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Abstract 

Aims: To examine whether adherence to dietary behaviors (DBA) and portion recommendations 

(DPA) after medical nutrition therapy (MNT) is associated with improved metabolic outcomes in 

individuals with diabetes. Methods: This cross-sectional study enrolled 1,002 adults with diabetes 

from 40 Diabetes Health Promotion Institutions (DHIP) in Taiwan. Registered dietitians assessed 

DBA and DPA, which were combined into a total dietary quality score (TDQS). Participants were 

categorized into tertiles: G1 (≤106.6), G2 (106.7–119.0), and G3 (≥119.1). Associations with metabolic 

outcomes were analyzed using correlation, ANOVA, logistic, and multiple linear regressions. 

Results: G3 participants had longer diabetes duration, lower BMI, waist circumference (WC), and 

abdominal obesity. They consumed fewer whole grains and oils, but more vegetables. The proportion 

achieving ABC targets was significantly higher in G3 than in G2 and G1 (15.9% vs. 14.7% vs. 14.4%), 

with the most notable difference observed in HbA1c target attainment. Each 1-point increase in the 

TDQS was associated with reductions in waist circumference (−0.119 cm), BMI (−0.044 kg/m²), HbA1c 

(−0.012%), and triglyceride levels (−0.883 mg/dL). Conclusions: Higher dietary adherence was 

associated with better metabolic outcomes and ABC goal achievement. 

Keywords: dietary behaviors adherence; dietary portion adherence; total dietary quality scores 

 

1. Introduction 

The global prevalence of diabetes is steadily increasing. According to the International Diabetes 

Federation (IDF) Diabetes Atlas 11th Edition, approximately 589 million adults aged 20–79 years are 

projected to be living with diabetes by 2024, accounting for 11.1% of the global population in this age 
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(1). In Taiwan, an estimated 2.598 million adults are affected (1). Poor glycemic control is associated 

with an increased risk of both micro-vascular and macro-vascular complications. To enhance long-

term outcomes, Taiwan’s government implemented the DHPI program—a multidisciplinary, team-

based care model involving physicians, nurses, and dietitians. Patients receive regular consultations 

and structured diabetes self-management education from certified diabetes educators (CDEs), 

particularly nurses and dietitians, to strengthen self-care and reduce complications. 

MNT plays a pivotal role in diabetes care. The American Diabetes Association (ADA) 

recommends that individuals with type 1 (T1DM) or type 2 diabetes (T2DM), prediabetes, or 

gestational diabetes receive individualized MNT from a registered dietitian to achieve treatment 

goals (2). Despite its importance, adherence to dietary recommendations remains suboptimal, 

influenced by factors such as limited diabetes-related knowledge, comorbidities, gender, age, 

education, marital status, and socioeconomic status (3-7). 

Unhealthy dietary patterns—such as diets high in saturated fat and cholesterol—are associated 

with elevated BMI and dyslipidemia. Frequent consumption of sugary foods and snacks is linked to 

hyperglycemia, and regular eating out is associated with higher blood glucose, lipid levels, blood 

pressure, and BMI (8). To mitigate cardio-metabolic risk, the ADA advises limiting foods rich in 

saturated fat (e.g., red meat, full-fat dairy products, butter) and replacing sugar-sweetened beverages 

(including fruit juices) with water or low/no-calorie alternatives (2). Nutrition education is a core 

strategy for improving dietary adherence by enhancing patients’ knowledge of diabetes-related 

nutrition. Such interventions have been shown to promote healthier dietary behaviors, including 

increased intake of fruits, vegetables, low-glycemic index (LGI) foods, dietary fiber, and healthy fats, 

along with reduced intake of added sugars. These changes are associated with significant 

improvements in fasting plasma glucose (9). In a study of 2,966 individuals with T2DM, nutrition 

education was linked to improvements in both dietary behavior and clinical outcomes (10). Patients 

who actively participated in nutrition education sessions were significantly more likely to adhere to 

diabetic meal planning (OR = 2.11) and use the food exchange system (OR = 3.07) (11). 

To support diabetes prevention and management, individualized meal planning should 

consider nutrient quality, total caloric intake, and metabolic goals (2). Dietitians provide tailored food 

portion recommendations; however, adherence to these recommendations—particularly with respect 

to carbohydrate intake—remains limited (12). In one study of 411 patients with T2DM, those with 

poor glycemic control consumed significantly more carbohydrates (251 ± 62 gm vs. 213 ± 47 gm) and 

less dietary fiber (16.7 ± 4.5 gm vs. 20.5 ± 6.1 gm) than those with better glycemic control (13). Other 

research has shown that nutrition education may improve satiety, reduce hunger, and enhance 

adherence to dietary recommendations (14). Such interventions are associated with increased 

compliance with healthy dietary patterns, improved adherence to daily dietary recommendations, 

and reductions in fasting glucose (9). Moreover, patients with better glycemic control were 

significantly more likely to meet recommended dietary intake levels (13). 

This study aimed to assess the adherence to dietary behaviors and food portion 

recommendations in individuals with diabetes. It further examined the associations between dietary 

adherence and metabolic outcomes—including glycemic, blood pressure, blood lipids, and 

anthropometric measures—and evaluated the potential impact on clinical outcomes. 

