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Abstract: Overweight and obesity are an increasingly common problem, not only among the healthy
population, but also in adolescents with type 1 diabetes (T1DM). Excess body weight is related
to many cardiometabolic complications as well as a high risk of metabolic syndrome (MetS). The
purpose of this systematic review is to provide a concise and critical overview of the prevalence of
MetS in children and adolescents with T1DM and, ultimately, to discuss prevention and treatment
options. The study was conducted in accordance with PRISMA guidelines. This review shows that,
apart from the growing percentage of overweight and obese children and adolescents with T1DM
(on average 20.1% and 9.5%, respectively), the problem of the increasing incidence of MetS (range
from 3.2 to 29.9%, depending on the criteria used) is one of the most important phenomena of our
time. One of the methods of prevention and treatment is a combined approach: changing eating
habits and lifestyle, but there are also reports about the beneficial effects of the gut microflora.

Keywords: type 1 diabetes mellitus; pediatric diabetes; metabolic syndrome; obesity; children;
adolescents; nutrition; physical activity; lifestyle; microbiome

1. Introduction

Type 1 diabetes mellitus (T1DM) is an autoimmune disease where islet β cells are
degraded by the body’s immune system. These cells are responsible for the secretion of
insulin; their death means that less and less of this hormone is released [1]. For many years,
the incidence of T1DM has been increasing by about 130,000 new cases each year. Currently,
according to a report by the International Diabetes Federation (IDF), T1DM affects over
1.1 million children and adolescents under the age of 20 worldwide [2]. Unfortunately, the
rates of overweight and obesity are steadily rising, not only among the healthy population,
but also in adolescents with T1DM [3]. Excessive body weight is associated with a height-
ened risk of cardiometabolic complications [4]. Metabolic syndrome (MetS) is defined as
a set of multiple factors (physiological, biochemical and metabolic ones) which directly
increase the risk of atherosclerotic cardiovascular diseases (CVD). These are a complication
that should be prevented in people with diabetes mellitus (DM) [5]. In 2007, a group of ex-
perts from around the world gathered to develop a consensus on the definition of MetS [6].
The IDF recommended that the criteria for patients above 16 years old should be similar to
those applied to the adult population, but for children and adolescents between 10 and
16 years of age, they should be adjusted for percentile grids. MetS cannot be diagnosed
under 10 years of age unless there are disturbances in these parameters in the family history.
In 2009, the American Heart Association published its statement in which it recommended
additional identification of cardiometabolic risk but did not specify the exact definition of
MetS for the pediatric population [7].

The above-mentioned aspects emphasize the importance of early diagnosis of children
in order to prevent the increased risk of comorbid cardiometabolic diseases. An inter-
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national consensus on the criteria should be reached so that preventive examination can
be performed before the syndrome becomes manifest. The incidence of MetS is widely
reported in adults, including DM patients [8]. However, over the past decade, attention has
been drawn to the fact that certain components of MetS have begun to appear in children
with T1DM.

The purpose of this systematic review is to provide a concise and critical overview of
the prevalence of MetS in children and adolescents with T1DM and discuss the possibilities
of prevention and treatment.

2. Materials and Methods
2.1. Search Strategy and Selection Criteria

Our systematic review follows the PRISMA guidelines [9]. A search was conducted
on PubMed, Scopus, Web of Science and Cochrane Library in May 2020 and updated for
studies published up to October 2020. The MeSH terms are shown in Table S1. Analogous
terms were used to search other databases. The following were exclusion criteria from this
review: adult age (above 21 years of age), non-T1DM, non-English language, animal/cell
studies and case-reports. The investigation involved describing the occurrence of MetS
using guidelines (Table 1) proposed by, e.g., IDF [6], Adult Treatment Panel III (ATP) [10],
Weiss et al. [11], World Health Organization (WHO) [12] in pediatric patients (up to 21 years
of age) diagnosed with T1DM (e.g., presence of anti-GAD (Glutamic Acid Decarboxylase)
or anti-insulin antibodies). Two reviewers assessed the studies based on the selection
criteria and all divergences were resolved by consensus. The search strategy using the
PRISMA scheme is shown in Figure 1.
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Table 1. Definitions of metabolic syndrome (MetS) in children.

