Nor. Afr. J. Food Nutr. Res. 2025; Vol. 9, No. 19, 118-128

ORIGINAL ARTICLE

Nutrition, Metabolism, and Prevention of NCDs|

DOI: 10.51745/najfnr.9.19.118-128 :. ]
~

Impact of food security, dietary diversity, and nutritional status on
glycemic control among adults with type 2 diabetes mellitus in Fako

Division, Cameroon

Betrand Ayuk Tambe "2 >

Thembekile Dhlamini * Given Chipili °

N

thembekile.dhlamini@smu.ac.za

Solange Anige Nkopi Nneh '

Fabrice Tonfack Djikeng *

Xikombiso Gertrude Mbhenyane 2

Department of Public Health and Hygiene, Faculty of Health Sciences, University of Buea PO Box 63, Buea, Cameroon ayuk.bertrand@ubuea.cm / solangeanige@gmail.com

Division Human Nutrition, Faculty of Medicine and Health Sciences, Stellenbosch University. PO Box 241, Cape Town, Western Cape, 8000, South Africa xgm@sun.ac.za
Department of Biochemistry and Molecular Biology, Faculty of Sciences, University of Buea, PO Box 63, Buea, Cameroon tonfack.fabrice@ubuea.cm

Department of Public Health, School of Health Care Sciences, Sefako Makgatho Health Sciences University. P.O Box 60, Pretoria, Gauteng, 0204, South Africa

5 Department of Nutritional Science, School of Applied Science and Technology, Mukuba University, P.O. Box 20382, Kitwe, Zambia. chipiligiven@yahoo.com

ABSTRACT

L))

Check for
updates

ARTICLE INFORMATION

Background: Diabetes mellitus (DM) represents a prevalent metabolic disease that has been increasingly
recognized as a global health priority. However, the precise influence of food security, dietary diversity, and
nutritional status on glycemic control among individuals with type 2 diabetes mellitus (T2DM) remains
inadequately characterized.

Aims: This study aimed to assess the association between food security, dietary diversity, nutritional status,
and glycemic control in adults diagnosed with T2DM undergoing treatment at Buea and Limbe Regional
Hospitals within the Fako Division, Cameroon.

Patients and Methods: A cross-sectional study design was employed to recruit individuals with T2DM from
the aforementioned hospitals. Data collection was conducted using a structured questionnaire, encompassing
sociodemographic characteristics, food security status, dietary diversity, nutritional status, blood pressure
measurements, and glycemic control assessments. Glycemic control was determined using a glucometer. Data
were analyzed using statistical package for the social sciences version 27.0.

Results: The study revealed that 28.8% of respondents exhibited a normal Body Mass Index (BMI), while
41.1% were classified as overweight and 30.1% as obese. Additionally, 12.7% of household experienced food
insecurity, compared to 87.3% who were food secure. A majority of respondents (77.9%) reported
consuming a diverse diet (= 6 food groups), 19.1% consumed 4 — 5 food groups and only 3.0% exhibited a
low dietary diversity score (1 — 3 food groups). Additionally, 77.9% of participants presented with poor
fasting plasma glucose (FPG) levels, whereas 22.1% demonstrated good FPG control. Participants residing
in household with < 4 family members were approximately two times more likely to exhibit poor FPG
compared to those residing in household with > 4 family members (Adjusted Odds Ratio [AOR]: 1.83, 95%
Confidence Interval [CI]: 1.02 — 3.28, p = 0.042). However, no significant associations were observed
between food insecurity (p = 0.539), low dietary diversity (» = 0.854), high BMI (p = 0.782), FPG levels (»
> 0.05).

Conclusions: The majority of individuals with T2DM in the study population were classified as overweight
or obese, resided in food-secure households, and reported diverse dietary intake. Small family size was
identified as a significant factor negatively impacting glycemic control among adult diabetic patients.
Educational and dietary interventions aimed at improving nutritional status and blood glycemic control are
recommended.
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1 INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder that has become increasingly prevalent over the past
T2DM s
hyperglycemia, which, if inadequately managed, can lead to a

few decades. characterized by persistent

spectrum of severe health complications. One of the key
aspects of managing T2DM is maintaining a healthy and

e,
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balanced diet. Nutritional management is critical in the
therapeutic regimen for patients with T2DM as dietary intake
directly influences glycemic control, weight management,
and overall physiological well-being (Frayne ez al., 2010).

T2DM constitutes approximately 90 to 95% of all diagnosed
diabetes cases (Cioana ¢z al., 2023). Epidemiological evidence
from Saudi Arabia indicates that diabetes mellitus (DM) has
emerged as a leading cause of morbidity and underscoring the
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rapid escalation of the epidemic within the Middle East
region (Alzaheb & Altemani, 2018). The Western Pacific
islands continue to exhibit disproportionately high diabetes
prevalence rates, attributable to a confluence of ethnic
predispositions and evolving lifestyle patterns (Bakr, 2015).

The African continent, historically characterized by low
diabetes prevalence, is currently witnessing a marked surge in
diabetes prevalence. The adult (20-79 years) prevalence rate
is estimated at 4.7%, with global projections indicating a
further increase to 5.1% and 5.2% by 2030 and 2045
respectively (Sacedi ez al, 2019). In 2019, global reports
documented 366,227 diabetes-related deaths, with 73.1%
occurring in individuals under 60 years of age, a rate
exceeding that of any other global region (Sacedi ez 4/, 2019).
Data from sub-Saharan Africa (Hall ez al, 2019) suggest a
substantial unmet need for diabetes care and diagnosis,
encompassing access to complications screening, counselling,
and pharmacological interventions. Several low-income
countries possess healthcare systems that are already
overburdened with multiple competing health care issues.

The etiological factors associated with T2DM are
multifarious, including both genetic and environmental
determinants. These include a familial predisposition to
diabetes, advanced age, obesity (particularly abdominal
obesity), and physical inactivity (Kyrou ez al, 2020).
Adiposity and prolonged obesity are recognized as potent risk
factors for T2DM, while a sedentary lifestyle has also been
implicated in increased disease susceptibility (Webb er al,
2006). Deficiencies in patient education, health care
professional availability, and health healthcare facility access
significantly elevate the risk of diabetes-related complications.
Prophylactic interventions are resource-intensive, and some
countries rely on international aid to facilitate screening and
educational initiatives (Hall ez 2/, 2019).

The medical management of T2DM includes the monitoring
of blood glucose levels and laboratory assessments, alongside
pharmacological interventions, including sulfonylureas, non-
sulfonylurea  secretagogues, biguanides, a-glucosidase
inhibitors and thiazolidinediones. Concomitantly,
nutritional management and lifestyle strategies are critical
components of a comprehensive therapeutic approach, aimed
at improving glycemic control, dyslipidemia, and blood
pressure, associated with education on dietary principles
(Webb e al, 2006). Dietary management has been
demonstrated to be crucial in the primary prevention of DM,
the management of established cases, and the mitigation of
associated complications (Sultana ez al, 2020). The
assessment of dietary quality in individuals with DM is
beneficial in the development of effective diabetes
management strategies, requiring a proper evaluation of their
nutritional status, particularly in the context of secondary and
tertiary prevention to decelerate the progression of diabetes-
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related complications (Duvenage, Gericke & Muchiri, 2023;
Kyrou ez al., 2020; Wong & Sabanayagam, 2020). Enhanced
dietary status has been correlated with a range of protective
effects on health outcomes. Dietary intake is a recognized
determinant of BMI and BMI control is key metric in the
management of glycemic control among patients with T2DM
(Alzaheb & Altemani, 2018). The consumption of a diverse
array of foodstuffs, incorporating servings from all food
groups, is beneficial to the maintenance of healthy body
weight.

Fasting plasma glucose (FPG) is a diagnostic criterion of
T2DM, reflecting plasma glucose levels after an eight-hour
fast. According to the World Health Organization WHO
(2003), normal glucose metabolism refers to 6.1 mmol/L >
FPG = 3.9 mmol/L; impaired FPG (7.0 mmol/L > FPG =
6.1mmol/L) indicates prediabetes and diabetes mellitus is
defined as FPG > 7.0 mmol/L. A two-hour plasma glucose
(2h-PG) value of > 11.1 mmol/L in a 75 g oral glucose
tolerance test (OGTT) is closely associated with an FPG level
of 7.0 mmol/L, both of which are predictive of retinopathy
development. This study aims to assess the association
between food security, dietary diversity, nutritional status,
and the management of T2DM in patients receiving
treatment at two healthcare facilities in the Fako Division.

2 PATIENTS AND METHODS
2.1 Study area

This study was carried out in Buea and Limbe Regional
Hospitals, situated in the Fako Division, located between
latitude 4° 14 north of the equator and longitude 9° 23 east
of the Greenwich Meridian. The Buea Regional Hospital is
approximately 2 kilometers from the Mile 17 motor park
positioned between the delegations of education and the
army barracks, along the Bokwango neighborhood highway.

Limbe Provincial Hospital (formerly Limbe Provincial
Hospital, also called Mile 1 Hospital), a 200-bed healthcare
facility in the Southwest Region of Cameroon, serves as the
primary referral hospital for the region and is operated by the
Cameroon Ministry of Public Health. Both hospitals
maintain established diabetes units staffed by diabetologists.

2.2 Study design and population

A cross sectional study was conducted from November 2021
to August 2022 at the Buea and Limbe Regional Hospitals,
involving patients diagnosed with diabetes. Participants who
had received treatment for a minimum of six months at these
healthcare facilities met the inclusion criteria. An exhaustive
sampling method was employed to recruit all eligible
participants attending the selected hospitals. The minimum
sample size of 299 was calculated using the formula n = 7% x
P (1-P) / d° where: n=minimum sample size,

ey
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Z = confidence value = 1.96 for a 95% confidence interval,
P = estimated prevalence of key diabetes indicators (8%)
from a study in the Center and North-west regions (Bigna ez
al, 2018), and d = 5% of precision. An additional 49
participants were included to account for potential attrition,
ensuring the minimum sample size was achieved. Ethical
approval was obtained from the Institutional Review Board
of the University of Buea (No: 2021/1467-
05/UB/SG/IRB/FHS), Cameroon and all participants
provided written informed consent prior to enrollment.

2.3 Data collection and procedure

Data were collected using a pre-tested, structured interview
questionnaire, including sociodemographic information,
anthropometric measurements (body weight, height, BMI),
dietary assessment via 24-hour food recall and household
food security status.

Sociodemographic data

This section included patient age, marital status, educational
attainment, income level, household size, and duration of
T2DM, among other relevant demographic characteristics.

