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Introduction

Currently, over two million war refugees live in Germany. Exposure to war and flight is associated with a high burden of diseases, not limited to mental disorders and infections. We aimed to analyze diabetes treatment and outcomes of pediatric refugees and migrants from Ukraine and Syria/Afghanistan with type 1 diabetes (T1D) in German-speaking countries.





Materials and methods

We included patients with T1D documented between January 2013 and June 2023 in the German/Austrian/Luxembourgian/Swiss DPV registry, aged < 20 years, born in Ukraine [U], in Syria or Afghanistan [S/A], or without migration background [C]. Using logistic, linear, and negative binomial regression models, we compared diabetes technology use, BMI-SDS, HbA1c values, as well as severe hypoglycemia and DKA rates between groups in the first year of treatment in the host country. Results were adjusted for sex, age, diabetes duration, and time spent in the host country.





Results

Among all patients with T1D aged < 20 years, 615 were born in Ukraine [U], 624 in Syria or Afghanistan [S/A], and 28,106 had no migration background [C]. Compared to the two other groups, patients from Syria or Afghanistan had a higher adjusted BMI-SDS (0.34 [95%-CI: 0.21–0.48] [S/A] vs. 0.13 [- 0.02–0.27] [U] and 0.20 [0.19–0.21] [C]; all p<0.001), a lower use of CGM or AID system (57.6% and 4.6%, respectively [S/A] vs. 83.7% and 7.8% [U], and 87.7% and 21.8% [C], all p<0.05) and a higher rate of severe hypoglycemia (15.3/100 PY [S/A] vs. 7.6/100 PY [C], and vs. 4.8/100 PY [U], all p<0.05). Compared to the two other groups, patients from Ukraine had a lower adjusted HbA1c (6.96% [95%-CI: 6.77–7.14] [U] vs. 7.49% [7.32–7.66] [S/A] and 7.37% [7.36–7.39] [C], all p<0.001).





Discussion

In their first treatment year in the host country, young Syrian or Afghan refugees had higher BMI-SDS, lower use of diabetes technology, higher HbA1c, and a higher rate of severe hypoglycemia compared to young Ukrainian refugees. Diabetologists should be aware of the different cultural and socioeconomic backgrounds of refugees to adapt diabetes treatment and education to specific needs.
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1 Introduction

Since the Russian invasion in February 2022, more than six million people fled Ukraine (1). Most of those forcibly displaced individuals moved to other European countries. Germany and Poland accommodated the highest number of Ukrainian refugees (2, 3). At the beginning of 2024, more than one million Ukrainian citizens lived in German-speaking countries. Germany is also the host country of about 400,000 war refugees from Afghanistan and more than 800,000 refugees from Syria, who came since the beginning of the civil war in 2011 (2). Among these refugees, more than one-third are children (2). Pediatric war refugees are a particularly vulnerable group in terms of health. Exposed to the lack of vaccinations, medical exams, and affordable medication in their home country due to the war, confronted with adverse experiences before and during the flight, they have an increased risk of psychological disorders, infections, and poor health outcomes due to insufficient management of chronic conditions.

Data about the specific situation of pediatric refugees or migrants from war zones with type 1 diabetes (T1D) are very scarce. A recent study analyzed the impact of continuous glucose monitoring (CGM) on glycemia in Ukrainian children and adolescents in Czechia (4). However, this study did not report the level of diabetes care and outcomes of these refugees compared to other children and adolescents with T1D.

Using real-world data from a large prospective German/Austrian/Luxembourgian/Swiss diabetes registry, we examined whether diabetes treatment (especially the use of diabetes technology) and outcomes differ between pediatric refugees/migrants with T1D from Ukraine, pediatric refugees/migrants with T1D from Syria or Afghanistan, and children with T1D without migration background.




2 Materials and methods



2.1 Data source and study population

This observational cross-sectional study is based on data from the German/Austrian/Luxembourgian/Swiss diabetes prospective follow-up registry (DPV) (5). Twice a year, more than 500 diabetes centers transmit their locally collected longitudinal benchmarking data in pseudonymized form to Ulm University, Germany. After plausibility checks and correction, the data is aggregated and completely anonymized for medical research. Data analysis has been approved by the ethics committee of the Medical Faculty of Ulm University (ethics approval 314/21). Informed consent to participate in the DPV register was obtained from patients or their guardians, in agreement with the administrators responsible for data protection at each participating center (5, 6).

