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Purpose: Malnutrition and population ageing are doubly global healthcare challenges. It is
widely recognized that disability is a major contributor to malnutrition among older people,
but the importance of reducing malnutrition risk (MR) for disability prevention is given little
attention. We investigated the association between MR and risk of incident disability and
functional decline among community-dwelling older persons.

Materials and Methods: Prospective cohort study of community-dwelling older adults
aged 55 and above (Singapore Longitudinal Ageing Study) with 3—5 years follow-up. MR
was measured at baseline using an appropriate and validated index (ENIGMA); physical and
functional measures at baseline and follow-up included instrumental and basic activity of
daily living (ADL), knee extension (KES), gait velocity (GV), timed up-and-go (TUG).
Results: Compared to low MR, mild-moderate MR (OR = 1.43, 95% CI = 1.02-2.01) and
severe MR (OR=1.74, 95% CI=1.10-2.74) were associated with higher risks of incident
disability. Severe MR was associated with functional decline (OR = 1.69, 95% CI = 1.11-
2.57). Estimates were adjusted for demographic, social, lifestyle behaviour and health
variables. In particular, eating difficulty was associated with incident disability and func-
tional decline, and low lymphocyte with functional decline. Severe MR and low albumin
were associated with 37% worse GV and 126% worse TUG declines; consuming few
vegetables or fruits with 34% worse KES decline; polypharmacy with 56% worse TUG
decline.

Conclusion: Malnutrition risk increased the risk of incident disability and functional decline
in non-disabled persons, it worsened physical performance declines. Further studies should
investigate the effectiveness of nutritional interventions in reducing the risk of disability
among older people.
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Introduction

Malnutrition including undernutrition, micronutrient-related malnutrition, overweight,
and obesity is a global problem with serious developmental, economic, social, and
healthcare impacts.! Malnutrition is especially common among older people. As many
as a third of older adults in the community are at risk of malnutrition or
malnourished™” for reasons particularly related to physiological (anorexia of ageing,
impaired oral and gastrointestinal digestion, absorption and metabolism) and social
factors (poverty, social isolation) in old age.” Population ageing is a global challenge
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and is most critical in low- and middle-income countries.’
The health, social and economic impact of global population
ageing are well documented. In particular, functional dis-
ability in old age is the primary determinant of the burden of
long-term care and increased healthcare expenditure.®

The importance of recognizing and treating malnutri-
tion among older people is widely recognised.” Based on
numerous studies of disabled, hospitalized or institutiona-
lized older persons, it is widely recognized that functional
disability contributes in a major way to the onset and
worsening of malnutrition among older people.’
However, the influence of malnutrition risk in the disable-
ment process leading eventually to functional disability,
and the potential impact of nutritional interventions for
preventing disability and thereby reducing long-term care
burden are generally given much less attention. Studies
that have investigated malnutrition risk as a risk factor for
physical function decline and disability are mostly cross-

1’8727

sectiona and longitudinally designed studies using

appropriate measures of nutrition are few.?***2°

In this study, we investigated the link between malnutri-
tion risk and the risks of incident functional disability and
decline in a prospective cohort study of community-
dwelling older adults from 3 to 5 years of follow-up. We
also examined in detail the associations between compo-
nents of malnutrition risk and disability/functional decline.
To explicate the mechanistic links in the disablement pro-
cess, we examined among non-disabled individuals the asso-
ciations between malnutrition risk and decline in muscle
strength and functional mobility which are known precur-
sors of disability. To minimize measurement bias from the
circular relationship of malnutrition and functional disabil-
ity, we used a recently validated index of malnutrition risk
which has demonstrated high predictive validity for mortal-
ity risk?® and includes domain indicators of eating difficulty
(chewing and swallowing), consuming few vegetables or
fruits, taking 5 or more drugs, low total cholesterol, low
albumin, low haemoglobin, low lymphocyte counts.

