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ABSTRACT
Background: Observational studies find associations between ma-
ternal docosahexaenoic acid (DHA) and greater fat-free mass and
lower percentage of body fat, but randomized trials of prenatal DHA
supplementation have not found significant intent-to-treat effects on
childhood body composition.
Objective: This study sought to explore associations between in-
trauterine DHA exposure and body composition and size at 5 y in the
offspring of womenwho participated in a randomized trial of prenatal
DHA supplementation (corn and soybean oil placebo or 600 mg/d).
Design: At 5 y, body composition was measured by air displace-
ment plethysmography in 154 offspring of women who had partici-
pated in the Kansas University DHA Outcomes Study and who had
red blood cell (RBC) phospholipid (PL) fatty acids assessed at en-
rollment and delivery. We used linear regression models to analyze
the relation among 3 indicators of intrauterine DHA exposure—1)
intent-to-treat (placebo or DHA), 2) maternal RBC PLDHA status at
delivery, and 3) change in maternal DHA (delivery minus
enrollment)—and 6 outcomes of interest: 5-y fat mass, fat-free mass,
percentage of body fat, height, weight, and body mass index z score.
Results: Change in maternal RBC PL DHA correlated with higher
fat-free mass (r= 0.21, P= 0.0088); the association was unchanged
after adjustment for maternal, perinatal, and childhood dietary fac-
tors. Intent-to-treat and DHA status at delivery showed positive
trends with fat-free mass that were not statistically significant. There
was no evidence relating intrauterine DHA exposure to any other
body composition measure.
Conclusions:Change in maternal DHA status during pregnancy was
related to higher offspring 5-y fat-free mass. The other 2 indicators of
intrauterine exposure to DHA suggested a trend for higher offspring
5-y fat-free mass. Our findings agree with an earlier observational
study from the United Kingdom. This trial was registered at clinical-
trials.gov as NCT00266825. Am J Clin Nutr 2018;107:35–42.

INTRODUCTION

DHA and arachidonic acid (ARA) are key nutrients and
the principal long-chain PUFAs in cell membranes. Both DHA
and ARA have important roles in inflammation and stem cell

differentiation (1, 2), but DHA is poorly synthesized from
α-linolenic acid, and dietary intake is variable within and among
populations (3). During fetal development, mesenchymal stem
cells commit to different lineages, including adipocytic and myo-
genic lineages, in a competitive process that influences postnatal
body composition. This critical window in fetal development has
long-term implications for healthy aging (4), because the num-
ber of muscle fibers is set by term birth (5). As DHA inhibits
adipocyte differentiation (6) we postulated that reducing the ma-
ternal ARA to DHA ratio by increasing DHA intake during late
gestation would influence childhood body composition.

Groh-Wargo et al. (7) reported that an infant formula contain-
ing DHA and ARA increased lean mass and reduced fat mass at
1 y corrected age in preterm infants born early in the last trimester
of pregnancy; their results are the earliest evidence that provid-
ing DHA at this very early stage of development could influence
body composition. More recently, 3 observational studies found
an association between intrauterine exposure to DHA (maternal
or cord blood plasma DHA) and offspring body composition in
childhood. One found higher lean mass but no difference in fat
mass in 4- and 6-y-old children (8); the other 2 found evidence of
lower adiposity at 3 or 6 y of age (9, 10). In contrast, 2 random-
ized trials that provided a fish oil source of DHA and EPA during
pregnancy found no effect of supplementation on offspring body
composition by intent-to-treat analysis (11, 12).

