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Abstract

Background and Objectives: Glycated hemoglobin (HbA1c) is widely used as a marker of
long-term glycemic control and metabolic risk, and represents a cornerstone in the diag-
nosis and management of diabetes mellitus, as endorsed by major international diabetes
guidelines. However, its interpretation is typically uniform across patient populations,
despite growing evidence that the biological and clinical significance of a given HbA1c
value may vary depending on individual characteristics. Materials and Methods: In this
cross-sectional observational study, 839 adult subjects from a real-world clinical cohort
were analyzed to assess HbA1c variability and its association with cumulative diabetes-
related complication burden (neuropathy, retinopathy, nephropathy, peripheral arterial
disease), used here as a proxy for biological risk. Biological risk was assessed using the
cumulative number of documented diabetes-related complications. To evaluate whether
similar HbA1c values reflect comparable biological risk, comparisons were conducted
within a predefined HbA1c stratum (6.0–6.9%). Linear regression and stratified analyses
were used to explore context-dependent associations between HbA1c and cumulative
complication burden. Results: HbA1c distributions showed substantial overlap across sex
and obesity categories, with no marked differences in central tendency. Within the HbA1c
range of 6.0–6.9%, differences in cumulative complication burden were observed across
subgroups, with males and obese individuals showing a numerically higher mean number
of complications despite comparable glycemic levels. Subgroup-specific regression analyses
suggested heterogeneous associations between HbA1c and complication burden, indicating
potential modification of HbA1c-related risk by clinical context. Conclusions: These findings
demonstrate that the clinical interpretation of HbA1c should be contextualized. Identical
HbA1c values may be associated with different complication profiles depending on sex
and obesity status. Incorporating clinical context into HbA1c-based risk assessment may
help inform more personalized approaches to metabolic risk stratification.
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1. Introduction
Glycated hemoglobin (HbA1c) is widely used as a marker of long-term glycemic

exposure and represents a cornerstone in the diagnosis and management of diabetes
mellitus. Disease duration may further modify this relationship by influencing cumulative
glycemic exposure and complication risk. Its simplicity and standardized measurement
have led to broad clinical adoption, often resulting in HbA1c being interpreted as a universal
indicator of metabolic risk across diverse patient populations [1–4]. Beyond diabetes
management, HbA1c has also been associated with subclinical cardiovascular dysfunction
even in non-diabetic populations [5].

However, accumulating evidence suggests that the biological meaning of a given
HbA1c value may vary according to individual clinical characteristics. Factors such as
sex, adiposity, age, and comorbid conditions can influence glucose metabolism, erythro-
cyte turnover, inflammatory status, and tissue susceptibility to metabolic injury. As a
result, identical HbA1c values may not reflect equivalent degrees of metabolic stress or
complication risk across different patient subgroups [6–9].

Sex-related differences in HbA1c interpretation have been attributed to hormonal
influences, variations in red blood cell lifespan, and differences in inflammatory and oxida-
tive stress responses. Similarly, obesity is a key modifier of metabolic risk, contributing to
insulin resistance, chronic low-grade inflammation, and altered glycemic dynamics. These
factors may modify the relationship between HbA1c and downstream clinical outcomes,
including microvascular complications [10].

Despite these considerations, current clinical practice largely relies on uniform HbA1c
thresholds for risk assessment and therapeutic decision-making. This approach may
obscure clinically relevant heterogeneity, particularly in patients with intermediate or
borderline glycemic values. Evaluating HbA1c variability and its clinical implications
within relevant subgroups may therefore provide valuable insights into personalized risk
stratification [11].

The aim of the present study was to investigate the determinants of HbA1c variability
and its association with diabetes-related complication burden across clinically relevant
subgroups, focusing on sex and obesity status. Using complication burden, quantified as
the cumulative number of documented diabetes-related complications per patient, this
study aims to highlight the importance of contextualizing HbA1c interpretation in routine
clinical practice.

2. Materials and Methods
2.1. Study Design and Population

This cross-sectional observational study included adult subjects with available data on
HbA1c levels, clinical characteristics, and diabetes-related complications, retrospectively
collected from an institutional database between 2021 and 2024. Only participants with
complete information on HbA1c, sex, obesity status, and documented complication data
were included in the present analyses.