Anthropometric measurement

Height was measured to the nearest 0.1 cm using UNICEF
wooden height and length boards, while body weight was
measured to the nearest 0.1 kg using a UNICEF Seca 762
classic mechanical medical weighing scale. BMI was
calculated as weight (kg) / height (m?) and categorized
according to the World Health Organization (Bull ez al,
2020) standards: underweight (BMI < 18kg/m?), normal
range (18.5 < BMI < 24.9 kg/m?), overweight (BMI = 25 <
BMI < 29.9 kg/m?) and obese (BMI = > 30 kg/m?).

Dietary diversity

Participants were asked to recall all foods and beverage items
consumed within the 24 hours preceding the interview. This
24-hour dietary recall, an opened-ended structured
interview, is considered a reliable method for assessing
dietary diversity due to its comprehensive capture of recent
consumption and reduced recall bias compared to longer
recall periods (FANTA & FAO, 2016; FAO, 2010).
According to FAO report, there are no conventional cut-off
points in terms of number of food groups to indicate
adequate or insufficient dietary diversity for HDDS or
IDDS (FAO, 2010; FANTA & FAO, 2016). Based on FAO
guidelines, food items were categorized into nine different
food groups: cereals, white tubers and roots, vegetables,
fruits, meat, eggs, fish and other seafood, legumes, nuts and
seeds, milk and milk products, oils and fats, and sweets.
These were then recategorized into 9 broader groups for
analysis: starchy staples, green leafy vegetables, vitamin A-
rich fruits/vegetables, other fruits/vegetables, organ meats,
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meat/poultry/fish, eggs, legumes/nuts/seeds, and milk/milk
products. Dietary diversity was assessed based on the
consumption of these nine food groups, emphasizing
micronutrient  intake and food access. Participants
consuming six or more food groups were classified as having
high dietary diversity, those consuming four to five groups as
having moderate diversity, and those consuming three or
fewer groups as having low dietary diversity.

Food security

Household food security status was measured using
Household Food Insecurity Access Scale (HFIAS), a nine-
item questionnaire. Participants were classified as food secure
if they reported ‘no’ to all items and food insecure if the they
reported ‘yes’ to at least one item. The HFIAS assesses food
insecurity experiences during the preceding 30 days (FAO,
2010; FANTA & FAO, 2016). Households were categorized
in four groups based on HFIAS scores: food secure (0-1),
mildly food insecure (2-7), moderately food insecure (8-14),
and severely food insecure (15-27).

Physical activity

Physical activity levels were assessed using a structured
questionnaire according Bull ez a/. (2020). These guidelines
recommend that individuals, including those with chronic
conditions and disabilities, engage in at least 150-300 min
of moderate-intensity physical activity, 75-150 min of
vigorous-intensity, or a combination of moderate-to-
vigorous-intensity physical activity for a minimum of 150
min per week to achieve substantial health benefits.
Participants were subsequently categorized into low
(sedentary), moderate, or high physical activity levels based
on these minimum recommendations.

Blood pressure

Blood pressure measurements were obtained using an
electronic sphygmomanometer on the non-dominant arm.
Three consecutively readings were recorded, with a one-
minute interval between each measurement, after a five-
minute rest period in a quite environment. The average of
these three readings was utilized for data analysis. Arterial
hypertension was defined as a systolic blood pressure (SBP)
of > 140 mmHg and/or a diastolic blood pressure (DBP) of
> 90 mmHg.

Diabetes and glycemic control

In the current study, DM was defined as the prescription of
hypoglycemic medication for = 28 days within the preceding
two years or a FPG 2 126 mg/dL at screening (Coates,
Swindale & Bilinsky, 2007). Glycemic control was evaluated
using the hemoglobin Alc (HbA1c) test in conjunction with
physician consultation. Participants were categorized into
two groups, based on the American Diabetes Association
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(ADA, 2011) recommendations: good glycemic control
(FPG < 130 mg/dL) and poor glycemic control (FPG > 130
mg/dL). Blood glucose levels were measured using a
glucometer (OneTouch Verio Reflect meter, Zug-
Switzerland). Information regarding treatment regimens and
the presence of diabetes-related complications was also
collected.

2.4 Statistical analysis

All data were coded, entered, cleaned, and analyzed using the
Statistical Package for Social Sciences (SPSS, V.26.0).
Descriptive and inferential = statistical methods were
employed. Descriptive statistics, including means, standard
deviation, minimum and maximum values for continuous
variables, and frequencies and percentages for categorical
variables, were presented in tables and figures. Inferential
statistical analysis, including Pearson’s chi-square test and
logistic regression analyses, were conducted. Pearson
correlations were utilized to determine the relationship
between food security and dietary diversity. Bivariate analysis
was performed to identify factors associated with poor
glycemic control, using Pearson’s Chi Square tests. Variables
demonstrating significance (p < 0.20) in the bivariate analysis
were included in a multivariate logistic regression model, to
identify independent associations with poor diabetes control.
Furthermore, variables identified in preceding studies as
significant  predictors of poor diabetes control were
incorporated into the multivariate analysis. A manual
backward stepwise selection method was used to determine
the optimal model, based on the Bayesian Information
Criterion (BIC). Collinearity among predictors was assessed
using tolerance values. Potential confounding variables were
evaluated by iteratively removing and inserting plausible
variables, with a change of = 25% in odds ratios considered
indicative of confounding. Significant interactions between
final model variables were also assessed. Statistical
significance was set at p < 0.05.

3 RESULTS

3.1 Characteristics of the  study
participants

This study included a cohort of 299 participants with
T2DM. The sample comprised 53.8% males and 46.2%
females, with participant ages ranging from 45 to 75 years.
The mean age of the participants was 61.9 + 7.6 years.
Furthermore, 80.3% of the participants were married and
cohabiting with their spouses, and 71.2% resided in
households where two or more income-earning members.
The majority of participants (48.5%) reported household
sizes of 4 — 6 individuals, with a mean household size of 4.4
+ 2.0 persons. In 93.7% of households, females were the
primary decision-makers regarding food procurement and
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consumption. A high proportion (44.5%) of participants
reported household income levels between 110,000 and
200,000 FCFA (Table 1).

Table 1. Socio-demographic and socioeconomic characteristics

of the study population (n = 299)

Variables Categories Frequency  Percentage

Regional hospitals

Buea 191 63.9

Limbe 108 36.1
Sex

Female 138 46.2

Male 161 53.8
Marital status

Single 2 7

Married 240 80.3

Widow(er) 51 17.1

Divorce 6 2.0
Age (years)

275 13 4.3

65-74 108 36.1

55— 64 127 42.5

45 -54 51 17.1
Level of education

No formal education 15 5.0

Primary education 12 4.0

Secondary education 26 8.7

Tertiary education 246 82.3
Household family size (persons)

1-3 115 38.5

4-6 145 48.5

>7 39 13.0
Household number of earning hands

1 86 28.8

2 206 68.9

3 7 2.3

Who makes decisions about food
purchase and consumption

Household head (male) 20 6.7

Spouse (female) 279 93.7
Household income level (FCFA)

> 210,000 131 43.8

110,000 — 209,000 133 44.5

< 100,000 35 11.7

3.2 Household food insecurity

Regarding household food insecurity, the majority of
participants (87.3%) were classified as food secure, while
12.7% were classified as food insecure. Detailed analysis
revealed that 7.7% of participants experienced moderate
food insecurity, 4.7% while experienced mild food
insecurity, and 0.3% experienced severe food insecurity.

3.3 Dietary diversity score

Dietary diversity was assessed using 17 food groups (cereals,
vitamin A-rich vegetables/ tubers, white tubers, dark green
leafy vegetables, other vegetables, vitamin A-rich fruits, other
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fruits, organ meats, flesh meats, eggs, fish, legumes/nuts/seeds,
milk and milk products, oils /fats, red palm products, sweets,
species/condiments). These 17 food groups were subsequently

Food security, dietary diversity and nutritional status

Table 2. Health related characteristics of participants

Variables Frequency  Percentage

X . : Body mass index (BMI)
recategorized into nine broader food groups: starchy staples, Normal 386 288
dark green leafy vegetables, vitamin A-rich fruits/vegetables, Overweight 123 41.1
other fruits/vegetables, organ meats, meat/poultry/fish, eggs, Obese 20 30.1
legumes/nuts/seeds, milk/milk products. The most frequentl Fasting blood glucose

& ’ p : quently Good (FPG < 130 mg/dL) 66 22.1
consumed food groups were fish (92.6%), other vegetables Poor (FPG >130 mg/dL) 233 77.9

(88.3%), species /condiment (81.9%), cereals (80.3%) and Duration of diabetes (years)
white tuber (78.9%), while vitamin A rich vegetables/tubers éf o 19772 ; ;2
(8.7%), eggs (10.7%), sweets (2.3%) and organ meat (0.7%) 11-20 29 9.'7
were the least frequently consumed (Figure 1). Overall, 77.9% 21-30 1 0.3

of participants exhibited high dietary diversity, consuming six Type of diabetes medication
or more food groups, 19.1% consumed 4 — 5 food groups and Insulfn only L 101 34.0
N d food Th ber of food Insulin and medication 30 10.1
3.0% consumed 1 — 3 food groups. The mean number of foo Medication only 162 53.9
groups consumed was 6.7 £ 1.9. Clinical follow up 6 2.0

Diabetes complications
Results displayed on Table 2, indicate that 77.9% of None 268 89.7
participants revealed poor FPG, and 31.4% exhibited stage 1 Stroke 14 4.6
hypertension. Regarding diabetes management, 53.9% of ]];Tg zlcer ? 3(3)
mdness .

participants were treated with oral hypoglycemic agents Others 7 04

alone, 34.0% with insulin alone, 10.1% with a combination High blood pressure (HBP)
of oral agents and insulin, and 2.0% were under clinical HBP Stage 1 94 314
follow-up. The majority of participants (89.7%) reported no ;Ifiliiage 2 ig fzg
diabetes-related complications, while 4.6% experienced Pre-hypertensive 87 29:1

stroke, 3.0% leg ulcer, and 0.3% blindness. A significant Physical activity level

proportion (62.9%) of participants reported a sedentary Low (Sedentary) 188 62.9
Moderate 111 37.1

lifestyle, and 30.1% were classified as obese.

