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Abstract

Background: Accumulating evidence implicates diet quality in childhood as playing a significant
role in adult cardiometabolic health. Polyunsaturated fatty acids (PUFAs) of the n—6 (w-6) and n-3
(w-3) series contribute unique protective effects against cardiometabolic disease. As such, the
ratio between n-6 and n-3 PUFAs is a dietary metric of interest in the early life span, although an
optimum intake ratio has yet to be determined.

Objective: This cross-sectional study assesses relations between the ratio of total n-6:n-3 PUFA
intake and cardiometabolic risk factors in a racially diverse sample of children (n = 191) from the
Admixture Mapping of Ethnic and Racial Insulin Complex Outcomes (AMERICO) studly.

Methods: Outcome measures included waist circumference, lipid concentrations, fasting glucose,
and two 24-h dietary recalls from boys and girls aged 7-12 y who self-reported as European
American (n = 81), African American (n = 55), or Hispanic American (n = 55). Linear regression
analyses were used to assess associations between predictors of interest and outcomes after
adjusting for covariates.

Results: PUFA intake reflected in the n—6:n-3 ratio was inversely associated with concentrations of
total and LDL cholesterol [ & SE: —0.359 £ 0.107 (P = 0.001) and —0.189 4 0.069 (P = 0.007),
respectively]. Exploratory analyses showed that the intake of total n—-6 PUFAs was not significantly
predictive of any cardiometabolic risk factor assessed, whereas total n-3 PUFA intake was
positively associated with concentrations of HDL cholesterol (8 + SE: 0.114 + 0.042; P = 0.007).

Conclusions: Results suggest that the effect of n—6 and n-3 PUFA intake reflected in the ratio may
be largely driven by n-3 PUFAs in reducing 2 lipid cardiometabolic risk factors among this
multiethnic cohort of children. Until an ideal intake ratio is determined, nutritional counseling
should focus on meeting recommended levels of both n—-3 and n-6 PUFAs in order to establish
beneficial childhood dietary patterns that may positively influence adult cardiometabolic health.
Curr Dev Nutr 2018;2:nzy014.

Introduction

It is well established that dietary FAs have differing effects on cardiometabolic risk factors such
as serum lipids, insulin sensitivity, and body composition (1-3). Such findings have shaped the
Dietary Guidelines for Americans, which emphasize decreased intake of trans FAs and SFAs be-
cause the intakes of both are negatively associated with cardiometabolic health (4). In contrast
to the deleterious effects of trans FAs and SFAs, PUFAs of the n-6 and n-3 series exhibit unique
protective effects against cardiometabolic disease. For example, n-6 PUFAs exert direct action on
circulating lipid concentrations, whereas n-3 PUFAs influence overall cardiac function (5). In ad-
dition, n-6 and n-3 PUFAs are metabolized to yield eicosanoids, which elicit physiologic effects
influencing metabolic health, including inflammation and insulin sensitivity (6, 7).
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Although the manifestation of cardiometabolic disease typically occurs
in adulthood, dietary patterns contributing to disease are often formed
in childhood. A systematic review of 20 studies with a dietary follow-up
of 6-27 y from baseline showed accumulating evidence that childhood
nutrition and dietary patterns play a significant role in adult cardiovas-
cular health (8). Furthermore, it is widely recognized that dietary pat-
terns established in youth often persist in adulthood (9-11). In light of
these findings, early assessment of dietary behaviors in childhood may
be paramount in guiding the establishment of a healthy diet in order to
reduce the risk of developing cardiometabolic disease.

The National Academy of Medicine Health and Medicine Divi-
sion has established age-recommended Adequate Intake (AI) levels for
the essential n-6 fatty acid, linoleic acid [LA, 18:2 (n-6)], and for a-
linolenic acid [ALA, 18:3 (n-3)], the essential n-3 PUFA (12). Beyond
individual intake, it has been proposed that the intake ratio of n-6 to n-3
PUFAs may also influence cardiometabolic health. For example, evi-
dence from prospective cohort studies and secondary-prevention tri-
als suggest that a close balance of the ratio may have protective car-
diometabolic effects (13-15); however, an optimum intake ratio has yet
to be determined. Thus, the aim of this study was to assess associations
between cardiometabolic risk factors with dietary intakes of total n-6
and total n-3 FAs and the total n-6:n-3 among a racially diverse sam-
ple of children, comparing overall intake with AI recommended levels
according to sex and age. Cardiometabolic risk factors evaluated in the
study include waist circumference (WC), HDL cholesterol, LDL choles-
terol, total cholesterol (TC), TGs, and fasting glucose.

