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Abstract

Objective: We aimed to test the fetal overnutrition hypothesis by comparing the
associations of maternal and paternal adiposity (sum of skinfolds) with adiposity
and cardiovascular risk factors in children.

Design: Children from a prospective birth cohort had anthropometry, fat
percentage (bio-impedance), plasma glucose, insulin and lipid concentrations
and blood pressure measured at 9-5 years of age. Detailed anthropometric
measurements were recorded for mothers (at 30 £2 weeks’ gestation) and
fathers (5 years following the index pregnancy).

Setting: Holdsworth Memorial Hospital, Mysore, India.

Subjects: Children (72 504), born to mothers with normal glucose tolerance during
pregnancy.

Results: Twenty-eight per cent of mothers and 38 % of fathers were overweight/
obese (BMI = 25-0kg/m?), but only 4% of the children were overweight/obese
(WHO age- and sex-specific BMI = 18-2kg/m?). The children’s adiposity (BMI,
sum of skinfolds, fat percentage and waist circumference), fasting insulin con-
centration and insulin resistance increased with increasing maternal and paternal
sum of skinfolds adjusted for the child’s sex, age and socio-economic status.
Maternal and paternal effects were similar. The associations with fasting insulin
and insulin resistance were attenuated after adjusting for the child’s current
adiposity.

Conclusions: In this population, both maternal and paternal adiposity equally Kexzyorszs
predict adiposity and insulin resistance in the children. This suggests that shared Cardiovascular risk ;2::;2;
family environment and lifestyle, or genetic/epigenetic factors, influence child Children

adiposity. Our findings do not support the hypothesis that there is an intra- India
uterine overnutrition effect of maternal adiposity in non-diabetic pregnancies,
although we cannot rule out such an effect in cases of extreme maternal obesity,
which is rare in our population.

Insulin resistance
Infergeneration
Maternal and paternal effects

Excessive adiposity leading to overweight or obesity is an
increasing problem in both developed and developing
countries™”. Childhood overweight/obesity is associated
with long-term adverse health consequences because
of tracking of obesity to adult life® and is thought to
contribute to the rising burden of chronic diseases like
CVD and diabetes™® .

It is well established that adiposity in children is
related to parental adiposity. This association could
reflect genetic effects and/or shared family lifestyle
factors such as diet and physical activity patterns'®.
There has been recent interest in the fetal overnutrition
hypothesis, which proposes that maternal obesity may
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contribute to increased offspring adiposity through intra-
uterine exposure to excess fuels (for example glucose and
lipids)>?. Maternal gestational diabetes mellitus (GDM) is
associated with an increased risk of obesity in children”
and this is thought to occur because of materno-
fetal transfer of excess glucose and other fuels during
pregnancy. If similar effects occur with maternal obesity in
the absence of frank GDM, the prevention of maternal
obesity before pregnancy could be an important public
health target.

The fetal overnutrition hypothesis can be tested indirectly
by comparing the relative effects of mothers’ and fathers’
adiposity on offspring adiposity. Assuming that genetic
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effects and shared lifestyle effects act equally through
both parents, these would predict similar effects of
maternal and paternal adiposity. The fetal overnutrition
hypothesis would predict a stronger maternal than paternal
effect™'? . Stronger maternal than paternal effects could
also arise because of the fact that mothers tend to have a
greater role in the feeding and general care of children.
Studies examining childhood adiposity in relation to the
parents’ adiposity have come mainly from high-income
countries, have been limited to BMI or weight as the
measure of adiposity, and have reported conflicting
findings®”'"”. Some found a greater influence of the
mother’s than the father's BMI on offspring BMI7~19
or fat mass"'®, while others have reported that both predict
offspring BMI®> 2 or fat mass equally”. Only a few
studies have reported associations between maternal
adiposity and childhood CVD risk factors such as blood
pressure®???  lipid profile® and insulin resistance®?.
Studies examining associations between paternal adiposity
and CVD risk factors in children are scarce.

Although Indians are not an obese population in BMI
terms, they are known to have a high body fat percentage
relative to their BMI®”. Therefore examining the associa-
tions between parental adiposity and offspring adiposity
in this population may be helpful in understanding the
factors influencing the increasing prevalence of CVD and its
risk factors in this population. The Mysore Parthenon study
in south India®?, a prospective birth cohort study, enabled
us to investigate offspring adiposity and cardiovascular risk
factors in relation to both maternal and paternal adiposity.
That study has collected direct measures of body fat
(skinfolds) in both parents and the children, as well as
body fat percentage (fat%) measured by bio-impedance,
blood pressure and plasma glucose, insulin and lipids in
the children. We compared the strength of associations of
maternal and paternal adiposity with these measurements
in the children.

