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Background: Type 2 diabetes mellitus (T2DM) is a growing public health challenge in Vietnam, particularly among older adults, with dietary intake critical for its management. Limited research explores how nutritional knowledge and dietary behaviors influence dietary intake in Vietnamese older adults with T2DM.

Objective: This study assesses 24-h dietary intake and its relationship with nutritional knowledge and dietary behaviors in older adults with T2DM in Vietnam.

Methods: A cross-sectional study was conducted among 355 older adults with T2DM at Vinh Yen City Medical Center, Vinh Phuc, Vietnam. Data included anthropometric measurements, biochemical parameters, and 24-h dietary recall. Nutritional knowledge and dietary behaviors were assessed via structured questionnaires. Regression analyses examined associations with glycemic control.

Results: Overweight/obese participants had significantly higher energy (1,331.1 kcal/day vs. 1,104.9 kcal/day, P < 0.001), protein (74.2 g/day vs. 59.9 g/day, P < 0.001), carbohydrate (199.2 g/day vs. 168.9 g/day, P = 0.022), and fat intake (26.4 g/day vs. 21.1 g/day, P = 0.034) than normal-weight participants. Poor nutritional knowledge was prevalent in 51% of overweight/obese vs. 19% of normal-weight participants (P < 0.001), with only 16.3% adhering to dietary guidelines. Higher energy intake was associated with increased HbA1c (β = 0.15, P = 0.049), while carbohydrate intake showed an inverse relationship (β = −0.60, P = 0.049). Higher BMI was linked to lower HbA1c (β = −0.15, P = 0.029).

Conclusion: Older adults with T2DM in Vietnam show significant variations in dietary intake, with poor nutritional knowledge, and low dietary adherence, particularly among overweight/obese individuals. Poor dietary adherence and limited nutritional understanding, particularly among overweight/obese individuals, highlight the need for targeted dietary interventions. Structured nutritional counseling and culturally tailored education programs may improve adherence and glycemic control in this population. Interventions are needed to address barriers like limited knowledge and economic constraints, thereby improving glycemic control and informing public health policies.
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1 Introduction

Type 2 diabetes mellitus (T2DM) is a significant public health concern in Vietnam, with rising prevalence, particularly among older adults due to rapid urbanization, dietary transitions, and lifestyle changes (1). Older adults with T2DM face unique barriers to effective management, including limited access to nutritional education, economic constraints, reduced appetite due to age-related comorbidities, and difficulty integrating dietary changes (2). Many T2DM patients have poor glycemic control and experience complications like neuropathy and heart disease, emphasizing the need for comprehensive strategies focused on dietary intake and nutritional behaviors (3). Dietary patterns high in insulinemic and inflammatory potential exacerbate T2DM risk and control in Vietnamese populations (4).

Despite the known benefits of dietary interventions, adherence to nutritional recommendations remains suboptimal. In Vietnam, few T2DM patients adhere to dietary guidelines, with barriers including limited knowledge and economic constraints (5). Structured dietary management behaviors improve diet quality, as assessed by indices like the China Healthy Diet Index (CHDI), which evaluates components such as fruits, vegetables, whole grains, and sodium (6). The American Diabetes Association (ADA) emphasizes diverse nutrient intake for T2DM management (7). Social and behavioral factors, including support from families and health professionals, significantly impact adherence, but knowledge gaps and integration difficulties persist (8).

Despite these insights, there remains a gap in understanding the relationship between actual dietary intake and nutritional knowledge and behaviors among older adults with T2DM in Vietnam. Few studies have assessed how dietary intake aligns with knowledge and adherence to recommended practices, or how social factors influence choices in this population. This study aims to assess 24-h dietary intake and its relationship with nutritional knowledge and behaviors in older adults with T2DM. By integrating quantitative and qualitative approaches, it analyzes dietary patterns, adherence, and influencing factors. The findings will inform culturally tailored interventions to improve diabetes management, addressing the rising prevalence and critical role of diet in health outcomes for older Vietnamese adults with T2DM.



2 Materials and methods


2.1 Study design

This study employs a cross-sectional descriptive design to assess 24-h dietary intake and its relationship with nutritional knowledge and behaviors among patients with type 2 diabetes mellitus in Vietnam. A cross-sectional approach was chosen as it allows for efficient data collection and provides a snapshot of dietary behaviors and knowledge at a specific time.



2.2 Study population

This cross-sectional study included 355 older adults (mean age 65.5 years, SD 10.2) diagnosed with T2DM per WHO criteria, receiving care at Vinh Yen City Medical Center, Vinh Phuc, Vietnam.


2.2.1 Inclusion criteria


	•Patients diagnosed with type 2 diabetes mellitus per WHO criteria (9).

	•Patients receiving care and treatment at Vinh Yen City Medical Center, Vinh Phuc, Vietnam.

	•Patients who provided written informed consent to participate.

	•Adults aged ≥ 50 years to focus on older adults, reflecting the demographic skew in our sample.






2.2.2 Exclusion criteria


	•Patients diagnosed with type 1 diabetes or gestational diabetes mellitus (GDM).

	•Patients with cognitive impairments or communication difficulties prevent interview participation.

	•Patients with malabsorption disorders or gastrointestinal conditions that significantly alter dietary intake, to ensure accurate recall data (4).

	•Prior nutrition education was not an exclusion criterion, as it reflects real-world patient diversity, though not systematically recorded, aligning with studies like Tran et al. (2) that note variable education exposure.







2.3 Study setting and duration


	•Study period: December 2022–October 2023.

