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Abstract

Objective: The association between high sugar-sweetened beverages (SSB) intake
during pregnancy and offspring overweight/obesity has been reported only from
Western countries. The objective of this study was to examine the association
between SSB intake before and during pregnancy and offspring overweight/
obesity among Japanese women.

Design: Japanese prospective birth cohort study.

Setting: We analysed mother—offspring pairs who participated in the Tohoku
Medical Megabank Project Birth and Three-Generation Cohort Study from 2013
to 2017. SSB intake during pregnancy was evaluated using the FFQ and classified
into three groups: none (0 g/d), medium (<195 g/d) and high (>195 g/d).
Overweight or obesity at 1 year of age in offspring was defined as having a
BMI Z-score greater than 2 sp, calculated based on the BMI reference data for
Japanese children. Multiple logistic regression analyses were performed to exam-
ine the associations between SSB intake before and during pregnancy and off-
spring overweight/obesity, after adjusting for covariates.

Participants: Japanese mother—offspring pairs (1 7114).

Results: The overweight/obesity rate of the offspring was 8-8 %. Pregnant women
with a high intake of SSB in early to mid-pregnancy had a higher risk of over-
weight/obesity in their offspring compared with those who did not; the OR was Sugar-sweefened beverages
1-52 (95 % CI (1:09, 2:12)). Offspring overweight/ohesity
Conclusions: High SSB intake in early to mid-pregnancy was associated with an Pregnancy
increased risk of offspring overweight/obesity at 1 year of age. Jupan

Keywords

The incidence of childhood obesity has reached an
alarming level worldwide . In 2014, it was estimated that
41 million children under the age of 5 years were at risk of
being overweight or obese'”. In 2012, the prevalence of
overweight among 3-year-olds in Japan was 5-1%®.
Childhood obesity is associated with an increased risk of
poor academic performance®, depression, low self-
esteem, bullying®; and chronic diseases such as adult
obesity®, diabetes®”, CVD, and cancer”. Furthermore,
overweight/obesity at 1 year of age has been found to
be associated with adult obesity®. Therefore, it is
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important to prevent obesity from an early age to avert
lifestyle-related diseases in adults.

Adequate nutrition before and during early pregnancy has
a positive impact on maternal and offspring health®. In con-
trast, undernutrition or overnutrition during pregnancy can
lead to offspring overweight/obesity!”’. Therefore, pregnant
women require proper nutrition and a healthy diet. High
intake of artificially sweetened beverages (ASB) and sugar-
sweetened beverages (SSB) in pregnant women has been
shown to be associated with overweight/obesity in their chil-
dren; studies conducted in Western countries showed that
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Fig. 1 Flow chart of participant inclusion. @The first FFQ was administered in early pregnancy to assess the frequency and quantity of
foods and beverages consumed in the past year. PThe second FFQ was administered in mid-pregnancy to assess the frequency and
quantity of foods and beverages consumed since the administration of the first FFQ. °FFQ, food frequency questionnaire. 9SSB,

sugar-sweetened beverages. °BMI, body mass index.

high ASB or SSB intake during pregnancy was associated with
an increased risk of overweight/obesity after the first year of
life™-19 and not with the birth weight of the child1%,
However, to our knowledge, no study has examined this
association in Japan. Japanese adults have a lower soft drink
consumption than adults from Western countries”,
Therefore, it is possible that the SSB intake in Japanese preg-
nant women is lower than that in Western countries, and that
its association with offspring overweight/obesity may differ
from that observed in previous studies. Furthermore, it is still
unclear at which stage of pregnancy SSB intake is associated
with offspring overweight/obesity. Previous studies have
reported associations of SSB consumption during early preg-
nancy’® and SSB consumption during mid-pregnancy with
offspring overweight/obesity!>1?,

Based on the above circumstances, this study aimed to
examine the association between SSB intake and offspring
overweight/obesity at 1 year of age in Japanese women
while taking into account the timing of SSB intake.

Methods

Study design and population

We used data from the Tohoku Medical Megabank Project
Birth and Three-Generation Cohort Study (TMM BirThree
Cohort Study). Details of the TMM BirThree Cohort Study
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have been provided elsewhere"'®!?. Pregnant women

and their families from Miyagi Prefecture were recruited
for the TMM BirThree Cohort Study from July 2013 to
March 2017. Approximately fifty obstetric clinics and hos-
pitals participated in the recruitment process.

Of the 23730 mother—offspring pairs originally
enrolled, we excluded 3990 mother—offspring pairs
because of withdrawal of consent, missing data from the
two FFQ administered, extreme energy intake (< 800 kcal
or >3600 kcal) identified via the two FFQ®?. Of the remain-
ing 19 413 mother—offspring pairs, 11 317 were excluded
because of missing data on the offspring’s height and
weight at 1 year of age. Of the remaining 8096 mother—off-
spring pairs, 982 were excluded because of missing data on
the maternal pre-pregnancy BMI, education level, smoking
status and alcohol consumption; breast-feeding duration;
offspring birth weight; and the timing of introduction of
fruit juice to the offspring. The remaining 7114 mother-oft-
spring pairs were included for analysis (Fig. 1). Differences
in characteristics between the 16 616 pairs of mothers and
offspring excluded from the analysis and the 7114 pairs
included in the analysis are shown in Appendix A.