Materials and Methods

Study Participants

The Singapore Longitudinal Ageing Study (SLAS) is
a population-based prospective cohort study of ageing
and health transition among older adults, aged 55 and
above in Singapore.”® Two population cohorts were stu-
died in separate waves of recruitment in different geogra-
phical locations: SLAS-1 cohort comprised participants

(N=2804) who were recruited in 2003-2004 and were
followed up at two re-assessment visits approximately 3—
4 years apart in 2005-2007 and 2007-2009 respectively.
SLAS-2 participants (N=3270) were recruited in 2009—
2013, with follow-up assessments 3 to 5 (mean 4.5)
years apart completed in 2013-2018.

Details of the study methodology and measurements
have been previously reported.””*" Briefly, study partici-
pants aged 55 and above were recruited in whole population
sampling of residents aged 55 and above who were residents
in contiguous neighbourhoods in the South East (SLAS1)
and South-and-Western regions of the island. Participants
with severe physical and/or cognitive disabilities or terminal
illnesses who were unable to participate in questionnaire
interviews or physical and cognitive performance testing
were excluded. The extensive range of baseline personal
and health data collected by trained research nurses and
psychology research assistants included questionnaire,
anthropometric and laboratory blood measurements related
to food intake, nutritional risk and malnutrition. The study
was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human
subjects were approved by the Institutional Review Board of
National University of Singapore (NUS-IRB 04-140).
Written informed consent was obtained from all subjects.

The present study involved a total of 5358 participants
in the combined SLAS-1 and SLAS-2 cohort with avail-
able baseline data of nutritional and disability status who
were assessed at the first follow-up on incident disability
and ADL decline. Among disability-free participants in the
SLAS-2 cohort, we analysed the association between mal-
nutrition risk and physical performance using measures of
knee extension strength (KES), gait velocity (GV) and
timed-up-and-go (TUG) that were available at baseline
and follow-up. See Flow Chart (Figure 1).

Baseline Nutritional Status

At baseline, nutritional risk information was obtained from
items in the Nutritional Screening Initiative (NSI)
questionnaire,”’ and the Mini Nutritional Assessment
short form (MNA-SF).*? and serum levels of known
blood biomarkers related to undernutrition, low immunity
and mortality: low hemoglobin or anemia,***** low lym-
phocyte counts,>”*> low total cholesterol>*>* and low
albumin.>*?72% For the purpose of this study, we used
a composite index of malnutrition risk (Elderly Nutritional
Indicators for Geriatric Malnutrition Assessment or
ENIGMA) derived from these measurements. The
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Figure | Flow chart of study participants recruitment and assessment.

ENIGMA malnutrition risk index included eight nutri-
tional indicators (unable to shop, cook or feed one’s self,
eating difficulty due to oral problems, eat few vegetables
or fruits (less than once a day)), taking 5 or more drugs
a day, low albumin, haemoglobin, total cholesterol and
lymphocyte count). The ENIGMA index was previously
shown to have higher predictive accuracy for mortality
than MNA, GNRI or underweight-by-ESPEN.>* Low
body mass index (BMI) in the presence of other indicators
was not predictive of mortality outcome and hence not
included in the index. To minimize measurement bias,
we excluded “unable to shop, cook or feed one’s self”
from the index in this study. The summed weighted scores

for the seven nutritional indicators (O=not present, 1=pre-
sent for all indicators except “low cholesterol” which was
given a score of 2), with potential scores from 0 to 10 were
used to define three ordinal levels of malnutrition risk:
O=none, 1-2=low to moderate, >3=severe.

Outcomes

Functional Disability

Functional dependence (and physical and mobility perfor-
mance) were assessed at baseline and follow-up indepen-
dently by different research nurses. In the total cohort,
disability was assessed by items on need for help in
performing instrumental and basic activities of daily living
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(ADL) found in the Barthel and the Lawton scales, which
have been previously validated in the Singaporean
population.**** We used an expanded IADL-ADL scale
measuring functional dependence as it has been shown to
be hierarchical, unidimensional, and unbiased by age, with
greater content validity and thus more useful than basic
ADL for measuring need for help in the community.*'**
The presence of at least one ADL limitation was used to
define prevalent disability at baseline, and incident disabil-
ity at follow-up of participants who were disability-free at
baseline. Functional decline in ADL was defined by an
increase of at least one ADL limitation between baseline
and follow-up for participants.