As of September 2023, the registry comprised 707,060 patients with any type of diabetes living in Germany, Austria, Switzerland, and Luxembourg. Currently, the DPV registry covers an estimated proportion of more than 90% of all pediatric patients with diabetes (6). For this analysis, we included all patients with T1D newly documented between January 2013 and June 2023, aged under 20 years, born in Ukraine [U], in Syria or Afghanistan [S/A], or without migration background (patient and both parents born in Germany, Austria, Switzerland, or Luxembourg) as a control group [C]. The analysis did not include patients from other countries of origin.




2.2 Demographic and clinical variables

The definition of T1D is based in the DPV registry on the physician’s diagnosis according to the international guidelines (7). The use of insulin analogs, CGM, insulin pumps, or automated insulin delivery systems (AID, also called “hybrid-closed-loop” systems) was defined as any use in the observation period. Severe hypoglycemia, defined as a seizure or loss of consciousness requiring external assistance for administration of carbohydrates or glucagon, was self-reported and documented by the physician. Incident diabetic ketoacidosis (DKA) was defined as pH <7.3 or serum bicarbonate <15 mmol/L at least 8 days after diagnosis [all grades of DKA, according to ISPAD guidelines 2018 (8)]. HbA1c values were standardized to the Diabetes Control and Complications Trial reference range (4.05–6.05% [21–43 mmol/mol]) to correct for different laboratory methods (9). Standard deviation body mass index scores (BMI-SDS) were given using the KIGGS references of the German Robert Koch Institute (10).




2.3 Statistical analysis

We aggregated treatment and outcomes parameters of patients born in Ukraine, Syria or Afghanistan in the first treatment year in the host country as median, and compared with median values of patients without migration background in the time period from 2013 to June 2023. Unadjusted values are presented as median with lower-upper quartiles for continuous variables, as well as absolute numbers and percentages for variables with binomial distribution. Comparison between groups was performed using Wilcoxon test for continuous variables and X2 test for variables with binomial distribution, adjusting for multiple comparisons according to the Holm-Bonferroni step-down procedure. Logistic, linear, and negative binomial regression models were performed, with adjustment for sex, age, diabetes duration, and time spent in the host country, to compare treatment modalities (use of CGM, insulin pump, and AID) and outcomes (BMI-SDS, HbA1c, rates of severe hypoglycemia, and DKA) between groups. Results of regression analyses are presented as adjusted proportions (least square means) with 95%-confidence intervals (95%-CI). A p-value < 0.05 in two-sided tests was considered statistically significant. Statistical analyses were conducted using SAS version 9.4 (build TS1M7, SAS Institute Inc, Cary, NC).





3 Results

Over the last ten years combined, 47,642 children and adolescents with T1D under the age of 20 have been newly documented in the DPV registry. Among these patients, we included 28,106 children and adolescents without migration background [control group, C], 615 born in Ukraine [U], and 624 born in Syria or Afghanistan [S/A]. Of the 615 patients from Ukraine, 535 (87%) arrived since 2022. Figure 1 represents the absolute number of pediatric war refugees/migrants documented in the DPV registry by country of origin by first treatment year in the host country. In their first treatment year in the host country, most patients born in Ukraine had been living in the host country for less than 1 year, most patients born in Syria/Afghanistan for 1 to 4 years (Table 1).




Figure 1 | Absolute number of refugees/migrants born in Ukraine or in Syria or Afghanistan aged < 20 years with type 1 diabetes in the DPV Registry by first treatment year in the host country.




Table 1 | Characteristics of the study population by migration background in the first treatment year in the host country.