2. Methods 

2.1. Participants 

This study was conducted as part of the fourth nationwide Diabetes Quality Survey in Taiwan. 

Adults (≥ 18 years) with diabetes were recruited from 40 DHPIs using systematic sampling (every 

fifth patient). This was a cross-sectional study. Eligible participants were T1DM or T2DM who had 

received care for at least one year and had attended at least one follow-up visit within the past 3 to 6 

months. Individuals with duplicate enrollment records or those unwilling or unable to comply with 

the study were excluded. 

All participants provided written informed consent after receiving a detailed explanation of the 

study. A registered dietitian conducted face-to-face interviews to collect information on dietary 

intake and behaviors, and to review previous dietary recommendations. Demographic data (e.g., age, 
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sex, height, weight) and biochemical data from the most recent three months (e.g., HbA1c, LDL-c and 

triglyceride levels) were collected. This study was conducted between January 1 and December 31, 

2018, and was approved by the Joint Institutional Review Board of the Taiwan Medical Research 

Ethics Foundation (JIRB No. 17-S-019-1). 

2.2. Measurement Methods 

The DBA score evaluated the frequency of specific dietary behaviors during the preceding week, 

including intake of high-sugar foods, LGI carbohydrates, and consumption of ≥ 2 servings of whole 

grains per meal, high-fiber whole grains or tubers, fish rich in n-3 fatty acids (n-3 FAs), high-fat 

cooked foods, foods high in saturated (SFA) or trans fats (trans-FAs), frequency of dining out, alcohol 

consumption exceeding two standard drinks per day for men or one for women, and adherence to a 

balanced intake across the six major food groups. Each behavior was scored individually, with a 

maximum DBA score of 100 points. The DPA section compared actual intake with recommended 

portions for six food categories, with each category contributing up to 10 points. For excessive intake, 

scores were calculated as: {10 + (recommended - actual) / recommended × 10}. For insufficient intake, 

scores were calculated as: (actual / recommended) × 10. For vegetables, participants who met or 

exceeded recommended intake received the full 10 points; lower intakes was scored using the 

standard formula. The maximum DPA score was 60 points. The sum of DBA and DPA scores yielded 

the TDQS, ranging from 0 to 160 points.  

2.3. Outcome Variables 

Ideal body weight (IBW) was calculated as height (m)2 x 22. BMI was defined as weight (kg) 

divided by height (m)2 and categorized as underweight (<18.5 kg/m²), normal weight (18.5 to <24 

kg/m²), overweight (24 to <27 kg/m² ) and obese (≥27 kg/m²). Abdominal obesity was defined as a WC 

≥90 cm for men and ≥80 cm for women. Targets for optimal metabolic control (ABC) were defined as 

follows: A: HbA1c <7%, B: blood pressure <130/80 mmHg, C: LDL-c <100 mg/dL. 

2.4. Statistical Analysis 

Statistical analyses were performed using IBM SPSS Statistics, version 23. The TDQS were 

categorized into tertiles: Group 1 (G1: ≤106.6 points), Group 2 (G2: 106.7–119.0 points), and Group 3 

(G3 ≥119.1 points). Continuous variables were analyzed using ANOVA with Tukey’s post hoc test 

and are presented as mean ± standard deviation (SD). Categorical variables were compared using the 

χ² test and are presented as frequencies and percentages (n (%)). Pearson correlation coefficients were 

calculated to examine associations between DBA scores and anthropometric or biochemical 

parameters. Logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals 

(CIs) for achieving recommended targets for body composition, glycemic, blood pressure, and lipid 

profiles in G1 and G2, using G3 as the reference. Multiple linear regressions was employed to assess 

the associations between one-point increases in TDQS, DBA, and DPA scores and changes in BMI, 

WC, HbA1c, and triglyceride levels. A two-sided P <0.05 was considered statistically significant. 

3. Result 

A total of 1,131 participants were initially enrolled. After excluding 99 participants with missing 

DBA data and 30 with missing DPA data, 1,002 participants (454 men and 548 women) were included 

in the final analysis. The mean age was 61.6 ± 11.9 years, with the average duration of diabetes was 

11.0 ± 7.8 years (Table 1). The vast majority (97.9%) had T2DM. Compared with men, women have 

lower educational attainment (elementary school or below), and exhibit a higher prevalence of 

abdominal obesity (80.9% vs. 62.3%, P=0.001). No signification difference was observed in the 

achievement of ABC targets between the two sexes. Women also had significantly higher DBA score 

(70.7±9.2 vs. 68.4±9.5, P=0.001) and TDQS (113.3±14.8 vs. 110.8±15.4, P=0.009). In the dietary behaviors, 

women demonstrated greater adherence to limiting SFA and trans-FAs intake, reducing dining out 

frequency, and restricting alcohol consumption. Among individual DBA items, the lowest adherence 

scores were observed for consumption of LGI carbohydrate foods, fish rich in n-3 FAs, and high-fiber 

whole grains and tubers. 
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Among the six food groups, female participants had significantly lower intakes of whole grains 

(8.8 ± 2.8 vs. 10.7 ± 3.5 servings), protein-rich foods-including soy, fish, eggs, and meat (4.6 ± 1.7 vs. 