Exposure variables

Intake of SSB and other foods was assessed using a 130-
item  self-administered  semiquantitative =~ FFQ@!=23,
Compared with the FFQ used in the Japan Public Health
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Centre-Based Prospective (JPHC) study, the response
option ‘constitutionally unable to eat/drink’ was added to
the FFQ used in this study® 2. The JPHC FFQ has been
validated in the general Japanese population®2%  and
the Spearman coeftficient of validity for soft drinks (includ-
ing cola and energy drinks) was 0-41 for women®?. Data
on SSB intake before and during pregnancy were obtained
from the first and second FFQ, which were administered in
early pregnancy (0-13 weeks of gestation) and mid-preg-
nancy (14-27 weeks of gestation), respectively. The mean
response times for the first and second FFQ were 20-2 £ 7-2
and 28:3 £ 5-2 weeks of gestation, respectively. The first
FFQ was administered in early pregnancy and assessed
the frequency and amount of food items and beverages
over the past year to evaluate food and beverage consump-
tion from pre- to early pregnancy. The second FFQ
assessed the frequency and quantity of foods and bever-
ages consumed since the administration of the first FFQ.
SSB was defined as the sum of soft drinks (e.g. cola), lactic
acid bacteria beverages (e.g. Yakult), energy drinks (e.g.
Lipovitan D) and canned coffee®. The frequency of intake
of each beverage was evaluated using a questionnaire with
the following ten items: ‘constitutionally unable to drink’,
‘never or < 1 cup a week’, ‘1-2 cups a week’, 3-4 cups a
week’, ‘5-6 cups a week’, ‘1 cup a day’, 2-3 cups a day’,
‘“4-6 cups a day’, ‘7-9 cups a day’ and ‘> 10 cups a day’.
SSB intake was calculated by summing the intake of each
beverage. SSB intake was adjusted for energy intake by
summing the mean SSB intake and residuals®®. For the cat-
egorical analysis, to examine the risk of being overweight
and obese in children in the high SSB intake group (i.e. 90th
percentile or higher) and SSB intake was divided into three
categories: none (0 g/d), medium (< 195 g/d) and high
(> 195 g/d) intake.

Outcome variables

Height and weight data from the health check-up of the
infants at 1 year of age were used; the BMI Z-score was
calculated based on the BMI reference data for Japanese
children®”. Referring to the WHO cut-off value for over-
weight/obesity for children aged under 5 years, we defined
offspring overweight/obesity as a BMI Z-score greater than
2 sp above at 1 year of age®.

Potential confounders

Potential confounders were selected based on previous
studies" ™', Maternal pre-pregnancy BMI (kg/m?) was
calculated by dividing the pre-pregnancy weight (kg) by
the square of the pre-pregnancy height (m?). It was divided
into three categories: < 185 kg/m?, 18:5-24-9 kg/m? and
> 250 kg/m?. Data regarding the maternal age at delivery
(< 25 years, 25-29 years, 30-34 years or > 35 years), history
of gestational diabetes (ever or never) and parity (ever or
never) were collected from the participants’ medical
records. Data on smoking (never, quit before pregnancy,
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quit after pregnancy and current) were collected via a ques-
tionnaire administered in early pregnancy. Data on educa-
tion level (high school or lower, junior college or vocational
college, or university or higher) were collected 1 year after
delivery. Total daily energy intake (continuous variable)
was calculated using data from the Japanese Standard
Tables of Food Composition (5™ edition, revised in
2005)®. Total consumption of cereals, potatoes, meat,
sugar and alcoholic beverages was calculated from the
FFQ and adjusted for energy (continuous variable).
Offspring information, including birth weight (continuous
variable), sex (male or female) and gestational age in
weeks (continuous variable) were collected from medical
records. The duration of breast-feeding (< 6 months or > 6
months) was assessed via a questionnaire administered
when the child was 1-6 months of age. Data on the timing
of introduction of fruit juice to the offspring (age <6
months, 7-8 months, 9-10 months, 11-12 months, not
yet introduced) were collected 1 year after delivery.