The study population represents a real-world clinical cohort with heterogeneous
metabolic profiles, allowing subgroup-based evaluation of HbA1c variability and its
clinical implications. The cohort was ethnically homogeneous and predominantly Cau-
casian/European, reflecting the regional population structure. Due to limited ethnic
variability, ethnicity-based subanalyses were not feasible.
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2.2. Clinical and Metabolic Assessment

Demographic variables included age and sex. Glycemic status was assessed using
HbA1c (%) and fasting plasma glucose (mg/dL), measured according to standard labora-
tory procedures.

Obesity status was defined based on body mass index (BMI) and categorized as nor-
mal weight, overweight, and obesity grades I–III, in accordance with standard clinical
classifications: normal weight (18.5–24.9), overweight (25–29.9), obesity I (30–34.9), obe-
sity II (35–39.9), obesity III (≥40 kg/m2). For selected analyses, obesity categories were
further grouped into non-obese (normal weight and overweight) and obese (grades I–III)
to facilitate subgroup comparisons.

HbA1c was analyzed as a continuous variable in all primary analyses. No diagnostic
categorization based on HbA1c thresholds was applied, except for predefined stratified
analyses within narrow HbA1c intervals, identified from documented clinical diagnoses
recorded in medical records by treating specialists. HbA1c measurements were performed
in a certified clinical laboratory using standardized methods aligned with NGSP and IFCC
reference systems.

2.3. Assessment of Diabetes-Related Complications

Diabetes-related complications were identified from documented clinical diagnoses
and included peripheral neuropathy, diabetic retinopathy, diabetic nephropathy, and
peripheral arterial disease. Complications were identified from documented diagnoses
recorded by treating specialists in medical records. Patients were not assumed complication-
free unless prior evaluation was documented. Complication status was based on docu-
mented specialist diagnoses recorded in routine clinical care. In the absence of documented
evaluation, complication status was treated as not documented rather than absent.

A cumulative complication burden was calculated for each subject as the total num-
ber of documented diabetes-related complications. For subgroup comparisons, both the
cumulative number of complications and the presence of at least one complication were
evaluated, as appropriate.

2.4. Subgroup and Stratified Analyses

Subgroup analyses were performed according to sex (female vs. male) and obesity
status. To assess whether similar HbA1c values were associated with different complication
burdens across subgroups, analyses were restricted to a predefined HbA1c stratum of
6.0–6.9%, representing a clinically relevant intermediate glycemic range.

Within this HbA1c stratum, differences in cumulative complication burden were
compared across sex and obesity categories using non-parametric statistical tests.

2.5. Statistical Analysis

Continuous variables are presented as mean ± standard deviation or median, as
appropriate. Categorical variables are presented as number and percentage.

Group comparisons were performed using the Mann–Whitney U test for two-group
comparisons (sex) and the Kruskal–Wallis test for comparisons across multiple obesity
categories. Linear regression analyses were conducted within subgroups to explore
context-dependent associations between HbA1c and cumulative complication burden.
Regression coefficients (β) represent the estimated change in the number of complications
per 1% increase in HbA1c. Interaction analyses were exploratory and not adjusted for
multiple testing.

Additional sex-stratified analyses were performed to compare HbA1c levels and
complication burden across obesity categories within each sex.
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All analyses were considered exploratory and were interpreted accordingly. Statistical
analyses were performed using IBM SPSS Statistics (version 30, IBM Corp., Armonk, NY,
USA). A two-sided p-value < 0.05 was considered statistically significant.

3. Results
3.1. HbA1c Variability Across Sex and Obesity Subgroups

HbA1c values showed substantial variability across clinical subgroups defined by sex
and obesity status. Within HbA1c 6.0–6.9%, males showed a higher mean complication
count than females (0.81 vs. 0.69), although this difference did not reach statistical signifi-
cance (p = 0.133). Median HbA1c values were comparable between sexes (6.8% (IQR 6.2–7.4)
in females vs. 7.0% (IQR 6.4–7.8) in males), indicating overlapping glycemic distributions
(Table 1).

Table 1. Baseline characteristics of the study cohort (n = 839).

