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BACKGROUND: Medical nutrition therapy (MNT) has an integral role in overall diabetes management. During adolescence,
consideration of physiological and psychosocial changes is essential for implementing an optimal diabetes treatment.
OBJECTIVES: Our aim was to identify, summarize, and interpret the published literature about MNT in adolescents with type 1
diabetes.

METHODS: The Medline (PubMed) and EMBASE databases were searched from January 1959 to December 2021. The inclusion
criteria were interventional studies with MNT in adolescents with type 1 diabetes with a disease duration over 1 year, including the
following outcomes: dietary intake and daily eating patterns (assessed with validated tools, two or more 24 h dietary recall or 3-day
dietary records), the diabetes self-management education and support (DSMES), glycemic control, lipid profile and body mass index
(BMI). The exclusion criteria were studies without a control group (except for pre-post studies), the lack of randomization and those
studies that assessed only a single nutrient, food or meal consumption, as well as reviews, and in-vitro/in-vivo studies. The risk of
bias assessment was performed using the Cochrane risk-of-bias tool for randomized trials. A narrative synthesis was performed to
present the results. The quality of evidence was assessed with the GRADE guidance.

RESULTS: From a total of 5377 records, 12 intervention studies (9 RCT and 3 pre-post intervention studies) were included. The data
were assessed in order to perform a meta-analysis; however, the studies were too heterogeneous. The studies showed conflicting
results about the effectiveness of MNT on dietary pattern, DSMES, glycemic control, lipid profile and BMI.

CONCLUSIONS: Clinical research studies on the effectiveness of MNT in adolescents with type 1 diabetes are scarce. The limited
number of studies with a high risk of bias precludes establishing robust conclusions on this issue. Further research is warranted.

Nutrition and Diabetes (2022)12:24; https://doi.org/10.1038/s41387-022-00201-7

INTRODUCTION
The American Diabetes Association (ADA) defines that lifestyle
management is a cornerstone of diabetes care and includes
diabetes self-management education and support (DSMES), medical
nutrition therapy (MNT), physical activity, smoking cessation
counseling, and psychosocial care [1]. For people with type 1
diabetes, MNT is a key point in the management of the disease and
is also a component of DSMES. Carbohydrate counting and insulin
management are mainly targeted to enable people with type 1
diabetes to self-manage the disease [2, 3]; furthermore, education
about how to use fat and protein content to determine insulin
dosing is recommended to improve glycemic control [2]. In addition,
nutritional recommendations based on healthy dietary habits are
included in the MNT of people with diabetes [4]. Nutrition therapy
has an integral role in overall diabetes management, and people
with diabetes should be actively engaged in education, self-
management, and treatment planning with the healthcare team [1].
During adolescence, attention to family dynamics, develop-
mental stages, and physiological changes related with sexual

maturity are essential for implementing an optimal diabetes
treatment [2]. Moreover, diabetes distress has been shown to be
positively associated with disordered eating in adolescents with
type 1 diabetes [5]. In addition, a poor adherence to nutritional
recommendations has been observed in children and adolescents
with type 1 diabetes [6]. Having a robust evidence-base regarding
the effectiveness of MNT is important to inform healthcare
professionals. The Academy of Nutrition and Dietetics published a
systematic review to assess the effectiveness of MNT in adults with
type 1 and type 2 diabetes so that healthcare professionals are
knowledgeable about MNT for people with both types of diabetes
[7, 8]. However, to our knowledge, a systematic review to assess
the effectiveness of MNT in adolescents with type 1 diabetes has
so far not been performed. Adolescents with type 1 diabetes have
particular challenges: attention to family dynamics, developmental
stages, and physiological changes related with sexual maturity are
essential for implementing an optimal diabetes treatment [2].
Moreover, diabetes distress has been shown to be positively
associated with disordered eating in adolescents with type 1
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diabetes [5]. Furthermore, poor adherence to the nutritional
recommendations has been observed in children and adolescents
with type 1 diabetes. For this reason, in this systematic review, we
aimed to identify, summarize, and interpret the published
literature about MNT of adolescents with type 1 diabetes.

MATERIALS AND METHODS

This systematic review followed the Preferred Reported Items for
Systematic Review and Meta-analysis (PRISMA) checklist [9]. The
protocol was registered with PROSPERO in April 2020 (ID:
CRD42020162314).

Search strategy

A systematic review was performed using the MEDLINE (PubMed)
and EMBASE databases searched with a date range from January
1959 to December 2021. We included all published studies in
peer-reviewed journals in the English language. The search
strategy is available in Table S1. Mesh terms were included.

