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Study Importance Questions:

What is already known about this subject?

oNOYTULT D WN =

- In adults, the intake of industrial, but not natural #rans fatty acids has been associated with
obesity.
14 - Little is known about the effect of the intake of different frans fatty acid subtypes on

16 childhood obesity.

20 What does our study add?
22 - To our best knowledge, our study explores for the first time the association between the
intake of industrial as well as natural trans fatty acids and overweight including obesity in

27 preschool children.
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Abstract (199 words)

Objective: The intake of trans fatty acids (TFA) has been associated with obesity in adults,
although the evidence in children is scarce. We explored the association between total,
industrial and natural TFA intake and overweight (including obesity) in 4-5-year-old Spanish
children.

Methods: We cross-sectionally analyzed data of 1823 children aged 4-5 from the INMA
study, a prospective mother-child cohort study in Spain. We estimated the intake of total,
industrial and natural TFA in g/day using a validated food frequency questionnaire.
Overweight including obesity was defined according to the International Obesity Task Force
(IOFT) and World Health organization (WHO) criteria. We used multiple logistic regression
to estimate adjusted odds ratios (OR) and confidence intervals (95%CI).

Results: According to the IOTF criteria, the total TFA intake was associated with overweight
(OR for one g/day=1.57, 95%CI 1.02-2.40). This association was stronger for industrial TFA
intake (OR=1.87, 95%CI 1.07-3.25) whereas no association was observed for natural TFA
intake (OR=1.18, 95%CI 0.63-2.22). When the WHO criteria were used, no associations were
observed.

Conclusions: Higher intake of total TFA, and particularly of industrial TFA, is associated
with overweight in 4-5-year-old children when the IOTF criteria are used, but not when the

WHO criteria are applied.
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Introduction

Childhood overweight (including obesity when not otherwise specified) has become a serious
problem due to its increasing worldwide prevalence over the past decades with an important
impact on individual and public health (1, 2). In high-income countries the prevalence of
childhood overweight in 2013 was 23.8% in boys and 22.6% in girls (3). However, there is no
general definition of childhood overweight. Widely used are the criteria proposed by the
International Obesity Task Force (IOTF) which are based on age- and sex-specific BMI
references corresponding to the cut-off points for overweight and obesity in adults (4). Other
studies use the World Health Organization (WHO) criteria which are based on the BMI
deviation from the WHO growth standard median (5). It has been reported that the IOTF
criteria are more specific for identifying risk factors associated with overweight and that the
WHO criteria are more sensitive (6).

Overweight in children is associated with overweight in adolescence as well as adulthood and
an increased morbidity and mortality (7-9). Children with overweight are more likely to
develop mostly preventable non-communicable diseases such as type 2 diabetes,
cardiovascular diseases, musculoskeletal disorders and certain types of cancer (7).

Regarding the etiology of childhood overweight, numerous genetic and non-genetic risk
factors have been identified (7, 9). However, a systematic review from 2013 that included 61
prospective studies concluded that the evidence was only strong for the association between
childhood obesity and genetic factors as well as low physical activity. In contrast, the
evidence was mixed for other factors such as sedentary lifestyle and dietary factors including
sugar-sweetened beverage consumption and high fat intake (10). Moreover, the effect of total
fat intake on bodyweight in children was recently analyzed in a Cochrane review and the
results were inconclusive (11).

Nevertheless, studies in adults have shown that higher intake of specific fat types is associated

with weight gain, particularly the intake of trans fatty acids (TFA) (12, 13). TFA are
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geometrical isomers of unsaturated fatty acids having at least one non-conjugated carbon-
carbon double bond in the frans configuration which can be of natural or industrial origin
(14). Industrial TFA are artificially produced by partial hydrogenation of unsaturated
vegetable oils during heating or deep fat frying, whereas natural TFA are present in meat or
dairy products from ruminant animals where small amounts of TFA are produced by
microorganisms in the rumen (15). There is growing evidence that the intake of TFA of
natural or industrial origin may have different effects (16, 17). In adults, it is generally
accepted that industrial TFA intake is associated with visceral adiposity and higher
cardiovascular risk (18). In contrast, the intake of natural TFA has not been associated with
changes in body size, shape or composition (19). However, the published literature about the
association between TFA intake and childhood overweight is scarce and more studies are
needed to investigate the role of TFA and its subtypes (20).