Methods

The Mysore Parthenon study (Fig. 1) has been described
earlier®®. In brief, during 1997-1998, 830 women book-
ing into the antenatal clinic at the Holdsworth Memorial
Hospital (HMH), Mysore, India and satisfying the eligibi-
lity criteria (no known history of diabetes, singleton
pregnancy of <32 weeks gestation and planning to
deliver at HMH) participated in the study. A total of
663 women delivered live, normal babies at HMH. All
available children (7 630), excluding twenty-five who
died and eight with medical conditions, were measured
annually until the age of 5 years and every 6 months
thereafter. At 9-5 years, excluding ninety-one (fifty-six
refused, twenty-six had moved away, nine were
untraceable), 539 children participated in the study. The
HMH research ethics committee approved the study and
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informed written consent was obtained from the parents
and assent from the children.

Detailed maternal anthropometry including height,
weight and skinfold thicknesses (triceps, biceps, sub-
scapular and suprailiac) were measured at 30 = 2 weeks’
gestation by one of two trained observers using standar-
dized methods. Height was measured to the nearest 0-1 cm
using a Harpenden stadiometer (CMS Instruments, London,
UK); weight was measured to the nearest 500g using
a Seca weighing scale (Seca, Hamburg, Germany); skinfold
thicknesses were measured to the nearest 0-1mm using
Harpenden callipers (CMS Instruments; average of three
readings). In inter-observer variation studies (carried out
6-monthly during the study), the ratio of the standard
deviation of between-observer differences to the standard
deviation of between-subject differences was 0-05, 0-04 and
0-05 for maternal height, weight and sum of skinfolds,
respectively. For fathers and also for mothers, similar
anthropometric data were collected at the child’s 5th year
follow-up. Maternal measurements in pregnancy, a prefer-
able measure for testing the fetal overnutrition hypothesis,
were used for the main analysis.

At 9-5 years children were measured by one of
five trained observers. Weight was measured to the
nearest 100 g using digital scales (Salter, Tonbridge, UK).
Height was measured to the nearest 0-1cm using a
wall-mounted stadiometer (Microtoise; CMS Instruments).
Waist circumference (WC; midpoint between the lower
border of the last rib and the iliac crest in the mid-axillary
line) was measured to the nearest 0-1lcm using an
anthropometric tape. Triceps and subscapular skinfold
thicknesses were measured to the nearest 0-1 mm using
Harpenden callipers (CMS Instruments). In inter-observer
variation studies (carried out twice during the study),
the ratio of the standard deviation of between-observer
differences to the standard deviation of between-subject
differences was 0:02, 0-02, 0-33, 0-24 and 0-05 for weight,
height, WC, triceps and subscapular skinfold thickness
measurements, respectively. Fat% was measured by bio-
impedance (Bodystat QuadScan 4000; Isle of Mann, UK).
Blood pressure, systolic (SBP) and diastolic (DBP), was
measured in the left arm using a cuff size appropriate for
the mid-upper-arm circumference and after the child had
been seated at rest for at least 5min (Dinamap, Criticon,
FL, USA). After an overnight fast, blood samples were
collected fasting and 120 min post glucose load (1-75 g/kg
body weight). Plasma glucose concentrations and fasting
total cholesterol (TC), TAG and HDL-cholesterol (HDL-C)
concentrations were measured by standard enzymatic
methods (Alcyon 3000 AutoAnalyzer; Abbott Laboratories,
Abbott Park, IL, USA). Inter-assay CV were <5% for all.
LDL-cholesterol (LDL-C) was calculated using the formula:
LDL-C = [TC — HDL-C — (TAG/5)]*”. Insulin was mea-
sured using a time-resolved fluoroimmunoassay (Delfia;
Wallac QY, Turku, Finland). Intra-assay and inter-assay CV
were 12:5% at <45pmol/l and <10% at >45pmol/L


https://doi.org/10.1017/S1368980012003795

1658

SR Veena et al.

1233 pregnant women eligible
(singleton, <32 weeks’ gestation, not diabetic before pregnancy,
planning to deliver at HMH)

Did not participate (n 403)

—
L

830 women participated
(OGTT + anthropometry)
(GDM: n 49)

Did not deliver at HMH

-+

no details (n 156)

674 births at HMH

> Excluded (n 11)

(7 stillbirths + 4 major abnormalities)
r

663 live births without major anomalies
(GDM:

n 41)

f——

Excluded (n 33)
(25 deaths + 8 medically unfit)

630 children eligible for follow-up
(GDM:

n 40)

Did not participate (n 91)
56 refused

26 moved away

9 untraceable

—_—

539 children attended 9-5 years follow-up
(anthropometry, OGTT, lipid profile and blood pressure)

Father’ anthropometry 5 years
following the index pregnancy (n 476)

|

—— Excluded (GDM: n 35)

504 children included for final analysis
(504 mother—offspring pairs; 441 father—offspring pairs)

Fig. 1 Flow diagram of the study cohort included for analysis (HMH, Holdsworth Memorial Hospital; OGTT, oral glucose tolerance

test; GDM, gestational diabetes mellitus)

