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| 1. Introduction

The World Health Organization (WHO) has consistently reported that overweight and obesity are causing a significant
deterioration in the health of the world’s population 1. These conditions have been linked for decades to the development
of diseases such as insulin resistance, type 2 diabetes mellitus, high blood pressure, dyslipidemia, and fatty liver disease
(213141 More recently, obesity has been linked to various types of cancer 2, and it has been estimated that 14% and 20%
of deaths in men and women, respectively, can be attributed to obesity €.

Regarding the global prevalence of obesity, it has almost tripled. Specifically, in 2019 the estimation was that 38.2 million
children under the age of five were overweight or obese. This is a problem in the high-, middle- and low-income countries,
particularly in urban settings [. Besides, the prevalence of overweight and obesity among children and adolescents aged
5 to 19 years has increased dramatically, similarly among boys and girls 4.

The consequences of childhood obesity are increased school absences and doctor visits &, so childhood obesity is not
simply a risk factor for disease in adulthood, as obese children may experience more illness during childhood (. In this
regard, early detection and treatment of obesity in children may be the best approach to prevent future increases in

morbidity, as well as increases in the health care costs that are likely to occur as overweight and obese children, grow
older (29L1],

Treatment strategies for childhood obesity have been carried out in multiple ways. Modifying the obesogenic environment
and ensuring the acquisition of healthy lifestyle habits has been suggested for more than a decade 2. Interventions with
the family and school are considered an important strategy against obesity 13!, These strategies consist of nutrition,
physical activity, or psychosocial support, and when used in combination they are called multi-component interventions 24
(23],

It has been reported that there is an association between extreme cold weather and childhood overweight or obesity.
Thus, it has been shown that cold environments favor the development of obesity since they could influence hormones
related to hunger, increasing the appetite towards excessive intake, and promote inactivity 2871 Furthermore, this type
of climate causes multiple systemic adaptations, such as sympathetic thermogenesis in brown adipose tissue, post-shiver
thermogenesis in skeletal muscle, increased production of expired carbon dioxide due to increased metabolic activity, and
tachycardia 18, Similarly, exposure to cold temperatures alters hormonal production, observing an increase in ghrelin and
cortisol, which have been associated with increased appetite, and facilitating mechanisms of lipid storage 291,

Among the coldest countries in the world are Russia, Canada, the USA (north), Iceland, Finland, Estonia, Norway,
Sweden, Denmark, Latvia, France, and New Zealand (south) 2%, Scotland in the United Kingdom, the extreme south of
Argentina and Chile [21], some areas of the island of Tasmania in Australia, part of the Atlantic coast of Norway, and part of
the European islands in the North Atlantic Ocean belonging to the subpolar oceanic climate 22, In this climate, months
with an average temperature above 10 °C. are less than four per year.

In Punta Arenas, Chile, winds of 80 miles per hour are common during the southern hemisphere summer. The
temperature varies around an average of 6.5 °C, with the lowest temperature of —16.4 °C in Winter, June, and July, and
the highest of 29.9 °C in summer, January, and February 23],



The collected data on extreme cold weather is relevant for designing intervention strategies aimed at reducing overweight
or obesity in children in these climates. To date, no systematic reviews have been reported that specify the characteristics
of the interventions in children with overweight and obesity in territories with extremely cold climate characteristics.

| 2. Search Outcome

Figure 1 shows the flow chart made following the PRISMA Statement. We identified 1056 potential studies on the
treatment of childhood overweight and obesity in countries with extremely cold climates. After the exclusion of the

duplicates in the databases, the screening and eligibility criteria were applied. Finally, 29 articles were included for data
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| 3. Characteristics of the Studies Analyzed

