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ABSTRACT
Aims: To investigate associations between migrant status, socioeconomic factors (SES), and residual beta-cell function and gly-
cemic outcomes in paediatric type 1 diabetes.
Methods: Retrospective study of 208 children (median [IQR] age 11 [8–14] years; 119 Italian, 89 from migrant-background fami-
lies) with glucometric (HbA1c, TIR, TITR, TAR, CV), SES (maternal/paternal education, language, income), and metabolic data. 
Univariable and exploratory multivariable regression analyses identified factors associated with glycemic control.
Results: Children from migrant-background families presented with more severe metabolic crisis at onset (pH 7.28 vs. 7.35, 
p = 0.047; C-peptide 0.24 vs. 0.32 ng/mL, p = 0.010). Despite higher AID usage (80.6% vs. 68.1%), children from migrant-background 
families showed significantly worse glycemic control: higher HbA1c (7.8% vs. 7.0%, p < 0.001), lower TIR (57% vs. 65%, p = 0.004), 
and greater glycemic variability (CV 39.3% vs. 35.0%, p < 0.001). Socioeconomic disparities were marked, with 63.4% of migrant 
mothers unemployed (vs 16.6%, p < 0.001). In multivariable analysis, migrant status was associated with higher HbA1c (β +0.70, 
p < 0.001), while AID use (β +10, p < 0.001) and high maternal education (β +7.86, p = 0.004) were associated with higher TIR.
Conclusions: In this retrospective cohort, children and adolescents from migrant-background families had poorer glycemic out-
comes despite high AID uptake and comparable C-peptide levels at follow-up. Technology provision alone may be insufficient to 
eliminate socioeconomic and linguistic disparities in glycemic control, and interventions targeting education, language support, 
and family-level self-management capacity may be beneficial.

1   |   Introduction

Technology, especially automated insulin delivery (AID) 
systems [1], has delivered significant advances in the 

management of type 1 diabetes, particularly for children and 
adolescents. AID systems are now helping more young peo-
ple attain ISPAD targets of HbA1c < 7% and a time in range 
(TIR; between 70 and 180 mg/dL) of > 70%, indicators of good 
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metabolic control [2], noting that a time in tight range (TITR) 
of > 55% is desirable to reduce the risk of complications and 
increase life expectancy [3].

Nevertheless, achieving optimal metabolic control remains 
challenging, often due to the complexities of technology use 
or other factors. There is evidence showing that migrant sta-
tus can significantly influence type 1 diabetes management, 
potentially affecting metabolic and long-term outcomes [4–7]. 
This is frequently attributed to a combination of genetic, cul-
tural, and socioeconomic barriers that hinder effective disease 
management.

As of early 2026, 5.4 million foreign individuals were esti-
mated to reside in Italy, accounting for 9.2% of the total pop-
ulation [8]. Studies from the US indicate a higher incidence 
of type 1 diabetes among ethnic minorities [9], and data from 
Italy corroborate these findings; the Italian DAWN study, for 
instance, revealed that the incidence of type 1 diabetes in the 
migrant-background population was twofold higher than in 
the native Italian population [10]. Furthermore, individuals 
who migrate from low- to high-risk regions for type 1 diabetes 
tend to adopt the disease risk level of their destination coun-
try, probably due to exposure to new environmental triggers, 
which may contribute to type 1 diabetes onset in genetically 
predisposed individuals [5, 11, 12]. Other factors such as legal 
status, socioeconomic conditions, access to healthcare, and 
post-migration lifestyle changes can negatively impact health-
related quality of life and impede optimal glycemic control 
[5, 13, 14].

While technology like insulin pumps and continuous glucose 
monitoring (CGM) and residual beta-cell function are known 
to be associated with improved outcomes [15], it remains un-
clear if different socioeconomic strata benefit equally from 
these biological and technical advantages. Given the existing 
data on socioeconomic disparities, we hypothesised that chil-
dren from migrant-background families would have poorer 
glycemic outcomes despite comparable access to diabetes 
technology.

2   |   Methods

2.1   |   Study Design and Participants

Consecutive patients attending Novara Hospital and ASST 
Cremona Hospital between January 1, 2023 and December 
31, 2025 were included. Inclusion criteria were a diagnosis 
of type 1 diabetes and age between 0 and 18 years. Exclusion 
criteria were a diagnosis of anorexia nervosa or other eating 
disorders, concurrent genetic diseases, ongoing chronic treat-
ments that could affect glycemic control (e.g., corticosteroids, 
immunosuppressive drugs), or having a last clinic visit prior 
to January 2023.

