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Abstract
Malnutrition is a major problem among older adults with type 2 diabetes mellitus (T2DM). Some studies suggest that well glycaemic control
increases the risk of frailty due to reduced intake. Therefore, it could be hypothesised that adequate glycaemic controlled patients may be at risk
of malnutrition. This study aimed to examine, in older adults with T2DM, the association between adequate glycaemic control and malnutrition
as well as identify the risk factors for malnutrition. Data including general characteristics, health status, depression, functional abilities, cognition
and nutrition status were analysed. Poor nutritional status is defined as participants assessed with theMini Nutritional Assessment as being at risk
of malnutrition or malnourished. Adequate glycaemic control refers to an HbA1c level that meets the target base in the American Diabetes
Association 2022 guidelines with individualised criteria. There were 287 participants with a median (interquartile range) age of 64 (61–70) years,
a prevalence of poor nutrition, 15 %, and adequate glycaemic control, 83·6 %. This study found no association between adequate glycaemic
control and poor nutrition (P= 0·67). The factors associated with poor nutritional status were low monthly income (adjusted OR (AOR) 4·66,
95 % CI 1·28, 16·98 for income < £118 and AOR 7·80, 95 % CI 1·74, 34·89 for income £118–355), unemployment (AOR 4·23, 95 % CI 1·51, 11·85)
and cognitive impairment (AOR 5·28, 95 % CI 1·56, 17·93). These findings support the notion that older adults with T2DM should be encouraged
to maintain adequate glycaemic control without concern for malnutrition, especially those who have low income, unemployment or decreased
cognitive functions.
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In 2020, the WHO reported that there were 727 million older
adults worldwide. Over the next three decades, this number
is projected to more than double(1). As the population ages,
there is an increased demand for healthcare resources and
costs, particularly for management of chronic conditions,
disease prevention and providing appropriate treatment(2).

Older adults are frequently affected by malnutrition, which
has a prevalence of 8·5–28·0 % depending on the type of
healthcare setting(3). Malnutrition is 1·2–2·3 times more
prevalent in hospitalised elderly patients comparedwith patients
aged < 65 years(4). Malnutrition leads to adverse outcomes
including decreased quality of life, increased hospitalisation,
disability and higher mortality(5,6). The causes of inadequate
nutrition in older adults can be physiologic, pathologic,
sociologic or psychological. Malnutrition is often caused by
one or more of the following factors: physiological changes in
gastrointestinal and sensory functions, psychosocial factors

such as loneliness and depression, sedentary behaviour and
disease-related inflammation, respectively, diabetes mellitus(7).

Type 2 diabetes mellitus (T2DM) is a prevalent chronic
disease among older adults(8) that considerably increases the risk
of inadequate nourishment. Comparedwith older adults without
T2DM, those with T2DM have a higher prevalence and risk
of malnutrition(9,10). This increased risk is attributed partly to
T2DM-related autonomic neuropathy manifesting as anorexia,
gastroparesis, effects of antihyperglycaemic drugs and extreme
dietary restriction or low-energy intake, which aim at blood
glucose control, that can also contribute to malnutrition(11–13).

Blood glucose levels need to be kept under control in patients
with T2DM to reduce their risk of developing diabetes-related
complications, especially those with HbA1c levels of≤ 6 %(14,15).
Older adults with T2DM should have adequate glycaemic
controlled(16) which is defined as the blood sugar levels kept in
HbA1c target by changing behaviour or dietary restriction(17).
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However, it is important to consider that targeted HbA1c levels
for older adults are more flexible than in other age groups
due to the possible risk of hypoglycaemia, frailty(18) or even
malnutrition(19). According to previous studies, a decrease in
blood HbA1c level has been associated with a subordinate
nutritional status(19,20). This is presumably caused by endo-
thelial dysfunction and reduced nutrient intake due to
excessive dietary restriction, resulting in lower blood glucose
levels(21). Based on this background, it is hypothesised that
older adults with T2DMwho havewell glycaemic control may be
at risk of malnutrition. Although there are conflicting reports
about HbA1c levels, some studies show an association between
decreased levels and malnutrition as mentioned, while others
indicate a relationship with elevated levels(19,20,22,23). Moreover,
the association between individualised glycaemic control and
malnutrition remains unclear. Therefore, the primary aim of this
study was to investigate the relationship between well-managed
glycaemic control and malnutrition, and the secondary aim was
to determine the other factors contributing to malnutrition
among older adults with T2DM. Understanding this association is
crucial to providing comprehensive care to this vulnerable
population.

