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ABSTRACT

Background: Diet modification has the potential to influence glycemic control
and diabetes outcome in patients with type 1 diabetes (T1D). This cross-sec-
tional study aimed to assess types of diets being reported by patients with T1D
and documented in the Diabetes Patients Follow-Up Registry (DPV).
Methods: The DPV registry was screened for additional free text entries con-
taining information about certain diets and/or physician-based diagnoses
requiring special diets e. g. celiac disease. Descriptive analysis and unadjusted
comparisons between patients with T1D following at least one special diet and
controls (T1D without diet) were performed.

Results: Overall, 113,894 patients with T1D of all ages were included. In 2.3%
(n = 2,595; median age 11.3 yrs [Q;; Qs: 7.0; 15.2]), at least one kind of diet was
documented. These patients were significantly younger at diabetes onset than
controls (median age 7.5 yrs [Q;; Qs: 3.9; 11.4] vs. 11.1 yrs [6.6; 16.7]; p < 0.001)
and showed a significantly lower BMI-SDS (median [Q;; Q3]: 0.220 [-0.427;0.812]
vs. 0.450 [-0.211;1.088]). Diet was more often reported in females (55.7% vs.
44.3%, p < 0.001). The three most common diets were gluten-free diet due to
celiac disease, low-protein diet, and lactose-restricted diet due to lactose
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intolerance. A combination of two diagnoses in one patient (n = 44, 1.7% of the
entire diet group) was predominantly intolerance to both fructose and lactose.
Among all diet subgroups the highest BMI-SDS was found in the group diets for
weight loss.

Conclusions: This study revealed a wide range of eating habits in patients with
T1D. A special diet was more frequently documented in females. The main
reason for adhering to a diet was a concomitant disease. As any diet modifica-
tion could impact glycemic control, health care providers should be encour-
aged to regularly ask their patients about their eating habits and provide
training and support by specialized dietitians.

ARTICLE HISTORY Received 26 April 2021; Accepted 28 October 2021
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Introduction

Adequate insulin substitution, nutritional management, and physical activity
are the most important cornerstones in the therapy of patients with type 1
diabetes (T1D) (S3-Leitlinie DDG 2018: Therapie des Typ 1 Diabetes; S3-
Leitlinie DDG und AGPD 2015: Diagnostik, Therapie und Verlaufskontrolle
desDiabetes mellitus im Kindes- und Jugendalter; Adolfsson et al. 2018;
Danne et al. 2018; Smart et al. 2018). Nutritional management aims to
provide an appropriate energy and nutrient intake, to maintain ideal body
weight, and to optimize growth. Furthermore, in patients with T1D it is
important to improve diabetes outcome and to minimize the risk for short-
and long-term diabetes complications (S3-Leitlinie DDG und AGPD 2015:
Diagnostik, Therapie und Verlaufskontrolle desDiabetes mellitus im Kindes-
und Jugendalter; S3-Leitlinie DDG 2018: Therapie des Typ 1 Diabetes; Smart
et al. 2018). Recommendations for healthy food choice and nutrient intake
for patients with T1D are the same as for metabolically healthy subjects (S3-
Leitlinie DDG und AGPD 2015: Diagnostik, Therapie und Verlaufskontrolle
desDiabetes mellitus im Kindes- und Jugendalter; S3-Leitlinie DDG 2018:
Therapie des Typ 1 Diabetes; Smart et al. 2018). However, patients with T1D
should consider time of meals in regard to their current blood glucose as well
as timing of prandial bolus, and combination of different food components
to optimize postprandial glycemia (Danne et al. 2018; Smart et al. 2018).
Nonetheless, some patients with T1D adhere to special diets for different
reasons: due to a concomitant disease (e. g. a gluten-free diet for celiac
disease or low-protein diet for nephropathy) (Robertson et al. 2007; Ahola
et al. 2018) or ethical and ecological reasons (e. g. vegetarian diets) (Fox and
Ward 2008), or a religious background (e. g. halal or kosher nutrition).
Moreover, some patients follow special diets to improve glycemic control
and to prevent acute (hypoglycemia and diabetes ketoacidosis), and chronic
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(macrovascular and microvascular) diabetes complications. In this regard,
especially diets with low carbohydrate intake (low-carb) are discussed con-
troversially (Nielsen et al. 2012; Krebs et al. 2016; Lennerz et al. 2018; Leow et
al. 2018; Gallagher et al. 2019; Schmidt et al. 2019).