The study was conducted in accordance with the Declaration 
of Helsinki. This was a non-interventional, retrospective study 
using fully anonymized and aggregated data extracted from 
hospital data management platforms. In compliance with the 

Italian General Authorization to Process Personal Data for 
Scientific Research Purposes (authorization 9/2014), which 
covers studies based on such anonymized real-world data, 
formal ethics committee approval and separate informed con-
sent were not required beyond the initial consent provided 
by users.

2.2   |   Data Collection and Clinical Assessment

Auxological and anamnestic data were collected, including the 
birthplace of both the patients and their parents, along with co-
morbidities such as celiac disease and thyroiditis. Metabolic pa-
rameters were evaluated at the most recent clinic visit.

2.3   |   Treatment and Technology

For analytical purposes, therapies were categorised as mul-
tiple daily injections (MDI) or AID (MiniMed 780G, myLife 
loop, Omnipod 5, Tandem t:slim Control-IQ). Data from CGM 
devices were extracted using platform-specific software, in-
cluding Carelink, Glooko, Libreview, Diasend, Dexcom Clarity, 
and Glucolog. Notably, 25 patients used insulin pumps with-
out automated algorithms (open-loop pumps, typically older-
generation devices). These patients were analysed separately 
and are included in comparative descriptive analyses but were 
categorised as “non-AID” for regression purposes, given the lack 
of algorithmic automation. This categorization was selected to 
isolate the algorithmic automation effect in line with our pri-
mary hypothesis.

2.4   |   Outcomes and Variables

The primary outcome was HbA1c, while secondary outcomes 
included key sensor metrics and biochemical parameters. 
Glycemic metrics included TIR (70–180 mg/dL), time above 
range (TAR, > 180 mg/dL), time below range (TBR, < 70 mg/
dL), TITR (70–140 mg/dL), and the coefficient of variation 
(CV) as a marker of glucose variability. Biochemical data in-
cluded C-peptide levels, insulin requirements (IU/kg/day), 
total cholesterol, LDL and HDL cholesterol, triglycerides, vi-
tamin D, microalbuminuria, and TSH. HbA1c was assessed 
as both the most recent value and the annual mean of four 
measurements.

For each patient, data were collected at two time-points: diag-
nosis (onset) and the current clinical visit (T1). At onset, we 
recorded age at diagnosis, body mass index (BMI), presence of 
diabetic ketoacidosis (DKA), and residual beta-cell function via 
fasting C-peptide levels (ng/mL). At T1, we recorded chrono-
logical age, disease duration, and BMI. Anthropometric mea-
surements (weight and height) were standardized using World 
Health Organization (WHO) z-scores. Blood pressure was mea-
sured using a validated oscillometric device, and systolic (SBP) 
and diastolic (DBP) values were recorded.

HbA1c was measured using high-performance liquid chroma-
tography (HPLC), standardized to the DCCT reference. CGM 
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and flash glucose monitoring (FGM) data were extracted strictly 
from the previous 14 days of sensor use, requiring an active sen-
sor wear time threshold of ≥ 70%. At T1, a fasting blood draw 
was performed to evaluate total cholesterol, HDL, LDL, tri-
glycerides, TSH, free T4, C-peptide levels and vitamin D. Renal 
health was screened via microalbuminuria (mg/L) in a spot 
morning urine sample.

2.5   |   Socioeconomic Variables

To assess the impact of the ‘user environment’, we collected 
robust proxy indicators for socioeconomic status (SES): (a) ma-
ternal and paternal education, categorised as low (primary/
middle), medium (high school), and high (degree/post-grad), 
where for the regression models and binary text comparisons, 
‘high maternal education’ was defined as the completion of 
secondary high school or higher (medium + high tracks) 
versus lower secondary school or less; (b) maternal and pa-
ternal occupation, categorised as unemployed, manual/
non-skilled, and office/professional; (c) family income, cat-
egorised by annual household income brackets (< 26 000 €, 
26 000–55 000 €, > 55 000 €); and (d) linguistic proficiency, 
assessed for both parents on a scale evaluating ability to exe-
cute medical instructions (good vs basic/intermediate). There 
was no systematic stratification by religious observance, but 
glycemic data for families observing Ramadan fasting were 
collected exclusively during non-fasting periods to avoid 
confounding.

