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A B S T R A C T

Background: Dietary energy density (DED) is associated with chronic disease markers in adults. However, results in children are still

controversial.

Objective: To evaluate the DED of children and its association with obesity and biomarkers of chronic disease.

Methods: In this cross-sectional study, we recruited 284 children (6–10 y) from rural Mexico. Dietary intake was assessed using three 24-h

recalls. DED was calculated for “foods only” (DEDfo) and for “foods and beverages” (DEDfb). Weight, height, and body fat percent (dual-

energy X-ray absorptiometry) were measured. Inflammatory cytokines, lipid profile, leptin, and insulin resistance were determined from a

fasting blood sample.

Results: DEDfo was 1.91 � 0.36 kcal/g and DEDfb was 1.36 � 0.31 kcal/g. Higher DEDfo and DEDfb were associated with higher risk to have

insulin resistance [odds ratio (OR) ¼ 3.92, 95% confidence interval (CI): 1.66, 9.22, P < 0.01; OR ¼ 3.51, 95% CI: 1.25, 9.87, P ¼ 0.02,

respectively]. Higher DEDfo was associated with higher risk of higher leptin levels (OR ¼ 3.17, 95% CI: 1.01, 10.23). Also, DEDfo and DEDfb

were associated with higher concentrations of cholesterol (β ¼ 11.67, 95% CI: 1.81, 19.53, P ¼ 0.03; and β ¼ 11.74, 95% CI: 2.69, 20.74 P ¼

0.01, respectively) and higher odds of having high insulin concentrations (OR ¼ 2.52, 95% CI: 1.26, 5.06, P ¼ 0.01; and OR ¼ 2.95, 95% CI:

1.30, 6.70, P ¼ 0.01). DEDfo and DEDfb were not associated with any measure of obesity and inflammatory cytokines in the adjusted models.

Conclusions: DED was associated with higher leptin and cholesterol concentrations, and having insulin resistance, but not with any

measure of obesity or inflammation. Reducing DED may reduce risk of cardiovascular disease and improve insulin sensitivity in school-aged

children.

Keywords: dietary energy density, obesity, inflammation, insulin resistance, children

Introduction

The combined prevalence of overweight and obesity in

Mexican school-aged children is 37.3%, and these children have

an increased risk of impaired lipid profile, oxidative stress,

inflammation, and insulin resistance [1]. Up to 50% of Mexican

school-aged children with obesity have insulin resistance, >60%

have high triglycerides concentration, and 50% have high

cholesterol levels [2–4].

The dietary energy density (DED), defined as the amount of

energy per weight unit of food (that is, kcal/g) [5], has been

identified by the WHO as a major contributor to childhood

obesity highlighting the importance of reducing intake of high

energy-dense foods [6,7]. Energy-dense foods often contribute to

Abbreviations: 24hR, 24-h recall; CI, confidence interval; CRP, C-reactive protein; DED, dietary energy density; DEDfb, dietary energy density food and beverage;

DEDfo, dietary energy density food only; OR, odds ratio; PA, physical activity; RDA, recommended daily allowance; UAQ, Universidad Aut�onoma de Quer�etaro.
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excessive caloric intake, leading to weight gain and obesity, and

contribute to elevated levels of blood glucose, insulin, and tri-

glycerides [8].

Lowering the energy density of food lowers energy intake,

which, if sustained over time, may result in an effective weight

loss strategy compared with calorie restriction [9]. A systematic

review, evaluating 17 studies in adults, reported that a reduced

DED was associated with weight loss [10]. According to the same

review, the information concerning the association between DED

and obesity in children is scarce, and the few available studies

have shown conflicting results. Some studies have found a pos-

itive association between DED and childhood obesity [11,12],

whereas other studies have found an association only with some

predictors of obesity (that is, higher DED associated with lower

household incomes and enrollment in the food stamp program)

[13] or no association at all [10,14]. The lack of a significant

association between DED and obesity in children has been sug-

gested to be attributed to individual variations in metabolism

and the complex interplay of genetic and environmental in-

fluences on childhood weight status [10,14].

