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ABSTRACT

Background: Type 2 Diabetes Mellitus (T2DM) is a major global 
health issue that requires integrated management strategies. Indigenous 
dietary practices and physical activity may offer culturally relevant and 
sustainable interventions. This study aimed to assess the effect of local 
food-based dietary recommendations (FBR), alone and in combination 
with physical exercise (PE), on glycemic control in patients with T2DM. 
Methods: In a quantitative study and employing a pre-post experimental 
design, 69 participants were enrolled and randomly assigned to three 
groups of FBR (n=24), FBR together with physical exercise (FBR+PE) 
(n=24) and standard care control (n=21). The intervention lasted 4 weeks 
and the pre- and post-intervention assessments were dietary adherence, 
physical activity compliance, and glycemic control parameters (fasting 
blood glucose, 2-h postprandial glucose, and glycated albumin). 
Results: The FBR and FBR+PE groups showed an increase in dietary 
intake adherence to several nutrients. The FBR+PE group exhibited 
significant improvement in all glycemic control parameters after the 
intervention period. Notably, the combined intervention group exhibited 
a significantly greater reduction in glycated albumin level when compared 
to the control and FBR-only groups. 
Conclusion: Integrating local FBR with physical activity could 
enhance glycemic control in T2DM and can be a promising strategy for 
management of culturally relevant diseases.
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Introduction
Type 2 diabetes mellitus (T2DM) has emerged as 
one of the most notable public health challenges of 
the 21st century, affecting approximately 589 million 
adults worldwide, with projections suggesting 

that this number would rise to 853 million by 
2050. The global economic burden of diabetes 
has increased by 338% over the past 17 years and 
reached approximately USD 1 trillion by 2024. 
Indonesia ranks fifth in the world for the highest 
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prevalence of diabetes, with 20.4 million cases, 
an increase from 10.6% in 2021 to 11.3% in 2024 
(1). Lifestyle modification, particularly dietary 
recommendations, and physical exercise have been 
recognized as a diabetes management method for 
achieving optimal glycemic control, in addition to 
pharmacological interventions (2). A meta-analysis 
by Sagastume et al. showed that structured lifestyle 
interventions can reduce hemoglobin A1c (HbA1c) 
level by 0.15% [−0.25 to −0.05] when compared to 
the standard care (3). 

It was shown that dietary adherence and 
structured physical activity can lead to notable 
improvements in fasting blood glucose, fasting 
plasma insulin, glycated hemoglobin, and nutritional 
status (p<0.05) (4-6). Patients who adhere to dietary 
recommendations are 3.56 times more likely to 
achieve good glycemic control (7). Additionally, 
a study by Zhao et al. showed that exercise could 
greatly reduce HbA1c and body mass index (BMI) 
among patients with T2DM and obesity (8). Several 
factors can affect patients’ non-compliance with 
dietary recommendations, including food availability 
and dietary habits that are influenced by cultural 
factors. The use of local foods in the developing 
dietary recommendations may increase compliance 
by improving accessibility and acceptability (9). 

Although many studies confirmed the 
effectiveness of diet and exercise for T2DM, few have 
investigated culturally tailored dietary interventions 
using local foods combined with structured physical 
activity. Moreover, there is limited evidence on the 
short-term impact of using glycated albumin (GA) as 
a marker. Therefore, this study used GA as the marker 
of glycemic control, which serves as an alternative 
short-term glycemic control marker to the commonly 
used HbA1c, offering superior sensitivity to plasma 
glucose fluctuations and remaining unaffected by 
hemoglobin metabolism or conditions that falsely 
alter HbA1c level. This study also addressed the lack 
of culturally tailored, local food-based interventions 
combining diet and physical activity for short-term 
glycemic control in Indonesia. This study aimed to 
investigate the combined impact of specific local 
food-based dietary recommendations (FBR) and 
structured physical exercise on glycemic control in 
patients with T2DM. 

Materials and Methods
This quantitative study in 2025 employed a 
randomized controlled pre-post experimental 
study with a control group. Participants were 
randomly assigned to one of three groups using 
a computer-generated randomization method 
including FBR education only, FBR combined 

with physical exercise (PE) (FBR+PE) and the 
standard care (control). The study population 
included patients with T2DM aged 50-64 years in 
Malang City, Indonesia. Cluster random sampling 
was conducted across the selected primary 
healthcare centers from 16 community health 
centers. Simple randomization was performed 
using a random generator application so that each 
community health center had an equal chance 
of being assigned to the intervention and control 
groups. After selecting the three community 
health centers for the intervention and control 
groups, data collection of potential respondents 
was conducted, with the inclusion criteria as 
patients with T2DM aged 50-64 years, able to 
communicate verbally, and able to read and 
write and the exclusion criteria of suffering from 
complications requiring a special diet, such as 
heart disease, kidney failure, or stroke (based on a 
diagnosis determined by a doctor).