The randomized trials may have been biased toward null
findings because they measured body composition by skinfold
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FIGURE 1 CONSORT showing subject flow from the original randomized controlled trial of DHA supplementation. Children were previously randomly
assigned as part of the parent trial and reconsented at age 2 y into the follow up study. Semiannual assessments of diet and cognitive development were obtained
at 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, and 6 y of age. The Bod Pod was first attempted at 5 y of age, and again at 5.5 y of age for children who refused at 5 y of age.
CONSORT, Consolidated Standards of Reporting Trials; Ht, height; Wt, weight.

thickness and bioelectrical impedance, which tend to be less ac-
curate than dual-energy X-ray absorptiometry (DXA) or air dis-
placement plethysmography. Additionally, compliance varies and
a measure of intrauterine exposure was not ascertained. We are
not aware of any study that has evaluated body composition in
children via air displacement plethysmography following in utero
exposure to a wide range of DHA.

The Kansas DHA Outcomes Study (KUDOS), a randomized,
double-blind, placebo-controlled trial, provided pregnant women
with capsules that contained a corn oil and soybean oil mixture
(placebo) or 600 mg/d of DHA during pregnancy in a 1:1 alloca-
tion (13). We have been following this cohort of children to mea-
sure their growth and cognitive development. In this post-hoc, ex-
ploratory analysis of body composition at age 5 y, we evaluated
3 separate, but correlated, measures of intrauterine DHA expo-
sure: 1) maternal group assignment (intent-to-treat), 2) maternal
red blood cell (RBC) phospholipid (PL) DHA at delivery, and 3)
change in maternal RBC PL DHA from enrollment to delivery.

SUBJECTS AND METHODS

Subjects

From March 2006 through September 2009, pregnant women
in the Kanas City Metropolitan area were enrolled into the
KUDOS study (NCT00266825). Both the research protocol and

informed consent adhered to the Declaration of Helsinki and eth-
ical approval was obtained from the University of Kansas Institu-
tional Review Board (HSC #11406). Recruitment was restricted
to low-risk pregnancies. Details of the recruiting process and el-
igibility criteria are available in the report of the primary preg-
nancy outcomes (13). The primary aims of the study were to
evaluate the effect of providing a prenatal DHA supplement of
600 mg compared to placebo on pregnancy outcomes and infant
cognitive development to 18 mo. When children were 18 mo old,
parents of 190 children gave permission for continued semiannual
assessments ≤6 y (see Figure 1 for subject flow). These visits
measured diet (described below), height, weight, cognitive devel-
opment, and (beginning at age 4 y) blood pressure. An amended
consent gave permission to obtain body composition when chil-
dren were 5 y of age.

Both staff and parents were blinded to assignment at the time
of assessment. Parents were told their child’s allocation when
the children completed the 6-y assessments. All visits through-
out the study were conducted in the Maternal and Child Nutrition
and Development Laboratory at the University of Kansas Medi-
cal Center.

Data collection methods

Data on both the mother and child were collected over
the course of this longitudinal project. Maternal characteristics
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included self-reported smoking history, educational attainment,
race and ethnicity, prenatal weight gain (difference in weight
from study enrollment to last prenatal clinic visit), measured
height, and estimated income (median income of residence zip
code at the time of enrollment). To evaluate the possible influ-
ence of socioeconomic status (SES), we used a continuous SES
score calculated from maternal age, race and ethnicity, income,
and education (14).

Body composition was assessed by air displacement plethys-
mography (Bod Pod software version 5.4.3; COSMED) that
includes the pediatric software options for testing children
between 2 and 6 y. We did not use the seat option as the man-
ufacturer recommends its use only for subjects who are smaller
(2–3 y old) or who need to be restrained during the test. None of
our subjects met either criterion. Testing procedures followed a
standardized testing protocol uniform to our Body Composition
Laboratory. Standardized procedures include wearing a tight-
fitting one-piece swimsuit and a swim cap provided by the Labo-
ratory. Height was measured without shoes to the nearest 0.1 cm
using a wall-mounted stadiometer (PORTROD; Health o meter).
Bodyweight was obtained to the nearest 0.01-kg using the system
integrated electronic scale. Body volume was corrected for pre-
dicted thoracic gas volume and surface area artifact (15). Body
density was calculated as body mass/body volume and converted
to percentage body fat using the Lohman equation (16). Twenty-
three of 154 children refused the body composition assessment
at age 5 y and thus had their body composition assessment at
5.5 y. Anthropometric data were converted to percentiles using
the CDC’s Epi InfoTM version 3.5.4.