Table 3 presents the results of bivariate analysis examining
the relationship between glycemic control in diabetic
patients and selected sociodemographic characteristics. A
statistically significant association was observed between

and selected health-related factors, dietary diversity, food
insecurity, and nutritional. No statistically significant
associations were identified for any of these variables within
the study population (p > 0.05).

family size and glycemic control (p = 0.036). Table 4
presents the results of bivariate analysis examining the
relationship between glycemic control in diabetic patients

Organmeat | 0,7
Sweets W 2,3
Vit A rich vegetables/ tubers [ 8,7
Eggs W 10,7
Vit A rich fruits I 17,7
Milk and milk products  FRTE 28,4
Red palm products [N 34,8
Flesh meat IS 39,1
Legumes, nuts, seeds TS 47,5
Other fruits I 47,5
Dark green vegetables N 56,5
Oils ffats I —— 75,3
White tubers | 78,9
Cereals o 803
Species, condiments IS 81,9
Other vegetables T ) 88,3
Fish I 92,6
0 20 40 60 80 100
Percentage of participants (%)

Food groups

Figure 1. Food groups consumed by participants (n=299)

N

122

Nor. Afr. J. Food Nutr. Res. ® Volume 9 * Issue 19 © 2025

AfAc



B. A. Tambe Food security, dietary diversity and nutritional status

Table 3. Association of sociodemographic characteristics and glycemic control

Characteristics FBG
Good Poor

(< 130mg/dL) (> 130mg/dL) Chi square  p-value
n (%) n (%)

Hospital facility 0.002 0.963
Buea Regional hospital 42(14.0) 149(49.8) 191(63.9)
Limbe Regional hospital 24(8.0) 84(28.1) 108(36.1)

Town 0.012 0.912
Buea 42(14.0) 150(50.2) 192(64.2)
Limbe 24(8.0) 83(27.8) 107(35.8)

Sex 1.611 0.204
Females 35(11.7) 103(34.4) 138(46.2)
Males 31(10.4) 130(43.5) 161(53.8)

Marital status 0.129 0.720
Married 54(18.1) 186(62.2) 240(80.3)
Single/Divorce/ Widow(er) 12(4.0) 47(15.7) 59(19.7)

Age (years) 1.074 0.300
45-59 2909.7) 86(28.8) 115(38.5)
> 60 37(12.4) 147(49.2) 147(49.2)

Family size 4.396 0.036
> 4 persons 32(10.7) 80(26.8) 112(37.5)
< 4 persons 34(11.4) 153(51.2) 187(62.5)

Educational level of head of the household 4.745 0.191
No formal education 2(0.7) 13(4.3) 15(5.0)
Primary education 5(1.7) 7(2.3) 12(4.0)
Secondary education 8(2.7) 18(6.0) 26(8.7)
Tertiary education 51(17.1) 195(65.2) 246(82.3)

Household income level (FCFA) 0.243 0.886
< 100,000 7(2.3) 28(9.4) 35(11.7)
110,000- 200,00 31(10.4) 102(34.1) 133(44.5)
> 210,000 28(9.4) 103(34.4) 131(43.8)

Table 4. Association of health-related factors, dietary diversity, food insecurity and the nutritional status with glycemic control

FBG
Characteristics oo o
(<130mg/dL) (> 130mg/dL) Chi square p-value
n (%) n (%)
Blood Pressure (BP) 1.927 0.382
HBP stage 35(11.7) 145(48.5) 180(60.2)
Normal 9(3.0) 23(7.7) 32(10.7)
Pre-hypertensive 22(7.4) 65(21.7) 87(29.1)
Body Mass Index (BMI) 0.092 0.762
Normal 18(6.0) 68(22.7) 86(28.8)
Overweight/obese 48(16.1) 165(55.2) 213(71.2)
Diabetes duration 0.074 0.785
> 5 years 2909.7) 98(32.8) 127(42.5)
<5 years 37(12.4) 132(45.2) 172(57.5)
Food insecurity 2.165 0.539
Food secure 55(18.4) 206(68.9) 261(87.3)
Mildly food insecure 5(1.7) 9(3.0) 14(4.7)
Moderately food insecure 6(2.0) 17(5.7) 23(7.7)
Severe food insecure 0(0.0) 1(0.3) 1(0.3)
Dietary diversity score groups 0.317 0.854
1-3 food groups 2(0.7) 7(2.3) 9(3.0)
4-5 food groups 11(3.7) 46(15.4) 57(19.1)
> 6 food groups 53(17.7) 180(60.20 233(77.9)
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1.1 Factors associated with the glycemic
control of T2DM

Multivariate logistic regression analysis was employed to

assess  the  association  between  sociodemographic
characteristics, health-related factors, dietary diversity, food
insecurity, nutritional status, and glycemic control in

individuals with T2DM.

The analysis revealed that only household size was the sole
significant  predictor of glycemic control. Participants
residing in household with < 4 family member demonstrated
an approximately 2-fold increased likely of exhibiting poor
FPG levels compared to those residing in households with >
4 family members (AOR: 1.83, 95% CI: 1.02; 3.28, p =
0.042) as detailed in Table 5.

prevalence of food insecurity may be attributed to the older
age demographic of the participants, who often have reduced
financial obligations, and the smaller household sizes,
resulting in fewer individuals to feed. Furthermore, some
participants reported financial support from their children,
while others maintained income through salaries, pension,
farming, or grading. In contrast, Tezera er al (2022)
reported a higher prevalence of food insecurity (50.7%) in
Ethiopia. Food-insecure individuals with T2DM are at a
significantly elevated risk of poor glycemic control, struggle
to afford appropriate diabetic diets, and are less likely adhere
to dietary counselling compared to their food-secured
counterparts  (Seligman, Laraia &  Kushel, 2010).
Additionally, food-secure individuals with T2DM are better
able to meet their caloric needs and manage their weight,

Table 5. Factors associated the glycemic control of participants with T2DM

haracteristic n

Sex of participants

Male 130

Female 103
Household family size

<4 153

>4 80
Blood pressure of participants

Normal 23

Prehypertension 65

HBP stage 145
Food security

Yes 27

No 206
Dietary diversity

1-3 food groups 7

4-5 food groups 46

> 6 food groups 180
BMI

Overweight/ obesity 165

Normal 68

2 DISCUSSION

This study sought to determine the influence food security,
dietary diversity, and nutritional status on glycemic control
among individuals with T2DM receiving treatment at two
public health facilities in the Fako Division, Cameroon. The
findings revealed that the majority of participants were male,
food secure, consumed a diverse diet, and reported a
sedentary lifestyle.

The prevalence of household food insecurity among the
study participants was relatively low (12.7%), with mild and
moderate food insecurity reported at 0.3%, 4.7%, and 7.7%
respectively. On the other hand, a significant proportion
(87.3%) of households were food secure. This lower
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which may positively influence glycemic control (Shalowitz
et al., 2017; Berkowitz & Gao, 2014).

The dietary diversity assessment revealed that fish, other
vegetables, species/condiment, cereals, and white tubers were
the most frequently consumed food groups, while vitamin A-
rich vegetables/tubers, eggs, sweets, and organ meat were the
least frequently consumed. A considerable portion (77.9%)
of participants consumed six or more healthy food groups,
indicating a diverse diet, while 19.1% consumed 4-5 healthy
food groups, and 3.0% consumed 1-3 healthy food groups.
These findings contrast with those reported by Madlala ez 4/.
(2022) in South Africa, where 70.4% of T2DM individuals
consumed fewer than five of the ten healthy food groups,
suggesting low dietary diversity. This discrepancy may be
due to the higher educational attainment, stable income, and
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nutritional knowledge of the participants in the present
study, enabling them to afford and select healthier food
options.

Additionally, 30.1% of the participants were classified as
obese, 41.1% as overweight, and only 28.8% exhibited a
normal BMI. Obesity is recognized as a significant risk factor
for the development of T2DM compared to normal BMI.
Several studies have reported higher HbAlc levels in
individuals with a elevated BMI, and a positive correlation
between mean BMI and HbAlc levels (Boye et al, 2021).
This may be attributed to excessive caloric intake and a
predominantly sedentary lifestyle among the participants.
The likelihood of diabetes or uncontrolled blood glucose
levels was observed to be twofold or greater in overweight
and obese individuals compared to those with normal
weight. These results are consistent with studies conducted
in Malaysia (Firouzi, Barakatun-Nisak and Azmi, 2015) and
Saudi Arabia (Alzaheb & Altemani, 2018), which reported
overweight and obesity prevalence rates of 86.5% and
72.3%, respectively, among T2DM patients. The likelihood
of being diabetic or exhibiting an uncontrolled blood glucose
level is two-fold or more among overweight and obese
individuals as compared to normal weight individuals.

In the present study, 77.9% of participants exhibited poor
FPG levels (> 130 mg/dL). This high prevalence of
uncontrolled T2DM is concerning and aligns with previous
research conducted in other African nations. For instance,
Dimore, Edosa, & Mitiku (2023) reported poor glycemic
control in 72.8% of T2DM patients in the Hadiya zone,
Southern Ethiopia. Discrepancies in sample size may account
for some of the observed differences. The previous studies
present higher sample sizes compared to the current study.

No significant association were noticed between dietary
diversity, household food insecurity, nutritional status, and
glycemic control in the study populaton (p > 0.05).
However, previous studies have demonstrated a significant
association between BMI and glycemic control in T2DM
individuals across multiple studies, with a general trend of
declining glycemic control with increasing BMI (Al-
Rasheedi, 2015; Boye ¢t al., 2021; Madlala et 4/, 2022). In
addition, similar studies have reported that both food
insecurity and dietary diversity are a concern among adults
diagnosed with T2DM (Mphwantheet ¢z al., 2018; Wang ez
al., 2023).

Conversely, a significant association was observed between
household family size and poor glycemic control (AOR:
1.83, 95% CI: 1.02-3.28, p = 0.042). Participants residing in
households with fewer than four members were more likely
to exhibit poor glycemic control. These findings reveal the
significance of the household context in diabetes
interventions, implying that household members not directly
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targeted by such interventions may still influence dietary
adherence and glycemic control (Seligman ez al, 2015).
Identical results have been reported in randomized
controlled trials conducted in the United States (Hager ez al,
2023; Seligman ez al., 2015).

Limitations and strength of the study

The current study possesses several limitations that should be
considered when interpreting the findings. The cross-
sectional design prevents the establishment of causal
relationships. Furthermore, a substantial portion of the data
was based on self-reported information, which may be
subject to recall bias and reporting inaccuracies, particularly
regarding income and dietary intake. The dietary diversity
score was based on the minimum dietary diversity for
women score, which has not been wvalidated for male
participants or older women. Furthermore, indicators of
nutritional status, such as overweight and obesity, reflect
long-term cumulative processes, while dietary data were
collected for a 24-hour prior.

