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Abstract
Aim: To investigate the impact of nutritional status on self-reported as well as performance-based indicators of physical
function in a rural elderly population in Bangladesh. Methods: A cross-sectional study conducted in Matlab, Bangladesh,
included 457 randomly selected community-living elderly persons aged 60 years or more (60–92 years; 69� 7 years).
Mobility, activities of daily living (ADL), performance tests, handgrip strength, the Mini Nutritional Assessment (MNA) and
a structured questionnaire were used to assess physical function, nutritional status, socioeconomic status and health status,
respectively. Descriptive and linear hierarchical regression analyses were applied. Results: Seven per cent of the participants
reported limitations in mobility, and 8% reported limitations in ADL. However, more than half of the participants had
difficulties in performing one or more items in the performance tests. According to the MNA, 26% of the participants were
undernourished and 62% were at risk of malnutrition. More undernourished participants than well-nourished participants
reported limited mobility, impaired ADL and difficulties in the performance tests. A corresponding reduction in grip strength
was observed in the undernourished group. Accordingly, higher MNA scores, indicating better nutritional status, were
significantly associated with higher mobility index, higher ADL index, higher performance tests index, and higher scores in
handgrip strength. These associations remained after adjusting for demographic, socioeconomic and health status
differences. Conclusions: Good nutritional status is important for the physical function of elderly people, even
after controlling for possible confounders. Performance tests indicated a higher degree of functional
impairment than that observed by self-reported estimation.
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Introduction

A major concern regarding increased life expectancy,

particularly in low-income countries [1], is the rise in

morbidity and related decline in functional ability,

both physical and cognitive, among elderly persons.

Physical function, the main focus of this article, is a

complex and extensive area that can refer to the

function of a specific organ or organ system, mobility,

strength, or the ability to carry out everyday activities

[2]. Because of its different dimensions, physical

function is measured by various instruments. Most

studies assess physical function using either perfor-

mance-based [3,4] or self-reported measures [5,6], the

former addressing impairment (physical capacities,

e.g. balance, sensory abilities, and range of motion)

and the latter disability (e.g. gross body movements

and self-care) [7]. The two types of assessment are

rarely used concomitantly in the same study.

The World Health Organization (WHO) defines

impairment as ‘‘problems in body function or struc-

ture such as a significant deviation or loss’’ [8].

Disability is described by the WHO as a complex
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phenomenon, reflecting an interaction between a

person’s health conditions and the social and envir-

onmental context in which he or she lives. Although

disability serves as an umbrella term for impairments,

restrictions in activities, or limited participation,

impairment may not always necessarily lead to

disability [8]. Impairment can be improved during a

rehabilitation process [2].

Functional limitation during the process of ageing

is a result of impairments caused by a number of

pathological conditions and chronic diseases [9].

Poor diet is one of the factors linked to chronic

diseases [10]. Persons with impaired function may have

difficulties in carrying out activities of everyday life [11].

Such difficulties can affect family life, social relation-

ships, psychological well-being, and level of indepen-

dence [12]. In the context of a low-income country,

e.g. Bangladesh, persons with functional difficulties

are often valued negatively by the society [13].

Undernutrition among older people is another

significant public health problem all over the world

[14]. Nutritional frailty refers to the limitations in

physical function that may occur in old age due to

unintentional weight loss and/or sarcopenia, i.e. loss

of muscle mass and strength [15]. Although age-

related decline in muscle strength is a gradual

process, this may occur earlier in malnourished

persons than in well-nourished persons [16].

Reduced muscle strength is, in turn, found to be

strongly associated with poor mobility [17]. Some

studies report that poor nutritional status is asso-

ciated with reduced functional status [4], and others

note that functionally dependent elderly participants

have worse nutritional status than functionally

independent persons [18].

The contributions of elderly persons to their

families are significant in Bangladesh. They provide

practical support in household tasks by engaging

in the supervision of the domestic work. Many

contribute financially as main or complementary

earners of the household [19]. Thus, being function-

ally active is important for the elderly themselves,

and also has a positive impact on their families.

To the best of our knowledge, there are few reports, if

any, of nutritional effects on functional ability in

elderly people in low-income countries such as

Bangladesh.

The aim of this study was to investigate the impact of

nutritional status on functional ability observed as

physical function, and assessed by performance-based

as well as by self-reported measures in an elderly

population in a rural area of Bangladesh. Other

potential predictors, such as demographic, socioeco-

nomic and health status, were also considered.