Regarding intervention protocol and FBR group, 
participants received education based on FBR 
developed using the WHO’s Optifood software. 
FBR incorporated nutrient-dense local foods (e.g., 
corn rice, tempeh, mackerel, moringa leaves, and 
kepok bananas) and was optimized to meet ≥65% of 
the recommended nutrient intake for key nutrients 
(Table 1 and Table 2). The program used a Behavior 
Change Technique (BCT) framework, delivered 
weekly over 4 weeks (goal setting, problem-solving, 
demonstrations, and feedback), and supported 
by educational materials (booklet and video). 
Participants maintained a dietary log throughout 
the study period and were followed up via home 
visits or phone calls.

Regarding FBR+PE group, in addition to FBR 
education, participants engaged in structured, 
supervised physical exercise guided by nurse 
from a diabetic clinic (Pediscare), in the form of 
diabetic foot exercises. The participants also got 
recommendation about the combination of aerobic 
exercise and muscle strength training that could 
be done independently at home, such as walking 
regularly about 3-5 days a week for 30-45 minutes, 
with a total of 150 minutes per week according to 
the guidelines of the Indonesian Endocrinology 
Association (10). The BCT framework was similarly 
applied, integrating both dietary and exercise 
components weekly. Participants also completed 
dietary logs and were followed via home visits or 
phone calls. The control group received standard 
care from the healthcare center, which included 
general diabetes education and routine follow-ups, 
without specific recommendations on local food 
selection or physical exercise.
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The primary outcome measures were glycemic 
control parameters including fasting blood glucose 
(FBG), 2-hour postprandial glucose (2h PPG), 
and GA. Measurements were taken pre- and post-
intervention. Dietary adherence was measured 
using 24-hour dietary recall, food records, and a 
semiquantitative food frequency questionnaire 
(SQ-FFQ) tailored to the FBR. Physical activity 
was assessed using the short international physical 
activity questionnaire (IPAQ-S) and the exercise log. 
Venous blood was collected by trained phlebotomists 
after an 8-10 hour fasting. FBG and 2h PPG were 
measured using the glucose oxidase–peroxidase 
method, while GA was assessed enzymatically.

All procedures involved human participants and 
were in accordance with the ethical standards of 

the institutional and national research committee 
(Ethical approval has been obtained from the Ethics 
Commission of the Faculty of Medicine, Public Health 
and Nursing, Gadjah Mada University with no. KE/
FK/0674/EC/2021). After obtaining the data that 
met the criteria, random sampling was performed to 
determine the study subjects using a random generator 
application. A minimum of 20 participants per group 
was determined based on power calculations, with a 
25% anticipated dropout rate. A total of 75 participants 
were recruited; while 69 completed the study (Control: 
n=21, FBR: n=24, FBR+PE: n=24). The sample size 
estimation was based on parameters of Zα=1.96 for 
a two-tailed significance level (α=0.05), Zβ=0.84 
corresponding to 80% power, standard deviation 
(σ)=0.7, and expected mean difference (δ)=0.67. 

Table 1: Dietary recommendations for T2DM patients aged 50-64 years.
No Recommendation Serving Size*

Female (1700 Kcal) Male (2200 Kcal)
1 3 meals/day 1 serving of white rice=120 g 

(2 scoops)
1 serving of white rice=160 g (3 
scoops)

Including 7 servings of corn rice per week 
or 1 serving of corn rice per day 

1 serving of corn rice=80 g 
(5 tbsp)

1 serving of corn rice=120 g (2 
scoops)

2 3x/day of animal protein (meat: beef/chicken/
fish, eggs) consumed at least three times:
a. Fish, at least tongkol of 2 Servings per 
week; mackerel 1 serving per week

1 serving of tongkol=30 g 
(slice)

1 serving of tongkol=60 g (1 
small fish); mackerel fish=70 g (1 
medium-sized)

b. White meat such as chicken: 7 servings/
week

1 serving of chicken=45 g (1 
piece of lower breast)

1 serving of chicken=50 g (1 
slice of lower breast)

c. Eggs (chicken eggs, quail eggs): 3 
servings per week

1 serving of egg=1 egg 1 serving of egg=1 egg

3 Consuming soybeans and its by-products of 
at least 3 servings/ day, including:
a. Tempeh 2 servings/day 1 serving of tempeh=50 g (1 

big chunk)
1 serving of tempeh=50 g (1 big 
slice)

4 Nuts, particularly Koro (Lima beans) of 1 
serving/week)

1 serving=30 g 1 serving=30 g

5 Consuming 4 servings of vegetables per day 
as:
a. 2 servings/day of green leafy vegetables 
(king’s salad, papaya leaf, cassava leaf, spinach, 
morning glory, etc.), including moringa leaves

1 serving of greenies=50 g 
(5 sdm)
Moringa: 1 serving/week

1 serving of greenies=75 g (5 
ladles/7.5 tbsp)
2 servings/week

b. 2 servings/day of other vegetables (e.g., 
chayote, broccoli, long beans, eggplant, 
bamboo shoots, bean sprouts, etc.)

