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1 Introduction

A remarkable increase in the prevalence of the most common 
nutrient-related chronic diseases in childhood, namely obesity, 
diabetes mellitus, and dyslipidemia, has been observed during the 
last two decades 1-4. Thus, recommendations for clinicians and 
primary care providers for children about the best care for their 
patients with all the aforementioned chronic conditions are of 
great importance. The Institute of Medicine defines Clinical 
Practice Guidelines (CPG) as "statements that include 
recommendations intended to optimize patient care, that are 
informed by a systematic review of evidence and an assessment of 
the benefits and harms of alternative care options" 5. Guidelines 
for both youth obesity and diabetes are available in the literature 
and agree on (i) the adherence to a healthful and culturally 
appropriate dietary pattern, (ii) the adoption of an active lifestyle, 
(iii) the promotion of adequate growth, and, when appropriate, 
(iv) weight reduction (up to 10% of initial weight) 6-8. Although 
these modalities have been proven effective in the short term, 
lifestyle interventions in obese children have resulted in moderate 
weight reduction and poorly ameliorated glycemic and 
cardiovascular indices 9-14. Similar results have been produced for 
children with diabetes 6, 15-17. 

Although there is evidence that the provision of guidelines does 
improve clinical practice and does benefit patients, the effects are 
not optimum for them 18. Thus, there is a clear gap between the 
suggested recommendations and their implementation in clinical 
practice. There are many reasons that this discrepancy could be 
attributed. Firstly, the lack of implementation of CPGs to 
everyday practice could be caused due to external barriers, such 
as financial issues, organizational problems (lacking the proper 
medical equipment and facilities), patients’ environmental 
conditions far from the suggested ones in the guidelines, and 

negative provider’s knowledge and attitudes towards the CPGs. 
Moreover, internal CPGs structural problems, for instance 
including an ambiguous format, many tables, and redundant 
clinical information are also an important factor preventing their 
full implementation in clinical practice 19, 20. In a study regarding 
the barriers to implementation of national guidelines in general 
practitioners from the Netherlands, one of the most important 
factors identified, among others, was the characterization of the 
guidelines as unclear or ambiguous 21. In other studies, however, 
it has been observed that guidelines were more likely to be 
followed when there are presented in specific actionable terms 22. 
Thus, visualizing CPGs as algorithms could contribute to the 
improvement of their adherence by the primary healthcare 
provider. When CPGs are presented as algorithms, all the 
information is summarized in a step-by-step manner and all the 
necessary actions to be taken are clearly presented, minimizing 
the possibility of their misconception. 

However, not all the CPGs for the optimum dietary advice in 
childhood or the management of childhood obesity, Diabetes 
Mellitus Type 1 and Type 2 (DMT1, DMT2 respectively), and 
dyslipidemia are summarized in algorithmic forms. Thus, the 
present review aims to present all the GPGs about the best 
dietary advice regarding energy and macronutrient intake of 
protein and fat in childhood, and the aforementioned common 
childhood chronic conditions in algorithms, in order to improve 
their understanding and to raise their implementation by the 
primary care provider. Moreover, an example of their 
implementation will be presented in real case scenarios for the 
clinical algorithms of childhood obesity, DMT1, DMT2, and 
dyslipidemia, to further enhance their practical use in everyday 
clinical practice. 
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2 Energy and macronutrient intake 
algorithms for childhood and adolescence 

In Figures 1-3 the algorithms for energy consumption and 
macronutrient intake of protein and fat are presented. The 
algorithms incorporate the guidelines for the optimum 
macronutrient requirements in childhood according to gender 
and age category (up to 9 yrs., 9 to 13 yrs., 13 yrs. and older) as 
suggested by the National Academies of Sciences 23: 
macronutrient intake below, between, and above the 
recommended cut-off values. If an individual is consuming less 
than the recommended calories and macronutrients the 
algorithms suggest increasing consumption to the recommended 
one; if an individual is consuming more, the algorithm suggests 
decreasing the energy and macronutrient intake to the 
recommended one, and if an individual is consuming the 
appropriate amount of calories and macronutrient intake the 
algorithm suggest to retain the same. 