Physical Performance

In the SLAS-2 cohort, physical performance was assessed
by knee extension strength (KES), gait velocity (GV) and
timed-up-and-go (TUG).

Knee extension strength (KES) was measured for the
lower limb maximum isometric strength. It was measured
with the participant seated, the hip and knee angles at 90°
using the strap and strain gauge component of the
Physiological Profile Assessment,*’ using three trials’
dominant leg average value (in kilograms).

Gait velocity (GV) was measured by the time in seconds
taken for the participant to walk 6 metres at their fastest pace,
averaged for two trials. Participants performed the test with
a dynamic start on a smooth, flat 10-metre walkway with red-
tape markers placed at the 0-, 2-, 8, and 10-metre points along
the walkway, allowing for acceleration the first 2 metres and
deceleration over the last 2 metres. The timing in a stopwatch
is started when the toes of the leading foot cross the 2-meter
mark and stopped when the toes of the leading foot cross the
8-meter mark.

Timed Up-and-Go (TUG) was measured by the time
taken by the participant to stand up from an armchair
(46 cm height), walk 3 metres, turn, walk back to the
chair, and sit down again. The participants wore their
regular footwear and used their customary walking aid, if
required. Participants walked at their fastest pace with no
physical assistance given. The test was administered twice,
and the best performance time was used.**

Covariates
These included baseline socio-economic status: age, sex,
ethnicity (Chinese, Malay and Indians/Others), educational
level (<6 years, 7-10 years, >11 years), housing type
(1-2-room  public housing,

3-room public housing,

>4-room public housing and private housing); lifestyle and
behaviour variables: single/widowed/divorced versus mar-
ried status, living alone, physical activity (summed score of
frequency of engagement in 4 categories of moderate to
vigorous physical activities). Multi-morbidity (5 or more
chronic diseases) was determined by the total number of
chronic diseases in individual participants, derived from
self-reports, and names of drugs from medication packages,
or history of diagnostic or surgical procedures, for 18 listed
medical diagnoses. The determination of hypertension
included additionally measured systolic blood pressure
>130mmHg or diastolic blood pressure >85mmHg among
those with no history of hypertension diagnosis and treat-
ment, and diabetes included additional fasting blood glu-
cose >5.6mmol/L (pre-diabetes). Global cognition was
assessed by locally translated version of the Mini Mental
State Examination (MMSE),*> and depression by the
Geriatric Depression Scale-15 items (GDS-15).%¢

Statistical Analysis

Data analysis was performed using SPSS statistical package
(IBM version 25). We used analysis of variance for contin-
uous data and chi-squared analyses for categorical data for
comparisons of nutritional status groups. In the total cohort,
the association of baseline ordinal MR score or component
nutritional indicators with cumulative risks of incident dis-
ability and functional decline were analysed using logistic
regression to estimate odds ratio (OR) and 95% confidence
intervals (95% CI), controlling for socio-demographic, life-
style behaviour and health variables. In the SLAS-2 cohort,
and among baseline disability-free participants, the associa-
tion between baseline MR with the levels and changes in
physical performance measures were analysed using gener-
alized linear mixed models for repeated measures. Estimates
of levels and changes in KES, GV and TUG associated with
nutritional status groups with significance testing of the
effects of group, time and group by time interaction were
adjusted for baseline covariates (above) and baseline KES,
GV or TUG as appropriate.

Results

The mean age of the whole cohort was 66.6 (SD 7.6)
years, and 63% were women (Table 1). Low-moderate
and severe MR was present in 47% and 15% of the
participants respectively, attributed mostly to low albumin
(25%), low haemoglobin (17.3%), and multiple drug use
(15%). The baseline prevalence of disability was 16.7%,
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Table | Baseline Characteristics of Study Participants in Total (Combined SLAS-1 and SLAS-2) Cohort and SLAS-2 Cohort

