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Abstract

Background

Research on health expectancy has been carried out in Bangladesh but none of it has exam-

ined the differences in Disability-Free Life Expectancy (DFLE) between urban and rural set-

ting in context of rapid urbanization of Bangladesh in past decades.

Objectives

The present study aims to estimate DFLE for people of all ages living in urban and rural

areas in Bangladesh, and to examine the differences in DFLE between these two areas.

Methods

Data from the Sample Vital Registration System 2010 and the Bangladesh Household

Income and Expenditure Survey (HIES) 2010 were used in this study. The Sullivan method

was applied to estimate DFLE in Bangladesh.

Results

Higher rates of mortality and disability were observed in rural areas compared to urban

areas with few exceptions. Statistically significant differences in DFLE were revealed from

birth to age 15 years for both sexes between urban and rural areas. Urban males had a lon-

ger life expectancy (LE), longer DFLE and shorter LE with disability both in number and pro-

portion when compared to rural males. Rural females at age 20+ years had a longer LE than

urban females but urban females had a longer DFLE and a shorter LE with disability in both

number and proportion at all ages than did rural females.
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Conclusion

This study demonstrates that there were clear inequalities in LE, DFLE and LE with disability

between rural and urban areas of Bangladesh along with age-specific differences as well.

These findings may serve as useful and benchmark for intervention and policy implications

for reducing the gap in health outcomes.

Introduction

Until the late 19th century, life expectancy (LE) had been seen as a sufficient indicator for deter-

mining population health and public health priorities [1]. People across the world now expect

to have longer lifespans and longer disability-free life expectancy (DFLE). DFLE or healthy life

expectancy has gained momentum over LE for assessing population health and public health

priorities around the world, particularly in developed countries. DFLE focuses on the quality of

life whereas LE measures the quantity of life a person expects to live. It is a valuable index for

understanding changes in both the physical and mental health states of the general population,

for allocating resources, and for measuring the success of political programmes [2, 3]. Several

measures of health state, such as self-rated health, cognitive impairment, activity limitation,

functional limitation, work-loss day, and disability had been used in the computation of health

expectancy in earlier studies. Although a remarkable heterogeneity in the choice of health indi-

cators was discovered in the computation of health expectancy [4], health expectancy was also

reported to be a useful and convenient measure for monitoring and assessing quality of life and

for comparing different groups and populations [5].

A large number of studies on health expectancy have been carried out in developed regions

[6–9], but a relatively lower number of studies, particularly for older adults, were found to

have been carried out in developing regions and in Asian countries [10–12]. Between 1986 and

2004, morbidity compression until 1995 followed by an expansion of morbidity were reported

for Japanese population [13]. Among older Thais, the average number of years living with and

without morbidity and disability as measured by multiple dimensions of health (e.g. chronic

disease; cognitive impairment; depression; disability in instrumental activities of daily living;

and disability in activities of daily living) were varied including inconsistent gender differences

across the measures [14]. In China, wide regional variations were reported in DFLE at age 60

with per capita gross domestic product, proportion of urban residents, and access to health

care being the primary factors associated with these geographical variations [12]. Among

China, Ghana, India, Mexico, Russia and South Africa it was China that had the highest DFLE

and India that had the lowest DFLE. In each country, women lived longer than men, but

women had more disabilities in both absolute and proportional terms [15].

Bangladesh, a country of South Asia, has a population of 158.90 million with a density of

1077 people per square km [16] and is ranked as the world’s eighth and Asian’s fifth most pop-

ulous country. In Bangladesh, several studies have been conducted on healthy expectancy with

particular emphasis on the older population. Despite having longer LE, women aged 60+ years

had a greater prevalence of disability and shorter DFLE than men of age 60+ years over the

whole country [17]. Healthy life expectancy declined significantly with increases in age among

older adults of 60+ years in the Rajshahi district of Bangladesh [18]. Individuals at age 60

expected about 41% of their remaining life to be in good health, while individuals at age 80

expected only 21% of their remaining life to be in good health. Exercise, sufficient income,

physical limitations and facing abusive behavior were reported to be modifiable to a certain

extent in order to provide the potential for improving healthy life expectancy in the Rajshahi
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district [19]. A study found improvements in the mean number of work loss days as well as

improvements in partial work loss free life expectancy among the male population aged 15–54

years between 2004 to 2007 [20]. Among the people aged 15+ years, men were found to expect

fewer life years in numbers to be spent in good health with a much larger proportion in good

health compared to women during 1996–2002 [21]. There has however been no study found

on health expectancy that covers all ages of Bangladeshi population.

Rapid urbanisation has been observed in Bangladesh over the last decades with around

76.9% of the total population living in rural areas and the rest living in urban areas [22]. People

living in urban areas were better off in terms of housing, education, income, health facilities,

and sanitation than people living in rural areas [23]. When compared with rural areas, people

living in urban areas were reported to have a higher rate of hypertension [24] but a lower rate

of disability [25]. However, DFLE at birth and at different ages within the urban-rural differen-

tials have never been studied in Bangladesh. To fill the gap, we examined the differences in

DFLE in terms of place of residence.