Material and methods

Participants

This cross-sectional study of elderly persons aged

60þ years was conducted during August 2003 to

January 2004 in Matlab, a rural area 55 km south-east

of Dhaka city in Bangladesh. A Demographic

Surveillance System (DSS) of4200,000 inhabitants

has been maintained by icddr,b: Knowledge for

Global Lifesaving Solutions, Dhaka, Bangladesh

(formerly known as the International Centre for

Diarrhoeal Disease Research, Bangladesh) in this

area since 1966. From a randomly selected sample of

850 elderly (60þ years) individuals from the DSS

database, 625 participated in the home interviews,

of whom 473 underwent clinical examination. This

study reports results on 457 individuals for whom

complete data on all relevant variables were available.

The non-respondents in the clinical examination

(n¼ 152) were mainly women, were older, and had

poorer socioeconomic status, but their health status

was similar to that of the respondents of the present

study. The study was approved by the ethics commit-

tees at icddr,b and Karolinska Institutet, Stockholm.

Nutritional assessment

The Mini Nutritional Assessment (MNA) [20],

an instrument specially designed for assessing the

nutritional status of elderly persons, was used.

The MNA comprises 18 questions regarding anthro-

pometry, global assessment, dietary assessments,

and a subjective assessment. As the MNA has been

mostly used for elderly people in high-income

countries, some of the items in the MNA are not

relevant for a low-income setting; for example,

nursing homes for sick elderly people do not exist

in Bangladesh. In addition, we used the cut-off for

body mass index suggested by the WHO.

Information on calf circumference was also lacking.

As a result, a modified version [21] of the MNA was

used in this study. The maximum score is 28, with

a higher score indicating better nutritional status.

A score <15 indicates undernutrition, a score

between 15 and 21.5 indicates at risk of malnutrition,

and a score �22 indicates no nutritional problem.

Measures of physical function

Four different measures were used. Two were based

on self-report, i.e. mobility and activities of daily

living (ADL), and two were based on performance,

i.e. a combination of various performance tests, and

handgrip strength. Information about mobility,

ADL and performance tests was collected during
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home interviews. Handgrip strength was assessed

during clinical examinations.

Information on mobility included questions about

ability to walk indoors, to walk outdoors, and to stand

up without any help. Each mobility question had four

alternative responses: ‘‘yes, without any problem’’;

‘‘yes, with help of sticks’’; ‘‘yes, with help of some-

one’’; and ‘‘bedridden’’. In the analyses, the three last

alternatives were classified as indicating limitations

in mobility. A mobility index (0–3 points) was

constructed on the basis of the responses to the

three questions about abilities, where higher scores

indicated better mobility.

In the current study, ADL measures dependency

in personal care according to five items: ability to

get in and out of bed, ability to use the toilet, ability to

take a bath, ability to eat, and ability to dress. Each of

the ADL questions had three response alternatives:

‘‘yes’’; ‘‘yes, but need help’’; and ‘‘no’’. Participants

who reported dependence in any of the five tasks were

classified as having limitations in ADL. Furthermore,

an ADL index (0–5 points) was constructed on the

basis of the responses to the five questions, where

higher scores indicated better function.

The performance tests comprised six items and

covered several dimensions of physical function, such

as range of motion, ability to grasp, fine motor skills,

strength, balance, and flexibility. Participants were

asked to pick up a pen from the floor, lift a 1-kg packet

of salt, move their wrist, touch their opposite earlobes

(e.g. left earlobe with right hand, with arm behind the

head), and get up from the bed without using their

hands. After each task, the interviewers recorded

whether the participants could perform the task

easily, could perform it with difficulty, or could not

perform at all. If a participant could not perform a task

easily, he or she was identified as having performance

limitations. A performance test index (0–6 points) was

constructed on the basis of performance of the six tasks,

higher scores indicating better performance.

Handgrip strength of the participants was

measured in kilograms, using a handgrip dynam-

ometer (DynEx�, USA). The grip measurements

were performed with the participants in a sitting

position, with both hands being measured alternately

three times. The best score was used.

Background information

Demographic indicators included age, sex, and

marital status. Age was used as a continuous variable.

Information on marital status was coded as married

or single.

Socioeconomic status indicators included monthly

income and literacy. Income was coded as having no

income or having an income. Literacy was dichot-

omized into illiterate and literate.