IDF ATP WHO Weiss et al.

Age group (years) <10 10–16 >16 - - -

Criteria Abdominal obesity + two or more of the four criteria Any three of the five
criteria

GI * + two or more of the other
components

Any three of the five
criteria

Abdominal
obesity ≥90th percentile WC

WC:
≥94 cm for Europid men,

≥80 cm for Europid women,
with ethnicity specific values

for other groups

≥90th WC
percentile

WHR >0.9 in males, >0.85 in
females
or/and

BMI>30 kg/m2

BMI z-score ≥2

Triglycerides ** ≥1.7 mmol/L
(≥150 mg/dL) ≥95th percentile

HDL-
cholesterol ** <1.03 mmol/L

(<40 mg/dL)

<1.03 mmol/L (<40 mg/dL) in men
<1.29 mmol/L (<50 mg/dL) in women

or treatment for lipid abnormalities

<0.91 mmol/L (<35 mg/dL) in
men

<1.01 mmol/L (<39 mg/dL) in
women

≤5th percentile

Blood pressure ** Systolic ≥ 130 / diastolic ≥ 85 mmHg
or treatment hypertension

≥90th percentile
(age-, sex- and
race-specific)

Systolic ≥140
Diastolic ≥90 mmHg ≥95th percentile

Fasting glucose
levels ** ≥5.6 mmol/L (100 mg/dL)

or known diabetes mellitus

≥6.1 mmol/L (110 mg/dL),
which has been changes to

≥ 5.6 mmol/L (100 mg/dL) *

GI
(ADA criteria)

Microalbuminuria -

Urinary albumin excretion rate
≥20 µg/min or

albumin/creatinine ratio ≥30
mg/g

-

Abbreviations: American Diabetes Association (ADA), body mass index (BMI), glucose intolerance (GI), high-density lipoprotein (HDL), International Diabetes Federation (IDF), National Cholesterol Education Program
Adult Treatment Panel III (ATP), World Health Organization (WHO), waist circumference (WC), waist-hip ratio (WHR); * Or impaired glucose regulation or diabetes mellitus and/or insulin resistance; ** MetS cannot be
diagnosed unless there are disturbances in these parameters in the family history.
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2.2. Data Extraction and Assessment of Study Quality

Baseline characteristics (study design, author, year), study cohorts (number of partici-
pants, age, country, definition of MetS, components of MetS) and outcomes were extracted
into an MS Excel worksheet. Included studies were assessed using the “Quality Assess-
ment Tool for Observational Cohort and Cross-Sectional Studies” [13]. The questionnaire
consists of 14 questions regarding group representativeness, study group recruitment,
appropriately selected diagnostic criteria, complications and possible outcome bias. Each
question could be answered with “yes” (the item scored 1 point), “no” or “other” (c/d,
cannot determine; n/a, not applicable; n/r, not reported). After counting the scores, every
study was placed into a quality category (good, fair or poor). Only studies of good or fair
quality (for cross-sectional (C-S) studies—from 6 and 4 points, respectively) were included
in the review. All divergences of assessment were resolved by consensus.

3. Results
3.1. Identification of Studies

The search yielded 1642 citations (Figure 1). All of them were screened and 40
duplicate articles were removed. Using the selection criteria, 1602 papers were reviewed
by title and abstract and 1350 were excluded. A further 252 studies were identified
for full-text assessment and 243 papers were excluded. Nine articles qualified for the
quality evaluation. All of them were positively assessed and included in this systematic
review [14–22]. The most common reasons for rejection were diabetes mellitus other
than type 1, adult population or a mixed population of adults and children without the
possibility of isolating data for the pediatric patients, and lack of both percentage and
numerical data presenting the incidence of MetS in the cohorts.