Methods

Subjects

The current study uses cross-sectional data from the previously
described Admixture Mapping of Ethnic and Racial Insulin Complex
Outcomes (AMERICO) study (NIH R01 DK067426), which collected
detailed genetic, dietary, behavioral, and metabolic data from a mul-
tiethnic cohort of healthy children in the United States (16). In short,
participants (n = 191) included in this ancillary study were between the
ages of 7 and 12y, including self-reported European American (n = 81),
African American (n = 55), and Hispanic American (n = 55) boys
and girls recruited in Birmingham, Alabama. Although the AMERICO
study included 311 children, this ancillary study included only 191 chil-
dren due to missing data in the variables of interest. All of the partici-
pants were classified by a pediatrician as peri- or prepubertal, which was
defined by a score of <3 with the use of criteria developed by Marshall
and Tanner (17, 18). No participants with a medical diagnosis, previous
medical condition, or medication that might influence cardiometabolic
health or body composition were included in the AMERICO study.
Both the AMERICO study and the ancillary study described herein
were approved by the Institutional Review Board at the University of
Alabama at Birmingham (UAB) and the Institutional Review Board at
the University of Alabama.

Dietary intake

Two 24-h dietary recalls conducted on 2 different weekdays were com-
pleted, with each child using the multiple-pass method of the Nutri-
ent Data System for Research (NDSR; Nutrition Coordinating Center,

University of Minnesota). Recalls were performed with >1 parent
present in order to determine that the reported intake reflected typi-
cal intake. Intake data were coded and entered into NDSR version 6 by
aregistered dietitian. The 2 recalls were averaged to obtain PUFA intake
data. Total n-3 PUFA intake reflects the sum of ALA, EPA [20:5 (n-3)],
and DHA [22:6 (n-3)] and total n—6 PUFA intake is the sum of LA and
arachidonic acid. The n-6 to n-3 PUFA ratio was calculated by using
total n—-6 PUFA and total n-3 PUFA intakes.

Anthropometric measurements and biochemical
assessments

WC was measured by the study dietitian at the narrowest part of the
torso or the area between the ribs and iliac crest with the use of a flexible
tape measure (GullicI IT; Country Technologi, Inc.) and recorded to the
nearest 0.1 cm (19). Fasting blood samples were collected at 0700 after
an overnight stay at the UAB General Clinical Research Center. Con-
centrations of all serum-derived analytes were measured at the UAB
Metabolism Core Laboratory. Glucose was measured in 10-uL serum
samples using an Ektachem DT System (Johnson and Johnson Clinical
Diagnostics). The intra-assay CV for this analysis was 0.61%, and the
mean interassay CV was 1.45%. Lipids were measured by using a Stan-
bio SIRRUS analyzer. LDL cholesterol was calculated with the use of the
Friedewald method (20).

Physical activity assessment

It is well documented that physical activity is inversely associated with
weight, blood lipids, and fasting glucose (21). To control for this influ-
ence on variables of interest, participants wore an MTI ActiGraph ac-
celerometer for 7 d (GT1M; ActiGraph Health Services), with accept-
able removal of the device at times of sleep or water exposure only.
Epoch length was set at 1 min, and activity was expressed as counts per
minute. Moderate to vigorous physical activity (MVPA) was defined as
>1952 counts/min (22).

Socioeconomic status
Socioeconomic status (SES) was assessed because it may influence di-
etary intake and has been associated with body composition in children
(23). The Hollingshead 4-factor index of social status was administered
because it combines educational and occupational status into a score
ranging from 8 to 66 (24).