Total Cohort SLAS-2 Cohort
Total N % Total N %
(N=5358) Mean *sD N=2880 Mean +sD
Sex: female 3377 63.0 1813 63.0
Age, years 66.6 76 66.3 77
Ethnicity: Chinese 5006 93.4 2528 87.8
Malay 212 4.0 212 74
Indian 140 2.6 140 4.9
Education: <6 years 1857 347 564 19.6
7-10 years 2001 373 1218 42.3
21| years 1500 28.0 1098 38.1
Housing: 1-2 room public 764 14.3 610 21.2
3 room public 1404 26.3 817 284
24 room and private 3190 59.6 1453 50.4
Single/divorced/widowed 1625 30.3 996 34.6
Live alone 625 1.7 450 15.6
Physical activity score 4.5 +25 6.2 1.5
25 medical illnesses 706 13.2 523 18.2
MMSE score 274 +32 27.8 28
GDS score 1.27 +22 0.73 1.47
ENIGMA?7 score .17 + .31 1.30 143
0 (no MR) 2035 38.0 1092 379
-2 (low-medium MR) 2525 47.1 1254 435
3+ (high MR) 798 14.9 534 18.5
Eating difficulty (chewing and swallowing) 353 6.6 225 7.8
Take 5 or more drugs 808 15.1 544 18.9
Few fruits or vegetables 498 9.3 295 10.2
Low total cholesterol 609 1.4 418 14.5
Low albumin 1341 25.0 614 21.3
Low haemoglobin 927 17.3 588 20.4
Low lymphocyte counts 351 6.6 204 7.1
Baseline prevalent IADL-BADL disability 897 16.7 293 10.2

Abbreviation: NA, not analysed (data not available in SLAS-| cohort).

increasing from 11.6% to 18.2% and 25.2% across ordinal
categories of poor nutrition (Table 2).

Incident Disability and Functional Decline
Among participants who were free of disability at base-
line, the cumulative incidence of disability was 8.9%

overall, and increased from 5.9% to 10.1% and 14.9%
across the ordinal categories of MR (Table 2 and
Supplementary Figure 1). The OR of association adjusted

for demographic, social, lifestyle behaviour and health
variables for low-moderate MR was 1.43 (95% CI=1.02,
2.01), and for severe MR was 1.74 (95% CI=1.10, 2.74).

Clinical Interventions in Aging 2021:16

1531

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=322696.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Hai et al

(SAD ASWIN A3piqiow-ninw) yaesy + (A1ande [edisAyd ‘suofe 3ulAl| ‘snieas padJoAIp/pamopIm/a|3uls) JUnoiaeyaq 9|A1sayl| + dlydeiSowap-0120s 4oy paIsnIpy | 00°0>%ussx ‘10°0>dss ‘SO'0>dy OUll9sEq I8 om,c.b___nmm_n_» :S9JON

we € €D | #1T | 090 | 8F1 | 921 (€27 ‘260 851 | (07 L€l | 9%l (@1 ‘9L0) y0'1 | (02) 661 | 1S¢€ SN

(012 s, | use (002) 98 | veeL (£T8) S91 | L00S oN a1400ydwiA| mo
(89°1 ‘18°0) 9I'l | «zp) 801 | Stv (181 ‘+8°0) €Tl | «(ap) 611 | Ts¢€ (11 ‘9£°0) ¥60 | «(W81) | 861 | LT6 LN

(681) vL | €9SC (81) ¥8 | 8tlt (€12) 191 | Igbb oN uiqojSowaey Mo
#S'1 ‘T8°0) | (o) | sol | 1gsL (08'1 ‘s60) 0E1 | wex(€) | 8T | TUS #9171 ‘080) | £60 | %(T80) | 01T | I¥€l saX

(6S1) 0L | LSt (¥1) L1 | 806l (s19) €SI | Lloy oN ulwngje mo
(9’1 ‘€£0) 11| s+(68) | 921 | 60€ (19°1 ‘€9°0) 101 | (80 Tl | ebT (CIMIND] €11 | s0€1) | €12 | 609 saA

(861) YL | 119T (z61) 98 | 1€ (£91) 91 | évL¥ oN [0J2153|0Yd> MOT]
£S°1 “19°0) 860 | (57) ¥ol | obT (11 690 1| @) 911 | 68l (LTI ‘sL0) 2160 | «=(111) | €T | 86¥ LN