Insulin resistance was estimated using the homeostasis
model assessment equation (HOMA-IR)*®. According to
WHO age- and sex-specific growth standards, 9-5-year-old
children are considered overweight if BMI is >18-2
and <20-9kg/m” for boys or >18-7 and <22-0kg/m? for
girls, and obese if BMI is =20-9kg/m® for boys and
=22-0kg/m? for girls®”. Socio-economic status (SES) was
assessed using the Standard of Living Index designed
by the National Family Health Survey-2°%. It is a standard
questionnaire based on type and size of the house,
household sanitary facilities, source of water and power
supply, cooking fuel used, ownership of house/property,
land and livestock and household assets. A score was
assigned to each question and finally the scores from each
question were summed to obtain the final score. None of
the mothers had ever smoked.
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Statistical methods

Excluding thirty-five children born to GDM mothers, data
were analysed for 504 children (504 mother—offspring
pairs; 441 father—offspring pairs; Fig. 1). Variables with
skewed distributions were log-transformed (maternal BMI,
parents’ and children’s skinfold thicknesses, children’s
fasting insulin and TAG concentrations and HOMA-IR).
Exposures were maternal and paternal adiposity measures
(sum of skinfolds (SS)) and overweight/obesity (BMI =
25-0kg/m?). BMI was also used as a continuous variable.
Outcomes were children’s adiposity measures (BMI, SS,
fat% and WC) and CVD risk factors (fasting and 120 min
post-load glucose, fasting insulin, TAG, HDL-C and LDL-C
concentrations, HOMA-IR and SBP). Associations of the
parents’ adiposity with offspring adiposity and CVD risk
factors were examined by multiple linear regression
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analysis in a series of models. Model 1 was unadjusted;
model 2 was adjusted for covariates (the child’s sex and
age, SES, maternal age, parity and breast-feeding duration);
model 3 included model 2 parameters and both maternal
and paternal adiposity measures; model 4 included model 2
parameters, plus maternal glucose concentrations during
pregnancy (only for maternal effects); and model 5 inclu-
ded model 2 parameters plus the child’s current SS as a
potential mediating factor (for CVD risk markers only). To
facilitate interpretation, internally standardized Z-scores of
parents’ SS and BMI were used in regression models. We
compared regression coefficients for maternal and paternal
effects by comparing the difference to its standard error
using Z tests. Differences in parental associations with
adiposity between boys and girls were tested using inter-
action tests. A Pvalue of <0-05 was considered significant.
Data were analysed using the STATA statistical software
package version 10.

Power calculation

To assess the difference in the effects of maternal and
paternal adiposity (exposures, SS and BMD on child
adiposity and risk factors (outcomes) we used regression
analysis, with standardized versions of the exposures and
outcomes, and adjusted for the child’s age, sex and the
mother’s age, parity and SES. In our study (7 441) the
standard error of the difference between the regression
coefficients for mother’s and father’s adiposity was 0-07 sp
per sp. Therefore, using a test at the 5% level of statistical
significance, our study had 80% power to detect a dif-
ference between these regression coefficients of 0-20 sp
or more in the child’s adiposity or risk factors per sp of
parental adiposity.

Results

Characteristics of the parents and the children are shown in
Table 1. During pregnancy, 120 (23-8%) mothers were
overweight (BMI=25-0 and <30-0kg/m®), twenty-four
(4-8%) were obese (BMI = 30-0 kg/m?) and none (0 %) were
extremely obese (BMI = 40-0 kg/m?). Corresponding figures
for mothers and fathers 5 years following the index preg-
nancy were 123 (25-7%), thirty-six (7-5%) and zero (0%)
and 149 (33-8%), twenty (4:5%) and zero (0%), respec-
tively. Among the children (244 boys and 260 girls), ten
(3:9%) girls were overweight and one (0-4%) was obese.
Corresponding figures for boys were seven (2:9%) and
three (1-2%), respectively. There was a positive correlation
(r=0-2-0-4) between the mother’s and the father’s height,
weight, BMI and all of the skinfold thicknesses. Maternal age
at pregnancy was positively correlated with maternal BMI,
SS, child’s SS, fat%, WC, fasting insulin and HOMA-IR, and
negatively correlated with TAG concentrations (= 0-1-0-2;
P<0-05 for all). Maternal parity was positively associated
with maternal BMI (= 0-2, P=0-0001).
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Maternal age, SS and SES were higher among those
children who were not studied (1 91) compared with
those who took part in the study (7 504; maternal age
(mean 24-6 v. 235 years; P<0-03), maternal SS (95-1 v.
86-4mm; P=0-02), SES (37:02 v. 33:70; P<0-0001)).
Maternal BMI and the children’s gender ratio and birth
weight were similar among those who were not studied
compared with those who took part (maternal BMI (23-9
v. 23:3kg/m? P=0-2), gender (50% boys v. 48% boys;
P=0-9) and birth weight (2:899 v. 2:842kg; P=0-3)).