Therefore, we aimed to explore the association between the dietary intake of total, industrial

and natural TFA and overweight in 4-5-year-old children in Spain.
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Methods

Study design and participants

The INMA project (INfancia y Medio Ambiente, Spanish for “Environment and Childhood”)
is a Spanish multicenter prospective population-based mother and child cohort study which
consists of a network of birth cohorts with a common study protocol in the regions of
Asturias, Gipuzkoa, Sabadell and Valencia. It aims to study the effects of diet and
environmental factors during pregnancy and early childhood on child growth, development
and health. The detailed study protocol was published elsewhere (21). Briefly, between
November 2003 and August 2008 pregnant women were recruited and 2644 women agreed to
participate. Finally, 2506 mothers and their newborns met the inclusion criteria and were
included in the study. Of these children 1829 (73.0%) were evaluated at the age of 4-5 years
between 2009 and 2012.

For the present analysis, we excluded six participants with missing data for some of the
variables of interest. Thus, 1823 children (99.7%) were finally included in the analysis. The
mothers provided written informed consent and the study was approved by the Ethical
Committees of the centers involved in the study (Hospital La Fe, Valencia; Hospital de
Zumarraga, Gipuzkoa; CEIC-Parc de Salut Mar, Barcelona; Hospital Universitario Central de

Asturias).

Assessment of overweight and obesity

When the children reached the age of 4-5 years, trained health professionals conducted
personal interviews with the parents and took direct anthropometric measurements of the
children’s bodyweight and height following standardized protocols. Children’s BMI was
calculated by dividing weight in kilograms by square height in meters. Children were
classified as overweight using the age- and sex-specific BMI cut-off points of the WHO

criteria (z-score of BMI > 85™ percentile) as well as the cut-off points of the IOTF criteria
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(22, 23). To improve the readability, if not otherwise specified, we use throughout the paper

the term overweight referring to children with overweight including obesity.

Dietary Assessment including TFA
A semi-quantitative food frequency questionnaire (FFQ) was used to assess the usual diet of

the children previous to the interview (available at: http://epinut.edu.umh.es/cfa-105-inma-

infancia/). Parents were asked to report how often, on average, their children had consumed
the specified serving or portion size for each food item of the FFQ in the previous year. The
questionnaire had nine possible responses, ranging from “never or less than once per month”
to “six or more per day”. The FFQ was derived from an adult version of the FFQ previously
validated among the mothers participating in the INMA Study (24). The FFQ was modified to
include foods and portion sizes appropriate to children aged 4-5 and further validated with
three 24-hour recalls and several biomarkers in a sample of 169 children aged 4-5 from the
Valencia cohort (25). The range of the reproducibility and validity coefficients of the FFQ
were similar to those observed for other FFQs in the literature (26). Regarding the
reproducibility and validity of the FFQ for the intake of TFA, the correlations were 0.44 and
0.23, respectively; in both cases statistically significant (25).

Nutrient values were primarily obtained from food composition tables from the US
Department of Agriculture (27), other published sources reporting information on TFA
content in Spanish foods and other sources with detailed information for total, industrial and
natural TFA in foods (27-32). We calculated the usual daily nutrient intakes for each child by
multiplying the frequency of the use of each food item by the nutrient content of the portion
size specified in the FFQ. Then we added all foods to obtain the total nutrient intake for each
participant. The usual daily intake of TFA was expressed in g/day. Furthermore, we estimated

the energy intake in kcals/day for each participant. We used the residual method to estimate
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calorie-adjusted values for the nutrient intakes (33). The usual daily fruit and vegetable intake

as well as the sweetened beverage intake were estimated and expressed in g/day.

Covariates

The following parental variables were collected at baseline when pregnant women enrolled in
the study or later at child birth: mother’s educational level (none or primary, secondary,
university), mother’s social class (low, middle, high), pre-pregnancy mother’'s BMI (in
kg/mz), father’s BMI (in kg/mz) and smoking during pregnancy (no/yes). Additionally, the
following variables of the children were collected and included: small for gestational age
according to weight (no/yes), breastfeeding (no/yes), sex (male, female), age (in years),
physical activity (low, middle, high) and TV viewing (in hours/day) as reported by parents at
the age 4-5 years. Moreover, children with implausible calorie intake were identified by the
formula of Goldberg et al. (34) with adapted cut-off points for European children aged 2 to 9

as proposed by Bornhorst et al. (35).