6 Consuming 2 servings of fruit per day, 
which includes at least:
a. 3 servings of kepok bananas per week 1 serving of banana=135 g (1 

piece)
3 (1 serving of kepok 
banana=160 g)

b. Vitamin A-rich fruit (papaya) 4 servings, 1 serving of 
papaya=100 g (1 long slice)

4 serving (1 serving of 
papaya=165 g (1.5 fruit))

c. Vitamin C-rich fruit (guava, crystal 
guava, orange)

5 servings/week, 1 serving 
of guava=120 g (1/2 medium-
sized fruit)

3 servings (1 serving of 
guava=240 g (1 medium-sized 
guava))

*Serving sizes were based on the median portion intake. T2DM: Type 2 Diabetes Mellitus. (11)
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Table 2: Dietary recommendations for T2DM patients in different groups.
Recommended Foods Median (min–max) (%) P value

Control group FBR group (n=24) FBR+PE group (n=24)
(n=21) FBR group (n=24) FBR+PE group (n=24)

Corn rice
Pre-intervention 3.5 (0–200) 14.3 (0–100) 14.3 (0–100) 0.778
Post-intervention 14.3 (0–239.3)a 55.4 (7.1–150)b 75 (0–207.1)b 0.026*
P value 0.000 0.000 0.000
∆pre-post 0 (−32.14–139.29)a 28.57 (−7.14–135.71)b 44.64 (0–207.14)b 0.001*
Tongkol
Pre-intervention 50 (0–350) 50 (0–150) 100 (0–200) 0.527
Post-intervention 100 (0–187.5) 100 (12.5–225) 100 (0–375) 0.674
P value 0.000 0.001 0.126
∆pre-post 25 (−225–162.5) 69.27±79.9 34.89±105.16 0.241
Mackerel
Pre-intervention 0 (0–400) 0 (0–300) 0 (0–300) 0.371
Post-intervention 25 (0–250)b 87.5 (0–375)b 0 (0–425)a 0.008*
P value 0.003 0.005 0.248
∆pre-post 25 (−350–250)a.b 71.87 (−150–375)a 0.0 (−275–425)b 0.045*
Tempeh 
Pre-intervention 50 (21.4–150) 32.1 (0–150) 100 (14.3–150) 0.012
Post-intervention 39.3 (3.6–139.3)a 47.3 (16.1–108.9)a.b 66.9 (21.43–105.4)b 0.003*
P value 0.020 0.511 0.049
∆pre-post −28.26±35.53a 5.58±49.67b −18.38±42.58a.b 0.030*
Koro
Pre-intervention 0 (0–300) 0 (0–400) 0 (0–300) 0.292
Post-intervention 25 (0–300) 112.5 (0–525) 87.5 (0–425) 0.062
P value 0.000 0.001 0.066
∆pre-post 25 (-150–300) 75 (−300–425) 47.92±116.08 0.054
Green leaves vegetables
Pre-intervention 21.4 (0–150) 28.5 (0–100) 42.8 (7.1–200) 0.007*
Post-intervention 41.1 (16.1–144.6) 39.3 (19.6–114.3) 47.3 (16.1–107.1) 0.326
P value 0.023 0.022 0.721
∆pre-post 11.9±(−50–57.14) 17.85 (−66.07–78.57) 4.46 (−167.86–64.29) 0.392
Moringa leaves
Pre-intervention 25 (0–300) 0 (0–300) 0 (0–300) 0.185
Post-intervention 0 (0–125)a 150 (0–450)b 100 (0–375)b 0.000*
P value 0.000 0.000 0.000
∆pre-post −25 (−175–100)a 112.5 (0–450)b 84.89 (−50–275)b 0.000*
Kepok Banana
Pre-intervention 0 (0–233.3) 33.3 (0–233.3) 0 (0–66.7) 0.001*
Post-intervention 50 (0–216.6)a 95.8 (0–283.3)b 95.8 (16.7–266.7)b 0.001*
P value 0.000 0.005 0.000
∆pre-post 8.33 (−100–75)a 65.27±102.7b 102.43±77.76b 0.001*
Fruits rich in vitamin A content
Pre-intervention 25 (0–100) 37.5 (0–175) 75 (0–525) 0.001*
Post-intervention 25 (0–131.25)a 56.3 (0–137.5)b 50 (18.7–187.5)b 0.024*
P value 0.995 0.127 0.109
∆pre-post 6.25±49.6 13.8±34.43 −15.6 (−506.25–62.5) 0.099
Vitamin C-rich fruit
Pre-intervention 20 (0–80) 26.7 (0–100) 36.7 (0–280) 0.092
Post-intervention 25 (0–90)a 50 (10–150)b 47.5 (5–116.7)b 0.023*
P value 0.023 0.004 0.898
∆pre-post 11.11±38.52 26.18±41.28 6.66 (−265–116.67) 0.214
a,b show a difference during the intervention. % corn rice control vs. FBR (0.021); control vs. FBR+PE (0.028); mackerel 
control vs. FBR+PE (0.03); FBR vs. FBR+PE (0.005); tempeh control vs. FBR+PE (0.001); moringa leaves control vs. 
FBR (0.000); control vs. FBR+PE (0.000); Kepok control vs. FBR (0.001); control vs. FBR+PE (0.002); Fruits vitamin 
A control vs. FBR (0.028); control vs. FBR+PE (0.011); Fruit vitamin C control vs. FBR (0.011); control vs. FBR+PE 
(0.029). FBR: Food-based dietary recommendations, PE: Physical exercise.
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Statistical analysis was performed to compare 
numerical variables across multiple unpaired groups 
using one-way ANOVA for normally distributed 
data and the Kruskal-Wallis test for non-normally 
distributed data. Normality was assessed using the 
Shapiro-Wilk test for each group (Control, FBR, and 
FBR+PE). The data were presented as mean±SD or 
median (IQR), as appropriate. When ANOVA showed 
significant differences, Tukey’s HSD post-hoc test 
was conducted; for Kruskal-Wallis, post-hoc pairwise 
comparisons were applied. Within group pre–post 
comparisons were analyzed using the paired t-test for 
normally distributed data and the Wilcoxon signed-rank 
test for non-normal data. All analyses were conducted 
using IBM SPSS Statistics (version 31, Chicago, IL, 
USA), with a significance level set at p<0.05. 

