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Abstract

Background/Objectives: The aim of this study is to describe sex- and age-specific patterns
of HbA1c in adults with type 2 diabetes (T2D) mellitus across three temporal cohorts
from Southern Italy (2012, 2017, and 2024), and to assess whether glycemic differences
between men and women persist, narrow, or evolve over time. Methods: We analyzed three
independent cohorts of adults with T2D, including 1249 patients in 2012 and 1125 patients
in both 2017 and 2024. HbA1c values were summarized as medians and interquartile ranges
within sex- and age-stratified groups. Temporal variation in cohort-specific median HbA1c
was examined across timepoints within each sex and age category, and sex differences
were assessed within each cohort year. Results: At the population level, median HbA1c
values remained within a narrow range across all three cohorts, indicating overall temporal
stability of glycemic control. No significant sex differences were observed in 2012 or
2024, and only one age stratum (≥80 years) showed a significant sex difference in 2017,
with men exhibiting slightly higher median HbA1c. Age-stratified analyses revealed
heterogeneous temporal patterns. In older adults (≥70 years), HbA1c medians were
remarkably stable in both sexes (approximately 7.2–7.4% in women and 7.2–7.6% in men).
In midlife (40–59 years), women tended to show modest increases or partial reversals in
HbA1c, whereas men displayed worsening between 2012 and 2017 followed by stabilization
thereafter. The youngest adults (18–29 and 30–39 years) showed the highest HbA1c levels
in 2017 and the largest subsequent improvements between 2017 and 2024 in both sexes,
with median values decreasing toward approximately 7.1–7.6%. Conclusions: Despite
well-described biological and social sex differences in T2D, median HbA1c values in this
real-world setting were broadly comparable between men and women and largely stable
over a 12-year period. Sex differences were small, inconsistent, and age-dependent, with
age, and not sex, emerging as the primary determinant of HbA1c over time. These findings
suggest that sex-related disparities in glycemic control may be better understood through a
dynamic, life-course perspective rather than static cross-sectional comparisons.
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1. Introduction
Sex and gender are increasingly recognized as fundamental determinants of metabolic

health, influencing the epidemiology, clinical expression, and therapeutic response of type
2 diabetes (T2D) mellitus. Historically, however, medical research has been shaped by a
persistent male-biased paradigm, with clinical trials and guideline development relying
predominantly on male cohorts and often overlooking sex-specific differences in glucose
regulation and cardiometabolic risk [1].

From a biological perspective, several mechanisms underpin sex-dependent differ-
ences in glucose homeostasis. Premenopausal women benefit from the insulin-sensitizing
effects of estrogens, which modulate adipose distribution, hepatic glucose output, inflam-
mation, and β-cell survival, conferring partial metabolic protection that declines sharply
after menopause [2]. Men, conversely, develop T2D at a younger age and at lower BMI
due to increased visceral adiposity, lipotoxicity, and early hepatic insulin resistance, which
accelerate β-cell exhaustion [3]. These sex-linked differences generate distinct metabolic
trajectories across the lifespan, with women often showing glycemic deterioration after
menopause and men manifesting earlier metabolic impairment, although the extent to
which these mechanisms translate into persistent differences in HbA1c at the population
level remains debated.

Beyond biological mechanisms, gendered behavioral, psychological, and social de-
terminants further shape glycemic patterns. Women with diabetes have higher rates of
depression, obesity, disordered eating, and physical inactivity, all of which impair glycemic
control and treatment adherence [4]. Conversely, men more frequently smoke, consume
alcohol, and delay healthcare engagement, yet may paradoxically receive more aggressive
therapeutic intensification, particularly in cardiovascular prevention, partly due to clinician
biases and gendered risk perception [5,6]. These opposing forces produce complex patterns
in glycemic control that may vary across age groups and disease duration.

