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Abstract

Background: Diabetes mellitus (DM) is public health problem. Feeding-recommendations
help persons with diabetes control glycaemia. The aim was to access the association between
adherence to diabetics’ feeding recommendation with glycaemic control and with malnutrition
risk.

Methods: Cross-sectional study was conducted among 530 baseline normal weight (body
mass index [BMI] 18.5 kg/m?—24.9 kg/m?) persons with type 2 diabetes (T2DM) in Brong Ahafo
region of Ghana, from August 2018 to September 2019. Adherence to feeding recommendation was
evaluated with perceived dietary adherence questionnaire (PDAQ). Malnutrition-risk was assessed
using malnutrition universal screening tool. Multinomial logistics regression models were used to
assess the association between adherence to diabetics’ feeding recommendation with glycaemic
control and with malnutrition risk.

Results: Participants were generally healthy. Weight (P = 0.011), total cholesterol
(P = 0.003) and glycated haemoglobin (HbA1c)% (P < 0.001) were significant with adherence
to diabetics feeding recommendation. Low adherence to diabetics’ feeding recommendation
(adjusted odds ratio [AOR] 2.56; 95% CI: 1.44, 4.56; P < 0.001), low adherence to fruit and
vegetables (AOR 2.71; 95% CI: 1.48, 4.99; P < 0.001), low adherence to whole grain, beans, starchy-
fruits and plantain (AOR 3.29; 95% CI: 1.81, 6.02; P < 0.001), and low adherence to foods prepared
with walnut, canola, sunflower, cotton seed and fish oils (AOR 2.62; 95% CI: 1.49, 4.58; P < 0.001)
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were significant with poor glycaemic control. Furthermore, low adherence to food prepared with
walnut, canola, sunflower, cotton seed, fish or soy oils (AOR 0.54; 95% CI: 0.31, 0.95; P = 0.034)
and low adherence to fish and lean meat (AOR 2.09; 95% CI: 1.14, 3.86; P = 0.017) were significant

with moderate malnutrition risk.

Conclusion: This study demonstrates that poor adherence feeding recommendation could
be related to glycaemic control and malnutrition risk.

Keywords: adherence, diabetes, feeding recommendation, glycaemic control, malnutrition-risk, Ghana

Introduction

Diabetes mellitus (DM) is a global public
health problem. It is a group of metabolic
disorders characterised by elevated blood glucose
over prolonged period of time. It is a serious
medical condition that is very difficult to treat
and expensive to manage thus contributing
significant public health thread to people
throughout the world. Globally it is estimated
that 108 million adults had diabetes (i.e. 4.7% of
the global population) in 1980 and was increased
to 422 million (i.e. 8.5% of the global population)
in 2014. By 2040, it is expected that DM will
affect about 642 million adults worldwide (1).

Although DM was once seen as a disease
of the affluence countries, due to rapid
urbanisation, nutrition transition and sedentary
lifestyles, its epidemiology has now changed to
include many developing countries (2, 3). In
sub-Saharan Africa, DM affects about 8 million
people in the year 2000 and is projected to
increase to 19 million by 2030 (4). In Ghana,
diabetes prevalence study conducted between
1999 and 2011 showed increased prevalence of
DM (5).

Although the mechanisms involve in driving
DM prevalence in developing countries, are
linked to nutrition transition, westernisation,
urbanisation, technological advancement, food
processing and food market globalisation (6),
converging lines of evidences show that rapid
transition from traditional lifestyles (energy
intensive occupations, consumption of unrefined
and low fat diets) to highly obesogenic lifestyles
(more sedentary occupations, reduced physical
activity, consumption of foods high in total
calories, saturated fats, sugar and low in fibre)
are largely responsible (7).

The health and economic ramification
of DM to humans’ population is enormous.
Ineffectively managed DM leads to increase risk
of heart attacks, neuropathy, retinopathy and
nephropathy which consequently cause poor
blood circulation leading limbs amputation,

blindness and kidney problems (8). Although
early diagnosis and treatment through strict
blood glucose, cholesterol = management
and pressure control, prevent the onset and
progress of diabetic complications, adopting
and maintaining healthy lifestyle behaviours
such regular exercise, eating healthfully and
maintaining healthy weight gain are important
factors in decreasing risk associated with
diabetics complication (9). Pharmaceutical
formulations such as drugs are well known to
significantly improve blood sugar, cholesterol
and blood pressure (BP) among persons with
DM, however, lifestyle modifications and feeding
recommendation are fundamental factors in long
term management of DM (10, 11).

Diabetics feeding recommendations are
tailor made information design to guide persons
with diabetes adopt to eating the healthiest foods
in moderation, while sticking to regular meal
times relative to medication intakes to control
glycaemia (12, 13). Patients counselled to follow
diabetics feeding recommendations are often
asked to frequently choose and eat foods that
contain whole grains, fruits and vegetables,
and lean meat. Although dieticians periodically
recommend these feeding recommendations
to persons living with DM to follow in order to
control glycaemia, little is known about how
adherence to these feeding recommendations
are associated with other adverse outcomes
such as risk of malnutrition. People living with
DM are vulnerable to other co-morbidities such
as eating disorders, altered bowel conditions,
dementia and depression. If one or more of
these co-morbidities is/are present, patients’
adherence to diabetics feeding recommendations
could be compromised and this could
lead to other adverse outcomes including
malnutrition risk. Despite this, little evidence
is known about how adherence to of diabetics
feeding recommendations is associated with
malnutrition risk among people with DM. To
demonstrate this, our study aims to investigate
the association of adherence to diabetics’ feeding
recommendation with glycaemic control and
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with malnutrition risk among normal weight
persons living with type 2 diabetes mellitus
(T2DM) in Brong Ahafo region, Ghana.