Methods

Two key pieces of information, namely (i) mortality information (age-sex specific mortality

rate) and (ii) morbidity information (disability prevalence) were used from two large nation-

ally representative sample surveys in order to compute DFLE. At first, age-sex specific mortal-

ity rates by urban and rural areas were obtained from the Sample Vital Registration System

2010 [26] to generate sex-specific period life tables for urban and rural areas. Then, age-sex

specific disability prevalence by urban and rural areas, obtained from the Bangladesh’s House-

hold Income and Expenditure Survey (HIES) 2010 [27] were combined with period life tables

to compute DFLE for urban and rural areas. All estimations were performed separately for

males and females, and for urban and rural areas. The disability prevalence was estimated

without applying sampling weights since no sampling weights were provided by HIES 2010.

Estimation of period life tables

Conventional life table notations are used throughout this study. Observed mortality rate, nmx,

from the Sample Vital Registration System 2010 were converted into the probabilities of dying,

nqx. The Bangladesh Bureau of Statistics (BBS), the only national statistical institution that is

responsible for collecting, compiling, and disseminating statistical data on vital statistics and

population related matters for Bangladesh, released the Sample Vital Registration System

2010. The probabilities of dying were calculated using the following formula:

nqx ¼
n:nmx

1þ ðn � naxÞnmx
:

Where, n refers to the length of the age group and nax refers to the average number of person-

years lived in the interval x to x + n by those dying in the interval.

As nax for Bangladesh in 2010 was unavailable, the Swedish 1945’s nax taken from the

Human Mortality Database [28] were used for the conversion from nmx to nqx. According to

the methods of choosing nax [29] the Swedish 1945’s nax were found suitable for calculating

period life tables for Bangladesh in 2010. The set of Swedish 1945’s nax from the male life table

were used in the computation of both urban male and rural male life tables for Bangladesh in

2010, while the set of Swedish 1945’s nax from the female life table were used in the computa-

tion of both urban female and rural female life tables for Bangladesh in 2010. Finally, following

usual procedures for period life table calculations as described by Preston and others [29] and
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using the set of calculated nqx, sex-specific period life tables were computed for Bangladesh in

2010 for urban and rural areas.

Estimation of disability prevalence

The age-sex specific disability prevalence by urban and rural areas was estimated from the

HIES 2010. The HIES 2010 was produced by the BBS and provided data on household

income and expenditure as well as individual-level data on education, employment, health

and disability. Based on a two-stage stratified random sampling technique, a total of 12,240

residential households were selected and of these, 4,400 households were from urban areas

and 7,840 were from rural areas. From the selected households, a total of 55,580 males and

females from the age of 5 years and above were interviewed. The data collection was carried

out between 1 February 2010 and 31 January 2011. During data collection period, interview-

ers entered each household’s information into their laptops at the end of each day. They

went back to the corresponding households if they found any inconsistencies or missing

and made the required changes to the data [27]. Consequently, for the variables we used,

there are no missing values in the dataset. The HIES 2010 did not collect disability data

from children below 2–3 years due to absence of necessary cognitive performance. The sam-

ple was therefore restricted to those who were between the ages of 5 and 110 years old that

provided a final sample of 49,885 individuals, of which 17,854 (35.79%) were from urban

areas and the remainder from rural areas.

The HIES 2010 adopted and accommodated the short set of six disability-related questions

endorsed by the Washington Group in the very long questionnaire for household income,

household expenditure, individual education, employment, health etc. The short set of six dis-

ability-related questions was consistent with the International Classification of Functioning,

Disability and Health, a framework for conceptualising disability developed by the World

Health Organisation [30]. The six questions were:

1. Do you have difficulty seeing, even if wearing glasses?

2. Do you have difficulty hearing, even if wearing a hearing aid?

3. Do you have difficulty walking or climbing steps?

4. Do you have difficulty remembering or concentrating?

5. Do you have difficulty with self-care such as washing all over or dressing, feeding, toileting,

etc.? and,

6. Do you have difficulty communicating, for example, understanding or being understood?

Each question had four response categories: (a) no difficulty, (b) yes, some difficulty, (c)

yes, severe difficulty, or (d) yes, cannot perform at all. We have defined disability in two ways.

Firstly, an individual was considered having disability if s/he were (1) having severe difficulty

with any of the six indicators; or (2) being unable to perform any of the six indicators at all; or

(3) having some difficulty with at least two of the six indicators. This approach to measuring

disability had been used in a study for Uganda [31], and a similar approach had been used in

several other studies [32, 33]. Secondly, an individual was considered disabled if s/he were hav-

ing some difficulty with at least any of the six indicators. This approach to measuring disability

had already been used in studies for Bangladesh [17, 25]. Disability prevalence was found

higher in the second approach compared to the first approach.
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Estimation of disability-free life expectancy

The estimated life tables and disability prevalence from the above two approaches were com-

bined using the Sullivan method [34] to compute DFLE in the current study. In accordance

with the Sullivan method, the DFLE at age x (DFLEx) was calculated by using the following for-

mula:

DFLEx ¼
1

lx

Xo

a¼x

Lapa:

Where lx refers to the number of survivors at age x; La refers to the person-years lived for the

age interval a, and πa refers to the prevalence of disability-free for the age interval a. Details of

the estimation procedure of the Sullivan method for calculating DFLE with confidence inter-

vals are available elsewhere [35].

Using the two rates of disability prevalence, we estimated two DFLE for all ages, both sex,

and urban-rural areas. Relatively higher differences in DFLE between urban and rural areas

were found when we used disability prevalence from the second approach than that from the

first approach. As we found similar levels of significance for the differences in DFLE in both

approaches, and the second approach had been used in previous studies for Bangladesh, in the

present study we reported the results that used second approach to measuring disability. All

results can however be obtained from the corresponding author.