2.6   |   Statistical Analysis

Statistical analyses were performed using SPSS version 26.0 
(SPSS Inc., Chicago, IL, USA). The Shapiro–Wilk test showed 
a non-normal data distribution for all variables, so continuous 
variables were expressed as median and interquartile range 
(IQR). Differences between the Italian group and migrant-
background group were assessed using the Mann–Whitney U 
test. Categorical variables were compared using the chi-square 
test or Fisher's exact test, as appropriate.

For multivariable analysis, a linear regression approach was 
used to explore factors associated with HbA1c and TIR. While 
a priori variable selection based on causal reasoning may be 
preferable to univariable screening, our exploratory models em-
ployed a hybrid approach combining literature-based reasoning 
and univariable association testing to select parsimonious pre-
dictors. Variables selected a priori were migrant status, AID use, 
maternal education, and C-peptide levels. Maternal education 
displayed high collinearity with paternal education (r = 0.72, 
Pearson correlation), so in families with two parents present, 
maternal education was selected for inclusion as it often serves 
as a stronger proxy for health literacy regarding pediatric self-
management, as mothers typically attend more frequent clinic 
visits and are more directly involved in daily diabetes manage-
ment. To preserve statistical power, the HbA1c model was not 
adjusted for age. Model diagnostics included the calculation of 
R2, adjusted R2, and variance inflation factors (VIF) to rule out 
multicollinearity. A p-value of < 0.05 was considered statisti-
cally significant.

3   |   Results

3.1   |   Clinical and Socioeconomic Characteristics

A total of 208 children and adolescents with type 1 diabetes were 
evaluated (median [IQR] age: 11.0 [8.0–14.0] years; 123 males, 
85 females). The cohort comprised 119 participants of native 
Italian origin (ITA group) and 89 participants from a migrant 
background (MIG group). A participant was classified under the 
migrant-background cohort if at least one parent was of non-
Italian origin. 179 patients (86%) used insulin pump therapy and 
29 (14%) used MDI. Among the pump users, 154 (86%) individu-
als were treated with an AID system.

Of the 89 children from migrant-background families, 55 (62%) 
originated from Africa (Egypt, Morocco, Tunisia, Algeria, 
Senegal), 21 (24%) from Eastern Europe (Albania, Romania, 
Ukraine), 10 (11%) from Asia (Syria, Iran, Iraq, Turkey, Pakistan, 
India, China, Sri Lanka), and 3 (3%) from Central and South 
America (Brazil and the Caribbean). Most of these families orig-
inated from low-, lower-middle-income, or transitional econo-
mies, supporting the interpretation that observed disparities are 
primarily driven by socioeconomic disadvantage rather than the 
selection of high-education immigrant professionals. The major-
ity of migrant-background children were born in Italy (70/89, 
79%) and experienced type 1 diabetes onset in Italy (85/89, 95%). 
The migrant-background cohort was significantly younger at 
both disease onset (median 5.0 vs. 7.0 years, p = 0.019) and at the 
study visit (9.5 vs. 12.0 years, p = 0.002) (Table 1).

Marked socioeconomic differences were observed between Italian 
and migrant-background families (Table 2). Migrant-background 
families had lower rates of high maternal (52.4% vs. 70.4%, 
p = 0.012) and paternal (45.9% vs. 66.9%, p = 0.004) education, 
as evaluated as completion of secondary high school or higher. 
Migrant-background mothers were significantly more likely to 
be unemployed (63.4% vs. 16.6%, p < 0.001) and possess lower ed-
ucational attainment (only 9.5% with a degree vs. 34.3% Italian, 
p < 0.001). Crucially, linguistic proficiency was a major barrier: 
only 12.5% of migrant-background mothers had “good” Italian 
proficiency compared to near-universal fluency in the Italian 
group (p < 0.001). Family income distribution also skewed lower 
for migrants, but not as much as for education/occupation.

