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Background: Older adults with type 2 diabetes mellitus (T2DM) often face challenges in achieving glycemic targets due to geriatric
conditions. However, evidence on sex differences in failure to achieve glycemic targets in low- and middle-income countries remains
limited.

Aim: To examine sex differences in the prevalence of failure to achieve individualized glycemic targets and to identify associated
factors among older adults with T2DM in Vietnam.

Methods: This cross-sectional study was conducted between September and December 2025 among outpatients aged >60 years with
T2DM. Failure to achieve glycemic targets was defined based on individualized HbAlc targets according to geriatric conditions,
including comorbidities, cognitive function, and functional status, in accordance with recommendations from the American Diabetes
Association. Multivariable logistic regression analyses were performed in the overall population and stratified by sex.

Results: Among 537 patients, 306 (57.0%) were male and 231 (43.0%) were female. Overall, 25.5% of patients failed to achieve their
glycemic targets, with a similar prevalence in males (24.8%) and females (26.4%). In the overall population, polypharmacy (adjusted
odds ratio [aOR] 1.98, 95% confidence interval [CI] 1.14-3.44), limitations in instrumental activities of daily living (IADL) (aOR
1.72, 95% CI 1.14-2.61), and diabetes duration >5 years (aOR 2.07, 95% CI 1.15-3.75) were independently associated with failure to
achieve glycemic targets. In sex-stratified analyses, diabetes duration >5 years was associated with failure to achieve glycemic targets
among males (aOR 3.30, 95% CI 1.34-8.13), whereas dependent income (aOR 3.60, 95% CI 1.18-10.9), polypharmacy (aOR 2.46,
95% CI 1.02-5.95), and limitations in IADL (aOR 2.39, 95% CI 1.28-4.46) were significantly associated with failure to achieve
glycemic targets among females.

Conclusion: Failure to achieve glycemic targets remains common among older adults with T2DM in Vietnam, with sex-specific
associated factors. These findings suggest that incorporating geriatric assessment and sex-sensitive approaches into outpatient diabetes
management may be beneficial; however, they should be interpreted as hypothesis-generating and may not be generalizable to all
settings.
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Introduction

The world is undergoing a profound demographic transition toward population aging, and Vietnam is among the
countries experiencing one of the most rapid shifts in Asia.' In 2025, individuals aged >60 years accounted for
approximately 14.5% of the Vietnamese population.” Among older age groups, women outnumber men, with a sex
ratio, defined as the number of females per 100 males, of 137 nationwide.” Parallel to this demographic transition, type 2
diabetes mellitus (T2DM) has emerged as a major public health challenge, disproportionately affecting older adults.
Current estimates indicate that nearly 29% of Vietnamese individuals aged >60 years are living with T2DM.* In this
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population, T2DM frequently coexists with geriatric conditions such as frailty, depressive symptoms, and sarcopenia,’®
which complicate disease management and challenge conventional approaches to glycemic control.

In older adults with T2DM, glycemic management extends beyond the achievement of numerical hemoglobin Alc
(HbA1c) thresholds and instead reflects the need to balance potential metabolic benefits against competing risks related
to comorbidity burden, functional impairment, and treatment-related adverse events.” Age-related physiological changes,
longer diabetes duration, and increasing therapeutic complexity further increase vulnerability to hypoglycemia and other
adverse outcomes in this population.®'° In recognition of these complexities, the American Diabetes Association (ADA)
Standards of Care advocate for individualized glycemic targets that incorporate geriatric conditions, functional status, and
treatment burden when determining appropriate HbAlc goals.'""'? Despite these recommendations, real-world evidence
on the achievement of individualized glycemic targets among older adults in low- and middle-income countries remains
limited. A recent study conducted in Northern Vietnam reported that 18.4% of older adults failed to achieve HbAlc
targets.'> However, data from Southern Vietnam, characterized by distinct geographic, socioeconomic, and healthcare
contexts, remain scarce.

Beyond chronological age, sex differences are increasingly recognized as important determinants of diabetes
pathophysiology, clinical presentation, and treatment outcomes. Biological differences in body composition, insulin
sensitivity, and hormonal regulation, together with sex-specific patterns of comorbidity, functional dependency, socio-
economic vulnerability, and structural factors such as access to healthcare and support systems, may influence glycemic
target achievement in later life."*'® Despite growing recognition of these factors, evidence on sex-specific patterns of
glycemic target achievement in older populations remains limited globally and is particularly scarce in rapidly aging low-
and middle-income settings such as Vietnam. Therefore, this study aimed to quantify the prevalence of failure to achieve
individualized glycemic targets based on geriatric assessment among older adults with T2DM treated at a tertiary hospital
in Southern Vietnam and to examine sex-specific differences and associated factors.

Material and Methods
Study Design, Patients, and Data Collection

This cross-sectional study was conducted between September and December 2025 among outpatients aged >60 years
with T2DM at the Endocrinology Clinic of Thong Nhat Hospital. T2DM was diagnosed and managed in accordance with
the 2025 ADA recommendations by experienced endocrinologists. All patients received standardized care, including
dietary counseling, lifestyle modification, and individualized pharmacological treatment. Eligible patients were those
who had received continuous T2DM management and attended monthly follow-up visits at the clinic for at least one year
before enrollment.