Methods

Study Design

Cross-sectional study was conducted among
530 baseline normal weight (body mass index
[BMI] 18.5 kg/m2—24.9 kg/m?) persons living
with T2DM in Brong Ahafo region, Ghana.

Sample Size Determination

Single population proportion formula
2

<n = 721)(@12 P)> was used to determine this
study sample size. The letter n in the formula
denotes the study sample size, Z denotes
normal standard distribution of 1.96 for 95%
confidence interval, P is the true population
proportion of adherence to diabetics feeding
recommendation in the study area (Brong Ahafo
region) and e is standard error (5%). Previous
study in Brong Ahafo region reported 68.5%
adherence to diabetics feeding recommendation.
Substituting these values in the equation
above, the sample size n was calculated as
_ 1.96°X0.685(1—0.685) _
n- 0.05° B
with the event of non-response and registration
error, a contingency sample of 60% was
considered in the sample, therefore the final
sample was increased to 0.6 x 332 = 531.2 = 532.

332. However,

Inclusion and Exclusion Criteria

Individuals aged 18 years old and above
who were diagnosed with T2DM by physicians
using the American Diabetes Association (ADA)
Diagnostic and Classification Guideline 2011
(14), and counselled to follow diabetics feeding
recommendations for at least 3 months and
over were included in this study. Patients aged
70 years old and above who cannot answer
interview questions; intellectually deficient,
severely ill, and pregnant and lactating mothers
were excluded from this study.

Sampling Technique

Simple random sampling was used to select
six hospitals in Brong Ahafo region and the
eligible participants recruited using systematic
sampling from patients’ registers.
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Dietary Intake Assessment

Participants were asked to respond to three
separate 24 h dietary recall questionnaire (one
on Monday, Wednesday and Saturday). This was
done to evaluate participants’ dietary intakes in
a typical day. Participants were asked to report
details of all foods and drinks or beverages they
took in each previous day prior to the interview.
They were asked to report detail of the foods they
ate, the preparation method, type of oil added to
the foods, the portion size served and the actual
quantity eaten. The information obtained was
summed up and analysed using Ntri.IV software
to obtain participants’ mean nutrients intakes.

Anthropometry and Other
Measurements

Participants’ age, diabetes duration,
medications intakes and other demographic
characteristics were collected using
questionnaires. Weight (kg) and height (m)
were measured and recorded to the nearest
0.5 kg and 0.5 m using adult weighing scale
and stadiometer, respectively. In all the
measurements, participants were asked to
wear light clothes without shoes and were
in standing position for measurement to be
taken. BMI was calculated by dividing weight in
kilograms by height in metres square. Systolic
and diastolic BP were measured using manual
sphygmomanometer and stethoscope, and the
reading recorded to the nearest 0.5 mmHg after
participants were allowed to relax for 5 min or
more.

Participants’ physical activity (PA) level
was measured using International Physical
Activity short form Questionnaire (IPAQ) (15),
and categorised into ‘low’ (< 600 metabolic
equivalent (MET)/h per week), ‘moderate’
(between 600 MET/h and 3000 MET/h per
week) and ‘high’ physical activity level (> 3000
MET/h per week) according to the IPAQ scores.

Assessment of Adherence to Feeding
Recommendation

Perceived Dietary Adherence Questionnaire
(PDAQ) for people living with T2DM was
used to assess adherence to diabetics feeding
recommendation (16). This questionnaire is
9 items and 7-point Likert’s scale designed to
elicit information about adherence to diabetic
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feeding recommendation from patients with DM.
This 7-point likert’s scale questionnaire have
points ranging from o to 7, where 0 means non-
adherence at all and 7 means highest adherence
to feeding recommendation. The g items in the
questionnaire were summed up to form a global
score in data analysis. Patients’ total adherence
on the global score was 63. This score was ranged
as low, moderate and high adherence based on
patients’ score on the scale. Patients who scored
0 to 21 points on the scale were considered to
have low adherence, those who scored from 22
to 42 were said to have moderate adherence and
those who scored 43—63 points were said to have
high adherence to feeding recommendation.
The questionnaire was pretested among 20
participants (Cronbach’s alpha of 0.95) before
using in the main study.