Child sex, weight, and gestational age at birth were obtained
from the medical record, and human milk and formula feeding
were collected prospectively at regular intervals during infancy
as part of the parent trial. Food and beverage intake was mea-
sured by a registered dietitian semiannually from 2 to 4.5 y by
24-h recall. Each child’s dietary pattern was categorized as “Pru-
dent” or “Western” by hierarchical cluster analysis of average,
age-adjusted daily intake of 24 food and beverage groups (14).
The report demonstrates the feasibility of our use of an average
dietary recall taken semiannually from 2 to 4.5 y as an assessment
of individual intake.

Maternal blood was sampled at enrollment and delivery by
venipuncture. The fatty acid composition of RBC PL (weight
percent of fatty acids) was determined by a sequential process
of lipid extraction, phospholipid isolation, trans-methylation, and
fatty acid analysis, as detailed previously (13).

Statistical analysis

We first assessed for evidence of bias from loss-to-follow-up
by testing for differences between mother-child dyads with and
without missing data. Pearson’s chi-square was used for cate-
gorical variables, and Student’s t test was used for continuous
variables.

The dependent variables for this study were 5-y fat mass, fat-
freemass, body fat percent, weight, height, and BMI z score (BMI
z score was selected over BMI percentile due to skew of the lat-
ter). Fat mass, fat-free mass, and weight were log transformed
to attain a normal distribution, as assessed by the Shapiro-Wilk
test. Body fat percent, height, and BMI z score were normally dis-
tributed and did not require transformation. Percent fat-free mass

was not modeled separately, because it is the opposite of body fat
percent.

Intrauterine DHA exposure was the independent variable, and
was coded in 3 different ways; each of these was separately as-
sessed for associations with the 6 measures of 5-y body size and
composition. The first DHA variable was group assignment (i.e.,
the intent-to-treat analysis) regardless of initial maternal status
or compliance. The second DHA variable was maternal RBC PL
DHA at the time of delivery, a quantitative measure of maternal
DHA status after the supplementation period for both placebo and
supplemented groups; this variable allows direct comparison of
results from several observational studies that used this as a proxy
for in utero exposure to DHA. The third DHA variable was the
change in maternal RBC PL DHA during pregnancy (delivery
minus enrollment); this represents the quantitative effect of sup-
plementation on an individual mother’s DHA status. A greater
increase in maternal RBC PL DHA during pregnancy is related
to lower DHA at enrollment, assignment to the DHA group, and
compliance with study protocol.

The linear regression models of fat mass, fat-free mass, and
body fat percent (body fat-free mass percent is the reciprocal)
included child sex and age (range: 4.94–5.60 y) at the time of
body composition assessment as a continuous covariate. The lin-
ear regression models of height, weight, and BMI z score were
constructed with child sex (male compared with female) as a co-
variate. We checked whether the results changed when including
all maternal, dietary, and perinatal factors. The 6 maternal fac-
tors were SES score, parity (primagravida compared with mul-
tiparous), maternal height, maternal BMI at enrollment, mater-
nal smoking (ever compared with never), and study weight gain.
Parity was dichotomized due to high skew of number of previous
term pregnancies (median: 0; range: 0–6) and the desire to limit
the variable to one degree of freedom; there is evidence that first-
borns tend to be taller than siblings (17). Smoking was included
as a covariate, because it is associated withmany health behaviors
(18). The 2 early-childhood dietary factors were breastfeeding
(any compared with none) and dietary pattern of early childhood
(Prudent comparedwithWestern). Breastfeeding durationwas di-
chotomized due to high skew (median: 123 d; range: 0–1236 d)
and the desire to limit the variable to one degree of freedom. Peri-
natal factors included gestational age at delivery (weeks), birth-
weight (grams), and birth length (centimeters).