The children’s current adiposity measures (BMI, SS, fat %
and WC) were positively correlated with their CVD risk
factors (negatively correlated with HDL-C; 7= 0-1-0-4).
The strongest associations were seen with SS. There were
no associations between maternal glucose concentrations
(0, 30, 60, 120 and 180 min post load) and the children’s
adiposity or CVD risk factors (data not shown).

Relationships of maternal and paternal adiposity

with offspring adiposity

Higher maternal and paternal SS were associated with
higher BMI, SS, fat% and WC in the children (Table 2),
and this appeared to hold true across the full range of
parental SS (Fig. 2). A 1 sp increase in parental adiposity
was associated with approximately a 25% sp increase in
child adiposity. The results were similar after adjusting for
maternal age and parity, and the child’s sex, age, breast-
feeding duration and SES (model 2); when maternal
and paternal SS were mutually adjusted (model 3); and addi-
tionally adjusted for maternal glucose concentrations in
pregnancy (only for maternal effects, model 4; Table 2).
Maternal effects were stronger than paternal effects;
however, Z tests indicated no significant differences
between maternal and paternal effects, except on the
children’s fat% where maternal effects were stronger than
paternal effects (P for difference is 0-02).

The results were similar when we used maternal and
paternal overweight or obesity (BMI = 25-0 kg/m?) as the
exposure measure (Table 3) and also when BMI was used
as a continuous variable (Supplementary Materials; Fig. 2).
There was no significant difference between maternal
and paternal effects on the children’s fat%. The findings
were also similar if we used maternal adiposity measures
5 years following the index pregnancy, rather than the
pregnancy values (data not shown). Interaction tests
indicated no differences between boys and girls in any of
the associations described.

Relationsbhips of maternal and paternal adiposity
with offspring cardiovascular risk factors

Higher maternal and paternal SS were associated with
higher fasting insulin concentrations and HOMA-IR
in the children (Table 2). The associations remained
similar after adjusting for potential confounders in a
series of models. However, the effects of maternal SS
were not significant when maternal and paternal SS were
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Table 1 Descriptive statistics (demographic characteristics, anthropometric measures and cardiovascular risk
markers) of the study participants, the Mysore Parthenon study

n Mean, n or Median sb, % or IQR
Mother’s characteristics during pregnancy
Age (years) 504 23-5 4-0
Parity (n, %) 504
0 263 522
1 159 316
2+ 82 16-2
Weight (kg)t 504 55-0 49-5, 61-3
Height (cm 504 154-3 5-4
BMI (kg/m?)t 504 230 20-7, 256
Triceps skinfold thickness (mm)t 504 16-7 12-1, 23-2
Biceps skinfold thickness (mm)t 504 8-6 6-3, 12-4
Subscapular skinfold thickness (mm)t 504 24-3 17-6, 31-6
Suprailiac skinfold thickness (mm)t 504 31-2 22-6, 414
SS (mm)t 504 82-1 60-4, 107-1
Glucose area under the curve (mmol/l) 479 1108-7 154-4
Mother’s characteristics at 5-year follow-up
Weight (kg) 478 55-6 10-8
Height (cm) 478 154-4 5-3
BMI (kg/m?) 478 233 4-4
Triceps skinfold thickness (mm) 478 22-5 9-6
Biceps skinfold thickness (mm)t 478 12-4 7-3, 195
Subscapular skinfold thickness (mm) 469 30-4 12:5
Suprailiac skinfold thickness (mm) 475 277 14-4
SS (mm) 469 93-9 39-8
Father’s characteristics at 5-year follow-up
Weight (kg) 441 66-9 11-3
Height (cm) 441 167-6 6-1
BMI (kg/m?) 441 23-8 37
Triceps skinfold thickness (mm)t 441 125 8-9, 159
Biceps skinfold thickness (mm)t 441 6-8 5-0, 95
Subscapular skinfold thickness (mm)t 436 24-2 17-3, 32-8
Suprailiac skinfold thickness (mm) 437 24-0 10-5
SS (mm) 435 70-2 27-0
Children’s characteristics at 9-5 years
Age (years) 504 9-4 0-1
Breast-feeding duration (months) 485 12:2 52
Height (cm) 504 130-7 5.7
BMI (kg/m?) 504 145 1-9
Triceps skinfold thickness (mm)t 504 9-3 7-6, 11-4
Subscapular skinfold thickness (mm)t 504 71 5-7, 91
SS (mm)t 504 16-3 13-4, 20-5
Fat % 504 27-3 6-5
WC (cm) 503 54-2 5-5
Glucose® (mmol/l) 498 4.7 0-4
Glucose'®® (mmol/l) 476 5-1 0-9
Insulin® (pmol/l)t 498 22:5 14-4, 33-0
HOMA-IRt 498 0-8 0-5,1-2
TAG (mmol/l)t 498 0-8 0-7, 11
HDL-C (mmol/l) 498 11 0-2
LDL-C (mmol/l) 498 2:3 0-5
SBP (mmHg) 504 101-0 8:5
SES (score) 504 34 29, 38