Experimental methods study population and ethical
approval

This studywas cross-sectional and conducted at the primary care
unit (PCU) and general practice (GP) clinic of Songklanagarind
Hospital in Thailand. The study participants were outpatients
who had appointments and follow-ups at both clinics between
April and October 2022. This study was conducted according to
the guidelines laid down in the Declaration of Helsinki, and all
procedures involving human participants were approved by the
Ethics Committee of the Faculty of Medicine, Prince of Songkla
University (REC65-167-9-4). Written informed consent was
obtained from all subjects. The two independent proportion
methods were used to estimate the sample size by the n4Studies
application(24), with an α error of 0·05 and a β error of 0·2. The
formula includes all variables that previous studies have
reported the association to malnutrition, such as glycaemic
control(23), age(25), sex(26), income, multiple co-morbidities,
oral problems, chronic pain(27), education, cognition, func-
tional ability, polypharmacy(28), living alone(29), unemploy-
ment, depression(30), rural residency(31), diabetes duration(32)

and digestive problems(33). Totally, the largest sample size
needed was 287 participants, which was calculated by
substituting the marital status variable with values of 0·18,
0·34 and 0·36 for the proportion of malnutrition in married
(p1), divorce/widow (p2) and ratio (r), respectively(34).

The inclusion criteria of the current study were (1) Thai
patients aged≥ 60 years who were diagnosed with T2DM,
(2) had an HbA1c level evaluated within the past 1 week and
(3) could communicate well in Thai. The exclusion criteria were
(1) the following poor health status according to The American
Diabetes Association (ADA) criteria(18): (a) patients with end-
stage chronic illness (such as congestive heart failure stage 3–4,
oxygen-dependent lung disease, chronic kidney disease treated
with haemodialysis and metastatic cancer), (b) had activities of

daily living (ADL) impairment (Barthel ADL index for impair-
ment of more than two activities)(35) or (c) had severe
cognitive impairment (Mini-Mental State Examination
(MMSE)-Thai 2002 scores less than 15, 18 or 23 for those
who could not read and write, graduated from elementary
school level and attended higher than elementary school level,
respectively)(36), (2) had been diagnosed with various diseases
that affect HbA1c levels (such as Fe deficiency anaemia, vitamin
B12 deficiency, haemoglobinopathies, thalassaemia, chronic
liver disease, chronic renal failure, post-splenectomy, rheuma-
toid arthritis) or (3) were currently taking drugs that affect
HbA1c levels (such as erythropoietin, aspirin, vitamin B12-C-E,
antiretrovirals, ribavirin, dapsone and Fe).

Measurement tools

Glycaemic control. Based on HbA1c levels in the previous
week, there were two categories of glycaemic control: adequate
and poor. Participants were considered to have adequate
glycaemic control if they met the HbA1c target based on the
2022 ADA guidelines(18); participants with less than three
co-morbidities, intact cognitive function and functional status
(Barthel ADL and Chula ADL impairment less than or equal to
2 activities) have HbA1C less than 7·5 %, while those with more
than three co-morbid, mild cognitive impairment or instrumental
ADL impairment (Chula ADL impairment more than two
activities) should have HbA1C less than 8·0 %. Poor glycaemic
control is classified for participants who did not meet the above
criteria.

Nutritional status. The Mini Nutritional Assessment (MNA)
questionnaire(37,38) was used in this study to assess nutritional
status, with a sensitivity of 96 % and a specificity of 98 %. The
Thai version of this tool demonstrated good reliability with a
Cronbach’s α of 0·83. The MNA questionnaire comprises
fifteen questions with a total score of 30. Participants were
categorised into two groups based on their MNA scores:
normal nutritional status (24–30 points) and poor nutritional
status, indicating a risk of malnutrition (17–23·5 points) or
malnourishment (< 17 points).