This exploratory study applied a type I error rate of 5.0%
without adjustment for multiple comparisons, and results should
therefore be interpreted cautiously. This prospective study was
not powered to detect differences between groups in body com-
position. Significant bivariate associations between independent
and dependent variables are reported to replicate previously iden-
tified predictors of early child growth. Bivariate associations be-
tween dependent and independent variables were assessed by
Pearson’s correlation, Student’s t test, or Pearson’s chi-square
test. All statistical analyses were performed with JMP 13.0 (SAS
Institute).

RESULTS

Of the 171 children who had height and weight measured at
5 y of age, 154 (90%) had their body composition assessed at 5
(n = 131) or 5.5 y of age (n = 23). Five of these 154 children
were born to women missing maternal RBC DHA at delivery.
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TABLE 1
Sample characteristics of 171 mother-child dyads followed from pregnancy to age 5 y by group1

Placebo DHA

SES score (0–4)2 1.94 ± 1.04 2.12 ± 0.94
Maternal age, y 26.1 ± 4.9 26.4 ± 4.7
Maternal education, y 14.5 ± 2.6 14.8 ± 2.4
Maternal median zip code annual income ($1000) 47.0 ± 21.6 49.7 ± 18.4
Previous term pregnancies, n 0.71 ± 1.07 0.70 ± 0.87
Maternal weight at enrollment, kg 71.1 ± 14.0 74.7 ± 13.3
Maternal height, cm 163.5 ± 6.7 164.1 ± 6.8
BMI at enrollment, kg/m2 26.6 ± 5.0 27.9 ± 5.2
Gestational weight gain, kg 13.2 ± 5.7 12.9 ± 5.9
Pregnancy duration, wk 39.2 ± 2.0 39.6 ± 1.3
Infant birthweight, g 3264 ± 529 3450 ± 490
Infant birth length, cm 49.3 ± 3.0 49.9 ± 2.5
RBC PL DHA at enrollment, weight % of total FAs 4.4 ± 1.2 4.4 ± 1.1
RBP PL DHA at delivery, weight % of total FAs 4.7 ± 1.1 7.7 ± 2.0
RBC PL DHA change, % 0.3 ± 1.5 3.3 ± 2.0
5-y fat mass, kg 4.9 ± 1.6 5.2 ± 1.7
5-y fat-free mass, kg 14.6 ± 2.3 15.2 ± 2.1
5-y body fat,3 % of total weight 24.9 ± 6.5 25.1 ± 4.9
5-y weight, kg 19.8 ± 2.9 20.8 ± 3.1
5-y height, cm 110.0 ± 4.3 110.6 ± 4.2
5-y BMI z score 0.51 ± 1.0 0.70 ± 0.9

1Values are means ± SDs. Placebo: n = 83 except for 5-y fat mass, fat-free mass, and body fat
(percentage) where n= 76; DHA: n= 88 except for 5-y fat mass, fat-free mass, and body fat (percentage)
where n = 78. PL, phospholipid; RBC, red blood cell; SES, socioeconomic status.

2SES score is a multivariate measure of SES frommaternal race and ethnicity, maternal age, maternal
education, and zip code income (see reference 14).

3Fat-free mass (percentage of total weight) is the reciprocal of 5-y body fat percentage.