Statistical analysis

To compare the characteristics of the 4-5-year-old children with normal weight and those with
overweight we performed univariate descriptive analyses. Analyses of variance (ANOVA)
were applied for continuous variables and Chi-squared tests for categorical variables.
Additionally, to explore the association between total, industrial, and natural TFA intake (in
g/day) and overweight applying the IOTF and the WHO criteria, multiple logistic regression
was used to estimate adjusted odds ratios (OR), 95% confidence intervals (95% CI) and p
values. Moreover, a further analysis was done with total, industrial and natural TFA intake
expressed in quartiles. Two different models were performed for all analyses: a basal model
(Model 1) adjusted for sex, age, total energy intake and study cohort and a second model

(Model 2) additionally adjusted for major risk factors of childhood obesity (mother’s
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educational level, mother’s social class, mother’s BMI, father’s BMI, physical activity, TV
viewing, fruit and vegetable intake and soft drink intake). We observed no heterogeneity
between the four study cohorts (I2 = 0-3%). Thus, the four cohorts were combined, and the
regression models were adjusted for the variable study cohort. Furthermore, a sensitivity
analysis was performed by excluding from the analysis children with implausible calorie
intake (n=64), overweight children (n=267 for the IOTF criteria, n=170 for the WHO criteria)
and including in the adjusted Model 2 the variables small for gestational age according to
weight, breast feeding or smoking during pregnancy.

All statistical analyses were conducted with the statistical software R, version 3.2.3 (R
Foundation for Statistical Computing, Vienna, Austria). All statistical tests were bilateral and

p-values < 0.05 were considered statistically significant.
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Results

Table 1 shows the characteristics of the parents and children (n=1823) according to the
children’s weight status. The prevalence of overweight was 20.5% when applying the IOTF
criteria and 31.5% when using the WHO criteria. Significant differences between children
with overweight and children with normal weight were observed for both criteria. The
prevalence of overweight in parents of children with overweight was higher than in children
with normal weight with a higher difference for the mothers than for the fathers. The
percentage of children viewing TV more than 1 hour per day was about 10 points higher in
children with overweight than in children with normal weight for both criteria. Moreover,
when applying the IOFT criteria, we observed a higher intake of industrial TFA in children
with overweight. When using the WHO criteria, we found a significantly higher fruit and
vegetable intake in children with overweight when compared to children with normal weight.
Table 2 shows the results of the logistic regression analysis that reveals the association
between total, natural as well as industrial TFA intake (in g/day) and overweight in children.
When we applied the IOTF criteria, the intake of total TFA was statistically significant
associated with overweight in Model 2 which was adjusted for major risk factors of childhood
overweight (OR 1.57, 95% CI 1.02; 2.40). A stronger positive association was observed
between the intake of industrial TFA and overweight in the basal Model 1 (OR 1.96, 95% CI
1.17; 3.27) and in Model 2 (OR 1.87, 95% CI 1.07; 3.25). We observed no statistically
significant association between the intake of natural TFA and overweight. For the WHO
criteria the tendencies of the associations were similar, but the associations were weaker (OR
for industrial TFA in both models 1.36) and did not reach statistical significance.

As shown in table 3, for the IOTF criteria and after adjusting for major risk factors, when
comparing the highest with the lowest quartile, the OR of the association between total TFA
intake and overweight was 1.40 (95% CI 0.99; 2.00, p for trend 0.032). When comparing the

highest quartile with the lowest quartile of industrial TFA intake, a statistically significant
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association with overweight was found (OR 1.58, 95% CI 1.12; 2.24, p for trend of 0.012). No
statistically significant associations were observed between the quartiles of natural TFA
intake and overweight. Again, for the WHO criteria the tendencies of the associations were
similar but weaker and did not reach statistical significance.