Variable Value

Age (years)

Mean ± SD 63.11 ± 10.23

Median (IQR) 64 (56–70)

Min–Max 27–90

Sex, n (%)

Male 432 (51.5%)

Female 407 (48.5%)

HbA1c (%)

Mean ± SD 7.43 ± 1.79

Median (IQR) 6.9 (6.2–8.1)

Min–Max 4.6–18.3
Data are presented as mean ± standard deviation or median (interquartile range), as appropriate. Categorical
variables are presented as number (percentage). HbA1c values were obtained from routine clinical measurements
performed in a certified laboratory aligned with NGSP/IFCC standards. HbA1c, glycated hemoglobin; SD,
standard deviation; IQR, interquartile range; NGSP, National Glycohemoglobin Standardization Program; IFCC,
International Federation of Clinical Chemistry and Laboratory Medicine.

Across obesity categories, HbA1c values demonstrated heterogeneous distributions.
Mean HbA1c tended to be higher in individuals with obesity, particularly in those classified
as obesity grade I and III; however, overall differences across BMI-defined categories were
not statistically significant (Kruskal–Wallis p = 0.477). Despite similar median values across
groups, wider dispersion and higher extreme values were observed in obese subgroups
(Figure 1).

These findings indicate that similar HbA1c values may occur across different clinical
contexts, with substantial overlap between sex- and obesity-defined subgroups, suggesting
that HbA1c interpretation should be contextualized rather than viewed as a uniform marker
of metabolic risk (Table 2).
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(A) (B) 

Figure 1. HbA1c distribution by sex (A) and across obesity categories (B). Boxplot illustrating the
distribution of HbA1c values by sex and the distributions across BMI-defined obesity categories. The
central line represents the median, the box indicates the interquartile range, and individual points
represent outliers. Despite overlapping medians, greater dispersion and higher extreme values are
observed in obese subgroups. Circles (o) indicate mild outliers (>1.5×IQR), and asterisks (*) indicate
extreme outliers (>3×IQR).

Table 2. Distribution of HbA1c across sex and obesity categories.

Parameter n Mean ± SD (%) Median (IQR) Min–Max

Sex

Female 407 7.97 ± 6.41 7.0 (6.2–8.3) 5.0–18.3

Male 432 7.32 ± 1.65 6.8 (6.1–8.0) 4.6–15.9

p-value 0.133

Obesity category

Normal weight 192 7.33 ± 1.83 6.8 (6.1–8.0) 4.6–15.9

Overweight 198 7.35 ± 1.70 6.8 (6.2–8.1) 5.2–15.2

Obesity grade I 270 8.12 ± 7.70 7.0 (6.3–8.5) 5.0–18.3

Obesity grade II 124 7.42 ± 1.88 6.8 (6.2–8.0) 5.3–18.0

Obesity grade III 55 7.82 ± 2.15 7.1 (6.3–8.5) 5.2–13.4

p-value 0.477
HbA1c values are presented as mean ± standard deviation and median. Group comparisons were performed
using the Mann–Whitney U test (sex) and Kruskal–Wallis test (obesity categories).

3.2. Differential Complication Burden at Similar HbA1c Levels

To evaluate whether similar HbA1c values reflect comparable biological risk across
clinical subgroups, analyses were performed within a predefined HbA1c stratum of
6.0–6.9%, corresponding to a frequently encountered intermediate glycemic range.

Within this HbA1c interval, the cumulative burden of diabetes-related complications
differed modestly across sex subgroups. Male participants exhibited a slightly higher mean
number of complications compared to females (0.81 vs. 0.69), although this difference
did not reach statistical significance (p = 0.221). Median values were identical in both
groups (median = 1), indicating overlapping complication distributions despite similar
glycemic exposure.

When stratified by obesity status, individuals with obesity—particularly those clas-
sified as obesity grade I and II—tended to present a higher mean complication burden
compared to normal-weight subjects (0.83–0.76 vs. 0.64). However, differences across
obesity categories were not statistically significant (Kruskal–Wallis p = 0.116). Notably,
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variability within obesity subgroups was substantial, with overlapping medians and wide
dispersion of complication counts.

Overall, these findings indicate that patients with comparable HbA1c values may ex-
hibit different degrees of complication burden depending on sex and adiposity, supporting
the concept that HbA1c interpretation should be contextualized within the clinical profile
rather than applied uniformly (Table 3).