3.1 Comparison of the three groups of patients

Descriptive data for each group are presented in Table 1. In their first treatment year in the host country, age did not differ significantly between the two groups of refugees and was similar to the median age of the children and adolescents without migration background in the whole time period (median age: 11.6 years [U] vs. 11.8 years [S/A], and 12.0 years [C]). Patients from Ukraine had a lower BMI-SDS (median: 0.02 [U] vs. 0.24 [S/A], and 0.22 [C]), as well as the longest diabetes duration (median: 2.4 years [U] vs. 0.6 years [S/A] and 1.6 years [C]). Patients from Syria/Afghanistan had the lowest use of insulin analogs (median: 93% [S/A] vs. 97% [U] and 98% [C]), the lowest use of CGM and AID (median: 55% and 5%, respectively [S/A] vs. 82% and 9% [U] and 86% and 24% [C]) and the highest HbA1c value (median: 7.59% [S/A] vs. 7.22% [U] and 7.20% [C]). P-values for comparison between groups are indicated in Table 1.




3.2 Comparison by location of the diabetes diagnosis

The majority of the young refugees from Ukraine (n=488/615, 79.3%) had their diabetes diagnosis in their home country, whereas most young refugees from Syria/Afghanistan were diagnosed after they arrived in the host country (n=336/624, 53.8%). Patients from Ukraine diagnosed in their home country were younger, a lower HbA1c, a lower BMI-SDS and used more CGM, insulin pumps and AID than patients from Syria/Afghanistan diagnosed in their home country (median age: 11.6 vs. 12.9 years; BMI-SDS: -0.02 vs. 0.27; HbA1c: 7.37% vs. 8.18%; CGM: 83.4% vs. 39.9%; pump: 26.8% vs. 13.9%; AID: 9.0% vs. 2.4%; all p<0.001). In contrast, in patients diagnosed after arrival in the host country, no significant differences in these parameters could be observed (median age: 11.1 vs. 11.1 years; BMI-SDS: 0.08 vs. 0.19; HbA1c: 6.83% vs. 7.04%; CGM: 74.8% vs. 67.0%; Pump: 17.3% vs. 25.0%; AID: 7.9% vs. 6.6%; all p=1.00).




3.3 Adjusted analyses

After adjustment for sex, age, and diabetes duration, and time spent in the host country, the BMI-SDS was significantly higher in patients from Syria/Afghanistan compared to other groups (0.34 [95%-CI: 0.21–0.48] [S/A] vs. 0.13 [- 0.02–0.27] [U] and 0.20 [0.19–0.21] [C]). Other results of the adjusted regression models are shown in Figure 2. Patients from Syria/Afghanistan less frequently used a CGM or an AID system than both other groups (CGM and AID, respectively: 57.6% and 4.6% [S/A] vs. 83.7% and 7.8% [U], and vs. 87.7% and 21.8% [C], all p<0.05). Both groups of refugees less frequently used an insulin pump compared to patients without migration background (pump: 21.8% [S/A] and 22.9% [U] vs. 61.5% [C]; both p<0.001). Mean HbA1c values were significantly lower in patients from Ukraine compared to the other groups (6.96% [95%-CI: 6.77–7.14] [U] vs. 7.49% [7.32–7.66] [S/A] and 7.37% [7.36–7.39] [C]; both p<0.001). The rate of severe hypoglycemia was significantly higher in patients from Syria/Afghanistan compared to the two other groups (15.3/100 PY [S/A] vs. 7.6/100 PY [C], p<0.001, and vs. 4.8/100 PY [U]; p=0.047). The differences in DKA rates were not significant.




Figure 2 | Diabetes treatment and outcomes in war refugees/migrants aged < 20 years with type 1 diabetes compared in the first treatment year in the host country with peers without migration background. Represented are the estimates (Least-Square-means) with 95%-confidence intervals for the three origin groups from logistic (use of CGM, insulin pump, and AID), linear (HbA1c), and negative binomial (rates of severe hypoglycemia and DKA) regression models, adjusted for sex, age, diabetes duration, and time spent in the host country. The dotted lines indicate the significant comparisons (p<0.05).







4 Discussion

This observational multicenter study describes diabetes treatment and outcomes of young refugees with T1D in their first treatment year in a German-speaking country and points out differences depending on the country of origin. After multiple adjustments, we found that young refugees from Syria or Afghanistan had higher BMI-SDS, lower use of CGM or AID system, higher adjusted HbA1c, and higher rate of severe hypoglycemia than young refugees from Ukraine.