Eligibility criteria

Studies were included in the systematic review if the study
participants fulfilled the predefined inclusion criteria: studies that
performed an intervention with MNT in adolescents diagnosed
with type 1 diabetes with a disease duration of more than 1 year;
adolescence was defined by the researchers of the included
studies. Moreover, studies were included if the main outcomes
were as follows: the dietary intake, which referred to the daily
eating patterns of an individual (including specific foods, nutrients
and calories consumed and relative quantities), estimated using
validated food frequency questionnaires, two or more 24 h (h)
dietary recall and a 3-day dietary record, at a minimum; the dietary
pattern, which referred to the distribution and selection of daily
food intake, estimated with validated quality dietary indexes; the
DSMES including knowledge, skills, and abilities necessary for
optimal diabetes self-care, incorporating the needs, goals, and life
experiences of the person with diabetes; glycemic control
including hypoglycemia and hyperglycemia defined according
to the international consensus report; lipid profile and body mass
index (BMI) [10].

Study selection

Eligible study designs were randomized controlled trials (RCT),
post-hoc analysis of interventional studies and pre-post interven-
tional studies. Exclusion criteria were as follows: interventional
studies without a control group, except for pre-post interventional
studies; lack of randomization in controlled trials; studies that only
assessed a single nutrient or consumption of a specific food or
meal; the use of non-validated instruments, or the use of only one
24 h dietary recall to estimate dietary intake. Furthermore, the
following types of articles were also excluded: reviews; studies
performed with animals and in-vitro/in-vivo studies; studies
without a defined outcome and papers with insufficient data to
establish conclusions.

Data extraction and risk of bias assessment

The selection of the studies was performed by three individual
researchers. Studies were found to be eligible when two of the
independent researchers agreed with the inclusion decision
according to the inclusion and exclusion criteria. Nevertheless, in
case of a discordant decision, this was discussed with a third
researcher including a common thorough revision of inclusion/
exclusion criteria of the systematic review. Data extraction was
performed by a single researcher and checked by a second
researcher; this included the following set of variables: first
author’'s surname, year of publication, journal, study design,
country, sample size, study sample characteristics, age of
participants, dietary assessment including instruments used,
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statistical methods and adjustment for potential confounders.
Effect estimates from included studies was extracted to obtain
data in terms of risk ratios (with 95% confidence intervals [Cls]) for
dichotomous outcomes, and mean differences (with 95% Cls) for
continuous outcomes. Disagreements were resolved by discussion
with the corresponding author (DM).

The risk of bias assessment of the RCT was performed using
the Cochrane risk-of-bias tool for randomized trials [11]. This tool
classifies RCT according to the following domains: the randomi-
zation process, intended interventions, missing outcome data,
measurement of the outcome and the selection of the reported
results. RCT were considered to have a low risk of bias, uncertain
and high risk [12]. In addition, non-randomized studies were
assessed using the Risk of Bias in Non-Randomized Studies - of
Interventions tool (ROBINS-I tool) [13]. This tool classifies the
studies according to seven domains as follows: confounding,
selection of participants into the study, classification of
interventions, deviations from intended interventions, missing
data, measurement of outcomes and selection of the reported
results. The studies were classified according to the risk of bias as
follows: low risk (the study was comparable with a well-
performed randomized trial), moderate (the study provided
sound evidence for a non-randomized study but could not be
considered comparable with a well-performed randomized trial),
serious risk (the study had some important problems), critical risk
(the study was too problematic to provide any useful evidence
and should not be included in the systematic review), and no
information [14].

Data synthesis

A summary table with the data extraction was performed
including the risk of bias. Data analysis was performed with a
sensibility analysis of the results taking into account the study
design, and the risk of bias. A narrative synthesis of the findings of
the review was performed according to the outcomes of interest.
According to the GRADE guidance [15], the quality of evidence for
primary outcomes was assessed as an expression of the
confidence in the effect estimates obtained in the review through
the assessment of risk of bias, directness of evidence, hetero-
geneity and precision of effect estimates.

RESULTS

A total of 5377 records were identified from the two databases
search. Following the eligibility criteria, a total of 23 references
reporting on 12 different studies were included in the systematic
review. From these, 9 were RCT [16-24], 11 were post-hoc studies
from these RCT [25-35], and 3 were pre-post intervention studies
[36-38]. The PRISMA flow chart is provided in Fig. 1.