Statistical analysis

Maternal and offspring characteristics were compared
according to maternal SSB intake using the ANOVA for con-
tinuous variables and the y? test for categorical variables.
The association between maternal SSB intake and the risk
of offspring overweight/obesity at 1 year of age was
assessed using multivariate logistic regression analysis,
and OR or adjusted OR (aOR) and 95 % CI were calculated
for each group compared with ‘None’. Three models were
constructed to examine these associations. Model 1 was the
crude model. Model 2 was adjusted for age at delivery and
pre-pregnancy BMI. Model 3 was adjusted for the variables
adjusted for in model 2 and education level; smoking sta-
tus; parity; gestational diabetes; total energy intake; con-
sumption of cereals, potatoes, meat, sugar, and alcoholic
beverages; offspring sex; gestational age; birth weight;
breast-feeding duration; and timing of introduction of fruit
juice to the offspring. We calculated a trend P-value using
the category of SSB intake as the continuous variable to
estimate trends. As in previous studies'"'?, the adjusted
models were stratified to examine effect modification by
maternal pre-pregnancy overweight/obesity and offspring
sex. Maternal pre-pregnancy overweight/obesity was
defined as a pre-pregnancy BMI>25.0 kg/m?
Interaction tests were conducted by entering the interac-
tion terms in the logistic model. Statistical significance
was set at P < 0-05. All statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc.).

Results

Table 1 shows the characteristics of participants according
to the SSB intake pre- to early pregnancy. The mean (SD)
age at delivery was 32-4 (4-7) years, 10-4 % of the pregnant
women were obese (BMI > 25-0 kg/m?), and 8:8 % of the
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Table 1 Maternal and offspring characteristics according to maternal SSB intake: the TMM BirThree Cohort Study, 2013-2017, Japan

SSB intake pre- to early pregnancy (g/d)

None* Medium* High*
Mean SD Mean SD P-valuet
0 51.5 48-3 262-7 217-6
n 992 n 5410 n712
Maternal characteristics n or mean % or sb nor mean % or sb nor mean % or sD
Age at delivery (years)
<25 23 2.3 256 4.7 53 74 <0-001
25-29 162 16-3 1252 231 211 29-6
30-34 412 41.5 2079 384 262 36-8
> 35 395 398 1823 337 186 26-1
Pre-pregnancy BMIt (kg/m?)
<185 160 16-1 760 141 103 14.5 <0-001
18-5-24-9 752 75-8 4083 755 513 721
>25.0 80 8-1 567 10-5 96 135
Educational level
High school or lower 245 24.7 1556 28-8 307 431 <0-001
Junior college or vocational college 414 41.7 2163 40-0 253 35-5
University or higher 333 336 1691 313 152 214
Smoking status
Never 685 69-1 3555 65-7 353 49-6 <0-001
Quit before pregnancy 221 22-3 1295 239 177 249
Quit after pregnancy 77 7-8 499 92 142 199
Current 9 09 61 11 40 5-6
Parity > 1 594 59.9 2752 50-9 325 45.7 <0-001
Gestational diabetes 23 23 61 21 19 2.7 0-55
Dietary intake§
Energy (kcal/d) 2137 445 1541 453 1756 555 <0-001
Cereal (g/d) 426-9 1331 426-9 103-8 396-1 116-2 <0-001
Potato (g/d) 25.7 233 24.8 24.0 23-2 19-6 <0-001
Meat (g/d) 737 54.2 74-9 337 735 417 <0-001
Oil and fat (g/d) 10-5 6-4 10-1 37 94 4.2 <0-001
Alcoholic beverage (g/d) 101- 300- 111.5 230- 95.5 276- <0-001
Confectionary (g/d) 187 30-2 192 16-1 20-7 19-0 <0-001
Offspring characteristics
Sex
Male 506 51.0 2806 51.9 358 50-3 0-67
Female 486 49.0 2604 481 354 49.7
Birth weight (g) 3040 397 3021 414 3012 436 0-34
Gestational age (weeks) 38-8 14 387 1.6 38-8 1.5 0-44
Breast-feeding duration > 6 months 862 86-9 4436 82- 533 74- <0-001
Timing of introduction of fruit juice to the offspring (age in months)
<6 327 33.0 1778 329 266 374 0-06
7-8 319 32.2 1763 32:6 233 327
9-10 122 123 750 139 90 12.6
11-12 119 12.0 545 10-1 75 10-5
Not yet introduced 105 10-6 574 10-6 48 6-7

SSB, sugar-sweetened beverages.
*None: 0 g/d, Medium: <195 g/d, High: >195 g/d.

1Obtained using the Student's ¢ test for continuous variables and the 42 test for categorical variables, comparing mother—offspring pairs who were analysed and mother—

offspring pairs who were not.

1BMI Z-score was calculated based on the BMI reference data for Japanese children. Overweight/obesity was defined as a BMI Z-score greater than 2 sp above at 1 year of

age.