(119 L'L | 8hLT (861) 98 1622 (982) 791 | 098F ON | $9|qeaa8oAi0 suNYy may
@91 ‘120 L2071 | we(19) | S€E1 | L€ (1#°1 “€5°0) 180 | «(€€) €T | 89T «(69°1 ‘50°1) €61 | (€17 | ¥9T | 808 saA

(s81) I'L 1192 (z81) S8 | Tl1Tt (+89) 0'SI | 0SS¥ ON | s8nup aJow Jo g Bupje|
«F9T1071) €91 | w(£T) | 091 | 691 €€ 60'1) | 881 | (00 | 891 | 6l1 we(LETED) | 6471 | +(911) | 6TE | €5€ SN

(600) ¥L | 618C (002) S8 19€2 I (182) 951 | S00S oN Anoyyip Suneg
(€57 80°1) SOl | S | 81 | 99€ (56T 8I'1) | 981 | wlT¥) | 641 | 78T (T9°1 ‘86°0) 9T | (100 | TST | 86L +€
(92°1 ‘060 9zl | (611) €8 | Livl 20T 90°1) | €1 | (911) 1’01 | 0SIl w81 ‘201) | €21 | (09%) T8l | STST [l
JoN | (€9) €S | sell I (z9) 6S | 8y0I JoN I (950) 911 | s€0T 0 | 9403s sl uonLINUERL

(££D) 6L | 886C ((744] 68 | 08bT (268) L91 | 8S€S [e20]

(1> %s6) | YO (N) % | st v (1> %$6) | WO (N) % | QIS IV (1> %s6) | 4o | (N) % SIY IV
auipag jeuondung Anqesiq yuapiduj Ayqesiq juareasad

(85£5=N) 310402 (Z-SV¥1S PUE |-SWS PRUIGUIOD) [B30L SY3 Ul Sisiy UonLINU[EL] YIWDINI YIM Paienossy aulpaQ [euonauny pue AMjiqesiq 3USPIdU| PUE JU[eAd.d JO SsiY T d|qeL

Clinical Interventions in Aging 2021:16

https:
Dove!

1532


https://www.dovepress.com
https://www.dovepress.com

Dove

Hai et al

ADL decline was observed in 7.9% of the participants
overall, increasing from 5.3% to 8.3% to 14.8% across
ordinal categories of MR. The OR adjusted for demo-
graphic, social, lifestyle behaviour and health variables
was 1.26 (95% CI=0.90, 1.76) for moderate MR, and
1.65 (95% CI=1.08, 2.53) for severe MR.

The risks of incident disability and ADL decline asso-
ciated with specific indicators of MR are also shown in
Table 2 and Supplementary Figure 1. The strongest associa-

tions that were robust to adjustment for demographic, social,
lifestyle behaviour and health variables were for eating
difficulty (chewing or swallowing) with incident disability
(OR=1.88, 95% CI 1.09, 3.23) and functional decline
(OR=1.63, 95% CI=1.01, 2.64), and low lymphocyte with
functional decline (OR=2.14, 95% CI 1.33, 3.44).

Physical Function

Among disability-free SLAS-2 participants, estimates of
the levels and changes in KES, GV and TUG at baseline
and follow-up by nutritional groups are shown in
Supplementary Table 1 and Supplementary Figure 2.

Significant nutritional group differences in the level and
decline of physical performance after covariate adjustment
were observed for overall high MR, consuming few vege-
tables or fruits, taking 5 or more drugs daily, low albumin,
low cholesterol, and low haemoglobin. Compared to no
MR, severe MR was associated with 50% worse decline in
GV and doubly worse decline in TUG (Table 3 and
Supplementary Figure 2). Consuming few vegetables or

fruits was associated with 34% worse decline in KES,
taking 5 or more drugs daily was associated with 56%
worse TUG decline, and low albumin with 37% worse
decline in GV and 91% worse decline in TUG (Figure 2).