Figure 1 shows a sensitivity analysis of the association between industrial TFA intake and
overweight vs. normal weight applying the IOTF and the WHO criteria. No major changes
were observed when excluding children with implausible calorie intake or when Model 2 was
additionally adjusted for the variables small for gestational age according to weight,
breastfeeding or smoking during pregnancy. When excluding the overweight children, the
confidence interval widened and no statistically significant association between industrial

TFA intake and obesity was observed.
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Discussion

To our knowledge, we addressed for the first time the association between the intake of
different TFA subtypes and childhood overweight. In 4-5-year-old Spanish children total and
to a greater extend industrial TFA intake was significantly associated with overweight when
applying the IOTF criteria. This association was weaker and did not reach statistical
significance when applying the WHO criteria. No statistically significant association was
found between natural TFA intake and overweight for both criteria.

The existence of different childhood overweight criteria complicates the interpretation and
comparison of data on its prevalence and associated factors. In previous studies the different
criteria have been compared and it has been shown that the IOTF criteria are more specific
and the WHO criteria more sensitive (6, 36, 37). Therefore, it has been suggested that in
future studies the results of both criteria should be presented to improve the comparability
(38). In our study, the prevalence of overweight was 20.5% when applying the IOTF criteria
and 31.5% when applying the WHO criteria, which is consistent with a higher specificity of
the IOTF criteria and higher sensitivity of the WHO criteria. However, this difference
underlines the importance of defining universal criteria in the future. Meanwhile we should be
aware of the characteristics of the different criteria and interpret study results according to
them.

There are no large epidemiological studies published that analyze the association between
TFA intake and childhood overweight which limits the comparison of our results. We found a
positive association between total TFA intake and overweight when applying the more
specific IOTF criteria. These results are in line with two large long-term prospective
observational studies in adults that have shown the association between TFA intake and
weight gain (39, 40). However, at the present moment the biological mechanisms by which
TFA could contribute to overweight remain unclear (13). Interestingly, in our study the

association between overweight and TFA was stronger for industrial TFA and no significant
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association was observed for natural TFA. Therefore, as total TFA intake is the sum of natural
and industrial TFA intake it could be assumed that the observed associations are based on the
effect of industrial TFA. To confirm these findings, we adjusted in an additional analysis the
industrial TFA intake for natural TFA intake and vice versa and the results did not change
(not shown). This observation is in accordance to recent findings that suggest that industrial
and natural TFA could have different effects on a variety of health outcomes. On the one
hand, industrial TFA intake has been associated with insulin resistance, coronary heart disease
and sudden death (18) as well as increased visceral adiposity and bodyweight (41). On the
other hand, natural TFA intake has not been associated with coronary heart disease which has
initially been explained by the relatively low natural TFA intake by adults (42). However,
recent studies revealed that higher plasma concentrations of natural TFA have been associated
with lower triacylglycerol concentration, lower blood pressure and a lower type 2 diabetes
risk (16). Furthermore, in a prospective cohort study with 267 Danish participants aged 35—
65, natural TFA intake was not significantly associated with changes in bodyweight, waist
and hip circumference or body fat percentage (19). Thus, our results are consistent with the
findings about the different metabolic effects of the TFA subtypes in adults but should be
confirmed in prospective studies. Moreover, other health outcomes than overweight should be
addressed in future studies with children.

When analyzing the association between quartiles of TFA intake and overweight applying the
IOTF criteria it could be observed that the association was strongest for the highest quartile of
TFA intake when compared to the lowest quartile. For total TFA intake, the association was
marginally not statistically significant when adjusting for major risk factors. However, a
statistically significant trend was observed which indicated a stronger association for higher
total TFA intake. For industrial TFA intake, a clear association was observed for the highest
quartile compared to the lowest quartile. Again, no significant associations were found for

natural TFA. These findings suggest that the intake of mainly industrial TFA was associated
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with overweight in a dose dependent manner. The WHO recommends that total TFA intake
should be less than one percent of the total energy intake, but no limits are expressed for
industrial TFA intake in particular (43). Although lately many measures have been undertaken
to diminish the industrial TFA content of foods (18), our findings and the previously
mentioned evidence for different effects of industrial and natural TFA suggest that the
recommendations should be actualized and a specific threshold for industrial TFA intake
should be established.