§AIl dietary intakes were energy-adjusted by the residual method. SSB included soft drinks, lactic acid bacteria beverages, energy drinks and canned coffee.

offspring were overweight/obesity. The mean (sp) SSB
intake was 47-9 (121-1) g from pre- to early pregnancy
and 361 (98:9) g from early to mid-pregnancy. Pregnant
women with high SSB intake pre- to early pregnancy were
younger, had higher pre-pregnancy BMI, had a lower edu-
cation level, were more likely to have smoked during preg-
nancy, had shorter breast-feeding periods, and consumed
fewer cereals, potatoes, fats, oils, and alcoholic beverages
compared with pregnant women who did not con-
sume SSB.

0.1017/51368980023000307 Published online by Cambridge University Press

Table 2 shows the association between maternal SSB
intake and offspring overweight/obesity at 1 year of age.
Pregnant women who consumed high amounts of SSB
pre- to early pregnancy had a higher risk of offspring over-
weight/obesity at 1 year of age compared with those who
did not consume SSB (OR 1-48; 95 % CI (1-07, 2-06)) (Model
1. After adjustment for confounders, this association was
no longer present; the multivariate-adjusted OR (95 % CI)
were 137 (098, 1.90) (model 2) and 1:36 (0-96, 1-92)
(model 3). Pregnant women who consumed high amounts
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Table 2 Maternal SSB intake before and during pregnancy and offspring overweight/obesity* at 1 year of age: the TMM BirThree Cohort
Study, 2013-2017, Japan

Offspring overweight/

obesity* Model 1 Model 2 Model 3
SSB intake Nin % ORt 95 % ClI ORt 95 % Cl ORt 95 % Cl
Pre- to early pregnancy
Nonet 992/79 8.0 1.00 1.00 1.00
Mediumt 5410/463 8-6 1.08 0-84, 1-39 1.03 0-81, 1-33 1.06 0-81, 1-40
Hight 712/81 11. 1.48 1.07, 2.06 1.37 0-98, 1-90 1.36 0-96, 1-92
Pfor trend§ 0-02 0-08 0-08
Early to mid-pregnancy
Nonet 1094/83 7-6 1.00 1.00 1.00
Mediumt 5309/454 8.6 1.14 0-89, 1-45 1-10 0-86, 1-40 1-11 0-85, 1-45
Hight 711/86 12. 1-68 1.22, 2-30 1.56 1-13, 2-15 1.52 1.09, 2-12
Pror trend$ 0-002 0-01 0-01

aOR: adjusted OR.

*BMI Z-score was calculated based on the BMI reference data for Japanese children. Overweight/obesity was defined as a BMI Z-score greater than 2 sp above at 1 year of
age.

1tNone: 0 g/d, Medium: <195 g/d, High: >195 g/d.

FMultivariate logistic regression analysis adjusted for age at delivery, pre-pregnancy BMI, education; smoking status; parity; gestational diabetes; energy intake; intake of
cereals, potatoes, meat, sugar, and alcoholic beverages; offspring sex; gestational age; birth weight; breast-feeding duration; and timing of introduction of fruit juice to the
offspring.

§Pror rends Were calculated as trends across categories.

Table 3 Maternal SSB intake before and during pregnancy and offspring overweight/obesity* stratified by pre-pregnancy BMI and offspring
sex: the TMM BirThree Cohort Study, 2013-2017, Japan

Pre- to early pregnancy Early to mid-pregnancy

SSB intake N/n % aORt 95 % ClI N/n % aORt 95% Cl
Pre-pregnancy BMI
<25.0
Nonet 912/70 77 1-00 1007/74 7-4 1-00
Mediumt 4843/391 81 1-09 0-82, 1-46 4758/378 79 1.07 0-81, 1-43
Hight 616/62 10-1 1-30 0-89, 1-90 606/71 11.7 1-31 0-98, 2-25
>25.0
Nonet 80/9 11-3 1-00 87/9 10-3 1-00
Mediumt 567/72 12.7 0-96 043, 2-14 551/76 13-8 1.32 0-60, 2-91
Hight 96/19 19-8 1.82 0-73, 4-51 105/15 14-3 1-35 0-54, 3-40
Pfor interaction§ 0-46 0-85
Offspring sex
Male
Nonet 506/36 71 1-00 557/36 6-5 1-00
Mediumt 2806/224 8.0 0-99 0-68, 1-44 2753/214 7-8 1.03 0-72, 1-49
Hight 358/36 10-1 1.28 0-80, 2-06 360/46 12-8 113 0-71,1-81
Female
Nonet 486/43 8-9 1-00 537/47 8-8 1-00
Mediumt 2604/239 9.2 113 0-76, 1-69 2556/240 9-4 1.26 0-84, 1-89
Hight 354/45 12.7 1-47 0-88, 2-47 351/40 11-4 217 1-34, 3-54
Pfor interaction§ 0-96 0-19

aOR, adjusted OR.

*BMI Z-score was calculated based on the BMI reference data for Japanese children. Overweight/obesity was defined as a BMI Z-score greater than 2 sp above at 1 year of
age.

1tNone: 0 g/d, Medium: <195 g/d, High: >195 g/d.