	•Study location: Vinh Yen City Medical Center, Vinh Phuc, Vietnam, is a public healthcare facility providing diabetes management and treatment services.






2.4 Sample size and sampling method


2.4.1 Sample size calculation

A total of 355 T2DM patients were included, representing the entire population of eligible patients at the study site. Given the census-based approach, no formal sample size calculation was required.



2.4.2 Sampling strategy

A purposive sampling method was used to recruit all eligible T2DM patients managed at the medical center during the study period. This approach ensured maximum data representativeness by including all available patients who met the selection criteria.




2.5 Data collection procedures


2.5.1 Anthropometric measurements

Standardized procedures were used to assess body composition and anthropometric indicators (10):


	•Weight: Measured using a SECA electronic scale (accuracy: ±0.1 kg), with participants wearing light clothing and no shoes.

	•Height: Measured with a UNICEF stadiometer (precision: ±1 mm), ensuring proper posture.

	•Waist circumference: Measured at the midpoint between the iliac crest and the lower rib margin using a non-stretchable tape measure.

	•Hip circumference: Measured at the widest part of the buttocks with a flexible tape.




Body mass index (BMI): Calculated as weight (kg)/height2 (m2) and classified according to (11) BMI cut-off points as low risk (18.5–24.9 kg/m2) and high risk (≥ 25 kg/m2 for overweight/obese).



2.5.2 Dietary intake assessment

A 24-h dietary recall (24HR) was conducted to assess food and nutrient intake. Trained investigators collected nutritional data using a standardized structured questionnaire. The multi-pass method was used to improve recall accuracy, as validated by Moshfegh et al. (12) for reducing energy intake bias:


	•Quick list: Participants list all foods and beverages consumed in the previous 24 h.

	•Detailed description: Additional information on portion sizes, preparation methods, and brand names.

	•Review: Final verification for completeness and accuracy. Portion sizes were estimated using food models and household utensils commonly used in Vietnam. Nutrient intake was analyzed using Vietnamese food composition tables.






2.5.3 Nutritional knowledge and dietary behavior assessment


	•Nutritional knowledge: Assessed using a 9-item questionnaire based on national and international T2DM dietary guidelines, categorized as “Good” (≥ 70% correct) or “Poor” (< 70% correct).

	•Dietary behavior: Measured using a 10-item questionnaire based on national and international dietary guidelines, categorizing responses as “Good” (≥ 70% adherence) or “Poor” (< 70% adherence).




The questionnaire was not formally validated but underwent expert review for content validity.



2.5.4 Biochemical data collection

Biochemical parameters were retrieved from medical records, with IRB approval (No: 1283/DHYD-HĐĐD) covering chart review (3). Tests followed standardized protocols (9). Blood samples (5 mL) were collected after ≥ 8 h fasting; new tests were conducted if recent data were unavailable (1).


	•Fasting blood glucose (mmol/L)

	•Glycated hemoglobin (HbA1c) (%)

	•Triglycerides (mmol/L)

	•Total cholesterol (mmol/L).

	•The cut-off values for biochemical control were based on the (13).







2.6 Data analysis and missing data handling

Data were analyzed using descriptive statistics for dietary intake and nutritional status, t-tests or ANOVA for group comparisons, and multivariable logistic regression for associations, adjusting for age, gender, education, and income. All analyses were performed with SPSS version 26, with significance at P < 0.05.

Missing data for key variables were minimal and handled appropriately to minimize bias. Anthropometric measurements had < 2% missing (n = 6/355, 1.7%), primarily due to participant refusal; these were excluded pairwise. Dietary recall data had < 2% missing (n = 5/355, 1.4%), due to incomplete responses, and were also excluded pairwise. Nutritional knowledge and behavior questionnaires had 0% missing, as they were interviewer-administered. Biochemical parameters (e.g., HbA1c) had 4.2% missing (n = 15/355), due to lab processing errors. Multiple imputation was used only for biochemical parameters where missing exceeded 5%, employing predictive mean matching with 5 iterations and 5 imputed datasets, pooled via Rubin’s rules. This method was chosen for its robustness in handling missing at random (MAR) data, as confirmed by Little’s MCAR test (P = 0.12). Sensitivity analyses with complete cases yielded similar results.




3 Ethical considerations

This study received ethical approval from the Ethics Committee of the Thai Nguyen University of Medicine and Pharmacy (Approval No: 1283/ĐHYD-HĐĐĐ on 28th December 2022). Written informed consent was obtained from all participants before data collection, ensuring voluntary participation. Confidentiality and privacy were maintained by anonymizing participant information, securing data in a password-protected database, and restricting access to authorized researchers only. All study procedures complied with the Declaration of Helsinki (2013) and relevant national ethical guidelines. Participants were informed about their right to withdraw without consequences, and no financial incentives were provided for participation.



4 Results

Descriptive characteristics of the study population stratified by nutrition status (Table 1). Values are presented as Mean (SD) for continuous variables and n (%) for categorical variables. Most participants were classified as normal weight (57.4%, N = 202) or overweight/obese (41.8%, N = 147), with only 1.7% (N = 6) underweight. Gender differences were significant (P < 0.001), with 65% of overweight/obese participants male vs. 35% in the normal group. Education level varied (P = 0.015), with 29% of overweight/obese and 17% of normal-weight participants university-educated, vs. 0% in underweight. Underweight participants had the highest mean age (72.5 ± 13.6 years) and longest diabetes duration (6.8 ± 4.1 years, P < 0.001). Older age in the underweight group may reflect reduced appetite or comorbidities, potentially lowering energy intake (1,180.2 kcal/day). Mean glucose levels were significantly higher in the overweight/obese group (7.8 mmol/L, P < 0.001), while HbA1c levels did not differ significantly across groups (P = 0.300).