3.2   |   Biological Markers and Glycemic Outcomes

At onset, children from migrant-background families presented 
with more severe metabolic crisis (pH median 7.28 vs. 7.35, 
p = 0.047) and significantly lower C-peptide levels (0.24 vs. 0.32 ng/
mL, p = 0.010). However, at the study visit (T1), there were no statis-
tically significant differences in residual C-peptide levels between 
groups (Table 1). Despite this and a higher rate of AID system use 
in children from migrant-background families (80.6% vs. 68.1%), 
this cohort had significantly worse glycemic control (Table 3), with 
higher HbA1c (7.8% vs. 7.0%, p < 0.001), lower TIR (57% vs. 65%, 
p = 0.004), and significantly higher CV (39.3% vs. 35.0%, p < 0.001).

At follow-up, children from migrant-background families also 
had significantly lower vitamin D levels (20.1 vs. 24.2 ng/mL, 
p = 0.017) (Table 1) and used significantly less basal insulin per 
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kilogram (median 0.33 vs. 0.38 U/kg, p = 0.010), while the total 
daily dose was similar (Table 3).

3.3   |   Multivariable Predictors

Exploratory regression analysis (Table 4) indicated that migrant-
background status was independently associated with higher 
HbA1c (β +0.70, p < 0.001; VIF 1.28). For TIR, AID system use 
(β +10.10, p < 0.001; VIF 1.15) and high maternal education (β 
+7.86, p = 0.004; VIF 1.34) were independently associated with 
higher TIR, while migrant status was associated with lower 
TIR (β −7.85, p = 0.008; VIF 1.41). In the models tested, neither 
occupation nor income reached statistical significance as inde-
pendent predictors of glycemic outcomes when education was 
included. Overall model fit was robust, with no indication of sig-
nificant multicollinearity.

4   |   Discussion

Socioeconomic and linguistic determinants influence glyce-
mic control in type 1 diabetes through a complex interplay that 
shapes treatment response and long-term clinical outcomes 
[16, 17]. Here we observed a significant disparity in paediatric 
diabetes management that challenges a widespread assump-
tion in modern diabetes care, namely that despite equal (in 
this cohort, superior) access to AID technology, children from 
migrant-background families experience significantly poorer 
metabolic outcomes and higher glycemic variability than their 
native peers.

While glycemic control was suboptimal in our population rela-
tive to international standards (HbA1c 7.3% ± 0.9%; TIR < 70%), 
our results are consistent with European registry data and com-
pare favourably to the American T1D Exchange Registry [18, 19]. 
Nevertheless, Italian children achieved markedly superior con-
trol across all metrics, with lower HbA1c (p < 0.0001), higher 
TIR (p = 0.004), and higher TITR (70–140 mg/dL; p = 0.001). 
These findings corroborate existing literature highlighting the 
metabolic vulnerability of migrant paediatric populations from 
migrant backgrounds [4, 5, 7, 12, 20, 21].

Our findings suggest that similar C-peptide concentrations did 
not translate into similar glycemic outcomes, indicating that 
factors beyond residual beta-cell function contribute to these 
variations. Residual beta-cell function typically serves as a bi-
ological buffer against glycemic instability [15, 22]. Although 
we hypothesized that children with similar C-peptide reserves 
would derive comparable metabolic benefits, despite having 
similar C-peptide levels at the study visit, children from migrant-
background families did not achieve the expected glycemic sta-
bility or reduced CV observed in their Italian peers. At follow-up 
(T1), the median C-peptide values were extremely low in both 
groups (0.01 vs. 0.03 ng/mL), representing an advanced stage of 
beta-cell depletion where minimal remaining endogenous secre-
tion lacks the absolute capacity to buffer against day-to-day self-
management challenges.

Counterintuitively, AID system use was significantly higher in 
the migrant-background group (80.6%) than the Italian group 
(68.1%, p = 0.042), which probably reflects a proactive clinical 
prescribing strategy rather than patient demand. In Italy, the 

TABLE 1    |    Clinical, anthropometric, and laboratory characteristics.