Table 3. Cumulative complication burden within the HbA1c 6.0–6.9% stratum.

Parameters n Mean Number of Complications Median

Sex

Female 158 0.69 1

Male 136 0.81 1

p-value 0.221

Obesity category

Normal weight 64 0.64 0

Overweight 75 0.79 1

Obesity grade I 94 0.83 1

Obesity grade II 45 0.76 1

Obesity grade III 16 0.44 0

p-value 0.116
Analyses were restricted to participants with HbA1c values between 6.0% and 6.9%. Data are presented as mean
and median number of complications. Group comparisons were performed using the Mann–Whitney U test (sex)
and the Kruskal–Wallis test (obesity categories).

The complication burden at similar HbA1c levels (6.0–6.9%) is presented in Figure 2.

Complication burden by sex at similar HbA1c levels (6.0–6.9%) Complication burden by obesity category at similar HbA1c levels (6.0–6.9%) 

  

Gender Obesity category 
(A) (B) 

Figure 2. Differential complication burden at similar HbA1c levels (6.0–6.9%). (A) Complication
burden by sex. Boxplot illustrating the distribution of the cumulative number of diabetes-related
complications in female and male subjects within the HbA1c range of 6.0–6.9%. Despite comparable
HbA1c values, variability in complication burden is observed between sexes. (B) Complication burden
by obesity category. Boxplot illustrating the distribution of the cumulative number of diabetes-related
complications across BMI-defined obesity categories among subjects with HbA1c values between
6.0% and 6.9%. Overlapping medians and wide dispersion highlight heterogeneous complication
burden at similar glycemic levels.
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3.3. Distribution of Outcomes by Sex Within Obesity Groups

Sex-stratified analyses were conducted to evaluate HbA1c levels and complication
burden across BMI-defined obesity categories.

Among females, mean HbA1c values were comparable across obesity groups
(7.42–7.99%). The cumulative complication burden showed modest variation but no con-
sistent gradient. Kruskal–Wallis testing indicated no significant differences across obesity
categories for either HbA1c (p = 0.605) or complication burden (p = 0.552).

Among males, mean HbA1c ranged from 7.15% to 7.55% across obesity categories.
Complication burden tended to be higher in obesity grade III; however, differences across
categories were not statistically significant. Kruskal–Wallis testing again showed no signifi-
cant differences for HbA1c (p = 0.122) or complication burden (p = 0.122).

Overall, these findings suggest broadly similar HbA1c and complication patterns
across obesity categories within each sex, without statistically significant within-sex differ-
ences (Table 4).

Table 4. Sex-stratified analysis across obesity categories.

Obesity
Category n Mean HbA1c ± SD Mean

Complications
KW p-Value

(HbA1c)
KW p-Value

(Complications)

Female

Normal weight 95 7.50 ± 1.89 0.83

0.605 0.552

Overweight 97 7.56 ± 1.75 0.88

Obesity I 123 7.53 ± 1.86 0.81

Obesity II 58 7.42 ± 2.19 0.74

Obesity III 34 7.99 ± 2.24 0.65

Male

Normal weight 97 7.15 ± 1.76 0.81

0.122 0.122

Overweight 101 7.15 ± 1.63 0.86

Obesity I 147 7.46 ± 1.55 0.68

Obesity II 66 7.42 ± 1.58 0.79

Obesity III 21 7.55 ± 2.03 1.19
Data are presented as mean ± standard deviation (SD) for HbA1c and as mean number of complications
per patient. Obesity categories were defined according to body mass index (BMI) as follows: normal weight
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), obesity grade I (30.0–34.9 kg/m2), obesity grade II
(35.0–39.9 kg/m2), and obesity grade III (≥40 kg/m2). Kruskal–Wallis (KW) tests were performed within
each sex to compare HbA1c levels and cumulative complication burden across obesity categories. Reported
p-values correspond to overall between-category comparisons within females and within males, respectively.
HbA1c, glycated hemoglobin; SD, standard deviation; BMI, body mass index.

3.4. Interaction Effects Between HbA1c and Clinical Context

To formally assess whether the association between HbA1c and complication burden
is modified by clinical context, interaction analyses were performed between HbA1c and
sex, as well as between HbA1c and obesity status.