TABLE 1 Descriptive characteristics of the study population.


	Variable
	Category
	Underweight (N = 6)
	Normal (N = 202)
	Overweight/obese (N = 147)
	p-value



	
	
	n (%)





	Age (years)
	(Mean ± SD)
	72.5 (13.6)
	64.6 (11.5)
	63.9 (12.4)
	0.2001



	Gender
	Male
	1 (17%)
	71 (35%)
	95 (65%)
	< 0.0012



	Female
	5 (83%)
	131 (65%)
	52 (35%)



	Education level
	Primary
	1 (17%)
	2 (1.1%)
	2 (1.6%)
	0.0152



	Secondary
	4 (67%)
	74 (41%)
	45 (35%)



	High school
	1 (17%)
	75 (41%)
	44 (34%)



	University/postgrad
	0 (0%)
	30 (17%)
	37 (29%)



	Income level
	< 5 million VND
	1 (33%)
	15 (25%)
	4 (17%)
	0.6002



	≥ 5 million VND
	2 (67%)
	45 (75%)
	19 (83%)



	Years with diabetes
	6.8 (4.1)
	4.3 (2.8)
	2.8 (1.7)
	< 0.0011



	Glucose (mmol/L)
	7.3 (1.2)
	7.1 (1.5)
	7.8 (1.9)
	< 0.0011



	HbA1c
	7.7 (1.6)
	8.1 (1.3)
	7.9 (1.2)
	0.3001






1Kruskal–Wallis rank sum test for continuous variables.

2Fisher’s exact test for categorical variables. Continuous variables are presented as mean ± standard deviation (SD). Categorical variables as n (%).




Dietary intake characteristics of the study population stratified by nutritional status (Table 2). Values are presented as mean (SD) for continuous nutritional intake variables. Energy intake was significantly higher in the overweight/obese group (1,331.1 kcal/day), followed by the underweight group (1,180.2 kcal/day) and the normal-weight group (1,104.9 kcal/day; P < 0.001). Similar trends were observed for protein (P < 0.001), carbohydrate (P = 0.022), and total fat intake (P = 0.034), with overweight/obese participants consuming the highest levels. Saturated fat (P = 0.048), total sugars (P = 0.032), and glycemic load (P = 0.029) were also significantly elevated in the overweight/obese group. Fiber intake differences approached significance (P = 0.051), while cholesterol, vitamin A, and vitamin C intake did not significantly differ across groups (all P > 0.05). No significant differences were observed for monounsaturated fat, glycemic index, or vitamin D intake.


TABLE 2 Dietary intake by nutrition status.


	Dietary intake
	Underweight (N = 6)
	Normal (N = 202)
	Overweight/obese (N = 147)
	p-value1



	
	(Mean ± SD)
	





	Energy (kcal/day)
	1,180.2 (439.1)
	1,104.9 (492.1)
	1,331.1 (597.9)
	< 0.001



	Protein (g/day)
	58.0 (18.2)
	59.9 (22.7)
	74.2 (32.8)
	< 0.001



	Carbohydrates (g/day)
	185.7 (100.4)
	168.9 (94.0)
	199.2 (108.2)
	0.022



	Total fat (g/day)
	23.1 (9.9)
	21.1 (19.5)
	26.4 (18.2)
	0.034



	Saturated fat (g/day)
	14.8 (6.3)
	13.5 (12.4)
	16.8 (11.6)
	0.048



	Monounsaturated fat (g/day)
	5.0 (2.1)
	4.6 (4.2)
	5.7 (3.9)
	0.055



	Fiber (g/day)
	5.4 (1.8)
	6.0 (2.5)
	7.1 (5.6)
	0.051



	Cholesterol (mg/day)
	3.8 (1.8)
	4.1 (1.3)
	4.3 (1.3)
	0.300



	Total sugars (g/day)
	24.9 (11.8)
	22.5 (14.0)
	27.8 (16.3)
	0.032



	Glycemic index
	54.8 (7.9)
	54.4 (7.7)
	55.9 (8.2)
	0.350



	Vitamin A (μg/day)
	861.6 (1,309.7)
	410.6 (1,239.5)
	758.7 (1,881.7)
	0.100



	Vitamin D (μg/day)
	4.0 (2.0)
	3.7 (1.9)
	4.3 (2.2)
	0.170



	Vitamin C (mg/day)
	123.2 (72.7)
	119.4 (74.7)
	126.0 (83.9)
	0.700






1One-way ANOVA.




Nutritional knowledge and dietary behavior of the study population stratified by nutritional status (Table 3). Values are presented as n (%) for categorical variables. A significant association was observed between nutritional knowledge and nutritional status (P < 0.001), with poor nutritional knowledge reported by 51% of overweight/obese participants, compared to 19% in the normal-weight group and 17% in the underweight group.


TABLE 3 Nutritional knowledge and behavior by nutrition status.


	Variable
	Category
	Underweight (N = 6)
	Normal (N = 202)
	Overweight/obese (N = 147)
	p-value





	Nutritional knowledge
	Poor
	1 (17%)
	38 (19%)
	75 (51%)
	< 0.0011



	Good
	5 (83%)
	164 (81%)
	72 (49%)



	Dietary behavior
	Poor
	1 (17%)
	38 (19%)
	75 (51%)
	< 0.0011



	Good
	5 (83%)
	164 (81%)
	72 (49%)






1Pearson’s chi-squared test.