Epidemiological studies consistently report that women with T2D have higher HbA1c,
a lower likelihood of achieving glycemic targets, and a disproportionately higher cardiovas-
cular risk compared with men, despite similar or better cardiometabolic risk profiles in the
general (non-diabetic) population [7,8]. Large Italian cohorts, including the MIND.IT study,
have shown that women exhibit higher mean HbA1c values across multiple age groups,
particularly among individuals aged ≥65 years, highlighting the convergence of metabolic
decline and postmenopausal physiological changes [9,10]. However, these findings are
not universal, and more recent real-world studies suggest that absolute sex differences in
HbA1c may be small, inconsistent, or context-dependent.

Notably, some investigations indicate that static sex differences in mean HbA1c may
be modest, while the pattern of glycemic progression over time, its slopes, inflection points,
and variability, may differ more substantially between men and women [11,12]. These
findings suggest that sex disparities may manifest not only in absolute values but also in
age-specific and duration-specific glycemic trajectories, a point particularly relevant for
interpreting real-world datasets.

Recent real-world evidence has highlighted that HbA1c trajectories differ not only
between men and women but also across age groups, with younger adults showing the
greatest glycemic volatility and mid-life patients exhibiting the steepest deterioration
slopes [13–15]. These observations resonate with long-standing findings that the strongest
determinant of worsening glycemic control is disease duration, more than chronological
ageing, as progressive β-cell exhaustion supersedes the contribution of age alone [16,17]. Im-
portantly, duration-dependent deterioration may manifest differently in men and women,
with women showing more abrupt worsening after menopause due to the loss of estrogenic
protection and concurrent increases in visceral adiposity and inflammatory burden [18].
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At the same time, HbA1c may underestimate or misclassify glycemic exposure in a
sex-specific manner. Men tend to have shorter erythrocyte lifespan and greater hemolysis
rates, leading to potentially lower HbA1c for the same degree of hyperglycemia, whereas
women often exhibit more pronounced post-prandial hyperglycemia, not well captured by
HbA1c, which can delay diagnosis and therapeutic intensification [19,20]. These biolog-
ical and analytical differences underscore why sex-disaggregated HbA1c measurements
should be interpreted cautiously in clinical practice and why population-level trends
require contextualization.

In parallel, emerging pharmacological paradigms introduce additional layers of
sex-specific complexity. The adoption of SGLT2 inhibitors and GLP-1 receptor agonists
(GLP1RAs) has transformed modern T2D management, yet women are less likely to receive
early intensification with these agents, even when cardiovascular risk is comparable to or
higher than that of men [21,22]. Potential explanations include clinician perception of tolera-
bility, lower treatment persistence among women receiving daily injectable GLP-1RAs, and
social barriers such as caregiving roles and reduced access to structured follow-up [23,24].
These inequities are clinically relevant: GLP-1RAs may offer even greater weight-loss and
endothelial benefits in women than in men, suggesting that underutilization may contribute
to preventable glycemic disparities [25].

The Italian epidemiological context adds further complexity, characterized by one
of the oldest populations in Europe, substantial regional socioeconomic disparities, and
notable heterogeneity in access to specialist diabetology services. Data from national
AMD registries document persistent challenges in achieving HbA1c targets and reveal
significant regional variability in therapeutic intensification and risk-factor control, with
southern regions showing higher baseline obesity, earlier onset of diabetes, and greater
social vulnerability [26]. These factors may modulate sex-specific trajectories of glycemic
control and interact with behavioral patterns in ways that are not captured by guideline-
driven approaches.

Against this background, the present analysis examines sex-stratified HbA1c medians
across multiple years and age groups in Southern Italy to determine whether glycemic
disparities between men and women persist, narrow, or evolve over time. Enrolling
three large cohorts of diabetic patients (2012, 2017, and 2024), we specifically assess both
absolute HbA1c levels and age-dependent temporal variability. Consistent with recent
real-world evidence, we demonstrate overall stability of median HbA1c at the population
level, with small sex differences but clear age-related divergences, particularly in younger
and mid-life adults. These findings align with contemporary literature suggesting that
sex differences in T2D may be subtle when examined cross-sectionally, but become more
apparent when viewed through the lens of age-interaction, disease duration, and time-
dependent trajectories [13,27–29].