IQR, interquartile range; SS, sum of skinfolds; fat%, body fat percentage; WC, waist circumference; glucoseo, fasting glucose
concentration; glucose‘m, 120 min post-load glucose concentration; insulin®, fasting insulin concentration; HOMA-IR, homeostasis
model assessment-insulin resistance; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; SBP, systolic blood pressure; SES, socio-

economic status.
tTransformed variable.

mutually adjusted (model 3; Table 2). Again, Z tests
showed no significant difference between maternal and
paternal effects. The associations were attenuated after
adjusting for the children’s current adiposity (model 5;
Table 2).

Higher maternal SS and BMI were associated with
lower TAG concentrations in the children (Table 2 and
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Supplementary Materials). The results were similar after
adjusting for potential confounders. Higher paternal SS
was associated with lower LDL-C concentrations in the
children which was significant after adjusting for potential
confounders (Table 2). Neither maternal nor paternal
adiposity predicted glucose concentrations, HDL-C con-
centrations or blood pressure in the children. Interaction
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Table 2 Associations of maternal and paternal adiposity (sum of skinfolds) with offspring adiposity and cardiovascular risk factors, the Mysore Parthenon study

Model 1 Model 2 Model 3 Model 4 Model 5

Children’s adiposity and

cardiovascular risk factors Bt 95% Cl Bt 95% ClI Bt 95% Cl Bt 95% Cl Bt 95% ClI Pt
Maternal SS

BMI (kg/m?) 0-52*** 0-36, 0-68 0-49*** 0-32, 0-65 0-36*** 0-20, 0-53 0-50*** 0-33, 0-68 0-3

SS (mm)§ 0-10*** 0-07, 0-13 0-09*** 0-06, 0-11 0-07*** 0-04, 0-10 0-09*** 0-06, 0-12 0-6

Fat % 1-65*** 1-09, 2-22 1-35*** 0-83, 1-87 1-28*** 0-73, 1-82 1-37*** 0-82, 1-91 0-02

WC (cm) 1-35*** 0-88, 1-83 1-20** 0-71, 1-69 0-81** 0-31, 1-31 1-23** 0-72, 1-75 0-9

Glucose® (mmol/l) —-0-02 —0-05, 0-02 —0-02 —0-05, 0-02 —0-03 —0-06, 0-01 —0-01 —0-05, 0-03 —0-03 —-0-07, 0-01 0-045

Glucose'° (mmol/l) —-0-03 —-0-11, 0-05 -0-03 -0-12, 0-05 —0-05 —0-15, 0-04 —0-05 —0-14, 0-03 -0-07 —-0-16, 0-02 0-054

Insulin® (pmol/l)§ 0-08** 0-03, 0-13 0-06* 0-01, 0-11 0-04 —-0-02, 0-10 0-06* 0-01, 0-12 0-02 —0-04, 0-07 0-4

HOMA-IR§ 0-08** 0-02, 0-13 0-06* 0-002, 0-11 0-04 —0-02, 0-09 0-06* 0-005, 0-12 0-01 —0-05, 0-06 0-3

TAG (mmol/1)§ —0-04* —0-07, —0-004 —0-04* —0-07, —0-01 —0-03 —-0-07, 0-002 —0-05* -0-08, —0-01 —0-05** —-0-09, —0-02 0-3

HDL-C (mmol/l) 0-003 —0-02, 0-02 0-004 —-0-02, 0-02 0-004 —-0-02, 0-03 0-003 —-0-02, 0-02 0-007 —0-01, 0-03 0-7

LDL-C (mmol/l) —0-005 —0-05, 0-04 —0-007 —0-06, 0-04 —0-001 —0-05, 0-05 —0-004 —0-06, 0-05 —-0-02 —-0-07, 0-03 0-2

SBP (mmHg) 0-53 -0-23, 1-28 0-67 —0-11, 1-46 0-46 —-0-39, 1-31 0-65 -0-17, 1-47 -0-27 -1-02, 0-49 0-9
Paternal SS

BMI (kg/m?) 0-38*** 0-22, 0-54 0-30** 0-13, 0-47 0-23** 0-06, 0-40

SS (mm)§ 0-08*** 0-05, 0-11 0-07*** 0-04, 0-10 0-06*** 0-03, 0-08

Fat % 0-74* 0-15, 1-34 0-52 -0-02, 1-06 0-28 —0-26, 0-83

WC (cm) 1-26*** 0-78, 1-73 1-00*** 0-46, 1-45 0-81* 0-30, 1-31

Glucose® gmmol/l) 0-03 —-0-01, 0-06 0-03 —-0-01, 0-07 0-04 —0-003, 0-08 0-02 —-0-02, 0-06

Glucose'2® (mmol/l) 0-08 —0-01, 0-16 0-07 -0-02, 0-16 0-08 —-0-01, 0-18 0-06 —0-03, 0-15