Health status. The term health status was composed of four
components: general health factors, depression, cognitive
function and functional ability. First, general health factors
were assessed using face-to-face interviews with a standard
questionnaire comprising questions such as the duration of
T2DM, number of co-morbidities that have been diagnosed in
the medical record, including non-communicable disease,
digestive problems and chronic pain (disease-related pain that
persists for longer than 3 months), oral problems (chewing or
swallowing problems, dental problems), number of medi-
cations taken and hospitalisations during the past year.

Second, depression was assessed using the Thai version of
the Patient Health Questionnaire (PHQ)(39–41), which includes
the PHQ-9 and PHQ-2 versions. The Thai PHQ-9 has a sensitivity
and specificity of 90 and 89 %, respectively. The Thai PHQ-2
version’s sensitivity and specificity are 80 and 73 %, respectively.
This tool consists of nine questions, each scored from 0 to 3.
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The total scores range from 0 to 27. The PHQ-2 was used to
initiate the examination; if the final scorewas≥ 2, the PHQ-9was
assessed. If the patients’ PHQ-9 total score was≥ 10, they were
considered to have depression.

Third, cognitive function was investigated using the Thai
version of the MMSE(36) with a verified sensitivity and specificity
of 86 and 92·6 %, respectively. This tool consists of eleven
questions, each rated from 1 to 5. If the patients were unable to
read and write, the assessments of items 4, 9 and 10 were
omitted. The interpretation of these items depended on the level
of education. Patients with cognitive impairment would receive
15–22 points if they are unable to read andwrite, 18–29 points for
graduating from elementary school and 23–29 points for
graduating from high school. Patients with intact cognitive
function received maximum scores of 23 and 30 for those who
were unable to read or write and graduated from elementary
school or higher, respectively.

Functional ability was assessed using the Barthel ADL and
Chula ADL indices(35,42,43). The inter- and intra-rater reliabilities
for the Thai version of the Barthel ADL indexwere reported to be
0·714 and 0·968, respectively. This tool comprises ten items with
scores ranging from 0 to 20. In this study, participants who got a
full score of 20 were considered to have no impairment in basic
ADL, while those who received a score of 0–19 were considered
to have impaired basic ADL. The Chula ADL index had a kappa
coefficient of 0·79. It consisted of five items. The total score
ranged from 0 to 9 points. The cut-off points for scores were as
follows: patients who score a full 9 points are good in
instrumental ADL and score less than 9 are impaired in
instrumental ADL.

Data collection

Patients meeting the eligibility criteria were selected from
the medical records. Those willing to participate completed
the questionnaires in a private room in the following order of
items: general information, such as age, sex, monthly income,
level of education, marital status, living alone, place of residence
and employment; health status data, such as co-morbidities,
medications, duration of diabetes, digestive problems, chewing
and dental problems, chronic pain; Thai version Barthel ADL
index; Chula ADL index; Thai version MMSE; PHQ2; PHQ9 and
MNA. The HbA1c data were retrieved from the hospital
information system. Based on these criteria, participants were
categorised into adequate or poor glycaemic control groups(18).

Statistical analysis

Data were managed using R Studio Version 4.1.1 (Public Benefit
Corporation). Descriptive analyses involved calculation of
medians, interquartile ranges, means and percentages. The
association between the glycaemic control groups and related
factors among the nutritional status groups was assessed using
the Wilcoxon rank-sum test, χ2 test, Fisher’s exact test and t test.
Differences in the MNA scores for each variable were evaluated
using independent sample t tests, one-way analysis ANOVA,
Mann–Whitney U-tests and Kruskal–Wallis tests. Spearman’s
rank correlation coefficient was used to analyse the correlation
between variables and MNA scores. Multiple logistic regression

analysis was performed to examine the association between
variables and poor nutritional status. Regression model 1 was
utilised for analysing variables associated with nutritional status,
including the variable of interest and glycaemic control.
Subsequently, the variables identified as related factors in model
1 were examined in model 2, along with glycaemic control and
co-morbidities, which have the possibility of impacting nutri-
tional status(3). Statistical significance was set at P< 0·05 for all
analyses.

