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In the present study, the authors investigated the role of the intrauterine environment in childhood adiposity by
comparing the maternal-offspring body mass index (BMI) association with the paternal-offspring BMI association
when the offspring were 3 years of age, using parental prepregnancy BMI (measured as weight in kilograms
divided by height in meters squared). The parent-offspring trios (n=29,216) were recruited during pregnancy
from 2001 to 2008 into the Norwegian Mother and Child Cohort Study conducted by The Norwegian Institute of
Public Health. Data from self-administered questionnaires were used in linear regression analyses. Crude analy-
ses showed similar parental-offspring BMI associations; the mean difference in offspring BMI was 0.15 (95%
confidence interval: 0.13, 0.16) per each 1-standard-deviation increase in maternal BMI and 0.15 (95% confi-
dence interval: 0.13, 0.17) per each 1-standard-deviation increase in paternal BMI. After all adjustments, the
mean difference in offspring BMI per each 1-standard-deviation increment of maternal BMI was 0.12, and the
mean difference in offspring BMI per each 1-standard-deviation increment of paternal BMI was 0.13. There was
no strong support for heterogeneity between the associations (P> 0.6). In conclusion, results from the present
large population-based study showed similar parental-offspring BMI associations when the offspring were 3
years of age, which indicates that the maternal-offspring association may be explained by shared familial (envi-

ronmental and genetic) risk factors rather than by the intrauterine environment.

adiposity; body mass index; child, preschool; fathers; infant; mothers; overweight; pregnancy

Abbreviations: BMI, body mass index; Cl, confidence interval; MBRN, Medical Birth Registry of Norway; MoBa, the Norwegian

Mother and Child Cohort Study; SD, standard deviation.

Editor’s note: An invited commentary on this article
appears on page 93, and the authors’ response appears on
page 97.

Maintaining a reduced weight after weight loss is difficult
(1-3). Thus, it is important to detect and address the causes
of overweight before it becomes an issue. It has been sug-
gested that some causes may operate during pregnancy and
increase the fetus’s risk of adiposity later in life (1, 2, 4-7).
This is often referred to as developmental overnutrition. The
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mechanisms involved might include permanent changes in
neuroendocrine functioning or energy metabolism (4, 5, 7).
It is well known that higher maternal body mass index
(BMI, measured as weight in kilograms divided by height
in meters squared) is associated with an increased risk of
adiposity in offspring (8). Maternal BMI is also associated
with maternal diet and blood glucose levels during pregnan-
cy (9), both of which influence the intrauterine environment
and potentially lead to developmental overnutrition. The
hypothesis that greater maternal within-pregnancy adiposity
might influence offspring adiposity, if true, has important
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public health implications. This can result in ever-increasing
body weight through generations independent of other
genetic or environmental changes (2, 5).

Parents may influence the risk of adiposity in their off-
spring through genetics, the intrauterine environment, and
behavioral and environmental factors (2, 10). In our analy-
ses, we assumed that maternal prepregnancy BMI was a
marker for all of these factors and that paternal BMI reflect-
ed the same factors except for intrauterine environment. By
comparing the parental-offspring associations of BMI
(using prepregnancy parental BMI), we may find a greater
maternal-offspring association if the intrauterine envi-
ronment influences childhood adiposity and there is no
parent-of-origin effect on inheritance and expression of
adiposity-related genetic variants (11, 12). Such compari-
sons have been carried out in a few studies, with somewhat
inconsistent results (10, 13-16). In a recent study from
Belarus, Patel et al. (11) found similar parental-offspring
associations when parental and offspring BMIs were re-
corded at the same time. However, the levels of parental
overweight were low, and so we wished to examine the
parental-offspring associations in a large cohort from a
high-income country with higher levels of overweight.

In the present population-based study, we compared the
associations between parental prepregnancy BMI and off-
spring BMI at age 3 years. Further, we investigated the in-
fluence of important prenatal and postnatal factors that
might confound or mediate any association and that have
not previously been available for similar analyses.

MATERIAL AND METHODS

Our data are from the Norwegian Mother and Child
Cohort Study (MoBa) (17, 18), which was conducted by the
Norwegian Institute of Public Health. This is a population-
based pregnancy cohort that recruited more than 108,000
children from all parts of Norway from 1999 to 2009. The
aim of the cohort study was to elucidate the etiologies and
pathogenesis of disorders that may originate in early life by
following the children and their parents for years. Women
and their partners were recruited via a postal invitation sent
before the ultrasound examination offered to all pregnant
women in Norway during gestational weeks 17-19. In-
formed consent was obtained from each participant before
inclusion. The women were given 3 questionnaires during
pregnancy (at weeks 17, 22, and 30) and at intervals after
birth (when children were 6, 18, and 36 months of age).
Some of the fathers received a questionnaire sometime
during gestational weeks 17-19. The data were linked to the
Medical Birth Registry of Norway (MBRN) (19, 20). MoBa
has been approved by the Norwegian Regional Committee
for Ethics in Medical Research and the Data Inspectorate.