Insulin® (pmol/l)§ 0-09** 0-04, 0-15 0-08** 0-03, 0-14 0-08** 0-02, 0-13 0-05 —0-002, 0-11

HOMA-IR§ 0-10** 0-04, 0-15 0-09** 0-03, 0-15 0- 08** 0-02, 0-14 0-06 —0-0005, 0-12

TAG (mmol/l)§ -0-02 —0-05, 0-02 —0-01 —0-05, 0-02 —0-01 —0-04, 0-03 —-0-02 —0-05, 0-02

HDL-C (mmol/l) —0-001 —-0-02, 0-02 —0-002 —0-02, 0-02 —0-003 —0-02, 0-02 —0-0002 —-0-02, 0-02

LDL-C (mmol/l) —-0-05 —0-10, 0-001 —0-06* -0-11, —0-003 —0-06* —-0-11, —0-001 —0-06* -0-11, —0-01

SBP (mmHg) 0-46 -0-33, 1-25 0-49 —0-34, 1-33 0-41 —0-44, 1-26 -0-24 —1-04, 0-56

SS, sum of skinfolds; fat %, body fat percentage; WC, waist circumference; glucose®, fasting glucose concentration; glucose'2°, 120 min post-load glucose concentration; insulin®, fasting insulin concentration; HOMA-IR,
homeostasis model assessment-insulin resistance; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; SBP, systolic blood pressure; SES, socio-economic status.

*P<0-05; **P<0-01; ***P<0-001.

tB is the effect size derived using maternal or paternal SS as a continuous variable (standardized) in multiple linear regression analysis. For logged variables, the effect size indicates the percentage change in the
outcome per unit change in the predictor. Model 1: unadjusted; model 2: adjusted for the child’s sex, age, breast-feeding duration, and maternal age, parity and SES; model 3: model 2+maternal and paternal SS mutually
adjusted; model 4: model 2+maternal glucose area under the curve at pregnancy; model 5: model 2+the child’s SS at 9-5 years.

tP value for difference between maternal and paternal effects derived using the Z test (model 3).

§Logged variables.
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Fig. 2 Association of maternal (—®—) and paternal (— —@— —) sum of skinfolds and BMI with child’s sum of skinfolds (SS), the
Mysore Parthenon study. Values are means with 95 % confidence intervals represented by vertical bars

tests showed no differences in any of the associations
described between boys and girls.

The results were similar when maternal and paternal
overweight or obesity were used as the exposure in the
analysis (Table 3), when BMI was used as a continuous
variable (Supplementary Materials) and also when we
used maternal adiposity measures 5 years following the
index pregnancy, rather than the pregnancy values (data
not shown).

Discussion

Summary of the main findings

We examined associations between both parents’ adipo-
sity and measures of adiposity and CVD risk factors in
a cohort of Indian children whose mothers were non-
diabetic during pregnancy. Both maternal and paternal
adiposity were positively associated with adiposity (BMI,
SS, fat% and WC) and fasting insulin concentration and
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HOMA-IR in the children. Although maternal effects were
generally stronger than paternal effects, the differences
were small and non-significant except for parental SS in
relation to the child’s fat%. We conclude that maternal and
paternal effects were essentially similar in magnitude in
our study.

Strengths and weakness

Strengths of the study were its prospective design, with
good characterization of maternal glucose tolerance
during pregnancy and continuous follow-up of a large
number of children from birth. We collected detailed
measurements of the parents’ as well as the children’s
adiposity (not just BMI) and CVD risk factors. A limitation
was that we did not collect the fathers’ anthropometric
data at the same time as the mothers’ (during pregnancy),
and used the fathers’ data collected at the child’s 5-year
follow-up to compare maternal and paternal effects.
This might have led to differences in mother—offspring
and father—offspring associations. However, our findings
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Table 3 Associations of maternal and paternal adiposity (overweight/obesity, BMI = 25-0 kg/m?) with offspring adiposity and cardiovascular risk factors, the Mysore Parthenon study

Model 1 Model 2 Model 3 Model 4 Model 5

Children’s adiposity and
cardiovascular risk factors Bt 95% ClI Bt 95% Cl Bt 95% ClI Bt 95% Cl Bt 95% ClI Pt

Maternal overweight/obesity

BMI (kg/m?) 0-94*** 0-58, 1-29 0-96™* 0-60, 1-33 0-74** 0-37, 1-11 0-95™** 0-57, 1-33 0-6

SS (mm)§ 0-13** 0-07, 0-20 0-11** 0-05, 0-17 0-09** 0-03, 0-16 0-11** 0-05, 0-18 1-0

Fat % 1-73* 0-47, 2-98 1-12 -0-03, 2-27 1-24* 0-03, 2:45 1-14 —0-05, 2-34 0-4

WC (cm) 216" 112, 3-:20 2:18™* 1-10, 3-25 1-60** 0-48, 2-71 2-:06*** 0-95, 3-18 0-9

