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Abstract

Objective: To evaluate the association between patterns of gestational weight gain
(GWG) and allergic diseases in offspring.

Design: Prospective cohort study.

Setting: Prenatal clinics in Wuhan, China.

Population: A cohort of 2546 mother and offspring pairs were enrolled before
16 weeks of gestation and followed up to 24 months postpartum.

Methods: Maternal body weights were measured regularly during pregnancy,
and their GWG patterns were estimated using the growth mixture model. Robust
Poisson models were used to evaluate relative risk (RR) and 95% CI after multivari-
able adjustment.

Main outcome measures: Offspring atopic allergy and allergic contact dermatitis
were defined according to a physician's diagnosis reported by the mother, and food
allergy was reported by the mother.

Results: Three GWG patterns were identified: 18.1% (461) of the women were de-
scribed as pattern 1, characterised by rapid GWG earlier in pregnancy; 56.6% (1442)
of the women were described as pattern 2, with steady GWG throughout pregnancy;
and 25.3% (643) of the women was described as pattern 3, with rapid GWG later in
pregnancy. By the age of 24 months, 360 (14.1%), 109 (4.3%) and 757 (29.7%) offspring
had atopic allergy, allergic contact dermatitis or food allergy, respectively. Compared
with women in GWG pattern 2, the RRs (95% Cls) among women in pattern 1 were
0.74 (0.55-0.99) for atopic allergy, 0.64 (0.36-1.15) for allergic contact dermatitis and
0.95 (0.81-1.12) for food allergy.

Conclusions: Maternal GWG pattern characterised by rapid GWG earlier in preg-
nancy was associated with a lower risk of atopic allergy in offspring.

KEYWORDS
allergic disease, asthma, dermatitis, diabetes, food allergy, gestational weight gain, nutrition,
overweight, pattern, pregnancy, underweight

1 | INTRODUCTION

Globally, the prevalence of allergic diseases is increasing." It
is estimated that 2—4 billion people will suffer from allergic
diseases, such as asthma, allergic rhinitis and atopic der-
matitis, by 2050 and have their health-related quality of life
impaired.”® Prior studies have explored a range of genetic

and environmental factors that may affect the development
of allergic diseases, some of which have focused on prenatal
factors, hypothesising that these factors may affect offspring
allergic disease by changing the intrauterine environment.*
Several studies have indicated an association between ma-
ternal pre-pregnancy obesity and allergic diseases in off-
spring.”” However, the influence of maternal gestational
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weight gain (GWG) on allergic diseases in offspring remains
less well understood.

Although some studies have suggested an association be-
tween extremely low or high total GWG and allergic diseases
in offspring," defined as the difference between the last
measurement of maternal weight before delivery and pre-
pregnancy body weight, the total GWG cannot capture lon-
gitudinal changes in maternal weight throughout pregnancy.
Moreover, evidence has indicated that GWG in the first tri-
mester primarily contributes to maternal fat gain, whereas
GWG in the second and third trimesters primarily contrib-
utes to fetal and placental growth.'*!* Investigating maternal
GWG patterns during pregnancy will enable us to understand
the association between maternal weight change during preg-
nancy and offspring allergic diseases more comprehensively.

Growth mixture models use a latent approach to identify
group-based heterogeneous development trajectories over
time.'® Using longitudinal weight gain data during pregnancy
in a prospective cohort, the current study aimed to identify
different maternal GWG trajectories across pregnancy by
using the growth mixture model and to evaluate whether
these GWG patterns are associated with atopic allergy, aller-
gic contact dermatitis and food allergy in offspring.

2 | METHODS

2.1 | Study population

The Tongji Maternal and Child Health Cohort (TMCHC)
is a continuing prospective cohort study in Wuhan, China,
aiming to evaluate the associations of maternal nutrition,
lifestyle and environmental factors during pregnancy with
health outcomes of the mother and child pairs. Pregnant
women who attended prenatal care before 16 weeks of gesta-
tion were recruited from January 2013 to May 2016 and were
followed up regularly."”

This study was performed in accordance with the
Helsinki declaration. The study was approved by the ethics
review committee of Tongji Medical College of Huazhong
University of Science and Technology (no. 201302), and
all participants provided written informed consent upon
enrolment.

A total of 3128 mothers with a singleton live birth were
followed up until 24 months postpartum. After excluding
mothers with pre-existing diabetes (n = 3), chronic hyper-
tension (n = 5), severe autoimmune diseases (n = 3), no more
than two weight measurements during pregnancy (n = 466)
or preterm birth (n = 105), 2546 mother-offspring pairs were
included in the current study.