Ethical considerations

The Ethics committee at BBS approved a waiver from ethical approval for this retrospective

study. As the de-identified data for this study came from secondary sources, this study did not

require ethical approval.

Results

Urban-rural differences in age-sex-specific mortality rate and disability

prevalence

Table 1 shows the sex-specific mortality rate and disability prevalence for urban and rural

areas for all ages-groups in Bangladesh in 2010. Age standardized mortality rate was the high-

est (7.75 per 1000) for the rural male population while the age standardized disability preva-

lence was the highest (9.83%) for the rural female population. The mortality rates among the

oldest age groups (80+ years) were the highest in both urban and rural areas. The mortality

rate for females was higher in rural areas than in urban areas across all groups except for age

55+ years, the same was true for males with a few exceptions in the 10–20, 35–40 and 70–75

year-old age groups. Steep rises in mortality rates from the age of 40 were observed for both

areas and sexes, with the highest mortality rate for rural males.

The disability prevalence increased with age, particularly after 40 years. Rural males and

females had respectively higher disability rates than urban males and females across almost all

ages. However, only statistically significant differences between urban and rural areas were

found for males at age 35 and 45 and for females at age 25 and 70.

Urban-rural differences in LE and DFLE

Table 2 shows LE, DFLE with a 95% confidence interval, proportion of expected life without

disability for urban and rural areas, and the urban-rural differences in DFLE for all age-groups

for the Bangladeshi male population in 2010. Urban males could expect to live longer than
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rural males across all ages except for ages 65–75 years. The life expectancy at birth for urban

males was 68.77 years which was 1.56 years longer than for rural males. Out of 68.77 years, an

urban male at birth could expect to live 60.12 years without disability (i.e. 87% of life years as

disability-free) and 8.65 years with disability (see Fig 1).

At almost all ages, urban males could expect to have longer LE, longer DFLE and shorter

LE with disability than rural males (Fig 1). Life expectancy at birth was 1.56 years higher in the

case of urban males compared to rural males, whereas DFLE at birth was 2.52 years higher in

the case of urban males than rural males. Statistically significant differences in DFLE between

urban and rural areas across all ages except for 50+ years were found for male population. In

terms of numbers, the differences in DFLE between urban and rural areas were higher than

the differences in LE at every age. The differences in LE and in DFLE between urban and rural

areas were lower in higher age groups. At each age, an urban male expected a higher propor-

tion of life without disability than a rural male. An urban male at birth could expect 87% of

their life years to be without disability, and at age 65, an urban male could expect 58% of their

remaining life years to be without disability. But a rural male at birth could expect 86% of their

life years to be without disability and 53% of their remaining life years to be without disability

at age 65. At open ended interval (80+ years), an urban and rural male, respectively, could

expect only 40% and 36% of their life years to be without disability.

Table 3 and Fig 2 show LE, DFLE, and the urban-rural differences in DFLE for all age-

groups for the Bangladeshi female population in 2010. Urban females could expect to live lon-

ger than rural females at age 0 to 10, but at age 20+ years urban females could expect shorter

Table 1. Age-sex-specific mortality rate (per thousand) and disability prevalence (per cent) for urban and rural areas in Bangladesh, 2010.

Age

(years)

Age-sex-specific mortality rate (per thousand) Age-sex-specific disability prevalence (per cent)

Male Female Male Female

Urban Rural Urban Rural Urban Rural p-valuesb Urban Rural p-valuesb

0a 31.51 45.12 32.73 35.05 1.56 2.34 0.14 1.30 1.57 0.55

1a 1.59 2.73 1.57 2.33 1.56 2.34 0.14 1.30 1.57 0.55

5 0.57 0.98 0.68 1.18 1.56 2.34 0.14 1.30 1.57 0.55

10 1.47 1.23 0.82 0.96 3.30 2.96 0.58 2.83 2.11 0.20

15 1.06 0.98 0.67 1.21 2.53 3.14 0.36 1.91 2.93 0.11

20 1.52 0.95 0.98 1.53 2.18 3.04 0.24 2.20 2.52 0.60

25 1.14 1.84 0.94 1.57 2.24 3.28 0.18 3.56 5.34 0.04

30 0.90 2.03 0.63 1.12 4.42 4.81 0.71 7.66 7.00 0.59

35 2.52 1.65 1.63 1.86 5.09 8.07 0.02 10.96 10.99 0.98

40 3.36 2.73 2.79 2.80 9.14 11.29 0.18 15.68 15.70 0.99

45 5.14 5.21 4.25 3.98 10.89 14.65 0.04 20.12 19.87 0.91

50 8.63 10.67 7.99 10.61 16.18 17.97 0.43 26.38 27.97 0.59

55 13.58 14.14 16.05 11.66 22.58 22.50 0.98 26.45 28.00 0.64

60 22.00 25.04 20.55 21.68 26.80 29.18 0.50 32.37 35.77 0.39

65 34.64 38.54 31.39 30.81 28.24 34.21 0.17 37.84 41.72 0.43

70 55.28 49.55 50.18 45.36 37.10 47.06 0.06 44.44 55.60 0.04

75 99.27 84.31 101.18 81.75 52.78 49.32 0.63 58.33 61.11 0.70

80+ 135.22 143.22 128.26 127.48 60.00 64.11 0.55 68.13 66.18 0.74

Total* 5.56 7.75 4.86 6.34 6.54 8.70 0.00 8.24 9.83 0.00

a As HIES-2010 did not collect disability information for ages 0–4, the disability prevalence at age 5 were used as disability prevalence at age 0 and 1
b p values are for percent difference of disability prevalence between urban and rural areas

* age-standardized mortality rate and disability prevalence were calculated by direct method with the use of Bangladesh Population Census 2011 data.

https://doi.org/10.1371/journal.pone.0179987.t001
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lives than rural females. However, urban females were found to expect longer DFLE than rural

females except for age groups 75 and 80+ years and the differences in DFLE between urban

and rural areas were statistically significant only at younger ages (until 15 years with marginal

level of significance).