There is also limited information regarding the relationship of

DEDwithmetabolicmarkers in children. Also, in children living in

rural communities of low- and middle-income countries, where

the rates of overweight and obesity are increasing rapidly, the

DED and its relationship with obesity is not known [15]. Partic-

ularly in rural Mexico it is common for children to eat

energy-dense foods such as “atole” (maize-based sweetened hot

beverage), “tamales” (seasoned meat, lard, and maize flour

steamed dish), deep fried tacos, “churros” (wheat flour dough,

fried in vegetable oil, and covered in sugar), home-made fried

crisps, and sweet pastries, and also vegetables are commonly

consumed fried as part of cooked dishes [16]. In addition, the

availability and affordability of highly processed foods in these

communities may increase the DED in populations living in rural

settings [16].

DED can be calculated using “only food” excluding all bev-

erages or using “food and beverages” that can include either all

beverages or only caloric beverages [10,17]. Little is known

about the best method to assess DED in different populations,

such as different age ranges, ethnicities, and different national-

ities. Therefore, to measure DED, it is recommended to use both,

“food only” and “food and beverages” [17].

Given the prevalence of overweight and obesity and the rising

prevalence of metabolic syndrome in Mexican school-age chil-

dren [18,19], and the possible contribution of DED to this public

health problem, it is important to evaluate DED in children from

rural areas in Mexico and determine its associations with obesity

and biomarkers of chronic disease. Thus, among school-age

children living in rural Mexico, the objectives of this study are

1) to assess the DED; 2) to assess the association between DED

and measurements of obesity; and 3) to assess the association of

DED with biomarkers of chronic disease.

Methods

Subjects and study design
In this cross-sectional study, a total of 293 school-aged children

between 6 and 10 y of age were recruited from 2 rural commu-

nities: Santa Cruz and Santa María Bego~na. These communities

are 3 km away from each other and both belong to the

municipality of El Marques in the state of Quer�etaro, M�exico. The

children were recruited from the elementary schools of Dieciseis

De Septiembre, in the community of Santa Cruz, and Benito

Juarez in the community of Santa María Bego~na. These commu-

nities have only one elementary school each, and all the school-

aged children attending were invited to participate in the study.

The ethnicity is predominantly mestizo (mixed-race individual),

and agriculture is the main economic activity. The nearest

metropolitan center is the city of Quer�etaro, which is 35 km away

from the communities. In this region, the diet includes staple

foods such as beans and corn-tortilla. The main animal food

sources are eggs, dairy products, pork, and chicken. Seasonal

fruits and vegetables are commonly consumed. Diets in these

populations also include high energy-dense foods with low

nutritional quality such as desserts and pastries, cookies, fried

chips, “churros,” and chocolate.

We calculated that a sample size of 168 was needed to detect

statistical difference of 0.70 score points between lower and

higher age-adjusted BMI groups with an 80% of power in DED,

assuming a pooled SD of 0.23 [20].

Parents of recruited children received oral and written in-

formation about the study and signed an informed consent.

Children were excluded from the study if they had any mental or

physical disability, if they were previously diagnosed with dia-

betes, or if they were following a special dietary regimen. The

study protocol was approved by the Bioethics Committee of the

Universidad Aut�onoma de Quer�etaro (UAQ) and followed the

Declaration of Helsinki guidelines.

Biomarkers of chronic disease
A fasting blood sample (7 mL) was collected by a trained

laboratory technician at the community’s local clinic. Children

were instructed not to eat anything �12 h before the blood

sample was collected early in the morning. Plasma and serum

were separated in blood samples by centrifugation at 400 � g

for 15 min (Beckman Allegra 21R), and aliquots were stored at

�70�C for later analysis. All biochemical analyses were per-

formed in duplicate in the Human Nutrition Laboratory at UAQ.