Results

Participant’s characteristic

Of the 287 participants, 63·4 % (n 182)werewomen. Themedian
age was 64 (IQR 61–70) years. The median duration of T2DM
was 4 (IQR 2, 9) years. According to the HbA1c levels, 83·6 %
(n 240) patients had adequate glycaemic control, while 16·4 %
(n 47) had poor glycaemic control. Multiple co-morbidities were
present in 76 % of the participants (n 218); the most frequent co-
morbidities were dyslipidaemia (95·8 %), hypertension (68·3 %)
and musculoskeletal disease (15·0 %). Among these 36·9 %
(n 106) who used polypharmacy, the most prescribed diabetes
medications used in this study were biguanide (99·7 %),
sulphonylurea (31·4 %) and thiazolidinedione (15·3 %), respec-
tively. Based on the MNA scores, 85 % of the participants had a
normal nutritional status and 14·6 % (n 42) were at risk of
malnutrition. The two terms ‘malnutrition’ and ‘risk of malnu-
trition’ were combined into one term ‘poor nutritional status’ for
analysis due to the small number of samples in both (Table 1).

Glycaemic control and nutrition status

No significant association between adequate glycaemic control
and poor nutritional status was found in this study (P= 0·67)
(Table 1), similar to the absence of a correlation between
HbA1c levels and MNA scores (r= 0·059, P= 0·318) (online
Supplementary 2). Additionally, there were no significant
differences in MNA scores between the groups with adequate
and poor glycaemic control (P= 0·09) (online Supplementary 1).

Nutritional status and associated factors

Regarding socio-demographic variables, 31 % of participants
aged> 75 years were malnourished or at risk of malnutrition,
which was higher than those aged≤ 65 years (8·1 %). Older
adults with poor nutritional status were more likely to have
incomes of less than £110 (5000 Baht) per month (67·4 %) and
complete a lower level or equal elementary school (53·5 %). It
demonstrates that those who are older, less educated and have
lower incomes tend to have poor nutritional status. In terms of
health variables, patients with poor nutritional status have a
higher prevalence of cognitive impairment (14·0 %) than those
with adequate nutrition status (3·7 %) (P= 0·014) (Table 1).

Spearman’s correlation revealed a positive correlation
between the MMSE score andMNA score (r = 0·234, P < 0·001)
and an inverse correlation between the number of medica-
tions and MNA score (r =−0·294, P < 0·001) (online
Supplementary 2).
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Table 1. Characteristics of participants (Numbers and percentages; medians and interquartile ranges)

Variables

Number
Adequate nutritional

status
Poor nutritional

status

P

Total 287 Total 240 Total 47

n % n % n %

Age (years) 0·001*
≤ 65 160 55·7 147 60·2 13 30·2
66–70 57 19·9 47 19·3 10 23·3
71–75 41 14·3 30 12·3 11 25·6
≥ 76 29 10·1 20 8·2 9 20·9

Age years
Median 64 64 70 < 0·001‡
IQR 61·0, 70·0 60, 69 64, 75

BMI (kg/m2) < 0·001*
< 23·0 59 20·6 36 14·8 23 53·5
23·0–29·9 188 65·5 170 69·7 18 41·9
≥ 30 40 13·9 38 15·5 2 4·6

BMI (kg/m2)
Median 25·2 25·6 22·8
IQR 23·6, 28·0 24·0, 28·1 21·4, 25·3

MNA scores median (IQR)
Median 26·5 27·0 22·0 < 0·001‡
IQR 24·5, 28·0 25·5, 28·0 21·0, 23·0

Sex 0·35*
Men 105 36·6 92 37·7 13 30·2
Women 182 63·4 152 62·3 30 69·8

Income (Pound) 0·005*
< 110 139 48·4 110 45·1 29 67·4
110–331 34 11·9 27 11·0 7 16·3
332–551 34 11·8 30 12·3 4 9·3
≥ 552 80 27·9 77 31·6 3 7·0

Income (Pound)
Median 110 176 15 0·008‡
IQR 13, 596 13, 662 –13, 110

Education 0·02*
Elementary school or lower 100 34·8 77 31·6 23 53·5
Middle school 69 24·1 61 25·0 8 18·6
Diploma or degree or higher 118 41·1 106 43·4 12 27·9