3.2. Study Characteristics

The characteristics of the included studies are summarized in Table 2. All the papers
are C-S studies. As regards T1DM diagnosis, five articles are consistent with the American
Diabetes Association (ADA) criteria [1] and participants had a marked presence of anti-
GAD or anti-insulin antibodies [14,16–18,21]. However, in the remaining four research
projects, patients also came from hospital clinics [15,19,20,22]. There was no conflict of
interest in any of the studies. Most of them (n = 7) used the IDF definition [14,16,17,19,20,22];
one used criteria consistent with the ATP [18] and Weiss et al. [21], and another used the
IDF, ATP and WHO guidelines [15]. Six studies were conducted in Europe [14–16,20–22],
two in Asia [17,18] and one in Africa [19].
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Table 2. Data extraction format for studies included to compute the prevalence of MetS in children with T1DM.

Author Country

Sample
Size
Total
(F/M)

Age
(Year)

Duration
of T1DM

(Years)
HbA1c

(%)
Over-

Weight Obesity
Diagnosis of MetS Components of MetS

Total F/M Ab.
Obesity Low HDL High

TG High BP

n Min–Max
¯
x ± SD

Me (IQR)

¯
x ± SD

Me (IQR)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Castro-
Correia

[14]
Portugal 42 14–18 9.2±3.6 8.6±1 18 n/d n/d 17

(40.5%)
7

(16.7%)
4

(9.5%)
7

(16.7%)(42/-) (42.9%)

Köken [15] Turkey
200

8–18 4.6 ± 3.3 8.4 ± 1.6

19 17 17 (8.5%) WHO 11 (11.5%)

n/d n/d n/d 24
(12.0%)

(96/104) (9.5%) (8.5%) 21 (10.5%) IDF /10 (9.6%)
27 (13.5%) ATP

Łuczyński [16] Poland 500 4–18 4.4
(2.1–7.0) n/a 78

(15.6%)
73

(14.6%) 16 (3.2%) IDF n/d 67
(13.4%)

32
(6.4%)

31
(6.2%)

24
(4.8%)(245/255)

Saki [17] Iran 87 4–21 8.0 ± 3.9 8 ± 3 n/d n/d 21 (24.1%) IDF 11 (23.2%)
/10 (24.8%)

6
(6.0%)

32
(36.8%)

32
(36.8%)

13
(14.9%)(48/39)

Saki [18] Iran 87 4–21 8.0 ± 3.9 8 ± 3 n/d n/d 26 (29.9%) ATP 14 (29.2%)
/12 (30.7%)

1
(1.1%)

33
(41.7%)

48
(55.2%)

13
(14.9%)(48/39)

Soliman [19] Egypt 160 <18 5.7 ± 3 9 ± 2.2 n/d n/d 21 (13.1%) IDF 15 (18.1%)
/6 (7.8%) n/d n/d n/d n/d(83/77)

Szadkowska
[20] Poland 163 10–18 6.2 ± 4.2 8 ± 1.5 n/d n/d 14 (8.6%) IDF 8 (11.1%)

/6 (6.6%)
32

(19.6%)
4

(2.5%)
14

(8.6%)
33

(20.3%)(72/91)

Van Vliet [21] The
Nether-
lands

283 3–18 5.3
(2.9–8.6)

8.3
(7.5–9.8)

83
(29.3%)

26
(9.2%)

81 (28.6%)
WEISS n/d 26

(9.2%)
60

(21.2%)
49

(17.3%)
37

(13.1%)(145/138)

Valerio [22] Italy
412 16–19 8.4 ± 3.9 8.9 ± 1.7 101

(24.5%)
16

(3.9%) 39 (9.5%) IDF 31 (16.1%)
/8 (3.7%)

83
(20.1%)

66
(16.0%)

23
(5.6%)

73
(17.7%)(193/219)

Abbreviations: abdominal (Ab), National Cholesterol Education Program Adult Treatment Panel III (ATP), blood pressure (BP), females (F), high-density lipoprotein (HDL), International Diabetes Federation (IDF),
interquartile range (IQR), males (M), median (Me), no data (n/d), number of participants (n), metabolic syndrome (MetS), standard deviation (SD), type 1 diabetes mellitus (T1DM), triglycerides (TG), World Health
Organization (WHO), mean (x).
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3.3. Methodological Quality

The assessment of methodological quality of the included studies is shown in Supple-
mentary Materials Table S2. In accordance with the interpretative recommendations, the
research assessment scale was modified for the evaluation of C-S studies. As recommended
by the National Institutes of Health [13], for questions no. 6 and 7, all papers were rated
“no” and for question no. 8—“n/a”. In the first two cases, this was due to the fact that
in C-S studies, exposure and its outcomes are measured over the same time interval. The
rationale for the third case is that only two exposures were possible in the study (“yes” or
“no”), but this should not negatively affect the final quality assessment. Each of the two
researchers separately rated each of the papers according to a modified scale, and in case
of discrepancies, the grades were awarded after mutual consensus. Of the nine articles, 5
were of good and 4 of fair quality.