29 articles were included in this review, whose interventions were carried out in the following countries considered as
extreme cold climate zones: Sweden, Canada, Denmark, United States, Iceland, Germany, Norway, Switzerland, England,
Finland, Holland, and China. Considering all the studies, the total number of subjects at baseline was 4434, with an
average adherence of 86%. The adherence to the programs, depending on the type of the intervention, was: (1) Physical
activity and nutrition: 100%; (2) education: 93%; (3) behavioral and education: 93%; (4) physical activity and education
and nutrition: 87%; (5) behavioral and nutrition: 86%; (6) physical activity and behavioral: 86%; (7) physical activity and
behavioral and education and nutrition: 84%; (8) physical activity and behavioral and nutrition: 81%. Of these studies,
93% reported losses in their sample, the main reasons being categorized as follows: lack of time (10%), personal reasons
(24%), attendance (41%), health (20%), not meeting criteria during the development of the intervention (17%), did not
wish to continue (27%) and unspecified (34%). 58% of the studies recruited children from health centers, 27% from
educational centers, and 51% from the community. The mean age was 9.3 years. Concerning gender distribution, 56%
were women and 44% men. Regarding the prevalence of diseases, only two studies detailed this information: one
included a child with asthma and the other only healthy children. The main inclusion criterion (90%) was the BMI value
corresponding to overweight or obesity, while in 3% of the studies it was the value of weight for height and 7% did not



specify this information. 51% of the interventions were carried out in health centers, 13% in educational centers, 13% in
university centers, and 13% in community centers. Of these studies, 13% did not specify this information (Table 1).

Table 1. Characteristics of the studies analyzed in multicomponent interventions in extremely cold climates.
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while 57% followed up for a period equal to or greater than 12 months. Regarding the professionals who participated in
the interventions, 52% were nutritionists, 34% qualified professionals in exercise prescription (physiotherapists, physical
education teachers, and personal trainers), 32% doctors, 27% psychologists, 27% other types of professional
(interventionists, counselors or facilitators), 23% included a nurse, 2% a social worker and 9% did not specify this
information. The interventions were based on four components: (1) physical activity, (2) education, (3) behavioral therapy,
(4) and nutrition. The physical activity component was included in 86% of the interventions, being implemented in 55% of
cases as recommendations (general exercise recommendations, promotion of an active life, and reduction of time spent in
sedentary behaviors), in 16% of cases as physical exercise programs (structured training program including mainly
aerobic exercise, circuit training, and spinning), and in 23% of cases as recreational activities (mainly games). Of the
interventions. 55% included an education component, which was implemented mainly as healthy lifestyle
recommendations focused on health promotion. Regarding behavioral therapy, 66% of the interventions included this
component through cognitive-behavioral strategies: stimulus control, self-monitoring, coping strategies, dealing with
problems, positive reinforcement, planning, goal setting, behavior skills, and parenting skills. Finally, 80% of the
interventions included a nutrition component, which was implemented in 45% of cases as recommendations focused on
healthy eating (such as increasing the intake of water, fruits, and vegetables and reducing the intake of high-calorie
foods), in 34% of the cases as food plans using mainly the “traffic light system”, and in 6% of cases healthy eating
workshops were included (Table 2).

Table 2. Main characteristics of multicomponent interventions according to component addressed.
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6. Effects of the Interventions on the Prlmaryloutcome Accordlng to. the
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Duratign equal to of lesg,than six mgnths: Consgidering all types of inteyventions, 7,/% gbtained significant effegts for the
primary outcome. All the interventions that included the physical activity component showed significant effects on the
primary outcome with the recreational activities modality, while with the recommendations modality they obtained
significant effects in 59% of cases, and 83% of cases using the physical exercise program modality. All the interventions
that included education had significant effects on the primary outcome, whereas those that included behavioral therapy
had significant effects in 65% of cases. Finally, 100% of the nutrition component interventions showed significant effects
on the primary outcome when using the diet program modality, 63% with the recommendation’s modality, and 50% when
using the healthy cooking workshop modality. Furthermore, considering that all the interventions included at least two
components, they all presented significant effects when they included the physical activity component in the form of
recreational activities. However, the interventions that combined physical activity (recommendations approach), behavioral
therapy, and nutrition component (recommendations approach) only presented significant effects when they also included
the education component,

Duration equal or more than twelve months: of the interventions, 89% had significant effects on the primary outcome. 67%
of interventions that included a physical activity component presented significant effects with the recreational activities
modality, 100% with the recommendations modality, and 100% with the physical exercise program modality. Regarding
interventions that included education, 92% presented significant effects on the result. The interventions that included
behavioral therapy had significant effects in 91% of cases. Finally, 100% of the nutrition component interventions showed
significant effects on the primary outcome with the diet program modality, 75% with the recommendations modality, and
100% with the healthy cooking workshop modality. Furthermore, only two interventions (11%) did not present significant
effects, having in common that both included the nutrition component in the modality of recommendations (Table 3).