5.6 ± 2.2 servings), and fats and nuts (5.8 ± 2.5 vs. 6.6 ± 2.9 servings) compared to male participants. 

Dairy intake was inadequate in both sexes (Table 1). The proportion of dietary protein intake was 

relatively low in both groups (14.5 ± 2.0% vs. 14.8 ± 1.9% of total calories). Notably, greater 

consumption of LGI carbohydrate foods was inversely correlated with BMI, WC, and HbA1c (Table 

2). Similarly, higher intake of high-fiber whole grains and starchy vegetables was significantly 

inversely correlated with body weight, BMI, WC, HbA1c, and triglyceride levels.  

In table 3, participants were stratified into tertile-based groups according to their TDQS scores: 

G1 (≤106.6), G2 (106.7–119.0), and G3 (≥119.1). Participants in G1 were significantly younger and had 

higher BW, BMI, WC, HbA1c, and smoking rates, as well as lower levels of physical activity 

compared to those in G2 and G3. The prevalence of obesity and abdominal obesity was lowest among 

G3 participants (obesity G1:48.8%, G2: 39.8%, G3: 28.4%; abdominal obesity G1:79.5%, G2: 72.0%, G3: 

65.7%). Participants in G3 also had a longer duration of diabetes (11.9 ± 8.5 years), lower triglyceride 

levels (126.9 ± 79.5 mg/dL), and a higher proportion achieving ABC targets (15.9%), with the most 

pronounced difference observed in HbA1c target attainment (54.1%). In terms of food group intake, 

G3 participants consumed significantly more vegetables (3.6 ± 1.4 servings/day) and dairy products 

(0.6 ± 0.6 servings/day) compared to those in G1 and G2. Additionally, G3 had higher energy (25.7 ± 

5.7 kcal/kg CBW) and protein intake (0.96 ± 0.25 g/kg CBW). Compared with participants in G3, those 

in G1 had significantly increased odds of abnormal BW (OR 1.469; 95% CI: 1.018–2.121), abdominal 

obesity (OR 2.211; 95% CI: 1.492–3.277), elevated HbA1c (OR 1.493; 95% CI: 1.069–2.086), and elevated 

triglyceride levels (OR 1.547; 95% CI: 1.082–2.212) (Table 4).  

As shown in Table 5, each one-point increase in TDQS was associated with significant reductions 

in WC (-0.119 cm), BMI (-0.044 kg/m²), HbA1c (-0.012%), and triglyceride levels (-0.883 mg/dL). 

Similarly, each one-point increase in DBA and DPA score was associated with reductions in WC, 

BMI, HbA1c, and triglyceride levels. 

Table 1. Demographic characteristics, anthropometric, biochemical and dietary quality data of participants with 

diabetes. 

Characteristics All cases (n=1002) Male (n=454) Female (n=548) 
P 

value 

Age (years) 61.6 ± 11.9 61.4 ± 11.8 61.8 ± 12.0 0.66 

DM duration (years) 11.0 ± 7.8 11.3 ± 8.2 10.7 ± 7.4 0.25 

Smoke  n(%)           

   None 756 ( 75.4) 233 ( 51.3) 523 ( 95.4) 0.001 

   Quit smoking 128 ( 12.8) 115 ( 25.3) 13 ( 2.4)      

   Smoking  118 ( 11.8) 106 ( 23.3) 12 ( 2.2)  

Exercise  n(%) 334 ( 66.7) 162 ( 35.7) 172 ( 31.4) 0.15 

Times of CDE education 6.3 ± 2.7 6.4 ± 2.7 6.2 ± 2.8 0.42 

Education  n(%)             

   Illiterate 37 ( 3.7) 4 ( 0.9) 33 ( 6.0) 0.001 

   Elementary School 298 ( 29.7) 99 ( 21.8) 199 ( 36.3)  

   Junior high school 172 ( 17.2) 81 ( 17.8) 91 ( 16.6)  

   High school 242 ( 24.2) 115 ( 25.3) 127 ( 23.2)  

   College 246 ( 24.6) 152 ( 33.5) 94 ( 17.2)  

   Unknown 7 ( 0.7) 3 ( 0.7) 4 ( 0.7)  

DM type  n(%)           

   T1DM 20 ( 2.0) 10 ( 2.2) 10 ( 1.8) 0.60 

   T2DM 981 ( 97.9) 444 ( 97.8) 537 ( 98.0)  

   Others 1 ( 0.1) 0 ( 0) 1 ( 0.2)  

Height (cm) 160.6 ± 8.4 167.0 ± 6.3 155.4 ± 6.0 0.001 

IBW (kg) 56.9 ± 6.0 61.4 ± 4.7 53.2 ± 4.1 0.001 

CBW (kg) 68.4 ± 14.0 73.3 ± 14.0 64.4 ± 12.7 0.001 
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BMI (kg/m2) 26.4 ± 4.5 26.2 ± 4.2 26.6 ± 4.8 0.15 

Phenotype  n (% ) 

  Underweight 

 

14 

 

( 

 

1.4) 

 

5 

 

( 

 

1.1) 

 

9 

 

( 

 

1.6)           

 

0.52 

  Normal weight 290 ( 28.9) 132 ( 29.1) 158 ( 28.8)  