However, the study also possesses several strengths. A
relatively large, calculated sample size was utilized to enhance
the statistical power of the analysis. Robust statistical
methods were employed to analyze the data and potential
confounders were accounted for in the multivariate analysis,
thereby strengthening the validity of the findings.

3 CONCLUSIONS

The present study revealed that a substantial proportion of
individuals with T2DM, attending urban healthcare facilities
with established follow-up protocols, exhibited overweight or
obese BMIs, reported food security, and demonstrated
acceptable dietary diversity, despite suboptimal glycemic
control. Overall, with the exception of household size,
diversity,

household food insecurity, and nutritional status did not

sociodemographic  characteristics,  dietary
demonstrate significant association with glycemic control in
this population. Specifically, individuals residing in smaller
households were observed to possess a higher likelihood of
poor glycemic control. These findings underline the
necessity for targeted educational and dietary interventions
aimed at enhancing nutritional status and FPG management
in individuals with T2DM.
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	1 Introduction
	Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that has become increasingly prevalent over the past few decades. T2DM is characterized by persistent hyperglycemia, which, if inadequately managed, can lead to a spectrum of severe health complications. One of the key aspects of managing T2DM is maintaining a healthy and balanced diet. Nutritional management is critical in the therapeutic regimen for patients with T2DM as dietary intake directly influences glycemic control, weight management, and overall physiological well-being (Frayne et al., 2010). 
	T2DM constitutes approximately 90 to 95% of all diagnosed diabetes cases (Cioana et al., 2023). Epidemiological evidence from Saudi Arabia indicates that diabetes mellitus (DM) has emerged as a leading cause of morbidity and underscoring the rapid escalation of the epidemic within the Middle East region (Alzaheb & Altemani, 2018). The Western Pacific islands continue to exhibit disproportionately high diabetes prevalence rates, attributable to a confluence of ethnic predispositions and evolving lifestyle patterns (Bakr, 2015). 
	The African continent, historically characterized by low diabetes prevalence, is currently witnessing a marked surge in diabetes prevalence. The adult (20–79 years) prevalence rate is estimated at 4.7%, with global projections indicating a further increase to 5.1% and 5.2% by 2030 and 2045 respectively (Saeedi et al., 2019).  In 2019, global reports documented 366,227 diabetes-related deaths, with 73.1% occurring in individuals under 60 years of age, a rate exceeding that of any other global region (Saeedi et al., 2019). Data from sub-Saharan Africa (Hall et al., 2019) suggest a substantial unmet need for diabetes care and diagnosis, encompassing access to complications screening, counselling, and pharmacological interventions. Several low-income countries possess healthcare systems that are already overburdened with multiple competing health care issues. 
	The etiological factors associated with T2DM are multifarious, including both genetic and environmental determinants. These include a familial predisposition to diabetes, advanced age, obesity (particularly abdominal obesity), and physical inactivity (Kyrou et al., 2020). Adiposity and prolonged obesity are recognized as potent risk factors for T2DM, while a sedentary lifestyle has also been implicated in increased disease susceptibility (Webb et al., 2006). Deficiencies in patient education, health care professional availability, and health healthcare facility access significantly elevate the risk of diabetes-related complications. Prophylactic interventions are resource-intensive, and some countries rely on international aid to facilitate screening and educational initiatives (Hall et al., 2019). 
	The medical management of T2DM includes the monitoring of blood glucose levels and laboratory assessments, alongside pharmacological interventions, including sulfonylureas, non-sulfonylurea secretagogues, biguanides, α-glucosidase inhibitors and thiazolidinediones. Concomitantly, nutritional management and lifestyle strategies are critical components of a comprehensive therapeutic approach, aimed at improving glycemic control, dyslipidemia, and blood pressure, associated with education on dietary principles (Webb et al., 2006). Dietary management has been demonstrated to be crucial in the primary prevention of DM, the management of established cases, and the mitigation of associated complications (Sultana et al., 2020). The assessment of dietary quality in individuals with DM is beneficial in the development of effective diabetes management strategies, requiring a proper evaluation of their nutritional status, particularly in the context of secondary and tertiary prevention to decelerate the progression of diabetes-related complications (Duvenage, Gericke & Muchiri, 2023; Kyrou et al., 2020; Wong & Sabanayagam, 2020). Enhanced dietary status has been correlated with a range of protective effects on health outcomes. Dietary intake is a recognized determinant of BMI and BMI control is key metric in the management of glycemic control among patients with T2DM (Alzaheb & Altemani, 2018). The consumption of a diverse array of foodstuffs, incorporating servings from all food groups, is beneficial to the maintenance of healthy body weight. 
	Fasting plasma glucose (FPG) is a diagnostic criterion of T2DM, reflecting plasma glucose levels after an eight-hour fast. According to the World Health Organization WHO (2003), normal glucose metabolism refers to 6.1 mmol/L > FPG ≥ 3.9 mmol/L; impaired FPG (7.0 mmol/L > FPG ≥ 6.1mmol/L) indicates prediabetes and diabetes mellitus is defined as FPG ≥ 7.0 mmol/L. A two-hour plasma glucose (2h–PG) value of ≥ 11.1 mmol/L in a 75 g oral glucose tolerance test (OGTT) is closely associated with an FPG level of 7.0 mmol/L, both of which are predictive of retinopathy development. This study aims to assess the association between food security, dietary diversity, nutritional status, and the management of T2DM in patients receiving treatment at two healthcare facilities in the Fako Division.
	2 Patients and Methods 
	2.1 Study area
	This study was carried out in Buea and Limbe Regional Hospitals, situated in the Fako Division, located between latitude 4º 14 north of the equator and longitude 9º 23 east of the Greenwich Meridian. The Buea Regional Hospital is approximately 2 kilometers from the Mile 17 motor park positioned between the delegations of education and the army barracks, along the Bokwango neighborhood highway. 
	Limbe Provincial Hospital (formerly Limbe Provincial Hospital, also called Mile 1 Hospital), a 200-bed healthcare facility in the Southwest Region of Cameroon, serves as the primary referral hospital for the region and is operated by the Cameroon Ministry of Public Health. Both hospitals maintain established diabetes units staffed by diabetologists. 
	2.2 Study design and population
	A cross sectional study was conducted from November 2021 to August 2022 at the Buea and Limbe Regional Hospitals, involving patients diagnosed with diabetes. Participants who had received treatment for a minimum of six months at these healthcare facilities met the inclusion criteria. An exhaustive sampling method was employed to recruit all eligible participants attending the selected hospitals. The minimum sample size of 299 was calculated using the formula n = Z2 × P (1-P) / d2, where: n = minimum sample size, Z = confidence value = 1.96 for a 95% confidence interval, P = estimated prevalence of key diabetes indicators (8%) from a study in the Center and North-west regions (Bigna et al., 2018), and d = 5% of precision. An additional 49 participants were included to account for potential attrition, ensuring the minimum sample size was achieved. Ethical approval was obtained from the Institutional Review Board of the University of Buea (No: 2021/1467-05/UB/SG/IRB/FHS), Cameroon and all participants provided written informed consent prior to enrollment.
	2.3 Data collection and procedure
	Data were collected using a pre-tested, structured interview questionnaire, including sociodemographic information, anthropometric measurements (body weight, height, BMI), dietary assessment via 24-hour food recall and household food security status.
	Sociodemographic data 
	This section included patient age, marital status, educational attainment, income level, household size, and duration of T2DM, among other relevant demographic characteristics.
	Anthropometric measurement
	Height was measured to the nearest 0.1 cm using UNICEF wooden height and length boards, while body weight was measured to the nearest 0.1 kg using a UNICEF Seca 762 classic mechanical medical weighing scale. BMI was calculated as weight (kg) / height (m²) and categorized according to the World Health Organization (Bull et al., 2020) standards: underweight (BMI ≤ 18kg/m²), normal range (18.5 ≤ BMI < 24.9 kg/m²), overweight (BMI = 25 ≤ BMI < 29.9 kg/m²) and obese (BMI = ≥ 30 kg/m²).
	Dietary diversity 
	Participants were asked to recall all foods and beverage items consumed within the 24 hours preceding the interview. This 24-hour dietary recall, an opened-ended structured interview, is considered a reliable method for assessing dietary diversity due to its comprehensive capture of recent consumption and reduced recall bias compared to longer recall periods (FANTA & FAO, 2016; FAO, 2010). According to FAO report, there are no conventional cut-off points in terms of number of food groups to indicate adequate or insufficient dietary diversity for HDDS or IDDS (FAO, 2010; FANTA & FAO, 2016). Based on FAO guidelines, food items were categorized into nine different food groups: cereals, white tubers and roots, vegetables, fruits, meat, eggs, fish and other seafood, legumes, nuts and seeds, milk and milk products, oils and fats, and sweets. These were then recategorized into 9 broader groups for analysis: starchy staples, green leafy vegetables, vitamin A-rich fruits/vegetables, other fruits/vegetables, organ meats, meat/poultry/fish, eggs, legumes/nuts/seeds, and milk/milk products. Dietary diversity was assessed based on the consumption of these nine food groups, emphasizing micronutrient intake and food access. Participants consuming six or more food groups were classified as having high dietary diversity, those consuming four to five groups as having moderate diversity, and those consuming three or fewer groups as having low dietary diversity.
	Food security 
	Household food security status was measured using Household Food Insecurity Access Scale (HFIAS), a nine-item questionnaire. Participants were classified as food secure if they reported ‘no’ to all items and food insecure if the they reported ‘yes’ to at least one item. The HFIAS assesses food insecurity experiences during the preceding 30 days (FAO, 2010; FANTA & FAO, 2016). Households were categorized in four groups based on HFIAS scores: food secure (0–1), mildly food insecure (2–7), moderately food insecure (8–14), and severely food insecure (15–27). 
	Physical activity 
	Physical activity levels were assessed using a structured questionnaire according Bull et al. (2020). These guidelines recommend that individuals, including those with chronic conditions and disabilities, engage in at least 150–300 min of moderate-intensity physical activity, 75–150 min of vigorous-intensity, or a combination of moderate-to-vigorous-intensity physical activity for a minimum of 150 min per week to achieve substantial health benefits. Participants were subsequently categorized into low (sedentary), moderate, or high physical activity levels based on these minimum recommendations.
	Blood pressure 
	Blood pressure measurements were obtained using an electronic sphygmomanometer on the non-dominant arm. Three consecutively readings were recorded, with a one-minute interval between each measurement, after a five-minute rest period in a quite environment. The average of these three readings was utilized for data analysis. Arterial hypertension was defined as a systolic blood pressure (SBP) of ≥ 140 mmHg and/or a diastolic blood pressure (DBP) of ≥ 90 mmHg. 
	Diabetes and glycemic control
	In the current study, DM was defined as the prescription of hypoglycemic medication for ≥ 28 days within the preceding two years or a FPG ≥ 126 mg/dL at screening (Coates, Swindale & Bilinsky, 2007). Glycemic control was evaluated using the hemoglobin A1c (HbA1c) test in conjunction with physician consultation. Participants were categorized into two groups, based on the American Diabetes Association (ADA, 2011) recommendations: good glycemic control (FPG ≤ 130 mg/dL) and poor glycemic control (FPG > 130 mg/dL). Blood glucose levels were measured using a glucometer (OneTouch Verio Reflect meter, Zug-Switzerland). 
	2.4 Statistical analysis 
