by researchers as reference

data and by policy makers as reference indexes for formulating

policies of healthcare for Anhui Province or central China. The

limitations of mobility and social participation were the two

first presenting symptoms for men. The restrictions on self-

care and getting along with people were the two first presenting

symptoms for women. The nursing homes can incorporate

interventions to prevent future disability according to first

presenting disability symptoms by genders.

There were some limitations in this study. First, we only

studied the cut-off values of age for disability of older people in

rural areas of Anhui Province. In the future, samples from other

provinces in China and other countries should be included in

the study. Second, this study was a cross-sectional survey, and

the age of disability onset was not obtained.

Conclusions

Presenting first disability symptoms were different between

men and women. Age at onset of disability for men was earliest

for mobility and social participation while age for women

was earliest for self-care and getting along with people. The

preventive efforts need to be targeted at earlier ages in order to

prevent future disability and they should be different for men

and women.
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