Approximately 42% of the invited women agreed to par-
ticipate. Ninety-four percent of the women who responded
to the first questionnaire also responded to the last question-
naire during pregnancy (third questionnaire). Approximately
61% also responded to the questionnaire sent when offspring
were 3 years of age (sixth questionnaire), and 78% of these
children also had a participating father. Our analyses includ-
ed data from MBRN and all 7 MoBa questionnaires.

Our study population included singleton offspring who
had reached the age of 3 years and for whom the mother
had returned the first and sixth questionnaires with informa-
tion about heights and weights (n =42,486). We excluded
participants for whom we had incomplete information
about height or weight of the offspring, mother, or father
(n=9,975), as well as participants who listed unrealistic
values for height or weight (n=180). We also excluded
persons for whom we did not have complete information
about the relevant confounders (n=3,115). Of the original
42,486 offspring, 29,216 (69%) were suitable for further
analyses with their parents (Figure 1).

Variables

Main outcome and exposures. The outcome variable in
the regression analyses was offspring BMI at 3 years of
age, calculated from the mother’s report of offspring height
and weight when the child was 36 months of age (sixth
questionnaire). The mean age of the offspring when the
sixth questionnaire was sent out was 1,102 days (standard
deviation (SD), 16.7 days). The main exposure variables
were maternal and paternal BMI. Maternal BMI was calcu-
lated from mothers’ retrospective reports of their prepreg-
nancy height and weight reported around gestational week
17 (first questionnaire). Paternal BMI was calculated from
fathers’ self-report of height and weight for 20% of the
trios (reported around the 17th week of gestation) or from
maternal report (first questionnaire) if the father had not re-
ceived or responded to the questionnaire (80% of the trios).
The Pearson’s correlations between paternal self-report and
maternal report on behalf of the father were 0.975 (95%
confidence interval (CI): 0.974, 0977, n=5,764) for
weight, 0.973 (95% CI: 0.971, 0.974; n=5,816) for height,
and 0.961 (95% CI: 0.959, 0.963; n=5,755) for BMIL.

Confounders and intermediate factors. In our analyses,
we adjusted for both prenatal and postnatal characteristics
that are associated with parental and offspring BMI. Many
of the postnatal characteristics are related to the shared fa-
milial environment. Most parents (95%) were living togeth-
er when the offspring were 3 years of age. The following
possible prenatal confounders were included in our analy-
ses: parental educational level (years), maternal smoking
during pregnancy (daily, occasionally, or never), paternal
smoking (smoking during pregnancy and/or at offspring
age of 18 months: daily, occasionally, or never), and mater-
nal coffee consumption during pregnancy (cups/day). The
possible postnatal confounders were: number of siblings (0,
1, 2, or >3), maternal smoking after pregnancy, paternal
smoking, amount of breastfeeding for the first 4 months
(only breast milk, breast milk and other fluids/solids, or no
breast milk), place of day care at 3 years of age (home with
mother, home with father, or in a day care institution), off-
spring’s time spent watching television or video at age 3
years (hours/day), offspring’s time spent outside at age 3
years (hours/day), and offspring’s diet at age 3 years (slices
of bread or crackers/day, frequency of candies/chips/soft
drinks/deserts, etc, and frequency of vegetables).

In a subgroup for whom data were available (n=27,442
trios; Figure 1), we adjusted for the potentially mediating
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who were 3 vears of age
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9,975 Incomplete information
— | about height or weight for
parents or offspring

180: Unrealistic values for
—’

height or weight
———— | 3,115 Incomplete information

about confounders

29.216 offspring in the main
analyses (Tables 1, 2, and 3)

1,774: Incomplete information
about intermediate factors

11,932: Incomplete information
about height or weight at birth,
| year of age, or 2 years of age

27.442 offspring in the analyses
of intermediate factors (Table 4)

17,284 offspring in the correlation
analyses (Table 5)

Figure 1. Flow chart of the sample selection for the different analyses, the Norwegian Mother and Child Cohort Study, 1999-2009.

factors in the maternal-offspring association of BMI that
may be indicators of the intrauterine environment and de-
velopmental overnutrition: maternal weight change during
pregnancy, diabetes status, and diet in the first 4-5 months
of pregnancy (21), including intakes of calories (kilojoules/
day), protein (g/day), fat (g/day), and carbohydrates (g/
day). The dietary data were collected in the second ques-
tionnaire at approximately gestational week 22 (21). An
altered regression coefficient for the maternal-offspring as-
sociation of BMI could provide some support for maternal
prepregnancy BMI being related to developmental overnu-
trition in utero through these intermediate factors.