FMultivariate logistic regression analysis adjusted for age at delivery, pre-pregnancy BMI, education; smoking status; parity; gestational diabetes; energy intake; intake of
cereals, potatoes, meat, sugar, and alcoholic beverages; offspring sex; gestational age; birth weight; breast-feeding duration; and timing of introduction of fruit juice to the
offspring.

§P values were determined using the interaction test.

of SSB early to mid-pregnancy also demonstrated a higher
risk of offspring being overweight/obesity at 1 year of age
compared with those who did not consume SSB (OR 1-68;
95 % CI (1-22, 2-30)) (model 1); this association was also
present after adjusting for potential confounders: the multi-
variate-adjusted OR (95 % CD were 1-56 (1-13, 2:15) (model
2) and 1-52 (1-09, 2-:12) (model 3).
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Table 3 shows the results of the stratified analysis con-
ducted to examine whether the association between mater-
nal SSB intake before and during pregnancy and offspring
overweight/obesity differed by maternal pre-pregnancy
overweight/obesity and offspring sex. In the stratified
analysis by maternal pre-pregnancy BMI, the effects of
pre- to early pregnancy maternal SSB consumption on
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offspring overweight/obesity were similar among normal
weight (aOR 1-30; 95 % CI (0-89, 1-90)) and overweight/
obese mothers (aOR 1-82; 95 % CI (0-73, 4-51)) (P=0-46
for the interaction). The effect of maternal SSB consump-
tion from early to mid-pregnancy was also similar for nor-
mal weight (aOR 131; 95% CI (0-98, 2:25)) and
overweight/obese (aOR 1-35; 95 % CI (0-54, 43-40)) moth-
ers (P=0-85 for the interaction). In stratified analyses by
offspring sex, the effects of maternal SSB consumption
pre- to early pregnancy on offspring overweight/obesity
were similar for males (aOR 1-28; 95% CI (0-80, 2:06))
and females (aOR 1-47; 95 % CI (0-88, 2:47)) (P=0-96 for
the interaction). The effect of maternal SSB consumption
from early to mid-pregnancy on offspring overweight/
obesity was observed only for female infants, males
(aOR 1-13; 95% CI (0-71, 1-81)) and females (aOR 2:17;
95 % CI (1-34, 3-54)) (P=0-19 for the interaction).

Discussion

This study examined the association between SSB intake
before and during pregnancy and offspring overweight/
obesity in Japanese women. SSB intake in early to mid-
pregnancy was associated with an increased risk of off-
spring overweight/obesity at 1 year of age.

In studies conducted in Canada™® and Denmark?, SSB
intake during pregnancy was not associated with an
increased risk of overweight/obesity at ages 1 and 7 years
in offspring. In contrast, studies conducted in the USA?>10
and the Netherlands""® showed that high SSB intake during
pregnancy was associated with an increased risk of off-
spring overweight/obesity at ages 6 and 7 years and
increased energy intake. Our result is consistent with the
associations observed in the previous studies of the latter.

A previous study comparing the average SSB intake
among adults from thirteen countries found that Japanese
adults consumed fewer SSB than those from Western coun-
tries and similar levels in Asian countries (110 ml/d in Japan,
370 ml/d in the UK and 100 ml/d in China)'”’. Regarding SSB
intake among pregnant women, 23-4 % of pregnant women
in Canada and 19-8 % of pregnant women in the USA con-
sumed at least one cup of SSB per d'1?. The present study
showed that the average SSB intake among Japanese preg-
nant women, calculated from the FFQ, was 47-9 g/d during
pre- to early pregnancy and 36-1 g/d during early to mid-
pregnancy, suggesting that the SSB intake among pregnant
women is lower in Japan than that in Western countries.
However, we demonstrated that even in Japan, higher
SSB intake during pregnancy was associated with an
increased risk of overweight/obesity in the offspring.

The mechanism through which SSB intake in early to mid-
pregnancy is associated with offspring overweight/obesity
may be as follows: prenatal nutrition is thought to play an
important role because predisposition to metabolic diseases
may be programmed during the fetal period®®. Among foods,
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SSB are among the most sugar-rich foods®V. Studies in mice
have shown that a high intake of sugar-rich SSB before and
during pregnancy alters epigenetics and is associated with
hypertension, obesity, and insulin resistance in the off-
spring®233. Although the mechanism by which sugar intake
during pregnancy in humans affects the health of the offspring
is not clear®| previous studies'>'319 and the results of this
study suggest that high sugar content in SSB may have
affected the offspring’s overweight/obesity. Controlling for
confounding factors did not alter the observed association
between maternal SSB intake and offspring overweight/
obesity at 1 year of age, suggesting that iz utero SSB exposure
has an independent effect. In addition, mothers’ unhealthy
parenting style may have affected their offspring’s weight
(i.e. being overweight/obese), since SSB is often considered
an indicator of a mother’s unhealthy lifestyle®®; however, we
found an association between high SSB intake during preg-
nancy and offspring being overweight/obese even after
adjusting for unhealthy behaviours such as smoking and alco-
hol intake.