A variety of reasons, not just war, may have led refugees to leave their home country over the period analyzed (2013–2023). In particular, this analysis includes 80 Ukrainian children who moved before the Russian invasion in February 2022. Beyond war, the aim of this study was to compare migrants by region of origin over the same period, to reflect the possible impact of cultural and socio-economic differences on diabetes outcomes.

The use of insulin pump or AID systems was significantly less frequent in both groups of refugees than in patients without migration background, and the use of CGM was far less frequent in refugees from Syria/Afghanistan than in the two other groups. For both groups of refugees, we compared the first treatment year in the host country, which was in median 2018-2019 for children from Syria or Afghanistan and 2022 for children from Ukraine. Overall, the use of diabetes technology, and especially of CGM, increased between these years and this evolution partly explain the higher use of CGM in Ukrainian children. Anyway, the much higher use of CGM in Ukrainian children in their first treatment year in the host country may contribute to lower HbA1c in comparison to Syrian or Afghan children (4). In Germany, Austria, Switzerland, and Luxembourg, all refugees benefit from a special medical assistance covering care for chronic diseases such as diabetes. Access to diabetes technology for young people with migration background in Germany has improved over the past decade, but significant disparities persist (11, 12). Therefore, it is crucial to promote the use of diabetes technology and most particularly of CGM, since these devices have been proven to improve diabetes control in youth (4, 6, 13).

Differences in age, BMI, HbA1c, and use of diabetes technology were not significant when refugees were diagnosed in the host country, but refugees diagnosed in Syria/Afghanistan had significantly higher HbA1c values than refugees diagnosed in Ukraine. This worse glycemic control may be associated with the lower use of diabetes technology and with the poorer quality of diabetes care in Syria/Afghanistan compared to Ukraine. About half the young refugees from Syria/Afghanistan were first treated in their home country before coming to a German-speaking country, and for most of them, diabetes outcomes are likely to last after arrival, because patients and their parents need time and appropriate education to change habits in diabetes management.

Several publications pointed out cultural or socioeconomic characteristics leading to differences in the health status of refugees depending on their country of origin (14–16). Dietary habits, for example, vary by region of origin and are associated with T1D outcomes. Even after adjusting for demographics and time spent in the host country, refugees from Syria/Afghanistan had a higher BMI-SDS than the two other groups. At least for healthy adults, there is evidence of inadequate nutritional intake among Syrian refugees in Germany (15, 17). Moreover, in accordance with our findings, studies have reported that the prevalence of overweight, including obesity, was higher in pediatric refugees from Syria (15) or refugees from Afghanistan (16) compared to peers without a migration background. Another aspect is that German dietary education programs reflect European eating habits, which are closer to Ukrainian eating habits than to Syrian or Afghan ones. Dietary education for this last group of refugees in German-speaking countries is therefore more difficult.

Education level and more specifically health literacy is also known to play an important role in T1D outcomes. A review of the current literature highlights the high education level of the Ukrainian refugees: more than two-thirds of them hold a tertiary/university educational degree (3). This was only the case for 11% of the Syrian refugees and 21% of the refugees from Afghanistan living in Germany in 2022 (18). Moreover, about half of the Ukrainian refugees report to speak English (3). Language skills are not only crucial for inclusion in the host country, but also for adequate communication with diabetes teams and effective participation in diabetes education programs. Knowledge of English is particularly useful, as good quality English translations are widely available in German-speaking countries. These differences can also contribute to explain the better glycemic control of the Ukrainian refugees compared to peers from Syria or Afghanistan in this analysis.

Another factor that should be taken into account is mental health. Mental comorbidities may contribute to worse glycemic control. A high prevalence of psychological distress, including depression and posttraumatic disorders due to war and flight in a foreign country has been reported in Syrian and Afghan refugees (16, 19). Acute and long-term psychological distress may still be underreported among Ukrainian refugees who have just recently moved to the host country.