2.2 | Gestational weight gain

Maternal self-reported pre-pregnancy weight was recorded
at enrolment, and their current weight and height wearing
light clothing and no shoes was measured by trained nurses.
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Maternal weight was measured in the same way at each fol-
lowing antenatal visit during pregnancy.

Gestational weight gain up to a specific gestational week
was calculated by subtracting the pre-pregnancy weight
from the current weight, and then this value was used to
tit GWG patterns with the growth mixture model. In addi-
tion, total GWG was defined as the difference between the
last measured weight before delivery and the pre-pregnancy
weight, categorised as inadequate, adequate and excessive,
according to the recommendations of the National Academy
of Medicine (NAM; formerly the Institute of Medicine,
IOM)."® Weekly GWG in the first, second and third trimes-
ters was defined as the difference between the mean weight
at 11-14weeks of gestation and the pre-pregnancy weight,
the difference between the mean weight at 24-28 weeks of
gestation and the mean weight at 11-14 weeks of gestation,
and the difference between the last measured weight before
delivery and the mean weight at 24-28 weeks of gestation,
divided by the weeks between, respectively.

2.3 | Allergic disease

The information on allergic diseases in offspring was re-
ported by their mothers based on medical record through
telephone interviews at 3, 6, 12 and 24 months postpartum.
Mothers were asked, ‘Has your child seen a physician be-
cause of any allergic disease since the last assessment?’. If
the mother answered ‘yes’, the diagnosis and number of
each allergic disease episodes were recorded. Asthma, ec-
zema, allergic rhinitis and allergic contact dermatitis were
defined based on the reported diagnosis. According to the
International Classification of Diseases, 11th Revision (ICD-
11) published by the World Health Orgnization," we further
defined physician-diagnosed asthma, eczema and allergic
rhinitis as atopic allergy. Food allergy in offspring was re-
ported by their mothers at 6, 12 and 24 months postpartum.
Mothers were asked, ‘Has your child ever had a food allergy
until now?’. If the answer was ‘yes’, the type of food allergy
and the age (in months) of onset were recorded.

2.4 | Covariates

Maternal baseline characteristics were obtained by face-to-
face questionnaires at enrolment, including maternal age,
ethnicity (Han Chinese or other), parity (primiparous or
multiparous), education level (<16 or >16years), average per-
sonalincome (<5000 or 25000 Chinese Yuan), pre-pregnancy
insomnia (sometimes, seldom or never), smoking in early
pregnancy (both active and passive smoking, yes or no) and
maternal allergy history (yes or no). Maternal pre-pregnancy
body mass index (BMI) was calculated as self-reported pre-
pregnancy weight (kg) divided by the square of the meas-
ured height (m?), categorised as underweight (<18.5 kg/
m?), normal weight (18.5-23.9 kg/m?) and overweight/obese
(>24.0 kg/m?), according to Chinese guidelines.*’
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Information on birth outcomes was acquired from hos-
pital records, including the date of delivery, mode of de-
livery (caesarean or vaginal delivery), sex of offspring, and
birthweight and length. Information on feeding status was
obtained by telephone interview based on questionnaires at
the offspring ages of 3, 6, 12 and 24 months, including the
practice of breastfeeding and bottle feeding.

2.5 | Statistical analyses

Based on GWG up to specific gestational weeks, GWG pat-
terns were estimated by using the growth mixture model, a
latent approach to identify clusters of participants with simi-
lar trajectories over time.'® Pregnant women were distrib-
uted into multiple heterogeneous GWG trajectories across
pregnancy, and those with the similar pattern of GWG were
assigned to the same group. The longitudinal models were
fitted with linear, quadratic and cubic terms for gestational
weeks, and the optimal numbers of classes was determined
according to Bayesian information criteria. A posterior
probability assigned to each latent class was calculated for
each participant by the growth mixture model, and each
participant was assigned to the class with the highest prob-
ability. Considering the clinical implications of the classes,
we imposed the following conditions: (1) each class included
at least 5% of participants; and (2) the mean posterior prob-
ability of each class was higher than 75%.'