In general, data about frequency and type of diets and their effects on
diabetes outcome in patients with T1D is scarce. So far, only one study from
Finland addressed this issue more comprehensively and investigated adher-
ence to special diets in a large cohort of adults with T1D (Ahola et al. 2018).
The main reason to follow a diet in this cohort was secondary disease
requiring a dietary treatment. Similar data from Germany, Austria,
Switzerland, and Luxembourg are missing so far.

The study presented here aimed to assess which special diets are followed
by patients with T1D based on data from the Diabetes Patients Follow-Up
Registry (Diabetes-Patienten-Verlaufsdokumentation, DPV).

Subjects and methods

The cross-sectional study presented here is based on data from the multi-
center, standardized DPV (www.d-p-v.eu). The DPV register was established
in 1995 to collect anonymized data on diabetes therapy and outcome as well
as socioeconomic data of patients with diabetes mellitus from specialized
diabetes centers situated in Germany, Austria, Switzerland, and
Luxembourg. Based on these data, practice-relevant issues can easily be
investigated in larger cohorts of patients. The DPV initiative has been
approved by the Ethics committee of Ulm University, Germany and the
anonymized data collection by the local review boards of each participating
center. For additional information see Hofer et al. (Hofer et al. 2016). Until
March 2019, data of 534,756 patients with different types of diabetes from
centers throughout Germany, Austria, Switzerland, and Luxembourg were
available in DPV.

Included in this study were all insulin-treated patients with T1D inde-
pendent of age and with diabetes onset at a minimum age of six months in
order to exclude undiagnosed neonatal diabetes.

To identify patients with T1D and a special diet, the DPV database was
screened for information in diagnosis fields referring to special diets as well
as for physician-based diagnosis requiring a diet e. g. celiac disease. The types
of diets we screened for are provided in Table 1. To counter small subgroups,
similar diets were grouped by the aim they were followed for (Table 1). All
other patients with no documented information on a specific diet were used
as controls. According to current therapy guidelines for T1D (S3-Leitlinie
DDG 2018: Therapie des Typ 1 Diabetes; Phelan et al. 2018), all patients
(controls as well as group of patients with specific diet) were provided with
nutritional training at onset, during the course of their disease, and in case of
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Table 1. Overview of diet groups and assigned types of diets the DPV database was
screened for.

Subgroup Types of diets

Vegetarian Vegetarian, lacto-vegetarian, lacto-ovo-vegetarian, ovo-vegetarian, pesco-
vegetarian, and semi-vegetarian (occasional meat consumption)

Vegan diet Vegan diet (no product of animal origin)

Diets restricted in Low-carb-diet; Paleo diet; Ketogenic diets

carbohydrates Atkins diet/ Modified Atkins-diet

Cardio protective diets Low-salt diet; Low-fat diet; Mediterranean diet
Omega 3 diet

Diet due to religion Kosher; halal/ Ramadan; fasting in general

Celiac disease Gluten-free diet

Lactose intolerance Lactose restricted/-free (primary, secondary or unknown type, congenital)

Fructose intolerance Fructose restricted/-free (primary, secondary or unknown type, congenital)

Histamine intolerance Histamine restricted/-free

Diets for weight loss Caloric restriction/ energy restricted diet

Weight watchers; “Brigitte Didt”; Formula diet
dinner-cancelling; ,Trennkost”/ food combining
High-protein diets no further differentiation
Low-protein diets no further differentiation

individual issues to optimize glycemic control. This includes, for example,
timing of meals and prandial bolus with respect to their current blood
glucose level, and the combination of different food components to optimize
postprandial glycemia.

At the time of the first documentation of the special diet (+ 6 months) we
analyzed the following parameters (for controls: most recent treatment year
was considered): age, body mass index-standard deviation score (BMI-SDS),
height-SDS, duration and age at onset of T1D, glycated hemoglobin
(HbAlc), total daily insulin dosage (IU per kg body weight per day), and
insulin therapy regime (conventional insulin therapy [CT, <3 injection time-
points per day], intensified conventional insulin therapy [ICT, >4 injection
time-points per day], or continuous subcutaneous insulin infusion [CSII] by
an insulin pump), microalbuminuria, and physical activity (at least one time
per week for 45 to 60 minutes). Height- and BMI-SDS were calculated for
patients under 18 years of age using national reference data from the German
Health Interview and Examination Survey for children and adolescents
(KiGGS) (Neuhauser et al. 2013). Further, migration background, defined
by either the patient or at least one of the parents born outside of one of the
participating countries (Germany, Austria, Switzerland, and Luxembourg),
was analyzed.