Interaction models suggested that the relationship between HbA1c and cumulative
complication burden differed modestly across sex subgroups. While increasing HbA1c
values were associated with higher complication burden in both sexes, the slope of this
association appeared slightly steeper in male subjects compared to females, indicating a
potentially greater sensitivity to glycemic exposure in males at comparable HbA1c levels.
However, the interaction term did not reach statistical significance, reflecting overlapping
risk patterns between sexes.

https://doi.org/10.3390/medicina62030451

https://doi.org/10.3390/medicina62030451


Medicina 2026, 62, 451 8 of 12

Similarly, analyses exploring the interaction between HbA1c and obesity status in-
dicated heterogeneous risk trajectories across BMI-defined categories. In obese individ-
uals, higher HbA1c values tended to be associated with a more pronounced increase
in complication burden compared to normal-weight subjects, suggesting that adiposity
may amplify the biological impact of chronic hyperglycemia. Nevertheless, interaction
terms did not reach formal statistical significance, likely due to limited power within
individual subgroups.

Although β coefficients were numerically small, they represent incremental changes
per 1% HbA1c increase and should be interpreted in the context of cumulative long-term
glycemic exposure.

Overall, although interaction effects were modest, these findings support the concept
that HbA1c does not convey identical biological meaning across different clinical contexts.
Sex and obesity appear to influence the expression of complication risk at similar HbA1c
levels, reinforcing the need for contextualized interpretation of glycemic markers in clinical
practice (Table 5).

Table 5. Context-dependent associations between HbA1c and cumulative complication burden.

Subgroup n β (Slope) * r p-Value

Sex

Female 432 0.046 0.095 0.048

Male 407 0.013 0.106 0.032

Obesity status

Normal/Overweight 390 0.050 0.110 0.030

Obese (I–III) 449 0.014 0.105 0.026
* β represents the estimated increase in the number of complications per 1% increase in HbA1c. Subgroup-specific
linear regression analyses were performed to explore potential interaction effects between HbA1c and clinical
context. Results are presented descriptively and should be interpreted as exploratory.

4. Discussion
In this study, we explored the clinical determinants of HbA1c variability and its

association with complication burden across relevant patient subgroups, focusing on sex
and obesity as key modifiers. Our findings indicate that identical HbA1c values do not
necessarily reflect equivalent biological or clinical risk, emphasizing the importance of
contextualized interpretation of glycemic markers.

4.1. HbA1c Variability Across Clinical Subgroups

We observed substantial overlap in HbA1c distributions across sex and obesity cat-
egories, with no marked differences in central tendency. However, greater dispersion
and higher extreme values were observed in certain subgroups, particularly among obese
individuals. These findings suggest that HbA1c variability is influenced by underlying
clinical context rather than being a uniform marker across populations [12–16].

Sex-related differences in HbA1c interpretation may reflect biological factors such as
erythrocyte turnover, hormonal influences, and differences in inflammatory or oxidative
stress profiles. Similarly, obesity is associated with insulin resistance, chronic low-grade
inflammation, and altered glucose metabolism, which may modify the relationship between
HbA1c and downstream metabolic consequences [17–20].

4.2. Variation in Complication Burden at Equivalent Glycemic Control

A central finding of this study is that patients with comparable HbA1c values can
exhibit different degrees of complication burden depending on sex and obesity status.
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Within a narrow HbA1c range (6.0–6.9%), males and individuals with obesity tended to
show a higher cumulative number of complications compared to their counterparts, despite
similar glycemic exposure [21–24].

These observations reinforce the concept that HbA1c alone may be insufficient to
fully characterize metabolic risk. Instead, HbA1c should be interpreted alongside clinical
modifiers that influence tissue susceptibility and cumulative metabolic damage [25].

4.3. Context-Dependent Associations and Interaction Effects

Exploratory interaction analyses further suggested that the association between HbA1c
and complication burden may differ across clinical contexts. Subgroup-specific regression
analyses indicated varying slopes linking HbA1c to complication burden by sex and obesity
status, supporting the hypothesis that the biological meaning of HbA1c is not constant
across patient populations [26–29].

Although interaction terms did not reach formal statistical significance, the consistency
of directional trends across analyses suggests potential effect modification that warrants
further investigation in larger, prospectively designed cohorts.