Dietary behavior followed a similar pattern (P < 0.001), with poor nutritional behavior observed in 51% of overweight/obese participants, compared to 19% and 17% in the normal-weight and underweight groups, respectively.

Association between dietary intake and clinical outcomes, presented as β [95% confidence intervals (CI)], p-values using multiple linear regression (Table 4). Energy intake was significantly associated with higher HbA1c levels (β = 0.15; 95% CI: 0.00, 0.30; P = 0.049), while carbohydrate intake showed a significant inverse association with HbA1c (β = −0.60; 95% CI: −1.20, 0.00; P = 0.049). Protein and fat intake were marginally associated with lower HbA1c, with protein at P = 0.057 and total fat at P = 0.051, suggesting possible trends toward glycemic benefit. However, none of the dietary intake variables were significantly associated with fasting glucose levels (all p > 0.05).


TABLE 4 Association between dietary intake and clinical outcomes.


	Characteristic
	Glucose (mmol/L)
 (β, 95% CI)
	p-value
	HbA1c (%)
 (β, 95% CI)
	p-value





	Energy intake (kcal/day)
	0.03 (−0.13, 0.18)
	0.700
	0.15 (0.00, 0.30)
	0.049



	Protein intake (g/day)
	−0.09 (−0.71, 0.53)
	0.800
	−0.58 (−1.2, 0.02)
	0.057



	Carbohydrates intake (g/day)
	−0.11 (−0.73, 0.51)
	0.700
	−0.60 (−1.2, 0.00)
	0.049



	Total Fat intake (g/day)
	−0.23 (−1.6, 1.2)
	0.700
	−1.3 (−2.7, 0.01)
	0.051



	Fiber intake (g/day)
	0.03 (−0.11, 0.16)
	0.700
	−0.05 (−0.18, 0.08)
	0.400



	Age (years)
	0.01 (−0.02, 0.04)
	0.400
	0.03 (0.00, 0.06)
	0.041



	Gender (reference: male)
	1
	–
	–
	–



	 Female
	−0.31 (−1.1, 0.44)
	0.400
	−0.23 (−0.96, 0.51)
	0.500



	Income (reference: < 5 million VND)
	1
	–
	–
	–



	 ≥ 5 million VND
	0.01 (−0.72, 0.74)
	0.900
	−0.08 (−0.79, 0.62)
	0.800



	Education (reference: primary)
	1
	–
	–
	–



	 Secondary
	0.29 (−1.7, 2.3)
	0.800
	2.1 (0.16, 4.1)
	0.034



	 High school
	0.78 (−1.3, 2.9)
	0.500
	1.6 (−0.48, 3.6)
	0.130



	 University/postgrad
	0.73 (−1.5, 3.0)
	0.500
	2.1 (−0.11, 4.3)
	0.062



	BMI (kg/m2)
	−0.01 (−0.14, 0.13)
	0.900
	−0.15 (−0.28, −0.02)
	0.029



	Nutritional knowledge (reference: poor)
	1
	–
	–
	–



	 Good
	−0.20 (−0.92, 0.52)
	0.580
	−0.35 (−0.88, 0.18)
	0.200






Multiple linear regression, adjusting for age, gender, income, education, and BMI.




Among demographic and clinical covariates, BMI was significantly associated with lower HbA1c (β = −0.15; 95% CI: −0.28, −0.02; P = 0.029), a finding that warrants cautious interpretation due to its counterintuitive direction. Age was positively associated with HbA1c (β = 0.03; 95% CI: 0.00, 0.06; P = 0.041), while secondary education level was also associated with higher HbA1c (β = 2.1; 95% CI: 0.16, 4.1; P = 0.034) compared to primary education. Gender, income, and fiber intake showed no significant associations with HbA1c or glucose (all P > 0.05). Participants with good nutritional knowledge had lower HbA1c values on average (β = −0.35), though this was not statistically significant (p = 0.20).

Moderation analysis indicated that nutritional knowledge did not significantly moderate the relationship between dietary intake (energy, carbohydrates, fats) and metabolic parameters (all interaction p-values > 0.05), suggesting that knowledge alone is insufficient without behavior-focused interventions.

Multivariable logistic regression model examining predictors of poor nutritional knowledge and poor dietary behavior, presented as odds ratios (OR), 95% CI, and p-values (Table 5). In adjusted analyses, higher BMI was significantly associated with a lower likelihood of poor nutritional knowledge and poor dietary behavior (OR = 0.70; 95% CI: 0.54, 0.88; P = 0.003 for both outcomes). This finding suggests that individuals with higher BMI in this sample were more likely to possess better nutritional knowledge and engage in healthier dietary practices, though this may reflect reverse causality or confounding (e.g., prior counseling due to weight concerns). No significant associations were observed for age, gender, or income level in relation to either poor knowledge or behavior (all P > 0.05). Participants with secondary or high school education showed higher odds of poor nutritional knowledge and behavior compared to those with only primary education; however, these associations were not statistically significant and were marked by extremely wide confidence intervals (e.g., OR for secondary education = 5.29; 95% CI: 0.16, 179; P = 0.3), indicating substantial uncertainty and potential model instability. For participants with university or postgraduate education, estimates could not be calculated due to lack of data variation (OR = 0.00; NA), suggesting sparse or missing cases in this subgroup.


TABLE 5 Multivariable regression model (split for nutrition status subgroups).