Laboratory/Biochemistry Analysis

Whole blood sample was used to estimates
glycated haemoglobin (HbA1c) by turbidimetric
inhibition immunoassay method using Cobas
Integra automated Chemistry analyser (Roche
Cobas Integra 400 Plus, Roche Diagnostics,
USA) (17). Participants’ overnight fasting
blood sugar (FBS) samples were collected in
ethylenediaminetetraacetic acid (EDTA) test
tubes to prevent cross reaction prior to analysis.
During the analysis, the well-mixed EDTA-
anti-coagulated whole blood was transferred
into sample test-tubes and placed on a rack.
The red blood cells in the test tubes were latter
haemolysed using low osmotic pressure and the
free haemoglobin degraded by pepsin to liberate
the N-terminal of the beta chain (B-N-terminal)
of the HbA1c. The HbA1c [-N-terminal was then
bound with latex particles-bound monoclonal
antibodies while the remaining free antibodies
were agglutinated using synthetic polymers.
This process formed multiple copies of [(-N-
terminal structure of HbA1c and then leaves the
test sample turbid. The change in turbidity of
the sample was then measured at 552 nm and
the final HbA1ic value expressed in percentage
using the formula: HbAic (%) = (HbAic/Hb)
x 100. The test was standardised with an intra-
assay coefficient of variation (CV) 0.9%-1.5%
and inter-assay CV 1.1%-1.6%. Daily calibration
and maintenance of the analyser was performed
according to the manufacturer’s instructions
using the manufacturer-supplied calibrator (Cfas
HbA1c) (18). Quality control was maintained
using the quality control materials provided with

the analyser by the manufacturer (negative and
positive controls [high and low HbA1c]).

Other biochemical parameters such as
low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglycerides (TG), total
cholesterol (TC), serum bicarbonate, serum
creatinine (Cr) and blood urea nitrogen (BUN)
were obtained from participants’ previous 2- or
3-months medical records in the hospital.

Risk of Malnutrition Assessment

Non-biomedical methods were used to
access malnutrition risk among participants
in this study. Participants’ malnutrition risks
were assessed using the Malnutrition Universal
Screening Tool (MUST) which relied mainly on
anthropometric measurements and presence
of acute disease effect or episode which caused
or likely to cause nil per os for 5 or more days.
MUST is a five-step, easy to use screening tool
which health care workers used to identify adults
who are malnourished, at risk of malnutrition
(under nutrition), or obese while in hospitals,
community or in other health care facilities
(19). MUST adopt three independent criteria to
determine patients’ overall malnutrition risk,
which are: i) BMI; ii) unintentional weight loss
for the past two or three months and iii) acute
disease effect or episode which caused or likely
to cause nil per os for > 5 days. Each criterion
is rated 0, 1 and 2. Patients’ malnutrition risks
are established by summing up all the three
criteria to form one global score. A score of o
represents low risk of malnutrition, medium
risk = 1 and high > 2 (19). Each of these criteria
can independently predict clinical outcome
depending on the clinical circumstance, however,
when put together they serve as better predictor
than singles.

Statistical Analysis

The IBM SPSS version 22.0 (SPSS, Chicago,
IL, USA) was used to run all statistical analysis in
this study. Data normal distribution was checked
using Kolmogorov-Smirnov test. Descriptive
statistics were used to describe participants’
demographic characteristics, while the one-way
ANOVA and post-hoc Bonferroni correction tests
used to compare significant mean differences
across the three groups of adherence to diabetic
feeding recommendation (low, moderate and
high). The assumption for using the one-
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way ANOVA test is that our data came from
independent random sample that is normally
distributed  with  homogeneous variance.
Multinomial logistic regression models were
also used to assess the significant association
between adherence to diabetic feeding
recommendation with glycaemic control and
with malnutrition risk. Also, the assumption for
using the multinomial logistic regression models
is that the groups (low moderate and high
adherence) in our dependent variable ‘diabetics
feeding recommendation’ are independent.
This assumption states that the choice of or
membership in one category is not related to
the choice or membership of another category
(i.e. the dependent variable). This assumption
of independence was tested with the Hausman-
McFadden test. Prior to the model building,
univariate and bivariate analysis were done
to check multicolinearity of our independent
variables. Also, multivariate diagnostics (i.e.
standard multiple regression) was ran to assess
for multivariate outliers for exclusion. The
multinomial logistic regression models were built
while controlling for significant confounding
variables. Continue and categorical variables
that are normally distributed were entered into
the model as independent variables to determine
their predictive associations with the depended
variable. The results generated from these
models were presented in adjusted odds ratio
(AOR) and 95% CI, with variables significant set
at 0.05 alpha level.

Results

General characteristics of participants
arepresented in Table 1. Mean (standard
deviation [SD]) of total adherence to diabetics
feeding recommendation was 32.56 (9.61).
Mean (SD) for age, weight and BMI were
58.10 (9.70); 61.70 (9.30) and 23.14 (2.92),
respectively. Majority of participants (70.9%)
were females, married (64.2%) and live in small
towns (76.2%). More than 38% of participants
have no formal education, 1.9% have education
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up to polytechnic, 2.5% have it up to university
level and the rest have other form of education.
Majority of participants (68.5%) have low
malnutrition-risk, 2.5% have moderate risk and
29.1% have high risk.

Participants’ general characteristics across
group of adherence to feeding recommendation
are shown in Table 2. Weight (P = 0.011), total-
cholesterol (P = 0.003) and HbA1c% (P-value
< 0.001) were significant with adherence to
diabetics feeding-recommendation.