Life expectancy at birth was 0.56 years higher in the case of urban females compared to

rural females, whereas DFLE at birth was 1.46 years higher in the case of urban males com-

pared to rural males. At age 65, an urban female could expect 0.69 years shorter LE but 0.37

years longer DFLE compared to a rural female. The differences in DFLE between urban and

rural areas were higher than the differences in LE at every age except for the last age group

Table 2. Urban-rural differences in life expectancy, disability-free life expectancy, and proportion of expected life without disability for Bangla-

deshi male in 2010.

Life expectancy Urban Rural Proportion of

life without

disability

Age Urban Rural Differences in LEa

(Urban—Rural)

DFLE 95% CI DFLE 95% CI Urban Rural Differences in DFLEb (Urban—

Rural)

p valuec

0 68.77 67.21 1.56 60.12 59.54–

60.70

57.60 57.19–

58.02

87.42 85.70 2.52 0.00

1 69.94 69.26 0.69 61.03 60.43–

61.64

59.23 58.80–

59.67

87.26 85.53 1.80 0.00

5 66.38 66.00 0.38 57.48 56.87–

58.08

55.96 55.52–

56.40

86.59 84.79 1.52 0.01

10 61.56 61.31 0.25 52.71 52.10–

53.32

51.34 50.90–

51.78

85.62 83.74 1.37 0.02

15 57.00 56.67 0.32 48.25 47.64–

48.86

46.79 46.35–

47.23

84.65 82.56 1.46 0.01

20 52.28 51.94 0.35 43.61 43.00–

44.22

42.16 41.72–

42.60

83.42 81.18 1.45 0.01

25 47.66 47.17 0.49 39.04 38.43–

39.65

37.50 37.06–

37.94

81.90 79.50 1.53 0.01

30 42.92 42.59 0.34 34.36 33.75–

34.97

32.99 32.55–

33.44

80.05 77.47 1.37 0.02

35 38.11 38.00 0.11 29.73 29.11–

30.34

28.55 28.10–

28.99

78.01 75.13 1.18 0.05

40 33.56 33.29 0.27 25.33 24.71–

25.94

24.17 23.73–

24.60

75.47 72.59 1.16 0.05

45 29.08 28.71 0.37 21.17 20.56–

21.79

20.03 19.60–

20.46

72.80 69.77 1.14 0.05

50 24.77 24.40 0.37 17.21 16.59–

17.82

16.23 15.81–

16.66

69.47 66.53 0.97 0.10

55 20.75 20.60 0.15 13.68 13.06–

14.30

12.90 12.48–

13.33

65.93 62.65 0.77 0.20

60 17.02 16.91 0.11 10.62 10.00–

11.25

9.82 9.40–10.25 62.42 58.09 0.80 0.20

65 13.70 13.83 -0.13 7.98 7.35–8.61 7.35 6.92–7.78 58.25 53.17 0.63 >0.20

70 10.81 11.23 -0.42 5.55 4.90–6.21 5.27 4.83–5.71 51.38 46.91 0.29 >0.20

75 8.46 8.68 -0.22 3.67 2.97–4.38 3.73 3.28–4.17 43.42 42.93 -0.05 >0.20

80+ 7.40 6.98 0.41 2.96 2.08–3.84 2.51 2.05–2.96 40.00 35.89 0.45 >0.20

DFLE = disability-free life expectancy; CI = confidence interval of DFLE
a differences are not statistically tested due to lack of required information
b differences are statistically tested with z-statistic
c p values are level of significance for a two-tailed test for differences in DFLE between urban and rural areas.

https://doi.org/10.1371/journal.pone.0179987.t002

Disability-free life expectancy in Bangladesh

PLOS ONE | https://doi.org/10.1371/journal.pone.0179987 July 24, 2017 7 / 13

https://doi.org/10.1371/journal.pone.0179987.t002
https://doi.org/10.1371/journal.pone.0179987


(open ended interval of the life table). An urban female could expect a higher proportion of life

at each age without disability than could a rural female. At birth, an urban female could expect

83% of her remaining life years without disability, at age 65 one could expect 50% of remaining

life years without disability, and age 80+ one could expect only 32% of remaining life years

without disability. But a rural female could expect 82% of remaining life years without disabil-

ity at birth, 45% of life years without disability at age 65, and only 34% of remaining life years

without disability at age 80+ years.