Serum insulin concentration was determined by a commercial

ELISA kit (Bio Quant) using a microplate photometer (Multiskan

Ascent; Thermo Electron Corporation). Fasting glucose was

measured in plasma by a colorimetric/enzymatic method using a

commercial kit (Glucose Elitech) and a clinical analyzer (Bayer

RA-50; Bayer Diagnostics), and concentrations of 100 mg/dL and

above were considered as high. Insulin resistance was deter-

mined using the HOMA with the following formula: HOMA ¼

insulin (μU/m) � glucose (mmol/L)/22.5. Insulin resistance was

defined with a HOMA value >3.16 [21]. Triglycerides and total

cholesterol were determined in plasma using commercially

available kits (Cholesterol; Elitech; Triglycerides; Elitech) using

a clinical chemical analyzer (Bayer RA-50; Bayer Diagnostics).

High triglycerides were defined when concentration was >110

mg/dL and high cholesterol when concentration was >200

mg/dL. Plasma HDL cholesterol and LDL cholesterol were

measured by spectrophotometry (Genesis 20 ThermoSpectronic;

Thermo Electron Corp) using commercially available kits

(Cholesterol HDL; Elitech; Cholesterol LDL; Spinreact).

Commercial ELISA kits were used to determine IL-6 (Milli-

pore), TNF-α (Millipore), high-sensitivity C-reactive protein

(CRP) (Bioquant), and leptin concentrations (Millipore). The
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ELISAs were read using a microplate photometer (Multiskan

Ascent; Thermo Electron Corporation).

Anthropometry
Children’s weight, height and waist circumference were

measured by trained and standardized personnel at the Nutrition

Clinic at UAQ. All measurements were done in duplicates

following WHO procedures [22]. Weight was measured using a

digital scale (SECA mod 813), height using a stadiometer (SECA

mod 206), and waist circumference was determined using a

flexible glass anthropometric tape (SECA mod 813). On the basis

of the WHO criteria for children 5–19 y, BMI-for-age z-score

(BMIz) was calculated using the Anthroplus software (Geneva:

WHO, 2009). Underweight was defined as 2 z-scores below the

WHO reference median, overweight as 1 SD above the WHO

reference median and obese as 2 SDs above the reference median

of the BMIz [23].

Body composition
A certified technician measured total body fat percent in the

children using dual-energy X-ray absorptiometry (Hologic Mod

Explorer). Abdominal and total fat content (kg) were estimated

following procedures previously described by Hill et al. [24].

High body fat was considered above 30% for girls and above

25% for boys [25].

Diet and dietary energy density
Trained nutritionists applied three 24-h recalls (24hR) on 3

separate days (2 weekdays and 1 weekend) to the caregiver in

the presence of their child. Dietary macronutrient composition

(that is, carbohydrates, fats, protein, and fiber) and daily caloric

intake (kcal) were calculated from the average of the three 24hR

using food composition tables from the National Institute of

Medical Science and Nutrition “Salvador Zubiran” [26] in

Mexico and the USDA Nutrient Database.

DEDwas calculated using both, the “food only” and the “foods

and beverages”methods; outliers (that is, implausible values)<3

SD were removed from the study according to standard pro-

cedures [17,27]. For the DED of food only (DEDfo), the caloric

content (kcal) of all the foods was obtained from the 24 h, and

divided by the mean of the total weight (g) of the foods (DEDfo ¼

kcal/g of food only). For the DED of foods and caloric beverages

(DEDfb), the caloric content (kcal) of all the foods and caloric

beverages was divided by the total weight (g) of the foods and

caloric beverages (DEDfb ¼ kcal/g of food and beverage).

Covariables
A series of variables that are known to influence dietary

intake and obesity were collected. Physical activity (PA) was

estimated by a validated questionnaire [28]. The children’s

caretakers were asked to report the amount (h/d) of moderate

and intense physical activities, according to the compendium of

physical activities of Ainsworth [29]. Educational level of the

caregiver was recorded in years of formal education.

Statistical analysis
All statistical analyses were performed using the statistical

package SPSS, version 20.0 (IBM). A descriptive analysis of all the

variables was conducted and results are presented as means� SDs

and percentages for categorical variables. Comparisons between

all themeasured variables between childrenwith normal and high

percentage of body fat were assessed by the chi-square test or t-

test for independent samples. The distribution of dependent var-

iables (BMI categories, waist circumference, percentage of body

and abdominal fat, and biomarkers of chronic disease) was

explored to confirm a normal distribution with the Kolmogor-

ov–Smirnov test. Linear regression models were performed for

variables that were normally distributed to assess the association

between DEDfo and DEDfb (as independent variables) with

different body fat measurements (as dependent variables) con-

trolling for age, sex, and level of education of the caregiver (as

possible confounders). We used logistic regression analyses to

assess the association between the dependent variables that were

not normally distributed (IL-6, TNF-α, CRP, leptin, insulin, and

HOMA) and measures of body fat controlling for fat percent, age,

sex, caregiver’s education level, and PA (as possible confounders).