Discussion

In this prospective cohort study, we showed that commu-
nity-dwelling older persons with malnutrition risk com-
pared to their low risk peers were more likely to become
disabled or show worsening disability. In addition, non-
disabled older persons with malnutrition risk were more
likely to show diminished or declining strength, gait and
mobility over time, which are known to precede functional
disability. Our study is among a few longitudinal studies
that provide evidence in support of the influence of mal-
nutrition risk in the disablement process leading to the
development of functional decline and disability,>*-*
and point to the potential impact of nutritional interven-
tions for disability prevention in older people.

In the face of a global challenge of population ageing,
there is wide consensus that ageing societies should strive
to enable older people to remain in good health, and
maintain their personal independence and activity involve-
ment in the community. A cornerstone of ageing policy
actions is the promotion and support of healthy ageing,
and this should include the screening and treatment of
malnutrition risk among non-disabled older people in the
community. Recent studies provide strong support of the
effectiveness of various lifestyle and health behaviour
interventions in improving physical, cognitive and mood
functioning of older adults, although evidence of ultimate
effectiveness in preventing disability remain limited. Also,
the evidence in support of the effectiveness of nutritional
interventions compared to other interventions such as phy-
sical exercise or social activity interventions are relatively
more limited. More studies involving nutritional interven-
tions are required.

We used a highly appropriate measure of malnutrition
risk for the purpose of our study. The Mini Nutritional
Assessment (MNA) is most popularly used to measure
nutritional risk and malnutrition.®'* However, the MNA
includes a question on immobility (being bed or chair
bound) which is a component of ADL disability, and
questions such as acute disease, dementia or depression,
weight loss and BMI which are major risk factors for
disability, hence there exists a circularity in this relation-
ship. BMI has also been used to measure nutritional status
in some studies;'>° however, low BMI as a marker of
muscle loss in malnutrition lacks sensitivity in older per-
sons given the age-related increase in body weight,*’
which may explain the reported lack of association with
disability and physical function in many studies. Only
a few studies which specifically measured low food intake
and anorexia,”'** low vegetable or fruit intake,” or used
blood biomarkers such as low albumin and low lympho-
cyte have reported positive findings.** 2’

To minimize the bias in this study, we used a novel
ENIGMA nutritional index which was previously shown
to have good predictive validity for mortality risk. In this
study, it is also demonstrated to predict disability. The
ENIGMA assesses two major elements leading to malnu-
trition: undernutrition due to inadequate intake or diges-
tion and intestinal absorption of food, and inflammation
which leads to loss of fat free mass and negatively influ-
ences immune host response, healing and survival.*’
Omitting inability to shop, cook or feed oneself (itself
a measure of functional disability), the index includes
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Table 3 Adjusted Estimates of Between-Nutritional Group Differences in Decline in Physical Performance Among Disability-Free
SLAS2 Participants

Decline from Baseline Between Group Differences
Adjusted Mean (95% CI) Adjusted Mean (95% CI) %

KES, kg
Malnutrition risk score 0 —2.63 | (—3.44, -1.82) 0 | Reference 0

1-2 —2.65 | (—3.44, —1.86) —0.02 | (-0.55, 0.51) 0.8

3+ —2.46 | (-3.38,-1.53) 0.17 | (-0.67, 1.01) 6.5
Eating difficulty due to oral problems | No —2.58 | (=3.31, —1.85) 0

Yes —2.33 | (-3.54,-1.13) 0.24 | (-0.75, 1.24) 9.3
Taking 5 or more drugs No —2.65 | (—3.38,-0.19) 0

Yes —2.52 | (-0.35, -0.59) 0.13 | (—0.64, 0.89) 4.9
Few fruits or vegetables No —2.70 | (—3.44, —1.96)%** 0

Yes -1.76 | (-2.81, -0.71)** 0.94 | (0.07, 1.82)* 34.8
Low cholesterol No —2.58 | (-3.33,-1.82) 0

Yes —2.73 | (-3.65, —1.8l) -0.16 | (—0.89, 0.57) 6.2
Low albumin No —2.50 | (-3.25,-1.74) 0

Yes —2.81 | (-3.68, —1.93) —0.31 | (-0.93,0.31) 1.3
Low haemoglobin No —2.55 | (=3.31, —1.80) 0