Seventeen children did not complete a body composition assess-
ment at either age due to child or parental refusal. Birth length
and breastfeeding variables were missing data for 1 child each.
Complete data was available for 149 mother-offspring pairs. The
characteristics and categories of mothers and offspring are de-

TABLE 2
Maternal and child categories by group assignment1

Placebo DHA

Maternal race/ethnicity White 50 (60) 59 (67)
Black 27 (33) 23 (26)
Hispanic 5 (6) 4 (5)
Other 1 (1) 2 (2)

Parity Nulliparous 36 (43) 42 (48)
Multiparous 47 (57) 46 (52)

Maternal BMI category at enrollment Underweight 2 (2) 1 (1)
Normal 32 (39) 27 (30)
Overweight 28 (34) 34 (39)
Obese 21 (25) 26 (30)

Maternal smoking history Never 38 (46) 51 (58)
Ever 45 (54) 37 (42)

Human milk feeding None 13 (16) 22 (25)
Some 69 (84) 66 (75)

Dietary pattern2 Prudent 37 (45) 40 (45)
Western 46 (55) 48 (55)

1Values are n (%). Placebo: n= 83 except for 5-y fat mass, fat-free mass,
and body fat (percentage) where n= 76; DHA: n= 88 except for 5-y fat mass,
fat-free mass, and body fat (percentage) where n = 78.

2Dietary pattern is a multivariate measure of mother-reported daily di-
etary intake from age 2–4.5 y (see reference 14).

scribed inTable 1 andTable 2. Only one variable differed signifi-
cantly (P< 0.05) between the 17 children who did not complete a
body composition assessment due to child or parental refusal and
those whose body composition was analyzed; mothers of children
missing body composition measurement were more likely to be
multiparous than nulliparous [OR: 3.20 (95% CI: 1.28, 10.5)].

DHA supplementation had a strong effect on circulating DHA
at delivery: in the placebo group, the median maternal RBC PL
DHA increased 6% from enrollment to delivery compared to a
median relative increase of 81% in the intervention group.

There were no significant differences between males and fe-
males (P > 0.09) and no interaction between child sex and in-
trauterine DHA exposure (P > 0.024).

Fat mass and percent body fat

There was no evidence that supplementation group, RBC PL
DHA at delivery, or change in RBC PL DHAwas associated with
absolute fat mass or body fat percent at 5 y of age (all P > 0.05)
(Table 3).

Fat-free mass

Change in maternal RBC PL DHA from enrollment to deliv-
ery was associated with greater offspring fat-free mass at age 5 y
(P = 0.0088) (Table 3 and Figure 2). The results in Table 3 are
adjusted for child sex and age at body composition assessment
for all body composition outcomes because we feel this mini-
mal adjustment is necessary for validity as males and females
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TABLE 3
Associations between DHA variables and 5-y body size and composition in linear regression models1

Dependent variable Independent variable β 95% CI P value

Fat mass, kg DHA group (vs. placebo)2 7.14 –3.28, 17.6 0.18
Maternal RBC PL DHA at Delivery (%)3 0.92 –1.42, 3.27 0.44
Change in Maternal RBC PL DHA (%)3 1.02 –1.22, 3.27 0.37

Fat-free mass, kg DHA group (vs. placebo)2 4.14 –0.29, 8.58 0.067
Maternal RBC PL DHA at Delivery (%)3 1.00 –0.00, 2.00 0.052
Change in Maternal RBC PL DHA (%)3 1.28 0.33, 2.23 0.0088

Body fat,6 % DHA group (vs. placebo)2 0.25 –1.56, 2.05 0.27
Maternal RBC PL DHA at Delivery (%)3 –0.08 –0.48, 0.33 0.71
Change in Maternal RBC PL DHA (%)3 –0.13 –0.51, 0.26 0.53

Height, cm DHA group (vs. placebo)4 0.65 –0.64,1.95 0.32
Maternal RBC PL DHA at delivery (%)5 0.17 –0.12, 0.47 0.25
Change in maternal RBC PL DHA (%)5 0.24 –0.04, 0.52 0.097

Weight, kg DHA group (vs. placebo)4 3.29 –0.97, 7.56 0.13
Maternal RBC PL DHA at delivery (%)5 0.69 –0.30, 1.67 0.17
Change in maternal RBC PL DHA (%)5 0.92 –0.02, 1.86 0.055