Discussion

A higher rate of age-sex-specific mortality was observed in rural areas compared to urban

areas with a few exceptions. A statistically insignificant but higher rate of age-sex-specific dis-

ability was also observed in rural areas compared to urban areas with a few exceptions. This

study revealed significant differences in DFLE from birth to age 15 for both sexes between

urban and rural areas in Bangladesh. At all ages, urban males had longer LE, longer DFLE and

shorter LE with disability in both numbers and proportions compared to rural males except

for age 75. At age 20+ years, rural females had longer LE than urban females; however at all

ages, urban females had longer DFLE and shorter LE with disability in both numbers and pro-

portions than rural females except for age 75+. The differences in DFLE exceeded the differ-

ences in LE for both sexes at almost all ages. A noticeably lower percentage of remaining life

years without disability were expected by older people than younger people regardless of sex in

all areas with marginal differences between urban and rural areas across the ages.

The pattern of higher mortality regime might be attributed to less maternal and child health

care services, less general health care services in rural areas than urban areas. Lower education

induces lower income opportunities for rural people compared to urban people and conse-

quently, rural people have less ability to afford modern health care services than urban people.

Health care services and socio-economic status could also be the causes of higher mortality

rates in rural areas than in urban areas in Bangladesh and might also be the causes of higher

disability rates among rural people than urban people. More in-depth analysis is required for

explaining this phenomenon. The most socially disadvantaged people were reported to have

the highest rate of disability in several studies [32, 36] while the disability rate was reported to

be higher among rural people and people from a lower socio-economic status than their coun-

terparts in Bangladesh [25]. Higher mortality and disability rates among rural people in Ban-

gladesh call for interventions that could reduce both these rates.

The findings of shorter LE and shorter DFLE for rural people than urban people is in line

with other studies based on regional, ethnic and socio-economic variations in health

Fig 1. Urban-rural differences in DFLE and LE with disability for Bangladeshi male in 2010.

https://doi.org/10.1371/journal.pone.0179987.g001
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expectancy in different settings [12, 37–40], that is, disadvantaged people and people with a

low level of education expected shorter LE and shorter DFLE than their counterparts. Rural

people were found to have higher mortality and disability rates than urban people that made

urban people have higher LE as well as higher DFLE in terms of numbers and proportions.

The differences in DFLE exceeded the differences in LE for both sexes. It suggests that urgent

action should be taken to reduce inequalities in DFLE between urban and rural areas. Reduc-

ing mortality and disability rates by providing necessary health services to all, particularly in

rural areas, and by creating income opportunities and removing regional inequalities would

also help achieve equality in DFLE between urban and rural areas.

Table 3. Urban-rural differences in life expectancy, disability-free life expectancy, and proportion of expected life without disability for Bangla-

deshi female in 2010.

Life expectancy Urban Rural Proportion of

life without

disability

Age Urban Rural Differences in LEa

(Urban—Rural)

DFLE 95% CI DFLE 95% CI Urban Rural Differences in DFLEb (Urban—

Rural)

p valuec

0 69.82 69.26 0.56 58.08 57.41–

58.74

56.62 56.14–

57.10

83.18 81.74 1.46 0.02

1 71.11 70.70 0.41 59.00 58.31–

59.68

57.62 57.13–

58.12

82.96 81.51 1.37 0.05

5 67.55 67.35 0.21 55.41 54.72–

56.10

54.21 53.71–

54.71

82.03 80.50 1.20 0.05

10 62.77 62.73 0.04 50.66 49.96–

51.35

49.60 49.10–

50.10

80.70 79.06 1.06 0.10

15 58.02 58.02 0.00 46.00 45.30–

46.69

44.93 44.43–

45.43

79.27 77.44 1.07 0.10

20 53.21 53.35 -0.15 41.24 40.54–

41.93

40.33 39.83–

40.83

77.50 75.59 0.90 0.20

25 48.46 48.75 -0.29 36.54 35.84–

37.23

35.75 35.24–

36.25

75.40 73.34 0.79 0.20

30 43.67 44.11 -0.44 31.88 31.18–

32.57

31.28 30.77–

31.79

72.99 70.91 0.60 >0.20

35 38.80 39.34 -0.54 27.35 26.66–

28.04

26.79 26.29–

27.30

70.49 68.09 0.56 >0.20

40 34.10 34.69 -0.59 23.10 22.42–

23.79

22.57 22.07–

23.07

67.76 65.06 0.54 >0.20

45 29.54 30.14 -0.60 19.18 18.50–

19.87

18.64 18.15–

19.14

64.94 61.85 0.54 >0.20

50 25.12 25.69 -0.57 15.56 14.88–

16.23

14.97 14.48–

15.46

61.93 58.26 0.59 >0.20

55 21.04 21.95 -0.92 12.43 11.77–

13.09

12.08 11.60–

12.56

59.09 55.03 0.35 >0.20

60 17.58 18.11 -0.54 9.63 8.97–10.29 9.09 8.62–9.57 54.79 50.19 0.54 >0.20

65 14.20 14.89 -0.69 7.10 6.45–7.75 6.73 6.25–7.21 50.01 45.19 0.37 >0.20

70 11.18 11.95 -0.77 4.93 4.29–5.56 4.69 4.21–5.16 44.08 39.23 0.24 >0.20

75 8.64 9.34 -0.70 3.15 2.51–3.78 3.37 2.88–3.86 36.42 36.08 -0.22 >0.20

80+ 7.80 7.84 -0.04 2.48 1.74–3.23 2.65 2.15–3.16 31.87 33.82 -0.17 >0.20

DFLE = disability-free life expectancy; CI = confidence interval of DFLE
a differences are not statistically tested due to lack of required information
b differences are statistically tested with z-statistic
c p values are level of significance for a two-tailed test for differences in DFLE between urban and rural areas.

https://doi.org/10.1371/journal.pone.0179987.t003
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In line with other studies [13, 17, 21], older people had a shorter proportion of remaining

life without disability than younger people in the current study. Women were found to have

shorter proportion of life without disability compared to men in both urban and rural areas.