2. Materials and Methods
2.1. Study Setting and Population

The study was entirely conducted in the city of Catanzaro (Southern Italy) and in-
cluded three independent cohorts of patients with T2D (or presumed T2D based on HbA1c
criteria), recruited in 2012, 2017, and 2024.

2012 cohort
In 2012, 1249 consecutive patients with a known diagnosis of T2D were enrolled

at the Unit of Endocrinology and Diabetology of the Hospital “Pugliese–Ciaccio” (now
University Hospital “Renato Dulbecco”, Catanzaro). Patients underwent HbA1c testing in
the internal laboratory of the Endocrinology and Diabetology Unit over a 3-month period
(2 November 2012 to 31 January 2013). For the 2012 cohort, HbA1c was measured using
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the ADAMS A1c HA-8160 analyzer (Arkray; Menarini Diagnostics). Glycemic control data
were recorded in the Smart Digital Clinic electronic medical record system and subsequently
retrieved retrospectively by the study investigators for analysis.

2017 cohort
In 2017, consecutive patients of both sexes and all ages who presented over a 3-month

period to the Clinical Pathology Unit of University Hospital “Renato Dulbecco” for HbA1c
testing were screened for inclusion. To minimize the inclusion of individuals tested for
gestational diabetes or forms of prediabetes, patients with HbA1c < 6.5% were excluded.
During the 2017 recruitment period, 1125 patients had an HbA1c ≥ 6.5% and were con-
sidered eligible. To further reduce the likelihood of rare cases of type 1 diabetes, three
pediatric patients (<18 years) performing HbA1c testing during the study period were
excluded from the statistical analysis.

2024 cohort
A similar recruitment strategy was applied in 2024. Consecutive patients of both sexes

and all ages undergoing HbA1c testing over a 3-month period at the Clinical Pathology
Unit of University Hospital “Renato Dulbecco” were screened. Patients with HbA1c < 6.5%
were excluded to limit the inclusion of gestational diabetes or prediabetes.

During the 2024 recruitment period, 1125 patients met the eligibility criteria
(HbA1c ≥ 6.5%). One pediatric patient (<18 years) was excluded to reduce the possi-
bility of including type 1 diabetes, resulting in a final adult study population included in
the statistical analysis. It is important to note that in this clinical laboratory setting, at both
time points, HbA1c testing is predominantly requested for routine monitoring of patients
with known diabetes rather than for population screening, supporting the comparability of
the 2017 and 2024 cohorts with the clinically diagnosed 2012 cohort. In each cohort, age
was defined as age at the time of HbA1c measurement.

2.2. Laboratory Testing

HbA1c was tested in venous blood samples collected in EDTA tubes. Due to the long
duration of the study and instrumental changes in the laboratory, HbA1c measurements
were performed on ADAMS A1c HA-8160 (Arkray, Kyoto, Japan; Menarini Diagnostics,
Firenze, Italy) in 2012, and on Premier Hb9210 (Trinity Biotech, Bray, Ireland/Kansas
City, MO, USA; Menarini Diagnostics, Firenze, Italy) in 2017 and 2024. Both instru-
ments share the high-performance liquid chromatography (HPLC) technique, but differ
in their separation methods, the former exploiting ion-exchange, and the latter affinity
boronate chromatography.

Both instruments are National Glycohemoglobin Standardization Program (NGSP)-
certified and traceable to International Federation of Clinical Chemistry and Laboratory
Medicine (IFCC) targets, with accepted total coefficients of variation < 3% for NGSP (%)
and <2% for IFCC (mmol/mol), and with linearity over a wide analytical HbA1c range
(3.8–18.5%). In addition, the respective methods have been demonstrated to be highly
correlated, ensuring that the use of different analyzers does not introduce systematic bias
across study groups [30,31].