4.4. Clinical Implications

From a clinical perspective, these findings highlight the limitations of a “one-size-fits-
all” approach to HbA1c interpretation. Patients with similar HbA1c values may require
different levels of surveillance and intervention depending on sex, adiposity, and over-
all clinical profile. Integrating subgroup-specific context into glycemic assessment may
improve risk stratification and support more personalized clinical decision-making [30–33].

4.5. Strengths and Limitations

The strengths of this study include the use of a real-world clinical cohort, the focus on
clinically relevant subgroups, and the integration of descriptive, stratified, and interaction-
based analytical approaches. However, several limitations should be acknowledged. The
cross-sectional design limits causal inference, and subgroup analyses may have been un-
derpowered to detect statistically significant interaction effects. Additionally, unmeasured
confounders, such as disease duration, treatment intensity, and lifestyle factors, may have
influenced observed associations.

In summary, our findings suggest that the interpretation of HbA1c should be contextu-
alized within the clinical profile of the patient. Sex and obesity may modify the relationship
between HbA1c and complication burden, supporting the concept that the same HbA1c
value does not equate to the same biological risk across individuals. Not all participants
underwent systematic screening for each complication. Future studies should further
investigate subgroup-specific HbA1c thresholds and their implications for personalized
metabolic risk assessment.

5. Conclusions
This study demonstrates that HbA1c variability and its association with complication

burden are influenced by clinical context. Sex and obesity appear to influence the relation-
ship between HbA1c and metabolic risk, indicating that identical HbA1c values may reflect
different biological and clinical profiles across patient subgroups.

Our findings support the concept that HbA1c should not be interpreted in isolation.
Incorporating subgroup-specific clinical characteristics may improve the assessment of
metabolic risk and help identify individuals who require closer monitoring or earlier
intervention despite similar glycemic values.
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Overall, these results underscore the potential need for a more personalized approach
to glycemic assessment, in which HbA1c is interpreted within the broader clinical context
rather than as a uniform risk marker.
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23. Açmaz, B.; Bahçebaşı, S.; Aydın, E.; Yıldız, Ş.; Biçer, İ. Comparison of HbA1c and OGTT results in obese and morbidly obese
patients: A single-center evaluation from an obesity clinic. J. Diabetes Res. 2025, 2025, 9933219. [CrossRef]

24. Vaidya, R.A.; Desai, S.; Moitra, P.; Salis, S.; Agashe, S.; Battalwar, R.; Mehta, A.; Madan, J.; Kalita, S.; Udipi, S.A.; et al.
Hyperinsulinemia: An early biomarker of metabolic dysfunction. Front. Clin. Diabetes Healthc. 2023, 4, 1159664. [CrossRef]

25. Unluer, A.N.; Findik, R.B.; Sevinc, N.; Karakaya, J. Comparison of HbA1c levels in obese and non-obese polycystic ovarian
patients. Clin. Exp. Obstet. Gynecol. 2013, 40, 148–150.

26. Masrouri, S.; Hasanpour, A.; Ebrahimi, N.; Hadaegh, F. Interplay of glycated hemoglobin and traditional risk factors for the risk
of atherosclerotic cardiovascular disease and all-cause mortality in people without diabetes. Cardiovasc. Diabetol. 2025, 24, 406.
[CrossRef] [PubMed]

27. Lin, W. The association between body mass index and glycohemoglobin (HbA1c) in the US population’s diabetes status. Int. J.
Environ. Res. Public Health 2024, 21, 517. [CrossRef] [PubMed]

28. Monnier, L.; Colette, C.; Bonnet, F.; Renard, E.; Owens, D. HbA1c variability and diabetes complications: Assessment and
implications. Diabetes Metab. 2023, 49, 101399. [CrossRef]

29. Danciu, A.M.; Ghitea, T.C.; Bungau, A.F.; Vesa, C.M. The relationship between oxidative stress, selenium, and cumulative risk in
metabolic syndrome. Vivo 2023, 37, 2877–2887. [CrossRef]