BMI z score DHA group (vs. placebo)5 0.21 –0.09, 0.51 0.17
Maternal RBC PL DHA at delivery (%)5 0.04 –0.029, 0.11 0.26
Change in maternal RBC PL DHA (%)5 0.05 –0.015, 0.12 0.13

1The table presents the regression coefficient and 95% CI of prenatal DHA variables in a linear regression
model including child sex and, for the first 3 dependent variables, age at body composition assessment by air
displacement plethysmography (Bod Pod). Due to log transformation of weight, fat mass, and fat-free mass, the
regression coefficients for these models represent percent increase. PL, phospholipid; RBC, red blood cell.

2n = 154.
3n = 149; 4n = 171; 5n = 166.
6Regression coefficients for percentage of fat-free mass are the opposite of the percentage of body fat.

have different growth trajectories in childhood and the body
composition of some infants was measured 6 mo later than the
majority. The totally unadjusted analysis for fat-free mass and
change in maternal RBC PL DHA is very similar (Pearson’s
r = 0.208, P = 0.01). Without adjustment, both change in ma-
ternal RBC PL DHA from enrollment to delivery and higher ma-
ternal RBC PL DHA at delivery were associated with offspring
fat-free mass at age 5 y (P = 0.011 and P = 0.047, respec-

FIGURE 2 Association between 5-y fat-free mass and change in mater-
nal DHA during pregnancy (n= 149). Absolute fat-free mass at 5 y, adjusted
for child sex and age of body composition assessment, was directly correlated
with change in maternal RBC DHA PL as weight percent of total FAs during
pregnancy (r = 0.21, P = 0.0088). PL, phospholipid; RBC, red blood cell.

tively, Supplemental Table 1). The relation between change in
RBC PL DHA and fat-free mass was essentially unchanged af-
ter inclusion of all maternal, perinatal, and dietary factors as
covariates (fully adjusted model) (P = 0.011, Supplemental
Table 2). There were nonsignificant trends for higher fat-free
mass with higher maternal RBC PL DHA at delivery and DHA
supplementation (intent-to-treat) (Table 3); however, fat-free
mass as a percent of body weight was not associated with any
of the 3 DHA exposure variables (all P > 0.50).

Height, weight and BMI z score

There was no evidence that supplementation group or RBC
PL DHA at delivery was associated with height, weight, or BMI
z score at 5 y (all P > 0.05); however, both height and weight
trended positively with change in RBC PL DHA (Table 3).

Bivariate associations of dependent variables with maternal
and child characteristics

Fat mass correlated with 2 independent variables: pregnancy
duration and birthweight (both r = 0.17, P = 0.04).

Fat-free mass was positively correlated with birthweight
(r = 0.23, P = 0.004, birth length (r = 0.22, P = 0.007) and
maternal BMI at enrollment (r = 0.019, P = 0.02).

Height at 5 y correlated with birth length (r = 0.26,
P = 0.0006), birthweight (r = 0.25, P = 0.0008), maternal
gestational weight gain (r = 0.16, P = 0.03), maternal height
(r = 0.37, P < 0.0001), and maternal SES (r = 0.20, P = 0.01).
Each standard deviation in maternal SES was associated with
0.85 cm greater height (95% CI: 0.21, 1.49).
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Weight at 5 y of age was positively associated with birth length
(r = 0.21, P = 0.005), birthweight (r = 0.21, P = 0.007), and
maternal BMI at enrollment (r = 0.20, P = 0.009).

BMI z score at 5 y of age was associated with maternal BMI
at enrollment (r= 0.31, P< 0.0001) as was child dietary pattern
(Student’s t= 2.12, P= 0.04); compared to a Prudent dietary pat-
tern, children with a Western dietary pattern had a higher average
5-y BMI z score; 0.32 (95% CI: 0.02, 0.61).