	All data were coded, entered, cleaned, and analyzed using the Statistical Package for Social Sciences (SPSS, V.26.0). Descriptive and inferential statistical methods were employed. Descriptive statistics, including means, standard deviation, minimum and maximum values for continuous variables, and frequencies and percentages for categorical variables, were presented in tables and figures. Inferential statistical analysis, including Pearson’s chi-square test and logistic regression analyses, were conducted. Pearson correlations were utilized to determine the relationship between food security and dietary diversity. Bivariate analysis was performed to identify factors associated with poor glycemic control, using Pearson’s Chi Square tests. Variables demonstrating signiﬁcance (p < 0.20) in the bivariate analysis were included in a multivariate logistic regression model, to identify independent associations with poor diabetes control. Furthermore, variables identified in preceding studies as significant predictors of poor diabetes control were incorporated into the multivariate analysis. A manual backward stepwise selection method was used to determine the optimal model, based on the Bayesian Information Criterion (BIC). Collinearity among predictors was assessed using tolerance values. Potential confounding variables were evaluated by iteratively removing and inserting plausible variables, with a change of ≥ 25% in odds ratios considered indicative of confounding. Significant interactions between final model variables were also assessed. Statistical significance was set at p < 0.05.
	3 Results
	3.1 Characteristics of the study participants
	This study included a cohort of 299 participants with T2DM. The sample comprised 53.8% males and 46.2% females, with participant ages ranging from 45 to 75 years.  The mean age of the participants was 61.9 ± 7.6 years. Furthermore, 80.3% of the participants were married and cohabiting with their spouses, and 71.2% resided in households where two or more income-earning members. The majority of participants (48.5%) reported household sizes of 4 – 6 individuals, with a mean household size of 4.4 ± 2.0 persons. In 93.7% of households, females were the primary decision-makers regarding food procurement and consumption. A high proportion (44.5%) of participants reported household income levels between 110,000 and 200,000 FCFA (Table 1).
	3.2 Household food insecurity
	Regarding household food insecurity, the majority of participants (87.3%) were classified as food secure, while 12.7% were classified as food insecure. Detailed analysis revealed that 7.7% of participants experienced moderate food insecurity, 4.7% while experienced mild food insecurity, and 0.3% experienced severe food insecurity.
	3.3 Dietary diversity score 
	Dietary diversity was assessed using 17 food groups (cereals, vitamin A-rich vegetables/ tubers, white tubers, dark green leafy vegetables, other vegetables, vitamin A-rich fruits, other
	fruits, organ meats, flesh meats, eggs, fish, legumes/nuts/seeds, milk and milk products, oils /fats, red palm products, sweets, species/condiments). These 17 food groups were subsequently recategorized into nine broader food groups: starchy staples, dark green leafy vegetables, vitamin A-rich fruits/vegetables, other fruits/vegetables, organ meats, meat/poultry/fish, eggs, legumes/nuts/seeds, milk/milk products. The most frequently consumed food groups were fish (92.6%), other vegetables (88.3%), species /condiment (81.9%), cereals (80.3%) and white tuber (78.9%), while vitamin A rich vegetables/tubers (8.7%), eggs (10.7%), sweets (2.3%) and organ meat (0.7%) were the least frequently consumed (Figure 1). Overall, 77.9% of participants exhibited high dietary diversity, consuming six or more food groups, 19.1% consumed 4 – 5 food groups and 3.0% consumed 1 – 3 food groups. The mean number of food groups consumed was 6.7 ± 1.9.
	Results displayed on Table 2, indicate that 77.9% of participants revealed poor FPG, and 31.4% exhibited stage 1 hypertension. Regarding diabetes management, 53.9% of participants were treated with oral hypoglycemic agents alone, 34.0% with insulin alone, 10.1% with a combination of oral agents and insulin, and 2.0% were under clinical follow-up. The majority of participants (89.7%) reported no diabetes-related complications, while 4.6% experienced stroke, 3.0% leg ulcer, and 0.3% blindness. A significant proportion (62.9%) of participants reported a sedentary lifestyle, and 30.1% were classified as obese.
	Table 3 presents the results of bivariate analysis examining the relationship between glycemic control in diabetic patients and selected sociodemographic characteristics. A statistically significant association was observed between family size and glycemic control (p = 0.036). Table 4 presents the results of bivariate analysis examining the relationship between glycemic control in diabetic patients and selected health-related factors, dietary diversity, food insecurity, and nutritional. No statistically significant associations were identified for any of these variables within the study population (p > 0.05).   
	1.1 Factors associated with the glycemic control of T2DM 
	Multivariate logistic regression analysis was employed to assess the association between sociodemographic characteristics, health-related factors, dietary diversity, food insecurity, nutritional status, and glycemic control in individuals with T2DM.
	The analysis revealed that only household size was the sole significant predictor of glycemic control. Participants residing in household with ≤ 4 family member demonstrated an approximately 2-fold increased likely of exhibiting poor FPG levels compared to those residing in households with > 4 family members (AOR: 1.83, 95% CI: 1.02; 3.28, p = 0.042) as detailed in Table 5.
	2 Discussion
	This study sought to determine the influence food security, dietary diversity, and nutritional status on glycemic control among individuals with T2DM  receiving treatment at two public health facilities in the Fako Division, Cameroon. The findings revealed that the majority of participants were male, food secure, consumed a diverse diet, and reported a sedentary lifestyle.
	The prevalence of household food insecurity among the study participants was relatively low (12.7%), with mild and moderate food insecurity reported at 0.3%, 4.7%, and 7.7% respectively. On the other hand, a significant proportion (87.3%) of households were food secure. This lower prevalence of food insecurity may be attributed to the older age demographic of the participants, who often have reduced financial obligations, and the smaller household sizes, resulting in fewer individuals to feed. Furthermore, some participants reported financial support from their children, while others maintained income through salaries, pension, farming, or grading.  In contrast, Tezera et al. (2022) reported a higher prevalence of food insecurity (50.7%) in Ethiopia. Food-insecure individuals with T2DM are at a significantly elevated risk of poor glycemic control, struggle to afford appropriate diabetic diets, and are less likely adhere to dietary counselling compared to their food-secured counterparts (Seligman, Laraia & Kushel, 2010). Additionally, food-secure individuals with T2DM are better able to meet their caloric needs and manage their weight, which may positively influence glycemic control (Shalowitz et al., 2017; Berkowitz & Gao, 2014).  
	The dietary diversity assessment revealed that fish, other vegetables, species/condiment, cereals, and white tubers were the most frequently consumed food groups, while vitamin A-rich vegetables/tubers, eggs, sweets, and organ meat were the least frequently consumed. A considerable portion (77.9%) of participants consumed six or more healthy food groups, indicating a diverse diet, while 19.1% consumed 4–5 healthy food groups, and 3.0% consumed 1–3 healthy food groups. These findings contrast with those reported by Madlala et al. (2022) in South Africa, where 70.4% of T2DM individuals consumed fewer than five of the ten healthy food groups, suggesting low dietary diversity. This discrepancy may be due to the higher educational attainment, stable income, and nutritional knowledge of the participants in the present study, enabling them to afford and select healthier food options.
	Additionally, 30.1% of the participants were classified as obese, 41.1% as overweight, and only 28.8% exhibited a normal BMI. Obesity is recognized as a significant risk factor for the development of T2DM compared to normal BMI. Several studies have reported higher HbA1c levels in individuals with a elevated BMI, and a positive correlation between mean BMI and HbA1c levels (Boye et al., 2021). This may be attributed to excessive caloric intake and a predominantly sedentary lifestyle among the participants. The likelihood of diabetes or uncontrolled blood glucose levels was observed to be twofold or greater in overweight and obese individuals compared to those with normal weight. These results are consistent with studies conducted in Malaysia (Firouzi, Barakatun-Nisak and Azmi, 2015) and Saudi Arabia (Alzaheb & Altemani, 2018), which reported overweight and obesity prevalence rates of 86.5% and 72.3%, respectively, among T2DM patients. The likelihood of being diabetic or exhibiting an uncontrolled blood glucose level is two-fold or more among overweight and obese individuals as compared to normal weight individuals. 
	In the present study, 77.9% of participants exhibited poor FPG levels (≥ 130 mg/dL). This high prevalence of uncontrolled T2DM is concerning and aligns with previous research conducted in other African nations. For instance, Dimore, Edosa, & Mitiku (2023) reported poor glycemic control in 72.8% of T2DM patients in the Hadiya zone, Southern Ethiopia. Discrepancies in sample size may account for some of the observed differences. The previous studies present higher sample sizes compared to the current study.
	No significant association were noticed between dietary diversity, household food insecurity, nutritional status, and glycemic control in the study population (p > 0.05). However, previous studies have demonstrated a significant association between BMI and glycemic control in T2DM individuals across multiple studies, with a general trend of declining glycemic control with increasing BMI (Al-Rasheedi, 2015; Boye et al., 2021; Madlala et al., 2022). In addition, similar studies have reported that both food insecurity and dietary diversity are a concern among adults diagnosed with T2DM (Mphwantheet et al., 2018; Wang et al., 2023). 
	Conversely, a significant association was observed between household family size and poor glycemic control (AOR: 1.83, 95% CI: 1.02-3.28, p = 0.042). Participants residing in households with fewer than four members were more likely to exhibit poor glycemic control. These findings reveal the significance of the household context in diabetes interventions, implying that household members not directly targeted by such interventions may still influence dietary adherence and glycemic control (Seligman et al., 2015). Identical results have been reported in randomized controlled trials conducted in the United States (Hager et al., 2023; Seligman et al., 2015).
	Limitations and strength of the study
	The current study possesses several limitations that should be considered when interpreting the findings. The cross-sectional design prevents the establishment of causal relationships. Furthermore, a substantial portion of the data was based on self-reported information, which may be subject to recall bias and reporting inaccuracies, particularly regarding income and dietary intake. The dietary diversity score was based on the minimum dietary diversity for women score, which has not been validated for male participants or older women. Furthermore, indicators of nutritional status, such as overweight and obesity, reflect long-term cumulative processes, while dietary data were collected for a 24-hour prior. 
	However, the study also possesses several strengths. A relatively large, calculated sample size was utilized to enhance the statistical power of the analysis. Robust statistical methods were employed to analyze the data and potential confounders were accounted for in the multivariate analysis, thereby strengthening the validity of the findings.
	3 Conclusions
	The present study revealed that a substantial proportion of individuals with T2DM, attending urban healthcare facilities with established follow-up protocols, exhibited overweight or obese BMIs, reported food security, and demonstrated acceptable dietary diversity, despite suboptimal glycemic control. Overall, with the exception of household size, sociodemographic characteristics, dietary diversity, household food insecurity, and nutritional status did not demonstrate significant association with glycemic control in this population. Specifically, individuals residing in smaller households were observed to possess a higher likelihood of poor glycemic control. These findings underline the necessity for targeted educational and dietary interventions aimed at enhancing nutritional status and FPG management in individuals with T2DM.
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		Background:  Diabetes mellitus (DM) represents a prevalent metabolic disease that has been increasingly recognized as a global health priority. However, the precise influence of food security, dietary diversity, and nutritional status on glycemic control among individuals with type 2 diabetes mellitus (T2DM) remains inadequately characterized.