  Overweight 307 ( 30.6) 148 ( 32.6) 159 ( 29.0)  

  Obese 391 ( 39.0) 169 ( 37.2) 222 ( 40.5)  

Waist circumference (cm) 89.5 ± 14.8 91.8 ± 14.3 87.6 ± 14.9 0.001 

Abdominal obesity n (%) 715 ( 72.4) 279 ( 62.3) 436 ( 80.9) 0.001 

HbA1c (%) 7.4 ± 1.4 7.3 ± 1.4 7.4 ± 1.4 0.63 

SBP (mmHg) 132.5 ± 17.3 131.8 ± 16.7 133.0 ± 17.8 0.29 

DBP (mmHg) 75.4 ± 11.6 75.8 ± 10.5 75.0 ± 12.4 0.24 

Cholesterol (mg/dL) 160.0 ± 34.2 154.9 ± 33.5 164.1 ± 34.3 0.001 

Triglyceride (mg/dL) 141.7 ± 94.3 142.2 ± 104.1 141.3 ± 85.6 0.88 

HDL (mg/dL) 47.7 ± 14.0 44.6 ± 12.6 50.1 ± 14.5 0.001 

LDL (mg/dL) 88.8 ± 26.6 87.2 ± 26.4 90.0 ± 26.8 0.11 

Achieving ABC targets  n(%)  146 ( 15.0) 66 ( 14.9) 80 ( 15.1) 0.51 

A: HbA1c <7%  n(%) 495 ( 49.5) 218 ( 48.1) 277 ( 50.5) 0.45 

  B: Blood pressure <130/80 mmHg  n(%) 376 ( 37.5) 166 ( 36.6) 210 ( 38.3) 0.57 

  C: LDL-c <100 mg/dL  n(%) 687 ( 70.2) 324 ( 72.8) 363 ( 68.0) 0.10 

DBA items           

  Less high sugar food 7.68 ± 2.07 7.69 ± 1.97 7.68 ± 2.16 0.95 

  CHO food with LGI 4.99 ± 2.18 4.92 ± 2.12 5.05 ± 2.22 0.34 

  CHO spacing 8.56 ± 2.08 8.58 ± 2.20 8.55 ± 1.98 0.82 

  High fiber CHO food 5.49 ± 2.59 5.39 ± 2.62 5.58 ± 2.56 0.26 

  n-3 FAs fish 5.12 ± 2.40 5.20 ± 2.35 5.05 ± 2.45 0.33 

  Less high oil cooking 7.52 ± 2.16 7.47 ± 2.18 7.56 ± 2.14 0.49 

  Less high SFA & TFA food 7.22 ± 2.14 6.93 ± 2.21 7.47 ± 2.05 0.001 

  Less dining out 6.47 ± 2.84 5.97 ± 2.91 6.88 ± 2.72 0.001 

  Less alcohol drinking 9.38 ± 1.65 9.01 ± 2.04 9.68 ± 1.15 0.001 

  Balanced diet 7.17 ± 2.64 7.29 ± 2.60 7.08 ± 2.67 0.21 

DBA score  69.6 ± 9.4 68.4 ± 9.5 70.6 ± 9.2 0.001 

Six major food groups intake             

  Whole grains and tubers (S) 9.6 ± 3.3 10.7 ± 3.5 8.8 ± 2.8 0.001 

Fruits (S) 1.9 ± 1.4 1.8 ± 1.4 1.9 ± 1.4 0.36 

Vegetables (S)` 3.0 ± 1.5 3.0 ± 1.5 3.1 ± 1.5 0.24 

  Dairy products (S) 0.4 ± 0.6 0.4 ± 0.6 0.4 ± 0.6 0.44 

  Soy, fish, egg and meat (S) 5.0 ± 2.0 5.6 ± 2.2 4.6 ± 1.7 0.001 

  Oils and nuts (S) 6.2 ± 2.7 6.6 ± 2.9 5.8 ± 2.5 0.001 

Total calorie intake (kcal/day) 1647.8 ± 397.9 1783.3 ± 405.4 1535.6 ± 354.8 0.001 

  CHO (gm/day) 191.9 ± 53.8 206.3 ± 56.3 180.0 ± 48.7 0.001 

  CHO (% TC) 46.8 ± 7.8 46.5 ± 8.1 47.1 ± 7.5 0.22 

  Protein (gm/day) 60.4 ± 16.8 66.1 ± 17.2 55.7 ± 14.9 0.001 

  Protein (% TC) 14.7 ± 2.0 14.8 ± 1.9 14.5 ± 2.0 0.006 

  Fat (gm/day) 57.5 ± 19.2 62.4 ± 20.5 53.4 ± 17.0 0.001 

  Fat (% TC) 31.2 ± 6.7 31.3 ± 7.0 31.2 ± 6.5 0.83 

Kcal intake/ kg BW             

  Kcal/ kg IBW 29.0 ± 6.6 29.1 ± 6.6 28.9 ± 6.6 0.67 

  Kcal/ kg CBW 24.7 ± 6.5 25.0 ± 6.5 24.5 ± 6.5 0.30 

Protein intake/ kg BW              

  gm/kg IBW 1.06 ± 0.28 1.08 ± 0.28 1.05 ± 0.28 0.10 

  gm/kg CBW 0.91 ± 0.28 0.93 ± 0.27 0.89 ± 0.28 0.05 

DPA score 42.5 ± 9.6 42.4 ± 9.9 42.8 ± 9.4 0.54 

TDQS 112.2 ± 15.1 110.8 ± 15.4 113.3 ± 14.8 0.009 
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Abbreviations: IBW, Ideal body weight; CBW, Current body weight; LGI, low glycemic index; TFA, trans fatty 

acid; S, servings; TC: total calories   . 