The association of adherence to diabetics
feeding recommendation with glycaemic-control
(HbA1c% levels), and with malnutrition-risk
are shown in Tables 3 and 4. After adjusting for
confounders (age, medications intake, physical
activity, education, diabetes duration and
smoking), low adherence to diabetics feeding
recommendation (low following of healthful
eating habit) (AOR: 2.56; 95% CI: 1.44, 4.56)
was significant with poor glycaemic control (high
HbA1c¢%). Low and moderate adherence to fruit
and vegetables (AOR: 2.25; 95% CI: 1.29, 3.91
and AOR: 2.71; 95% CI: 1.48, 4.99, respectively)
were significant with poor glycaemic-control
(high HbA1c%). Low adherence to whole
grain, beans, starchy fruit and plantains (AOR:
3.29; 95% CI: 1.81, 6.02) and low adherence
to spacing carbohydrate intake (AOR: 2.63;
95% CI: 1.45, 4.76) were significant with poor
glycaemic-control (high HbA1¢%). Furthermore,
low adherence to cholesterol free oils (walnut,
canola, sunflower, safflower, cotton seed,
rapeseed or soya bean oil) (AOR: 2.62; 95% CI:
1.49, 4.58) was significant with poor glycemic-
control (high HbA1c%).

For malnutrition-risk, high adherence
to eating high fat dairy foods (AOR: 0.49;
95% CI: 0.30, 0.82) was significant with
high malnutrition-risk. On the other hand,
low adherence to eating diets prepared with
cholesterol free oils (walnut, canola, sunflower,
safflower, cotton seed, rapeseed or soya bean
oil) (AOR: 0.54; 95% CI: 0.31, 0.95) and low
adherence to lean meat and fish (AOR: 0.54;
95% CI: 0.31, 0.95) were also significant with
moderate malnutrition-risk.
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Table 1. General characteristics of participant (n = 530)

Variable Mean (SD)
Age (years) 58.10 (9.70)
Wight (kg) 61.70 (9.30)
Height (m) 1.63 (0.09)
BMI (kg/m?) 23.14 (2.92)
Total adherence to diabetics feeding recommendation 32.56 (9.61)
HbA1c 8.13 (3.20)
FBS 10.05 (4.55)
Total cholesterol 719 (3.49)
HDL-cholesterol 1.74 (0.90)
LDL-cholesterol 5.15(3.42)
Triglycerides 4.64 (14.14)
Systolic BP (mmHg) 135.67 (7.79)
Diastolic BP (mmHg) 77.79 (12.79)
Diabetes duration (years) 4.90 (5.40)
Duration lived with diabetes (years) 4.90 (5.40)

Sex
Male
Female

Marital status
Married
Single
Widow
Divorce

Place of residence
Village
Town
City

Educational level
No education
Primary
Junior High
Senior High
Training college
Polytechnic
University

Risk of malnutrition
Low risk
Moderate risk
High risk

Number (%)

154 (29.1)
376 (70.9)

340 (64.2)
20 (3.8)
107 (20.2)

63 (11.9)

39 (7.4)
404 (76.2)
87(16.4)

202 (38.1)
85 (16.0)
132 (24.9)
67 (12.6)
21 (4.0)
10 (1.9)
13 (2.5)

363 (68.5)
13 (2.5)
154 (29.1)
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Table 2. Comparison of participants mean demographic characteristics between the three groups of adherence to
diabetics feeding recommendation

Group of adherence

F-statistics

Variable Low Moderate High (dfy, df2)" P-value®
9
Mean (SD) Mean (SD) Mean (SD)
Height (m) 181 1.63 (0.08) 175 1.63 (0.08) 174 1.63 (0.09) (Z'gg% 0.636
Weight (kg) 181  60.01(9.47) 175 62.52(9.29) 174 62.59 (8.80) é gg;)) 0.011
BMI 5.235
181 22.58 (2.81 1 23.47 (2.96 1 23. 2,02 0.006
(kg/m?) 58(2.81) 175  23.47(2.96) 174  23.39 (2.92) (2.527)
Systolic BP 181 1 1(21.68) 1 1 1(1 ) 1 1 2 (19.96) 1.057 0.348
(mmHg) 343 . 75 37.41(19.59 74 35.32(19.9 (2,527) 34
Diastolic BP 0.935
(mmHg) 181 77.32(12.36) 175 78.87(12.44) 174 77.19 (13.57) (2.527) 0.393
Diabetes 1.493
duration 181 4.48 (2.98) 175 4.75 (2.99) 174 5.03 (3.07) (2'527) 0.226
(years) s
Age (years) 181 58.63(10.06) 175 57.11 (10.01) 174 58.40 (8.78) (;25623) 0.282
Total
cholestrol 181 6.88 (3.39) 175 6.36 (3.39) 174 7.97(3.64) (52;2‘7‘) 0.003
(mg/dL) ,
HDL
cholesterol 181 1.81 (0.98) 175 1.71 (0.89) 174 1.69 (0.82) (2'22% 0.374
(mg/dL) ’
LDL
cholestrol 181 5.43 (3.45) 175 5.08 (3.84) 174 4.94 (2.86) (2‘22;’) 0.371
(mg/dL) ,
Triglyceride 0.417
181 11 (1171 1 .42 (16. 1 . 13.6 0.6
(mg/dL) 411(t71) 175 5.42(16.75) 74 4.39(13.63) (2,527) 59
o 32.890
HbA1c (%) 181 9.58 (3.79) 175 7.69 (2.51) 174 7.07 (2.61) (2,527) 0.0001
Fasting 18.563
blood sugar 181 11.59 (5.28) 175 9.69 (4.14) 174 8.81(3.60) (2.527) 0.0001
(mmol/L) ,527