Aims: This study aimed to assess the association between food security, dietary diversity, nutritional status, and glycemic control in adults diagnosed with T2DM undergoing treatment at Buea and Limbe Regional Hospitals within the Fako Division, Cameroon.

Patients and Methods: A cross-sectional study design was employed to recruit individuals with T2DM from the aforementioned hospitals. Data collection was conducted using a structured questionnaire, encompassing sociodemographic characteristics, food security status, dietary diversity, nutritional status, blood pressure measurements, and glycemic control assessments. Glycemic control was determined using a glucometer. Data were analyzed using statistical package for the social sciences version 27.0. 

Results:  The study revealed that 28.8% of respondents exhibited a normal Body Mass Index (BMI), while 41.1% were classified as overweight and 30.1% as obese. Additionally, 12.7% of household experienced food insecurity, compared to 87.3% who were food secure. A majority of respondents (77.9%) reported consuming a diverse diet (≥ 6 food groups), 19.1% consumed 4 – 5 food groups and only 3.0% exhibited a low dietary diversity score (1 – 3 food groups). Additionally, 77.9% of participants presented with poor fasting plasma glucose (FPG) levels, whereas 22.1% demonstrated good FPG control. Participants residing in household with ≤ 4 family members were approximately two times more likely to exhibit poor FPG compared to those residing in household with > 4 family members (Adjusted Odds Ratio [AOR]: 1.83, 95% Confidence Interval [CI]: 1.02 – 3.28, p = 0.042). However, no significant associations were observed between food insecurity (p = 0.539), low dietary diversity (p = 0.854), high BMI (p = 0.782), FPG levels (p > 0.05).

Conclusions: The majority of individuals with T2DM in the study population were classified as overweight or obese, resided in food-secure households, and reported diverse dietary intake. Small family size was identified as a significant factor negatively impacting glycemic control among adult diabetic patients. Educational and dietary interventions aimed at improving nutritional status and blood glycemic control are recommended. 

Keywords: Body mass index, Food groups, Food security, Fasting plasma glucose.
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2 INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that has become increasingly prevalent over the past few decades. T2DM is characterized by persistent hyperglycemia, which, if inadequately managed, can lead to a spectrum of severe health complications. One of the key aspects of managing T2DM is maintaining a healthy and balanced diet. Nutritional management is critical in the therapeutic regimen for patients with T2DM as dietary intake directly influences glycemic control, weight management, and overall physiological well-being (Frayne et al., 2010). 

T2DM constitutes approximately 90 to 95% of all diagnosed diabetes cases (Cioana et al., 2023). Epidemiological evidence from Saudi Arabia indicates that diabetes mellitus (DM) has emerged as a leading cause of morbidity and underscoring the rapid escalation of the epidemic within the Middle East region (Alzaheb & Altemani, 2018). The Western Pacific islands continue to exhibit disproportionately high diabetes prevalence rates, attributable to a confluence of ethnic predispositions and evolving lifestyle patterns (Bakr, 2015). 

The African continent, historically characterized by low diabetes prevalence, is currently witnessing a marked surge in diabetes prevalence. The adult (20–79 years) prevalence rate is estimated at 4.7%, with global projections indicating a further increase to 5.1% and 5.2% by 2030 and 2045 respectively (Saeedi et al., 2019).  In 2019, global reports documented 366,227 diabetes-related deaths, with 73.1% occurring in individuals under 60 years of age, a rate exceeding that of any other global region (Saeedi et al., 2019). Data from sub-Saharan Africa (Hall et al., 2019) suggest a substantial unmet need for diabetes care and diagnosis, encompassing access to complications screening, counselling, and pharmacological interventions. Several low-income countries possess healthcare systems that are already overburdened with multiple competing health care issues. 

The etiological factors associated with T2DM are multifarious, including both genetic and environmental determinants. These include a familial predisposition to diabetes, advanced age, obesity (particularly abdominal obesity), and physical inactivity (Kyrou et al., 2020). Adiposity and prolonged obesity are recognized as potent risk factors for T2DM, while a sedentary lifestyle has also been implicated in increased disease susceptibility (Webb et al., 2006). Deficiencies in patient education, health care professional availability, and health healthcare facility access significantly elevate the risk of diabetes-related complications. Prophylactic interventions are resource-intensive, and some countries rely on international aid to facilitate screening and educational initiatives (Hall et al., 2019). 

[bookmark: _Hlk193721027]The medical management of T2DM includes the monitoring of blood glucose levels and laboratory assessments, alongside pharmacological interventions, including sulfonylureas, non-sulfonylurea secretagogues, biguanides, α-glucosidase inhibitors and thiazolidinediones. Concomitantly, nutritional management and lifestyle strategies are critical components of a comprehensive therapeutic approach, aimed at improving glycemic control, dyslipidemia, and blood pressure, associated with education on dietary principles (Webb et al., 2006). Dietary management has been demonstrated to be crucial in the primary prevention of DM, the management of established cases, and the mitigation of associated complications (Sultana et al., 2020). The assessment of dietary quality in individuals with DM is beneficial in the development of effective diabetes management strategies, requiring a proper evaluation of their nutritional status, particularly in the context of secondary and tertiary prevention to decelerate the progression of diabetes-related complications (Duvenage, Gericke & Muchiri, 2023; Kyrou et al., 2020; Wong & Sabanayagam, 2020). Enhanced dietary status has been correlated with a range of protective effects on health outcomes. Dietary intake is a recognized determinant of BMI and BMI control is key metric in the management of glycemic control among patients with T2DM (Alzaheb & Altemani, 2018). The consumption of a diverse array of foodstuffs, incorporating servings from all food groups, is beneficial to the maintenance of healthy body weight. 

Fasting plasma glucose (FPG) is a diagnostic criterion of T2DM, reflecting plasma glucose levels after an eight-hour fast. According to the World Health Organization WHO (2003), normal glucose metabolism refers to 6.1 mmol/L > FPG ≥ 3.9 mmol/L; impaired FPG (7.0 mmol/L > FPG ≥ 6.1mmol/L) indicates prediabetes and diabetes mellitus is defined as FPG ≥ 7.0 mmol/L. A two-hour plasma glucose (2h–PG) value of ≥ 11.1 mmol/L in a 75 g oral glucose tolerance test (OGTT) is closely associated with an FPG level of 7.0 mmol/L, both of which are predictive of retinopathy development. This study aims to assess the association between food security, dietary diversity, nutritional status, and the management of T2DM in patients receiving treatment at two healthcare facilities in the Fako Division.

3 PATIENTS AND METHODS 

3.1 Study area

This study was carried out in Buea and Limbe Regional Hospitals, situated in the Fako Division, located between latitude 4º 14 north of the equator and longitude 9º 23 east of the Greenwich Meridian. The Buea Regional Hospital is approximately 2 kilometers from the Mile 17 motor park positioned between the delegations of education and the army barracks, along the Bokwango neighborhood highway. 

Limbe Provincial Hospital (formerly Limbe Provincial Hospital, also called Mile 1 Hospital), a 200-bed healthcare facility in the Southwest Region of Cameroon, serves as the primary referral hospital for the region and is operated by the Cameroon Ministry of Public Health. Both hospitals maintain established diabetes units staffed by diabetologists. 

3.2 Study design and population

A cross sectional study was conducted from November 2021 to August 2022 at the Buea and Limbe Regional Hospitals, involving patients diagnosed with diabetes. Participants who had received treatment for a minimum of six months at these healthcare facilities met the inclusion criteria. An exhaustive sampling method was employed to recruit all eligible participants attending the selected hospitals. The minimum sample size of 299 was calculated using the formula n = Z2 × P (1-P) / d2, where: n = minimum sample size, Z = confidence value = 1.96 for a 95% confidence interval, P = estimated prevalence of key diabetes indicators (8%) from a study in the Center and North-west regions (Bigna et al., 2018), and d = 5% of precision. An additional 49 participants were included to account for potential attrition, ensuring the minimum sample size was achieved. Ethical approval was obtained from the Institutional Review Board of the University of Buea (No: 2021/1467-05/UB/SG/IRB/FHS), Cameroon and all participants provided written informed consent prior to enrollment.

3.3 Data collection and procedure

Data were collected using a pre-tested, structured interview questionnaire, including sociodemographic information, anthropometric measurements (body weight, height, BMI), dietary assessment via 24-hour food recall and household food security status.

Sociodemographic data 

This section included patient age, marital status, educational attainment, income level, household size, and duration of T2DM, among other relevant demographic characteristics.

Anthropometric measurement

Height was measured to the nearest 0.1 cm using UNICEF wooden height and length boards, while body weight was measured to the nearest 0.1 kg using a UNICEF Seca 762 classic mechanical medical weighing scale. BMI was calculated as weight (kg) / height (m²) and categorized according to the World Health Organization (Bull et al., 2020) standards: underweight (BMI ≤ 18kg/m²), normal range (18.5 ≤ BMI < 24.9 kg/m²), overweight (BMI = 25 ≤ BMI < 29.9 kg/m²) and obese (BMI = ≥ 30 kg/m²).