Health status was indicated by comorbidity

defined as having more than one self-reported

health problem, e.g. respiratory problem, stomach

problem, sensory problem, or pain [21].

Statistical analyses

Descriptive analyses were performed, and chi-square

and independent t-tests were used to examine differ-

ences according to nutritional status, and for men and

women separately when appropriate. Hierarchical

linear regression analyses were conducted to deter-

mine the impact of demographic, socioeconomic,

health and nutritional status on all four indicators of

physical function. All analyses were conducted in a

stepwise fashion, where the demographic information

were entered in the first step, socioeconomic status in

the second step, and self-reported health problems in

the third step. Finally, nutritional status, i.e., MNA

scores, was entered, followed by, step by step, the

interaction terms age�MNA, sex�MNA, and

health problems�MNA. Indices of mobility, ADL

and performance tests and grip strength values were

used as dependent variables in these analyses. The

analyses were performed using the software SPSS

(15.0) for Windows.

Results

Table I presents information on demographic, socio-

economic, health and nutritional status of the

study participants. As shown in Table II, 7% of the

participants reported limitations in mobility, mainly

outdoor mobility, and 8% reported limitations in

ADL, where toileting and bathing were the most

frequently reported limitations (data not shown).

In contrast, difficulties in any of the performance

tests were observed in more than half of the

participants. Significantly more women than men

had difficulties in performing most of the tasks, but

no significant gender difference was observed in the

self-reported data (data not shown). In all cases,

significantly higher percentages of the under-

nourished participants reported impairments as

compared with both well-nourished participants

and participants who were at risk of malnutrition.

Mean handgrip strength was significantly lower in the

undernourished group than in those at risk and the

well-nourished. Women were more vulnerable than

men in all the groups.

Table III presents results of the hierarchical linear

regression analyses with main and interaction effects.
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The results indicated that increasing age and poor

nutritional status were significantly associated with

limitations in mobility and ADL. Among the

interaction terms, none but the age�MNA interac-

tion term showed a significant association with

mobility and ADL. The effect resulted from the

negative effect of nutritional status being more

pronounced in the oldest age range. Self-reported

health problems did not show any significant associa-

tion with either mobility or ADL.

Finally, increasing age, being a woman, health

problems and poor nutritional status were signifi-

cantly associated with limitations in performance

tests and low grip strength. The socioeconomic

indicators did not show any significant association

with any of the dependent measures.

Discussion

This study examined the impact of nutritional status

on physical function in elderly persons living in

rural Bangladesh. Other potential predictors, i.e.

demographic, socioeconomic and health status,

were also considered in the multiple regression

models. The findings showed that increasing

age and poor nutritional status were significantly

associated with limitations in physical function

however they were assessed, whether self-reported

or performance-based. Being a woman and having

multiple health problems were associated with

limitations in physical function as assessed by

performance measures and grip strength, but not as

assessed by self-reported ADL or mobility. The

negative effect of nutritional status on self-reported

physical function was more pronounced in the oldest

age range.

Table II. Limitations in physical function of elderly participants according to their nutritional status (N¼ 457).

Mini Nutritional Assessment (MNA) p-value*

Undernourished

At risk of

malnutrition

Well-

nourished

Total

(%)

Undernourished

vs. at risk of

malnutrition

Undernourished

vs. well-nourished

At risk of

malnutrition vs.

well-nourished

Limitations in

mobilitya (%)

14 5 4 7 0.005 0.040 NS

Limitations in

ADLb (%)

15 5 5 8 0.001 0.043 NS

Limitations in

performance

testsc,d (%)

71 53 36 56 0.001 < 0.001 0.032

Handgrip strength (kg)

(mean�SD)

Men 23.9�4 27.1� 7 30.3� 11 0.004 0.001 0.034

Women 13.8�4 16.3� 6 16.6� 4 0.002 0.003 NS

p-value (difference

between sexes)

<0.001 <0.001 <0.001

ADL, self-reported activities of daily living; SD, standard deviation; NS, not significant. *p-value obtained from chi-square tests.
aParticipants who reported needing help to walk indoors, walk outdoors and/or stand up were classified as having limitations in mobility.
bParticipants who reported needing help to get in and out of bed, use the toilet, take a bath, eat and/or dress were considered to have a

limitation in ADL. cThe performance tests comprised six tasks. Participants who could not perform any of the tasks easily were identified as

having performance limitations. dData missing for seven individuals.