Data were collected through face-to-face interviews conducted by trained geriatricians. When necessary, caregivers
assisted in providing information. All interview data were cross-checked with electronic medical records to ensure
accuracy. Exclusion criteria included acute medical conditions requiring hospitalization at baseline, severe psychiatric
disorders, incomplete or missing data, or refusal to participate. All patients provided written informed consent before
study participation. The study was conducted in accordance with the Declaration of Helsinki and reported in compliance
with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. Ethical approval
was obtained from the Ethics Committee of Thong Nhat Hospital.

Sample Size Calculation

The sample size was calculated to estimate the prevalence of failure to achieve glycemic targets among older adults with
T2DM in Vietnam using the following formula: n=Z7,_ ,*[p*(1-p)/d*], where n is the required minimum sample size,
Zi 42 = 1.96 corresponds to a two-sided significance level of a = 0.05 and a 95% confidence interval; p denotes the
estimated prevalence of failure to achieve glycemic targets; and d is the margin of error, set at 0.035. Based on a previous
study, the expected prevalence (p) was assumed to be 0.184."* To account for potential missing data or non-response, an
additional 10% was added to the calculated sample size. Accordingly, the minimum required sample size was 518
patients.
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Sociodemographic, Lifestyle, and Anthropometric Variables and Comorbidities
Sociodemographic variables included age, sex (male or female), educational attainment (below senior high school or
senior high school and above), and source of income (independent or dependent). Dependent income was defined as
reliance on financial support from others (eg., family members or caregivers) for basic living expenses. Self-reported
lifestyle factors included regular self-monitoring of blood glucose, defined as at least three times per week; regular
physical activity, defined as engagement on at least five days per week; adherence to a low-sodium diet, defined as self-
reported reduced salt intake; alcohol consumption, defined as intake of >5 units of alcohol per week; smoking status,
defined as current smoking regardless of quantity or type of tobacco; and current sexual activity. Body mass index (BMI)
was categorized according to the World Health Organization Asian-specific criteria. Comorbidities were ascertained
through patient interviews, review of current medication prescriptions, and electronic medical records. The ten most
prevalent comorbid conditions in the study population were included in the analysis.

Geriatric Assessment

All patients underwent a comprehensive geriatric assessment encompassing four domains: physical, psychological,
functional, and socioeconomic. Within the physical domain, comorbidity burden was assessed using the Charlson
Comorbidity Index (CCI).'” Multimorbidity was defined as the presence of two or more chronic diseases.'®
Polypharmacy was defined as the concurrent use of five or more prescribed medications. Frailty was evaluated using
the Program of Research to Integrate the Services for the Maintenance of Autonomy 7 (PRISMA-7), with a score >3
indicating frailty.'” Nutritional status was assessed using the Mini Nutritional Assessment—Short Form (MNA-SF), with
scores <7 indicating malnutrition.?® Risk of falls was assessed using the Stopping Elderly Accidents, Deaths, and Injuries
(STEADI) screening tool; patients were classified as being at risk of falls if they responded affirmatively to any of the
screening questions.?!

Within the psychological domain, cognitive function was assessed using the Mini-Cog, which combines a three-item
recall test with a clock-drawing task. A score <3 was considered indicative of possible cognitive impairment.*?
Depressive symptoms were assessed using the 15-item Geriatric Depression Scale (GDS-15), with scores >5 indicating
depression.”

Within the functional domain, basic activities of daily living (ADL) were assessed using the Katz Index of
Independence in ADL, which evaluates six functions: bathing, dressing, toileting, transferring, continence, and feeding.
Limitations in ADL were defined as a Katz Index score of 0-5.>* Instrumental activities of daily living (IADL) were
assessed using the Lawton—-Brody IADL Scale, which evaluates abilities including use of the telephone, shopping, meal
preparation, housekeeping, laundry, transportation, medication management, and financial management. Limitations in
IADL were defined as a score of 0-7.%

Within the socioeconomic domain, social engagement was assessed using the Lubben Social Network Scale—6
(LSNS-6), which evaluates the size and frequency of social interactions with family and friends. A score <12 was
considered indicative of social isolation and limited social support.?® Health-related quality of life (HRQoL) was assessed
using the EQ-5D-5L instrument.”” Poor HRQoL was defined using a combined criterion: patients were classified as
having poor HRQoL if they had an EQ-5D-5L utility score <0.8 and an EQ visual analogue scale (EQ-VAS) score <70.
These thresholds were used to indicate clinically relevant impairment in overall health status and for both descriptive and
analytical purposes. Social frailty was assessed using the Makizako Social Frailty Index, with a score >2 indicating social
frailty.”®

Diabetes-Related Characteristics, Laboratory Assessment, and Glycemic Control

Classification

Diabetes-related characteristics included diabetes duration and current antidiabetic treatment. Diabetes duration was
defined as the time interval, in years, from the initial diagnosis of diabetes to the date of study enrollment. Information on
antidiabetic medications was obtained from current prescriptions and included metformin, sulfonylureas, dipeptidyl
peptidase-4 inhibitors, glucagon-like peptide-1 receptor agonists, sodium—glucose cotransporter-2 inhibitors, and insulin,

Diabetes, Metabolic Syndrome and Obesity 2026:19 htps: 3



Le et al

as predefined variables. Blood samples were collected at baseline according to standard hospital procedures. HbAlc was
measured from venous whole blood using high-performance liquid chromatography with the ADAMS Alc HA-8190V
analyzer (ARKRAY Inc., Japan) and reported as a percentage.