Risk of bias of the included studies

A summary of the studies included in the systematic review is
detailed in Table 1. A total of six randomized trials and the pre-
post intervention studies showed a high risk of bias, while the
other three RCT had uncertain risk. The details of the risk of bias
assessment are described in Tables S2 and S3. Furthermore, a
summary of included studies and their published reports is
described in Table S4. The data were assessed in order to perform
a meta-analysis; however, the studies were too heterogenous in
terms of study duration, intervention type and the reported
outcomes.

Effect of medical nutrition therapy on the dietary intake and
diabetes self-management education

Studies that assessed the effectiveness of MNT for improving
dietary pattern and DSMES are detailed in Table 2. A total of five
RCT, six post-hoc from RCT and three pre-post intervention studies
assessed these interventions. A RCT performed in Poland with a
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Identification of studies via databases and registers
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Fig. 1 PRISMA flow diagram of the study selection. RCT randomized clinical trial.

sample of 151 adolescents with type 1 diabetes found that an
educative intervention with multimedia methods based on the
ADA recommendations improved the nutrition knowledge and
the dietary quality index of the participants [16]. Nansel et al. [17]
demonstrated that a family-based behavioral intervention to
increase whole plant food intake during an 18-month period
increased the adherence to a healthy eating pattern in
adolescents with type 1 diabetes compared to usual care (i.e,
no dietary advice). Dietary resemblance (i.e., the diet of the child
resembles the diet of the parent) was stronger in the intervention
group for the outcome of whole plant food density (WPFD) [26],
while an intervention effect on diet quality was only positive for a
subgroup of picky eaters [28].

A pilot-study performed with a small sample of adolescents
(N=17) showed that an intervention with an optimized-mixed
diet for 3 months (based on five meals per day with more than
50% of whole grain and low consumption of sweetened
beverages) reduced protein intake [20]. Moreover, an intervention
with a flexible low-glycemic diet (based on a list of avoid food
consumption with low-glycemic index, free meals, whole grains
and a poor consumption of beverages) reduced the carbohydrate
intake [20]; however, the researchers did not find differences
between both groups of intervention in terms of nutrient intake
and Nutritional Quality Index. On the other hand, Hackett et al.
[24] did not find changes in the dietary intake of adolescents and
children that received a MNT based on the ADA nutritional
recommendations. Moreover, Gilbertson et al. [35] did not find
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differences in reported nutrient intake between an intervention
based on a low-glycemic index (low-Gl) diet and a traditional
carbohydrate-exchange diet.

In a pre-post intervention study, an intervention based on
carbohydrate counting with nutritional recommendations by ADA
was associated with an increase in carbohydrate intake and a
reduced total fat and protein intake from baseline to 18-months of
follow-up [36]. Moreover, MNT also based on the ADA nutritional
recommendations, reduced the total fat and cholesterol intake,
and increased the fiber consumption of adolescents in a 6-month
pre-post intervention study [37]. In addition, Lorini et al. [38]
observed a reduction of energy intake, total fat, polyunsaturated
and saturated fatty acids, and an increased intake of carbohydrate
and fiber after an intensive MNT based on nutritional guidelines
for the general population.

In terms of DSMES, a post-hoc analyses of a RCT performed to
assess the relationship between parent attitudes and youth diet
quality, described no effect of the intervention on parent attitudes
or beliefs [30]; however, a higher parent self-efficacy and
autonomous motivation were positively associated with those
youth with a higher adherence to a WPFD diet. Furthermore, a
secondary data analysis from this RCT found that a behavioral
intervention to improve dietary quality did not increase dis-
ordered eating behaviors in adolescents [29]; nevertheless, a
greater adherence to diabetes self-management was associated
with lower diabetes eating problems in adolescents with type 1
diabetes [29].
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Effect of medical nutrition therapy on glycemic control

The characteristics of the studies that reported the effect of a
dietary intervention on glycemic control in adolescents with type 1
diabetes are shown in Table 3. Dtuzniak-Gotaska et al. [16] found a
significant reduction in glycated hemoglobin (HbA1c) concentra-
tions after 3 months of treatment with educational materials plus
interactive methods compared to a control group with educational
methods alone. However, HbA1c was not reduced after 6 months
from treatment initiation even though the dose of insulin was
increased in the intervention group [16]. Hackett et al. [24] found an
improved glycemic control in adolescents over age 11 years after
MNT based on nutritional recommendations established in 1989. A
RCT performed to assess the effect of an intervention with a WPFD
did not find differences in HbA1c between the intervention and
control groups [17]; however, a post-hoc analysis of this RCT
described that an optimal glycemic control was associated with a
healthier eating pattern (measured with the Healthy Eating Index-
2005) and a higher adherence to a WPFD diet [34]. In addition, a
RCT and a pre-post interventional study with MNT based on
carbohydrate counting found a positive effect on the glycemic
control of adolescents with type 1 diabetes [18, 36]; however, the
dose of insulin was not modified with the intervention. A RCT
performed to compare a traditional carbohydrate-exchange diet
with a low-Gl diet found a slight improvement of HbA1c with the
carbohydrate-exchange diet [21]. On the other hand, Cadario et al.
[37] did not find changes in glycemic control of the study
participants even though an increased dose of insulin was observed
with a nutritional intervention based on the ADA recommenda-
tions. Furthermore, the other studies did not observe any effect of
dietary intervention on glycemic control in adolescents with type 1
diabetes [19, 20, 22, 38].