Table 2. The correlation between dietary behaviors and anthropometry and biochemical data. 

Items 
BW BMI WC SBP DBP 

HbA1

c 

cholestero

l 
TG HDL LDL 

Less high sugar food -0.040 -0.027 0.021 
-

0.013 
-0.078* -0.057 -0.017 -0.047 0.010 

-

0.028 

CHO food with LGI -0.061 -0.078* 
-

0.110** 
0.043 0.047 

-

0.124** 
-0.030 -0.056 0.047 0.021 

CHO spacing -0.018 -0.017 0.023 0.040 0.006 -0.037 -0.015 0.022 
-

0.089** 

0.073
* 

High fiber CHO food 
-

0.128** 

-

0.134** 

-

0.136** 
0.024 -0.018 

-

0.119** 
-0.027 -0.072* 0.037 0.006 

N-3 FAs fish -0.030 -0.063* -0.064* 
-

0.016 
-0.013 -0.069* 0.013 -0.020 0.010 

-

0.010 

Less high oil cooking 
-

0.110** 
-0.074* -0.072* 0.009 

-

0.108** 

-

0.083** 
-0.024 

-

0.130** 
0.060 0.004 

Less high SFA & TFA 

food 

-

0.118** 
-0.053 -0.057 0.044 -0.045 -0.062* -0.100** 

-

0.112** 
0.000 

-

0.048 

Less Dining out 
-

0.223** 

-

0.108** 
-0.074* 0.016 

-

0.156** 
-0.045 -0.032 

-

0.107** 
0.065 

-

0.059 

Less alcohol drinking 
-

0.087** 
0.024 -0.007 0.043 -0.040 0.028 -0.049 

-

0.116** 
-0.003 0.018 

Balanced diet -0.072* 
-

0.116** 

-

0.092** 
0.000 0.028 -0.055 -0.079* 

-

0.091** 
-0.052 0.011 

Total score 
-

0.225** 

-

0.171** 

-

0.149** 
0.043 

-

0.095** 

-

0.158** 
-0.087** 

-

0.178** 
0.024 

-

0.007 

Abbreviations: LGI, low glycemic index; SFA, saturated fatty acid; TFA, trans fatty acid; WC, Waist 

circumference; TG, triglyceride; HDL, High-density lipoprotein; LDL-c, Low-density lipoprotein. *: P< 0.05;  **: 

P< 0.005. 

Table 3. Comparison of demographic characteristics, anthropometric, biochemical data and diet intake by total 

diet quality score (TDQS). 

Characteristics 

 G1≦106.6  G2 106.6-119.0    G3 >119.0  

 n = 334  n = 337  n = 331 
P 

value 

 Mea

n 
± SD  Mea

n 
± SD   

Mea

n 
± SD   

sex  n(%) Male  160 ( 47.9)  162 ( 48.1)  132 ( 
39.9

) 
0.053 

age (years)   58.2 ± 12.6  61.6 ± 12.0  65.2 ± 10 0.001 

Smoke  n(%)               

   None  
 
238 ( 71.3)  246 ( 73.0)  272 ( 

82.2

) 
0.001 

   Quit smoking  
 
31 ( 9.3)  56 ( 16.6)  41 ( 

12.4

) 
 

   Smoking    65 ( 19.5)  35 ( 10.4)  18 ( 5.4)  

Exercise  n(%)  
 
82 ( 24.6)  105 ( 31.2)  147 ( 

44.4

) 
0.001 

Times of CDE education   6.3 ± 2.8  6.1 ± 2.8  6.5 ± 2.6 0.26 

Education  n(%) Illiterate  11 ( 3.3)  10 ( 3.0)  16 ( 4.8) 0.20 
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 Elementary 

school  
88 ( 26.3)  105 ( 31.2)  105 ( 

31.7

) 
 

 Junior high 

school  
72 ( 21.6)  43 ( 12.8)  57 ( 

17.2

) 
 

 High school 
 
77 ( 23.1)  87 ( 12.8)  78 ( 

23.6

) 
 

 College 
 
84 ( 25.1)  89 ( 25.8)  73 ( 

22.1

) 
 

 Unknown  2 ( 0.6)  3 ( 26.4)  2 ( 0.6)  

DM type  n(%) T1DM  12 ( 3.6)  5 ( 1.5)  3 ( 0.9) 0.07 

  
T2DM  

322 ( 96.4)  332 ( 98.5)  327 ( 
98.8

) 
 

 others  0 ( 0)  0 ( 0)  1 ( 0.3)  