Glycemic targets were individualized according to overall health status, in accordance with the 2025 ADA Standards
of Care for older adults with T2DM."" In this study, glycemic targets were defined as follows. Patients with a healthy
status, characterized by few comorbidities (CCI <3), preserved cognitive function (Mini-Cog score = 5), and intact
functional status (ADL score = 6 and IADL score = 8), were assigned a target HbAlc of <7.0%. Patients with an
intermediate health status, defined by multiple comorbidities (CCI >3) or mild cognitive impairment (Mini-Cog score 3—
4), together with functional limitations (ADL score = 4-5 and IADL score = 7), were assigned a target HbAlc of <7.5%.
Patients with a complex health status, characterized by severe comorbidities, significant cognitive impairment (Mini-Cog
score <3), marked functional limitations (ADL score 0-3 or IADL score 0-06), or frailty, were assigned a target HbAlc
of <8.0%.

Patients were subsequently categorized into two groups according to glycemic control status: achieved and failed to
achieve. Failure to achieve glycemic targets was defined as an HbAlc value equal to or exceeding the individualized
threshold for each health status category. Medication adherence was assessed using the 5-item Medication Adherence
Report Scale (MARS-5), with total scores ranging from 5 to 25. Good adherence was defined as a total score of 25, and
suboptimal adherence as a score <25.%°

Statistical Analysis

All statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were presented as mean * standard deviation (SD) for normally distributed data or as median with interquartile range
(IQR; 25th—75th percentiles) for non-normally distributed data. Normality was assessed using the Kolmogorov—Smirnov
test. Between-group comparisons were conducted using the independent-samples ¢ test for normally distributed variables
and the Mann—Whitney U-test for non-normally distributed variables. Categorical variables were presented as frequen-
cies and percentages and compared using the chi-square test or Fisher’s exact test, as appropriate.

Logistic regression analyses were performed to identify factors associated with failure to achieve glycemic targets.
Variables were selected for multivariable models based on both univariate screening (P <0.20) and clinical relevance
informed by prior literature. Multicollinearity was assessed using the variance inflation factor (VIF), with values >5
indicating multicollinearity. Model adequacy and stability were evaluated using the events-per-variable (EPV) criterion,
with a predefined threshold of >15 events per variable. Sensitivity analyses were performed to assess the robustness of
the findings under alternative model specifications. Results are reported as odds ratios (ORs) with 95% confidence
intervals (Cls). All tests were two-tailed, and a P value <0.05 was considered statistically significant.

Results

Of the 589 patients with T2DM attending the Endocrinology Clinic during the study period, 42 were excluded because
they had been diagnosed with T2DM for less than one year (n = 31), required hospitalization at baseline (n = 5), or had
missing data (n = 6). The flow diagram of patient selection is presented in Supplementary Figure S1. The final study
sample comprised 537 older adults with T2DM, with a median age of 70 years (IQR, 64.5-75.0; range, 60-90 years).
Males accounted for 57.0% of the study population. A total of 311 participants (57.9%) were classified as having
a healthy status, 9 (1.7%) as intermediate status, and 217 (40.4%) as complex status. Overall, 25.5% of patients (n = 137)
failed to achieve glycemic targets, with a similar prevalence in males (24.8%) and females (26.4%).

Table 1 summarizes the sociodemographic, anthropometric, geriatric, and lifestyle characteristics of the study
population according to glycemic target achievement status. Sociodemographic variables, anthropometric measures,
and self-reported lifestyle factors were largely comparable between patients who achieved glycemic targets and those
who failed to achieve them. In contrast, polypharmacy (38.7% vs 27.0%) and limitations in IADL (52.6% vs 38.3%)
were more prevalent among patients who failed to achieve glycemic targets.

Table 2 presents diabetes-related characteristics and comorbidities of the study population. Patients who failed to
achieve glycemic targets more frequently had a longer diabetes duration (=5 years: 78.1% vs 64.1%). The distribution of
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Table | Sociodemographic, Anthropometric, Geriatric, and Lifestyle Characteristics of the Study Population

Characteristics Glycemic Target Status
Total (n = 537) Achieved (n = 400) Not Achieved (n = 137) P

Sociodemographic and anthropometric characteristics
Age 275 years 155 (28.9) 113 (28.2) 42 (30.7) 0.587
Sex 0.690

Male 306 (57.0) 230 (57.5) 76 (55.5)

Female 231 (43.0) 170 (42.5) 61 (44.5)
Dependent income 472 (87.9) 348 (87.0) 124 (90.5) 0.362
Senior high school and above 451 (84.0) 335 (83.8) 116 (84.7) 0.893
BMI groups 0.378

Underweight 12 (2.2) 11 (2.8) 1(0.7)