The present study found that SSB intake in early to mid-
pregnancy was associated with offspring being overweight/
obese, while intake in pre- to early pregnancy was not. To
our knowledge, there is only one previous study comparing
the timing of SSB consumption during pregnancy and off-
spring weight and found that SSB consumption in mid-preg-
nancy was associated with increased BMI in 7-year-old
offspring, but not SSB consumption in early pregnancy™?.
The first FFQ used in the present study was conducted in early
pregnancy and assessed dietary intake before and through
early pregnancy. Thus, the findings of our current study, sim-
ilar to those of Gillman et al.*?, suggest that SSB intake from
early to mid-pregnancy may have a greater impact on off-
spring weight than from pre- to early pregnancy.

As reported in previous studies"?'¥ | the association
between SSB intake before and during pregnancy and off-
spring overweight/obesity was not significantly affected by
maternal preconception BMI or offspring sex. In a Dutch
study™®, higher maternal SSB intake was associated with
higher weight in female offspring, which was mainly due
to the consumption of 100 % fruit juice. In a study with
mice®”, when mothers consumed high fructose, the main
ingredient in SSB, female offspring were more prone to
excess fat mass accumulation and excess weight gain,
while male offspring were more prone to insulin resistance
and hyperleptinemia and hypoadiponectinemia. The find-
ings of this study suggest that high SSB intake during preg-
nancy may affect only the weight gain of the female
offspring. The P for the interaction by offspring sex was
not significant, although it may have been underpowered
to test this interaction conclusively.

Implications
The findings of this study suggest that women should
reduce their SSB intake during early to mid-pregnancy to
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prevent overweight/obesity in their offspring, even in
Japan, where SSB intake is lower than that in Western coun-
tries. Maternal nutrition and diet before and during preg-
nancy affect the health and growth of the offspring®.
Pregnancy provides a good opportunity for women to
review their unhealthy eating habits, especially as it is easy
to change their eating habits during pregnancy®®, and
nutritional advice is more likely to be followed if it is given
in terms of specific foods rather than nutrients®”.
Considering the findings of this study, interventions focus-
ing on discouraging pregnant women from consuming SSB
may be effective for the prevention of overweight/obesity
in children.

Limitations

There are several limitations to this study. First, the FFQ
used in this study was modified version of the FFQ used
in the JPHC study. The FFQ used in the JPHC study has
been validated in Japanese population® 2. The FFQ in
this study only added the option ‘constitutionally unable
to eat/drink’ to the FFQ in the JPHC study; the option
was treated as equivalent to ‘never eat/drink at all’ or ‘less
than once a month’, when the intake of each food item was
calculated. Therefore, it would have little impact on the
interpretation of the results. Second, the intake of each bev-
erage was assessed by a self-administered questionnaire,
which could lead to inaccurate responses due to participant
error in judgement. Third, the first FFQ was administered
during early pregnancy and assessed the frequency and
quantity of foods and beverages in the past year to assess
dietary intake from pre- to early pregnancy. Although par-
ticipants may have changed their dietary habits as a result
of pregnancy, we were unable to assess the impact of
dietary changes on the results of this study. Fourth, many
mother—offspring pairs were excluded from the analysis,
which may introduce selection bias. Compared with moth-
ers included in the analysis, excluded mothers were youn-
ger and had higher pre-pregnancy BMI, lower levels of
education, and higher rates of smoking during pregnancy.
Compared with the children included in the analysis, chil-
dren excluded from the analysis had shorter gestational
weeks, lower birth weights, shorter breast-feeding periods
and higher rates of overweight/obesity. Thus, the associa-
tion between maternal SSB intake and offspring over-
weight/obesity in the present study may have been
overestimated. Fifth, the TMM BirThree Cohort Study
was conducted in one of the forty-seven prefectures in
Japan, which limits the generalisability of the findings.

Conclusion

High intake of SSB in early to mid-pregnancy among
Japanese pregnant women was associated with an
increased risk of offspring overweight/obesity at 1 year
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of age. Therefore, reducing SSB intake during early to
mid-pregnancy may help reduce childhood obesity
in Japan.