3.4. Prevalence of Metabolic Syndrome

The number of people in all the studies included in the review is 1847, the gender
distribution is equal—923 boys and 924 girls. As two publications by the same author
described the same cohort, only one group was included in the above estimate in order to
avoid artificially increasing the size of the sample [17,18]. The study which was the only
one involving a population of girls (n = 42), conducted by Castro-Correia et al. [14], was the
smallest. Among the studies conducted in both sexes, the ones by Saki et al. [17,18] had the
smallest cohort (n = 87). It was tested by two different criteria of MetS in two publications.
The largest sample size (n = 500) was found in the study by Łuczyński et al. [16], and the
narrowest age groups in the papers by Valerio et al. (16–19 years) [22] and Castro-Correia
et al. (14–18 years old) [14]. It was very difficult to estimate the incidence of MetS in
studied cohorts due to the high number of different criteria that had been used. The overall
percentage of MetS in the studied populations ranged from 3.2% to 29.9%, depending on
the criteria selected by the authors. MetS was observed in 90 girls (76 according to the IDF
criterion, 14 according to the ATP) and in 52 boys (40 and 12, respectively). Fasting glucose
levels were measured in only one cohort [17,18]. The problem of obesity was experienced
on average by 9.5% (range: 3.9–14.6%) of the subjects, and 20.1% (range: 9.5–29.3%) were
overweight. The average HbA1c value was 8.5% (range: 8.0–9.4%). Abdominal obesity
was found in 232 people (14.7% of the entire study population that took the criterion into
account), low high-density lipoprotein (HDL) levels in 234 (14.9%), high triglycerides and
blood pressure in 201 (12.8%) and 224 (12.6%), respectively.

.

4. Discussion
4.1. Problem of Overweight, Obesity and Metabolic Syndrome in Healthy and Diabetes Population

The main problem among people with MetS is overweight and obesity. In our review,
both of these conditions occurred on average in 20.1% (range: 9.5–29.3%) and 9.5% (range:
3.9–14.6%) of the studied populations, respectively. This may be due to many factors:
research of the International SWEET Registry, collecting data from nearly 60 diabetes
centers, highlights that there is a significant correlation with age, duration of DM and
metabolic control (HbA1c) [23]. Moreover, the problem is also more common among
healthy children because—according to WHO data from 2016—over 340 mln children
between 5 and 19 years of age have been diagnosed as overweight or obese [24]. It was
found that the highest BMI Z-scores occurred in adolescents with T1DM between 15 and
20 years of age [25]. According to the SWEET Registry, every 5 years this indicator increases
on average by 0.5 [23]. One explanation of this phenomenon may be excessive consumption
of high-energy food (in the form of, e.g., liquid glucose, sweet beverages or candy) for fear
of hypoglycemia. Moreover, insulin is an anabolic hormone and, if secreted in excess, can
stimulate the appetite, which in the long term may result in weight gain. Thus, the longer
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the duration of DM, poor metabolic control (high HbA1c) and high insulin resistance, the
greater the predisposition to overweight or obesity [25,26].

The percentage of MetS in the presented set of studies ranges from 3.2% to 29.9%,
depending on the criteria used, but in overweight and obese children and adolescents
without DM, it ranges from 2.8% to 29.3% and from 10% to 66%, respectively [27]. Despite
the considerable discrepancy in our results, it should be noted that this is still a quite large
percentage. Some studies have a fairly wide age range of the cohort, which can be an
advantage because it means an extensive range of patients in whom MetS can be diagnosed.
However, on the other hand, this can also distort the results as, according to the IDF criteria,
MetS should not be diagnosed in children under 10 years of age. This highlights the first
problem related to evaluating the diagnosis in children. Another problem encountered by
the researchers is the fasting glucose level criterion. Some authors have concluded that
since T1DM is characterized by fluctuations in glycemia resulting from the pathophysiology
of the disease, the criterion should be considered as met and one group of researchers
tested each person for fasting glucose levels.