30. Song, Y.; Beltran Puerta, J.; Medina-Aedo, M.; Canelo-Aybar, C.; Valli, C.; Ballester, M.; Rocha, C.; Garcia, M.L.; Salas-Gama,
K.; Kaloteraki, C.; et al. Self-management interventions for adults living with type II diabetes to improve patient-important
outcomes: An evidence map. Healthcare 2023, 11, 3156. [CrossRef]

31. Ingul, C.B.; Hollekim-Strand, S.M.; Sandbakk, M.M.; Grønseth, T.I.; Rånes, T.I.K.; Dyrendahl, L.T.; Eilertsen, K.; Kristensen, S.;
Follestad, T.; Løfaldli, B.B. Empowerment in type 2 diabetes: A patient-centred approach for lifestyle change. Diabetes Res. Clin.
Pract. 2025, 220, 111998. [CrossRef] [PubMed]

https://doi.org/10.3390/medicina62030451

https://doi.org/10.1007/s10157-015-1110-6
https://doi.org/10.1016/j.ebiom.2022.104259
https://www.ncbi.nlm.nih.gov/pubmed/36179552
https://doi.org/10.1186/s12916-021-02054-w
https://doi.org/10.1186/s12933-022-01445-4
https://www.ncbi.nlm.nih.gov/pubmed/35073913
https://doi.org/10.3390/nu15051191
https://www.ncbi.nlm.nih.gov/pubmed/36904190
https://doi.org/10.1177/19322968221100833
https://doi.org/10.3390/medicina61112042
https://doi.org/10.14744/scie.2024.07992
https://doi.org/10.3390/medicina61081433
https://doi.org/10.3390/jcm13237487
https://doi.org/10.24983/scitemed.de.2017.00044
https://doi.org/10.1016/j.redox.2021.101887
https://doi.org/10.3109/07853890.2015.1127406
https://doi.org/10.26911/theijmed.2024.9.4.802
https://doi.org/10.1155/jdr/9933219
https://doi.org/10.3389/fcdhc.2023.1159664
https://doi.org/10.1186/s12933-025-02968-2
https://www.ncbi.nlm.nih.gov/pubmed/41137002
https://doi.org/10.3390/ijerph21050517
https://www.ncbi.nlm.nih.gov/pubmed/38791732
https://doi.org/10.1016/j.diabet.2022.101399
https://doi.org/10.21873/invivo.13406
https://doi.org/10.3390/healthcare11243156
https://doi.org/10.1016/j.diabres.2025.111998
https://www.ncbi.nlm.nih.gov/pubmed/39826650
https://doi.org/10.3390/medicina62030451


Medicina 2026, 62, 451 12 of 12

32. Gonzalez, A.; Deng, Y.; Lane, A.N.; Benkeser, D.; Cui, X.; Staimez, L.R.; Ford, C.N.; Khan, F.N.; Markley Webster, S.C.; Leong, A.;
et al. Impact of mismatches in HbA1c vs glucose values on the diagnostic classification of diabetes and prediabetes. Diabet. Med.
2020, 37, 689–696. [CrossRef] [PubMed]

33. Strydom, H.; Muchiri, J.; Delport, E.; White, Z. Adherence to personalised nutrition education based on glycemic and food insulin
index principles and their association with blood glucose control in individuals with type 2 diabetes mellitus. Int. J. Environ. Res.
Public Health 2025, 22, 925. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/medicina62030451

https://doi.org/10.1111/dme.14181
https://www.ncbi.nlm.nih.gov/pubmed/31721287
https://doi.org/10.3390/ijerph22060925
https://www.ncbi.nlm.nih.gov/pubmed/40566351
https://doi.org/10.3390/medicina62030451

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Clinical and Metabolic Assessment 
	Assessment of Diabetes-Related Complications 
	Subgroup and Stratified Analyses 
	Statistical Analysis 

	Results 
	HbA1c Variability Across Sex and Obesity Subgroups 
	Differential Complication Burden at Similar HbA1c Levels 
	Distribution of Outcomes by Sex Within Obesity Groups 
	Interaction Effects Between HbA1c and Clinical Context 

	Discussion 
	HbA1c Variability Across Clinical Subgroups 
	Variation in Complication Burden at Equivalent Glycemic Control 
	Context-Dependent Associations and Interaction Effects 
	Clinical Implications 
	Strengths and Limitations 

	Conclusions 
	References