Dietary diversity 

Participants were asked to recall all foods and beverage items consumed within the 24 hours preceding the interview. This 24-hour dietary recall, an opened-ended structured interview, is considered a reliable method for assessing dietary diversity due to its comprehensive capture of recent consumption and reduced recall bias compared to longer recall periods (FANTA & FAO, 2016; FAO, 2010). According to FAO report, there are no conventional cut-off points in terms of number of food groups to indicate adequate or insufficient dietary diversity for HDDS or IDDS (FAO, 2010; FANTA & FAO, 2016). Based on FAO guidelines, food items were categorized into nine different food groups: cereals, white tubers and roots, vegetables, fruits, meat, eggs, fish and other seafood, legumes, nuts and seeds, milk and milk products, oils and fats, and sweets. These were then recategorized into 9 broader groups for analysis: starchy staples, green leafy vegetables, vitamin A-rich fruits/vegetables, other fruits/vegetables, organ meats, meat/poultry/fish, eggs, legumes/nuts/seeds, and milk/milk products. Dietary diversity was assessed based on the consumption of these nine food groups, emphasizing micronutrient intake and food access. Participants consuming six or more food groups were classified as having high dietary diversity, those consuming four to five groups as having moderate diversity, and those consuming three or fewer groups as having low dietary diversity.

Food security 

Household food security status was measured using Household Food Insecurity Access Scale (HFIAS), a nine-item questionnaire. Participants were classified as food secure if they reported ‘no’ to all items and food insecure if the they reported ‘yes’ to at least one item. The HFIAS assesses food insecurity experiences during the preceding 30 days (FAO, 2010; FANTA & FAO, 2016). Households were categorized in four groups based on HFIAS scores: food secure (0–1), mildly food insecure (2–7), moderately food insecure (8–14), and severely food insecure (15–27). 

Physical activity 

Physical activity levels were assessed using a structured questionnaire according Bull et al. (2020). These guidelines recommend that individuals, including those with chronic conditions and disabilities, engage in at least 150–300 min of moderate-intensity physical activity, 75–150 min of vigorous-intensity, or a combination of moderate-to-vigorous-intensity physical activity for a minimum of 150 min per week to achieve substantial health benefits. Participants were subsequently categorized into low (sedentary), moderate, or high physical activity levels based on these minimum recommendations.

Blood pressure 

Blood pressure measurements were obtained using an electronic sphygmomanometer on the non-dominant arm. Three consecutively readings were recorded, with a one-minute interval between each measurement, after a five-minute rest period in a quite environment. The average of these three readings was utilized for data analysis. Arterial hypertension was defined as a systolic blood pressure (SBP) of ≥ 140 mmHg and/or a diastolic blood pressure (DBP) of ≥ 90 mmHg. 

Diabetes and glycemic control

[bookmark: _Hlk193721329]In the current study, DM was defined as the prescription of hypoglycemic medication for ≥ 28 days within the preceding two years or a FPG ≥ 126 mg/dL at screening (Coates, Swindale & Bilinsky, 2007). Glycemic control was evaluated using the hemoglobin A1c (HbA1c) test in conjunction with physician consultation. Participants were categorized into two groups, based on the American Diabetes Association (ADA, 2011) recommendations: good glycemic control (FPG ≤ 130 mg/dL) and poor glycemic control (FPG > 130 mg/dL). Blood glucose levels were measured using a glucometer (OneTouch Verio Reflect meter, Zug-Switzerland).Top of Form[bookmark: Table1]Table 1. Socio-demographic and socioeconomic characteristics of the study population (n = 299)

Variables Categories 

Frequency

Percentage

Regional hospitals 





Buea 

191

63.9

Limbe 

108

36.1

Sex 





Female 

138

46.2

Male 

161

53.8

Marital status 





Single 

2

.7

Married 

240

80.3

Widow(er)

51

17.1

Divorce 

6

2.0

Age (years)





≥75 

13

4.3

65 – 74

108

36.1

55 – 64

127

42.5

45 – 54

51

17.1

Level of education 





No formal education

15

5.0

Primary education

12

4.0

Secondary education

26

8.7

Tertiary education 

246

82.3

Household family size (persons)





1 – 3

115

38.5

4 – 6

145

48.5

≥ 7

39

13.0

Household number of earning hands 





1

86

28.8

2

206

68.9

3

7

2.3

Who makes decisions about food purchase and consumption





Household head (male)

20

6.7

Spouse (female)

279

93.7

Household income level (FCFA)





≥ 210,000

131

43.8

110,000 – 209,000

133

44.5

≤ 100,000

35

11.7







 Information regarding treatment regimens and the presence of diabetes-related complications was also collected.

3.4 Statistical analysis 

All data were coded, entered, cleaned, and analyzed using the Statistical Package for Social Sciences (SPSS, V.26.0). Descriptive and inferential statistical methods were employed. Descriptive statistics, including means, standard deviation, minimum and maximum values for continuous variables, and frequencies and percentages for categorical variables, were presented in tables and figures. Inferential statistical analysis, including Pearson’s chi-square test and logistic regression analyses, were conducted. Pearson correlations were utilized to determine the relationship between food security and dietary diversity. Bivariate analysis was performed to identify factors associated with poor glycemic control, using Pearson’s Chi Square tests. Variables demonstrating signiﬁcance (p < 0.20) in the bivariate analysis were included in a multivariate logistic regression model, to identify independent associations with poor diabetes control. Furthermore, variables identified in preceding studies as significant predictors of poor diabetes control were incorporated into the multivariate analysis. A manual backward stepwise selection method was used to determine the optimal model, based on the Bayesian Information Criterion (BIC). Collinearity among predictors was assessed using tolerance values. Potential confounding variables were evaluated by iteratively removing and inserting plausible variables, with a change of ≥ 25% in odds ratios considered indicative of confounding. Significant interactions between final model variables were also assessed. Statistical significance was set at p < 0.05.

4 RESULTS

4.1 Characteristics of the study participants

This study included a cohort of 299 participants with T2DM. The sample comprised 53.8% males and 46.2% females, with participant ages ranging from 45 to 75 years.  The mean age of the participants was 61.9 ± 7.6 years. Furthermore, 80.3% of the participants were married and cohabiting with their spouses, and 71.2% resided in households where two or more income-earning members. The majority of participants (48.5%) reported household sizes of 4 – 6 individuals, with a mean household size of 4.4 ± 2.0 persons. In 93.7% of households, females were the primary decision-makers regarding food procurement and consumption. A high proportion (44.5%) of participants reported household income levels between 110,000 and 200,000 FCFA (Table 1).

4.2 Household food insecurity

[bookmark: _Hlk194076897]Regarding household food insecurity, the majority of participants (87.3%) were classified as food secure, while 12.7% were classified as food insecure. Detailed analysis revealed that 7.7% of participants experienced moderate food insecurity, 4.7% while experienced mild food insecurity, and 0.3% experienced severe food insecurity.

4.3 Dietary diversity score 

Dietary diversity was assessed using 17 food groups (cereals, vitamin A-rich vegetables/ tubers, white tubers, dark green leafy vegetables, other vegetables, vitamin A-rich fruits, other

fruits, organ meats, flesh meats, eggs, fish, legumes/nuts/seeds, milk and milk products, oils /fats, red palm products, sweets, species/condiments). These 17 food groups were subsequently recategorized into nine broader food groups: starchy staples, dark green leafy vegetables, vitamin A-rich fruits/vegetables, other fruits/vegetables, organ meats, meat/poultry/fish, eggs, legumes/nuts/seeds, milk/milk products. The most frequently consumed food groups were fish (92.6%), other vegetables (88.3%), species /condiment (81.9%), cereals (80.3%) and white tuber (78.9%), while vitamin A rich vegetables/tubers (8.7%), eggs (10.7%), sweets (2.3%) and organ meat (0.7%) were the least frequently consumed (Figure 1). Overall, 77.9% of participants exhibited high dietary diversity, consuming six or more food groups, 19.1% consumed 4 – 5 food groups and 3.0% consumed 1 – 3 food groups. The mean number of food groups consumed was 6.7 ± 1.9.[bookmark: Table2]Table 2. Health related characteristics of participants

Variables 

Frequency

Percentage

Body mass index (BMI)





Normal 

86

28.8

Overweight

123

41.1

Obese

90

30.1

Fasting blood glucose 





Good (FPG ≤ 130 mg/dL)

66

22.1

Poor (FPG >130 mg/dL)

233

77.9

Duration of diabetes (years)





1–5 

172

57.5

6–10

97

32.5

11–20

29

9.7

21–30

1

0.3

Type of diabetes medication 





Insulin only

101

34.0

Insulin and medication

30

10.1

Medication only

162

53.9

Clinical follow up

6

2.0

Diabetes complications 





None 

268

89.7

Stroke 

14

4.6

Leg ulcer 

9

3.0

Blindness 

1

0.3

Others 

7

2.4

High blood pressure (HBP)





HBP Stage 1

94

31.4

HBP Stage 2

86

28.8

Normal 

32

10.7

Pre-hypertensive 

87

29.1

Physical activity level 





Low (Sedentary)

188

62.9

Moderate 

111

37.1







Results displayed on Table 2, indicate that 77.9% of participants revealed poor FPG, and 31.4% exhibited stage 1 hypertension. Regarding diabetes management, 53.9% of participants were treated with oral hypoglycemic agents alone, 34.0% with insulin alone, 10.1% with a combination of oral agents and insulin, and 2.0% were under clinical follow-up. The majority of participants (89.7%) reported no diabetes-related complications, while 4.6% experienced stroke, 3.0% leg ulcer, and 0.3% blindness. A significant proportion (62.9%) of participants reported a sedentary lifestyle, and 30.1% were classified as obese.