Table I. Demographic, socioeconomic, health and nutritional

profile of the study participants (N¼ 457).

Total (%)

Age (years, mean�SD) 69.5� 7

Sex

Men 208 (45)

Women 249 (55)

Marital status

Married 267 (58)

Single 190 (42)

Socioeconomic status

Has income 163 (36)

Literatea 174 (39)

Self reported comorbidityb

0–1 disease 17 (4)

2–5 diseases 152 (33)

45 diseases 285 (63)

Median (25th and 75th quartiles) 6 (5 and 8)

Nutritional status according to MNA

Undernourished 118 (26)

At risk of malnutrition 282 (62)

Well nourished 57 (12)

SD, standard deviation; MNA, Mini Nutritional Assessment.
aData missing for five individuals.
bData missing for three individuals. For classification of self-

reported health problems, see [21].
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Functional assessment identifies an individual’s

areas of difficulty [22]. However, these difficulties

may depend on the individual’s lifestyle or the

surrounding environment. For example, going to

the toilet and taking a bath were the most frequently

reported ADL limitations in the current study.

To understand these findings, it is necessary to

consider the physical environment of Bangladesh,

where toilets in the rural areas are mostly built

outside the main house and indoor running water is

rarely available. People go to a nearby pond to take a

bath, or water is carried to them [23].

Comorbidity and poor self-reported health are

reported as risk factors for functional limitations

[24], as observed in our results. Although morbid-

ity is known to exert a negative impact on function

[3], this was not observed in the self-reported

items of physical function in the current study.

Despite the high prevalence of comorbidity, self-

reported limitations in physical function were low

as compared to those indicated by performance-

based measures. Also, the regression analyses

showed a stronger effect of comorbidity on perfor-

mance-based assessments than on the self-reported

assessments. A possible explanation is that some

individuals may adjust their living situation to

perform certain ADL tasks while others may

force themselves to manage the tasks despite

their health problems.

The lack of association between gender and self-

reported measures in this study was notable, whereas

a clear gender association was observed in the

performance-based indicators of physical function.

Research indicates that women are more likely than

men to identify arthritis and osteoporosis as the

primary causes of difficulties in performing certain

tasks [25]. Osteoporotic fractures are related to lower

peak bone mass in women [26]. Among our partici-

pants, more women than men reported joint and

back pain (data not shown), which might explain the

observed gender differences in the performance-

tests. Regarding grip strength, the differences were

expected, as men have stronger muscles and more

muscle mass than women. Conversely, an explana-

tion for the lack of gender differences in self-reported

assessment might be that women acknowledged their

health problems less than men. Research from

Bangladesh confirms that among those suffering

from diseases, women use healthcare services less

than men do [27].

Our findings indicated that good nutritional status

was important for elderly individuals to be function-

ally active, corresponding with findings reported

from other community-living elderly persons [24]

and older Rwandan refugees [4]. Even after control-

ling for all available predictors, nutritional status was

significantly associated with all four measures of

physical function. In a previous study, we found that

Table III. Results from hierarchical linear regression analyses with demographic, socioeconomic, health and nutritional status as predictors

of physical function (N¼ 457).

Self-reported measures of physical function Performance-based measures of physical function

Mobility ADL Performance tests Handgrip strength

Predictor � p

R2

change � p

R2

change � p

R2

change � p

R2

change

Demographic factors

Age (years) –0.248 <0.001 –0.201 < 0.001 –0.186 <0.001 –0.120 0.002

Women vs. men –0.037 0.539 0.012 0.848 –0.256 <0.001 –0.640 <0.001

Single vs. married –0.053 0.405 0.075 –0.062 0.335 0.050 –0.104 0.086 0.156 –0.016 0.748 0.439

Socioeconomic status

Income vs. no income 0.009 0.872 0.004 0.950 –0.023 0.674 0.059 0.180

Literate vs. illiterate 0.007 0.890 0.000 0.019 0.711 0.000 0.066 0.168 0.004 0.068 0.079 0.007

Number of self-reported

health problems

–0.071 0.135 0.005 –0.048 0.318 0.002 –0.268 <0.001 0.066 – 0.076 0.040 0.005

Nutritional status

Total MNA score 0.175 <0.001 0.026 0.149 0.003 0.019 0.130 0.004 0.014 0.153 <0.001 0.020

Interaction: Age�MNA 1.397 0.005 0.016 1.110 0.028 0.010 0.858 0.063 0.006 –0.512 0.179 0.002