Yes —2.79 | (-3.68, —1.90) -0.23 | (-0.87, 0.41) 9.0
Low lymphocyte count No —2.60 | (—3.34, —1.86) 0

Yes —2.66 | (—3.87, —1.45) —-0.06 | (—1.04,091) 23
GV, mi/s
Malnutrition risk score 0 —0.14 | (—0.20, —0.09) 0 | Reference 0

1-2 —0.17 | (-0.23, —0.12)* —-0.03 | (-0.07, -0.01)* 21.4

3+ —0.21 | (-0.28, —0.15)* —0.07 | (-0.13, —0.001)* 50.0
Eating difficulty due to oral problems | No —0.16 | (-0.21, -0.11) 0

Yes —0.20 | (-0.28, —0.12) —0.04 | (-0.11,0.03) 25.0
Taking 5 or more drugs No —0.16 | (-0.22, -0.11) 0

Yes —0.22 | (-0.27, -0.15) -0.05 | (-0.10, 0.01) 31.2
Few fruits or vegetables No —0.16 | (-0.21, —0.11) 0

Yes —0.20 | (-0.27, -0.12) —-0.04 | (-0.10, 0.03) 25.0
Low cholesterol No —0.16 | (-0.21, —0.11) 0

Yes —0.20 | (-0.27, -0.13) —-0.04 | (-0.09, 0.01) 25.0
Low albumin No —0.16 | (-0.21, -0.10) 0

Yes —0.22 | (-0.28, —0.15)** —0.06 | (—0.10, —0.02)** 375
Low haemoglobin No —0.17 | (-0.22, -0.12) 0

Yes —-0.18 | (-0.24, -0.12) -0.01 | (—0.06, 0.03) 5.9
Low lymphocyte count No -0.17 | (-0.22, -0.12) 0

Yes —0.20 | (-0.28, -0.11) -0.03 | (—0.09, 0.04) 17.6
TUG, sec
Malnutrition risk score 0 0.61 | (0.10, I.12) 0 | Reference 0

1-2 0.96 | (0.46, 1.46) 0.34 | (-0.03, 0.72) 55.7

3+ 1.38 | (0.79, 1.97)** 0.77 | (0.17, 1.37)** 126.2

(Continued)
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Table 3 (Continued).

Decline from Baseline Between Group Differences
Adjusted Mean (95% CI) Adjusted Mean (95% CI) %

Eating difficulty due to oral problems | No 1.01 | (0.54, 1.48) 0

Yes 1.59 | (0.83, 2.35) 0.58 | (—0.05, 1.21) 574
Taking 5 or more drugs No 1.05 | (0.59, 1.52) 0

Yes 1.65 | (1.04, 2.26)* 0.59 | (0.10, 1.09)* 56.2
Few fruits or vegetables No 1.04 | (0.57, 1.52) 0

Yes 1.03 | (0.35, 1.72) —0.007 | (—0.580, 0.565) 0.7
Low cholesterol No 0.85 | (0.367, 1.33) 0

Yes 1.14 | (0.55, 1.74) 0.29 | (-0.18, 0.76) 34.1
Low albumin No 0.77 | (0.29, 1.24) 0

Yes 1.46 | (0.90, 2.02)*** 0.70 | (0.30, 1.08)*** 90.9
Low haemoglobin No 091 | (0.43, 1.39) 0

Yes 0.99 | (0.43, 1.56) 0.09 | (-0.32, 0.49) 9.9
Low lymphocyte count No 091 | (0.44, 1.38) 0

Yes 1.40 | (0.65, 2.16) 0.49 | (-0.12, I.11) 53.8

Notes: Ref: Reference; *p<0.05, *¥p<0.01, ***p<0.001 (Bonferroni-adjusted). Adjusted for age, sex, ethnicity, education, housing type, marital status, living arrangement,
hours of moderate to high physical activity, number of comorbidities, GDS, MMSE and baseline KES (or GV or TUG). Deterioration from baseline is measured with

appropriate reverse signs for changes from baseline of KES, GV and TUG.