Results
The characteristics of the respondents showed that 

most of them were pre-elderly (50-59 years old), 
while females were dominated across all groups 
(Table 3). No notable gap in educational background 
was found among the three groups. Although 
some respondents had received educational plan 
regarding T2DM and nutrition, the majority had 
never attended an educational class. Based on the 
results of SQ-FFQ processing, it was known that in 
the FBR and FBR+PE groups, there was a significant 
increase in compliance with recommendations on 
local food ingredients, including corn rice, moringa 
leaves, and kepok banana (p<0.05). In addition, 
the consumption of green vegetables, vitamin-rich 
fruits, and animal side dishes, especially tongkol 
(tuna) and mackerel, increased slightly among the 
three groups. 

The compliance with recommendations for 
local food consumption also affected the intake of 
nutrients in patients with T2DM. As presented in 

Table 3: Demographic characteristics and diseases of the respondents.
Variable Control group 

(n=21)
FBR group
(n=24)

FBR+PE group
(n=24)

*P value

Age (years) 58 (51–63) 59 (52–64) 58.5 (51–63) 0.482
Duration (years) 6 (0.83–11) 5 (0.5–22) 8 (0.8–20) 0.422
Gender
Male 9 (42.9%) 3 (12.5%) 6 (25%) 0.068
Female 12 (57.1%) 21 (87.5%) 18 (75%)
Education level
Secondary to lower 9 (42.9%) 18 (75%) 11 (45.8%) 0.051
Upper secondary 12 (57.1%) 6 (25%) 13 (54.2%)
Occupation
Non-working/housewife 7 (33.3%) 16 (66.7%) 13 (54.2%) 0.080
Work and retirees 14 (66.7%) 8 (33.3%) 11 (45.8%)
Marital status
Unmarried+widow/widower 6 (28.6%) 5 (20.8%) 8 (33.3%) 0.620
Married 15 (71.4%) 19 (79.2%) 16 (66.7%)
History of nutritional education and T2DM
Ever 13 (61.9%) 19 (79.2%) 13 (54.2%) 0.178
Never 8 (38.1%) 5 (20.8%) 11 (45.8%)
T2DM class membership
Never 14 (66.7%) 17 (70.8%) 21 (87.5%) 0.220
Occasional+Routine 7 (33.3%) 7 (29.2%) 3 (12.5%)
T2DM’s family history
Have a history 9 (42.9%) 10 (41.7%) 11 (45.8) 0.956
None 12 (57.1%) 14 (58.3%) 13 (54.2)
Medication
Without medication 4 (19%) 0 (0%) 0 (0%)
Monotherapy 6 (28.6%) 8 (33.3%) 5 (20.8%)
2 drugs combination 7 (33.3%) 12 (50%) 17 (70.8%)
3 drugs combination 2 (9.5%) 0 (0%) 2 (8.3%)
Insulin 2 (9.5%) 2 (8.3%) 0 (0%)
Combination of oral+insulin 0 (0%) 2 (8.3%) 0 (0%)
*Kruskal-Wallis dan Chi-square Test; Secondary to lower education: Junior high school, elementary school, not 
graduating from elementary school; Upper to secondary education: High school, D3 (diploma 3/associate degree), D4/
S1 (bachelor’s degree), postgraduate. T2DM: Type 2 Diabetes Mellitus, FBR: Food-based dietary recommendations, 
PE: Physical exercise.
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Table 4, the intake of protein and fiber was greatly 
different between the FBR and FBR+PE groups 
when compared to the control group. Additionally, 
this study analyzed the adequacy of micronutrient 
intake that affected glycemic control. The results 
showed that the intake of calcium, zinc, vitamin A, 
and omega-3 in the two groups that received the local 
food-based food recommendations experienced a 
notable increase in comparison to the control group. 
The results of the analysis showed that both groups 
had an increase in intake.