Normal 246 (45.8) 186 (46.5) 60 (43.8)

Overweight 179 (33.3) 133 (33.3) 46 (33.6)

Obese 100 (18.6) 70 (17.5) 30 (21.9)
Self-reported lifestyle factors
Regular self-monitoring of blood glucose 355 (66.1) 260 (65.0) 95 (69.3) 0.403
Regular physical activity 271 (50.5) 203 (50.7) 68 (49.6) 0.843
Low-sodium diet 203 (37.8) 151 (37.8) 52 (38.0) 1.000
Alcohol consumption 91 (17.0) 69 (17.3) 22 (16.1) 0.939
Smoking 43 (8.0) 32 (8.0) 11 (8.0) 1.000
Currently sexually active 28 (5.2) 21 (5.3) 7 (5.1) 1.000
Geriatric characteristics
Multimorbidity 533 (99.3) 397 (99.3) 136 (99.3) 1.000
Polypharmacy 426 (79.3) 307 (76.8) 119 (86.9) 0.014
Physical frailty 84 (15.6) 60 (15.0) 24 (17.5) 0.497
Malnutrition 3 (0.6) 2 (0.5) 1(0.7) 0.646
Risk of falls 108 (20.1) 79 (19.8) 29 (21.2) 0.713
Risk of cognitive impairment 80 (14.9) 56 (14.0) 24 (17.5) 0.332
Depression 75 (14.0) 55 (13.8) 20 (14.6) 0.777
Limitations in IADL 161 (30.0) 107 (26.8) 54 (39.4) 0.007
Limitations in ADL Il (2.0) 8 (2.0 3(22) 1.000
Low social engagement 129 (24.0) 101 (25.3) 28 (20.4) 0.297
Poor health-related quality of life 26 (4.8) 18 (4.5) 8 (5.8) 0.497
Social frailty 66 (12.3) 48 (12.0) 18 (13.1) 0.763

Notes: Categorical variables are presented as frequencies (n) and percentages (%). The chi-square test or Fisher’s exact test was used for

comparisons. P values <0.05 are presented in bold.

Abbreviations: ADL, activities of daily living; BMI, body mass index; IADL, instrumental activities of daily living.
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Table 2 Diabetes-Related Characteristics and Comorbidities of the Study Population

Characteristics Glycemic Target Status

Total (n = 537) | Achieved (n = 400) | Not Achieved (n = 137) P

Diabetes-related characteristics

Diabetes duration, years 10 (5-15) 10 (5-15) 10 (6-17) | 0.009

Diabetes duration 5 years 436 (81.2) 314 (78.5) 122 (89.1) | 0.005

Treatment of diabetes

Metformin 519 (96.6) 389 (97.3) 130 (94.9) | 0.181
Sulfonylureas 233 (43.4) 176 (44.0) 57 (41.6) | 0.690
DPP-4 inhibitors 413 (76.9) 315 (78.8) 98 (71.5) | 0.100
SGLT2 inhibitors 111 (20.7) 77 (19.3) 34 (248) | 0.179
Insulin 48 (8.9) 31 (7.8) 17 (12.4) | 0.118
Good medication adherence 396 (73.7) 297 (74.3) 99 (72.3) | 0.654

Comorbidities

Dyslipidemia 513 (95.5) 380 (95.0) 133 (97.1) | 0.472
Hypertension 499 (92.9) 374 (93.5) 125 (91.2) | 0.439
Chronic coronary syndrome 145 (27.0) 111 (27.8) 34 (24.8) | 0.577
Chronic kidney disease 6l (11.4) 47 (11.8) 14 (10.2) | 0.755
Atrial fibrillation 5(0.9) 4 (1.0 I (0.7)
Anemia 5(0.9) 2 (0.5) 3(22)
Prior myocardial infarction 4 (0.7) 2 (0.5) 2 (1.5)
Prior stroke 4 (0.7) 3 (0.8) 1 (0.7)
Chronic obstructive pulmonary disease 2 (0.4) 1 (0.3) 1 (0.7)
Heart failure 1 (0.2) 1 (0.3) 0 (0)

Note: Categorical variables are presented as frequencies (n) and percentages (%). Diabetes duration is presented as median and interquartile range
(25th—75th percentiles). The chi-square test was used for categorical variables, and the Mann—Whitney U-test was used to compare diabetes
duration between groups. The ten most prevalent comorbidities are presented. P values were not calculated for variables with small numbers.
P values <0.05 are presented in bold. No participants in this study were treated with glucagon-like peptide-| receptor agonists.
Abbreviations: DPP-4, dipeptidyl peptidase-4; SGLT2, sodium—glucose cotransporter-2.

glucose-lowering therapies, including oral antidiabetic agents and insulin, was similar between groups. Comorbid
conditions were common across the study population and did not differ substantially by glycemic target achievement
status.