Attention should thus be given to elderly people, in particular to older women, when reducing

inequalities in DFLE between urban and rural areas.

The self-reported data on disability was used in this study that could be a possible source of

bias but self-reported data on functional disability was reported to be consistent with medical

diagnoses [41]. Although the HIES 2010 administered the Washington Group’s short set of six

disability-related questions to all ages to report disability prevalence, it could accommodate

two different modules of disability-related questions by Washington Group for children aged

below 5 years and for 5–17 years for better reporting of disability prevalence at age 17 years

and under. Some elderly people might have been unable to respond to the interviewers, and

some proxy respondents might have been interviewed. However, the HIES 2010 mentioned

nothing about proxy respondents. The HIES 2010 interviewed non-institutionalised popula-

tions, and life tables were computed based on the mortality information of all non-institution-

alised (i.e. community people) and institutionalised population. The DFLE might thus be

over-estimated if institutionalised populations had higher disability rates than people in the

community, or the DFLE might be under-estimated if the institutionalised population had

lower disability than people in the community. The same disability rate was assumed for both

the community and institutionalised populations in this study. We were unable to accommo-

date the sampling weights to account for the complex sampling design as the HIES 2010 did

not provide any weights for the individuals which could be a possible source of bias for the rep-

resentativeness of the sample by urban-rural areas. Despite these limitations, the most reliable

and relevant nationally representative data with a large number of samples delineated a clear

scenario of urban-rural differences in DFLE for people living in Bangladesh.

Conclusion

This study provides the first estimations of DFLE by urban-rural areas with its differentials for

Bangladesh. The findings have important implications for helping to reduce urban-rural

inequalities in health expectations. The urban-rural differences in economic development,

health care facilities and access, educational opportunities and infrastructures are recom-

mended for reduction in order to help achieve urban-rural equality in DFLE. Socio-economic

conditions including infrastructure development, accessible and affordable health care services

for rural people should receive due attention in health policy making in Bangladesh.

Fig 2. Urban-rural differences in DFLE and LE with disability for Bangladeshi female in 2010.

https://doi.org/10.1371/journal.pone.0179987.g002

Disability-free life expectancy in Bangladesh

PLOS ONE | https://doi.org/10.1371/journal.pone.0179987 July 24, 2017 10 / 13

https://doi.org/10.1371/journal.pone.0179987.g002
https://doi.org/10.1371/journal.pone.0179987


Author Contributions

Conceptualization: MSI MIT MNIM AMFR HTAK SB.

Data curation: MSI MIT.

Formal analysis: MSI MIT.

Methodology: MSI MIT AMFR.

Software: MSI MIT.

Supervision: MIT.

Validation: MSI MIT MNIM AMFR HTAK SB.

Writing – original draft: MSI MIT.

Writing – review & editing: MSI MIT MNIM AMFR HTAK SB.

References
1. Robine J-M, Romieu I, Cambois E. Health expectancy indicators. Bulletin-World Health Organization.

1999; 77(2):181–5.

2. Robine J-M, Ritchie K. Healthy life expectancy: evaluation of global indicator of change in population

health. BMJ. 1991; 302:457–60. PMID: 1825931

3. Saito Y, Robine J-M, Crimmins EM. The methods and materials of health expectancy. Statistical Journal

of the IAOS. 2014; 30:209–23.

4. Saito Y, Qiao X, Jitapunkul S. Health expectancy in Asian countries. In: Robine J-M, Jagger C, Mathers

CD, Crimmins EM, Suzman RM, editors. Determining health expectancies. The Atrium, Southern

Gate, Chichester, West Sussex PO19 8SQ, UK: Wiley Online Library; 2003. p. 289–317.

5. Pongiglione B, De Stavola BL, Ploubidis GB. A systematic literature review of studies analyzing inequal-

ities in health expectancy among the older population. PLoS ONE. 2015; 10(6):e0130747. https://doi.

org/10.1371/journal.pone.0130747 PMID: 26115099

6. Jagger C, Matthews FE, Wohland P, Fouweather T, Stephan BC, Robinson L, et al. A comparison of

health expectancies over two decades in England: results of the Cognitive Function and Ageing Study I

and II. The Lancet. 2016; 387(10020):779–86.

7. Jagger C, Gillies C, Moscone F, Cambois E, Van Oyen H, Nusselder W, et al. Inequalities in healthy life

years in the 25 countries of the European Union in 2005: a cross-national meta-regression analysis.

The Lancet. 2008; 372(9656):2124–31. https://doi.org/10.1016/S0140-6736(08)61594-9

8. Chan A, Zimmer Z, Saito Y. Gender differentials in disability and mortality transitions: the case of older

adults in Japan. Journal of Aging and Health. 2011; 23(8):1285–308. https://doi.org/10.1177/

0898264311408417 PMID: 21653794

9. Crimmins EM, Zhang Y, Saito Y. Trends over 4 decades in disability-free life expectancy in the United

States. American Journal of Public Health. 2016; 106(7):1287–93. https://doi.org/10.2105/AJPH.2016.