In this study he participants’ BMI was also 
analyzed and presented in Table 5 revealing 

significant differences between groups (p=0.000). 
In the pre-intervention measurements, the average 
BMI of the control group was 26.4±4.5 kg/m², the 
FBR group was 29.3±4.1 kg/m², and the FBR+PE 
group was 24.1±3.7 kg/m². After the intervention, 
the control group’s BMI was 26.2±5.07 kg/m², the 
FBR group was 29.5±4.1 kg/m², and the FBR+PE 
group was 24.4±3.5 kg/m² (p=0.000). Analysis of 
BMI changes (Δ pre-post) showed that the control 
group decreased by -0.21±0.41 kg/m², the FBR group 
increased by 0.102±0.56 kg/m², and the FBR+PE 
group increased by 0.27±0.59 kg/m² with significant 
differences between groups (p=0.008).

Table 4: Average percentage of respondents’ macronutrient needs fulfillment before and after 1 month of education.
Nutrient Control group FBR group FBR+PE group P value

Pre Post ∆Pre-
Post

Pre Post ∆Pre-
Post

Pre Post ∆Pre-
Post

Energy 65.4± 
20.6

62.8± 
23.1a

(-2.6± 
17.8)a

62.9± 
19.7

78.0 ± 
20.5b

15.1± 
25.8b

72.2± 
23.6

84± 
23.4b

11.8± 
20.0b

0.020*

Protein 92.5± 
35.6

89.1± 
33.6a

(-3.4± 
23.8)a

83.9± 
28.4

117.1± 
43.8b

33.2± 
50.7b

105.5± 
44

126.4± 
41.7 b

20.9± 
44.8b

0.028*

Fat 88.4± 
38.2

80.3± 
37a

(-8.1± 
30.9)