The prevalence of MetS in the adult population with T1DM is 8–45%, depending on
age and definition [8]. The incidence rate is higher in the elderly and when using the WHO
criteria. This is probably because of the inclusion of microalbuminuria as a component
of MetS [8,28]. Despite strictly defined criteria in the adult population, in children, there
are no homogeneous and objective criteria for the diagnosis of MetS. The development of
standards should be based on the outcomes related to appropriate norms for sex, age and
ethnicity, such as those proposed by Weiss et al. [11]. Taking into consideration the Polish
national percentile grids [29] as an example, it was proposed to diagnose central obesity
above the 95th percentile. This value does not coincide with the IDF cut-off point (90th
percentile). The suggested cut-off points for hypertension are based on a specific numerical
value (≥130/85 mmHg), and this value may be normal for tall boys [30]. A similar issue
was discussed by Ahrens et al. [31], who emphasized that high BP cut-off values could
contribute to the low percentage of children classified as having MetS. Ferranti et al. [32]
compared the values of lipid parameters to their grids and observed that the level of HDL
(40 mg/dL) was 10–25th percentile for boys, and the 10–15th percentile for girls, which is
lower than the 40th percentile for adults. A similar phenomenon occurs in the case of the
cut-off points for triglycerides (110 mg/dL), which are higher than in the adult population
(85–95th vs. 75–85th percentile). Each MetS parameter is related to a number of health
complications. Some writers have suggested that MetS is associated with an increased risk
of diabetes complications (nephropathy, neuropathy and retinopathy) [28,33–35]. Obesity is
associated with an increased need for insulin and worse metabolic control, which increases
the chances of developing atherosclerotic complications and possible hospitalization due
to CVD [4,36]. In addition, as an individual factor, it exacerbates the risk of orthopedic
complications, cholecystitis and the appearance of psychosocial symptoms in children [37].
Adolescents with T1DM are predisposed to cardiometabolic complications [38], often
regardless of body weight but, worryingly, their development of obesity can sometimes
result in the development of “double diabetes” with type 2 diabetes mellitus (T2DM).
Pozzilli et al. described several such case studies [39]. Some studies indicate an association
of low HDL cholesterol with deteriorated metabolic control, which increases the likelihood
of micro and macrovascular complications [40]. People with higher levels of this cholesterol
fraction are less likely to develop neuropathy [41]. The occurrence of hypertension is
associated with diabetic nephropathy, weight gain and insulin resistance [42].

Each of these factors individually significantly increases the risk of health complica-
tions, and their simultaneous occurrence may additionally accelerate and intensify them.
Therefore, it is important not to focus only on analyzing individual parameters, but to
identify all MetS components simultaneously.

Cluster tracking studies have found that some cardiovascular risk factors may persist
into later life [43]. Due to the growing statistics of obesity and comorbidities in children,
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screening of metabolic risk groups is of great importance for the primary prevention of
atherosclerosis [44].

Recent years of above research have shown that obesity-related complications have
become a very common phenomenon in the pediatric population, which underlines the
urgent need to create a new definition of MetS to assist in the early diagnosis and prevention
of cardiometabolic disorders. It would be important to develop additional and better MetS
markers to enrich diagnostics, thus helping clinicians recognize the warning signs in time.

4.2. Strategies for the Prevention and Treatment of Metabolic Syndrome
4.2.1. Diet

The main goal of preventing obesity among children is to promote a healthy lifestyle
through a balanced diet (increased consumption of fruit and vegetables, avoiding sweet-
ened drinks, refined carbohydrates and processed foods), appropriate health habits (screen
and sleep time) and physical activity [45]. Kamath et al. conducted a meta-analysis which
showed a small but statistically significant positive effect of lifestyle interventions on the
reduction of unhealthy habits (−0.15; CI = −0.22 to −0.08) and sedentary behavior (−0.29;
CI = −0.35 to −0.22) [46]. Excessive consumption of calories that come from fat and low
intake of fiber, fruit and vegetables has been associated with the risk of CVD in people with
T1DM [47,48]. A proper diet reduces facilitates weight control [49] and is correlated with
better glycemic control [50] and prevention of cardiometabolic diseases in adolescents with
T1DM [47].