Notes: *One-way ANOVA; PPost-hoc analysis with Bonferroni correction that show significant mean difference in: i) weight between
low adherence and other adherence to recommended dietary guideline (P = 0.011 ), ii) BMI between low adherence and other
adherence to recommended dietary guideline (P = 0.006), iii) Total-cholesterol between low adherence and other adherence to
recommended dietary guideline (P = 0.003), iv) Fasting blood sugar between low adherence and other adherence to recommended
dietary guideline (P = 0.0001)
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Discussion

We evaluated the association of adherence
to diabetics feeding recommendation with
glycaemic-control and with malnutrition risk
among normal weight persons living with
T2DM in Brong Ahafo region, Ghana. Many
studies evaluated dietary intakes and diabetes
management, but often focus on dietary intake
and glycaemic control (HbA1c level). However,
since many therapies, including feeding
recommendation require that patients discipline
themselves in order to change certain behaviours
to successfully comply with the recommendation.
Patients may not be able to accept this behaviour
change and may put up inappropriate behaviours
to cope. This, however, may put them at various
risk of adverse outcome including malnutrition
risk.

In our study we found that generally,
participants reported moderate mean of
adherence to diabetics feeding recommendation
[32.56 (9.61)], and relatively higher means
HbA1c% level [8.13 (3.2)] (20). We found
that about 29.1% of participants’ have high
malnutrition-risk and the rest have moderate
and low risk. We also realised that intake of fruits
and vegetables below the required servings were
significant with glycaemic-control. Participants
who reported both low and moderate intake
of fruits and vegetable were seemed to have
elevated HbA1c%. This finding could possibly
be true because low fruits and vegetables intake
could correspondingly come with increase intake
of carbohydrate for energy in general. When
these increased intakes particularly come from
refined carbohydrate sources, it could affect
blood glucose and make it soars thus increasing
HbA1c% level (21). In Sargeant et al. (22)
study, participants who reported seldom or no
fruits and vegetable intakes were found to have
increased HbA1c% level.

The association between diet and type
2 diabetes is well researched by nutrition
scientists. Diets characterised by refined grains
and high fat are shown to be associated with
HbA1c% level in many epidemiological studies
(23, 24). Traditionally in Ghana, the main
staple food and daily energy source for most
Ghanaian, typical comes from whole grain,
roots and tubers, and plantain. However, due to
nutrition transition, trade policies and economic
circumstances, many people have deviated from
adhering to these traditional eating pattern
but tent to consume more of highly refined

carbohydrate foods (25, 26). This phenomenon
has affected the general population in Ghana
including persons with diabetes. Although
dieticians are making cautious efforts to correct
this defective eating habit, efforts are not yielding
the intended results due to the aforementioned
problems. Cost, particularly, has been a major
factor militating against adherence to feeding
recommendation among persons with diabetes
in Ghana. In a focal group discussing Doherty
et al. (27), noted that people with diabetes
who reported erroneous adherence to feeding
recommendation, also reported high cost of
fruits and vegetables as major factor militating
against their consumption.

Low spacing up of carbohydrates intakes
in meals for persons with diabetes were also
significant with glycemic control in our study.
We found that persons with diabetes who adhere
to low carbohydrates spacing in meals were
seemed to have poor glycemic control (high
HbA1c%). This finding could possibly be true
because people with diabetes have impaired
glucose metabolism, and therefore, spacing up
carbohydrate intakes in meals could help the
body appropriately utilise the available glucose
in the blood before receiving more. In Hakeem
et al. (28) study, people with diabetes while
fasting during Ramadan, were found to have
nomoglycaemia, when carbohydrate intakes were
adequate and spaced up in various meals across
the day, these results are consistent with our
finding.

Again, we noticed that low and moderate
adherence to foods prepared with cholesterol
free oils (walnut, canola, sunflower, safflower,
fish, cotton seed, rapeseed or soya bean oil) were
significant with glycaemic-control. We noticed
that low and moderate adherence to these oils
seemed to increase poor glycaemic-control
(high HbA1c%). This is because insulin plays
critical role in lipid metabolism. In cells lipid
metabolism, insulin stimulates the hormone
lipoprotein lipase to increase the uptake of fatty
acid from chylomicrons and very low density
lipoprotein. Insulin also stimulates glycolysis
which triggered increased glycerol phosphate
synthesis and thus enables the body to utilise and
remove glucose from the blood. However, during
diabetes, the insufficient or impaired insulin
functions or both, caused lipids to catabolise and
contributes it carbon atoms to the body and thus
contribute to rise in blood sugar. This, therefore,
explained why low and moderate adherence to
foods prepared with cholesterol free oils still
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seem to increased poor glycaemic-control in our
study.

Fish oil was also shown to increase poor
control in our study. There are conflicting
findings about fish and fish oil consumptions
with glycaemic-control among persons with
diabetes. In a study evaluating the association
between fish oil supplementation and metabolic
effects, and impaired glucose intolerance, fish oil
supplementation was found to be significant with
improved blood glucose and cholesterol levels
(29). However, in two separate meta-analysis,
fish oil supplementations were not significant
with blood glucose level but significantly improve
total cholesterol, triglyceride and low density
lipoprotein cholesterol (30, 31). Therefore, based
on the cardiovascular benefits of fish and fish oil
consumption, we collectively add our voices in
recommending that patients with diabetes who
do not have other medical condition that prevent
them from consuming fish and fish oil, should
intake these products for their cardiovascular
benefits.