DM duration (years)   10.1 ± 7.2a  11.0 ± 7.5a,b  11.9 ± 8.5b 0.01 

Height (cm)   161.5 ± 8.8a  161.1 ± 8.1a  159.3 ± 8.1 0.002 

CBW (kg)   72.3 ± 14.9  68.6 ± 13.5  64.4 ± 12.4 0.001 

BMI (kg/m2)   27.7 ± 5.0  26.3 ± 4.2  25.3 ± 4.0 0.001 

Phenotype  n (% ) 

  Underweight 

  

 

 

 

 

0 

 

( 

 

0) 

 

 

 

6 

 

( 

 

1.8) 

 

 

 

8 

 

( 

 

2.4) 

 

0.001 

  Normal weight    79 ( 23.7)  94 ( 27.9)  117 ( 
35.3

) 
 

  Overweight    92 ( 27.5)  103 ( 30.6)  112 ( 
33.8

) 
 

  Obese   163 ( 48.8)  134 ( 39.8)  94 ( 
28.4

) 
 

Waist circumference (cm)    92.9 ± 14.0  89.1 ± 16.1  86.4 ± 13.3 0.001 

Abdominal obesity  n (%)   263 ( 79.5)  237 ( 72.0)  215 ( 
65.7

) 
0.001 

HbA1c (%)   7.6 ± 1.6  7.3 ± 1.27a  7.2 ± 1.1a 0.001 

SBP (mmHg)   131.1 ± 18.4  133.4 ± 16.1  132.9 ± 17.4 0.20 

DBP (mmHg)   75.3 ± 12.9  76.0 ± 11.4  74.9 ± 10.5 0.51 

Cholesterol (mg/dL)   163.7 ± 37.2  157.7 ± 33.3  158.5 ± 31.8 0.06 

Triglyceride (mg/dL)   156.0 ± 
110.5
a 

 141.7 ± 88a,b  126.9 ± 
79.5
b 

0.001 

HDL (mg/dL)   48.1 ± 14.4  46.1 ± 12.9  48.8 ± 14.4 0.05 

LDL (mg/dL)   90.1 ± 28.8  89.0 ± 26.7  87.1 ± 24.2 0.34 

Achieving ABC targets  

n(%) 
  47 ( 14.4)  48 ( 14.7)  51 ( 

15.9

) 
0.04 

A: HbA1c <7%  n(%)  143 ( 42.9)  173 ( 51.3)  179 ( 
54.1

) 
0.01 

  B: Blood pressure <130/80 mmHg  n(%)  137 ( 41.0)  120 ( 35.6)  119 ( 
36.0

) 
0.27 

  C: LDL-c <100 mg/dL  n(%)  222 ( 67.7)  225 ( 68.4)  240 ( 
74.5

) 
0.11 

DBA items                

  Less high sugar food   7.1 ± 2.3  7.8 ± 2.0a  8.1 ± 1.8a 0.001 

  Carb food with LGI   4.3 ± 2.0  4.9 ± 2.0  5.7 ± 2.3 0.001 

  Carb spacing   8.0 ± 2.5  8.6 ± 2.0  9.1 ± 1.5 0.001 

  High fiber CHO food   4.3 ± 2.1  5.6 ± 2.5  6.6 ± 2.6 0.001 

  n-3 FAs fish   4.5 ± 2.2  5.0 ± 2.2  5.8 ± 2.6 0.001 

  Less high oil cooking   6.8 ± 2.3  7.6 ± 2.1  8.2 ± 1.8 0.001 

  Less high SFA & TFA food   6.6 ± 2.3  7.2 ± 2.0  7.9 ± 2.0 0.001 

  Less dining out   5.3 ± 2.8  6.3 ± 2.8  7.7 ± 2.3 0.001 
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  Less alcohol drinking   9.0 ± 2.2  9.4 ± 1.5a  9.7 ± 1.0a 0.001 

  Balanced diet   5.6 ± 2.7  7.4 ± 2.3  8.5 ± 2.0 0.001 

DBA score   61.6 ± 7.9  69.9 ± 6.3  77.4 ± 6.3 0.001 

DPA score   34.0 ± 7.2  42.9 ± 6.4  51.0 ± 6.1 0.001 

Whole grains and tubers  Total servings  10.3 ± 4.0  9.5 ± 3.0a  9.0 ± 2.4a 0.001 
 Recom servings 10.2 ± 2.1a  10.0 ± 2.0a  9.4 ± 1.9 0.001 
 Score  7.5 ± 2.1  8.1 ± 1.8  8.8 ± 1.5 0.001 

Fruits Total servings  1.7 ± 1.7a  2.0 ± 1.5b  1.8 ± 0.8ab 0.006 
 Recom servings 2.0 ± 0.5  2.0 ± 0.5  1.9 ± 0.5 0.04 
 Score  4.3 ± 3.7  5.9 ± 3.8  8.0 ± 2.8 0.001 

Vegetables Total servings  2.4 ± 1.4  3.1 ± 1.5  3.6 ± 1.4 0.001 
 Recom servings 3.8 ± 1.0  3.8 ± 1.1  3.8 ± 1.1 1.00 
 Score  6.1 ± 2.9  7.6 ± 2.4  8.8 ± 1.9 0.001 

Dairy products  Total servings  0.2 ± 0.5  0.4 ± 0.6  0.6 ± 0.6 0.001 
 Recom servings 0.7 ± 0.6  0.7 ± 0.7  0.6 ± 0.6 0.07 
 Score  4.2 ± 4.8  6.8 ± 4.4  8.6 ± 3.2 0.001 