Marital status 0·18†
Single widowed or divorced status 30 10·5 23 9·4 7 16·3
Married 257 89·5 221 90·6 36 83·7

Family member 0·40†
Lived alone 12 4·2 9 3·7 3 7·0
Lived with family member 275 95·8 235 96·3 40 93·0

Residency 0·14*
Rural 130 45·3 115 47·1 15 34·9
Urban 157 54·7 129 52·9 28 65·1

Employment status 0·001*
Unemployed 173 60·3 137 56·1 36 83·7
Employed 114 39·7 107 43·9 7 16·3

Co-morbidities 0·61*
< 3 69 24·0 60 24·6 9 20·9
≥ 3 218 76·0 184 75·4 34 79·1

Co-morbidities
Median 3 3 3 0·28‡
IQR 3, 4 3, 4 3, 4

Duration of diabetes (year) 0·76*
< 5 147 51·2 124 50·8 23 53·5
5–9 73 25·5 64 26·2 9 20·9
≥ 10 67 23·3 56 23·0 11 25·6

Duration of diabetes (years)
Median 4 4 3 0·97‡
IQR 2, 9 2, 9 1, 10

Digestive problem 1·00†
Yes 21 7·3 18 7·4 3 7·0
No 266 92·7 226 92·6 40 93·0

Chronic pain 0·18†
Yes 30 10·5 23 9·4 7 16·3
No 257 89·5 221 90·6 36 83·7
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In multivariate logistic regression analysis, poor nutritional
status has been found to be strongly associatedwith lowmonthly
income (adjusted OR (AOR) 4·66, 95 % CI 1·28, 16·98 for income
< £118 and AOR 7·80, 95 % CI 1·74, 34·89 for income £118–355).
Additionally, poor nutrition was associated 4·23 times more with
T2DM in older adults whowere unemployed (AOR 4·23, 95 % CI
1·51, 11·85). Finally, it was revealed that there was a clear
association between cognitive function and nutrition status;
cognitive impairment raised the risk of poor nutrition by 5·28

times compared with normal cognition (AOR 5·28, 95 % CI 1·56,
17·93) (Table 2).

Discussion

This study is the first to investigate the association between poor
nutritional status and glycaemic control using the concept of
‘individualised criteria’ based on standardised ADA guidelines

Table 1. (Continued )

Variables

Number
Adequate nutritional

status
Poor nutritional

status

P

Total 287 Total 240 Total 47

n % n % n %

Chewing problem 1·00†
Yes 6 2·1 5 2·0 1 2·3
No 281 97·9 239 98·0 42 97·7

Dental problem 0·24*
Yes 143 49·8 118 48·4 25 58·1
No 144 50·2 126 51·6 18 41·9

Medications (types) 0·16*
< 5 181 63·1 158 64·8 23 53·5
≥ 5 106 36·9 86 35·2 20 46·5

Medications (types)
Median 4 4 4 0·10‡
IQR 3, 5 3, 5 3, 6

History of hospitalisation in 1 year 0·14*
Yes 62 21·6 49 20·1 13 30·2
No 225 78·4 195 79·9 30 69·8

Cognitive impairment 0·01†
Yes 15 5·2 9 3·7 6 14·0
No 272 94·8 235 96·3 37 86·0

MMSE scores
Median 30 30 28 < 0·001‡
IQR 28, 30 28, 30 27, 30

bADL impairment 0·16†
Yes 5 1·7 3 1·2 2 4·7
No 282 98·3 241 98·8 41 95·3

bADL scores
Median 20 20 20 0·01‡
IQR 20, 20 20, 20 20, 20

iADL impairment 0·09†
Yes 12 4·2 8 3·3 4 9·3
No 275 95·8 236 96·7 39 90·7

iADL scores
Median 9 9 9 0·07‡
IQR 9, 9 9, 9 9, 9

Depression 0·22†
Yes 6 2·1 4 1·6 2 4·7
No 281 97·9 240 98·4 41 95·3

PHQ scores
Median 0 0 0 0·63‡
IQR 0, 0 0, 0 0, 0

Glycaemic controlled 0·67*
Well controlled 240 83·6 205 84·0 35 81·4
Poor controlled 47 16·4 39 16·0 8 18·6

HbA1c (%)
Median 6·8 6·9 6·7 0·77‡
IQR 6·3, 7·6

IQR, interquartile range; MMSE, Mini-Mental State Examination; bADL, basic activities of daily living; iADL, instrumental activities of daily living; HbA1c, glycated Hb; MNA, Mini
Nutritional Assessment; PHQ, Patient Health Questionnaire.
Significant at P< 0·05.
* χ2 test.
† Fisher’s exact test.
‡Wilcoxon rank-sum test.