Genetic admixture

Estimates of African (AFADM), Amerindian, and European admix-
ture were used to account for the biodiversity within and among
racial/ethnic categories and for the potential confounding of ancestral
genetic contribution to cardiometabolic outcomes in children. Genetic
admixture estimates were calculated through maximum likelihood esti-
mation (25) with the use of genotyping from ~142 ancestry informative
markers across the human genome, as described elsewhere (26). This
measure estimates the proportion of genetic ancestry for an individual
by using a range of proportions from 0 to 1 and identifies the most prob-
able value of admixture on the basis of the observed genotypes.

Statistical analysis

All of the analyses were conducted with the use of SAS 9.4 (SAS
Institute). Demographic and outcome variables were summarized as
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means =+ SDs for continuous variables or as percentages (1) for categor-
ical variables. Outcome variables that were non-normally distributed
were transformed to meet the model assumption. Comparisons of
absolute values among racial/ethnic classification were performed by
ANOVA for continuous variables or chi-square tests for frequencies.
WC (centimeters) was reciprocal transformed. HDL cholesterol, LDL
cholesterol, and TG concentrations (millimoles per liter) were log,-
transformed; thus, the regression coefficients can be interpreted as dou-
bling the rate of the lipid concentrations. TC was kept in its original unit
as millimoles per liter. Energy intake was divided by 100 to improve
computing precision by the software. Exploratory analyses were used
to identify the most parsimonious models to explain the outcomes of
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interest while taking into consideration the role of statistics and physi-
ologic factors. A general linear regression model was used to assess the
association between the independent variables and the outcomes, ad-
justing for covariates including sex, Tanner stage, SES, AFADM, Eu-
ropean admixture, and MVPA. The model for WC was also adjusted
for height. Power calculations informed that the addition of 1 more
predictor of interest to a model with 9 covariates (the most complex
model tested), given a sample size of 191 and an o = 0.01, provided
81-85% power to detect a difference in R* of 0.06, within a range of
full-model R? of 0.12-0.20, and 82% power to detect a difference in R*
of 0.04 for a full-model R? = 0.42. Residual analyses were conducted for
each outcome to check independence and normality assumptions using

TABLE 1 Demographic characteristics and metabolic risk factors’

Total (n = 191) EA (n = 81) AA (n = 55) HA (n = 55) P
Demographic characteristics 0.53
Age, y 9.61 £ 1.53 9.67 + 1.60 9.69 + 1.45 9.41 + 1.51
Sex, % (n) 0.82
Male 53 (101) 51 (41) 56 (31) 53 (29)
Female 47 (90) 49 (40) 44 (24) 47 (26)
BMI,? kg/m? 18.49 + 2.95 17.83 + 2.58 18.11 + 3.07 19.83 + 2.97 <0.0001
Underweight, % (n) 0.52 (1) 1(1) 0 (0) 0 (0)
Normal weight, % (n) 69 (132) 77 (62) 76 (42) 51 (28)
Overweight, % (n) 19 (37) 15(12) 15 (8) 29 (16)
Obese, % (n) 12 (22) 7 (6) 9 (5) 20 (11)
Height, cm 140 + 10 140 + 10 142 £ 11 137 £ 10 0.06
Weight, kg 36.43 + 8.94 35.08 + 8.13 36.95 + 9.44 37.92 £ 9.44 0.18
PUFA intake3
Total n-6 PUFAs, g 12.15 + 5.99 11.09 + 4.21 14.80 + 8.21 11.06 + 4.75 0.006
Total n-3 PUFAs, g 1.25 + 0.69 112 £ 0.54 1.46 £ 0.90 1.23 £ 0.60 0.07
n—6:n-3 10.46 + 3.53 10.84 + 3.72 10.84 + 3.66 9.52 + 2.96 0.02
Total PUFAs, g 13.49 + 6.55 12.28 + 4.59 16.37 + 8.94 12.39 + 5.30 0.006
Linoleic acid, g 12.04 £ 5.96 11.01 £ 4.19 14.67 + 8.17 10.93 £ 4.72 0.006
a-Linolenic acid, g 1.14 £ 0.61 1.02 £ 0.44 1.32 £ 0.79 1.15 £ 0.58 0.09
Arachidonic acid, g 0.11 + 0.09 0.09 + 0.06 0.13 £ 0.13 0.13 £ 0.07 0.0007
EPA+DHA, g 0.09 + 0.26 0.09 + 0.21 0.12 £ 0.39 0.07 £ 0.10 0.06
Metabolic risk factors
WC, cm 64.39 + 8.83 62.87 £ 7.32 61.99 + 8.16 69.01 £ 9.86 <0.0001
HDL-C, mmol/L 1.28 + 0.31 1.25 + 0.29 1.39 +£ 0.34 1.21 £ 0.30 0.006
LDL-C, mmol/L 2.30 £ 0.66 2.34 + 0.58 2.21 + 0.67 2.32 + 0.75 0.38
TC, mmol/L 3.94 + 0.68 3.94 + 0.60 3.90 + 0.68 3.98 + 0.78 0.91
TGs, mmol/L 1.77 £ 0.97 1.72 £ 0.77 1.44 £+ 0.80 217 £ 1.24 <0.0001
Fasting glucose, mmol/L 2.53 £ 0.17 2.51 £ 0.15 2.47 £ 0.16 2.61 £ 0.16 0.0002
Total energy intake, kcal 1903 + 444 1844 + 348 1975 + 512 1918 + 491 0.41
MVPA 55.43 + 29.19 59.65 + 29.41 54.88 + 30.26 49.78 + 27.22 0.18
Tanner score, % (n)
Boys 0.10
1 70 (71) 76 (31) 58 (18) 76 (22)
2 21 (21) 22 (9) 23 (7) 17 (5)
3 8(8) 2(1) 19 (6) 3.5(1)
4 1(1) 0(0) 0(0) 3.5(1)
Girls 0.19
1 58 (52) 68 (27) 37.5(9) 61.5(16)
2 27 (24) 20 (8) 37.5(9) 27 (7)
3 16 (14) 12 (5) 25 (6) 11.5(3)
4 0 (0) 0 (0) 0(0) 0(0)