Soy, fish, egg and meat Total servings  5.2 ± 2.5a  4.9 ± 1.9a  4.9 ± 1.5 0.04 
 Recom servings 5.3 ± 1.3  5.4 ± 1.4  5.1 ± 1.2 0.09 
 Score  6.6 ± 2.6  7.5 ± 2.3  8.4 ± 1.9 0.001 

Oils and nuts  Total servings  6.6 ± 3.3  6.1 ± 2.5a  5.9 ± 2.1a 0.001 
 Recom servings 5.4 ± 1.5  5.5 ± 1.4  5.6 ± 1.5 0.14 
 Score  5.2 ± 3.2  7.1 ± 2.9  8.4 ± 2.0 0.001 

CHO (gm)   195.4 ± 67.4  192.8 ± 51.1  187.6 ± 39.1 0.17 

CHO (% TC)   46.5 ± 9.3  47.3 ± 7.4  46.7 ± 6.3 0.38 

Protein (gm)   61.7 ± 21.0  59.5 ± 15.4  60.1 ± 12.8 0.21 

Protein (% TC)   14.5 ± 2.4ab  14.6 ± 1.8a  14.9 ± 1.6b 0.05 

Fat (gm)   60.2 ± 23.8  56.4 ± 17.9a  55.8 ± 
14.5
a 

0.005 

Fat (% TC)   31.7 ± 7.8  30.9 ± 6.6  31.0 ± 5.5 0.25 

Total calories intake (Kcal)  1694 ± 505a  1636 ± 371ab  1614 ± 282b 0.03 

Kcal/kg IBW   29.5 ± 8.2  28.6 ± 6.3  28.9 ± 4.8 0.27 

Kcal/kg CBW   24.0 ± 7.8a  24.4 ± 6.1a  25.7 ± 5.7 0.002 

Protein gm/kg IBW   1.07 ± 0.34  1.04 ± 0.26  1.08 ± 0.23 0.22 

Protein gm/kg CBW   0.88 ± 0.32a  0.89 ± 0.25a  0.96 ± 0.25 0.001 
a, b Different marker indicate significant differences among the groups. Abbreviations: CBW, current body 

weight; HDL, high-density lipoprotein; LDL-c: low-density lipoprotein; Recom servings: recommended 

servings. 

Table 4. The effect of TDQS on body weight, waist circumference, HbA1c, LDL and triglyceride levels 

(Referenced from G3). 

 outcome     G1 ≦106.6     G2 106.6-119.0 

    OR 95% CI P  OR 95% CI P 

Abnormal BW 1.765 1.258-2.475 0.001  1.413 1.018-1.962 0.04 
 model 1 1.598 1.128-2.266 0.008  1.341 0.962-1.870 0.08 
 model 2 1.469 1.018-2.121 0.04  1.249 0.886-1.762 0.20 

Abdominal obesity 2.015 1.418-2.862 0.001  1.342 0.963-1.870 0.08 
 model 1 2.317 1.592-3.370 0.001  1.492 1.055-2.111 0.02 
 model 2 2.211 1.492-3.277 0.000  1.380 0.965-1.972 0.08 

HbA1c  1.565 1.152-2.125 0.004  1.116 0.824-1.513 0.48 
 model 1 1.442 1.052-1.978 0.02  1.064 0.782-1.447 0.69 
 model 2 1.493 1.069-2.086 0.02  1.075 0.779-1.483 0.66 

LDL  1.397 0.994-1.966 0.06  1.353 0.961-1.904 0.08 
 model 1 1.283 0.900-1.828 0.17  1.300 0.919-1.840 0.14 
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 model 2 1.259 0.872-1.816 0.22  1.295 0.908-1.846 0.15 

TG  1.786 1.280-2.492 0.001  1.371 0.978-1.921 0.07 
 model 1 1.759 1.247-2.481 0.001  1.365 0.970-1.921 0.07 

  model 2 1.547 1.082-2.212 0.02  1.204 0.846-1.714 0.30 

model 1: adjusted by gender and age. model 2: adjusted by gender , age, education , DM type, DM duration, 

smoke, exercise, and times of CDE education. Abnormal BW: include underweight, overweight and obese. 

Table 5. Prediction of waist circumference, BMI, HbA1c and triglyceride by TDQS, DBA score and DPA score. 

Exposure 
metabolic 

outcome 

   model 1  model 2 

B P value  B P value  B P value 

TDQS WC -0.169 0.001  -0.137 0.001  -0.119 0.001 
 BMI -0.063 0.001  -0.051 0.001  -0.044 0.001 
 A1C -0.014 0.001  -0.013 0.001  -0.012 0.001 
 TG -1.172 0.001  -1.058 0.001  -0.883 0.001 

DBA score WC -0.235 0.001  -0.169 0.001  -0.134 0.011 
 BMI -0.083 0.001  -0.059 0.001  -0.046 0.001 
 A1C -0.023 0.001  -0.021 0.001  -0.018 0.001 
 TG -1.802 0.001  -1.607 0.001  -1.330 0.001 

DPA score WC -0.196 0.001  -0.174 0.001  -0.161 0.001 
 BMI -0.079 0.001  -0.070 0.001  -0.064 0.001 
 A1C -0.013 0.005  -0.011 0.013  -0.012 0.008 
 TG -1.205 0.001  -1.086 0.001  -0.902 0.004 

model 1: adjusted sex and age. model 2: adjusted sex, age, education, DM type, DM duration, smoke, exercise, 

and times of CDE education. Abbreviations: WC, Waist circumference. 