Variables in sensitivity and correlation analyses. The
other potential confounders and intermediate factors that we
investigated in sensitivity analyses were parental age, parental
physical activity level, cohabitant status, maternal alcohol con-
sumption during pregnancy, offspring birth weight, gestational
age, and gender of the offspring. To explore the potential of
nonadditive simultaneous influences on offspring BMI in
subsets of pairs of its determinants, we tested for interactions
between parental BMI and the following determinants of
childhood BMI: maternal weight change during pregnancy,
maternal smoking during pregnancy, offspring birth weight,
gestational age, gender of the offspring, and breastfeeding.

Offspring BMIs at several ages (birth, 1 year, 2 years, and
3 years) were included in crude correlation analyses of paren-
tal and offspring BMIs in a subgroup of offspring for which
we had complete information about height and weight at all 4
ages (n=17,284 trios; Figure 1). Weight and length at birth
were reported in MBRN and by the mother 6 months after
birth (fourth questionnaire), weight and height at 1 year of
age were reported when offspring were 18 months of age
(fifth questionnaire), and weight and height at ages 2 and 3
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years were reported when offspring were 36 months of age
(sixth questionnaire).

Statistical analyses

Regression analyses. By comparing the maternal-
offspring BMI associations with the paternal-offspring BMI
associations, it may be possible to find indications of
intrauterine mechanisms underlying at least part of the
maternal-offspring BMI association. This comparison was
based on 2 assumptions. The first was that maternal pre-
pregnancy BMI was a marker for the intrauterine environ-
ment that potentially influenced childhood adiposity, in
addition to the mother’s genetics, her lifestyle, and the obe-
sogenic environment. The second was that the inheritance
and expression of adiposity-related genetic variants in the
offspring were equal from each parent.

The regression analyses were divided into 2 sets. The first
investigated parental-offspring associations using absolute
values of parental BMI, and the second used z-score values
of parental BMI (SD). z score was used because 1 maternal
BMI unit may reflect different biology or lifestyle-related
behaviors and environment than 1 paternal BMI unit. The
foundation for the comparison of the different parental
BMI units may improve by transforming the BMI scales
into z scores. Each set of analyses consisted of 6 regression
models: 1) maternal BMI singularly, 2) paternal BMI singu-
larly, 3) parental BMI simultaneously, 4) parental BMI
simultaneously and prenatal factors, 5) parental BMI simul-
taneously and postnatal factors, and 6) all factors. For each
regression model, we checked assumptions (linearity and
constant variance) and looked for outliers with large
influence.
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Sensitivity and correlation analyses. Sensitivity analyses
included 1) investigation of potential influence of other
related factors and interactions as described earlier, 2) analy-
ses of a smaller sample restricted to values of offspring
height and weight that have been measured for Norwegian
children who were 2—4 years old (22), 3) investigation of the
effect of potential misreport of weights and heights based
on published validation studies (23, 24), 4) analyses of a
sample restricted to those parent-offspring trios for whom
we had available self-reported data on the father’s height and
weight, 5) analyses investigating whether our results would
change if 0%—10% of the included fathers were not the bio-
logical fathers (14, 25), and 6) analyses of potential time
trends over the recruitment period.

We ran crude correlation analyses (Pearson’s) between pa-
rental BMI (with maternal and paternal BMIs done sepa-
rately) and offspring BMI at different ages, from birth to 3
years of age. This was carried out to compare the 2 parental-
offspring correlations of BMI at different offspring ages and
to investigate the potential change in correlations over time.
The dependent correlation coefficients were compared by
using the Stata command “corcor.” All analyses were con-
ducted in SPSS, version 17.0 (SPSS, Inc., Chicago, Illinois),
and Stata, version 9.2 (StataCorp LP, College Station, Texas).