Table 3. Statistically significant effects of the interventions lasting 6, and 12 months.
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| 7. variables Studied in the Articles

The variables studied in the different studies were grouped into three categories: nutritional status, physical and health
condition, and psychological variables.

7.1. Nutritional Status

This category was considered in 100% of the studies and included eight variables: BMI z-score (86% of studies), BMI
(79%), waist circumference (44%), body composition (mainly fat mass and lean mass; 34%), waist-to-height ratio (14%),
skinfold (10%), hip circumference (6%) and neck circumference (3%) (Figure 3a).

Figure 3. Variables of (a) nutritional status, (b) physical and health condition, and (c) psychological health.
7.2. Physical and Health Condition

This category was considered in 76% of the studies and included eight variables: physical activity level (48% of studies),
food intake (41%), blood pressure (34%), health biomarkers (31%), sedentary behavior (20%), aerobic fithess (17%),
eating behavior (10%), muscular strength (3%) (Eigure 3b).

7.3. Mental Health

This category was considered in 24% of the studies and included seven variables: health-related quality of life (17% of
studies), self-perception (6%), self-esteem (6%), mood (3%), anxiety (3%), depression (3%), and strengths and difficulties



perceived by parents (3%) (Eigure 3c).

| 8. Assessment Instruments

The instruments used in the studies were grouped into three categories: nutritional status, physical and health condition,
and psychological variables.

8.1. Nutritional Status

To assess these variables, six instruments were used: tape measure (34% of studies), anthropometry measurement
(17%), bioimpedance measurement (13%), dual-energy x-ray absorptiometry (DXA) (13%), caliper (6%), and the three-
component model of body composition (3%) (Eigure 4a).

Figure 4. Instruments for the assessment of (a) nutritional status, physical and health condition; (b) nutrition, (c) level of
physical activity and sedentary behavior, (d) physical condition, (e) cardiovascular risk, psychological variables; (f) health
and (g) health-related quality of life.

8.2. Physical and Health Condition
To assess these variables, 20 instruments were used and were sub-grouped into four categories:

Nutrition: to assess this category, the instruments used were food frequency questionnaire (17% of the studies), 3-day diet
recall form (10%), 24h-dietary recall (3%), Block Kids questionnaire (3%), Dutch eating behavior questionnaire for children
(DEBQ-C) (3%), The Family Eating and Activity Habits questionnaire (FEAH) (3%), Day in the life questionnaire (DiLQ)
(3%) and 2-day nutritional dietary record (3%) (Eigure 4b).

Level of physical activity and sedentary behavior: to assess this category, the instruments used were a non-validated
guestionnaire for dietary, physical activity, and sedentary behaviors (33% of studies), accelerometers (13%), pedometer
(6%), Physical activity questionnaire for children (PAQ-Q) (6%), Leisure Score Index (LSI) (3%) (Eigure 4c).

Physical condition: to assess this category, the instruments used were the walking test (6% of studies), handgrip strength
test (3%), ergo-spirometry test (3%), jumping test (3%) (Eigure 4d).

Cardiovascular risk: 31% of the studies took blood samples, while 13% measured blood pressure with a manual blood
pressure cuff, and 20% with an automatic sphygmomanometer (Figure 4e).




8.3. Psychological Variables

Ten instruments were used to assess these variables and were sub-grouped into two categories:

Psychological health: to assess this category, 6% of studies used the self-perceptions profile questionnaire for children
(SPPC), 6% the children’s depression scale (CDS), 6% the questionnaire of strengths and difficulties of the child reported

by the parents (SDQ), 3% used the child and youth physical self-perception profile questionnaire (CY-PSPP), 3% the

scale of intrinsic versus extrinsic orientation in the classroom, and 3% the multidimensional anxiety scale for children
(MASC) (Figure 4f).

Health-related quality of life: of the studies, 6% used the pediatric quality of life questionnaire (PedsQL), 3% the child

health questionnaire, Dutch version (CHQ-PF50), and 3% the quality of life questionnaire for children between 7 and 13
years old (KID-KINDL-R) (Figure 4g).
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