DISCUSSION

It seems possible that increasing in utero exposure toDHApro-
motes fat-free mass growth. An individual mother’s response to
DHA supplementation (percentage of RBC PL DHA at delivery
minus enrollment) correlated with higher offspring fat-free mass
at age 5 y. The association could not be attributed to confound-
ing factors such as SES, which itself was predictive of change in
maternal RBC DHA in the active treatment group (14). Maternal
RBC PLDHA at delivery narrowly missed statistical significance
as a predictor of higher fat-free mass. The intent-to-treat analysis
also found a nonsignificant trend for higher fat-free mass in chil-
dren of women assigned to the DHA group. The discrepancy in
effects may be due to variable compliance.

Study change in DHA status may have shown the strongest
statistical relation to child fat-free mass because the women stud-
ied had an overall poor DHA status when enrolled and the DHA
status of many improved during the study. In prospective stud-
ies, maternal DHA status is presumed stable and maternal DHA
status late in pregnancy or at delivery quantifies DHA exposure
throughout pregnancy. Three cohort studies have reported a re-
lation of maternal pregnancy DHA status to body composition.
Our findings in 5-y-old children are analogous to those from the
SouthamptonWomen’s Survey (8) in the United Kingdom, which
found an association between maternal plasma DHA late in preg-
nancy and higher lean mass but no relation to fat mass in the off-
spring at 4 and 6 y. In contrast, 2 other observational studies asso-
ciated higher maternal DHA status with lower fat mass but found
no association with fat-free mass (9, 10).

Two randomized studies—one at 1 y (19), the other at 3 and
5 y of age (12)—of body composition in children born to mothers
prenatally supplemented with DHA used intent-to-treat analyses
and neither found an effect of the intervention on any measure
of body composition. Intent-to-treat analyses are more prone to
type 2 errors for several reasons, one of which is variability in
compliance. Results from an intent-to-treat analysis are believed
to reflect the outcome expected should an intervention become
public health policy. In contrast, if a biomarker of nutrient status
is available at enrollment and study end, the information can be
used to explore the level of a biomarker that needs to be achieved
for optimal outcome. If results from compliant subjects are effec-
tive even when intent-to-treat is not, individuals can make a more
informed choice about the value of a supplement.

We observed no association between offspring body fat or
body fat percent and prenatal DHA exposure, which differs from
2 observational studies that found evidence of lower offspring
adiposity. Vidakovic et al. (9) measured maternal plasma DHA
mid-pregnancy and offspring body fat percent at a mean of 6 y
of age with DXA in participants in the Generation R Study. They
found an inverse association between maternal DHA concentra-
tions and offspring body fat percent before and after adjusting

for pregnancy and childhood factors. Results from Donahue et al.
(10) associated prenatal DHA exposure with reduced childhood
adiposity at 3 y (sum of subscapular and triceps skinfolds).

The studies that find a relation between fat-free mass and DHA
exposure (7, 8), like us, report higher absolute fat-free mass and
not higher fat-free mass as a percent of total body weight. The
reasonmay be that fat-free mass as a percentage of weight is more
variable than absolute fat-free mass.

Differences in DHA status, timing of DHA exposure and child
body fatness may influence the relation between intrauterine
DHA exposure and childhood body composition. The 2 observa-
tional studies that associated higher intrauterine DHA exposure
with lower body fat (9, 10) used cohorts with apparently higher
DHA status than the cohort that found an association with higher
fat-free mass (8). For example, women in the Generation R Study
had exceptionally high DHA status compared to women in our
study (we compared plasma PLDHA to RBC PLDHA and deter-
mined a conversion factor of 1.67; therefore, their reported mean
of 4.8% plasma PL DHA is equivalent to a very high 8.0% RBC
PL DHA). Mothers of the children in our study entered the study
with a mean RBC PL DHA of 4.4%, and the placebo and DHA
groups achieved means of 4.7% and 7.7% DHA, respectively, at
delivery (13). Women in Project Viva, whose children were stud-
ied by Donahue et al. (10), also appear to have had better DHA
status than the women in our cohort, because umbilical plasma
DHA and EPA totaled 4.6%.