Italian group (n = 119) Migrant-background group (n = 89) p

Age at T1 (years) 12.00 (9.00–15.00) 9.50 (7.00–13.00) 0.002

Diabetes duration at T1 (years) 5.00 (2.00–7.00) 4.00 (1.00–7.00) 0.078

Age at onset (yrs) 7.00 (4.00–9.00) 5.00 (2.00–8.00) 0.019

BMI z-score (T1) 0.46 (−0.22–1.09) 0.98 (0.35–1.60) 0.012

BMI z-score (onset) −0.60 (−1.32–0.40) −0.11 (−1.30–0.62) 0.482

Systolic BP at T1 (mmHg) 110 (102–118) 108 (100–115) 0.215

Diastolic BP at T1 (mmHg) 62.00 (58.00–68.00) 60.00 (54.00–66.50) 0.227

pH at diabetes onset 7.35 (7.23–7.39) 7.28 (7.10–7.35) 0.047

HCO3 at diabetes onset 18.60 (10.70–22.35) 15.95 (5.95–21.08) 0.149

C-peptide at diabetes onset (ng/mL) 0.32 (0.20–0.55) 0.24 (0.14–0.40) 0.010

C-peptide at T1 (ng/mL) 0.01 (0.01–0.14) 0.03 (0.01–0.28) 0.118

Vitamin D at T1 (ng/mL) 24.20 (19.70–30.30) 20.10 (13.50–27.30) 0.017

Total cholesterol at T1 (mg/dL) 165 (148–188) 162 (140–181) 0.145

LDL cholesterol at T1 (mg/dL) 81 (69–101) 85 (74–104) 0.611

HDL cholesterol at T1 (mg/dL) 55 (48–64) 52 (45–60) 0.210

Triglycerides at T1 (mg/dL) 56 (44–71) 56 (42–88) 0.238

Microalbuminuria at T1 (mg/L) 4.90 (2.45–10.45) 4.80 (2.90–9.70) 0.856

Note: The values in bold mean they are significantly different between groups.
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National Health Service (SSN) provides full financial reimburse-
ment for advanced diabetes technologies (insulin pumps and 
CGM systems), eliminating direct financial barriers. Clinical 

protocols at both study centers prioritize prescribing AID sys-
tems to socioeconomically vulnerable or geographically com-
plex families to provide an automated safety net against severe 
dysglycemia (DKA, severe hypoglycemia). Migrant-background 
families, who may experience more linguistic and educational 
barriers to intensive self-management, may therefore have been 
preferentially offered AID systems by providers as a harm-
reduction strategy. This prescribing approach explains the 
higher adoption rate but also highlights that technology provi-
sion alone does not eliminate disparities, as despite 80.6% AID 
use, children from migrant-background families still had signifi-
cantly higher HbA1c and lower TIR. This reveals a fundamen-
tal gap between device adoption and therapeutic optimization. 
The disparity was most notable for TITR, a metric reflecting 
algorithmic precision and suggesting that while the advanced 

TABLE 2    |    Socioeconomic and linguistic profile.

Italian 
group 

(n = 119)

Migrant-
background 

group (n = 89) p

Maternal education

High 
(University 
Degree)

34.3% 9.5% 0.0004

Medium (High 
School 4-5y)

36.1% 42.9%

Low (Middle 
School or less)

29.7% 47.6%

Paternal education

High 
(University 
Degree)

31.2% 2.7% 0.0041

Medium 
(High School 
4–5 years)

35.8% 43.2%

Low (Middle 
School or less)

33.0% 54.1%

Maternal occupation

Unemployed 16.6% 63.4% < 0.0001

Skilled/
Professional

45.4% 13.5%

Manual/
Non-skilled

38.0% 23.1%

Italian language (mother)

Good 
Proficiency

99.2% 50.0% < 0.0001

Basic/
Intermediate

0.8% 50.0%

Italian language (father)

Good 
Proficiency

100.0% 59.7% < 0.0001

Intermediate/
Basic

0.0% 40.3%

Family income

< 26 000 €/
year

30.6% 51.7% 0.1881

26 000–54 999 
€/year

66.1% 44.8%

> 55 000 €/
year

3.2% 3.4%

Note: The values in bold mean they are significantly different between groups.

TABLE 3    |    Glucometrics and insulin doses (last 14 days).