Glucose® (mmol/l) —0-04 -0-12, 0-03 —0-05 —0-13, 0-03 —0-04 -0-12, 0-05 —0-02 —0-10, 0-06 —0-06 —0-14, 0-02 0-08

Glucose ' (mmol/l) —0-02 —0-20, 0-16 —0-03 -0-22, 0-15 0-01 —0-19, 0-21 -0-07 —0-27, 0-12 -0-07 —0-26, 0-12 0-5

Insulin® (pmol/l)§ 0-16** 0-04, 0-28 0-12~ 0-01, 0-24 0-09 —0-03, 0-21 0-12* 0-005, 0-24 0-07 —0-05, 0-18 0-5

HOMA-IR§ 0-15* 0-03, 0-27 0-11 —0-01, 0-23 0-08 —0-05, 0-21 0-12 —0-01, 0-24 0-05 -0-07, 0-17 0-4

TAG (mmol/l)§ —0-04 —0-11, 0-03 —0-04 —0-12, 0-03 —0-03 —0-11, 0-05 —0-05 —0-12, 0-03 —0-05 —0-13, 0-02 1-0

HDL-C (mmol/l) 0-005 —0-04, 0-05 0-003 —0-04, 0-05 —0-001 —0-05, 0-05 0-002 —0-04, 0-05 0-01 —0-04, 0-05 0-9

LDL-C (mmol/l) 0-06 —0-05, 0-16 0-05 —0-06, 0-16 0-06 —0-05, 0-18 0-04 —-0-07, 0-15 0-04 —0-07, 0-15 0-056

SBP (mmHg) 1-41 —0-22, 3-05 1-28 —0-43, 3-00 1-21 —0-63, 3-05 1-41 —0-36, 3-18 0-10 -1-50, 1-70 1-0
Paternal overweight/obesity

BMI (kg/m?) 0-74** 0-41, 1-08 0-70™* 0-35, 1-04 0-61** 0-27, 0-95

SS (mm)§ 0-11** 0-05, 0-17 0-10** 0-04, 0-16 0-09** 0-03, 0-15

Fat % 0-95 -0-29, 2:19 0-69 —0-41,1-79 0-54 —0-56, 1-65

WC (cm) 2:07* 1-06, 3-08 1-93** 0-91, 295 1-73* 0-71, 2:75

Glucose® gmmol/l) 0-06 —0-01, 0-14 0-07 —-0-01, 0-14 0-07 —-0-01, 0-15 0-05 —0-03, 0-13

Glucose'® (mmol/l) 0-11 —0-07, 0-29 0-12 —0-06, 0-30 0-12 —0-07, 0-30 0-09 —-0-10, 0-27

Insulin® (pmol/l)§ 0-17** 0-05, 0-28 0-16™* 0-05, 0-27 0-15** 0-04, 0-26 0-11* 0-005, 0-22

HOMA-IR§ 0-18** 0-06, 0-30 0-18** 0-06, 0-29 0-17** 0-05, 0-29 0-13 * 0-01, 0-24

TAG (mmol/l)§ —0-03 —0-10, 0-04 —0-04 —0-11, 0-04 —0-03 —0-10, 0-04 —0-04 —0-11, 0-03

HDL-C (mmol/l) —0-005 —0-05, 0-04 —0-003 —0-05, 0-04 —0-003 —0-05, 0-04 —0-0003 —0-04, 0-04

LDL-C (mmol/l) —0-08 —0-19, 0-02 —0-09 —0-20, 0-01 -0-10 —0-21, 0-01 -0-10 —0-21, 0-01

SBP (mmHg) 1-36 —0-26, 2:99 1-37 —0-30, 3-04 1-22 —0-46, 2-91 0-31 -1-27,1-90

SS, sum of skinfolds; fat %, body fat percentage; WC, waist circumference; glucose®, fasting glucose concentration; glucose'2°, 120 min post-load glucose concentration; insulin®, fasting insulin concentration; HOMA-IR,
homeostasis model assessment-insulin resistance; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; SBP, systolic blood pressure; SES, socio-economic status.

*P<0-05; **P<0-01; ***P<0-001.

tB is the effect size derived using maternal or paternal overweight/obesity as a continuous variable (standardized) in multiple linear regression analysis. For logged variables, the effect size indicates the percentage
change in the outcome per unit change in the predictor. Model 1: unadjusted; model 2: adjusted for the child’s sex, age, breast-feeding duration, and maternal age, parity and SES; model 3: model 2+maternal and
paternal SS mutually adjusted; model 4: model 2+maternal glucose area under the curve at pregnancy; model 5: model 2+the child’s SS at 9-5 years.

tP value for difference between maternal and paternal effects derived using the Z test (model 3).

§Logged variables.
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were similar if we used the 5-year follow-up data for
both parents.