"Demographic and outcome variables are means + SDs. Continuous variables were compared by the Kruskal-Wallis nonparametric test, and categorical variables were
compared by using Fisher's exact test. AA, African American; EA, European American; HA, Hispanic American; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; MVPA,
moderate to vigorous physical activity; TC, total cholesterol; WC, waist circumference.

2Results are based on a BMI percentile calculator for children.

3Total n-3 PUFA intake is the sum of a-linolenic acid, EPA, and DHA and total n—6 PUFA intake is the sum of linoleic acid and arachidonic acid. The n—-6-to-n-3 PUFA ratio

was calculated by using the total n—-6 PUFA and total n—-3 PUFA intakes.
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TABLE 2 Results of general linear model analyses for cardiometabolic risk factors

1

Associations with n-6:n-3

wcC HDL-C LDL-C TC TGs Glucose

Variable B£SE P B £SE P B£SE P B£SE P B£SE P B £SE P
AFADM 0.371 £ 0.207 0.075 1.034 £ 0.469 0.029 —-1.223 £ 0.586 0.038 —-1.183 £ 0.918 0.200 —-0.775 £ 0.831 0.352 —-0.270 £ 0.224 0.229
EUADM 0.046 £+ 0.109 0.674 0.238 + 0.247 0.335 0.359 £+ 0.308 0.246 0.675 + 0.483 0.164 —-0.513 £ 0.437 0.242 -0.194 £ 0.118 0.101
Race

AA —0.094 + 0.156 0.548 -0.451 £+ 0.352 0.202 1.024 + 0.441 0.021 1.135 £ 0.690 0.102 -0.131 £+ 0.624 0.834 0.029 + 0.168 0.862