93.2± 
39.9

110.3± 
41.6b

17.1± 
54.1

108.5± 
46.7

112.8± 
43.8b

4.3± 52 0.398

Carbohydrate 85.7± 
36.5

83.7± 
32

(-2.0± 
28.7)a

80.2± 
29

100.4± 
25

20.1± 
29.6b

90.2± 
29.4

110.8± 
36.4

20.6± 
28.8b

0.017*

Fiber 29.3± 
16

35.5± 
18.1a

6.1± 
19.3a

27.2± 
20

59.1± 
28b

31.9± 
33.8b

33.6± 
17.7

71.7± 
35.8b

38.1± 
39.5 b

0.006*

Calcium 34.3± 
16.9

35.5± 
24.5a

1.2± 
13.4a

32.9± 
15.6

58.8± 
36b

25.9± 
38.1b

38.2± 
15.5

52.0± 
22.4b

13.8± 
25.7a,b

0.028*

Zinc 46± 
20.7

37.8± 
18.2

(-8.3± 
13.0) a

40.5± 
13.6

46.8± 
14.6

6.3± 
16.8b

42.3± 
16

47.2± 
13.5

5± 
16.7b

0.007*

Vitamin C 42.1± 
34.5

51.0± 
52.7 a

8.9± 
35.7

61.8± 
38l8

105.0± 
55.8 b

43.2± 
59.0

77.4± 
65.7

116.6± 
70.4b

39.2± 
79.8

0.055

Vitamin A 175.5± 
111.3

172.5± 
128.6a

(3.0± 
140.4)a

148.5± 
62.0

256.9± 
108.1b

108.4± 
115.2b

185.4± 
85

263.6± 
136.5 b

78.2± 
112.2b

0.011*

Vitamin E 174.1± 
110.8

157.7± 
121.5a

(-16.4± 
108.5a

149.5± 
72

230.1± 
79.9b

80.6± 
114.2b

165.6± 
88.5

206.2± 
81.2b

40.6± 
126.2a,b

0.026*

Omega 3 47.8± 
29.3

41.6± 
22.5a

(-6.1± 
24.7)a

46.8± 
23.2

76.3± 
38.8b

29.4± 
42.7 b

52.0± 
29.4

68.1± 
31.8b

16.1± 
36.6b

0.004*

Post-intervention calcium control vs. FBR 0.005; control vs. FBR+PE 0.012; FBR vs. FBR+PE 0.934; Vitamin C control 
vs. FBR 0.000; control vs. FBR+PE 0.000; FBR vs. FBR+PE 0.550; vitamin A control vs. FBR 0.002; control vs. FBR+PE 
0.003; FBR vs. FBR+PE 0.975; Omega-3 control vs. FBR 0.000; control vs. FBR+PE 0.001; FBR vs. FBR+PE 0.474; 
vitamin E control vs. FBR 0.004; control vs. FBR+PE 0.031; FBR vs. FBR+PE 0.312. Delta pre-post; vitamin A control 
vs. FBR 0.004; control vs. FBR+PE 0.023; FBR vs. FBR+PE 0.592; omega 3 control vs. FBR 0.002; control vs. FBR+PE 
0.008; FBR vs. FBR+PE 0.695; vitamin E control vs. FBR 0.007; control vs. FBR+PE 0.107; FBR vs. FBR+PE 0.241; a: 
Not significantly different from control, b: Sgnificantly different from control, *: Significant. FBR: Food-based dietary 
recommendations, PE: Physical exercise.

Table 5: BMI of the respondents.
Parameter Control group (n=21) FBR group (n=24) FBR+PE group (n=24) P value
BMI (kg/m2)
Pre-intervention 26.4±5.1a 29.3±4.1b 24.1±3.7a 0.000*
Post-intervention 26.2±5.07a 29.5±4.1b 24.4±3.5a 0.000*
p value 0.03 0.377 0.035
∆pre-post (-0.21±0.41) 0.102±0.56 0.27±59 0.008*
a: Not significantly different from control, b: Significantly different from control. BMI: Body mass index.
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After evaluating compliance with 
recommendations on food consumption, further 
assessment was carried out on changes in compliance 
with recommendations on PE duration. Based on 
the survey results using the IPAQ-S instrument, 
it was found that almost all groups evenly in the 
last week of the intervention had light+moderate 
or heavy physical activity; statistically, there was 
no significant difference. However, based on the 
compilation of the respondents’ physical exercise 
records per day, the FBR and FBR+PE groups had a 
higher and significantly different duration of physical 
exercise compared to the control group (p=0.020). 
All treatment groups had a median duration that was 
in accordance with the recommendations (minimum 
150 minutes/week) (Figure 1).

Based on the results of the Kruskal-Wallis’s 
comparative test, significant differences were 
observed in the delta GA level between the three 
groups (p=0.002). Similarly, the post-hoc/Mann-
Whitney test analysis indicated that a significant 
difference in the delta GA level occurred in the 
FBR+PE group when compared to the control and 
FBR groups. There was a difference between FPG 
(p=0.012) and 2-hour postprandial (p=0.003) before 
and after the intervention in the FBR+PE group, 
whereas there was no difference in the other 2 groups 
(Figure 2).

Discussion
T2DM can benefit from a nutritional intervention (12).  

According to our results, combining dietary 
recommendations with physical activity can 
greatly improve glycemic index, especially the GA 
level in patients with T2DM. In our study, dietary 
recommendations were developed on the basis 
of a comprehensive analysis of the participants’ 
habitual consumption patterns and local market 
food availability. A previous study has also shown 
that food-based interventions tailored to the local 
context and affordability can lead to better dietary 
adherence (13). Moreover, a study demonstrated 
that personalized, culturally sensitive dietary 
recommendations were more likely to be accepted 
and adhered to by patients when they did not cause 
drastic changes to the traditional diet, which is 
crucial in improving health outcomes (14). 

In addition, significant differences in BMI was 
noticed between groups regarding the FBR group 
having the highest BMI (overweight category) 
and the lowest FBR+PE group. A mild increase 
in BMI in the intervention group may indicate an 
improved nutritional status and glycemic control, 
especially if there has been previously uncontrolled 
weight loss due to hyperglycemia (15). BMI status 
has an important influence on glycemic control 
where overweight and obesity (BMI≥25 kg/m²) are 
associated with higher insulin resistance (16). The 
FBR+PE group with the lowest BMI and the addition 
of physical exercise had the potential to have the best 
glycemic control because the combination of diet and 
physical activity can improve insulin sensitivity (17).

Figure 1: Median duration of physical exercise (minutes per week) during 1 month of intervention: Kruskal-Wallis test, 
Mann–Whitney test: Control vs. FBR (p=0.007); control vs. FBR+PE (p=0.029); FBR vs. FBR+PE (p=0.893).
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Our results have also shown that compliance with 
local food recommendations was followed by the 
fulfillment of the intake of specific nutrients needed 
to control blood sugar level. The combination of 
nutrient-dense local foods, such as corn rice, fish, 
mackerel, tempeh, green leafy vegetables, moringa 
leaves, and kepok banana notably improved nutrient 
intake, particularly in terms of fiber, protein, omega-3 
fatty acids, and vitamins A, C, and E. The findings 
revealed a statistically significant enhancement in 
dietary adherence among participants in both FBR 
and FBR+PE intervention when compared to the 
control group. The FBR+PE group exhibited higher 
compliance with the intake of corn rice and kepok 
bananas in comparison to the control group. This 
was also followed by the fulfillment of the highest 
fiber needs among the three groups, meeting >65% 
of the requirements (71.7%±35.8%).