We also evaluated the association of
adherence to diabetics feeding recommendations
with malnutrition risk. We used MUST to assess
participants’ malnutrition risk. MUST is a five-
steps screening tool for identifying adults who
are malnourished, at risk of malnutrition (under
nutrition) or obese. It relies on current weight
loss, BMI and the present of acute disease
episode that caused or likely to cause nil per os
for > 5 days to diagnosed malnutrition risk in
population. Using this tool and its principles,
we found that 29.1% of participants in our
study have high malnutrition risk, about 3%
have moderate risk and the rest have low
malnutrition risk. These finding could be
true because physical conditions such as poor
dentition, ill-fitting dentures and dysphagia;
social conditions such as low income, limited
knowledge of diet and cooking skills, alcohol
or drug intakes and medical conditions such
as eating disorders, altered bowel conditions,
dementia and depression could cause patients
to have low adherence to healthful eating habits
(32). These results could have rippled effect
on diabetes management and care because
people with diabetes already have increased
risk of poor healing and poor health outcomes
because of other conditions. Although diabetics
feeding recommendation in fact is the healthiest
eating style for almost everyone, when people
with diabetes, failed to adequately adhere to
diabetics feeding recommendation due to the

m www.mjms.usm.my

aforementioned problems, they could run at
increased risk of malnutrition.

Adherence to eating high fat dairy foods
was significant with high malnutrition risk
while adherence to cholesterol free oils (walnut,
canola, sunflower, safflower, fish, cotton seed,
rapeseed or soya bean oil) were significant with
moderate malnutrition risk. High fat diets are
not recommended to the general population, but
to the frail and elderly sick adults, the greatest
nutrition risk they faced is malnutrition (under
nutrition) rather than overweight or obesity.
This is because as people age, generally, their
appetite decreased, and this coupled with other
physical problems such poor dentition or poor
fitting dentures often caused decreased in total
foods intake. Fat and oil when added to food
generally give flavour and increased peoples’
appetite. In this regard fat and oil in foods could
boost the elderly population appetite for food
and help them eat enough to decrease the risk
of protein-energy malnutrition (inadequate
calories intakes) as indicated in our finding. Past
research suggested that higher fat and lipids
diets could help older adults prevent this forms
of malnutrition (33) and this is consistent with
our findings.

We also found that low adherence to fish
and meat intake was significant with moderate
malnutrition risk. Meat and fish provide vital
micronutrients such as amino acids, collagen
and elastin for muscles and bones development.
Meat and fish also provide essential vitamins
for bodily function. However, in the absence of
energy yielding nutrients such as carbohydrate,
meat and fish are converted to energy yielding
nutrients for the body. If this negative nutrient
balance occurred over a prolonged period, weight
lost could occur as a result of the body inability
to get essential amino acid collagen and elastin
for muscles and bone synthesis. This could,
thus, increase the malnutrition risk (protein-
energy malnutrition). In a community based
study about foods consumption and malnutrition
risk, Jiménez-Redondo et al. (34), noted that
intake of meat, fish, dairy products, and fruits
and vegetable below desirable amounts were
significant with malnutrition risk which is
consistent with our results.

Conclusion and Study Limitations

Our study findings demonstrate that poor
adherence to diabetics feeding recommendation
could be associated with poor glycaemic controls
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and malnutrition risk. However, there are some
limitations that could not permit us to draw
definite conclusion to these effects. Some of
these limitations are; we evaluated malnutrition
based on anthropometric method using MUST,
and therefore cannot conclude that significant
association exist between diabetic feeding
recommendation and risk of malnutrition thus
(micronutrient deficiencies). We, also, employed
cross-sectional study and a relatively lower
sample size (n = 530) to arrive at our findings.
Since cross-sectional study method has so
many limitations, we cannot say that significant
association exist between diabetics feeding
recommendation with glycaemic-controls and
malnutrition risk. Therefore, moving forward,
we recommend that subsequent studies should
consider using molecular characterisation
to diagnosed malnutrition and also employ
more powerful study designs to evaluate these
significant associations between diabetics feeding
recommendation with glycaemic-controls
and malnutrition risk. Notwithstanding these
limitations, our study has added knowledge
to the literature consenting diabetics feeding
recommendation with glycaemic controls and
malnutrition risk.

Acknowledgements

We acknowledge the regional director of
health services in Brong Ahafo region, all the
medical superintendents’ nurses, nutritionists
and dietitians, and all the laboratory scientists
who helped us in the various hospitals we
visited for this study. We also acknowledge all
the participants who took part in this study.
This study was funded by Tehran University of
Medical Sciences.

Ethics of Study

The study protocol was approved by
Ghana Health Service Ethics Review Committee
(GHS-ERC008/08/18) and Tehran University
of Medical Sciences Ethics Review Board (IR.
TUMS.VCR.REC.1397.409). Each participant
was requested to sign a written informed consent
before participating in the study.