CRP was also added as a confounder for the models of IL-6, TNF-α,

leptin, insulin, and HOMA. The values of the dependent variables

were categorized into 2 levels: below and above the median for

leptin (0.36 mg/L), IL-6 (1.86 pg/mL), TNF-α (3.5 pg/mL), and

insulin (10.85 U/mL), and we used the cutoff point for high risk of

systemic inflammation for CRP (>2.99 mg/L) [30] and for HOMA

below and above the cutoff point of 3.16 [21].

Results

From the 293 children included in the study, 5 did not provide

a blood sample and 4 reported an unplausible DEDfo or DEDfb

value (<3 SD). Fifty-two percent of the children had high body fat;

of those, 31.1% were females. As shown in Table 1, 53% of the

children had a high percentage of body fat (>25% for girls and

>30% for boys), and according to their BMI, 18% were classified

as overweight, 9% as obese, and only 2% were underweight.

Compared with children with normal fat, children with elevated

levels of body fat had significantly higher concentrations of tri-

glycerides (101.73mg/dL, SD 45.31 comparedwith 75.69mg/dL,

SD 30.66; P < 0.001) and total cholesterol (152.31 mg/dL, SD

22.46 compared with 144.41 mg/dL, SD 23.81; P ¼ 0.032).

Specifically, 18.7% of the children with high body fat had high

triglyceride levels, whereas only 4.5% of those with normal body

fat had high triglyceride concentrations. In addition, 6% of chil-

dren with normal body fat and 13% of those with high body fat

had insulin resistance, as indicated by a HOMA >3.16.

There was low variability among the population studied in

meal frequency. Most of the children have 4 meals at very similar

times: “desayuno” before school (between 7 and 8 am),

“almuerzo” at school (approximately at 12 pm), “comida” just

after school (between 2 and 3 pm after school), and “cena” (be-

tween 6 and 7 before bed).

The mean of the DEDfo for all the sample was 1.91 kcal/g (SD

¼ 0.36) for the “food only”method and 1.36 kcal/g (SD 0.31) for

the “food and beverages” method (Table 2). Children meeting

the recommended daily allowance (RDA) of caloric intake of

>1600 kcal/d reported a higher DEDfo of 1.95 (SD ¼ 0.29)

compared with those not meeting the RDA, who had a DEDfo of

1.85 (SD ¼ 0.35), with a significant difference (P ¼ 0.011).

Similarly, children meeting the caloric RDA also had a higher

DEDfb of 1.41 (SD ¼ 0.27) in comparison with those not meeting

the RDA, who showed a DEDfb of 1.30 (SD ¼ 0.28) (P ¼ 0.034).
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The children with high body fat had a significantly higher

DEDfo (1.95 kcal/g, SD ¼ 0.36) than children with normal body

fat percent (1.85 kcal/g, SD ¼ 0.32) (P ¼ 0.011). Children with

high body fat reported greater consumption of all macronutri-

ents, although statistically significant differences were observed

only in the case of fats (36.7 g, SD ¼ 15.85 for children with

normal body fat and 26.75 g, SD ¼ 16.71 for children with high

body fat; P ¼ 0.029) and cholesterol (36.7 g, SD ¼ 15.85 for

children with normal body fat and 26.75 g, SD ¼ 16.71 for

children with high body fat; P ¼ 0.041). Specifically, they re-

ported a high intake of sugar sweetened drinks (for example,

soda, “atole,” and juice drinks), “tamales,” fried snacks “churros,”

and a high content of oil and lard in cooking (Supplemental

Table 1).