Corn rice and kepok banana are primary sources 
of dietary fiber with low glycemic indices, playing 
crucial roles in the regulation of nutritional status 
and glycemic control. Corn rice is a local staple 
food derived from maize and serves as a primary 
alternative to conventional white rice. The fiber 
content in 100 g of corn rice is approximately 6.2 
g, whereas that of kepok banana is 5.7 g per 100 g. 

The functional mechanism of dietary fiber involves 
the formation of viscous solutions within the small 
intestine, which attenuate the interaction between 
macronutrients and digestive enzymes, thereby 
delaying glucose absorption. This physiological 
process consequently reduces postprandial plasma 
glucose concentrations and insulin levels (18). 

Dietary fiber influences the secretion of glucagon-
like peptide-1 (GLP-1), a hormone that potentiates 
insulin secretion (19). Experimental research on 
patients with T2DM also indicated that dietary 
fiber could improve GA levels (20). Additionally, 
adherence to the local diet increased the intake of 
antioxidant vitamins and omega-3 fatty acids in 
the FBR+PE group. Omega-3 intake is known to 
reduce fasting glucose level, inflammatory factors, 
and insulin resistance (21). These findings align with 
those of Szczerba et al. who reported that dietary 
approaches, such as plant-based, high-protein diets 
and higher intake of omega-3 fatty acids can be 
effective in improving surrogate markers of disease 
and health in people with T2DM (22). Another 
systematic review has illustrated that evidence of 
culturally tailored diabetes programs can effectively 
control weight and have a notable impact on HbA1c 
in patients with T2DM (23).

Figure 2: Glycemic control after 1 month of intervention: A: Difference in fasting blood glucose (FBG) levels before and 
after the intervention in each group; B: Difference in 2-hour postprandial glucose level before and after the intervention 
in each group; C: Difference in GA level before and after the intervention in each group; D: Differences in delta FPG, 
2H PP, and GA between the groups.
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Physical exercise has long been recognized as one 
of the main management strategies for individuals with 
T2DM. The role of insulin sensitivity in improving 
blood glucose level, reducing blood glucose level 
and improving overall glycemic control have been 
illustrated (24). Our results are in agreement with the 
findings of a systematic review and meta-analysis 
showing a notable decrease in post-intervention 
HbA1c in the exercise group (25). Physical exercise 
also has an important role in improving the quality of 
life (QOL) and nutritional status in diabetes patients, 
so it can be a safe additional therapy in the medical 
care of these patients (26). Improvement in blood 
sugar control via this combination also enhances the 
QOL in people with diabetes mellitus (27).

The differential effects between the FBR 
and FBR+PE groups suggested while dietary 
modifications alone might offer some benefits, 
the integration of physical exercise offers superior 
glycemic control (FBG, 2hPPG, and GA), particularly 
in reducing GA. The FBR+PE group had a noticeably 
longer duration of physical exercise per week than 
the control group during the 4-week intervention. In 
contrast, the control group, which received standard 
care, showed limited improvements in glycemic 
control. Although the control group exhibited 
modest changes in FBG and postprandial blood 
glucose levels, these changes did not reach statistical 
significance. This is in consistent with a previous 
finding which demonstrated that the combination 
of dietary changes and physical activity leads to 
a more pronounced reduction in diabetes-related 
complications (28) and led to superior outcomes 
in terms of glycemic control compared with either 
intervention alone (29, 30).

The FBR+PE group’s greater reduction in GA 
level is particularly noteworthy, as GA is a much 
more reliable marker of long-term glycemic control 
than short-term glucose measures such as FBG or 
postprandial glucose. It is an alternative laboratory 
marker for glycated hemoglobin (A1c). GA does 
not require fasting for its measurement and reflects 
short- to medium-term glycemia due to the half-life 
of albumin, which is about 3 weeks. Compared with 
A1c, GA is not affected by hemoglobin metabolism 
or situations that falsely change A1c level (31, 32).  
Additionally, in conditions such as anemia, 
pregnancy, postprandial hyperglycemia, and T2DM 
requiring insulin, GA appears to be a better glycemic 
marker than A1c (33).

The improvements in glycemic control observed 
in this study suggested a synergistic interaction 
between structured physical exercise and dietary 
modification. Regular physical exercise enhances 
insulin sensitivity through increased translocation 

of GLUT4 to skeletal muscle membranes and 
activation of the AMPK pathway, which collectively 
promotes glucose uptake, fatty acid oxidation, and 
mitochondrial biogenesis (34, 35). These adaptations 
contribute to improved glucose metabolism and 
energy efficiency in muscle tissue. In addition, aerobic 
exercise also stimulates mitochondrial biogenesis, 
which plays an important role in improving glucose 
metabolism and oxidative capacity of muscle cells, 
thereby supporting better glycemic control (36).