Interaction: Sex�MNA 0.240 0.359 0.002 0.394 0.139 0.005 0.090 0.711 0.000 –0.223 0.269 0.001

Interaction: Number of

health problems�MNA

–0.227 0.345 0.002 –0.139 0.571 0.001 0.132 0.556 0.001 –0.098 0.601 0.000

Total R2 0.116 0.087 0.247 0.474

ADL, activities of daily living; MNA, Mini Nutritional Assessment.
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increasing age, being a woman and self-reported

health problems were all associated with poor nutri-

tional status [21]. In the current study, these factors

were found to be significantly associated with limita-

tions in physical function. It is of interest to under-

stand whether nutritional status has a direct effect on

physical function across age, gender, and health

status. The regression analyses indicated that after

eliminating the confounding effects of age, gender,

and socioeconomic status, and the potentially med-

iating effect of health status, nutritional status still

showed an independent effect on physical function.

In addition, the interaction showed that the

effect of nutritional status on self-reported physical

function was more pronounced among the oldest

participants. The lack of corresponding effects of age

by MNA scores on performance-based functions,

on the other hand, might be explained from the

perspective of nutritional effects on the psychological

state. On the basis of findings that malnutrition may

induce depression [28], we speculate that the mal-

nourished individuals underestimated their actual

capacity.

Cachexia, i.e. the severe reduction of protein and

energy stores due to disease-triggered catabolism, is

often associated with anorexia [29]. Cachexia and

anorexia result in loss of muscle mass, i.e. sarcopenia

[29], and ensuing limitations in physical function.

These might explain the associations between higher

number of health problems and limitations in

performance tests and poor grip strength found in

our study. Starvation may also add to sarcopenia

[29]. This scenario is not common in high-income

countries, while in many low-income countries poor

nutritional status is often associated with poverty

[30], which prevents the individual from obtaining

sufficient nutrition.

In order to address the multiple dimensions of

physical function [2], we assessed four different

measures – mobility, ADL, performance tests, and

handgrip strength. The first two were self-reported

and the latter two were performance-based measure-

ments, from very basic (mobility, ADL) to more

specific and complex functions (performance tests).

A substantial gap between the prevalence of func-

tional limitations detected by performance-based

measurements and self-reported measures is not

surprising. Mobility covers very few but essential

activities, and these are less complex. In comparison

to mobility, ADL covers a relatively wider range of

activities, and the items reflect dependency to a

certain extent. The performance measures in this

study, on the other hand, are rather complex, and

information can be obtained only by direct particip-

ation. Self-reported information on physical function

is obtained by asking the participants to judge their

own capacity to perform a certain task, rather than to

report their actual performance [22]. The former can

be influenced by language perception, self-interpre-

tation, gender, and social and cultural roles, and

may not add any more appropriate information about

an individual’s physical capacity [31] than that

obtained by performance-based measures of physical

function.

Some limitations of our study must be acknow-

ledged. With the use of cross-sectional data, only

theoretical associations among the variables could be

observed. Longitudinal data are needed to provide

more detailed information about the magnitude of

the impact of nutritional status on physical function

as well as directions of causality. Also, the study was

conducted in a specific rural area, Matlab. While

there is homogeneity to some extent in rural

Bangladesh in terms of living conditions, distribution

of socioeconomic levels, availability of healthcare

facilities etc., there is diversity among the urban

population in these respects [23]. Hence, our results

may have implications for rural Bangladesh, but not

necessarily so for the urban areas.

Analyses of the non-respondents indicated that

they were older, had lower socioeconomic status, and

were more likely to be women [21]. The exact extent

to which the exclusion of these persons from the

analyses may have affected the associations of MNA

scores with physical ability is unknown. However, a

reasonable interpretation is that had we had the

clinical data, and thus included more persons with

low MNA scores, we would have detected even

stronger associations. Thus, we believe that our

results were likely to underestimate the true effects

of MNA on physical function. Additionally, the

current study only examined the consequences of

nutritional status on physical function. Another

important area of function, i.e. cognition, was not

included in this study. This issue needs to be

addressed in future studies.

Conclusions

Good nutritional status was important for older

people to maintain good physical function. The

negative effect of nutritional status on physical

function was more evident in the oldest individuals.

In addition, the high prevalence of impairment that

was revealed by the performance-based measures had

not yet translated into disability, as reflected by

the relatively low prevalence of limitations in the

self-reported measures.
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