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: KM, AD, ES, B-IDD, AA,
MY

Analysis and interpretation of the data: B-IDD,
MY

Drafting of the article: B-IDD

Critical revision of the article for important
intellectual content: KM, AD, B-IDD

Final approval of the article: KM, AD, ES, B-IDD,
AA, MY

Provision of study materials or patients: B-IDD
Statistical expertise: MY

Obtaining of funding: KM, AD

Administrative, technical or logistic support: KM,
AA

Collection and assembly of data: B-IDD

Correspondence

Dr Khadijeh Mirzaei

Assistant Professor

PhD Nutrition, MSc, MSPH & MPH (Tehran
University of Medical Sciences, Iran)
Department of Community Nutrition,
School of Nutritional Sciences and Dietetics,
Tehran University of Medical Sciences,

P.O. Box 14155-6117, Tehran, Iran.

Tel: 02188984837

Fax: 02188984861

E-mail: mirzaei_kh@sina.tums.ac.ir

References

1. Hoda M, Hemaiswarya S, Doble M. Role
of phenolic phytochemicals in diabetes
management: phenolic phytochemicals and
diabetes. Singapore:Springer; 2019. https://doi.
org/10.1007/978-981-13-8997-9

2. Seidell JC. Obesity, insulin resistance and
diabetes — a worldwide epidemic. Br J Nutr.
2000;83(S1):S5-S8.  https://doi.org/10.1017/
S000711450000088X

3. Kosulwat V. The nutrition and health transition in
Thailand. Public Health Nutr. 2002;5(1a):183—
189. https://doi.org/10.1079/PHN2001292

www.mjms.usm.my



Malays J Med Sci. 2021;28(2):84-99

10.

11.

12,

Shaw JE, Sicree RA, Zimmet PZ. Global estimates
of the prevalence of diabetes for 2010 and 2030.
Diabetes Res Clin Pract. 2010;87(1):4—14.
https://doi.org/10.1016/j.diabres.2009.10.007

Hall V, Thomsen RW, Henriksen O, Lohse N.
Diabetes in sub-Saharan Africa 1999—2011:
epidemiology and public health implications.
A systematic review. BMC Public Health.
2011;11(1):564. https://doi.org/10.1186/1471-
2458-11-564

Lieberman LS. Dietary, evolutionary, and
modernizing influences on the prevalence of type
2 diabetes. Annu Rev Nutr. 2003;23(1):345—
377. https://doi.org/10.1146 /annurev.
nutr.23.011702.073212

Hu FB. Globalization of diabetes: the role
of diet, lifestyle, and genes. Diabetes Care.

2011;34(6):1249—-1257. https://doi.org/10.2337/
dc11-0442

Chawla A, Chawla R, Jaggi S. Microvasular
and macrovascular complications in diabetes
mellitus: distinct or continuum? Indian J
Endocrinol Metab. 2016;20(4):546. https://doi.
org/10.4103/2230-8210.183480

Boutayeb A, Boutayeb S. The burden of non
communicable diseases in developing countries.
Int J Equity in Health. 2005;4(1):2. https://doi.
org/10.1186/1475-9276-4-2

Tonolo G, Melis MG, Formato M, Angius MF,
Caboni A, Brizzi P, et al. Additive effects of
simvastatin beyond its effects on LDL cholesterol
in hypertensive type 2 diabetic patients. Eur J
Clin Invest. 2000;30(11):980—987. https://doi.
0rg/10.1046/j.1365-2362.2000.00735.X

Ohkubo Y, Kishikawa H, Araki E, Miyata T,
Isami S, Motoyoshi S, et al. Intensive insulin
therapy prevents the progression of diabetic
microvascular complications in Japanese patients
with non-insulin-dependent diabetes mellitus: a
randomized prospective 6-year study. Diabetes
Res Clin Pract. 1995;28(2):103—117. https://doi.
org/10.1016/0168-8227(95)01064-K

Connor H. The
implementation  of

dietitians challenge: the
nutritional advice for
people with diabetes. J Hum Nutr Diet.
2003;16(6):421—452. https://doi.org/10.1046/
j-1365-277X.2003.00460.X

m www.mjms.usm.my

13.

14.

15.

16.

17.

18.

19.

20.

21.

Adams OP, Carter AO. Diabetes and hypertension
guidelines and the primary health care
practitioner in Barbados: knowledge, attitudes,
practices and barriers-a focus group study.
BMC Fam Pract. 2010;11(1):96. https://doi.
org/10.1186/1471-2296-11-96

Wysham CH, Kirkman MS. Response to comment
on American Diabetes Association. Standards of
medical care in diabetes — 2011. Diabetes Care.