2.3. Statistical Analysis

All statistical analyses were performed using three independent cross-sectional cohorts
from 2012, 2017, and 2024. HbA1c was analyzed as a continuous variable and summarized
using median values and interquartile ranges (IQR) due to the non-normal distribution
of glycemic measures. Age was categorized into predefined groups (18–29, 30–39, 40–49,
50–59, 60–69, 70–79, and ≥80 years) based on the original dataset classification. Compar-
isons between men and women within each age group and cohort year were conducted
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using the Mann–Whitney U test. To address limited sample sizes in younger age strata, an
additional supplementary analysis was conducted in which individuals aged 18–49 years
were pooled into a single age group, and sex-stratified comparisons were repeated. In
addition, as a sensitivity analysis, linear regression models were fitted separately for each
cohort with HbA1c as the dependent variable and sex and age (continuous) as independent
variables. To assess temporal variation, absolute and percentage differences in cohort-
specific median HbA1c values were calculated for the intervals 2012–2017 and 2017–2024
within each age category. Sex-stratified trajectory plots were generated to visualize tempo-
ral patterns, displaying median HbA1c values with corresponding IQRs across the three
time points for each age group. A p-value < 0.05 was considered statistically significant. Sta-
tistical analyses were performed using JASP Graphical Statistical Software, version 0.17.2.0
(University of Amsterdam, Amsterdam, Netherlands), based on R statistical packages.
Graphical analyses were conducted using Python version 3.11.8 (GCC 12.2.0), employing
the pandas (v2.2.3), NumPy (v2.2.3), and Matplotlib (v3.10.18) libraries.

3. Results
3.1. Overall HbA1c Levels and Sex Comparisons

The study included 1249 patients with known diagnosis of T2D in 2012, 1125 with
presumed T2D in 2017, and 1125 with presumed T2D in 2024. HbA1c values were analyzed
as medians and IQRs, stratified by sex and age group (Table 1). At the population level,
median HbA1c values remained within a relatively narrow range across the three cohorts.
In 2012, median HbA1c was 7.35% (IQR 6.80–8.30) in women and 7.30% (6.80–8.20) in
men (p = 0.466). Similar overlap was observed in 2017 (7.30% vs. 7.40%, p = 0.246) and in
2024 (7.40% vs. 7.40%, p = 0.349). The majority of individuals in all cohorts had HbA1c
levels ≥ 7.0%, accounting for 62.4% of participants in 2012, 70.4% in 2017, and 71.8% in
2024, supporting the comparability of the study populations and reducing the likelihood of
relevant diagnostic misclassification. Across age categories, no significant sex differences
were observed in 2012. In 2017, a statistically significant difference emerged only in the
≥80-year group, where men showed a slightly higher median HbA1c than women (7.40%
vs. 7.20%, p = 0.025). No age group demonstrated significant sex differences in 2024.
Overall, HbA1c medians in men and women were largely overlapping across cohorts, with
no consistent sex-specific pattern over time (Table 1). When individuals aged 18–49 years
were pooled in a supplementary analysis to overcome limited sample sizes in younger age
strata, this regrouping did not affect the observed sex-related HbA1c patterns across cohorts
(Supplementary Table S1). Furthermore, age-adjusted linear regression models including
sex and continuous age, fitted as sensitivity analyses, confirmed age as an important
determinant of HbA1c in later cohorts, while showing no independent association between
sex and HbA1c, thereby supporting the robustness of the primary stratified findings
(Supplementary Table S2). To further characterize these findings, age-stratified HbA1c
trends were examined separately in women and men across the three cohorts.

Table 1. Comparison of median HbA1c values by sex and age category in the 2012, 2017, and
2024 cohorts.