Demographic data as well as height-SDS and BMI-SDS of the entire diet
cohort were compared to the control group.
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Statistics

All statistical procedures were performed using SAS 9.4 (SAS Institute, Cary,
NC). We presented descriptive statistics for subgroups with a minimum of
10 patients. Data are presented as median with quartiles (Q;, Q) or percen-
tage if not stated otherwise. Differences in dichotomous outcomes were
analyzed using Chi-Square-Test, and Wilcoxon’s rank sum test for contin-
uous variables. Two-sided p-values < 0.05 were considered significant and
adjusted for multiple testing via Bonferroni stepdown (Holm) method.

Results

A total of n = 113,894 patients with T1D and documented insulin therapy
were identified from the DPV registry. 482 centers throughout Germany
(n = 434), Austria (n = 43), Switzerland (n = 4), and Luxembourg (n = 1)
contributed to this patient group (see supplemental material Table 1). In
2,595 patients (2.3%), at least one special diet was documented (Figure 1).
Patient characteristics are shown in Table 2. Most patients with a special
diet were younger than 10 years (41.7%) or between 10-20 years (48.7%). In
the majority of patients (93.2%), only one type of diet was documented, in
6.5% two diets, and in 0.3% =3 diets. The three most common diets or
diagnoses requiring dietary treatment were: 1. gluten-free diet due to celiac
disease (51.6%), 2. low-protein diet (14.4%), and 3. lactose-restricted diet due
to lactose intolerance (11.9%) (Figure 2). The most common combination of
two diagnoses requiring dietary treatment was fructose and lactose intoler-
ance (n = 44, 1.7% of the entire diet group). A gluten-free diet was also
recorded in patients without the documented clinical diagnosis of celiac

Patients with diabetes mellitus in DPV registry

(March 2020)
n=534,756
Diabetes mellitus type 1 Other type of diabetes
n=129,912 n=404,844
T1D with documented Insulin therapy T1D without documented Insulin therapy
n=113,894 n=16,018
> 1 special diet documented No special diet documented
n=2,595 n= 111,299
Final study cohort

Figure 1. Flow-chart showing selection of study cohort from the DPV registry.
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Table 2. Characteristics of patients with T1D and a documented special diet in compar-
ison to the control group consisting of patients with T1D without a special diet.

Patients with Patients without a
special diets special diet
Parameter n=2,595 n=111,299 p
Sex ratio, % male 443 52.5 <0.001
Migration background (%) 18.9 12.8 <0.001
Age [years] 11.3[7.0; 15.2] 17.5 [14.2; 31.9] <0.001
Age at T1D onset [years] 7.5[3.9;11.4] 11.1 [6.6; 16.7] <0.001
Duration of diabetes until first documented diet 1.9 [0.2; 6.3] 6.7 [2.7; 12.8] <0.001
[years]
Height-SDS (KiGGS) 0.002 [-0.710;  0.072[-0.629;0.773] 0.003
0.709] ® b
BMI-SDS (KiGGS) 0.173 [-0.473;  0.306[-0.311;0.903] <0.001
0.746] ° b
Total daily insulin dose per kg bodyweight (IU/ 0.69 [0.51; 0.92] 0.76 [0.57; 0.98] /
kg/d)
HbA1c [%] 7.6 [6.9; 8.7] 791[7.0; 9.1] /
Microalbuminuria [%] 16.0 16.0 /
Insulin therapy
Conventional insulin therapy (CT) (%) 159 10.1 <0.001
Intensified conventional insulin therapy (ICT) (%) 54.1 56.8 0.006
Continuous subcutaneous insulin infusion (CSII) 30.0 33.0 <0.001

by an insulin pump (%)

Data are shown as median [first; third quartile], or proportion. Comparison between T1D patients with a
special diet and the control group (T1D patients without a special diet, most recent treatment year was
considered): Wilcoxon's rank sum test for continuous variables, Chi-Square-Test for dichotomous
parameters. P-values in bold letters indicate significant differences between the two groups.
Parameters evaluating the diabetes therapy, e. g. HbA1c were not compared as the study did not
aim to assess if a diet is better than another diet with respect to glycemic control in T1D. Height- and
BMI-SDS were calculated for patients under 18 years of age using national reference data from the
German Health Interview and Examination Survey for children and adolescents (KiGGS) (Neuhauser et
al. 2013)