Effect of medical nutrition therapy on lipid profile and body
mass index

The effectiveness of MNT on cardiovascular risk factors, i.e., BMI
and lipid profile, in adolescents with type 1 diabetes is shown in
Table 4. Only two RCT with their post-hoc studies and one pre-
post intervention study assessed this issue [16, 18, 27, 32, 38].
Dtuzniak-Gofaska et al. [16] found that trial participants had an
increased BMI in both the control group (education alone) and
intervention groups (education with an interactive intervention
with multimedia applications) after 6 months from treatment
initiation; no between-group differences were observed. On the
other hand, a post-hoc analyses from a randomized controlled
behavioral nutrition intervention trial to assess the associations of
BMI and body composition with cardiovascular risk factors did not
find an intervention effect on cardiovascular risk factors after
18 months from treatment initiation [32].

In terms of lipid profile, a post-hoc analyses from an RCT
designed to examine the association of cardiovascular biomarkers
with dietary quality diet observed that a healthy eating pattern
was not associated with lipid profile [27]. However, the intake of
whole grain was inversely related with total cholesterol and high-
density lipoprotein (HDL) cholesterol; moreover, added sugars and
saturated fat were positively associated with triglycerides and HDL
cholesterol, respectively [27]. On the other hand, a RCT to assess
the effect of carbohydrate counting on serum lipid levels did not
find differences between the intervention and control group
during 2 years of follow-up [18]; nevertheless, HDL cholesterol was
higher in the carbohydrate counting group during the study
follow-up. Finally, Lorini et al. [38] found a reduction of HDL and
LDL cholesterol levels after 3 months of intensive MNT in a pre-
post intervention study.

DISCUSSION
Only 12 interventional studies were identified in this systematic
review, demonstrating the paucity of evidence about the

SPRINGER NATURE

effectiveness of MNT in adolescents with type 1 diabetes. In
addition, the included studies had a small sample size and a high
risk of bias, further contributing to a lack of a robust evidence
base. Furthermore, results could not be meta-analyzed because
the study methods, i.e,, duration of the study, intervention type
and data, were not comparable. In addition, this review included a
number of post-hoc analysis and publications derived of a single
trial [17].

According to this review, an intervention with MNT based on
carbohydrate counting as well as with multimedia methods, whole
plant food intake or nutritional recommendations, has a positive
impact on the dietary pattern of the adolescents with type 1
diabetes. These benefits on dietary intake were shown as a
reduction of total fat and protein intake, an increased adherence
to a healthy eating pattern, a higher parent-child WPFD diet, and a
high intake of fiber. However, inconsistent results in carbohydrate
intake were reported, with some studies observing an increased
carbohydrate intake with standard nutritional recommendations,
whereas others found a reduced carbohydrate intake with an
intervention based on a low-Gl diet [20, 36, 38]. These contra-
dictory results could be due to different study methods, type of
interventions and duration of the study. Moreover, there may have
been differences in the study participants, while even the fact of
participating in an RCT can impact on the lifestyle of the study
participants, changing their dietary habits and daily routines to
different extents. Overall, there was a lack of robust evidence
about the effects of MNT on dietary patterns. This is in line with a
recent systematic review that reported a lack of evidence to assess
the effectiveness of technology-based interventions on dietary
habits in children and young people with type 1 diabetes [39].