EA 0.090 + 0.064 0.165 0.016 £+ 0.145 0.912 —0.166 + 0.182 0.363 —0.358 + 0.285 0.210 0.063 + 0.258 0.806  0.057 + 0.069 0.416
MVPA 0.001 £ 0.000 0.002 0.001 + 0.001 0.492 —-0.002 + 0.001 0.079 —0.003 + 0.002 0.066 —0.002 + 0.002 0.125 —-0.001 + 0.000 0.127
n-6:n-3 0.015 £ 0.024 0.525 -0.093 + 0.055 0.093 -—-0.189 + 0.069 0.007 —-0.359 + 0.107 0.001 —0.020 + 0.097 0.835 —0.006 + 0.026 0.805

g £ SE. All models were adjusted for sex, Tanner stage, and socioeconomic status. “AMIND" is the reference group for admixture comparisons and Hispanics are the
reference group for comparison between race/ethnicity groups. MVPA was defined as >1952 counts/min. WC (cm) was reciprocal transformed. HDL-C, LDL-C, and TG
concentrations (mmol/L) as well as n—6:n-3 were log,-transformed; thus, the regression coefficients can be interpreted as doubling the rate of the lipid concentrations. AA,
African American; AFADM, African admixture; AMIND, Amerindian admixture; EA, European American; EUADM, European admixture; HDL-C, HDL cholesterol; LDL-C,
LDL cholesterol; MVPA, moderate to vigorous physical activity; TC, total cholesterol; WC, waist circumference.

the Kolmogorov-Smirnov test. The parameter estimates, SEs, and cor-
responding P values were reported. To account for the potential effect of
multiple comparisons, a conservative significance level (P < 0.01) was
chosen to control for type I error.

Results

Descriptive statistics and metabolic risk factors are reported in
Table 1. African-American children reported significantly greater to-
tal n-6 PUFA intake, total PUFA intake, and intake of LA (P = 0.006
for all intake variables). The intake ratio of n-6:n-3 was significantly
lower among Hispanic-American children (P = 0.02).

The relation between n-6:n-3 PUFA intake and cardiometabolic
outcomes is outlined in Table 2. Results suggest that n-6:n-3 was
inversely associated with LDL-cholesterol and TC concentrations
(P = 0.007 and 0.0010, respectively) after adjusting for covariates.
AFADM was significantly associated with higher LDL-cholesterol con-
centrations in this cohort (P < 0.021). In exploratory analyses, the in-
take of total n-6 PUFAs was not significantly predictive of any car-
diometabolic risk factor assessed in this study, whereas total n-3 PUFA
intake was positively associated with HDL-cholesterol concentrations
(P = 0.007) after adjusting for covariates. Furthermore, children of
higher AFADM had significantly higher HDL-cholesterol concentra-
tions (P < 0.029), and children of later pubertal status showed signif-
icantly lower HDL-cholesterol concentrations (P = 0.008). In addition,
European-American children had significantly lower LDL-cholesterol
concentrations compared with African-American children (P = 0.01)
after adjusting for sex, pubertal stage, SES, and admixture. Total PUFA
intake did not significantly predict TG or glucose concentrations after
adjusting for covariates, although children with later pubertal status had
significantly lower TG concentrations (P = 0.006).

Comparative assessments of ALA and LA intakes with Al levels for
life stage and sex are reported in Table 3. Results indicate that 46.9% of
boys and 59.2% of girls met the recommendation for LA intake, whereas
46% of boys and 54.9% of girls met the AI for ALA intake.

Discussion

Results of this study suggest that a higher intake of total n-3 PUFAs
is associated with higher HDL cholesterol, whereas a higher n-6:n-3

PUFA intake is associated with significant reductions in TC and LDL
cholesterol in this cohort of healthy children. Results between higher
n-3 PUFA intake and higher n-6:n-3 are likely attributable to the
unique mechanistic functions of n-6 and n-3 PUFAs in relation to car-
diometabolic health. For example, PUFAs of the n-6 series exert direct
action on reducing T'C as well as LDL cholesterol, an established risk fac-
tor for cardiovascular disease (5). In contrast, protective mechanisms
of n-3 PUFAs may be derived from their ability to lower TGs and at-
tenuate inflammation, thereby improving glucose metabolism (27-29).
Although no PUFA intake measure was predictive of WC, previously
reported results suggest that ratio of n—-6 to n-3 was negatively asso-
ciated with intra-abdominal adipose tissue (P = 0.014), a more sensi-
tive measurement of abdominal adiposity than WC (30). In comparison
to Al levels, LA and ALA intakes in this cohort were similar to other
studies reporting PUFA intake in this demographic group to be below
recommended levels (31, 32). In addition, there were some significant
associations between the covariates considered in the study and the
cardiometabolic outcomes, including one between AFADM and LDL
cholesterol and another between MVPA and WC. These associations
are not unexpected findings, given previously reported data on this co-
hort that support relations between ancestral genetics and lipid profiles
as well as metabolic outcomes with physical activity (33, 34).