2PNumber of patients under 18 years of age included in the calculation of height-SDS and BMI-SDS:
2 =2,286, ° = 76,385

disease (n = 85). Other diets were found in less than 10% of the patients. The
following diets and clinical diagnoses requiring a special diet were documen-
ted in less than 10 patients, respectively: Hereditary fructose intolerance
(n = 3), gluten-free diet due to non-celiac gluten/wheat sensitivity (n = 4),
cow milk allergy (n = 3), and purine-restricted diet (n = 2). None of the
following diets were recorded: FODMAP diet (fermentable oligo-, di-,
monosaccharides, and polyols), Paleo diet, lactose-free diet due to congenital
lactose intolerance, or potassium-restricted diet.

Among all diet subgroups, the oldest patients with the longest diabetes
duration were found in the groups, high-protein diet and low-protein diet
(Table 3). In the low-protein diet group we found the highest proportion of
persons with microalbuminuria (31%) compared to all other diet groups
(10% and 24%). The youngest patients within all diet groups who simulta-
neously had the shortest diabetes duration were those with gluten-free diet
due to celiac disease. We found the highest BMI-SDS in patients with
documented diet for weight loss. The highest proportion of patients who
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Figure 2. Number of patients per diet subgroup. Diet groups with less than 10 patients
are not displayed in the figure. *primary, secondary or unknown type

reported physical activity for at least one time per week for 45 to 60 min were
found in the low-carb group (87.2%), followed by the groups vegan diet
(85%), vegetarian diet (82.4%), and the high-protein diet (81.8%). In con-
trast, the percentage of patients with regular physical activity within the other
diet groups was between 51.2% and 80%.

Comparison between T1D with a special diet and controls

Comparison of the entire special diet group and single diet subgroups to
patients without a special diet (control group) is shown in Tables 2 and 3.
The percentage of females in the diet group was significantly higher com-
pared to the control group. Overall, the percentage of patients with migration
background was higher in the diet subgroups compared to controls with
exception for patients with low-protein diet and vegetarian diets. Regarding
the median age at diabetes onset, patients with a special diet were signifi-
cantly younger than controls. This was true for all single diet subgroups.
While height-SDS did not differ significantly, patients of the entire special
diet group showed a significantly lower BMI-SDS compared to controls
(Table 2).
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Comparison of females and males of the diet group

Females and males of the special diet group showed no significant differences
regarding age, age at diabetes onset, diabetes duration, height-SDS/BMI-
SDS, or diabetes therapy (data not shown). However, in females a signifi-
cantly higher insulin dosage per day (median [Q;; Qs]: 0.71 [0.53; 0.92] TU/
kg) vs. 0.68 [0.49; 0.91] IU/kg, p = 0.022), and higher HbAlc (median [Q;;
Qs]: 7.7 [6.9; 8.8] % vs. 7.6 [6.9; 8.6] %, p = 0.037) was found compared to
male patients. Except for high-protein diets or diets followed for religious
reasons, all other diets were documented more frequently in females com-
pared to males. With respect to the number of diets, males more often
reported only one diet (P = 0.028), while combinations of two diets were
significantly more frequent in females (P = 0.046).

Looking at the single diet subgroups, females with a “gluten-free diet due
to celiac disease” had a significantly higher total daily insulin dosage (median
[Q1; Qs): 0.66 [0.48; 0.87] IU/kg vs. 0.61 [0.44; 0.84] IU/kg, p = 0.009)
compared to males, while no significant differences regarding age
(p= 0.685), age at diabetes onset (p = 0.614), or diabetes duration
(p= 0.659) were found in this group. The most frequent second diagnosis
in this diet group was lactose intolerance in both sexes. Regarding patients
with lactose intolerance significantly more females suffered simultaneously
from fructose intolerance compared to males (17.2% vs. 8.8%, p = 0.032).
Among patients with a low-protein diet, males exhibited a significantly lower
height-SDS compared to females (median [Q;; Q;]: —0.19 [-1.03; 0.36] vs.
-0.09 [-0.76; 0.74], p = 0.041), while no significant differences occurred with
respect to age (p= 0.297), age at diabetes onset (p= 0.769) or diabetes
duration (p = 0.124). In the low-protein diet group, in 12.4% of females
and 6.1% of males, adherence to a second diet, predominantly a gluten-free
diet due to celiac disease was documented.