303120 PMID: 27077352

10. Yong V, Saito Y, Chan A. Changes in the prevalence of mobility limitations and mobile life expectancy

of older adults in Singapore, 1995–2005. Journal of Aging and Health. 2010; 22(1):120–40. https://doi.

org/10.1177/0898264309351932 PMID: 19934444

11. Yong V, Saito Y, Chan A. Gender differences in health and health expectancies of older adults in Singa-

pore: an examination of diseases, impairments, and functional disabilities. Journal of Cross-Cultural

Gerontology. 2011; 26(2):189–203. https://doi.org/10.1007/s10823-011-9143-0 PMID: 21416332

12. Liu J, Chen G, Chi I, Wu J, Pei L, Song X, et al. Regional variations in and correlates of disability-free life

expectancy among older adults in China. BMC Public Health. 2010; 10:446. https://doi.org/10.1186/

1471-2458-10-446 PMID: 20670431

13. Yong V, Saito Y. Trends in healthy life expectancy in Japan: 1986–2004. Demographic Research.

2009; 20:467–94.

14. Apinonkul B, Soonthorndhada K, Vapattanawong P, Aekplakorn W, Jagger C. Gender differences in

health expectancies across the disablement process among older Thais. PLoS One. 2015; 10(3):

e0121310. https://doi.org/10.1371/journal.pone.0121310 PMID: 25799568

Disability-free life expectancy in Bangladesh

PLOS ONE | https://doi.org/10.1371/journal.pone.0179987 July 24, 2017 11 / 13

http://www.ncbi.nlm.nih.gov/pubmed/1825931
https://doi.org/10.1371/journal.pone.0130747
https://doi.org/10.1371/journal.pone.0130747
http://www.ncbi.nlm.nih.gov/pubmed/26115099
https://doi.org/10.1016/S0140-6736(08)61594-9
https://doi.org/10.1177/0898264311408417
https://doi.org/10.1177/0898264311408417
http://www.ncbi.nlm.nih.gov/pubmed/21653794
https://doi.org/10.2105/AJPH.2016.303120
https://doi.org/10.2105/AJPH.2016.303120
http://www.ncbi.nlm.nih.gov/pubmed/27077352
https://doi.org/10.1177/0898264309351932
https://doi.org/10.1177/0898264309351932
http://www.ncbi.nlm.nih.gov/pubmed/19934444
https://doi.org/10.1007/s10823-011-9143-0
http://www.ncbi.nlm.nih.gov/pubmed/21416332
https://doi.org/10.1186/1471-2458-10-446
https://doi.org/10.1186/1471-2458-10-446
http://www.ncbi.nlm.nih.gov/pubmed/20670431
https://doi.org/10.1371/journal.pone.0121310
http://www.ncbi.nlm.nih.gov/pubmed/25799568
https://doi.org/10.1371/journal.pone.0179987


15. Chirinda W, Chen H. Comparative study of disability-free life expectancy across six low-and middle-

income countries. Geriatrics & Gerontology International. 2016. https://doi.org/10.1111/ggi.12748

PMID: 27197085

16. Bangladesh Bureau of Statistics [BBS]. Report on sample vital registration system-2015. Dhaka: Sta-

tistics Division, Ministry of Planning, 2016.

17. Tareque MI, Begum S, Saito Y. Gender differences in disability-free life expectancy at old ages in Ban-

gladesh. Journal of Aging and Health. 2013; 25(8):1299–312. https://doi.org/10.1177/

0898264313501388 PMID: 24013854

18. Tareque MI, Hoque N, Islam TM, Kawahara K, Sugawa M. Relationships between the active aging

index and disability-free life expectancy: a case study in the Rajshahi district of Bangladesh. Canadian

Journal on Aging. 2013; 32(4):417–32. https://doi.org/10.1017/S0714980813000494 PMID: 26263399

19. Tareque MI, Islam TM, Kawahara K, Sugawa M, Saito Y. Healthy life expectancy and the correlates of

self-rated health in an ageing population in Rajshahi district of Bangladesh. Ageing and Society. 2015;

35(5):1075–94. https://doi.org/10.1017/S0144686X14000130

20. Tareque MI, Saito Y, Kawahara K. Application of health expectancy research on working male popula-

tion in Bangladesh. Asian Population Studies. 2015; 11(1):32–43. https://doi.org/10.1080/17441730.

2015.1007558

21. Tareque MI, Saito Y, Kawahara K. Healthy life expectancy and the correlates of self-rated health in Ban-

gladesh in 1996 and 2002. BMC Public Health. 2015; 15:312. https://doi.org/10.1186/s12889-015-

1640-6 PMID: 25885459

22. Bangladesh Bureau of Statistics [BBS]. Population and housing census 2011. Dhaka: Statistics and

Informatics Division (SID), Ministry of Planning, 2011.

23. Rakodi C, Lloyd-Jones T, editors. Urban livelihoods: a people-centred approach to reducing poverty.

London: Earthscan Publications; 2002.

24. Tareque MI, Koshio A, Tiedt AD, Hasegawa T. Are the rates of hypertension and diabetes higher in peo-

ple from lower socioeconomic status in Bangladesh? Results from a nationally representative survey.

PLoS One. 2015; 10(5):e0127954. https://doi.org/10.1371/journal.pone.0127954 PMID: 26017066

25. Tareque MI, Begum S, Saito Y. Inequality in disability in Bangladesh. PLoS One. 2014; 9(7):e103681.

https://doi.org/10.1371/journal.pone.0103681 PMID: 25075513

26. Bangladesh Bureau of Statistics [BBS]. Report on sample vital registration system-2010. Dhaka: Sta-

tistics Division, Ministry of Planning, 2011.