Age Group
(Years)

2012
Women

(HbA1c, n)

2012
Men

(HbA1c, n)
2012

p-Value
2017

Women
(HbA1c, n)

2017
Men

(HbA1c, n)
2017

p-Value
2024

Women
(HbA1c, n)

2024
Men

(HbA1c, n)
2024

p-Value

18–29 – – –
8.90

(8.35–9.25),
n = 7

8.10
(7.55–8.25),

n = 7
0.038

7.50
(7.00–8.60),

n = 17

7.20
(7.07–7.38),

n = 4
0.530

30–39
7.10

(6.90–7.85),
n = 7

6.80
(5.50–7.80),

n = 9
0.458

8.10
(7.33–9.20),

n = 4

7.70
(7.45–8.50),

n = 16
0.924

7.60
(6.80–8.00),

n = 5

7.60
(7.10–8.00),

n = 9
0.640
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Table 1. Cont.

Age Group
(Years)

2012
Women

(HbA1c, n)

2012
Men

(HbA1c, n)
2012

p-Value
2017

Women
(HbA1c, n)

2017
Men

(HbA1c, n)
2017

p-Value
2024

Women
(HbA1c, n)

2024
Men

(HbA1c, n)
2024

p-Value

40–49
7.00

(6.35–7.88),
n = 18

7.25
(6.75–8.22),

n = 36
0.435

7.75
(7.30–9.40),

n = 24

7.50
(6.80–8.80),

n = 47
0.151

7.60
(7.00–8.30),

n = 13

7.50
(6.95–8.90),

n = 31
0.615

50–59
7.25

(6.70–8.20),
n = 98

7.30
(6.60–8.20),

n = 132
0.942

7.60
(7.07–8.33),

n = 72

7.70
(7.10–8.80),

n = 125
0.304

7.65
(7.00–8.80),

n = 62

7.60
(6.95–8.50),

n = 83
0.581

60–69
7.30

(6.60–8.35),
n = 231

7.20
(6.60–8.10),

n = 205
0.591

7.30
(6.88–8.40),

n = 144

7.35
(6.90–8.28),

n = 206
0.483

7.30
(6.90–8.10),

n = 138

7.40
(6.80–8.30),

n = 211
0.503

70–79
7.40

(6.70–8.20),
n = 209

7.20
(6.60–7.90),

n = 193
0.136

7.30
(6.80–8.28),

n = 130

7.20
(6.80–8.10),

n = 190
0.396

7.30
(6.90–8.10),

n = 142

7.30
(6.80–8.10),

n = 220
0.694

≥80
7.30

(6.90–8.15),
n = 55

7.20
(6.30–7.88),

n = 58
0.081

7.20
(6.70–7.80),

n = 73

7.40
(7.00–8.40),

n = 77
0.025

7.30
(6.90–8.07),

n = 86

7.55
(7.00–8.50),

n = 102
0.140

Overall
7.35

(6.80–8.30),
n = 616

7.30
(6.80–8.20),

n = 633
0.466

7.30
(6.80–8.30),

n = 456

7.40
(6.90–8.30),

n = 669
0.246

7.40
(6.90–8.20),

n = 464

7.40
(6.90–8.30),

n = 661
0.349

3.2. Age Stratified HbA1c Trends in Women

Age-specific HbA1c trajectories in women are shown in Figure 1. Older women
exhibited stable glycemic profiles over time. Among those aged ≥60 years, median HbA1c
values clustered tightly between 7.2% and 7.4% across all three cohorts, with minimal
temporal variation. In contrast, greater variability was observed in younger and midlife
women. Women aged 50–59 years showed a progressive increase in median HbA1c from
7.25% in 2012 to 7.60% in 2017 and 7.65% in 2024. In the 40–49-year group, HbA1c increased
from 7.00% in 2012 to 7.75% in 2017, followed by a modest reduction to 7.60% in 2024.
The highest HbA1c values were observed in the youngest women in 2017. Women aged
18–29 years had a median HbA1c of 8.90%, which declined considerably by 2024 (7.50%). A
similar pattern was seen in women aged 30–39 years, although sample sizes were limited.
Figure 1 shows an age gradient in HbA1c variability among women, with increasing
stability at older ages.