Discussion

The aim of this study was to assess the type of diets patients with T1D adhere
to. In 2.3% of patients with T1D registered in DPV a special diet was
documented. In general, these patients were younger at diabetes onset than
patients with T1D without any special diet. Most patients followed a diet due
to a concomitant disease. The three most frequent diets were gluten-free diet
due to celiac disease, low-protein diet, and lactose-restricted diet due to
lactose intolerance. This is in accordance with a previous study from
Finland investigating adherence to special diets in adults with T1D (Ahola
et al. 2018). But, in contrast to our study, 36.6% of their patients adhered to a
diet, most frequently a protein-restricted diet, lactose-free diet, and a gluten-
free diet. Most of these patients were female, had a longer duration of
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diabetes, and showed more diabetes complications. With a median age of
49 years [interquartile range: 38-59], they were markedly older and had a
longer T1D diabetes duration than our patients.

In our cohort, the most frequently documented diet was a gluten-free diet
due to celiac disease. This is not surprising as celiac disease is a common
comorbidity in T1D (Kaspers et al. 2004; Craig et al. 2017). As in almost all
diet subgroups, except diets followed for religious reasons or high-protein
diets, the percentage of females within the group gluten free diet due to celiac
disease was higher compared to males. Prevalence for celiac disease in the
general population is higher in females; but in combination with T1D the
data are inconsistent (Frohlich-Reiterer et al. 2011; Laass et al. 2015;
Vajravelu et al. 2018; Nagl et al. 2019).

The second most documented type of diet in our cohort was a low-protein
diet. Such a diet might decelerate progression of diabetic nephropathy, but
evidence is missing (Robertson et al. 2007). Among the entire diet group, the
group low-protein diet included aside from the group high-protein diet the
oldest patients with the longest diabetes duration. In 31% of them micro-
albuminuria, an early indicator of diabetic nephropathy, was present.

In contrast, 63 patients reported to adhere to a high-protein diet. Almost
70% of these patients were male and mainly between 10 and 20 years old.
Previous studies showed a higher percentage of high-protein diets including
the use of protein supplements among young males compared to females,
especially in athletes, but also in leisure time exercisers (MRI 2008;
Hartmann et al. 2016; Ewan et al. 2019). Their main motives for high-protein
diets are often to gain or maintain muscle mass and strength. A former study
investigating associations between physical activity and glycemic control in
adults with T1D showed that the majority among the group with the highest
physical activity (more than two times a week) were young males (30.4 years
+ 15.8, mean age + SD) (Bohn et al. 2015). With respect to T1D, a higher
protein intake is not necessary (Smart et al. 2018). In contrast, a high protein
intake over a longer period might be harmful for patients with T1D and
persistent microalbuminuria or apparent nephropathy (Smart et al. 2018) as
it might negatively impact renal function (Tipton 2011).

The third most frequent diet in our cohort was a lactose-restricted diet
due to lactose intolerance. This was also the most common additional
diagnosis in our group with gluten-free diet due to celiac disease. In patients
with untreated celiac disease secondary lactose or fructose intolerance due to
mucosal surface damage is quite common (Arthur 1966).

A dietary modification aimed for optimizing glucose control in patients
with T1D is the restriction of carbohydrate intake. A low-carb or a ketogenic
diet was the 4th most frequently documented type of diet in our cohort.
Previous studies showed that restriction of carbohydrate consumption in
favor of snacks rich in fat and protein is common in patients with T1D



142 (&) A G.THIELE ET AL.