Research highlights that healthy eating patterns, such as the Mediterranean diet (MD)
and the Dietary Approaches to Stop Hypertension (DASH) diet have a positive effect on
improving the parameters of people with MetS. A large pro-health role is attributed to
increased consumption of fish, whole grains, vegetables, legumes and dairy products, but
also of such nutrients as: antioxidants, calcium and B vitamins. Many studies emphasize
the importance of curbing the consumption of red meat, simple carbohydrates and products
with a high glycemic index and glycemic load [51].

It has been shown that a very helpful way to reduce the occurrence of MetS in
children was to implement the MD, which is characterized by high consumption of olive
oil, vegetables and grains, and reduced consumption of red meat and sweets. There was
an 11% decrease in the incidence of MetS (16% up to 5%) in people on the MD compared
to control group [52]. Other studies have found a 2.5-fold increased risk of MetS from
consuming highly processed foods and more than a 5-fold increased risk from consuming
sugar-sweetened beverages (SSB) [53,54]. Unfortunately, no studies have been conducted to
assess the effect of excluding SSB on MetS, but one study has revealed that their elimination
may improve body weight [55]. Therefore, MetS patients should strive to reduce the
amount of SSB, saturated fats and highly processed foods in their diets and consume more
oils and vegetables.

Asghari et al. conducted a study on 425 healthy children (6–18 years old) with
MetS and found that following the DASH diet resulted in a 64% lower risk of MetS and,
along with higher scores on this diet, correlated with lower BP, fasting glucose level and
abdominal obesity [56]. A study by Peairs et al. investigated the DASH diet and its modified
version (30% of calories from fat, 50% from carbohydrates, 20% from protein) adapted
to the young with T1DM and compliant with the ADA guidelines. It was shown that
the modified version resulted in reducing the levels of glucose, and thus better glycemic
control and a reduction in the number of hyperglycemic incidents. In addition, the quality
of the diet was improved by higher consumption of fruit, vegetables, fiber and protein,
compared to normal intake [57].

Antioxidants reduce oxidative stress and may prevent later complications. Bahadoran
et al. proved that a diet rich in antioxidant nutrients (vitamin C, E, β-carotene) improves
glucose metabolism and plays a significant role in the prevention of CVD [58]. It was
observed that higher calcium intake was significantly associated with lower MetS occur-
rence, improved BP and increased insulin sensitivity [59,60]. Bian et al. conducted a study
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demonstrating that consumption of foods rich in B vitamins negatively correlated with the
risk of MetS [61].

4.2.2. Lifestyle and Physical Activity

Research suggests that the quality and duration of sleep may have a positive effect on
the management of childhood obesity by reducing food consumption, which contributes
to body weight loss [62]. In addition, inadequate duration of sleep is associated with a
decrease in insulin sensitivity in patients with T1DM [63].

WHO recommends that moderate physical activity among children and adolescents
should last at least 60 min a day [64]. In people with DM, it is particularly important
because it improves insulin sensitivity [65]. Therefore, it is crucial to include exercise in
a child’s routine, e.g.: through family walks, using a pedometer to record the number of
steps taken, so that the child can check his achievements on an ongoing basis and share
them with friends, which can increase motivation for a more active lifestyle. Parents should
encourage their children to attend school sport clubs [66]. A systematic review by Quirk
et al. shows an association of physical activity with a statistically significant decrease in
some MetS components, such as level of triglycerides and total cholesterol. There were no
significant differences in the concentrations of HDL and LDL cholesterol [67]. Salem et al.
conducted a study among adolescents with T1DM and observed significantly decreased
HbA1c values, insulin requirements, BMI and waist circumference in exercise groups (1
and 3 times a week) [68].