Figure 1. HbA1c trends in women with T2D across age categories in the 2012, 2017 and 2024 cohorts.
Each dot represents the median HbA1c, with interquartile ranges (IQRs) shown as vertical bars.
Colors denote the cohort year: blue = year 2012, yellow = year 2017, green = year 2024.

3.3. Age Stratified HbA1c Trends in Men

Corresponding age-stratified trajectories in men are shown in Figure 2. As in women,
older men (≥60 years) demonstrated stable HbA1c values across cohorts, with medians
generally ranging from 7.2% to 7.6% and minimal temporal change. In midlife, men
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exhibited more dynamic patterns. Men aged 50–59 years experienced an increase in median
HbA1c from 7.30% in 2012 to 7.70% in 2017, followed by a slight decrease to 7.60% in
2024. Men aged 40–49 years showed a similar rise between 2012 and 2017, with subsequent
stabilization. Younger men showed higher HbA1c levels and greater variability, particularly
in 2017. In the 18–29-year group, median HbA1c was 8.10% in 2017, decreasing to 7.20% in
2024. Men aged 30–39 years also showed modest improvement from 2017 to 2024. Figure 2
thus mirrors the pattern observed in women, with greater variability at younger ages and
stable glycemic profiles in older adulthood.

 

Figure 2. HbA1c trends in men with T2D across age categories in the 2012, 2017 and 2024 cohorts.
Each dot represents the median HbA1c, with interquartile ranges (IQRs) shown as vertical bars.
Colors denote the cohort year: blue = year 2012, yellow = year 2017, green = year 2024.

3.4. Temporal Changes and Variability

Between-cohort comparisons of HbA1c distributions across age–sex strata are shown
in Supplementary Table S3 and Figure S1. Median absolute HbA1c changes were generally
small across most age–sex strata, particularly in older adults, where changes were often
zero with narrow IQRs. Larger median changes and wider IQRs were observed primarily
in younger and midlife groups, indicating greater glycemic volatility. From 2017 to 2024,
most age groups showed minimal median change, suggesting stable HbA1c trajectories in
recent years.

4. Discussion
In this large, multi-cohort analysis spanning twelve years, we observed that median

HbA1c values remained substantially stable between 2012, 2017, and 2024, with only minor
fluctuations across age groups and no consistent or linear divergence between men and
women across cohorts. The absence of a stable sex gap in aggregated measures contrasts
with several historical reports describing poorer glycemic control in women with T2D and
highlights the importance of interpreting sex differences within a dynamic, age-specific
and context-dependent framework [27]. These findings underscore the complex nature of
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sex-related disparities, which may manifest in age-specific temporal trajectories rather than
in static cross-sectional values.

Although overall HbA1c levels were similar between sexes, our results revealed
age-dependent divergences mirroring patterns described in the contemporary literature.
Younger adults (18–29 years) exhibited the most substantial improvements in HbA1c be-
tween 2017 and 2024 in both sexes, a trend consistent with international observations that
younger individuals display the highest glycemic volatility but also respond most markedly
to therapeutic intensification and structured diabetes management programs [32,33]. Con-
versely, adults aged 40–59 years demonstrated more heterogeneous trajectories, with
women showing progressive worsening or partial reversals, while men experienced wors-
ening between 2012 and 2017 followed by relative stabilization thereafter. Such patterns
may reflect interplay between behavioral, psychosocial, and socioeconomic determinants,
which are known to differ by sex and are particularly influential during midlife, when
work stress, caregiving responsibilities, and lifestyle stability often diverge between men
and women [27].