Supplementary material

For supplementary material accompanying this paper visit
https://doi.org/10.1017/51368980023000307

Acknowledgements

Acknowledgements: The authors would like to thank all the
participants of the TMM BirThree Cohort Study and the staff
members of the Tohoku Medical Megabank Organization.
The full list of members is available at https://www.
megabank.tohoku.ac.jp/english/a210901/. Financial sup-
port: This work was supported by the Japan Agency for
Medical Research and Development (AMED), Japan (grant
number, JP17km0105001, JP21tm0124005). Conflicts of
interest: YY is an employee of Kagome Co., Ltd, Japan.
YY is also a research student at Tohoku University and
has contributed to the present study independently of
Kagome Co., Ltd, Japan. Authorship: M.A. formulated the
study questions and hypotheses, conducted the literature
search and statistical analyses, and wrote the first draft of
the manuscript. KM., Y.Y., I.T., T.O. and S.K. helped draft
the manuscript and provided advice regarding critically
important intellectual content. All the authors provided
critical feedback and approved the final manuscript.
Ethics of human subject participation: This study was con-
ducted according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving
research study participants were approved by the Ethics
Committee of Tohoku University Tohoku Medical
Megabank Organization (2013-1-103-1). Written informed
consent was obtained from all the participants.

References

1. World Health Organization (2016) Report of the Commission
on Ending Childhood Obesity. Geneva: World Health
Organization.

2. Kouda K, Nakamura H, Fujita Y et al. (2012) Relationship
between body mass index at age 3 years and body compo-
sition at age 11 years among Japanese children: the Shizuoka
population-based study. J Epidemiol 22, 411-416.

3. Martin A, Booth JN, McGeown S ef al. (2017) Longitudinal
associations between childhood obesity and academic
achievement: systematic review with focus group data.
Curr Obes Rep 6, 297-313.

4. Russell-Mayhew S, McVey G, Bardick A et al. (2012) Mental
health, wellness, and childhood overweight/obesity. J Obes.
Published online: 24 June 2012. doi: 10.1155/2012/281801.

5. Simmonds M, Llewellyn A, Owen CG et al. (2016) Predicting
adult obesity from childhood obesity: a systematic review
and meta-analysis. Obes Rev 17, 95-107.


https://doi.org/10.1017/S1368980023000307
https://www.megabank.tohoku.ac.jp/english/a210901/
https://www.megabank.tohoku.ac.jp/english/a210901/
https://doi.org/10.1155/2012/281801
https://doi.org/10.1017/S1368980023000307

Public Health Nutrition

oL

https://doi.org/

Sugar-sweetened beverages intake and offspring obesity

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bjerregaard LG, Jensen BW, Angquist L et al. (2018) Change
in overweight from childhood to early adulthood and risk of
type 2 diabetes. N Eng | Med 378, 1302-1312.

Bendor CD, Bardugo A, Pinhas-Hamiel O et al. (2020)
Cardiovascular morbidity, diabetes and cancer risk among
children and adolescents with severe obesity. Cardiovasc
Diabetol 19, 79.

Narzisi K & Simons J (2020) Interventions that prevent or
reduce obesity in children from birth to 5 years of age: a sys-
tematic review. J Child Health Care 25, 320-334.

Temel S, van Voorst SF, Jack BW et al. (2014) Evidence-
based preconceptional lifestyle interventions. Epidemiol
Rev 36, 19-30.

Dalrymple KV, Martyni-Orenowicz J, Flynn AC et al. (2018)
Can antenatal diet and lifestyle interventions influence child-
hood obesity? A systematic review. Matern Child Nutr 14,
el12628.

Azad MB, Sharma A, de Souza RJ er al. (2016) Association
between artificially sweetened beverage consumption dur-
ing pregnancy and infant body mass index. JAMA Pediatr
170, 662-670.

Gillman MW, Rifas-Shiman SL, Fernandez-Barres S et al.
(2017) Beverage intake during pregnancy and childhood adi-
posity. Pediatrics 140, e20170031.

JenV, Erler NS, Tielemans MJ et al. (2017) Mothers’ intake of
sugar-containing beverages during pregnancy and body
composition of their children during childhood: the genera-
tion R study. Am J Clin Nutr 105, 834-841.

Zhu'Y, Olsen SF, Mendola P et al. (2017) Maternal consump-
tion of artificially sweetened beverages during pregnancy,
and offspring growth through 7 years of age: a prospective
cohort study. Int J Epidemiol 46, 1499-1508.

Lapointe IL, Becker AB, Mandhane PJ et a/. (2021) Maternal
consumption of artificially sweetened beverages during
pregnancy is associated with infant gut microbiota and met-
abolic modifications and increased infant body mass index.
Gut Microbes 13, €1857513.

Kasman M, Heuberger B, Crane WM et al. (2021) Using a
microsimulation of energy balance to explore the influence
of prenatal sugar-sweetened beverage intake on child BMIL.
Obesity 29, 731-739.

Guelinckx I, Ferreira-Pego C, Moreno LA et al. (2015) Intake
of water and different beverages in adults across 13 coun-
tries. Eur J Nutr 54, 45-55.

Kuriyama S, Yaegashi N, Nagami F et al. (2016) The Tohoku
medical megabank project: design and mission. J Epidemiol
26, 493-511.