2011;34(5):e54—e54.  https://doi.org/10.2337/
dc11-0262

Lee PH, Macfarlane DJ, Lam TH, Stewart SM.
Validity of the international physical activity
questionnaire short form (IPAQ-SF): a systematic
review. Int J Behav Nutr Phys Act. 2011;8(1):115.
https://doi.org/10.1186/1479-5868-8-115

Asaad G, Sadegian M, Lau R, Xu Y, Soria-
Contreras DC, Bell RC, et al. The reliability
and validity of the perceived dietary adherence
questionnaire for people with type 2 diabetes.
Nutrients. 2015;7(7):5484-5496. https://doi.
org/10.3390/nu7075231

Fleming JK. Evaluation of HbA1c on the Roche
COBAS Integra 800 closed tube system. Clin
Biochem. 2007;40(11):822—-827. https://doi.
org/10.1016/j.clinbiochem.2007.03.017

Addai-Mensah O, Gyamfi D, Duneeh RV,
Danquah KO, Annani-Akollor ME, Boateng L, et
al. Determination of haematological reference
ranges in healthy adults in three regions in
Ghana. Biomed Res Int. 2019:1—-6. https://doi.
org/10.1155/2019/7467512

Sandhu A, Mosli M, Yan B, Wu T, Gregor J,
Chande N, et al. Self-screening for malnutrition
risk in outpatient inflammatory bowel disease
patients using the Malnutrition Universal
Screening Tool (MUST). J Parenter Enteral
Nutr. 2016;40(4):507-510. https://doi.
org/10.1177/0148607114566656

Pasupathi P, Manivannan P, Uma M, Deepa
M. Glycated haemoglobin (HbA1c) as a stable
indicator of type 2 diabetes. Int J Pharm Biomed
Res. 2010;1(2):53-56.

Shobana S, Ramya Bai RM, Sudha V,
Unnikrishnan R, Pradeepa R, Anjana RM, et
al. Nutrition and its link with diabetes in Asian
Indians: challenges and solutions. Proc the Indian
Natn Sci Acad. 2018;84(4):955—963. https://doi.
org/10.16943/ptinsa/2018/49441



22,

23.

24.

25.

26.

27.

28.

Original Article | Adherence to diabetics feeding recommendation

Sargeant LA, Khaw KT, Bingham S, Day NE,
Luben RN, Oakes S, et al. Fruit and vegetable
intake and population glycosylated haemoglobin
levels: the EPIC-Norfolk study. Eur J Clin Nutr.
2001;55(5):342. https://doi.org/10.1038/
sj.ejcn.1601162

Asif M. The prevention and control the type-2
diabetes by changing lifestyle and dietary pattern.
J Edu Health Promot. 2014;3:1. https://doi.

0rg/10.4103/2277-9531.127541

Asif M. The role of fruits, vegetables, and spices
in diabetes. Int J Nutr Pharmacol Neurol Dis.
2011;1:27-35. https://doi.org/10.4103/2231-
0738.77527

Thow AM, Snowdon W. The effect of trade and
trade policy on diet and health in the Pacific
Islands. In: Hawkes, Corinna, Blouin, Chantal,
Henson, Spencer, Drager, Nick, Dube, Laurette,
editors. Trade, food, diet and health: perspectives
and policy options. Chichester, England:
Blackwell Publications; 2010; pp 147—168.

Popkin BM, Adair LS, Ng SW. Global nutrition
transition and the pandemic of obesity in
developing countries. Nutr Rev. 2012;70(1):3—21.
https://doi.org/10.1111/j.1753-4887.2011.00456.X

Doherty ML, Owusu-Dano E, Kantanka OS,
Brawer RO, Plumb JD. Type 2 diabetes in
a rapidly urbanizing region of Ghana, West
Africa: a qualitative study of dietary preferences,
knowledge and practices. BMC Public Health.
2014;14(1):1069. https://doi.org/10.1186/1471-
2458-14-1069

Hakeem R, Ahmedani MY, Alvi SFD, Ulhaque MS,
Basit A, Fawwad A. Dietary patterns and glycemic
control and compliance to dietary advice among
fasting patients with diabetes during Ramadan.
Diabetes Care. 2014;37(3):e47—e48. https://doi.
org/10.2337/dc13-2063

29.

30.

31.

32.

33-

34.

Fasching P, Ratheiser K, Waldhausl W, Rohac
M, Osterrode W, Nowotny P, et al. Metabolic
effects of fish-oil supplementation in patients
with impaired glucose tolerance. Diabetes.
1991;40(5):583-589.  https://doi.org/10.2337/
diab.40.5.583

Montori VM, Farmer A, Wollan PC, Dinneen SF.
Fish oil supplementation in type 2 diabetes: a
quantitative systematic review. Diabetes Care.
2000;23(9):1407—-1415. https://doi.org/10.2337/
diacare.23.9.1407

Friedberg CE, Janssen MJFM, Heine RJ, Grobbee
DE. Fish oil and glycemic control in diabetes: a
meta-analysis. Diabetes Care. 1998;21(4):494—
500. https://doi.org/10.2337/diacare.21.4.494

Nagel MR. Nutrition screening: identifying
patients at risk for malnutrition. Nutr Clin
Pract. 1993;8(4):171-175. https://doi.
org/10.1177/0115426593008004171

Rolland-Cachera MF, Deheeger M, Akrout
M, Bellisle F. Influence of macronutrients
on adiposity development: a follow up study
of nutrition and growth from 10 months
to 8 years of age. Int J Obes Relat Metab
Disord.1995;19(8):573—578.

Jiménez-Redondo S, De Miguel BB, GoOmez-
pavon J, Vives CC. Food consumption and risk
of malnutrition in community-dwelling very
old Spanish adults (> 80 years). Nutricion
Hospitalaria. 2016;33(3):572—579. https://doi.
0rg/10.20960/nh.263

www.mjms.usm.my m