3 Overweight and obesity management 
algorithm for childhood and adolescence 

Figure 4 presents the algorithm for the management of an 
overweight or obese boy/girl. The algorithm is developed based on 
the most recent and well-established evidence regarding the 
recommendations a health care practitioner should give to a family 
in order to improve the weight status of an overweight/obese 
child/adolescent 24-50. Each individual, according to its Body Mass 
Index (BMI) values and using the International Obesity Task 
Force (IOTF) cut-off values for obesity, will be categorized either 
as having a normal weight status or as being overweight or obese. 
Onwards, in the next algorithm step, input information regarding 
meal frequency and breakfast frequency consumption, weekly 
visits at restaurants and fast-food consumption, various dietary 
habits (fruits and vegetables, sweetened beverages, and energy-
dense foods consumption), as well as information about daily 
physical activity and daily sedentary activity, will be assessed. At 
the last step of the algorithm, depending on the information 
processed in the second step, actions will be proposed to address 
the problem of increased weight status, e.g., if the individual is 
eating less than five servings of fruits/day the output of the 

algorithm will be to increase fruit and vegetable consumption up 
to 5 servings or otherwise. The added value of the algorithmic 
graphical presentation of the CPGs for overweight and obese 
children is the simplicity that they offer when a clinician has to 
provide clinical advice in his/her practice as well as the reassurance 
that all the necessary factors will be assessed and the most evident 
up-to-date advice will be administered to the overweight/obese 
child. 

3.1 An example 

Next, an example is presented regarding the application of the 
algorithm in a real-life case scenario: Α 10-year old boy, with BMI 
of 23.6 Kg/m2, who visits three times per week restaurants and fast 
foods and skips consuming breakfast daily, consumes three 
servings of fruits and vegetables, two sweetened beverages and one 
energy-dense food per day, eats two meals per day and, watches 
one-hour television and plays two hours video games daily while 
he is participating in a soccer team for one hour three times per 
week will be assessed by the algorithm. According to the IOTF 
classification, the boy is classified as obese, and therefore the 
algorithm suggests the following interventions: a) visit restaurants 
and fast food once per week or less b) limit sweetened beverages 
consumption c) limit energy-dense food product consumption d) 
increase breakfast frequency consumption to daily e) Increase meal 
frequency consumption and snacking to three or more per day f) 
increase the consumption of fruits and vegetables to at least five 
servings per day and g) increase daily physical activity to at least 
one hour daily and h) decrease sedentary activity to less than two 
hours per day. 

4 Dyslipidemia management algorithm for 
childhood and adolescence 

Figure 5 presents the algorithm for the management of a child 
with dyslipidemia. If a child has recent blood LDL-C levels > 130 
mg/dL or total cholesterol (TC) levels > 200 mg/dL is classified 
by the algorithm as having dyslipidemia. Then according to the 
absolute value of LDL-C, if a value of more than 250 mg/dL was 
found, he/she should be referred immediately to a pediatric lipid 
specialist for individualized care. If LDL-C values are less than the 
threshold of 250 mg/dL, then a child is classified according to age 
(more or less than ten years) and his level of Cardiovascular 
Disease Risk (CVD) risk. After that step, the output of the 
algorithm (final step) suggests either pharmacotherapy or lifestyle 
changes or both 51, 52. 

4.1 An example 

A boy, 12 years old, who is overweight and has a parent who is 
taking treatment for dyslipidemia, with LDL-C values of 170 
mg/dL will be assessed using the algorithm. According to the 
LDL-C values, the boy is been categorized as having dyslipidemia 
and further categorized in the next algorithm step as a child with 
age more than 10 years who is at -risk of CVD and needs to be 
treated at first with lifestyle changes (diet modifications- high diet 
in fibers,  high  diet   in   polyunsaturated  and  monosaturated  
fats, 

 
Figure 3: The fat consumption algorithm 
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devoid of trans fats- 30% of total energy and low saturated fats-
10% of total energy, 1 hour/day of moderate to vigorous daily 
activity, with vigorous intense physical activity on 3 days/week, no 
TV in bedroom and total media time to no more than 1 to 2 hours 
of quality programming per day and dietary supplementation with 
fiber supplementation 6g per day). If after three months LDL-C 
continues to stay at levels > 160 mg/dL further dietary changes 
should be implemented (further restrict fat intake and devoid trans 
fats- 25% of total energy and low saturated fats up to 7% of total 
energy) and pharmacotherapy should be considered. 