27. Bangladesh Bureau of Statistics [BBS]. Report of the household income & expenditure survey 2010.

New Panama Printing Press, Dhaka: Statistics Division, Ministry of Planning, 2011.

28. Human Mortality Database. University of California, Berkeley (USA), and Max Planck Institute for

Demographic Research (Germany). Available at www.mortality.org or www.humanmortality.de. (data

downloaded on 27/06/2016).

29. Preston S, Heuveline P, Guillot M. Demography: measuring and modeling population processes.

Oxford, UK: Blackwell; 2001.

30. Madans JH, Loeb ME, Altman BM. Measuring disability and monitoring the UN Convention on the

Rights of Persons with Disabilities: the work of the Washington Group on Disability Statistics. BMC Pub-

lic Health. 2011; 11(Suppl 4):S4. https://doi.org/10.1186/1471-2458-11-S4-S4 PMID: 21624190

31. Wandera SO, Ntozi J, Kwagala B. Prevalence and correlates of disability among older Ugandans: evi-

dence from the Uganda National Household Survey. Global Health Action. 2014; 7:25686. https://doi.

org/10.3402/gha.v7.25686 PMID: 25413721

32. Mitra S, Posarac A, Vick B. Disability and poverty in developing countries: a multidimensional study.

World Development. 2013; 41:1–18. https://doi.org/10.1016/j.worlddev.2012.05.024

33. Mitra S, Sambamoorthi U. Disability prevalence among adults: estimates for 54 countries and progress

toward a global estimate. Disability and Rehabilitation. 2014; 36(11):940–7. https://doi.org/10.3109/

09638288.2013.825333 PMID: 23962193

34. Sullivan DF. A single index of mortality and morbidity. HSMHA Health Reports. 1971; 86(4):347–54.

PMID: 5554262

35. Jagger C, Van Oyen H, Robine J-M. Health expectancy calculation by the Sullivan method: a practical

guide. 4th Edition. 2014.

36. Filmer D. Disability, poverty, and schooling in developing countries: results from 14 household surveys.

The World Bank Economic Review. 2008; 22(1):141–63. https://doi.org/10.1093/wber/lhm021

37. Cambois E, Robine J-M, Hayward MD. Social inequalities in disability-free life expectancy in the French

male population, 1980–1991. Demography. 2001; 38(4):513–24. https://doi.org/10.1353/dem.2001.

0033 PMID: 11723948

Disability-free life expectancy in Bangladesh

PLOS ONE | https://doi.org/10.1371/journal.pone.0179987 July 24, 2017 12 / 13

https://doi.org/10.1111/ggi.12748
http://www.ncbi.nlm.nih.gov/pubmed/27197085
https://doi.org/10.1177/0898264313501388
https://doi.org/10.1177/0898264313501388
http://www.ncbi.nlm.nih.gov/pubmed/24013854
https://doi.org/10.1017/S0714980813000494
http://www.ncbi.nlm.nih.gov/pubmed/26263399
https://doi.org/10.1017/S0144686X14000130
https://doi.org/10.1080/17441730.2015.1007558
https://doi.org/10.1080/17441730.2015.1007558
https://doi.org/10.1186/s12889-015-1640-6
https://doi.org/10.1186/s12889-015-1640-6
http://www.ncbi.nlm.nih.gov/pubmed/25885459
https://doi.org/10.1371/journal.pone.0127954
http://www.ncbi.nlm.nih.gov/pubmed/26017066
https://doi.org/10.1371/journal.pone.0103681
http://www.ncbi.nlm.nih.gov/pubmed/25075513
http://www.mortality.org
http://www.humanmortality.de
https://doi.org/10.1186/1471-2458-11-S4-S4
http://www.ncbi.nlm.nih.gov/pubmed/21624190
https://doi.org/10.3402/gha.v7.25686
https://doi.org/10.3402/gha.v7.25686
http://www.ncbi.nlm.nih.gov/pubmed/25413721
https://doi.org/10.1016/j.worlddev.2012.05.024
https://doi.org/10.3109/09638288.2013.825333
https://doi.org/10.3109/09638288.2013.825333
http://www.ncbi.nlm.nih.gov/pubmed/23962193
http://www.ncbi.nlm.nih.gov/pubmed/5554262
https://doi.org/10.1093/wber/lhm021
https://doi.org/10.1353/dem.2001.0033
https://doi.org/10.1353/dem.2001.0033
http://www.ncbi.nlm.nih.gov/pubmed/11723948
https://doi.org/10.1371/journal.pone.0179987


38. Wohland P, Rees P, Nazroo J, Jagger C. Inequalities in healthy life expectancy between ethnic groups

in England and Wales in 2001. Ethnicity & Health. 2015; 20(4):341–53. https://doi.org/10.1080/

13557858.2014.921892 PMID: 24897306

39. Van Oyen H, Tafforeau J, Roelands M. Regional inequities in health expectancy in Belgium. Social Sci-

ence & Medicine. 1996; 43(11):1673–8. https://doi.org/10.1016/S0277-9536(96)00080-9

40. Bossuyt N, Gadeyne S, Deboosere P, Van Oyen H. Socio-economic inequalities in health expectancy

in Belgium. Public Health. 2004; 118(1):3–10. https://doi.org/10.1016/S0033-3506(03)00130-6 PMID:

14643622
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