4.2.3. Combined Approach

The most effective intervention to reduce or treat MetS is a combined approach,
involving control energy and diet quality along with increasing energy requirements
through physical activity. To achieve this, dietary counseling is necessary to help the
parents of young patients. The above approach is likely to result in a noticeable decrease in
MetS over time, as was the case in the study by Caranti et al., which reports a reduction
from the initial 27% of children with MetS to 8.3% after one year of using the combined
intervention [69,70].

There are few research papers on the long-term benefits of lifestyle interventions. One
of the key approaches is to strike an energy balance between consumption of calories and
energy expenditure with an appropriate insulin therapy aimed at avoiding hypoglycemic
episodes. This is possible to achieve with the support of a multidisciplinary team with a
dietitian involved. Due to insufficient evidence, the Adult Diabetes Prevention Program can
serve as an example [71]. It has been confirmed that intensive lifestyle change is associated
with a reduction in the severity of MetS and diabetic complications. It should be applied
to pediatric diabetic populations in which such an intervention could improve metabolic
management and achieve long-term pro-health effects. However, at the beginning of
2021, a protocol in the Cochrane database was developed that presents a reliable source
of knowledge on nutritional interventions linked to physical activity in the form of a
systematic review and meta-analysis [72].

4.2.4. Gut Microflora

Current research describes the crucial role of the gut microflora in the pathogenesis
of both major types of DM [73]. Increased numbers of Bacteroides and Streptococci and
decreased levels of Clostridium IV and XIVa clusters may contribute to T1DM progression,
possibly causing inflammation. Knip and Siljander highlight that the role of the microflora
may be important in preventing the onset and aggravation of the T1DM process if the
type of healthy gut microflora could be established at birth [74]. Even though chronic
low-grade inflammation is not a defining criterion for MetS, it is a proven factor in the
etiopathogenesis of obesity, but also insulin resistance, and thus is closely related to
the metabolic disturbances in MetS. The role of intestinal permeability in chronic low-
grade inflammation confirms the importance of the microbiome, especially in the case of
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metabolic disorders [75]. Thaiss et al. conducted a study that demonstrated a relationship
between glycemia, inflammation and intestinal permeability in both animal and human
models. By inducing intestinal hyperglycemia, the authors discovered that HbA1c was a
marker positively connected with an increase in serum receptor pathogen recognition (PRR)
ligands [76]. This may imply that the MetS criterion should also include the relationship
between impaired metabolic control, inflammation and the gut microbiome, which can
be modified through eating habits and lifestyle [75]. Most studies report differences
in the composition of the gut microbiota between lean and obese subjects (increase in
Firmicutes and decrease in Bacteroidetes) [77,78]. Several studies have confirmed that there
is a difference between the microbiota in people with T1DM and healthy ones [79,80]. The
microflora of DM patients has a pro-inflammatory phenotype. So far, the causes have not
been identified, but research results indicate that the duodenum should be considered
a therapeutic target for the inflammatory processes that occur in autoimmune diseases.
Increased intestinal permeability is regarded as a potential mediator of the occurrence of
T1DM and may be altered by restoring the normal microbiome [81]. The consumed food,
and more precisely its nutrients such as sugars, fiber, resistant starch, fats and proteins,
affects the type of gut microbiome. Artificial sweeteners are among the ingredients that
can negatively influence not only the microbiota but also blood glucose levels [82]. It has
been observed in people with known insulin resistance that the plasma metabolome is
high in branched-chain amino acids (BCAAs) and in the gut microbes that synthesize
them [83]. This may be an important issue for people with newly diagnosed T1DM because
a significant relationship has been demonstrated between high consumption of BCAAs
and omega-3 fatty acids and the maintenance of β cell function [84].