In terms of DSMES, only two post-hoc analyses from a RCT
addressed this issue [29, 30]. The authors found that a higher
adherence to a WPFD diet was associated with a higher parent
self-efficacy and motivation [30]. Furthermore, adolescents with a
healthy eating diet showed a lower presence of disordered eating
behaviors. A cross-sectional study found that disordered eating
behaviors were associated with a poorer diet quality in
adolescents with type 1 diabetes [40]. Of note, another cross-
sectional study observed that adolescents with a diabetes
duration of 5 years or more had less diabetes care activities
compared with individuals with shorter diabetes duration [41]. A
review performed to assess the effects of carbohydrate-restricted
diets in youth with type 1 diabetes described that the relationship
between carbohydrate counting therapies and quality of life had
still not been adequately assessed among youth with type 1
diabetes [42]. However, this review suggested that restrictive
dietary practices may be related with the presence of disordered
eating behaviors in adolescents with type 1 diabetes [42]. A
systematic review performed to assess the relationship between
psychological factors and diabetes self-management observed
that a greater adherence to the diet had stronger effects on
cognitive and emotional variables [43]; these included greater
motivation, dietary self-efficacy, perceived support for autonomy
and from family, and stronger beliefs with the effectiveness of
behavior for diabetes and complications. In addition, diabetes-
specific disordered eating behaviors are more frequent in girls in
comparison with boys [44, 45]. Insulin under-dosing, intentional
vomiting, feeling of losing control over food, a short-term weight
loss (over 6kg), and body dissatisfaction are disordered eating
behaviors that have been reported to be associated with type 1
diabetes in adolescents and youth [46-48].

This systematic review shows different results regarding MNT
and glycemic control. Few RCT demonstrated that a dietary
intervention based on standard nutritional recommendations or
healthy dietary pattern improved glycemic control in adolescents
with type 1 diabetes without changes in insulin dose. However,
other clinical trials did not find any effect of the dietary
intervention on glycemic control. According to the published
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evidence, adolescents with type 1 diabetes who did not meet
nutritional guidelines showed a poorer glycemic control due to a
lower adherence to nutritional recommendations [49]. The Diabetes
Control and Complications Trial observed that low adherence to a
healthy eating regimen was associated with a poorer glycemic
control and higher insulin dose in adults and youths with type 1
diabetes [50]. Furthermore, a cross-sectional study performed with
adults and adolescents with type 1 diabetes observed that those
participants with a higher adherence to the prescribed diet had an
optimal glycemic control in comparison with a low-adherence
group [51]. Maffeis et al. [52] observed a positive relationship
between a saturated fatty acid-rich intake and a poorer glycemic
control in adolescents with type 1 diabetes. Moreover, a retro-
spective longitudinal study performed to compare glycemic control
and lipid profile of children and adolescents undergoing a
carbohydrate-counting treatment with a dietary counseling based
on caloric distribution of food, found an improvement of HbA1c
with carbohydrate-counting diet [53]. According to the ADA
recommendations, adolescents with type 1 diabetes should have
a DSMES including MNT as part of diabetes care, with a physical
activity program in addition of insulin therapy [2]. For this reason,
the effectiveness of MNT on glycemic control and insulin dose of
individuals with type 1 diabetes should be focused on overall
lifestyle interventions, including physical activity.

Finally, only a few results have been published about MNT and
cardiovascular risk factors such as BMI and lipid profile in
adolescents with type 1 diabetes. In this review, results of the
interventional studies are contradictory. A RCT demonstrated that
a WPFD diet was not associated with BMI [32]; however, Dtuzniak-
Gofaska et al. [16] found that an interactive intervention was
associated with an increased BMI. Furthermore, a WPFD diet was
related to a lower total and HDL cholesterol [27]. Nevertheless,
other clinical trials did not find any association between a dietary
intervention and BMI or lipid profile [18, 38]. Dalsgaard et al. [53]
did not observe significant changes in the lipid profile of the
adolescents with type 1 diabetes with a carbohydrate-counting
diet. However, in a cross-sectional study performed with
adolescent-onset individuals with type 1 diabetes in Japan, a
poorer lipid profile was associated with western dietary habits
[54].

This systematic review provides an overview of the effective-
ness of MNT in adolescents with type 1 diabetes. However, the
search strategy did not include other databases apart from
PubMed. This is the first review performed to assess whether MNT
influences in the dietary pattern, diabetes self-management,
glycemic control and cardiovascular risk factors. The methodology
of this review following the Cochrane guidelines allows a critical
assessment of the current scientific evidence. Moreover, the
included studies with different target groups and interventions,
with high and uncertain risk of bias should be considered as a
weakness. For this reason, these findings could not be meta-
analyzed. Finally, studies included in this review were only focused
on dietary interventions without taking into account physical
activity; thus, final conclusions could not be made about the
potential effect of MNT as part of an integrated DSMES strategy.

In conclusion, few studies have demonstrated the potential
effectiveness of MNT in adolescents with type 1 diabetes.
Furthermore, these limited number of studies had a high risk of
bias, precluding conclusions on this issue. Further research is
needed to determine the effectiveness of MNT. In addition to
MNT, physical activity should be included in future study
interventions, which are two key components of the DSMES.
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