Glycaemic control and malnutrition in elderly 1501

https://doi.org/10.1017/S0007114524000175 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524000175


that consider co-morbidities, functional abilities and cognitive
functions. This study was conducted in a tertiary hospital, and the
participants’ socio-demographic characteristics were similar to
those of the 2021 Thai Elderly Health Survey(44). However, most
participants in this study had a high school diploma or higher and
lived in urban areas, unlike in previous studies with lower
education levels and in rural locations(45,46). The study found
relatively lower malnutrition among the participants based on the
MNA compared with other studies(47,48), possibly due to better
access to medical services and health information among
participants with higher education levels and urban residency(49,50).

According to the primary objective, this study found no
association between poor nutritional status and adequate
glycaemic control. Furthermore, no correlation between the
HbA1c levels and MNA scores was noticed, contradicting the
results of previous studies. Vischer et al.(19) reported a positive
association between MNA scores and HbA1c levels but focused
on older patients with T2DM admitted to a geriatric hospital,
unlike our outpatient clinic cohort. Junaid et al.(9) and Tasci
et al.(51) showed that older adults with poorly controlled diabetes
had an increased risk of poor nutritional status (50–88 %),
whereas the present study found a lower prevalence of poor
nutrition (15·0 %) andmalnutrition (0·03 %). Themain difference
lies in the criteria for categorising patients into the adequate
alchemically controlled group. Previous cohorts used HbA1c
cut-off points alone(32,52), possibly overestimating well-con-
trolled patients, whereas this study used the ADA guidelines with
individualised criteria(18). These results align with those of Ayub
et al.(32) and Yildirim et al.(52), indicating that malnutrition is
unrelated to blood glucose levels, particularly for diabetic
control, in older adults (evaluated by an HbA1c cut-off point of
7 %). Therefore, in older patients with T2DM promoting optimal
glycaemic control can prevent complications(53) and improve
lipid metabolism, resulting in lower total cholesterol, and higher
levels of HDL(54) can be achieved without concerns about an
increased risk of malnutrition.

This study found an association between lower income and
poor nutrition in older adults with T2DM. Those with monthly

incomes of less than £355 had a 7 times higher risk of poor
nutrition compared with the higher income groups. Similar
findings were reported by Boulos et al.(27) and Abdu et al.(30), in
which low income or a lack of pension payments was linked to
poor nutritional status. Lower income limits access to sufficient
food with good nutritive value, particularly meat, fruits and
vegetables. Unemployment has also been associated with poor
nutrition in older adults with T2DM, as seen in studies by Poda
et al.(55) and Tamang et al.(56). Unemployment reduces social
networking and the ability to afford healthy meals(58) and may
lead to decline in protein consumption(58). Furthermore, this
study found that cognitive impairment was linked to a 4-fold
increased risk of poor nutritional status, which is consistent
with the findings of Nguyen et al.(59) and Bakhtiari et al.(28).
Cognitive impairment can affect eating habits, food preparation
and disorders of chewing or swallowing(60). However, some
studies did not find similar correlation because of variations in
the levels of cognitive impairment and its effects on nutritional
status(51,61).

This study found an inverse correlation between age and
MNA scores, consistent with previous research(28,62), likely
due to age-related physiological changes in gastrointestinal
function(63). However, no association was identified between
age and poor nutritional status in this study, possibly because the
majority of participants were aged≤ 65 years and had fewer
digestive problems. The number of co-morbidities and medi-
cations used also showed an inverse correlation with the MNA
scores, as observed in previous studies, indicating that a higher
Charlson Co-morbidity Index was associated with lower MNA
scores(64). However, functional ability (both basic and instru-
mental ADL) was correlated with MNA scores(65). However,
unlike previous research(51,66), no association was found
between these factors and poor nutrition in the current study.
This disparity could be due to differences in the measures and
tools used to assess functional capacity between this and
previous studies. Additionally, the exclusion of participants with
basic ADL impairment in more than two activities in this study
may have contributed to the difference in results.