4.2.5. Pharmacological Support

There is little evidence for pharmacological support, mainly small studies on the
use of metformin and dapagliflozin. In the case of the former drug, according to a sys-
tematic review by Al Khalifah et al., a small but statistically significant decrease in body
weight (−1.46 kg; p < 0.01), BMI Z-score by 0.1 (p < 0.05), and insulin requirements
(−0.16 units/kg/day; p < 0.0001) have been observed. There were no significant changes in
HbA1c [85]. As for dapagliflozin, which is an inhibitor of sodium-glucose co-transporter 2
(SGLT2-I), one conference report examined its effect at a dose of 10 mg/day for 12 months
in three girls with T1DM aged 15 ± 2 years. After 6 months, there was a reduction in the in-
sulin dose (from 58 ± 16 to 35 ± 7 U/day), glucose level (from 191 ± 24 to 171 ± 34 mg/dL),
and BMI (from 1.42 ± 0.7 to 0.75 ± 0.8 SDS), but HbA1c did not change. After another
6 months of observation, the above parameters abruptly rose in spite of the initial drop
(51 ± 6 U/day; 177 ± 22 mg/dL; 0.86 SDS, respectively). It was also reported that the
side effects of the drugs included euglycemic ketosis and hand tremor, and the need for
randomized controlled trials was emphasized [86]. In the group of adults with T1DM, a
randomized double-blind study was conducted with a dose of 5 and 10 mg/day. After
24 weeks of research, positive results were obtained in the form of an improvement in
HbA1c results and weight loss without an increased number of hypoglycemic episodes [87].
However, further testing of this drug is still required, especially in the pediatric group.

4.2.6. Bariatric Surgery

Bariatric surgery, undertaken only in specific cases (especially severe obesity), is one
of the most invasive types of treatment for MetS. A study was conducted on a group of 13
obese T1DM patients with average age of 39 years, who had undergone surgery using gas-
tric bypass (n = 6) and sleeve gastrectomy (n = 7). Comparable benefits were demonstrated
in all comparator groups (T1DM, T2DM, control). After 12 months, the median HbA1c de-
creased (8.3% vs. 7.6%), and the mean insulin dose was reduced (0.8 vs. 0.45 U/kg/day) [88].
Data from scientific publications discussing the use of bariatric surgery concern mainly
teenagers. Inge et al. investigated the changes occurring within 5 years after surgery
in a larger group, including 161 adolescents. It was observed that 60% of participants
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maintained weight loss of above 20%. At the beginning, T2DM was present in 14% patients,
and almost 90% were taking medications for DM; a year after the surgery, these percentages
decreased, and 4 years later, DM was observed only in 2% and none of the people was
taking any medications anymore. Furthermore, there were reductions in the incidence of
arterial hypertension (30% vs. 15%) and the percentage of people taking antihypertensive
drugs (57% vs. 11%). The proportion of patients with hypertriglyceridemia and low HDL
cholesterol (36% vs. 6%; 53% vs. 13%) was lower. Death occurred in 3 adolescents (one—3
years after surgery probably from sepsis after a hypoglycemic episode, and two—4 years
after surgery due to drug overdose) [89]. However, this method should be a definitive
approach, considered and supported by rational arguments and only as a last resort.

4.2.7. Strength and Limitations

The strength of this systematic review is that it identifies gaps in the literature re-
garding the increasing prevalence of MetS even in children with T1DM. The results of this
review have revealed that there is a need for further research in this area. Many studies
assess the prevalence of overweight and obesity as well as various blood parameters of
people with T1DM, especially in the adult population. However, only in a few studies they
are all analyzed together and considered in terms of MetS.

There are also some limitations that should be mentioned. Despite the great efforts
of the authors to perform a reliable manual search of databases and literature reference
lists, it is possible that some studies that could be included in the review were omitted.
Additionally, the fact that this work consists of cross-sectional studies may potentially
cause a risk of bias, due to the small number of publications that met the inclusion criteria.
In addition, most of the included studies were carried out on populations of European
and Middle Eastern descent, which may have an impact on the range of results, due to the
different national standards set in the countries of study.

The consequences of obesity, MetS and T1DM are closely related so it is sometimes
difficult to distinguish between them. Excessive body weight significantly affects the course
of DM, resulting in deterioration of insulin sensitivity and metabolic control. Entering
adult life with such a burden may mean increased CVD risk and faster development of
diabetic complications.

5. Conclusions

The above review indicates that currently one of the important issues is not only the
increasing percentage of overweight and obese children and adolescents with T1DM, but
also the new additional problem of increased MetS incidence. Research is required to
investigate this problem in more depth and on much larger diabetic populations. Analysis
of relevant studies may be helpful in developing new guidelines that are effective in
reducing the occurrence of MetS among children with T1DM, who may face a range of
complications in adulthood.
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