Italian group 
(n = 119)

Migrant-
background 

group 
(n = 89) p

HbA1c (%) 7.00 (6.45–7.60) 7.80 
(7.00–8.40)

< 0.001

HbA1c (mmol/
mol)

53 (47–60) 62 (53–68) < 0.001

TIR 70–180 mg/
dL (%)

65.00 
(56.00–76.00)

57.00 
(46.25–69.75)

0.004

TITR 70–
140 mg/dL (%)

39.5 (31.0–48.0) 31.2 
(23.5–41.0)

0.001

TAR > 180 mg/
dL (%)

23.00 
(18.00–27.00)

22.00 
(19.00–26.00)

0.943

TAR > 250 mg/
dL (%)

8.00 
(3.00–16.00)

15.50 
(7.00–24.75)

< 0.001

TBR < 70 mg/
dL (%)

2.00 (1.00–3.00) 2.00 
(1.00–3.00)

0.342

TBR < 54 mg/
dL (%)

0.00 (0.00–0.00) 0.00 
(0.00–1.00)

0.056

CV (%) 35.00 
(31.55–39.90)

39.30 
(34.50–42.70)

< 0.001

Mean glucose 
(mg/dL)

161.0 
(144.0–178.0)

171.0 
(152.5–200.5)

0.032

GMI (%) 7.0 (6.6–7.4) 7.5 (6.9–8.1) 0.002

Total daily dose 
(U/kg)

0.82 (0.65–0.98) 0.80 
(0.60–1.02)

0.540

Basal insulin 
(U/kg)

0.38 (0.30–0.46) 0.33 
(0.27–0.41)

0.010

Bolus insulin 
(U/kg)

0.44 (0.32–0.55) 0.47 
(0.35–0.62)

0.280

Basal % of total 
dose

46.3 (41.0–52.0) 41.2 
(36.0–48.5)

0.005

Note: Among pump users (n = 179), 154 used AID systems and 25 used non-
automated (open-loop) pumps. For regression analyses, non-automated pumps 
were classified as “non-AID” to isolate the algorithmic automation effect. The 
values in bold mean they are significantly different between groups.
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technology was active, optimal user-algorithm interaction was 
compromised by socioeconomic and educational barriers.

The migrant-background group had significantly lower basal 
insulin requirements (0.32 IU/kg/day vs. 0.42 IU/kg/day, 
p = 0.001). This difference is probably due to the younger me-
dian age of the migrant-background cohort at follow-up, as 
basal insulin requirements increase progressively during puber-
tal development and adolescence. While detailed data on man-
ual bolus frequency, automatic correction bolus delivery, and 
carbohydrate-entry patterns were not available, the higher TAR 
(> 180 mg/dL) in the migrant-background group may suggest 
suboptimal meal bolus timing, inadequate carbohydrate estima-
tion, or delayed response to hyperglycemic alerts.

While this study did not assess quantitative dietary intake, car-
bohydrate estimation precision, or physical activity patterns, 
these factors represent potentially important contributors to 
glycemic outcomes independent of technology access. Recent 
evidence demonstrates that dietary inflammatory potential is 
independently associated with HbA1c and cardiometabolic risk 
in paediatric type 1 diabetes [23]. Families with lower health 
literacy or language barriers may face additional challenges to 
precise carbohydrate counting and selection of meals with fa-
vourable glycemic impact. Beyond technology provision, dia-
betes education addressing nutritional quality, carbohydrate 

estimation strategies, and family-level self-management be-
haviours may be essential to achieve optimal glycemic outcomes 
in migrant-background populations.

Exploratory multivariate regression analysis indicated that 
migrant-background status remained an independent factor as-
sociated with increased HbA1c regardless of AID use. This per-
sistence despite widespread technology adoption suggests a major 
gap between device deployment and device use. Despite device 
provision, the linguistic and educational barriers required to op-
timise automated management (e.g., precise carbohydrate count-
ing, interpretation of trend arrows, response to complex alarm 
algorithms) still appear to be an issue. The finding that mater-
nal education was independently associated with higher TIR, 
independent of family income or parental occupation, further 
emphasises the importance of this educational dimension. The so-
phisticated features of modern AID systems may be substantially 
underutilized in families with lower health literacy and signifi-
cant language barriers, as evidenced by the significantly higher 
TAR > 250 mg/dL in the migrant-background group. The ability 
to manage complex AID algorithms, interpret glucose trend pat-
terns, perform precise carbohydrate estimation, and respond rap-
idly to alarms depends heavily on health literacy and language 
proficiency, domains that were lowest in migrant-background 
mothers (only 9.5% with university education; 50% with limited 
language proficiency), similar to Gesuita et  al. [14], who also 
found that maternal education remains a dominant independent 
predictor of metabolic success [24]. Closing this socio-biological 
gap relies on moving clinical interventions beyond standard ed-
ucational models. Families from ethnic and migrant minorities 
can achieve metabolic parity with native peers when provided 
with appropriately tailored, culturally responsive support [25].