To further characterize older adults with T2DM by sex, characteristics of males (Table 3) and females (Table 4) were
analyzed according to glycemic target achievement status. Sex-based comparisons are presented in Supplementary Table

S1. Among males, most characteristics were similar between groups; however, a longer diabetes duration was more
common among those who failed to achieve glycemic targets (84.2% vs 67.4%). Among females, failure to achieve
glycemic targets was primarily associated with socioeconomic and functional characteristics, including dependent
income (21.3% vs 9.4%) and limitations in TADL (60.7% vs 41.8%), whereas other characteristics were generally
comparable between groups.
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Table 3 Baseline Characteristics of Males

Characteristics Glycemic Target Status

Total (n = 306) | Achieved (n = 230) | Not Achieved (n = 76) P
Age 275 years 85 (27.8) 61 (26.5) 24 (31.6) | 0.460
Dependent income 275 (89.9) 208 (90.4) 67 (88.2) | 0.661
Senior high school and above 258 (84.3) 195 (84.8) 63 (82.9) | 0.717
BMI groups 0.224
Underweight 8 (2.6) 8 (3.5) 0(0)
Normal 123 (40.2) 96 (41.7) 27 (35.5)
Overweight 112 (36.6) 82 (35.7) 30 (39.5)
Obese 63 (20.6) 44 (19.1) 19 (25.0)
Regular self-monitoring of blood glucose 197 (64.4) 146 (63.5) 51 (67.1) | 0.584
Regular physical activity 172 (56.2) 127 (55.2) 45 (59.2) | 0.595
Low-sodium diet 115 (37.6) 84 (36.5) 31 (40.8) | 0.585
Alcohol consumption 85 (27.7) 64 (27.8) 21 (27.6) | 1.000
Smoking 40 (13.1) 30 (13.0) 10 (13.2) | 1.000
Currently sexually active 22 (7.2) 17 (7.4) 5 (6.6) | 1.000
Multimorbidity 303 (99.0) 228 (99.1) 75 (98.7) | 1.000
Polypharmacy 242 (79.1) 177 (77.0) 65 (85.5) | 0.143
Physical frailty 50 (16.3) 38 (16.5) 12 (15.8) | 1.000
Social frailty 43 (14.1) 32 (13.9) 11 (14.5) | 1.000
Low social engagement 71 (23.2) 57 (24.8) 14 (18.4) | 0.277
Depression 45 (14.7) 34 (14.8) 11 (14.5) | 1.000
Risk of cognitive impairment 46 (15.0) 31 (13.5) 15 (19.7) | 0.197
Risk of falls 56 (18.3) 41 (17.8) 15 (19.7) | 0.733
Poor health-related quality of life 13 (4.2) 10 (4.3) 3(3.9) | l.000
Limitations in IADL 80 (26.1) 55 (23.9) 25 (32.9) | 0.134
Dyslipidemia 290 (94.8) 216 (93.9) 74 (974) | 0.374
Hypertension 286 (93.5) 216 (93.9) 70 (92.1) | 0.595
Chronic coronary syndrome 83 (27.1) 67 (29.1) 16 (21.1) | 0.184
Chronic kidney disease 35(11.4) 29 (12.6) 6 (7.9) | 0.305
Diabetes duration 25 years 247 (80.7) 177 (77.0) 70 (92.1) | 0.004
Metformin 294 (96.1) 223 (97.0) 71 (934) | 0.180
Sulfonylureas 137 (44.8) 103 (44.8) 34 (44.7) | 1.000
DPP-4 inhibitors 236 (77.1) 186 (80.9) 50 (65.8) | 0.011

(Continued)
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Table 3 (Continued).

Characteristics Glycemic Target Status

Total (n = 306) | Achieved (n = 230) | Not Achieved (n = 76) P
SGLT2 inhibitors 71 (23.2) 48 (20.9) 23 (30.3) | O.116
Insulin 29 (9.5) 19 (8.3) 10 (13.2) | 0.257
Good medication adherence 219 (71.6) 165 (71.7) 54 (71.1) | 1.000

Note: Categorical variables are presented as frequencies (n) and percentages (%). The chi-square test or Fisher’s exact test was used for
comparisons. P values <0.05 are presented in bold.

Abbreviations: BMI, body mass index; DPP-4, dipeptidyl peptidase-4; IADL, instrumental activities of daily living; SGLT2, sodium—glucose
cotransporter-2.

Table 4 Baseline Characteristics of Females

Characteristics Glycemic Target Status
Total (n = 231) | Achieved (n = 170) | Not Achieved (n=61) | P

Age 275 years 70 (30.3) 52 (30.6) 18 (29.5) 1.000
Dependent income 197 (85.3) 140 (82.4) 57 (93.4) 0.036
Senior high school and above 193 (83.5) 140 (82.4) 53 (86.9) 0.546
BMI groups 0.931

Underweight 4 (1.7) 3(1.8) I (1.6)

Normal 123 (53.2) 90 (52.9) 33 (54.1)

Overweight 67 (29.0) 51 (30.0) 16 (26.2)