4. Discussions 

This study represents the first nationwide investigation in Taiwan to examine the association 

between dietary quality, measured by DBA and DPA, and metabolic outcomes in adults with 

diabetes. Our findings demonstrate that higher TDQS are significantly associated with lower BMI, 

WC, HbA1c, and triglyceride levels, highlighting the pivotal role of comprehensive dietary adherence 

in diabetes management. These results support the incorporation of both behavioral and quantitative 

dietary assessment tools into MNT strategies. 

Participants with higher TDQS not only exhibited more favorable metabolic profiles but also 

demonstrated greater adherence to health-promoting dietary behaviors, including reduced intake of 

high-fat and high-sugar foods, improved control of alcohol consumption, and decreased frequency 

of eating out. These findings are consistent with previous studies indicating that adherence to 

structured dietary recommendations improves glycemic control and lipid metabolism (2,30,34). 

Specifically, each one-point increase in TDQS was associated with reductions in HbA1c (−0.012%), 

triglyceride levels (−0.88 mg/dL), and BMI (−0.044 kg/m²), reflecting dose-dependent improvements 

observed in structured dietary interventions (14,19,25). 

The significant associations observed between individual DBA components and clinical 

outcomes, particularly for LGI carbohydrates and high-fiber whole grains, further support existing 

evidence on the metabolic benefits of carbohydrate quality (5,10,23,34). Inverse relationships between 

high fiber intake and HbA1c, WC, and triglyceride levels reinforce clinical recommendations 

emphasize whole food-based dietary patterns (16,24,35). 

Notably, women in our cohort had significantly higher DBA and TDQS scores than men, yet 

they also exhibited a higher prevalence of abdominal obesity. This paradox highlights previously 

reported gender-specific challenges in diabetes care, shaped by hormonal, behavioral, and cultural 

factors that influence body composition and dietary behaviors (3,7,31). Despite higher dietary 

behavior scores, women consumed significantly fewer servings of protein-rich foods, whole grains, 

and dairy products-findings consistent with prior research from both Taiwanese and international 

populations (8,11,28). 
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Protein intake was suboptimal in both sexes, with women falling further below recommended 

thresholds. Inadequate protein consumption among individuals with diabetes has been linked to 

reduced muscle mass, impaired glucose metabolism, and increased frailty, particularly in older 

adults (15,25,32,33). These findings underscore the need for targeted education on adequate protein 

and dairy intake as part of routine diabetes nutrition care, especially for women and elderly 

populations (13,17,26). 

The high prevalence of inadequate food group intake, even among individuals receiving regular 

education from CDEs under Taiwan’s Diabetes P4P Program, underscores persistent structural and 

behavioral barriers. Complex dietary recommendations, economic constraints, cultural preferences, 

and limited food preparation skills may hinder sustained adherence (6,7,18,23). Similar challenges 

have been documented in low- and middle-income countries such as Ghana, Ethiopia, and 

Bangladesh, where poor dietary compliance persists despite awareness of guidelines (3-6,13,20,21). 

Furthermore, the increasing trend of eating out, particularly among working adults in Taiwan, 

may compromise food quality and portion control, as previously reported (28). Our finding that 

higher dining-out frequency is associated with lower DBA scores aligns with previous studies linking 

frequent eating out to poor dietary quality and elevated cardio-metabolic risk (28,35). 

The TDQS used in this study, which integrates behavioral and quantitative dietary measures, 

may offer superior predictive utility compared to behavior-only indices. Several prior studies have 

advocated for composite indices that encompass both food types and portion adequacy, given their 

stronger correlation with clinical outcomes (14,17,29). Our results demonstrate consistent associations 

between higher TDQS and improved anthropometric and biochemical markers, supporting the use 

of such comprehensive metrics for patient monitoring and tailored dietary counseling. 

Strengths of this study include its large, representative sample of adults with diabetes recruited 

across 40 certified healthcare institutions, the use of standardized dietary assessment protocols, and 

the incorporation of both behavioral and portion-based dietary metrics. However, the cross-sectional 

design limits causal inference, and reliance on self-reported dietary intake may introduce recall and 

social desirability biases. Nonetheless, dietary interviews conducted by trained dietitians likely 

enhanced data reliability. 

5. Conclusions 

In conclusion, our findings support individualized nutrition education that incorporates both 

behavioral and portion-based components, in alignment with ADA and IDF guidelines (1,2,29). 

Although Taiwan’s P4P program has standardized access to structured diabetes education, future 

efforts should prioritize improving protein and dairy intake—particularly among women and older 

adults (15,25,32,33); and expanding tools to assess and monitor dietary quality in real-world clinical 

practice (30,34,35). Prospective longitudinal studies are warranted to establish the predictive value of 

TDQS for long-term diabetes outcomes, including complications, hospitalizations, and quality of life. 
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