Parent—child adiposity; comparison with

otber studies

Our results are consistent with a number of other studies
in Western populations that have found similar effects of
maternal and paternal BMI on childhood BMI®'1 or
fat mass (SS, dual-energy X-ray absorptiometry)"®?,
However, others have reported stronger maternal than
paternal effects’™®. Another recent study from the
USA found that maternal pre-gravid BMI and gesta-
tional weight gain predicted fat mass (dual-energy X-ray
absorptiometry) in the children at 8 years while there
was no association with paternal BMI”. In the UK
Avon Longitudinal Study of Pregnancy and Childhood,
maternal and paternal BMI was associated with off-
spring fat mass at 9-11 years and maternal effects were
stronger than paternal. However, by using FTO genotype
and a Mendelian randomization approach, the authors
concluded that the difference between maternal and
paternal effects was very small and that fetal overnutrition
related to higher maternal BMI is unlikely to cause
childhood obesity'?.

Some of the best evidence for the fetal overnutrition
hypothesis comes from studies of children born before or
after maternal bariatric surgery. Kral et al. found a higher
prevalence of obesity among children born to extremely
obese mothers (mean BMI 48-0kg/m®) before they
underwent biliopancreatic bypass surgery, compared with
children born after maternal surgery®”. These findings
were confirmed in a follow-up study limited to siblings
born before and after maternal bariatric surgery®?.
Although these were small studies, they suggest an intra-
uterine effect of extreme maternal obesity on adiposity in
the children. The lack of a difference between maternal
and paternal effects in Mysore could be because we do not
have any extremely obese mothers, and also because our
children are thin. Taken together, the evidence from our
own and the above studies suggests that, in the absence of
maternal GDM, fetal exposure to maternal adiposity during
pregnancy does not increase adiposity in children over and
above the effects of genes and/or shared family lifestyle,
except at very high levels of maternal obesity.

Parents’ adiposity—child cardiovascular

risk factors

In our study, both maternal and paternal SS was positively
associated with fasting insulin concentrations and HOMA-
IR in the children at 9-5 years. These associations were
attenuated after adjusting for the child’s current adiposity,
suggesting that this is a mediating factor. Few other
studies have reported insulin concentrations or insulin
resistance in children in relation to the parents’ adiposity.
Consistent with our findings, however, fasting insulin
and HOMA-IR were positively related to maternal BMI in
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11-year-old Afro-Jamaican children. The associations
were non-significant after adjusting for the children’s
WC?? In contrast, a recent study among Estonian and
Swedish children showed no associations between the
parents’ current BMI and offspring HOMA-IR™?.

We found no associations between parental adiposity
and blood pressure in the children. Other studies have
shown inconsistent results. Among Australian®® and UK®
children, there were positive associations of maternal BMI
and/or weight with offspring SBP. In the Australian study,
there was a similar association with paternal BMI; in the
UK, fathers were not studied. However, among Jamai-
can®? and Philippine'®® children, there were inverse
associations between maternal triceps skinfold thickness
during pregnancy and SBP (again, fathers were not stu-
died). Since all these findings were in children of similar
age, the differences between studies are likely to result
from variation in the level of parent and child adiposity;
in the latter two studies, parents were much thinner than
in Mysore and the European studies.

In our study, maternal but not paternal adiposity was
inversely related to the children’s TAG concentrations and
paternal but not maternal adiposity was inversely related
to the children’s LDL-C concentrations. The Estonia/
Sweden study showed no associations between either
parent’s BMI and any of the children’s lipid concentra-
tions"'”, but a recent study from the UK reported that
greater maternal weight was associated with lower HDL-C
in children at 9 years(s). Among adolescent Filipinos
maternal arm fat area was positively associated with HDL-C
in boys and LDL-C in girls, and inversely associated with
LDL-C in boys®?. A mechanism for the inverse associations
in our study is not clear.

Conclusions

In this urban Indian population both maternal and paternal
adiposity were related equally to adiposity and insulin
resistance in the children at age 95 years. Our findings
suggest that genetic or shared family environmental factors
are most likely to underlie these associations, although we
cannot draw any conclusions regarding the relative con-
tributions of these. We cannot rule out another possibility
that equal maternal and paternal effects on the child’s
adiposity could occur because of epigenetic changes in
gametic DNA, which could theoretically result from nutri-
tional exposures in either or both parents®®. Our study, in
a population with low levels of childhood obesity, did not
support the hypothesis that maternal adiposity, in the
absence of GDM, increases adiposity and cardiovascular
risk in the children through a fetal overnutrition effect. This
lack of evidence is echoed by the absence of a relationship
between maternal glucose concentrations (a fetal fuel)
and adiposity in the children. Therefore, while there is
good evidence that fetal overnutrition caused by GDM or
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extreme maternal obesity is an important cause of child-
hood obesity, it does not seem likely that lesser levels of
maternal adiposity are fuelling the worldwide epidemic
of obesity through this intergenerational mechanism.
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