In parallel, dietary modification supports 
glycemic control by lowering postprandial glycemic 
load and improving lipid profile, thereby reducing 
lipotoxicity and inflammation as two key factors 
contributing to insulin resistance. The combination 
of physical exercise and dietary modification 
produces synergistic effects that reinforce positive 
metabolic adaptation. Exercise-induced increased 
mitochondrial function has the potential to protect 
cells against metabolic stress and toxic lipid 
accumulation (37). The significant reduction in GA 
level in this study reflected the improved medium-
term glycemic control, indicating reduced glucose 
fluctuations and cumulative glycemic exposure. This 
finding reinforces the necessity of incorporating 
comprehensive lifestyle interventions into T2DM 
management. A regulating diet and physical activity 
can change the gut microbiota, which in turn 
improves glucose metabolism. 

It is supported by Silva et al. who found that 
structured physical activity not only enhanced 
glucose uptake but also contributed to long-term 
improvements in metabolic markers by reducing 
oxidative stress and inflammation, both of which 
are implicated in the pathophysiology of T2DM 
(38). Hashim also highlighted that standard care 
alone often fails to provide substantial benefits in 
terms of glycemic control in patients with T2DM 
(39). In addition, the comprehensive management of 
diabetes, which includes adequate diabetes education 
and lifestyle changes such as diet adherence and 
regular exercise, has the potential to achieve blood 
glucose control and reducing the risk of comorbidities 
such as cardiovascular diseases (40). These findings 
are in line with a broader evidence base from the 
Southeast Asian region and low-middle-income 
countries (LMICs), where combination lifestyle 
interventions have shown significant glycemic 
improvement. A systematic review of the Southeast 
Asian population showed that lifestyle modifications 
that combined diet and exercise resulted in an 
average HbA1c decrease of 0.56% (6.45 mmol/
mol), at 3 months (41). Similarly, a systematic review 
across LMICs has confirmed that multicomponent 
self-management educational interventions to be 
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successful in improving glycemic control compared 
to usual treatments (35).

This present study emphasized the potential 
of integrating culturally adapted dietary 
recommendations with structured physical activity in 
the clinical management of T2DM. By incorporating 
local food resources and culturally relevant eating 
patterns, primary health care providers can design 
interventions that are not only effective but also 
practical and acceptable to patients. This approach 
helps to enhance patient adherence, independence, 
and long-term sustainability in managing their 
condition. Moreover, combining nutrition education 
with the promotion of accessible physical activities 
offers a feasible model for community-based 
diabetes management programs. Such programs 
can empower patients to make healthier lifestyle 
choices using locally available and affordable food 
ingredients. The results of this study also highlighted 
the broader importance of developing context-
specific interventions that consider dietary habits, 
cultural preferences, and local resources to improve 
engagement and ensure lasting glycemic control 
outcomes. 

Although the study provided compelling 
evidence for the efficacy of combined dietary and 
exercise interventions, several limitations must be 
considered. This study used a relatively small sample 
size, which could affect the generalizability of the 
findings. Limited sample sizes reduced statistical 
power and could not fully represent the broader 
heterogeneity of T2DM patient population, including 
variation in age, disease duration, comorbidities, 
and socioeconomic background. Further researches 
into a larger and more diverse sample are needed 
to confirm these findings. Multi-focus studies 
with longer follow-up durations are also needed 
to evaluate the sustainability of the intervention’s 
effects and long-term impact on clinical outcomes 
and patient quality of life. Additionally, the study’s 
relatively short intervention period of four weeks 
may not have been sufficient to capture the full long-
term effects of the interventions on glycemic control. 
Future researches should explore the sustainability 
of these effects over a longer period, ideally with 
follow-up assessments beyond the intervention 
phase. Additionally, the study’s reliance on self-
reported dietary adherence and physical activity 
may introduce biases, particularly regarding 
the accuracy of meal diaries and exercise logs. 
Future studies could benefit from more objective 
measures of dietary intake and physical activity, 
such as biomarkers of nutrient status and wearable 
technology like accelerometer-based physical 
activity tracking.

Conclusion
This study provided strong evidences that 
combining culturally tailored, local FBR with 
structured physical exercise notably improves 
glycemic control in patients with T2DM, with the 
FBR+PE group showing the greatest reduction 
in GA level. The combined intervention was 
more effective than dietary modification alone or 
standard care, highlighting the synergistic benefits 
of integrating diet and physical activity. To the best 
of our knowledge, this is one of the first studies to 
implement affordable, locally relevant interventions 
tailored to the Indonesian context to support both 
metabolic outcomes and patient adherence. Future 
researches should assess the long-term sustainability 
of such interventions through extended follow-up 
and objective compliance measures.
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