RESULTS
Descriptive statistics

Table 1 shows the mean values and ranges of weights,
heights, BMIs, and parental ages when the children were 3
years of age. Mean maternal and paternal ages were 33
years and 36 years, respectively, and mean parity was 0.7
children (range, 0—10 children). The mean offspring weight

Table 1. Participant Anthropometric Characteristics and Parental
Age When Offspring Were 3 Years of Age Among 29,216 Parent-
Offspring Trios in the Norwegian Mother and Child Cohort Study,
2001-2007

Mean Range

Offspring

Weight, kg 15.1 7.9,31.0

Height, m 0.97 0.72,1.20

BMI? 16.1 9.0, 334
Mother

Weight, kg 68.2 37.0, 160.0

Height, m 1.68 1.16, 1.98

BMI? 241 12.5,59.5

Age, years 33.3 19, 50
Father

Weight, kg 85.2 46.0, 215.0

Height, m 1.82 1.48,2.10

BMI? 25.8 13.1,59.6

Age, years 35.9 20,72

Abbreviation: BMI, body mass index.
2 Weight (kg)/height (m)2.

was 15.1 kg, the mean height was 97 cm, and the mean
BMI was 16.1. The mean maternal BMI was 24.1 and the
mean paternal BMI was 25.8. In Tables 2 and 3, several
parental and offspring characteristics are shown in relation
to mean parental BMI. Parental mean BMI was positively
associated with offspring BMI, parental age, maternal
parity, maternal smoking, offspring’s intake of slices of
bread/crackers per day, offspring’s intake of chips/candies/
deserts/soft drinks, and offspring’s time spent watching
television or video. Parental mean BMI was negatively as-
sociated with increasing amounts of breastfeeding and
intake of vegetables in offspring. In addition, mean mater-
nal BMI was associated with place of day care and off-
spring’s time spent outdoors, and mean paternal BMI was
associated with cohabitation status.

More than 83% of the offspring were normal weight, 4%
were thin, 10% were overweight, and 2% were obese
(Table 2) when compared with average BMI cut-offs for
3-year-old children (26, 27). Using the World Health
Organization criteria (28), 22% of mothers were deemed
overweight and 9% were obese; 45% of fathers were over-
weight and 10% were obese. The maternal-paternal BMI
correlation was 0.222 (95% CI: 0.211, 0.233), the maternal-
offspring BMI correlation was 0.095 (95% CI: 0.084,
0.106), and the paternal-offspring BMI correlation was
0.097 (95% CI: 0.086, 0.108). As shown in Figure 2, the
mean offspring BMI was modestly positively associated
with parental BMI. We found that the interaction between
maternal and paternal BMI and had no impact on offspring
BMI (P =0.629).

Regression analyses

In all regression analyses, both maternal and paternal BMI
were positively associated with offspring BMI. The crude
analyses using absolute BMI values showed that a 1-kg/m*
increase in maternal BMI was associated with a 0.04-kg/m*
increase in offspring BMI (95% CI: 0.031, 0.039; P <0.001)
(Table 4). A l-kg/m2 increase in paternal BMI was associat-
ed with a 0.05-kg/m? increase in offspring BMI (95% CI:
0.040, 0.051; P<0.001). All regression models using abso-
lute BMI values showed that paternal-offspring BMI
associations were stronger than maternal-offspring BMI as-
sociations. The magnitudes of these differences were small
(range, 0.01-0.009), but there was statistical support for real
differences (P values = 0.001-0.022).

When analyses were completed using z scores (SD) for
parental BMI, there was no strong statistical support for
differences in their associations with offspring BMI
(P values = 0.670-0.900) (Table 4). Because the differenc-
es in parental-offspring associations when analyzing abso-
lute BMI values were small and the units of maternal and
paternal BMI may not be directly comparable, we consid-
ered the analyses using z scores to be the most informative.
As shown in model 2 (Table 4), a 1-standard-deviation in-
crease in maternal BMI was associated with a 0.119-kg/m?
(95% CI: 0.101, 0.137) increase in offspring BMI, and a
1-standard-deviation increase in paternal BMI was associat-
ed with an increase of 0.122 kg/m2 (95% CI: 0.104, 0.140).
Both parental-offspring associations of BMI decreased
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Table 2. Mean Parental Prepregnancy Body Mass Index According to Parental and Offspring Characteristics Among 29,216 Parent-Offspring
Trios in the Norwegian Mother and Child Cohort Study, 2001-2007