Like us, Moon et al. (8) studied women who appear to have
a generally poor DHA status, and like us, they found a positive
association of DHA with higher child fat-free mass. Only Groh-
Wargo et al. (7) found both higher fat-free mass and lower body
fat with DHA- and ARA-supplemented formula. The formulas
were fed to preterm infants until 12 mo corrected age. In addition
to the fact that the preterm infants are deprived of intrauterine
DHA transfer, the control group likely had poor DHA status
because the study was conducted prior to 2002, when prenatal
supplements with DHA were not generally available in the
United States and infant formulas in the United States did not
provide these fatty acids. Variable DHA and ARA intake during
infancy characterized the diets of children in all the studies
mentioned, although the association of higher fat-free mass with
higher DHA exposure in our cohort appears to be independent
of postnatal DHA exposure as all children studied in this cohort
received either human milk or an infant formula containing DHA
and ARA during infancy.

Another possible explanation for a null finding for intrauterine
DHA exposure and body fat by Moon et al. (8) and reported here
is the generally high percent of body fat of children in both stud-
ies. The children studied by Vidakovic et al. (9) also had a very
high mean body fat percent; however, the cohort was very large
(n = 4830) and had greater power to detect an association be-
tween DHA and lower body fat in childhood. When compared to
reference data from the United Kingdom in 1985, children from
all 3 studies, representing the United States, the United Kingdom,
and Germany, have a mean body fat percent close to the 98th per-
centile of the historical group (20). Body fat percent is highly cor-
related with fat mass; and fat mass in children is linked to mater-
nal BMI (21–23) and excessive gestational weight gain (24–26).
Currently most women in the United States enter pregnancy
either overweight or obese, and many of those gain excessively
as was true of women in this cohort (13).
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In contrast to several other studies (9, 12, 19), we did not find
a significant association of prenatal DHA exposure with child-
hood BMI z score. We did find weak evidence of an association
between prenatal DHA exposure and offspring height in agree-
ment with the Southampton Study, which showed a positive as-
sociation between maternal plasma DHA and height at 6 y but not
4 y (8). We did find a positive association between maternal SES
and offspring height, consistent with the correlation between in-
come and height among adults (27). Children with a Prudent diet
had a lower BMI z score than those with a Western diet. Associ-
ations between similar, empirically derived dietary patterns and
risk of childhood overweight or obesity have come from China
(28), Korea (29), France (30), and the United States (31).

The weaknesses of our study are as follows: 1) it is an ex-
ploratory analysis with a relatively small sample size; 2) sample
bias from loss to follow-up may have occurred; 3) measurement
of some determinants of child body composition, such as physi-
cal activity or screen time (32) and sleep (33) were not obtained;
and 4) there is a risk of finding false-positive results from many
statistical models. The strengths of our study include the follow-
ing: 1) extensive characterization of mother-child dyads; 2) rel-
atively high diversity of mothers; 3) quantification of maternal
biomarker response to prenatal DHA supplementation compared
with placebo; 4) a relatively robust two-compartment assessment
of childhood body composition; 5) general agreement among all
3 indicators of intrauterine DHA exposure; 6) a check to see
if the primary result was confounded by important covariates;
and 7) little evidence of loss-to-follow-up bias.

To conclude, our findings suggest that increased intrauterine
DHA exposure is associated with greater absolute child fat-free
mass at age 5 y. Our results directly support those found in an
observational study conducted in the United Kingdom and are
reconcilable with null intent-to-treat effects from other random-
ized controlled trials. Our findings support the importance of ob-
taining a status biomarker in clinical trials of nutrients at study
entry and completion. Further research is needed to replicate our
main observation and to better understand how it may be applied
clinically.
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