Older adults (≥70 years) showed remarkably stable HbA1c values across the three
cohorts, in line with evidence that glycemic control becomes less variable with advancing
age, partly due to therapeutic inertia and partly because disease duration becomes the
dominant determinant of glycemic status, outweighing the influence of age alone [34,35].
The absence of increasing sex divergence in these older groups contrasts with earlier obser-
vations from Italian and Scandinavian populations, where older women tended to show
higher HbA1c and poorer achievement of therapeutic targets compared with age-matched
men [36,37]. Our findings suggest that such disparities may be attenuating over time,
possibly reflecting improvements in diabetes care pathways, more uniform adoption of
guideline-based approaches, and potentially expanded access to cardiometabolic therapies
over the past decade.

Despite the overall stability of sex comparisons, the isolated significant difference
detected in 2017 among individuals aged ≥80 years, where men exhibited slightly higher
median HbA1c and greater dispersion, suggests that sex differences may be episodic and
cohort-dependent rather than structural. Considering the multiple sex- and age-stratified
comparisons performed, this isolated statistically significant finding should be interpreted
as exploratory and does not provide strong evidence of a consistent age-specific sex effect.
This is also consistent with the notion that HbA1c itself behaves differently in men and
women due to sex-related variation in erythrocyte lifespan, iron metabolism, hemoglobin
glycation kinetics, and postprandial glucose excursions, all of which influence the reliability
and interpretation of HbA1c as a biomarker [19,38,39]. Women, in particular, tend to exhibit
higher postprandial hyperglycemia and greater glucose variability despite similar fasting
glucose levels, which may not be fully reflected in HbA1c and could partially attenuate sex
differences when using HbA1c medians as the sole measure of glycemic exposure [40,41].

The age-dependent patterns observed in our cohorts are consistent with the notion,
supported by the prior literature, that sex differences in glycemic control may emerge not as
fixed disparities but as dynamic interactions between biological changes, disease duration,
and psychosocial determinants. These mechanisms are not directly measured in the present
study but provide a plausible interpretative framework. Biologically, women experience
a sharp decline in metabolic resilience after menopause, due to the loss of estrogenic
protection, leading to worsening insulin resistance, redistribution of adipose tissue toward
visceral depots, endothelial dysfunction, and heightened inflammatory tone [42,43]. These
mechanisms could be compatible with the modest upward inflections observed in some
female midlife age groups, rather than with a uniform deterioration across all ages. Men, by
contrast, accumulate visceral fat earlier in life, develop hepatic insulin resistance sooner, and

https://doi.org/10.3390/endocrines7010011

https://doi.org/10.3390/endocrines7010011


Endocrines 2026, 7, 11 9 of 14

reach β-cell exhaustion at lower BMI, contributing to worse glycemic markers in young and
middle-aged adulthood [44,45]. This biological profile may help explain the deterioration
observed in men aged 40–59 years between 2012 and 2017, followed by stabilization in later
cohorts. Behavioral and psychosocial determinants further contribute to these sex-specific
trajectories. Women with T2D consistently display higher rates of depression, emotional
distress, obesity, and reduced physical activity, all of which negatively affect glycemic
stability and adherence to therapeutic regimens [46,47]. Compounded by caregiving
responsibilities, reduced availability for structured education programs, and gendered
patterns of healthcare utilization, these factors may produce intermittent worsening of
glycemic control during critical life stages, particularly between ages 40 and 60. Conversely,
men tend to engage in riskier behaviors such as smoking and alcohol intake, yet benefit
from more aggressive risk-factor management and therapeutic intensification, potentially
mitigating the long-term impact of their worse behavioral profile [46,48,49]. Taken together,
these factors offer a possible explanation for the relative improvement observed in midlife
men from 2017 to 2024.

Importantly, the stability of overall HbA1c medians in our cohorts, despite well-
documented sex differences in pathophysiology, should not be interpreted as evidence
that men and women experience equivalent diabetes burdens or trajectories. Rather, it
reflects the fact that HbA1c alone may not fully capture sex-specific patterns, particularly
those driven by higher postprandial excursions in women, differing erythrocyte survival
between sexes, variation in glycation kinetics, and social determinants affecting adherence
and follow-up.