At disease onset, children from migrant-background families 
presented with more severe DKA and significantly lower ini-
tial C-peptide, suggesting either delayed access to care in the 
pre-diagnosis period or a more aggressive initial autoimmune 
response in this population. Either mechanism places these 
children at greater metabolic risk over the disease trajectory. 
Furthermore, children from migrant-background families ex-
hibited significantly higher BMI z-scores, which are closely as-
sociated with insulin resistance, poorer glycemic control, and 
increased long-term cardiovascular risk [26].

This study has several limitations. First, as a retrospective co-
hort study, our design precludes assertions of direct causality 
regarding technology use, socioeconomic factors, and glycemic 
outcomes. Second, the migrant-background cohort was signifi-
cantly younger at follow-up, and the HbA1c multivariable model 
was not adjusted for age to preserve statistical power within the 
sample constraints. This is an important limitation, as puber-
tal status and its associated physiological insulin resistance are 
major drivers of glycemic control during adolescence. Third, as 
linguistic proficiency was assessed through clinical judgment 
during routine interactions rather than validated, standardized 
linguistic testing, there is potential for subjectivity and bias. 
Fourth, while primary categorization isolated the algorithmic 
effect (AID vs. non-AID), we lacked granular data regarding 
specific device models, total duration of device use prior to T1, 
software update versions, sensor wear-time consistency beyond 
the ≥ 70% threshold, and specific automated parameters (such 

TABLE 4    |    Multivariate linear regression models with advanced 
diagnostics.

Predictor β SE 95% CI p VIF

HbA1c model (n = 200, Adj. R2 = 0.487, F = 24.61, p < 0.001)

Migrant 
status

+0.70 0.17 [0.37, 
1.03]

< 0.001* 1.18

AID 
system 
use

−0.48 0.16 [−0.79, 
−0.17]

0.005 1.09

High 
maternal 
education

−0.16 0.16 [−0.47, 
0.15]

0.311 1.23

C-peptide 
at T1

−0.16 0.12 [−0.39, 
0.07]

0.193 1.05

Predictor β SE 95% CI p VIF

TIR model (n = 205, Adj. R2 = 0.392, F = 33.08, p < 0.001)

AID 
system 
use

+10.10 2.77 [4.63, 
15.57]

< 0.001* 1.09

High 
maternal 
education

+7.86 2.71 [2.51, 
13.21]

0.004 1.23

Migrant 
status

−7.85 2.90 [−13.58, 
−2.12]

0.008 1.18

Age at T1 
(years)

−0.70 0.32 [−1.33, 
−0.07]

0.034* 1.08

*The values in bold mean they are significantly different between groups.
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as auto-bolus frequency or carbohydrate-entry errors), which 
may have also introduced bias. Fifth, data were collected across 
two high-volume paediatric diabetes centers in Northern Italy, 
and although clinical protocols are standardized, unmeasured 
center-specific prescribing habits, local cultural dynamics, and 
regional socioeconomic characteristics may limit generalizabil-
ity to other regions or different international healthcare sys-
tems. Finally, there is known genetic variability in red blood cell 
lifespan and glycation rates (particularly in patients of African 
origin, who comprised 62% of our migrant cohort) that may af-
fect HbA1c values, potentially confounding comparisons with 
native populations. Furthermore, data collection overlapped 
with annual religious observances like Ramadan, and although 
we mitigated this by strictly upgrading and extracting glycemic 
metrics during non-fasting periods, residual behavioural or met-
abolic confounding from religious fasting patterns cannot be 
completely excluded.

5   |   Conclusions

In this retrospective cohort, children and adolescents from 
migrant-background families had poorer glycemic outcomes 
despite high AID uptake and comparable C-peptide levels at 
follow-up. Our findings suggest that technology provision alone 
may be insufficient to eliminate socioeconomic and linguistic 
disparities in glycemic control, and that interventions targeting 
education, language support, and family-level self-management 
capacity may be beneficial.
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