TABLE 3 Percentage of children meeting
Al recommendations specific to life stage and sex'

Meeting Al, %

Linoleic acid
Boys

Age 4-8y: 10 g/d 53.8
Age 9-13y: 12 g/d 40.0
Girls
Age 4-8y: 10 g/d 57.6
Age 9-13y: 10 g/d 60.9
Alpha-linolenic acid
Boys
Age 4-8y: 0.9 g/d 61.5
Age 9-13y: 1.2 g/d 30.6
Girls
Age 4-8y:0.9 g/d 61.5
Age 9-13y: 1.0 g/d 48.4

"Results are based on Al recommendations by the National Academy of Medicine
Health and Medicine Division. Al, Adequate Intake.
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Although the results reflect an inverse relation between the n-6 to
n-3 ratio and TC as well as LDL cholesterol, it must be acknowledged
that a diet high in n-6 PUFAs has been called into question for its po-
tential to blunt the cardioprotective effects of n-3 PUFAs (6, 35, 36).
Thus, it has been proposed that a more balanced n-6 to n-3 PUFA ra-
tio may maximize therapeutic benefit to be derived from each PUFA
class. Presently, the relation between n-6:n-3 and cardiometabolic dis-
ease remains poorly characterized, with results often confounded by the
multifactorial nature of chronic disease. As such, it has been proposed
that the ratio may vary by specific risk factors and disease states (35);
furthermore, the ratio may vary between adults and children, given the
intense developmental processes of childhood.

Despite the lack of consistent evidence to support an optimal ratio
in adults and children, results from the National Heart, Lung, and
Blood Institute Family Heart Study, conducted in >4500 participants
with a mean age of 52 y, suggest that a higher intake of either LA or
ALA was inversely and independently associated with a prevalence OR
of cardiovascular disease (28); however, when the intake of both was
in the highest tertile, there was a 56% lower prevalence OR than for
participants in the lower tertile of either FA intake. Taken collectively,
meeting the recommended intakes of LA and ALA may assist in
reducing cardiometabolic disease risk, especially until an optimum
ratio is established.

Our study provides insightful results, but it is not exempt from some
limitations. Despite the use of the validated multi-pass method of the
NDSR to reduce dietary-reporting inaccuracies and conducting recalls
with a trained dietitian in the presence of a parent in order to ensure
reporting accuracy, our results are limited by the use of self-reported
dietary intake. In addition, there was no assessment of circulating blood
PUFA concentrations, although previous research suggests that PUFA
concentrations are fairly well correlated with dietary intake assessments
(37, 38).

Strengths of the study include the well-represented cohort of multi-
ethnic children along with robust analyses that accounted for several co-
variates known to influence dietary intake and metabolic markers (sex,
SES, genetic admixture, pubertal stage, etc.). However, it is important
to remember that the cross-sectional design of this study precludes the
ability to ascribe causality both due to potential confounding and a lack
of knowledge about the temporal relation between variables of interest.

Results of this study suggest an interactive effect between n-6 and
n-3 PUFAs reflected in the n-6 to n-3 ratio on decreasing 2 lipid car-
diometabolic risk factors among this ethnically diverse sample of chil-
dren; however, the intake of n-6 PUFAs was not associated with any
cardiometabolic risk factor and the intake of n-3 PUFAs was signifi-
cantly associated with higher HDL cholesterol. In light of these results,
it is plausible to consider that the predictive results observed in the ra-
tio may be mediated by n-3 intake. Overall, intake amounts of both LA
and ALA fell far short of Al recommendations for life stage and sex. Be-
cause an optimal intake ratio of n-6 to n-3 has yet to be determined,
nutritional counseling for optimizing cardiometabolic health in chil-
dren should focus on meeting recommended levels for PUFA in-
take. Such nutritional counseling is critical to establishing beneficial
childhood dietary patterns that may positively influence adult car-
diometabolic health.
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