When applying the WHO criteria, a weak, not statistically significant association between
total TFA intake and overweight was observed. Although this association was slightly
stronger for industrial TFA it did not reach statistical significance. These findings may be
explained by the lower specificity of the WHO criteria. As stated earlier, in our study 31.5%
of the participants were classified as having overweight or obesity by the WHO criteria. This
corresponds to nearly one third of the study population. It is to be expected that the lower
threshold for overweight in our study population makes it less probable to obtain statistically
significant differences between the groups. However, it could also be argued that the
association between total and especially industrial TFA intake and overweight is not strong
enough to be detected by less specific obesity criteria, but this assumption could lead to a
serious underestimation of the health risks of TFA intake. While the application of less
specific criteria can be a disadvantage when associations between obesity and risk factors are
tested because more children are falsely classified as having obesity (false-positives), in
clinical practice it could be preferable to use less specific but more sensitive criteria to
minimize the number of children with obesity not detected (false-negatives) (6). Therefore, it
is crucial to know the characteristics of the different childhood obesity criteria to obtain in
each situation the maximal benefit for the children.

In the sensitivity analysis no substantial changes were observed when we additionally

adjusted for the variables small for gestational age according to weight, breastfeeding or
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smoking during pregnancy. However, there is limited evidence that these variables could
interfere with childhood overweight (10). Likewise, no significant differences were observed
when excluding children with implausible calorie intake. When we excluded children with
overweight and compared children with normal weight only to children with obesity,
signification was lost for the IOTF criteria. This could be explained by the relatively low
number of obese children in our study which diminished the statistical power of this analysis.

The present study has several limitations. The cross-sectional analysis of the data at 4-5 years
of age does not permit causal inference, which means that it cannot be assumed that the higher
TFA intake causes the higher prevalence of childhood overweight. However, overweight at
the age of 4-5 year should be recent, and most of the variables were collected several years
before at baseline when the mother and child cohort study started. In addition, to our
knowledge we describe this association for the first time in this population distinguishing the
different TFA subtypes. This permits us to generate a hypothesis, but our results should be
confirmed in prospective studies to rule out reverse causation or other bias. Moreover, despite
adjusting for multiple variables in the regression models we cannot rule out a potential
residual confounding by other variables that we did not address. Another limitation is the
existence of different childhood overweight criteria which can, as we show, lead to different
results. Therefore, it is crucial to know and consider the differences in sensitivity and

specificity between the criteria when interpreting and comparing study results.

Conclusion

Higher intake of total and, to a greater extend, industrial TFA, was positively associated with
overweight including obesity when applying the more specific IOTF criteria for childhood
obesity. No negative effect was observed for natural TFA. Our results should be confirmed in
prospective studies. Meanwhile, TFA and particularly industrial TFA should be restricted

from the diet of children.
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Table 1: Characteristics of the parents and 4-5-year-old children participating in the INMA study according to the children’s weight status

International Obesity Task Force criteria

World Health Organization criteria

Nomal Qe Nomal Qe
weight, . p weight, . p
n=1449 obesity, n=1249 obesity,
n=374 n=574
Maternal education (university), % 38.2 334 0.117 37.6 36.4 0.574
Maternal social class (low), % 24.8 21.1 0.092 24.9 22.1 0.196
Maternal BMI (>25), % 22.5 40.4 <0.001 21.7 36.0 <0.001
Paternal BMI (>25), % 53.5 68.8 <0.001 52.3 65.9 <0.001
Child characteristics
Sex (females), % 473 52.7 0.062 49.2 46.5 0.280
Age, y, mean (SD) 4.41 (0.18) 4.43 (0.21) 0.061 4.41 (0.19) 4.42 (0.19) 0.156
Physical activity (high), % 16.0 12.7 0.117 16.1 13.5 0.253
TV viewing, h/day (>1), % 58.0 66.7 0.009 57.7 64.5 0.020
Fruit and vegetable intake, g/day, mean (SD) 216 (121) 228 (129) 0.096 215 (122) 228 (124) 0.030
Soft drink intake, g/day, mean (SD) 81 (107) 88 (130) 0.281 82 (106) 84 (125) 0.703
Total calorie intake/day, mean (SD) 1577 (346) 1598 (370) 0.301 1582 (349) 1580 (354) 0.924
Total TFA intake, g/day, mean (SD) 1.31(0.30) 1.35(0.29) 0.052 1.32(0.30) 1.33 (0.30) 0.458
Industrial TFA intake, g/day, mean (SD) 0.58 (0.22) 0.61(0.22) 0.025 0.58 (0.22) 0.59 (0.22) 0.447
Natural TFA intake, g/day, mean (SD) 0.69 (0.20) 0.69 (0.19) 0.636 0.69 (0.20) 0.69 (0.20) 0.715