In the adjusted linear regression models, DEDfo and DEDfb

were not associated with any of the measurements of obesity

(Table 3). However, both DEDfo and DEDfb were significantly

associated with higher cholesterol concentrations [β ¼ 11.67,

95% confidence interval (CI): 1.81, 19.53, P ¼ 0.01; and β ¼

11.74, 95% CI: 2.69, 20.74, P ¼ 0.01, respectively]. Neither

DEDfo nor DEDfb were associated with BMIz, waist circumfer-

ence, abdominal, or body fat percent.

The adjusted logistic regression model in Table 4 shows that a

higher DEDfo was strongly associated with having insulin resis-

tance [odds ratio (OR)¼ 3.92, 95% CI: 1.66, 9.22, P< 0.01] and

with higher odds of having higher concentrations of leptin (OR¼

3.17, 95% CI: 1.01, 10.23, P ¼ 0.04) and insulin (OR ¼ 2.83,

95% CI: 1.28, 4.51, P ¼ 0.01) (Table 3). Similarly, DEDfb was

TABLE 1

Main characteristics of the studied children according to their body fat content

Normal body fat (n¼ 131) Mean

� SD or Percentage (n)

High body fat (n ¼ 153) Mean

� SD or Percentage (n)

Overall (n ¼ 284) Mean � SD

or Percentage (n)

P

Age (y) 7.81 � 1.56 8.16 � 1.55 7.99 � 1.56 0.053

Weight (kg) 23.61 � 4.77 31.16 � 9.05 27.66 � 8.28 <0.001

Height (cm) 123.93 � 9.18 128.30 � 10.15 126.27 � 9.94 <0.001

Waist circumference (cm) 54.50 � 5.04 64.59 � 9.42 59.91 � 9.20 <0.001

Height-for-age (z-score) �0.85 � 0.97 �0.37 � 0.93 �0.59 � 0.98 <0.001

BMI-for-age (z-score) �0.44 � 1.00 1.01 � 1.07 0.34 � 1.26 <0.001

Body fat (%) 23.34 � 3.47 33.89 � 4.87 29.00 � 6.79 <0.001

Abdominal fat (%) 20.15 � 4.15 34.69 � 7.73 27.95 � 9.62 <0.001

Caregiver’s education (y) 4.24 � 1.58 4.07 � 1.27 4.15 � 1.43 0.081

Moderate of intense physical activity (h/d) 1.84 � 1.23 1.66 � 1.34 1.72 � 1.27 0.126

Triglycerides (mg/dL) 75.69 � 30.66 101.73 � 45.31 89.66 � 41.25 <0.001

High triglycerides (%) 4.5 (13) 18.7 (53) 23.2 (66) 0.002

Total cholesterol (mg/dL) 144.41 � 23.81 152.31 � 22.46 148.65 � 23.39 0.032

High total cholesterol (%) 5.6 (16) 11.3 (32) 17 (48) 0.103

HDL (mg/dL) 49.55 � 7.95 47.06 � 8.52 48.22 � 8.36 0.234

LDL (mg/dL) 80.35 � 17.97 85.38 � 83.05 48.22 � 8.36 0.076

Leptin (ng/mL) 1.40 � 0.83 5.92 � 5.90 3.83 � 4.91 N/A

Glucose (mg/dL) 82.03 � 6.87 83.31 � 7.25 82.49 � 7.07 0.343

High fasting glucose (%) 0.4 (1) 1.4 (4) 1.8 (5) 0.043

Insulin (uU/mL) 11.15 � 5.59 13.48 � 8.18 12.40 � 7.40 0.093

HOMA (%) 4.2 (12) 14.8 (42) 19.0 (54) <0.001

CRP (mg/L) 0.98 � 1.35 0.96 � 1.73 0.97 � 1.53 N/A

CRP (%) 5.2 (15) 13.7 (39) 18.9 54 <0.001

IL-6 (pg/mL) 1.93 � 1.13 4.16 � 5.06 3.14 � 3.92 N/A

TNF-α (pg/mL) 3.29 � 1.88 5.04 � 3.35 4.23 � 2.87 N/A

Normal body fat, <25% for girls and <30% for boys; high triglycerides, >110 mg/dL; high total cholesterol, <170 mg/dL; high fasting glucose,

>100 mg/dL; HOMA, >3.16; CRP%, >2.99 mg/L; P value comes from t-test for continuous variables and chi-squared for categorical variables.