Obese 37 (l6.1) 26 (15.3) I (18.1)
Regular self-monitoring of blood glucose | 158 (68.4) 114 (67.1) 44 (72.1) 0.523
Regular physical activity 99 (42.9) 76 (44.7) 23 (37.7) 0.369
Low-sodium diet 88 (38.1) 67 (39.4) 21 (344) 0.541
Alcohol consumption 6 (2.6) 529 I (1.6)
Smoking 3(1.3) 2 (1.2) I (1.6)
Currently sexually active 6 (2.6) 4 (24) 2 (3.3)
Multimorbidity 230 (99.6) 169 (99.4) 61 (100) 1.000
Polypharmacy 184 (79.7) 130 (76.5) 54 (88.5) 0.062
Physical frailty 34 (14.7) 22 (12.9) 12 (19.7) 0.211
Social frailty 23 (10.0) 16 (9.4) 7 (11.5) 0.625
Low social engagement 58 (25.1) 44 (25.9) 14 (23.0) 0.732
Depression 30 (13.0) 21 (12.4) 9 (14.8) 0.659
Risk of cognitive impairment 34 (14.7) 25 (14.7) 9 (14.8) 1.000
Risk of falls 52 (22.5) 38 (22.4) 14 (23.0) 1.000

(Continued)
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Table 4 (Continued).

Characteristics Glycemic Target Status
Total (n = 231) | Achieved (n = 170) | Not Achieved (n=61) | P

Poor health-related quality of life 13 (5.6) 8 (4.7) 5(8.2) 0.336
Limitations in IADL 81 (35.1) 52 (30.6) 29 (47.5) 0.020
Dyslipidemia 223 (96.5) 164 (96.5) 59 (96.7) 1.000
Hypertension 213 (92.2) 158 (92.9) 55 (90.2) 0.578
Chronic coronary syndrome 62 (26.8) 44 (25.9) 18 (29.5) 0.615
Chronic kidney disease 26 (11.3) 18 (10.6) 8 (13.1) 0.638
Diabetes duration 25 years 189 (81.8) 137 (80.6) 52 (85.2) 0.562
Metformin 225 (97.4) 166 (97.6) 59 (96.7) 0.656
Sulfonylureas 96 (41.6) 73 (42.9) 23 (37.7) 0.546
DPP-4 inhibitors 177 (76.6) 129 (75.9) 48 (78.7) 0.727
SGLT2 inhibitors 40 (17.3) 29 (17.1) 11 (18.0) 0.846
Insulin 19 (8.2) 12 (7.1) 7 (11.5) 0.286
Good medication adherence 177 (76.6) 132 (77.6) 45 (73.8) 0.597

Note: Categorical variables are presented as frequencies (n) and percentages (%). The chi-square

test or Fisher’s exact test was used for

comparisons. P values were not calculated for variables with small numbers. P values <0.05 are presented in bold.

Abbreviations: BMI, body mass index; DPP-4, dipeptidyl peptidase-4; IADL, instrumental activities of daily living; SGLT2, sodium—glucose

cotransporter-2.

Table 5 summarizes factors associated with failure to achieve glycemic targets in the overall study population and in

sex-stratified analyses. In the overall population, polypharmacy (adjusted odds ratio [aOR] 1.98, 95% confidence interval
[CI] 1.14-3.44), limitations in IADL (aOR 1.72, 95% CI 1.14-2.61), and diabetes duration >5 years (aOR 2.07, 95% CI
1.15-3.75) were independently associated with failure to achieve glycemic targets. In sex-stratified analyses, diabetes

duration >5 years was associated with failure to achieve glycemic targets among males (aOR 3.30, 95% CI 1.34-8.13),
whereas dependent income (aOR 3.60, 95% CI 1.18-10.9), polypharmacy (aOR 2.46, 95% CI 1.02-5.95), and limitations
in IADL (aOR 2.39, 95% CI 1.28-4.46) were associated with failure to achieve glycemic targets among females. Factors

Table 5 Factors Associated with Failure to Achieve Glycemic Targets in the Overall Population and by Sex

All (n = 537) Male (n = 306) Female (n = 231)

Adjusted OR (95% CI) P | Adjusted OR (95% CI) P | Adjusted OR (95% CI) P
Dependent income 3.60 (1.18-10.9) | 0.024
Polypharmacy 1.98 (1.14-3.44) | 0.016 1.71 (0.82-3.54) | 0.150 2.46 (1.02-5.95) | 0.045
Dependence in IADL 1.72 (1.14-2.61) | 0.010 1.32 (0.72-2.45) | 0.369 2.39 (1.28-4.46) | 0.006
Diabetes duration 25 years 2.07 (1.15-3.75) | 0.016 3.30 (1.34-8.13) | 0.009
Risk of cognitive impairment 1.27 (0.61-2.66) | 0519
Chronic coronary syndrome 0.60 (0.32-1.14) | 0.120

Note: P values <0.05 are presented in bold.
Abbreviations: Cl, confidence interval; IADL, instrumental activities of daily living; OR, odds ratio.
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associated with failure to achieve fixed glycemic targets in the overall population and in sex-stratified analyses are
presented in Supplementary Table S2. A summary of model performance and multicollinearity diagnostics is provided in

Supplementary Table S3.

Discussion

In this cross-sectional study of older outpatients with T2DM in Southern Vietnam, approximately one-quarter of patients
failed to achieve individualized glycemic targets. Although the overall prevalence of failure to achieve glycemic targets
was similar between males and females, the factors associated with failure to achieve glycemic targets differed by sex. In
the overall study population, polypharmacy, limitations in IADL, and longer diabetes duration were independently
associated with failure to achieve glycemic targets. Sex-stratified analyses demonstrated distinct patterns, whereby longer
diabetes duration was the primary factor associated with failure to achieve glycemic targets among males, whereas
dependent income, polypharmacy, and functional limitations were more strongly associated with failure to achieve
glycemic targets among females.