4.1 Strengths and limitations

The use of the large multicenter DPV registry, which covers 93% of the pediatric population with T1D in Germany (20), is the main strength of this study. Our data collected over ten years is expected to comprise almost all children and adolescents with T1D who migrated to Germany from Syria/Afghanistan and Ukraine. The main limitation of this study is that we did not include several important factors, like food intake, socioeconomic situation of the child or the parents (education/school, income, occupation/work), family situation (child living with at least one parent or unaccompanied), or type of accommodation (home or refugee center), because these data were not available in the registry. Moreover, we did not include mental comorbidities, as they are not part of the standardized documentation. As described above, such information would be important for a better understanding of the differences in T1D outcomes. However, these factors can be considered mediators (intermediate factors on the causal pathway) and not confounders in the relationship between the country of origin and the diabetes outcomes. In fact, they are influenced by the country of origin but there is no inverse relationship. Therefore, the association between country of origin and outcomes must be valid without adjustment for these factors. A further limitation is that BMI-SDS values were calculated based on German references since specific references for Ukraine, Syria, or Afghanistan were unavailable. Lastly, this cross-sectional study provides an overview of diabetes care disparities in pediatric refugees but does not provide information about changes over time. Therefore, longitudinal studies are needed in the future to analyze the impact of diabetes care interventions for refugees over time.





5 Conclusion

We aimed to assess whether young refugees with T1D present specific characteristics depending on their country of origin. This knowledge is useful for adapting diabetes care and offering the best possible management in the host countries. We found that in their first treatment year in the host country, young refugees from Syria or Afghanistan had a higher BMI-SDS, a lower use of CGM or AID system, a higher adjusted HbA1c, and a higher rate of severe hypoglycemia than young refugees from Ukraine. The different years of arrival in the host country, but also socioeconomic and cultural aspects, in particular language barriers or dietary education based on European habits can explain some of the differences between refugees from Syria or Afghanistan and those from Ukraine. Healthcare providers and diabetologists should be aware of these differences between refugees with T1D, depending on their country of origin, to be able to adapt treatment and diabetes education to specific cultures and needs (21). For optimal diabetes control, culturally sensitive education and communication is necessary. It should take into account eating habits from the home country, language knowledge, and health literacy.
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Born in Born in Syria/ Without for comparison***
Ukraine Afghanistan migration
(n= 615) (n= 624) background* A.vs.C.
(n= 28,106)
Male gender ‘ 307 (49.9) 349 (55.9) 12,060 (54.8) 0.241 0335 1.000
Age, years 116 (8.3- 14.3) 118 (87 - 15.0) 120 (8.1 - 14.9) 0.241 0228 1.000
Diabetes 24 (0.6-5.3) 0.6 (0.3 - 4.2) 1.6 (07 - 2.8) <0.001 <0.001 <0.001

duration, years

Time spent in the 0(0-1) 1(1-4) 12 (8 - 15) <0.001 <0.001 <0.001
German-
speaking country

BMI SDS** 002 (-0.59 - 0.63) 024 (-0.42 - 0.84) 0.22 (-0.41 - 0.84) <0.001 <0.001 1.000
HbAIc, % 7.22 (6.39 - 8.37) 759 (6.77 - 8.77) 7.20 (6.58 - 7.90) 0.003 0604 <0.001
Insulin dose (/kg) 0.87 (0.68 - 1.13) 083 (0.63 - 1.09) 074 (0.58 - 0.92) 0.241 <0.001 <0.001
Use of insulin analogs 597 (97.1) 580 (93.0) 27,561 (98.1) ooz 0396 <0.001
Use of insulin pump 153 (24.9) 124 (19.9) 16,608 (59.1) 0241 <0.001 <0.001
Use of CGM 502 (81.6) 340 (54.5) 24,019 (85.5) <0.001 0070 <0.001

Use of AID 54 (8.8) 29 (4.7) 6,861 (24.4) 0.043 <0.001 <0.001

Unadjusted values are given as median (lower-upper quartiles) for continuous variables and absolute number (percentages) for binary variables.

“For patients without migration background, the data have been aggregated as median of the observation period January 2013 - June 2023.

**BMI SDS, standard deviation score of Body Mass Index (kg/m2) using KIGGS (RKI) reference data.

***Comparison using Wilcoxon test for continuous variables and X? test for variables with binomial distribution, adjusted for multiple comparisons according to the Holm-Bonferroni stepdown
procedure. P<0.05 (two-sided) was considered statistically significant (in bold).