No. of Participants % Maternal BMI® Paternal BMI®
Mean (SD) P Value® Mean (SD) P Value®
Offspring BMI? at 3 years of age <0.001 <0.001
<13.71 1,230 4.2 23.8 (4.3) 25.5 (3.3)
13.71-17.73 24,354 83.4 23.9 (4.1) 25.7 (3.2)
17.74-19.47 2,990 10.2 24.8 (4.5) 26.4 (3.6)
>19.48 642 22 25.6 (4.9) 26.8 (3.7)
Maternal age at birth, years <0.001 <0.001
16-24 2,571 8.8 24.0 (4.4) 25.6 (3.6)
25-29 9,952 34.1 24.0 (4.2) 25.8 (3.3)
30-34 11,599 39.7 24.1 (4.1) 25.8 (3.2)
35-39 4,455 15.2 24.3 (4.1) 25.9 (3.1)
40-47 592 2.0 24.6 (4.3) 26.1 (3.3)
Paternal age at birth, years <0.001 <0.001
17-24 1,032 35 23.8 (4.4) 25.1 (3.5)
25-29 6,566 225 23.9 (4.1) 25.5 (3.4)
30-34 11,767 40.3 24.0 (4.1) 25.8 (3.2)
35-39 6,895 23.6 24.3 (4.3) 26.0 (3.3)
40-69 2,883 9.9 24.2 (4.2) 26.1 (3.1)
Parity <0.001 <0.001
0 children 14,382 49.2 23.9 (4.1) 25.7 (3.3)
1 child 10,139 34.7 24.2 (4.2) 25.9 (3.3)
2 children 3,931 135 24.4 (4.2) 25.9 (3.1)
>3 children 764 2.6 24.9 (4.7) 26.0 (3.3)
Maternal smoking during pregnancy <0.001 <0.001
None 27,155 92.9 24.0 (4.1) 25.8 (3.2)
Occasional 610 2.1 24.4 (4.4) 25.9 (3.3)
Daily 1,451 5.0 24.8 (4.9) 26.3 (3.9)
Paternal smoking <0.001 0.971
None 20,753 71.0 24.0 (4.1) 25.8 (3.2)
Occasional 3,336 114 23.8 (3.9) 25.8 (3.2)
Daily 5,127 17.5 24.7 (4.6) 25.8 (3.5)
Maternal educational level, years <0.001 <0.001
<9 (secondary school) 482 1.6 24.9 (5.3) 26.3 (4.1)
1-3 years of high school 8,717 29.8 24.8 (4.7) 26.2 (3.6)
1-4 years of college/university 12,958 44.4 24.0 (4.0) 25.8 (3.1)
>4 years of college/university 6,591 22.6 23.2 (3.5) 25.3 (2.9)
Other 468 1.6 23.9 (3.9) 26.2 (3.3)
Paternal educational level, years <0.001 <0.001
<9 (secondary school) 1,191 41 25.3(5.2) 26.5 (4.1)
1-3 years of high school 12,787 43.8 24.7 (4.5) 26.2 (3.5)
1-4 years of college/university 7,998 27.4 23.7 (3.8) 25.7 (3.1)
>4 years of college/university 6,494 222 23.1 (3.4) 25.1 (2.8)
Other 746 2.6 24.0 (4.0) 25.7 (3.1)
Parents living together 0.225 0.020
Yes 27,718 94.9 24.1 (4.2) 25.8 (3.2)
No 1,370 4.7 24.2 (4.7) 25.6 (3.6)

Abbreviations: BMI, bodg mass index; SD, standard deviation.
& Weight (kg)/height (m)°.
F test for difference between the groups of maternal and paternal BMI, respectively.
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Table 3. Mean Parental Prepregnancy Body Mass Index According to Parental and Offspring Characteristics Among 29,216 Parent-Offspring

Trios in the Norwegian Mother and Child Cohort Study, 2001-2007

Maternal BMI? Paternal BMI?

N_o: of %
Participants Mean P Mean P

(SD) Value® (SD) Value®

Breast milk intake until 5 months of age <0.001 <0.001
Only breastmilk 19,831 67.9 23.8(3.9) 25.7 (3.2)
Breast milk and other fluids/solids 8,826 30.2 24.7 (4.6) 26.1 (3.5)
No breast milk 559 1.9 254 (4.8) 26.1(3.3)

Offspring intake of bread/crackers at 3 years of age, slices/day <0.001 0.001
0-2 3,626 124 23.8(4.0) 25.7 (3.3)
3-5 22,795 78.0 24.0(4.1) 25.8 (3.2)
>6 2,795 9.6 24.6(4.6) 26.0 (3.5)

Offspring intake of chips, candies, soft drinks, etc., at 3 years of <0.001 <0.001

age

Seldom or <1 time/week 2,990 10.2 23.8(4.2) 25.6 (3.1)
1-3 times/week 3,235 111 23.9 (4.0 25.6 (3.1)
4-7 times/week 20,401 69.8 24.0 (4.1) 25.8 (3.3)
2-3 times/day 2,208 7.6 247 (4.6) 26.1(3.4)
>4 times/day 382 1.3 25.6 (4.9) 26.4 (3.4)