Prevalence of Failure to Achieve Glycemic Targets in Older Adults with T2DM

In the general population with T2DM, failure to achieve glycemic targets remains highly prevalent worldwide despite
advances in glucose-lowering therapies and the implementation of updated clinical guidelines. A large meta-analysis
including 63 studies and more than 1.6 million individuals reported that approximately 56% of patients with T2DM
failed to achieve guideline-recommended HbA l¢ targets in routine clinical practice.>® This burden appears even greater
in low- and middle-income countries, where a recent systematic review demonstrated that nearly 69% of adults with
T2DM had inadequate glycemic control, defined as an HbAlc level >7.0%.>" In Vietnam, available evidence similarly
indicates that failure to achieve glycemic targets remains common, with one study reporting that 51.9% of adults with
T2DM failed to achieve an HbAlc level <7.0%.%? Together, these findings indicate that failure to achieve glycemic
targets is a global challenge across diverse healthcare settings.

Among older adults with T2DM, glycemic management is further complicated by the need to balance potential
metabolic benefits against increased risks of hypoglycemia, treatment burden, and adverse outcomes related to multi-
morbidity, cognitive impairment, and functional decline. Accordingly, contemporary clinical guidelines emphasize the
individualization of glycemic targets based on overall health status, life expectancy, and cognitive and functional
capacity, rather than applying uniform HbAlc goals to all patients.'' However, at the global level, data on failure to
achieve individualized glycemic targets remain limited. Most existing studies continue to classify glycemic control using
fixed HbA lc¢ thresholds and do not systematically incorporate geriatric conditions when evaluating glycemic outcomes in
older adults. Consequently, the prevalence of failure to achieve glycemic targets based on health status—specific criteria
remains poorly characterized.

This limitation is illustrated by the KASEHPAD study conducted among nursing home residents aged >60 years, in
which 57.3% of patients with T2DM failed to achieve a fixed HbA I¢c threshold of <7.0%.* In contrast, studies applying
individualized HbAlc targets have reported lower rates of failure to achieve glycemic targets. For example, a study
conducted among outpatients aged >60 years in Northern Vietnam, which individualized HbAlc targets according to
geriatric conditions, reported that 18.4% of patients failed to achieve their glycemic targets.'® Consistent with these
findings, our study in Southern Vietnam found that 25.5% of older adults with T2DM failed to achieve individualized
glycemic targets. Taken together, these findings suggest that when glycemic targets are appropriately individualized
based on geriatric health status, the prevalence of failure to achieve glycemic targets among older adults may be lower
than that observed in the general population with T2DM.

This distinction is clinically relevant, as older adults with complex health status may be appropriately assigned less
stringent glycemic targets, such as an HbAlc level <8.0%, to minimize the risk of hypoglycemia and other treatment-
related adverse events, rather than aiming for a universal target of <7.0%. Beyond the use of individualized HbAlc
targets, certain characteristics of our study population may also explain the relatively lower prevalence of failure to
achieve glycemic targets. First, our study included stable outpatients receiving regular follow-up at a tertiary care center,
which may reflect better treatment adherence and closer clinical monitoring than community-based older populations.
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Second, the exclusion of patients with acute medical conditions may have contributed to the lower observed prevalence
of failure to achieve glycemic targets. Together, these factors may explain the lower frequency of failure to achieve
glycemic targets observed in our study compared with previous investigations using fixed HbAlc thresholds.

Sex-related differences in failure to achieve glycemic targets among individuals with T2DM have been reported
inconsistently across studies. Several investigations in the general T2DM population have suggested that women may
have a higher likelihood of failure to achieve glycemic targets than men, potentially attributable to differences in
adiposity, hormonal factors, socioeconomic status, and access to healthcare.**” However, a large study involving
more than 200,000 adults with T2DM in a multi-ethnic middle-income Asian country demonstrated that sex differences
in glycemic control varied by age group, with women exhibiting poorer glycemic control than men in middle age but
better control after the age of 60 years.>® In the present study, the prevalence of failure to achieve glycemic targets was
numerically higher among females than males, although the difference was not statistically significant, highlighting the
complex interplay of biological, functional, and social determinants of glycemic control in later life.

In older adults, sex-specific patterns of failure to achieve glycemic targets may be further shaped by differences in
functional status and social context. Studies in older Asian populations with T2DM have reported that women are more
likely to experience physical frailty,’ lower health-related quality of life, socioeconomic dependency, and longer survival

with chronic disease,*”

all of which may adversely affect diabetes self-management and medication adherence. In
addition, biological factors such as age-related changes in body composition, hormonal milieu, and insulin sensitivity
may differentially influence glycemic regulation between older men and women.'**’ Social determinants, including
access to resources, caregiving roles, and health-seeking behaviors, may further contribute to these differences.*’ In
contrast, older men more frequently have a longer diabetes duration and a higher cardiometabolic risk burden,*® factors
that may predispose them to failure to achieve glycemic targets through different pathways. These mechanisms may
contribute to a similar overall prevalence of failure to achieve glycemic targets despite distinct sex-specific associated

factors.