	Characteristic
	Poor nutritional knowledge (OR, 95% CI)
	p-value
	Poor dietary behavior (OR, 95% CI)
	p-value





	Age (years)
	0.99 (0.93, 1.05)
	0.700
	0.99 (0.93, 1.05)
	0.700



	Gender (reference: male)
	1
	–
	–
	–



	 Female
	1.07 (0.23, 4.41)
	0.900
	1.07 (0.23, 4.41)
	0.900



	Income (reference: < 5 million VND)
	1
	–
	–
	–



	 ≥ 5 million VND
	1.23 (0.30, 4.99)
	0.800
	1.23 (0.30, 4.99)
	0.800



	Education (reference: primary)
	1
	–
	–
	–



	 Secondary
	5.29 (0.16, 179)
	0.300
	5.29 (0.16, 179)
	0.300



	 High school
	2.18 (0.06, 83.2)
	0.600
	2.18 (0.06, 83.2)
	0.600



	 University/postgrad
	0.00 (NA, NA)
	0.900
	0.00 (NA, NA)
	0.900



	BMI (kg/m2)
	0.70 (0.54, 0.88)
	0.003
	0.70 (0.54, 0.88)
	0.003






Logistic regression, adjusting for age, gender, income, education, and BMI.






5 Discussion

This study examined the 24-h dietary intake and its relationship with nutritional knowledge and behaviors among older adults with type 2 diabetes mellitus. The findings reveal significant differences in dietary intake, nutritional knowledge, and dietary behaviors across different nutritional status groups. Overweight/obese participants exhibited higher energy, protein, carbohydrate, and fat intake than normal and underweight groups. Poor nutritional knowledge and dietary behaviors were most prevalent among overweight/obese individuals (51%), indicating a critical gap in diabetes management practices. Additionally, increased energy intake was associated with higher HbA1c levels (P = 0.049), while carbohydrate intake showed an inverse relationship with HbA1c (P = 0.049). Higher BMI was correlated with lower HbA1c levels (p = 0.029), suggesting a complex interplay between body composition and glycemic control. Older adults with T2DM face unique barriers to dietary management, including limited access to nutritional education, economic constraints, and age-related challenges such as reduced appetite and difficulty integrating dietary changes (2). These barriers, particularly prevalent among overweight/obese individuals (51% with poor nutritional knowledge), underscore the need for targeted interventions to address knowledge gaps and socioeconomic limitations in this population. The inverse relationship between carbohydrate intake and HbA1c (β = −0.60, P = 0.049) was unexpected, as higher carbohydrate intake typically correlates with elevated HbA1c. This may reflect higher consumption of fiber-rich carbohydrates (e.g., fruits, vegetables) rather than refined sugars, as Vietnamese diets often include fruit-heavy patterns (4). However, the lack of specific analysis on total sugar intake limits our ability to differentiate carbohydrate sources, a limitation for future research. Additionally, underreporting of carbohydrate intake, common among older adults and T2DM patients due to recall bias or social desirability, may have influenced these findings (12).

Our findings align with prior research emphasizing the role of dietary intake in diabetes management. Razaz et al. (8) showed that medical nutrition therapy reduced HbA1c by 0.43% and weight by 1.54 kg, supporting the need for structured dietary interventions. In Vietnam, where 60% of T2DM patients have poor glycemic control (3), and only 16.3% adhere to diets (2), culturally tailored nutrition education, as recommended by Evert et al. (14), could address high-carbohydrate intake (168.9–199.2 g/day) by promoting balanced diets. Abdullah et al. (15) highlighted that dietary counseling in family practice significantly improves diabetes outcomes. Their study reported that integrating structured dietary counseling in primary care settings reduced HbA1c by an average of 0.5% over six months, demonstrating the effectiveness of personalized nutrition interventions. This aligns with our findings, which show a significant correlation between energy intake and HbA1c levels. However, despite these improvements, dietary adherence remains a challenge, particularly among overweight/obese individuals who continue to consume excessive calories and macronutrients.

The PANDA trial further supports this notion, showing that patients with T2DM often exceed recommended intake levels (16). Their study found that after a three-month dietary intervention, daily sodium intake was reduced by 561 mg, saturated fat intake decreased by 2.9 g, and added sugar consumption dropped by 7 g (P < 0.050 for all). Despite these improvements, the majority of participants still exceeded dietary guidelines. This underscores the difficulty in achieving sustained dietary modifications, which is consistent with our study’s findings that overweight/obese individuals struggle with dietary adherence.

The role of diet in glycemic control is well-documented in prior studies. Setianto et al. (17) reported that patients with regular dietary habits had significantly lower random blood glucose (RBG) levels (P = 0.000), reinforcing our results that increased energy intake is correlated with higher HbA1c. Additionally, Kimura et al. (18) demonstrated that higher fiber intake was associated with a 47% reduced risk of developing diabetes (HR = 0.53, 95% CI: 0.31–0.90) (6). Although our study did not find a significant association between fiber intake and glycemic markers, these findings suggest that fiber consumption may be protective in diabetes management.

Micronutrient intake and diabetes risk remain a debated topic. Eshak et al. (19) found that higher vitamin K intake was associated with a 29% reduced risk of developing T2DM (OR = 0.71, 95% CI: 0.54–0.93, p-trend = 0.01). Conversely, Pang et al. (20) reported that elevated serum retinol levels increased diabetes risk by 113% (OR = 2.134, 95% CI: 1.377–3.306, P = 0.009). In our study, we did not observe a clear relationship between vitamin intake and glycemic markers, suggesting that further investigation is needed to determine the role of micronutrients in diabetes progression in Vietnamese populations.