5 DMT2 and DMT1 management algorithm 
for childhood and adolescence 

Figure 6 illustrates the DMT2 management algorithm. According 
to the algorithm if a child has DMT2 and his blood glucose (BG) 
levels are higher than 250 mg/dL, or its glycated hemoglobin Α1c 
(HbA1c) values are higher than 8.5%, he/she should continue 
insulin treatment, metformin, and lifestyle program, otherwise, 
he/she should continue only metformin and lifestyle program. 
Children who are treated with insulin, metformin, and lifestyle 
program should monitor HbA1c every three months and if HbA1 
values are less than 7%, the current treatment should be continued 
and effort should be put in order to wean off insulin; otherwise, if 
HbA1c values are more than 7%, pharmacotherapy should be 
intensified by adding a triple regimen to the pharmacotherapy. If 
only metformin and lifestyle program is the current DMT2 
treatment and HbA1c levels after three months are below 7%, 
then the algorithm suggests continuing the current treatment and 
monitor HbA1 levels every three months. Otherwise (HbA1c 
levels more than 7%) the treatment should be intensified by 
adding insulin therapy and BG levels should be monitored daily, 
followed by the appropriate adjustments to insulin dose, for 
optimum BG levels to be achieved (figure 7) 53, 54. 

5.1 An example 

A 13-year-old boy, with a history of DMT2, has current BG values 
of 270 mg/dL and HbA1c values of 8.9%, and he is taking insulin 
and metformin. According to the algorithm, the boy should 
continue the current treatment, should monitor his BG daily and 
adjust his insulin doses correspondingly, and should monitor his 
HbA1c levels every three months. If then his HbA1c levels are 
below 7%, the boy should continue the same treatment and try to 
wean off insulin, if possible, while every three months should 
check his HbA1c levels. If HbA1c levels are above 7%, a triple 
agent should be added to the pharmacotherapy, along with the 
necessary lifestyle program (weight loss, if necessary, dietary advice 
such as decreasing portion size, substitute carbohydrate-rich foods 
for fruit or vegetables, eliminate sweetened beverages and reduce 
the frequency of eating out, increase physical activity at least for 
one hour per day and decrease sedentary activity to no more than 
two hours per day). 

Figure 7 presents the childhood DMT1 management algorithm. 
According to the algorithm, if a child has DMT1, the algorithm 
is assessing information about the insulin regimen that he is 
receiving and information about his nutrition, mainly assessing 

the carbohydrate consistency and the nutritional content. If the 
child does not follow any meal planning program with basic or 
advanced carbohydrate counting, or his diet does not include 
carbohydrates mainly from fruits, vegetables, whole grains, 
legumes, low-fat milk, and it is not characterized by a variety of 
healthy foods and elimination of the consumption of foods with 
added sugar, the algorithm suggests making the appropriate 
changes either in nutritional content or meal planning. Otherwise, 
the next step in the algorithm is assessing the HbA1c levels, and if 
it is less than 7.5%, the algorithm suggests to continue with the 
same combination of insulin regimen and nutrition; otherwise, if 
HbA1c levels are above 7.5%, the insulin regimen and nutrition 
should be adjusted accordingly (figure 8) 55. 