Abbreviations: CRP, C-reactive protein; N/A, variables were not normally distributed and the t-test was not performed.

TABLE 2

Dietary energy density and macronutrients of the studied children according to their body fat content

Normal body fat (n ¼ 131) Mean � SD High body fat (n ¼ 153) Mean � SD Overall (n ¼ 284) Mean � SD P

DEDfo (kcal/g) 1.85 � 0.32 1.95 � 0.34 1.91 � 0.36 0.011

DEDfo (kJ/g) 7.74 � 1.33 8.16 � 1.42 7.99 � 1.50 0.011

DEDfb (kcal/g) 1.35 � 0.30 1.37 � 0.28 1.36 � 0.31 0.611

DEDfb (kJ/g) 5.64 � 1.25 5.73 � 1.17 5.69 � 1.29 0.611

Energy (kcal) 1586.91 � 432.68 1634.19 � 511.55 1606.97 � 462.76 0.073

Energy (kJ) 6639.63 � 1810.33 6837.45 � 2140.32 6723.56 � 1936.18 0.073

Carbohydrates (g) 221.43 � 72.68 228.94 � 59.63 65.47 � 224.62 0.352

Sugars (g) 86.09 � 42.2 92.2 � 32.6 88.8 � 38.3 0.092

Fats (g) 22.71 � 15.85 26.75 � 16.71 23.72 � 16.22 0.029

Cholesterol (mg) 174.09 � 134.93 199.95 � 122.31 127.82 � 180.67 0.041

Protein (g) 53.65 � 19.51 55.85 � 22.71 54.49 � 20.41 0.452

Fiber (g) 14.00 � 8.19 12.92 � 6.43 13.38 � 7.23 0.343

Normal body fat, <25% for girls and <30% for boys; P value comes from t-test.

Abbreviations: DEDfb, dietary energy density food and beverage; DEDfo, dietary energy density food only.
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associated with insulin resistance (OR ¼ 3.51, 95% CI: 1.25,

9.87, P ¼ 0.02) and higher odds of having higher insulin con-

centration (OR¼ 2.95, 95% CI: 1.30, 6.70, P¼ 0.01) but was not

associated with leptin concentrations. No association was found

between DEDfo or DEDfb and the other markers of inflammation.

Discussion

This study assessed the DED of children from rural Mexico by

2 different methods “food only” and “food and beverage.” DEDfo

and DEDfb were associated with higher cholesterol concentra-

tions and higher odds of having higher leptin concentrations and

insulin resistance. DEDfo was associated with percentage of body

fat in the crude model; however, no association between DEDfo

or DEDfb and any of the measures of obesity was found in the

adjusted models.

The DEDfo of the children in this study was 1.91 kcal/g (SD ¼

0.36) and DEDfbwas 1.36 kcal/g (SD¼ 0.31). The DEDfo from this

study is similar to the DEDfo found in other pediatric populations.

For instance, DEDfo IQR in children (5–13 y) in the United States

was 2.08 (SD ¼ 0.47) kcal/g [31] and an average of 1.64 kcal/g

(SD ¼ 0.23) was observed in children (5–13 y) in Germany [20].

In contrast, the DEDfo found in this study, in the United States and

Germany, were higher than the one found in Japanese children of

a similar age range (a DEDfo of 1.2 kcal/g; SD¼ 0.14) [32]. These

differences might be explained by the difference in fat intake in

each country. The diet of Japanese children tend to include more

rice, seaweed, and vegetables, whereas diets in the United States

tend to include more processed and energy-dense foods such as

sweets, crisps, and fried foods [33] Furthermore, diets in EU and

Germany include more meat and dairy products that are known to

increase the DED [32,34–37]. The higher DED found in the rural

population studied in Mexico is related to the high intake of

energy-dense foods (“tamales,” “churros”), the high content of oil

and lard used to cook, the intake of highly processed foods, and

the high intake of maize-based drinks in DEDfb [16], all commonly

consumed in this population and reported to be consumed by the

children in the study.