# p-values from the chi-squared tests for categorical variables and ANOVA tests for continuous variables
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Table 2: Association between total, industrial as well as natural TFA intake and overweight including obesity in 4-5-year-old children from the INMA study

International Obesity Task Force criteria

World Health Organization criteria

Normal weight,
n=1449

Overweight including obesity,

n=374

OR*

95% CI

Normal weight,
n=1249

Overweight including obesity,

n=574

OR*

95% CI

Total TFA, g/day
Model 1°
Model 2°

Industrial TFA, g/day
Model 1°
Model 2°¢

Natural TFA, g/day
Model 1°
Model 2°

1.00
1.00

1.00
1.00

1.00
1.00

1.43
1.57

1.96
1.87

0.97
1.18

0.97; 2.10
1.02; 2.40

1.17;3.27
1.07; 3.25

0.54; 1.73
0.63; 2.22

0.068
0.039

0.011
0.027

0.907
0.600

1.00
1.00

1.00
1.00

1.00
1.00

1.17
1.30

1.36
1.36

0.96
1.19

0.83; 1.63
0.89; 1.88

0.86;2.15
0.83;2.22

0.58;1.59
0.69; 2.05

0.376
0.174

0.189
0.226

0.870
0.541

* OR was obtained by logistic regression

" Adjusted for sex, age, total energy intake, study cohort
¢ Model 1 additionally adjusted for mother’s educational level, mother’s social class, mother’s BMI, father’s BMI, physical activity, TV viewing, fruit and vegetable intake, soft

drink intake
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Table 3: Association between quartiles of total, industrial as well as natural TFA intake and overweight

Obesity

including obesity in 4-5-year-old children from the INMA study

24

International Obesity Task Force

criteria

World Health Organization criteria

Overweight including obesity,

Overweight including obesity,

n=374 n=574
Quartiles of TFA intake OR* 95% CI p OR? 95% CI p
Total TFA, g/day
QI (<1.11) 1.00 (reference) 1.00 (reference)
Q2 (1.11-1.29) 0.89 0.62;1.26 0.501 0.85 0.63;1.14 0.276
Q3 (1.30-1.49) 1.07 0.75; 1.52 0.702 1.03 0.77; 1.39 0.828
Q4 (=1.50) 1.40 0.99; 2.00 0.061 1.13 0.83;1.53 0.445
p for trend 0.032 0.263
Industrial TFA, g/day
Q1 (<0.44) 1.00 (reference) 1.00 (reference)
Q2 (0.44-0.54) 1.08 0.76; 1.53 0.665 1.00 0.74; 1.33 0.976
Q3 (0.55-0.69) 1.11 0.78; 1.58 0.555 0.93 0.69; 1.25 0.624
Q4 (=0.70) 1.58 1.12;2.24 0.010 1.18 0.87; 1.60 0.277
p for trend 0.012 0.377
Natural TFA, g/day
QI (<0.55) 1.00 (reference) 1.00 (reference)
Q2 (0.55-0.67) 1.20 0.86; 1.70 0.286 1.10 0.82; 1.48 0.525
Q3 (0.68-0.80) 1.27 0.90; 1.80 0.171 1.25 0.93; 1.68 0.147
Q4 (=0.81) 1.04 0.72; 1.49 0.843 0.96 0.70; 1.31 0.786
p for trend 0.784 0.997

* OR was obtained by logistic regression applying Model 2 (adjusted for sex, age, total energy intake, study
cohort, mother’s educational level, mother’s social class, mother’s BMI, father’s BMI, physical activity, TV
viewing, fruit and vegetable intake, soft drink intake)
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Figure 1: Sensitivity analysis of the association between industrial TFA intake and overweight/obesity vs.
normal weight applying the IOTF and the WHO criteria. All shown models except for Model 1 are based on
Model 2.
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Figure 1: Sensitivity analysis of the association between industrial TFA intake and overweight/obesity vs.
normal weight applying the IOTF and the WHO criteria. All shown models except for Model 1 are based on
Model 2.
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