5.2 An example 

A 15-year-old girl has DMT1 and does not follow any meal plan. 
According to the algorithm, the girl should make the appropriate 
changes in meal planning (basic carbohydrate counting) and to 
the macronutrient content of her diet (eating carbohydrates from 
fruits, vegetables, whole grains, legumes, and low-fat milk, 
replacement of saturated fats with mono- and polyunsaturated 
fatty acids, minimization of trans fatty acids consumption). In the 
next step, if the girl changes her dietary choices, her HbA1c levels 
are being assessed, and if the values are below 7.5 %, the girl 
should continue the dietary plan; otherwise, the appropriate 
adjustment in her diet and/or her insulin regimen should be made. 

6 Discussion 

This review presents the most updated CPGs regarding the 
recommended daily energy and macronutrient requirements in 
childhood and adolescence in the form of visualized algorithms. 
Furthermore, the up-to-date CPGs for the most common chronic 
nutrient-related conditions in childhood – obesity, dyslipidemia, 
and DMT1, and DMT2, are also summarized and presented in 
this review in algorithmic form. Thus, our work aims to enhance 
the adoption and the compliance of CPGs from any healthcare 
provider related to children (dietitians, pediatricians, nurses) in 
order to further improve their nutrition and the management of 
these diseases. 

Many of the CPGs are provided in a textual format, while often 
tables are included within them. However, clinicians find it 
tedious and time-consuming to read CPGs in textual form. In the 
study of T. Sinuff et al., referring to Canadian intensive care units’ 
physicians and nurses’ perceptions about practicing CPGs, it has 
been documented, that algorithms, tables, and graphs are more 
preferred rather than text and sentences 56. Many physicians meet 
many obstacles when they seek CPGs in order to make a decision 
using a well-known and very reliable evidence-based medicine 
systematic review and metanalysis database, the Cochrane Library, 
mainly difficulties locating the site and find the appropriate 
content 57. Time is also a constraint during clinical practice. The 
study by Ely et al. has shown that physicians may quit the search 
for a clinical answer after a very short period, approximately two 
minutes 58.  
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Thus, the format used to retrieve the appropriate information 
during clinical practice is of great importance almost at the same 
level as its reliability. 

In this work, a model-centric approach was selected in order to 
visualize the CPGs. There are two approaches when CPGs are 
been visualized: a) a model-centric and b) a document-centric 
approach 59. In the model-centric approach, no direct 
relationship exists between the model and the original document 
of the CPGs, while the document-centric approach is more text-
oriented, in which mark-up tools are applied in the guidelines’ 
text resulting in a mixed-format. The most known and vastly 
applied type of model-centric approach is the clinical algorithm 
maps format, which has been chosen for the visualization of the 
CPGs reviews60. The major advantage of using flowcharts is that 
clinicians are aware of them and they do not require further 
learning effort, in order to be implemented in their clinical 
practice. However, most of the time, they are spacious and due 
to this, a clinician could lose the complete overview of the 
subject. In our work, an effort was put to minimize the length of 
the algorithms in each subject, to be totally comprehensible by 
everyone who applies them in his daily practice. 

The use of CPGs in algorithmic form is very common for the 
appropriate assessment and care for many pathological 
conditions, both in adulthood and in childhood. Especially in 
childhood, many CPGs are presented in the format of an 
algorithm, either for the diagnosis of a variety of disorders, such 
as inborn anomalies of metabolism 61, or the management of 
several conditions, such as constipation 62. However, to the best 
of our knowledge, although CPGs for nutrient intake and 
nutrient-related chronic metabolic conditions are well established 
in the literature, this work is the first one that summarizes and 
presents them in algorithmic form, in order to further increase 
their adoption in everyday clinical practice. 

7 Conclusions 

In this review, a visualization of the most updated CPGs for the 
recommended macronutrient intake regarding energy, protein, 
and lipids, in childhood and the current CPGs for the optimum 
management of childhood obesity, dyslipidemia, and DMT1 and 
DMT2, is presented. The visualization of the CPGs in an 
algorithmic format will help healthcare providers to achieve a 
higher adoption rate of them in its clinical practice, thus, resulting 
in improved clinical outcomes and improved healthcare for 
children suffering from nutrition-related diseases. 
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