In this study, DEDfo was associated with percentage of body

fat in the crude model; however, no association was observed

between obesity and DEDfo or DEDfb in the adjusted model. Like

our results, higher DEDfo or DEDfb was not associated with

overweight or obesity, but was associated with stunting, in

children living in an urban area in Malaysia [38]. In contrast, a

study using representative data for the Mexican population,

including urban and rural regions, found a positive association

between DED and obesity in children [39]. Also, higher DED was

associated with obesity in 2 studies in Spanish children [40].

However, one of these studies reported an association between

DED DEDfo or DEDfb with body composition or cardiovascular

disease risk factors only when excluding under-reporters. Our

results excluded those reporting <3 SD of DEDfo or DEDfb; thus,

underreporting does not explain the lack of association that was

observed. We need to consider the possibility that, given the high

SD on both DEDfo and DEDfb observed in this population, a

higher sample size might be required to determine if DED is

associated with adiposity, because studies in Mexico with a

higher sample size (n ¼ 2600) have found an association be-

tween DED and obesity [39]. In addition, the fact that the sig-

nificance level increased when including covariables indicates

that socioeconomic factors may have a stronger influence on

children’s body composition than DED does. Thus, the possibility

TABLE 3

Linear regression model between the measures of adiposity and metabolic markers and DED in the studied children (n ¼ 284)

DEDfo (kcal/g) DEDfb (kcal/g)

β 95% CI P β 95% CI P

Waist circumference (cm) 0.69 (–0.7, 2.09) 0.62 1.3 (–0.3, 2.9) 0.42

BMI-for-age (z-score) 0.07 (–0.16, 0.30) 0.76 0.35 (–0.09, 0.62) 0.18

Body fat (%) 0.87 (–0.35, 2.1) 0.48 1.51 (–0.11, 2.92) 0.28

Abdominal fat (%) 1.05 (–0.65, 2.74) 0.54 1.96 (–0.01, 3.91) 0.32

Triglycerides (mg/dL) 3.45 (–9.17, 16.07) 0.59 3.46 (–11.16, 18.08) 0.64

Total cholesterol (mg/dL) 11.67 (1.81, 19.53) 0.03 11.74 (2.69, 20.79) 0.01

HDL (mg/dL) 1.51 (–1.26, 4.25) 0.28 0.23 (–2.97, 3.43) 0.88

LDL (mg/dL) 5.11 (–1.08, 11.3) 0.11 6.79 (–0.37, 13.95) 0.06

Model adjusted for age, sex, caretaker’s education level, and physical activity.

Abbreviations: β, beta coefficient from the regression model; CI, confidence interval; DEDfb, dietary energy density food and beverage; DEDfo,

dietary energy density food only.

TABLE 4

Logistic regression model between HOMA, leptin, insulin, and

inflammation markers with diet energy density (n ¼ 284)

OR (95% CI) P

DEDfo (kcal/g)

HOMA (>3.16) 3.92 (1.66, 9.22) <0.00

Leptin (>0.36 mg/L) 3.17 (1.01, 5.23) 0.04

Insulin (>10U/mL) 2.53 (1.26, 5.08) 0.01

IL-6 (>1.8 pg/mL) 2.06 (1.00, 4.21) 0.05

TNF-α (>3.5 pg/mL) 0.91 (0.47, 1.78) 0.79

CRP1 (>2.99 mg/L) 1.14 (0.84,1.32) 0.18

DEDfb (kcal/g)

HOMA (>3.16) 3.51 (1.25, 9.87) 0.02

Leptin (>0.36 mg/L) 3.48 (0.62, 2.94) 0.07

Insulin (>10 U/mL) 2.95 (1.30, 6.70) 0.01

IL-6 (>1.8 pg/mL) 1.76 (0.81, 3.86) 0.16

TNF-α (>3.5 pg/mL) 0.64 (0.29, 1.40) 0.26

CRP1 (>0.99 mg/L) 1.86 (0.76, 4.52) 0.13

Adjusted model for body fat percent, age, sex, caretaker’s education

level, physical activity, and C-reactive protein.