Public health policies addressing dietary intake can have substantial impacts on diabetes management. Hasenegger et al. (21) emphasized that processed foods contributed 75% of total dietary sodium intake in Austria. Given the growing consumption of processed foods in Vietnam, regulatory measures, such as improved food labeling and sodium reduction strategies, may help mitigate the impact of unhealthy dietary habits. Similarly, López-Olmedo et al. (22) found that Mexican adults, regardless of diabetes status, had low adherence to nutritional guidelines, with an average score below 50 points on the Mexican Alternate Healthy Eating Index (MxAHEI). These findings highlight the global challenge of poor dietary adherence among diabetes patients. International evidence supports structured nutrition education as a cornerstone of T2DM management. The ADA recommends DSMES programs that include nutrition therapy to enhance self-efficacy and adherence, with global studies showing HbA1c reductions of 0.3–1.0% (7, 14). In Vietnam, where 51% of overweight/obese patients exhibit poor nutritional knowledge, integrating such programs with tools like the Vietnamese DSCKQ-30 could address knowledge gaps and improve dietary adherence (23).

Cultural and economic factors also play a significant role in dietary behaviors. Ilunga Tshiswaka et al. (24) underscored how cultural perceptions shape dietary choices among Congolese immigrants, emphasizing the need for culturally tailored interventions. In Vietnam, high-carbohydrate diets (168.9–199.2 g/day) reflect rice-based cultural norms, similar to patterns in Bui et al. (4). Compared to the general population’s 2,000 kcal/day and 65–70% carbohydrate intake (4), T2DM patients’ lower energy (1,104.9–1,331.1 kcal/day) suggests restrictive diets or under-reporting. Interventions, per Evert et al. (14), could adapt rice dishes with whole grains to align with T2DM needs. Similarly, Leone et al. (25) reported that Saharawi women with higher adherence to unhealthy dietary patterns exhibited significantly higher insulin resistance (b = 2.49, 95%, CI: 0.41–4.57, P = 0.02). These findings suggest that dietary interventions in Vietnam must consider cultural and nutritional preferences to ensure their effectiveness and sustainability.

The impact of dietary patterns on inflammation and insulin resistance further supports the need for dietary modifications. Jin et al. (5) found that individuals consuming hyperinsulinemic and proinflammatory nutritional patterns had a 49% increased risk of developing diabetes (HR = 1.49, 95% CI: 1.32–1.68, p-trend < 0.0001). This aligns with our study’s findings that increased energy intake was associated with higher HbA1c levels, reinforcing that dietary patterns influence metabolic outcomes.

Moreover, social determinants of dietary behavior must be considered. Kurnia et al. (26) found that social support significantly predicted improved dietary behavior (β = 0.272, P < 0.001). This highlights the importance of community-based interventions encouraging family and peer support in diabetes management. Similarly, Loubna et al. (27) emphasized that lack of dietary knowledge contributes to poor adherence, reinforcing our finding that overweight/obese individuals exhibited lower levels of nutritional knowledge and dietary behavior adherence.

The role of dietary management behaviors in diabetes outcomes has been further emphasized by Liu et al. (6), who reported that 78% of Chinese diabetic patients with dietary management behaviors had higher diet quality scores than those without structured dietary management. This suggests that structured dietary education programs can significantly improve adherence and glycemic control, supporting our recommendation for increased nutrition education efforts in Vietnam.

Finally, dietary improvements have long-term health benefits. Ley et al. (28) found that a > 10% improvement in diet quality over four years was associated with a 16% reduced risk of developing diabetes (HR = 0.84, 95% CI: 0.78–0.90). Conversely, a > 10% decrease in diet quality was linked to a 34% higher diabetes risk (HR = 1.34, 95% CI: 1.23–1.46). These findings reinforce the importance of continuous dietary monitoring and intervention to prevent diabetes progression.

Overall, our study contributes to the growing evidence that dietary intake plays a crucial role in diabetes management. The findings underscore the need for improved dietary counseling, culturally appropriate nutrition interventions, and public health policies to reduce unhealthy food consumption. Given the high carbohydrate intake (199.2 g/day in overweight/obese patients) and low adherence (16.3%), (2) results can guide monthly dietary counseling programs, as effective in Tran et al. (2) (AOR = 3.01), focusing on portion control and low-glycemic foods. Community-based education, leveraging tools like the DSCKQ-30, (23) can address the 51% poor knowledge rate in overweight/obese patients. Policies promoting healthier food access, as suggested by Bui et al. (4), could mitigate socioeconomic barriers. By integrating these approaches, diabetes management strategies can more effectively promote long-term health outcomes for individuals with T2DM in Vietnam.


5.1 Limitations

This study has several limitations. First, potential underreporting of dietary intake, particularly carbohydrates, may have affected the observed inverse relationship with HbA1c, as older adults and T2DM patients often underreport due to memory issues or social pressures. Second, the absence of total sugar intake analysis limits insights into carbohydrate quality. Future studies should consider including total sugar as an independent dietary variable in modeling HbA1c outcomes. Third, the nutritional knowledge and dietary behavior questionnaires were not formally validated, though developed with expert input. Additionally, the sample size (n = 355) is relatively small for a high-prevalence condition like T2DM, which may limit statistical power and the reliability of results. Moreover, the study population was drawn from patients receiving care at a single medical center, which may introduce selection bias and limit generalizability to the broader Vietnamese T2DM population or those without access to care. Additionally, Bonferroni correction for multiple testing in the regression model may be conservative due to correlated predictors, potentially reducing power and rendering borderline associations non-significant; however, it was applied to all tests to rigorously control Family-Wise Error Rate (FWER). Finally, the cross-sectional design precludes causal inferences.