Offspring intake of vegetables at 3 years of age <0.001 <0.001
>5 times/week 17,027 58.3 24.0 (4.1) 25.7 (3.2)
4 times/week 3,921 134 24.2(4.1) 25.9 (3.3)
2-3 times/week 4,500 154 24.3(4.3) 26.0 (3.3)
2—-4 times/month 2,174 74 243(44) 26.0 (3.4)
<2 times/month 1,594 55 24.2(4.3) 25.9 (3.2)

Offspring’s time doing outdoor activities at 3 years of age 0.003 0.259
>3 hours/day 9,970 341 242 (4.3) 25.8 (3.2)
1-3 hours/day 18,284 62.6 24.0(4.1) 25.8 (3.3)
<1 hour/day 962 3.3 24.1(4.3) 26.0 (3.3)

Offspring’s time spent watching television/video at 3 years of age <0.001 <0.001
Seldom/never 1,371 4.7 23.8(4.0) 25.4 (3.2)
<1 hour/day 16,169 55.3 23.8 (4.0) 25.6 (3.1)
1-2 hours/day 10,904 37.3 245(4.4) 26.1 (3.5)
>3 hours/day 772 26 25.0(4.9) 26.5 (3.7)

Day care at 3 years of age 0.013 0.204
With mother 2,362 8.1 242(44) 25.9 (3.4)
With father 98 0.3 249 (4.9 26.2 (3.4)
In kindergarten or other institutions 26,756 91.6 24.1(4.2) 25.8 (3.3)

Abbreviations: BMI, body mass index; SD, standard deviation.
2 Weight (kg)/height (m)2.

P Ftest for difference between the groups of maternal and paternal BMI, respectively.

slightly after adjustments. The largest decrease occurred
after adjusting for the other parent’s BMIL.

The additional regression analyses on a subpopulation in-
cluded potentially mediating factors in the maternal-offspring
association of BMI that may be related to developmental
overnutrition in utero (maternal diabetes status, gestational
weight change, and maternal diet). There were no differences
between this population and the main population regarding
the distribution of anthropometrics or confounding factors.
The results are shown in Table 5. In these subanalyses, the

maternal-offspring associations tended to be stronger, mainly
because of the adjustment for gestational weight change.
However, there was no strong statistical evidence for a real
change in the parental-offspring associations of BMI.

Sensitivity and correlation analyses

In general, the results were essentially the same as those
in the main analyses presented in all of our sensitivity anal-
yses. The one exception was that with adjustment for birth
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Figure 2. Mean offspring body mass index (BMI, measured as
weight in kilograms divided by height in meters squared) at the age
of 3 years according to parental prepregnancy BMI among 29,216
parent-offspring trios in the Norwegian Mother and Child Cohort
Study, 2001-2007.

weight (model 2, which included prenatal and postnatal
factors), the maternal-offspring BMI association became
considerably weaker (B=0.022; 95% CI: 0.017, 0.026)

than the paternal-offspring association (f=0.036; 95% CI:
0.031, 0.042).

Table 6 shows the correlations between parental BMI
and offspring BMI at birth and when the children were 1,
2, and 3 years old. All of the correlations were weak (r=
0.04-0.11), and the maternal-offspring correlations were
somewhat stronger than the paternal-offspring correlations
at all times; however, there was only strong support for a
difference at birth and at 1 year. The paternal-offspring cor-
relation coefficients showed a tendency to strengthen by
offspring age.

DISCUSSION

In the present study, we investigated the possibility that
the association between maternal prepregnancy BMI and
offspring BMI may in part be driven by intrauterine mecha-
nisms related to maternal BMI by comparing the parental-
offspring associations of BMI. A larger maternal-offspring
association would provide some support for an effect of the
intrauterine environment on childhood adiposity. We found
similar parental-offspring associations of BMI when ana-
lyzing z-score values, which indicates that the parental-
offspring BMI associations at 3 years of age are driven by

Table 4. Regression Analyses of Offspring Body Mass Index at 3 Years of Age Among 29,216 Parent-Offspring Trios in the Norwegian Mother

and Child Cohort Study, 2001-2007

Offspring BMI?