Indeed, several studies emphasize that HbA1c may underestimate true glycemic
exposure in men and overestimate it in women under certain conditions, complicating
direct comparisons [19,40,46].

The therapeutic landscape, unfortunately unavailable for the cohorts under study,
further shapes these patterns. Contemporary real-world analyses highlight that women
are less likely to receive early intensification with SGLT2 inhibitors or GLP-1 receptor ago-
nists, despite strong evidence of cardiovascular and metabolic benefit across sexes [50–52].
Concerns about genital infections associated with SGLT2 inhibitors, higher rates of gas-
trointestinal intolerance with GLP-1RA, and reduced access to specialist evaluation dispro-
portionately affect women, delaying treatment escalation at crucial disease stages [53,54].
This therapeutic inertia is particularly concerning given that GLP-1RA may confer equal
or greater benefit in women, especially in terms of weight reduction and endothelial func-
tion, potentially narrowing the cardiovascular risk gap that characterizes postmenopausal
diabetes [55,56].

The age-specific improvements observed in the youngest adults in our study warrant
particular attention. Between 2017 and 2024, individuals aged 18–29 and 30–39 showed
the most substantial reductions in median HbA1c, in both sexes. These improvements
were accompanied by wider interquartile ranges, indicating high variability but also
responsiveness to interventions. Although treatment data were not available, prior studies
suggest that younger adults may be more likely to benefit from recent therapeutic and
organizational advances, including earlier adoption of newer glucose-lowering agents and
structured follow-up programs [57,58]; this interpretation should therefore be regarded
as conjectural and based on external evidence rather than on direct observations from the
present study. This suggests that recent therapeutic and organizational improvements
may be beginning to reduce early-life glycemic disparities, a hypothesis that will require
confirmation in studies with detailed treatment information and longitudinal follow-up.
By contrast, the stability observed in older adults across all three cohorts likely reflects the
predominance of disease duration as a driver of HbA1c, overshadowing the contribution
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of sex and behavioral factors in later life [59,60]. The limited dispersion of HbA1c values
observed in older age groups across cohorts further supports this interpretation, suggesting
that late-life glycemic control is characterized by relative stability rather than divergence
between men and women.

Several limitations merit consideration. The absence of clinical variables such as
BMI, diabetes duration, comorbidities, and treatment regimens limits causal inference and
precludes adjustment for key determinants of glycemic control [61]. However, available
epidemiological data indicate that overweight and obesity prevalence in Southern Italy
has remained largely stable over the study period [62], suggesting that major shifts in
adiposity are unlikely to explain the observed temporal patterns. Age was defined as
age at the time of HbA1c measurement, and analyses were conducted using independent
cross-sectional cohorts rather than longitudinal follow-up. As a result, age-related patterns
should be interpreted as differences observed across age strata and cohorts, rather than
as within-person changes over time. Although age-adjusted sensitivity analyses yielded
results consistent with the primary stratified findings, residual confounding related to age
and unmeasured factors associated with ageing cannot be fully excluded.

In conclusion, this real-world analysis demonstrates that median HbA1c values in
adults with T2D in Southern Italy have remained stable over the past decade, with minimal
and inconsistent differences between men and women. Across cohorts, HbA1c patterns
varied more markedly by age group than by sex; however, these associations should be
interpreted with caution given the absence of information on diabetes duration, body
mass index, treatment intensity, comorbidities, and behavioral or social factors. Residual
confounding related to these unmeasured variables cannot be excluded. Overall, the
findings are consistent with an age-dependent heterogeneity in glycemic control, rather than
a uniform sex-specific pattern. This supports a life-course perspective on sex differences
in diabetes, highlighting the importance of considering age and clinical context when
interpreting glycemic patterns and designing strategies to optimize diabetes management
in both women and men.
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