Table 2. Multivariate logistic regression model for the associating factor of poor nutrition (95 % confidence intervals)

Variables

Model 1* Model 2†

Adjusted OR 95% CI Adjusted P Adjusted OR 95% CI Adjusted P

Income (Pound)
< 110 4·07 1·14, 14·54 0·03 4·66 1·28, 16·98 0·02
110–331 7·22 1·66, 31·50 0·009 7·80 1·74, 34·89 0·007
332–551 3·67 0·75, 17·91 0·11 4·39 0·87, 22·28 0·07

Employment
Unemployment 3·75 1·37, 10·23 0·01 4·23 1·51, 11·85 0·006

Cognitive impairment
Yes 4·40 1·35, 14·33 0·01 5·28 1·56, 17·93 0·008

Co-morbidities
≥ 3 0·85 0·35, 2·08 0·72

Glycaemic controlled
Well controlled 0·47 0·18, 1·23 0·12

* Model 1: In multivariate logistic regression, forward (LR) variable selection method was used. Age, income, education, occupation, cognitive impairment, co-morbidities,
polypharmacy, chronic pain, bADL impairment, iADL impairment and glycaemic control were adjusted for in the model.

†Model 2: The model used the variables selection method. Income, occupation, cognitive impairment, co-morbidities and glycaemic control were adjusted for in the model.
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Contrary to the results of prior studies, poor nutritional status
was not found to be associated with oral, digestive or chronic
pain conditions in this study(67,68). The assessment of oral
problems and chronic pain relied on self-reports, and the
severity of these issues was not determined, which possibly
affected the observed effects on nutritional status(69). Depression
was also not independently associated with poor nutrition in this
study, unlike previous studies that reported a 1·7–1·9 fold
increased risk of poor nutrition in older adults with depres-
sion(27,70). Because the screening tool used in this study to define
depression was used and the prevalence of depression was low
(2 %), this potentially affected the ability to detect significant
associations. Finally, this study did not find an association
between the duration of diabetes and poor nutrition, because the
majority of study participants had their disieases for lower than 5
years (51.2 %) which less than previous studies. A prior study
reported that the disease duration of 15 years or longer in
hospitalised older adults with T2DM had an increased risk of
poor nutrition compared with a shorter disease duration(52).

Based on the study’s findings, older adults with T2DM should
prioritise achieving optimal glycaemic control in order to lower
their chance of developing diabetes complications. This can be
done without concern that lowering blood sugar will raise their
risk ofmalnutrition. In addition, regular nutritional screening and
appropriate assessment should be provided during follow-up
treatment, especially for older adults with cognitive impairment
or economic challenges, including those with low incomes and
unemployment.

Future studies should consider including more patients
with nutritional problems from various settings, such as the
community and hospitalised patients. Different study methods,
including case–control and cohort study, can determine the
direction of the correlation between glycaemic level and
nutritional status. The strengths of this study include the use
of standardised criteria for glycaemic control, considering
individual factors for more accurate stratification, and being
the first in Thailand to investigate the relationship between
glycaemic control and malnutrition in older adults with T2DM.
However, this study had limitations, including a relatively low
prevalence of malnutrition compared with previous studies, a
lack of severity categorisation for certain factors, an absence in
evaluating frailty due to the controversial background of
standard assessment tools, especially in the Thai version(71),
and being unable to determine cause-and-effect relationships
between the identified factors because it was a cross-sec-
tional study.

Conclusion

In conclusion, this study found no association between adequate
glycaemic control and poor nutrition in older adults with
T2DM. Consequently, healthcare providers should be
informed about the importance of glycaemic control without
concern for its effect on poor nutritional status. However,
annual nutritional monitoring is recommended, particularly
for those who have low income, unemployment and cognitive
impairment. According to the relatively small prevalence of

malnutrition in this study, the generalisability of the results
should be applied in similar settings.
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