Absolute Values® zScore®
B 95% ClI P Value* B 95% ClI P Value®
Model 1¢ 0.001 0.815
Maternal BMI 0.035 0.031, 0.039 0.146 0.128, 0.163
Paternal BMI 0.045 0.040, 0.051 0.149 0.131, 0.166
Model 2f 0.020 0.799
Maternal BMI 0.028 0.024, 0.033 0.119 0.101, 0.137
Paternal BMI 0.037 0.032, 0.043 0.122 0.104, 0.140
Model 2 including prenatal factors® 0.022 0.900
Maternal BMI 0.030 0.026, 0.034 0.125 0.107, 0.143
Paternal BMI 0.039 0.033, 0.044 0.127 0.109, 0.145
Model 2 including postnatal factors" 0.014 0.670
Maternal BMI 0.027 0.023, 0.032 0.115 0.097, 0.133
Paternal BMI 0.037 0.032, 0.043 0.121 0.103, 0.139
Model 2 including both prenatal and postnatal factors 0.018 0.805
Maternal BMI 0.029 0.025, 0.033 0.122 0.104, 0.140
Paternal BMI 0.038 0.033, 0.044 0.125 0.107, 0.143

Abbreviations: BMI, body mass index; Cl, confidence interval.
@ Weight (kg)/height (m)>2.

® Both parental and offspring BMI were analysed in absolute values.

¢ Parental BMIs were analyzed in z-score values (standard deviation), and offspring BMI were analyzed in absolute values.
9 Wald test for difference between maternal-offspring association of BMI compared with paternal-offspring association.
¢ Model 1: univariate analyses of maternal and paternal BMI, respectively.

fModel 2: both parental BMIs included.

9 Prenatal factors included parental educational level, parental prenatal smoking, and maternal coffee consumption.

h Postnatal factors included number of siblings, day care, breastfeeding, outdoor activities, watching television/video, diet, and parental

postnatal smoking.
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Table 5. Regression Analyses of Offspring Body Mass Index at 3 Years of Age Including Parental Body Mass Index Among 27,442 Parent-
Offspring Trios in the Norwegian Mother and Child Cohort Study, 2001-2007

Offspring BMI?

Absolute Values

zScore Values®

[ 95% ClI P Value® B 95% CI P Value®
Model 2¢ with prenatal® and 0.748
postnatal factors'
Maternal BMI 0.030 0.026, 0.035 0.127 0.109, 0.146
Paternal BMI 0.038 0.032, 0.043 0.079 0.123 0.104, 0.141
Model 2 with prenatal®, postnatal’, 0.065
and intrauterine nutritional® factors
Maternal BMI 0.036 0.031, 0.040 0.149 0.130, 0.168
Paternal BMI 0.037 0.032, 0.043 0.695 0.122 0.103, 0.140

Abbreviations: BMI, body mass index; Cl, confidence interval.
2 Weight (kg)/height (m)2.

b Parental BMI is analysed in z score values (SD), offspring BMI in absolute values.
¢ Wald test for difference between maternal-offspring association of BMI compared with paternal-offspring association.

9 Model 2: both parental BMIs included.

° Prenatal factors included parental educational level, prenatal smoking, and maternal coffee consumption.
f Postnatal factors included number of siblings, day care, breastfeeding, outdoor activities, watching television/video, diet, and parental

postnatal smoking.

9 Intrauterine nutritional factors included maternal diabetic status during pregnancy, diet during pregnancy, and gestational weight change.

shared familial genetic and environmental risk factors for
variation in BML

The strengths of the present study are the large sample
size, prospective design, and inclusion of several related
obesogenic factors. The results of the earlier studies have
been somewhat inconsistent (10, 13-16). Davey Smith
et al. (14), Kivimiki et al. (10), and Knight et al. (16) found
no strong support for differences between the maternal-
offspring and paternal-offspring associations of BMIL
However, Knight et al. (16) found a tendency for a greater
paternal-offspring BMI association, as did we. Lawlor et al.
found greater associations between maternal and offspring
BMIs in an Australian cohort (15) and between maternal
BMI and offspring fat mass in an English cohort (13), in
which there previously had been found similar associations
of BMI (14). The varying results may stem from smaller
sample sizes and power to detect statistical differences
between the associations, or they may be due to different
confounding structures in the populations.

The strengths of the associations differed between
studies. This may be related to offspring age at adiposity
assessment, as the associations may get stronger with in-
creasing offspring age (10, 14). It is well known that the
maternal-offspring BMI association is stronger than the
paternal-offspring BMI association at birth (8, 29), as was
found in our correlation analyses. Our results suggest that
the paternal-offspring association gets stronger as the off-
spring get older, whereas the maternal-offspring association
seems to stay more stable. Thus, it is possible that differ-
ences between the parental-offspring associations may
occur at later offspring ages. It should be noted that the
reliability of BMI in assessing fat mass may change accord-
ing to age (30) because of the changing height and body
fat distribution. However, recent analyses using adiposity
data in children who were 9-12 years of age suggested
high correlations of BMI with measured fat mass (31).