(Meissner et al. 2014; Baechle et al. 2018). Recent studies showed lower
glucose variability and significant reduction of HbAlc under restriction of
carbohydrate intake in patients with T1D (O’ Neill et al. 2003; Nielsen et al.
2012; Lennerz et al. 2018; Schmidt et al. 2019). However, comparison and
interpretation of the results is difficult due to differences in study design,
small cohorts, and inconsistent definition of the carbohydrate restriction
(Nielsen et al. 2012; Krebs et al. 2016; Leow et al. 2018; Gallagher et al. 2019).
Further, inclusion of highly motivated patients might bias the results (O’
Neill et al. 2003; Nielsen et al. 2012; Lennerz et al. 2018; Schmidt et al. 2019;
Seckold et al. 2019). As details about strictness or duration of the low-carb
diet were not available in our cohort we cannot draw conclusions about the
effects on glycemic control. Depending on strictness of carbohydrate reduc-
tion, this diet is associated with higher risk for nutrient deficiency, hypogly-
cemia, diabetes ketoacidosis, increased cardiovascular risk profile (Meissner
et al. 2014), and growth retardation in children (Bolla et al. 2019). Moreover,
the enormous restriction of food choice impacts everyday life of the patients,
which might increase psychosocial problems and contribute to eating dis-
orders (Gallagher et al. 2019; Baechle et al. 2019). According to current
guidelines, low-carb diet is not recommended for patients with T1D
(Smart et al. 2018). Instead, patients should be encouraged to a healthy
food choice as recommended for the metabolically healthy population (S3-
Leitlinie DDG 2018: Therapie des Typ 1 Diabetes; S3-Leitlinie DDG und
AGPD 2015: Diagnostik, Therapie und Verlaufskontrolle desDiabetes melli-
tus im Kindes- und Jugendalter; Smart et al. 2018).

Vegetarian or vegan diets are mostly self-prescribed, and often followed
for ethical or ecological reasons (Fox and Ward 2008). In only 0.03% of all
patients with T1D a vegetarian and in 0.02% a vegan diet was recorded.
Again, the percentage of females was higher compared to males, which is in
accordance with former studies (Fox and Ward 2008; Bohn et al. 2015;
Mensink et al. 2016; Patelakis et al. 2019). Previous surveys in the healthy
German population showed that 4.3% of adults aged 18 to 79 years and 3.3%
of children and adolescents aged 6 to 17 years stated to follow a vegetarian or
vegan diet (Bohn et al. 2015; Mensink et al. 2016; Patelakis et al. 2019).
Among all age groups, these individuals were more frequently female, had a
higher education, and were physically more active. During the last decades,
vegetarian lifestyle has become more popular as it is associated with health
benefits, e. g. a lower risk for hypertension, cardiovascular disease, obesity, or
type 2 diabetes (Chandalia et al. 2000; Waldmann et al. 2007). Plant-based
diets are characterized by high content of dietary fiber and low glycemic
index (Le and Sabaté 2014), and can positively influence metabolic para-
meters like serum lipids or serum glucose (Lee and Park 2017). This might
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also be beneficial for patients with T1D to optimize glycemic control and to
minimize the risk of chronic (macrovascular and microvascular) diabetes
complications.

Using the DPV registry allowed us to analyze a large cohort of patients
with T1D. The percentage of patients with a documented diet is markedly
lower compared to a previous study from Finland (Ahola et al. 2018). So far,
further studies investigating adherence to special diets in T1D are missing. In
our study the percentage of patients with T1D following special diets might
be underreported. This could be caused by the retrospective study design as it
is a register-based study and data analysis is limited by quantity and quality
of data entries. Within the DPV registry there are no standardized fields for
documentation of special diets. Information about type of diet, duration,
strictness, or the reason for the diet has to be documented in the free text. In
this regard, also a lack of reporting by the patient or incomplete documenta-
tion by the healthcare team is possible, especially if diets were followed only
for a short time. Further subgrouping by age to evaluate age-specific effects
on eating behavior and diet implementation was not meaningful based on
the overall relatively small percentage of patients following a special diet. At
least a sub-analysis of patients <18 years of age revealed comparable results
to our original cohort (data not shown). In addition, other factors potentially
influencing eating habits and diet implementation, e. g. different comorbid-
ities, disease stages or kind and intensity of physical exercise, could not be
investigated in detail due to the study design and the existing data set.

In summary, our study revealed a wide range of eating habits in patients
with T1D. We could show that special diets also play a role in this patient
group. A special diet was more frequently documented in females.
Nutritional modifications influence positively, but also negatively glycemic
control in patients with T1D. This emphasizes the great importance of
regular nutritional education, support, and follow-up of patients with T1D
by a specialized dietitian as part of an interdisciplinary diabetes team.
Patients should be aware of the importance of meal-time routines, limita-
tions on snacking, and adequate adaption of insulin dosage to dietary intake
in order to improve dietary quality, and to optimize glycemic outcomes
(Baechle et al. 2018).
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