Factors Associated with Failure to Achieve Glycemic Targets in Older Adults with
T2DM

In the overall study population, failure to achieve glycemic targets was independently associated with polypharmacy,
limitations in IADL, and longer diabetes duration, reflecting the potential interplay of treatment burden, functional
vulnerability, and disease chronicity in relation to glycemic target achievement in older adults. Notably, polypharmacy
and longer diabetes duration were each associated with approximately twofold higher odds of failure to achieve glycemic
targets, suggesting a potential impact of treatment complexity and disease chronicity. Polypharmacy not only reflects
greater clinical complexity but has also been associated with adverse diabetes-related outcomes, including poorer
glycemic control and an increased risk of hypoglycemia, as well as broader health outcomes.** Similarly, limitations
in IADL were associated with a moderate increase in risk, underscoring the importance of functional capacity in diabetes
self-management. Limitations in IADL may reflect reduced ability to perform essential diabetes self-management tasks,
highlighting the potential role of functional status, beyond chronological age, in achieving individualized glycemic
targets.*** In addition, longer diabetes duration reflects cumulative metabolic burden and disease progression, which
may be associated with increasing difficulty in maintaining glycemic control over time.*> However, given the cross-
sectional design, these associations should be interpreted with caution, as reverse causality cannot be excluded.

In males, longer diabetes duration was the only independent factor associated with failure to achieve glycemic targets,
suggesting a role of disease chronicity and biological progression in this group. Long-standing T2DM is characterized by
progressive B-cell dysfunction and declining endogenous insulin secretion,*® which may outweigh the influence of
functional or socioeconomic factors in older men. The absence of significant associations with functional dependence
or income status among males suggests that failure to achieve glycemic targets in this group may be more closely related
to intrinsic disease severity rather than contextual factors. These findings support the importance of timely treatment
optimization and proactive clinical monitoring in older men with long-standing T2DM to mitigate the impact of disease
progression on glycemic target achievement.
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In contrast, among females, failure to achieve glycemic targets was independently associated with dependent income,
polypharmacy, and limitations in IADL, highlighting the role of socioeconomic and functional vulnerability in shaping
glycemic outcomes. The magnitude of these associations suggests that financial dependency and functional impairment
may affect glycemic management in older women. Economic dependency may limit access to healthcare resources and
continuity of treatment, while polypharmacy increases regimen complexity and may affect medication adherence.***’
Limitations in IADL further reflect reduced ability to manage complex diabetes-related tasks required for glycemic
control.***** Unlike in males, these findings suggest that contextual and geriatric factors may contribute to failure to
achieve glycemic targets in older women. Accordingly, interventions focusing on treatment simplification, functional
support, and the mitigation of socioeconomic barriers may be relevant for improving glycemic outcomes in this
population.

This study has some features that may strengthen the validity of the findings, including the use of individualized
glycemic targets based on geriatric assessment and the incorporation of sex-stratified analyses. However, several
limitations should be acknowledged. First, the cross-sectional design precludes causal inference between the identified
factors and failure to achieve glycemic targets. Second, the study was conducted at a single tertiary care center and
required ongoing follow-up, which may have selected patients with more stable disease and greater engagement with
healthcare services. As a result, the findings may not fully reflect glycemic control patterns in the broader community,
particularly in primary care or underserved settings, and the prevalence of failure to achieve glycemic targets may be
underestimated. Third, although a comprehensive geriatric assessment was performed, some variables were self-reported
and may be subject to recall and social desirability bias. Fourth, the assessment of glycemic control relied solely on
HbAlc, which may not fully capture the complexity and appropriateness of glycemic management in older adults.
Clinically relevant measures, such as hypoglycemic events, glycemic variability, time in range, and detailed treatment-
related factors (including medication dosage, treatment intensity, and therapeutic adjustments), were not systematically
collected, which may limit the interpretation of glycemic control in a geriatric context. Fifth, variable selection for
multivariable models was partly based on statistical criteria from univariate analyses, which may have resulted in the
exclusion of some clinically relevant confounders. Sixth, residual confounding from unmeasured factors, including
caregiver involvement and healthcare access, cannot be excluded. In addition, some variables, such as medication
adherence and nutritional status, were not included in multivariable models due to limited relevance or variability.
Finally, although analyses were stratified by sex, the sample size within subgroups may have limited statistical power to
detect smaller sex-specific associations. Residual confounding by unmeasured factors, such as social support or caregiver
involvement, also cannot be excluded.

Conclusions

Failure to achieve individualized glycemic targets remains common among older adults with T2DM in Vietnam when
assessed using geriatric-based criteria. Although the overall prevalence was similar between males and females, the
associated factors differed by sex, with longer diabetes duration predominating among males and functional, socio-
economic, and treatment-related factors more relevant among females. These findings suggest that incorporating
comprehensive geriatric assessment and sex-sensitive approaches may help individualize glycemic targets and optimize
diabetes management in older adults with T2DM.
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