Abbreviations: CRP, C-reactive protein; DEDfb, dietary energy density

food and beverage; DEDfo, dietary energy density food only; OR, odds

ratio.
1 In this model, CRP was used as the independent variable; the me-

dian was used as the cutoff values for leptin, insulin, IL-6, and TNF-α;

for CRP >2.99 mg/L, and HOMA >3.16.
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that DED is associated with obesity in this population should not

be discarded. Because of the lack of consistency observed in the

literature, the relationship between DED and obesity in children

should be explored further.

Both DEDfo and DEDfb were associated with higher choles-

terol and DEDfowas associated with leptin concentrations. To the

best of our knowledge, there are no studies assessing the rela-

tionship between leptin and cholesterol with DED. However,

there are biological mechanisms that could explain these asso-

ciations. In the case of leptin, it has been shown that dietary fat is

associated with higher leptin concentration, independently from

adiposity in children and adults [41,42]. In addition, leptin and

leptin resistance have shown to influence food choices and in-

crease food intake [43]. The association between DEDfo or DEDfb

and higher concentrations of cholesterol might be attributable to

dietary fat, which was higher in children with high body fat

content. In contrast to the lack of association found between both

DEDfo and DEDfb with measures of body composition after

adjusting for covariables, the association between inflammation

markers and lipids remained after controlling for confounders,

indicating that DED could have an influence on the children’s

metabolism independently of socioeconomic factors.

This is the first study to observe and association between

DEDfo and DEDfb and higher odds of insulin resistance in chil-

dren. In adults from Europe and United States, DED was associ-

ated with diabetes and insulin resistance [7,44]. Furthermore,

similar to our results, Mendoza et al. [45] found that the asso-

ciation between DED and insulin resistance was independent

from adiposity in adults from the United States. One of the

metabolic mechanism that might explain this association is the

high content of fat and sugar, which were commonly consumed

by the children of this study and other studies [33,46]. Dietary

fats and sugars are known to increase systemic inflammation

[47] and may contribute to the higher levels of insulin and in-

sulin resistance observed in this population.

In contrast with other studies, where conflicting results were

found between the different DED calculation methods (food only

compared with food and beverage), we found no substantial

differences in the strength and the direction of the association

between the different methods. For instance, a study by McCaf-

frey et al. [48] found that DEDfb was not associated with body

fat, whereas DEDfo was associated with a higher body fat in

children and adolescents [49]. As reported by other studies

evaluating the use of different DED methods, in this study, the

variation within subject of the DEDfo was lower than DEDfb [10].

Understanding the DED in this population is important for

addressing potential nutritional challenges and promoting

overall health. Identifying patterns of energy-dense food con-

sumption can help develop targeted interventions and nutri-

tional education programs to enhance health and well-being in

this population. This study provides valuable insights into the

complex interplay of dietary habits with chronic conditions

while taking in consideration cultural, socioeconomic, and

environmental factors. This research may contribute to the

broader understanding of nutritional patterns in diverse pop-

ulations and aid in the development of evidence-based strategies

for improving children’s health in rural settings [50].

One limitation of the study is that causality cannot be inferred

between DED, obesity, and chronic disease markers because of

the cross-sectional design. Another limitation relates to

systematic underreporting in dietary intake data [51]. As

mentioned before, given the high SD of both DED evaluated, a

higher sample size might be needed to evaluate the association

between DED and adiposity. It is important to consider that other

possible confounders that may influence the association between

DED, obesity, and biomarkers of inflammation, such as growth

spurs, genetic predisposition, as well as bacterial infections,

among others, were not measured and, thus, were not controlled

for in the statistical analysis. Despite these limitations, our study

is the first to assess the relationship between DED, inflammatory

markers, and insulin resistance, providing information on the

implications of a high DED in children living in rural areas

beyond obesity.

In conclusion, both, DEDfo and DEDfb, were not associated

with measurements of obesity in children from rural Mexico, but

they were associated with higher cholesterol and insulin resis-

tance, whereas DEDfb was related to higher leptin concentra-

tions. Reducing DED may result in a lower risk of cardiovascular

disease, better insulin sensitivity, and inflammatory profile in

children living in rural Mexico.
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