indicators of reduced quantity and quality of food intake
due to difficulty in chewing and swallowing, and low
albumin, cholesterol, haemoglobin and lymphocyte count
which assess negative nitrogen balance, inflammatory
host
Furthermore, as body weight tends to increase with age,

activity and impaired immune response.
and low BMI and weight loss in older people are less able
to detect the crucial loss of lean muscle mass associated
with undernutrition.*’ We and others have previously
observed that BMI in the presence of other nutritional
variables was a redundant in predicting mortality
risk.?®*® Furthermore, BMI was also not found in previous
studies to be consistently associated with risk of disability
or impaired physical performance.'>2°

Eating difficulty alone was found to be most strongly
associated with increased risk of incident disability and
functional decline in ADL. This result is congruent with
two previous prospective studies demonstrating that anor-
exia of ageing (loss of appetite or reduced food intake)
was associated with risk of incident disability.?'** Our
identified

a malnutrition indicator that predicted functional ADL

study also low lymphocyte count as

decline. Low lymphocyte count has also been reported to
be associated with ADL disability in a study of Chinese

centenarian WOI]’1€1’1.27

With regard to physical function, we also showed that
malnutrition risk and low albumin in particular were asso-
ciated with worse decline in GV and TUG, consistent with
previously reported associations of low serum albumin
with low muscle mass®> and ADL limitations.”® Long-
term protein-energy malnutrition and inflammation from
disease and injury are principally responsible for low
serum albumin concentrations in older persons, and its
associated risk of physical function loss and disability is
likely to be attributable to sarcopenia.** Polypharmacy is
widely regarded to be an important risk factor for malnu-
trition based on its documented effects on alterations in
taste, common gastrointestinal side effects such as nausea,
anorexia and dry mouth, or intestinal absorption and meta-
bolism or elimination of vitamins and minerals.*’ It is also
regarded as an important risk factor for frailty and dis-
ability risk, although a systematic review reported that the
data, based on cross-sectional studies, are mixed regarding
the relationship between polypharmacy and a range of
adverse outcomes including function.® More recently,
however, several longitudinal studies have emerged in
support of this association with incident frailty.”' >

Consuming few vegetables or fruits (less than once
a day) was significantly associated with worse decline in
knee extension strength in this study, in agreement with
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Figure 2 Significant estimates of GV and TUG declines at follow-up associated with ENIGMA7 malnutrition risk, low albumin and consumption of 25 drugs among disability-

free SLAS-2 participants.

the finding reported in one previous longitudinal study of
African-Americans.”> This is consonant with studies
which suggested the associations of single nutrient dietary
intake, such as carotenoids, vitamins B, D, vitamins B and
folate, selenium, and the Mediterranean diet with impaired
physical function or frailty.’

Strengths and Limitations

This study used a large prospective cohort of community-
dwelling middle-aged and older persons and a careful and
appropriate choice of instrument to measure nutrition.
However, some limitations should be noted. The relatively
smaller number of old-old individuals in this cohort may
limit generalizing the findings to much older people,

among whom some studies suggest the association of
nutritional factors with physical functional decline may
be attenuated or even paradoxical.'"® Given the 3 to
S-year interval between assessment of physical function
and decline, it is possible that transitions over short inter-
vals may be missed. Some degree of selection bias should
be noted as the study cohort excluded very disabled older
persons in the community, and more physically impaired,
frail or disabled participants among them were lost to
follow-up. Attrition bias should also be considered as
participants who were lost to follow-up or died had more
malnutrition risk and were more disabled at baseline than
those who were assessed at follow-up. This was likely to
result in the risks of disability and levels of physical and
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functional performance associated with malnutrition risk

being underestimated. Specific nutritional factors such as

dietary intake or biochemical levels of specific nutrients or

dietary patterns are not assessed in this study.

Conclusion
In summary, this study showed that malnutrition risk

increased the risk of incident disability and worsening

disability, and worse declines in physical function among

non-disabled

individuals. The contributing factors

included reduced food intake because of chewing or swal-

lowing difficulty, few intakes of vegetables or fruits, poly-

pharmacy, low albumin, and low lymphocyte count.

Further studies especially interventional studies should be

conducted to guide preventive efforts for reducing disabil-

ity among older people.
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