Despite 2 of the previous studies finding that maternal-
offspring BMI associations were larger than paternal-

Table 6. Crude Pearson’s Correlations Between Parental Prepregnancy Body Mass Index and Offspring Body Mass Index Among 17,284
Parent-Offspring Trios in the Norwegian Mother and Child Cohort Study, 2001-2007

Age of Offspring
Birth 1 Year 2 Years 3 Years
r 95% Cl P Value r 95% CI P Value r 95% CI P Value r 95% CI P Value
Maternal BMI? 0.10 0.09,0.12 0.11 0.09, 0.12 0.08 0.07,0.10 0.10 0.09,0.12
Paternal BMI? 0.04 0.02,0.05 0.08 0.07,0.10 0.07 0.06, 0.09 0.09 0.08,0.11
Statistical difference® <0.001 0.010 0.234 0.327

Abbreviations: BMI, body mass index; Cl, confidence interval.
2 Weight (kg)/height (m)>2.

® Null hypothesis: No difference in correlation of the matemal-offspring association of BMI compared with the paternal-offspring association of
BMI; testing dependent correlation coefficients by using Fisher's z transformation.
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offspring associations, the authors noted that the difference
was small and not likely to drive any obesity epidemic
through generations (13, 15). Further, our results are con-
sistent with a recent large study in which similar parental-
offspring associations were found when parental and
offspring BMIs were recorded at the same time (11). Our
findings are also consistent with a large study of Swedish
siblings in which the maternal early pregnancy BMI was
different for each sibling; there was no strong support for a
difference in the associations between maternal early preg-
nancy BMI and offspring BMI at 18 years of age (9).

Some genetic variants have been found to be robustly
associated with BMI (32, 33), and we assume that the off-
spring inheritance and expression of variants from each
parent is equal (i.e., no parent-of-origin effect). Previous
studies support this theory, and they found no substantial
gender-specific associations (mother-daughter and father-
son associations) (11, 12). One previous study used maternal
genetic variation in the FTO (fat mass and obesity associat-
ed) gene (adjusted for offspring FTO), a genetic variant
associated with greater adiposity, as an instrumental vari-
able for maternal BMI. That study concluded with no
strong evidence of maternal adiposity influencing offspring
adiposity via intrauterine mechanisms (13).

There are some potential limitations to our study. There is
a skewed self-selection of women into MoBa regarding
several characteristics (34), but this pregnancy cohort is large
enough to represent a wide range of all the relevant charac-
teristics (17). Further, our study indirectly investigates under-
lying biologic mechanisms. Most likely, such mechanisms
are similar in all healthy women, an assumption that was in-
vestigated in MoBa previously (34). The declining response
rate during the study period did not influence well-known
estimates of association (34). It is known that people have a
tendency to overreport their height and underreport their
weight (24). However, our associations did not change in the
sensitivity analysis investigating these phenomena. Some of
the fathers in our study may not be the biological fathers,
which may weaken the paternal-offspring association. Our
nonpaternity analyses show a modest strengthening with an
increasing proportion of nonpaternity from 0% to 10% and a
weakening of the maternal-offspring association, but the
parental-offspring associations remained similar to each
other. High rates of split families in our population could
violate the assumption about shared postnatal environment.
However, 95% of the trios in our population live together.

Our findings of similar parental-offspring BMI associa-
tions suggest that both the mother and father influence their
child’s BMI in similar ways (10, 11, 14, 35). An alternative
explanation could be that different influences from each of
the parents counterbalance each other (36). For example, it
could be that part of the maternal association is due to in-
trauterine effects but that there is a greater expression of
adiposity-related genetic variants transmitted from fathers.
However, this suggestion seems implausible because the
likelihood of perfectly mimicked effects from mechanisti-
cally distinct factors is rather low (35). It may be difficult
to disentangle the relative importance for offspring
BMI of each parental BMI from the web of other obeso-
genic factors (37). However, adjustment for a range of
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obesogenic factors seems to be of little or no importance to
the relative strengths of our associations.

In conclusion, we found similar associations between
maternal-offspring BMI and paternal-offspring BMI, which
indicates that the association of maternal BMI to offspring
BMI at 3 years of age is likely to be explained by shared
familial (environmental and genetic) risk factors rather than
by the intrauterine environment related to maternal BMI. If
this is true, prevention of childhood adiposity will benefit
more from intervening on postnatal risk factors rather than
the prenatal ones. However, the potential role of the intra-
uterine environment should be investigated further at several
offspring ages, with different methodological approaches,
and with other measures of the intrauterine environment.
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