Kuriyama S, Metoki H, Kikuya M et al. (2020) Cohort profile:
Tohoku medical megabank project birth and three-genera-
tion cohort study (TMM BirThree cohort study): rationale,
progress and perspective. Int J Epidemiol 49, 18-19.
DongJY, Ikehara S, Kimura T et al. (2020) Skipping breakfast
before and during early pregnancy and incidence of gesta-
tional diabetes mellitus: the Japan environment and child-
ren’s study. Am J Clin Nutr 111, 829-834.

Sasaki S, Takahashi T, Iitoi Y et al. (2003) Food and nutrient
intakes assessed with dietary records for the validation study
of a self-administered food frequency questionnaire in JPHC
study cohort L. J Epidemiol 13, S23-S50.

Tsugane S, Kobayashi M & Sasaki S (2003) Validity of the self-
administered food frequency questionnaire used in the

0.1017/51368980023000307 Published online by Cambridge University Press

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

1229

5-year follow-up survey of the JPHC study cohort I: compari-
son with dietary records for main nutrients. J Epidemiol 13,
S51-S56.

Kobayashi M, Sasaki S, Kawabata T et al. (2003) Validity of a
self-administered food frequency questionnaire used in the
S-year follow-up survey of the JPHC study cohort Ito assess
fatty acid intake: comparison with dietary records and serum
phospholipid level. J Epidemiol 13, S64-S81.

Nanri A, Shimazu T, Ishihara J et al. (2012) Reproducibility
and validity of dietary patterns assessed by a food frequency
questionnaire used in the 5-year follow-up survey of the
Japan public health center-based prospective study.
J Epidemiol 22, 205-215.

Bowman SA, Clemens JC, Friday JE et al. (2019) Added Sugars
in Adults’ Diet: What We Eat in America, NHANES 2015-2016.
Food Surveys Research Group. Dietary Data Brief No. 24.
https://www.ncbi.nlm.nih.gov/books/NBK589210/ (accessed
February 2023).

Willet W & Stampfer MJ (1986) Total energy intake:
implication for epidemiologic analysis. Am J Epidemiol
124, 17-27.

Kato N, Takimoto H, Sudo N et al. (2011) The cubic
functions for spline smoothed L, S and M values for BMI
reference data of Japanese children. Clin Pediatr Endocrinol
20, 47-49.

WHO Multicentre Growth Reference Study Group (2006)
WHO child growth standards based on length/height, weight
and age. Acta Paediatr Suppl 450, 76-85.

Ministry of Education, Culture, Sports, Science and
Technology (2005) Standard Tables of Food Composition
in Japan 5th Revised and Enlarged Edition. https://www.
mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/toushin/05031802.
htm (accessed April 2022).

de Boo HA & Harding JE (2006) The developmental origins
of adult disease (Barker) hypothesis. Aust N Z J Obstet
Gynaecol 46, 4-14.

Guthrie JF & Morton JF (2000) Food sources of added sweet-
eners in the diets of Americans. | Am Diet Assoc 100, 45-51.
Samuelsson AM, Matthews PA, Jansen E et al. (2013) Sucrose
feeding in mouse pregnancy leads to hypertension, and sex-
linked obesity and insulin resistance in female offspring.
Front Physiol 14, 1-11.

Sloboda DM, Li M, Patel R et al. (2014) Early life exposure to
fructose and offspring phenotype: implications for long term
metabolic homeostasis. / Obes. Published online: 23 April
2014. doi: 10.1155/2014/203474.

Morel K, Nichols K, Nong Y et al. (2019) Parental and pro-
vider perceptions of sugar-sweetened beverage interven-
tions in the first 1000 d: a qualitative study. Acad Pediatr
19, 748-755.

Tobar-Bernal FA, Zamudio SR & Quevedo-Corona L (2021)
The high-fructose intake of dams during pregnancy and lac-
tation exerts sex-specific effects on adult rat offspring
metabolism. J Dev Orig Health Dis 12, 411-419.

Forbes LE, Graham JE, Berglund C et al. (2018) Dietary
change during pregnancy and women'’s reasons for change.
Nutrients 10, 1032.

Montgomery KS (2003) Improving nutrition in pregnant ado-
lescents: recommendations for clinical practitioners.
J Perinat Educ 12, 22-30.


https://www.ncbi.nlm.nih.gov/books/NBK589210/ (accessed Feb 2023)
https://www.ncbi.nlm.nih.gov/books/NBK589210/ (accessed Feb 2023)
https://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/toushin/05031802.htm
https://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/toushin/05031802.htm
https://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/toushin/05031802.htm
https://doi.org/10.1155/2014/203474
https://doi.org/10.1017/S1368980023000307

	Associations between sugar-sweetened beverages before and during pregnancy and offspring overweight/obesity in Japanese women: the TMM BirThree Cohort Study
	Methods
	Study design and population
	Exposure variables
	Outcome variables
	Potential confounders
	Statistical analysis

	Results
	Discussion
	Implications
	Limitations

	Conclusion
	Supplementary material
	Acknowledgements
	References