5.2 Implications for practice

The findings have important implications for diabetes management and public health policy in Vietnam. Given the significant association between dietary intake and glycemic control, integrating structured dietary counseling programs in primary care settings is essential. As Abdullah et al. (15) recommended, incorporating dietitians into healthcare teams can enhance patient education and adherence to dietary guidelines. Their study found that patients receiving structured dietary counseling had an 18% greater adherence to recommended dietary guidelines compared to those who did not.

Furthermore, tailored dietary interventions targeting specific macronutrient intake should be developed. The PANDA trial showed that structured meal plans effectively reduced sodium, fat, and sugar intake among diabetes patients (16). Adopting a similar approach in Vietnam could improve dietary adherence and health outcomes. Liu et al. (6) found that 78% of Chinese diabetic patients with dietary management behaviors had higher diet quality scores than those without, further supporting the need for structured nutritional interventions.



5.3 Future research directions

Future research should explore the longitudinal impact of dietary behaviors on diabetes progression. Investigating culturally tailored interventions to improve nutritional knowledge and adherence is also warranted. Additionally, examining the role of micronutrient intake, particularly fat-soluble vitamins and trace elements, in diabetes management could provide deeper insights.

Expanding research to include qualitative studies on barriers to dietary adherence may enhance intervention strategies, as Loubna et al. (27) suggested. Understanding sociocultural influences, such as family support and economic constraints, can inform more effective policies for diabetes dietary management in Vietnam. Kurnia et al. (26) found that social support was a significant predictor of improved dietary behavior (β = 0.272, p < 0.001), suggesting that community-based interventions may enhance dietary adherence.




6 Conclusion

Older adults with T2DM in Vietnam exhibit significant variations in dietary intake, with poor nutritional knowledge and low dietary adherence, particularly among overweight/obese individuals. Barriers such as limited education, economic constraints, and age-related challenges underscore the need for targeted interventions. Structured nutritional counseling, culturally tailored education, and public health policies (e.g., improved food labeling) could enhance glycemic control and address these gaps, particularly for older adults.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the Thai Nguyen University of Medicine and Pharmacy. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

DT: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. HN: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. HL: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The authors declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We thank the Vinh Yen City Health Center, its staff, and all study participants.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

	1. Nguyen C, Pham N, Lee A, Binns C. Prevalence of and risk factors for type 2 diabetes mellitus in Vietnam: a systematic review. Asia Pac J Public Health. (2015) 27:588–600. doi: 10.1177/1010539515595860

	2. Tran H, Minh D, Nguyen L, Nguyen T. Barriers to dietary adherence among vietnamese type 2 diabetes mellitus patients: a hospital-based cross-sectional study in haiphong. J Public Health Dev. (2024) 22:39–53. doi: 10.55131/jphd/2024/220204

	3. Pham T, Nguyen T, Truong H, Trinh C, Du H, Ngo T, et al. Effects of diabetic complications on health-related quality of life impairment in vietnamese patients with type 2 diabetes. J Diabetes Res. (2020) 2020:4360804. doi: 10.1155/2020/4360804

	4. Bui M, Ngo L, Le P, Nguyen P. Nutritional intake and adequacy of intake among Vietnamese outpatients with major depressive disorder: a 24-hour recall study. Int J Psychiatry Med. (2025) 912174251352405. doi: 10.1177/00912174251352405 [Epub ahead of print].

	5. Jin Q, Shi N, Aroke D, Lee D, Joseph J, Donneyong M, et al. Insulinemic and inflammatory dietary patterns show enhanced predictive potential for type 2 diabetes risk in postmenopausal women. Diabetes Care. (2021) 44:707–14. doi: 10.2337/dc20-2216

	6. Liu S, He F, Kuzyakov Y, Xiao H, Hoang D, Pu S, et al. Nutrients in the rhizosphere: a meta-analysis of content, availability, and influencing factors. Sci Total Environ. (2022) 826:153908. doi: 10.1016/j.scitotenv.2022.153908

	7. American Diabetes Association Professional Practice Committee. Introduction and methodology: standards of care in diabetes—2024. Diabetes Care. (2023) 47(Suppl_1):S1–4. doi: 10.2337/dc24-SINT

	8. Razaz J, Rahmani J, Varkaneh H, Thompson J, Clark C, Abdulazeem H. The health effects of medical nutrition therapy by dietitians in patients with diabetes: a systematic review and meta-analysis: nutrition therapy and diabetes. Prim Care Diabetes. (2019) 13:399–408. doi: 10.1016/j.pcd.2019.05.001

	9. Magliano D, Boyko E, Idf Diabetes Atlas scientific committee. Idf Diabetes Atlas. 10th ed. Brussels: International Diabetes Federation (2021).

	10. World Health Organization [WHO]. Physical Status: The Use of and Interpretation of Anthropometry, Report of a WHO Expert Committee. Geneva: World Health Organization (1995).

	11. World Health Organization [WHO]. Obesity: Preventing and Managing the Global Epidemic: Report of a WHO Consultation. Geneva: World Health Organization (2000). Available online at: https://iris.who.int/handle/10665/42330

	12. Moshfegh A, Rhodes D, Baer D, Murayi T, Clemens J, Rumpler W, et al. The US department of agriculture automated multiple-pass method reduces bias in the collection of energy intakes. Am J Clin Nutr. (2008) 88:324–32. doi: 10.1093/ajcn/88.2.324

	13. Ministry of Health of Vietnam. Guidelines for Diagnosis and Treatment of Type 2 Diabetes in 2020. New Delhi: Ministry of Health (2020).