Table 3 presents the results of bivariate analysis examining the relationship between glycemic control in diabetic patients and selected sociodemographic characteristics. A statistically significant association was observed between family size and glycemic control (p = 0.036). Table 4 presents the results of bivariate analysis examining the relationship between glycemic control in diabetic patients and selected health-related factors, dietary diversity, food insecurity, and nutritional. No statistically significant associations were identified for any of these variables within the study population (p > 0.05).   [image: ]

[bookmark: Figure1]Figure 1. Food groups consumed by participants (n=299)





[bookmark: _Toc113275540][bookmark: _Toc98237720][bookmark: Table4]Table 4. Association of health-related factors, dietary diversity, food insecurity and the nutritional status with glycemic control 

Characteristics

FBG



FBG





Good

(<130mg/dL)

n (%)

Good

(≥ 130mg/dL)

n (%)

Total

n (%)

Chi square

p-value

Blood Pressure (BP)







1.927

0.382

HBP stage 

35(11.7)

145(48.5)

180(60.2)





Normal 

9(3.0)

23(7.7)

32(10.7)





Pre-hypertensive

22(7.4)

65(21.7)

87(29.1)





Body Mass Index (BMI)







0.092

0.762

Normal 

18(6.0)

68(22.7)

86(28.8)





Overweight/obese 

48(16.1)

165(55.2)

213(71.2)





Diabetes duration 







0.074

0.785

> 5 years 

29(9.7)

98(32.8)

127(42.5)





≤ 5 years 

37(12.4)

132(45.2)

172(57.5)





Food insecurity 







2.165

0.539

Food secure 

55(18.4)

206(68.9)

261(87.3)





Mildly food insecure 

5(1.7)

9(3.0)

14(4.7)





Moderately food insecure 

6(2.0)

17(5.7)

23(7.7)





Severe food insecure 

0(0.0)

1(0.3)

1(0.3)





Dietary diversity score groups







0.317

0.854

1–3 food groups 

2(0.7)

7(2.3)

9(3.0)





4–5 food groups 

11(3.7)

46(15.4)

57(19.1)





≥ 6 food groups

53(17.7)

180(60.20

233(77.9)









[bookmark: Table3]Table 3. Association of sociodemographic characteristics and glycemic control

Characteristics

FBG









Good

(< 130mg/dL)

n (%)

Poor

(≥ 130mg/dL)

n (%)

Total

Chi square

p-value

Hospital facility







0.002

0.963

Buea Regional hospital 

42(14.0)

149(49.8)

191(63.9)





Limbe Regional hospital

24(8.0)

84(28.1)

108(36.1)





Town 







0.012

0.912

Buea

42(14.0)

150(50.2)

192(64.2)





Limbe 

24(8.0)

83(27.8)

107(35.8)





Sex 







1.611

0.204

Females 

35(11.7)

103(34.4)

138(46.2)





Males 

31(10.4)

130(43.5)

161(53.8)





Marital status 







0.129

0.720

Married 

54(18.1)

186(62.2)

240(80.3)





Single/Divorce/Widow(er)

12(4.0)

47(15.7)

59(19.7)





Age (years)







1.074

0.300

45–59  

29(9.7)

86(28.8)

115(38.5)





≥ 60

37(12.4)

147(49.2)

147(49.2)





Family size 







4.396

0.036

> 4 persons

32(10.7)

80(26.8)

112(37.5)





≤ 4 persons 

34(11.4)

153(51.2)

187(62.5)





Educational level of head of the household







4.745

0.191

No formal education

2(0.7)

13(4.3)

15(5.0)





Primary education

5(1.7)

7(2.3)

12(4.0)





Secondary education

8(2.7)

18(6.0)

26(8.7)





Tertiary education 

51(17.1)

195(65.2)

246(82.3)





Household income level (FCFA)







0.243

0.886

≤ 100,000

7(2.3)

28(9.4)

35(11.7)





110,000- 200,00

31(10.4)

102(34.1)

133(44.5)





≥ 210,000

28(9.4)

103(34.4)

131(43.8)











1.1 Factors associated with the glycemic control of T2DM 

Multivariate logistic regression analysis was employed to assess the association between sociodemographic characteristics, health-related factors, dietary diversity, food insecurity, nutritional status, and glycemic control in individuals with T2DM.

The analysis revealed that only household size was the sole significant predictor of glycemic control. Participants residing in household with ≤ 4 family member demonstrated an approximately 2-fold increased likely of exhibiting poor FPG levels compared to those residing in households with > 4 family members (AOR: 1.83, 95% CI: 1.02; 3.28, p = 0.042) as detailed in Table 5.[bookmark: Table5]Table 5. Factors associated the glycemic control of participants with T2DM

Characteristic

n

Poor FBG

(%)

aOR

(95% CI)

p-value

Sex of participants

Male

Female



130

103



43.5

34.4



1.59 (0.89; 2.86)

1



0.120

Household family size

≤ 4

> 4 



153

80



51.2

26.8



1.83(1.02;3.28)

1 



0.042

Blood pressure of participants

Normal

Prehypertension

HBP stage   



23

65

145



7.7

21.7

48.5



0.57 (0.23; 1.37)

0.72 (0.39; 1.34)

1 



0.207

0.207

Food security 

Yes

No



27

206



9.0

68.9



0.75 (0.32; 1.74)

1 



0.500

Dietary diversity 

1–3 food groups 

4–5 food groups 

≥ 6 food groups 



7

46

180



2.3

15.4

60.2



1.55 (0.29; 8.15)

1.38(0.64; 2.97)

1 



0.608

0.414

BMI

Overweight/ obesity 

Normal 



165

68



55.2

22.7



0.77(0.40; 1.47)

1



0.419







2 DISCUSSION

This study sought to determine the influence food security, dietary diversity, and nutritional status on glycemic control among individuals with T2DM 	receiving treatment at two public health facilities in the Fako Division, Cameroon. The findings revealed that the majority of participants were male, food secure, consumed a diverse diet, and reported a sedentary lifestyle.

[bookmark: _Hlk193720640]The prevalence of household food insecurity among the study participants was relatively low (12.7%), with mild and moderate food insecurity reported at 0.3%, 4.7%, and 7.7% respectively. On the other hand, a significant proportion (87.3%) of households were food secure. This lower prevalence of food insecurity may be attributed to the older age demographic of the participants, who often have reduced financial obligations, and the smaller household sizes, resulting in fewer individuals to feed. Furthermore, some participants reported financial support from their children, while others maintained income through salaries, pension, farming, or grading.  In contrast, Tezera et al. (2022) reported a higher prevalence of food insecurity (50.7%) in Ethiopia. Food-insecure individuals with T2DM are at a significantly elevated risk of poor glycemic control, struggle to afford appropriate diabetic diets, and are less likely adhere to dietary counselling compared to their food-secured counterparts (Seligman, Laraia & Kushel, 2010). Additionally, food-secure individuals with T2DM are better able to meet their caloric needs and manage their weight, which may positively influence glycemic control (Shalowitz et al., 2017; Berkowitz & Gao, 2014).  

The dietary diversity assessment revealed that fish, other vegetables, species/condiment, cereals, and white tubers were the most frequently consumed food groups, while vitamin A-rich vegetables/tubers, eggs, sweets, and organ meat were the least frequently consumed. A considerable portion (77.9%) of participants consumed six or more healthy food groups, indicating a diverse diet, while 19.1% consumed 4–5 healthy food groups, and 3.0% consumed 1–3 healthy food groups. These findings contrast with those reported by Madlala et al. (2022) in South Africa, where 70.4% of T2DM individuals consumed fewer than five of the ten healthy food groups, suggesting low dietary diversity. This discrepancy may be due to the higher educational attainment, stable income, and nutritional knowledge of the participants in the present study, enabling them to afford and select healthier food options.

Additionally, 30.1% of the participants were classified as obese, 41.1% as overweight, and only 28.8% exhibited a normal BMI. Obesity is recognized as a significant risk factor for the development of T2DM compared to normal BMI. Several studies have reported higher HbA1c levels in individuals with a elevated BMI, and a positive correlation between mean BMI and HbA1c levels (Boye et al., 2021). This may be attributed to excessive caloric intake and a predominantly sedentary lifestyle among the participants. The likelihood of diabetes or uncontrolled blood glucose levels was observed to be twofold or greater in overweight and obese individuals compared to those with normal weight. These results are consistent with studies conducted in Malaysia (Firouzi, Barakatun-Nisak and Azmi, 2015) and Saudi Arabia (Alzaheb & Altemani, 2018), which reported overweight and obesity prevalence rates of 86.5% and 72.3%, respectively, among T2DM patients. The likelihood of being diabetic or exhibiting an uncontrolled blood glucose level is two-fold or more among overweight and obese individuals as compared to normal weight individuals. 

In the present study, 77.9% of participants exhibited poor FPG levels (≥ 130 mg/dL). This high prevalence of uncontrolled T2DM is concerning and aligns with previous research conducted in other African nations. For instance, Dimore, Edosa, & Mitiku (2023) reported poor glycemic control in 72.8% of T2DM patients in the Hadiya zone, Southern Ethiopia. Discrepancies in sample size may account for some of the observed differences. The previous studies present higher sample sizes compared to the current study.

[bookmark: _Hlk193720838][bookmark: _Hlk193720929]No significant association were noticed between dietary diversity, household food insecurity, nutritional status, and glycemic control in the study population (p > 0.05). However, previous studies have demonstrated a significant association between BMI and glycemic control in T2DM individuals across multiple studies, with a general trend of declining glycemic control with increasing BMI (Al-Rasheedi, 2015; Boye et al., 2021; Madlala et al., 2022). In addition, similar studies have reported that both food insecurity and dietary diversity are a concern among adults diagnosed with T2DM (Mphwantheet et al., 2018; Wang et al., 2023). 

Conversely, a significant association was observed between household family size and poor glycemic control (AOR: 1.83, 95% CI: 1.02-3.28, p = 0.042). Participants residing in households with fewer than four members were more likely to exhibit poor glycemic control. These findings reveal the significance of the household context in diabetes interventions, implying that household members not directly targeted by such interventions may still influence dietary adherence and glycemic control (Seligman et al., 2015). Identical results have been reported in randomized controlled trials conducted in the United States (Hager et al., 2023; Seligman et al., 2015).

Limitations and strength of the study

The current study possesses several limitations that should be considered when interpreting the findings. The cross-sectional design prevents the establishment of causal relationships. Furthermore, a substantial portion of the data was based on self-reported information, which may be subject to recall bias and reporting inaccuracies, particularly regarding income and dietary intake. The dietary diversity score was based on the minimum dietary diversity for women score, which has not been validated for male participants or older women. Furthermore, indicators of nutritional status, such as overweight and obesity, reflect long-term cumulative processes, while dietary data were collected for a 24-hour prior. 

However, the study also possesses several strengths. A relatively large, calculated sample size was utilized to enhance the statistical power of the analysis. Robust statistical methods were employed to analyze the data and potential confounders were accounted for in the multivariate analysis, thereby strengthening the validity of the findings.

3 CONCLUSIONS

The present study revealed that a substantial proportion of individuals with T2DM, attending urban healthcare facilities with established follow-up protocols, exhibited overweight or obese BMIs, reported food security, and demonstrated acceptable dietary diversity, despite suboptimal glycemic control. Overall, with the exception of household size, sociodemographic characteristics, dietary diversity, household food insecurity, and nutritional status did not demonstrate significant association with glycemic control in this population. Specifically, individuals residing in smaller households were observed to possess a higher likelihood of poor glycemic control. These findings underline the necessity for targeted educational and dietary interventions aimed at enhancing nutritional status and FPG management in individuals with T2DM.
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