	14. Evert A, Dennison M, Gardner C, Garvey W, Lau K, MacLeod J, et al. Nutrition therapy for adults with diabetes or prediabetes: a consensus report. Diabetes Care. (2019) 42:731–54. doi: 10.2337/dci19-0014

	15. Abdullah M, Aljuaid A, Alshamary Y, Alshammari B, Alsufyani N, Alkhaldi R, et al. Implementing dietary counselling in family practice for diabetes control and prevention. Int J Community Med Public Health. (2024) 11:2462–7. doi: 10.18203/2394-6040.ijcmph20241313

	16. Asaad G, Chan C. Food sources of sodium, saturated fat, and added sugar in the Physical Activity and Nutrition for Diabetes in Alberta (PANDA) trial. Appl Physiol Nutr Metab. (2017) 42:1270–6. doi: 10.1139/apnm-2017-0266

	17. Setianto B, Effendi E, Adriansyah A, Asih A, Bistara D. Dietary habits and physical activity affect random blood sugar levels in outpatients. JHS. (2021) 14:202–8. doi: 10.33086/jhs.v14i3.2070

	18. Kimura Y, Yoshida D, Hirakawa Y, Honda T, Shibata M, Sakata S, et al. Dietary fiber intake and risk of type 2 diabetes in a general Japanese population: the Hisayama Study. J Diabetes Investig. (2021) 12:527–36. doi: 10.1111/jdi.13377

	19. Eshak E, Iso H, Muraki I, Tamakoshi A. Fat-soluble vitamins from diet in relation to risk of type 2 diabetes mellitus in Japanese population. Br J Nutr. (2019) 121:647–53. doi: 10.1017/S000711451800377X

	20. Pang X, Yang S, Guo X, Li H, Zhang Y, Wei C, et al. The association and mediating biomarkers of serum retinol in influencing the development of type 2 diabetes: a prospective cohort study in middle-aged and elderly population. Front Nutr. (2022) 9:831950. doi: 10.3389/fnut.2022.831950

	21. Hasenegger V, Rust P, König J, Purtscher A, Erler J, Ekmekcioglu C. Main sources, socio-demographic and anthropometric correlates of salt intake in Austria. Nutrients. (2018) 10:311. doi: 10.3390/nu10030311

	22. López-Olmedo N, Jonnalagadda S, Basto-Abreu A, Reyes-García A, Alish C, Shamah-Levy T, et al. Adherence to dietary guidelines in adults by diabetes status: results from the 2012 Mexican National Health and Nutrition Survey. Nutrients. (2020) 12:3464. doi: 10.3390/nu12113464

	23. Loi P, Hoang N, Vu P, Xuyen D. Validity and reliability of the vietnamese version of diabetic selfcare knowledge Questionnaire-30 used for assessing Self-care knowledge of patients with type 2 diabetes mellitus in vietnam. J Health Sci Med Res. (2023) 41:2023943. doi: 10.31584/jhsmr.2023943

	24. Ilunga Tshiswaka D, Ibe-Lamberts K, Mulunda D, Iwelunmor J. Perceptions of dietary habits and risk for type 2 diabetes among congolese immigrants. J Diabetes Res. (2017) 2017:4736176. doi: 10.1155/2017/4736176

	25. Leone A, Battezzati A, Di Lello S, Ravasenghi S, Mohamed-Iahdih B, Mohamed Lamin Saleh S, et al. Dietary habits of Saharawi type II diabetic women living in algerian refugee camps: relationship with nutritional status and glycemic profile. Nutrients. (2020) 12:568. doi: 10.3390/nu12020568

	26. Kurnia A, Masruroh N, Melizza N, Prasetyo Y, Hidayani H. Factors associated with dietary behaviour among patients with type 2 diabetes mellitus in Rural Indonesia. J ASEAN Fed Endocr Soc. (2022) 37:60–4. doi: 10.15605/jafes.037.02.02

	27. Loubna M, Manahil M, Hamzeh A, Amani A, Hans H. Assessment of lifestyle risk factors in female citizens of saudi-arabia with type 2 diabetes: dietary factors and physical activity. J Diabetes Metab Disord Control. (2017) 4:7–17. doi: 10.15406/jdmdc.2017.04.00099

	28. Ley S, Pan A, Li Y, Manson J, Willett W, Sun Q, et al. Changes in overall diet quality and subsequent type 2 diabetes risk: three U.S. Prospective Cohorts. Diabetes Care. (2016) 39:2011–8. doi: 10.2337/dc16-0574




Copyright
 © 2025 Truong, Nguyen and Le. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		24-h dietary intake and its relationship with nutritional knowledge and behaviors in older adults with type 2 diabetes in Vietnam



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Study population



		2.2.1 Inclusion criteria



		2.2.2 Exclusion criteria







		2.3 Study setting and duration



		2.4 Sample size and sampling method



		2.4.1 Sample size calculation



		2.4.2 Sampling strategy







		2.5 Data collection procedures



		2.5.1 Anthropometric measurements



		2.5.2 Dietary intake assessment



		2.5.3 Nutritional knowledge and dietary behavior assessment



		2.5.4 Biochemical data collection







		2.6 Data analysis and missing data handling







		3 Ethical considerations



		4 Results



		5 Discussion



		5.1 Limitations



		5.2 Implications for practice



		5.3 Future research directions







		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Nutrition

24-h dietary intake and its
relationship with nutritional
knowledge and behaviors
in older adults with type 2
diabetes in Vietnam












OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