We performed robust Poisson regression models to esti-
mate the relative risk (RR) and 95% CI for the risk of atopic
allergy, allergic contact dermatitis and food allergy. To eval-
uate whether the association of GWG patterns with allergic
diseases was confounded by maternal characteristics and
lifestyle factors, multivariable models were conducted to ad-
just for maternal age (years), parity (primiparous or multip-
arous), education level (<16 or >16years), average personal
income (<5000 or >5000 Chinese Yuan), smoking in early
pregnancy (yes or no), maternal allergy history (yes or no),
insomnia (sometimes, seldom or never) and pre-pregnancy
BMI (<18.5, 18.5-24.0 or >24.0 kg/m?). As seasonal lifestyle
factors may affect a pregnant woman's body weight, and the
season of delivery has been reported to be associated with al-
lergic diseases in offspring,”” the season of delivery (spring,
summer, autumn or winter) was further adjusted to test the
robustness of the associations. We imputed missing values
on maternal education level (2.7%) and average personal in-
come (1.7%) using multiple imputation (i = 5 imputations)
with chained equations.*

In the sensitivity analyses we excluded pregnant women
with GWGs of <5 kg or >20kg because prior studies have
indicated an association of extremely low or high GWG with
allergic diseases in offspring.”'? Also, we repeated the anal-
yses among mothers without a history of allergy to test the
robustness of the association in low-risk populations, as ma-
ternal allergy history is a known risk factor for allergic dis-
eases in offspring.** Additionally, to validate the association
of GWG patterns identified by the growth mixture model,

we also grouped participants according to their trimester-
specific GWG and evaluated their association with the
outcomes.

To evaluate the consistency of the association between
GWG patterns and allergic diseases in all maternal BMI,
season of delivery and offspring sex subgroups, stratified
analyses were performed by these factors and the interac-
tions were tested with the likelihood ratio test.

A two-sided p <0.05 was considered statistically significant
for all tests. All analyses were conducted using R 3.6.1 (The R
Foundation, www.r-project.org), with the package lemm, and
STATA 16 (StataCorp, College Station, Texas, USA).

3 | RESULTS

Among the 2546 pregnant women, the mean (SD) val-
ues were 20.9 kg/m® (2.7 kg/m®) for pre-pregnancy BMI,
28.3years (3.5years) for age and 15.9 kg (4.5 kg) for total
GWG (Table 1). The records indicate that 13.2%, 39.4% and
47.5% of them had inadequate, adequate and excessive total
GWG, respectively. By the age of 24months, 360 (14.1%)
offspring had atopic allergy, 109 (4.3%) had allergic contact
dermatitis and 757 (29.7%) had food allergy, mainly with al-
lergies to eggs, fish, shrimp and other seafoods (Table S1).

The whole number of weight measurements was 25 540,
with a median of 11 measurements (interquartile range,
IQR 8-12), ranging from three to 18 measurements per
woman. The mean gestations at the first and last weight mea-
surements were 12.6 weeks (SD 1.44weeks) and 38.1 weeks
(SD 1.95weeks), respectively. The results of growth mixture
models, presented in Tables S2 and S3, showed that the inclu-
sion of a cubic term improved the model fit. Of the models
with a cubic term, the model with three GWG patterns was
identified (Figure 1). A total of 461 (18.1%) pregnant women
were identified as following pattern 1, characterised by
rapid GWG earlier in pregnancy (median weekly GWGs of
the first, second and third trimester: 0.15, 0.68 and 0.39 kg/
week); 1442 (56.6%) pregnant women were identified as fol-
lowing pattern 2, characterised by steady GWG in pregnancy
(median weekly GWGs of the first, second and third trimes-
ter: 0.08, 0.55 and 0.54kg/week); and 643 (25.3%) pregnant
women were identified as following pattern 3, characterised
by rapid GWG later in pregnancy (median weekly GWGs of
the first, second and third trimester: 0.03, 0.49 and 0.78 kg/
week) (Table S4). Pattern 2 was designated as the reference
group, as the GWG of this pattern was close to the reference
curve of the INTERGROW TH-21st Project.”

Mothers with pattern 1 were slightly older and more likely
to give birth in spring and summer; mothers with pattern 3
were slightly younger, less likely to be underweight before
pregnancy, more likely to give birth in autumn and winter,
and had a greater total GWG. There were no significant dif-
ferences in total GWG between mothers with patterns1 and
2 (Table 1).

In addition, to validate the results of the GWG patterns
identified by the growth mixture model, participants were
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TABLE 1 Characteristics of the study population according to pattern of gestational weight gain (GWG).

GWG patterns
Pattern 1 Pattern 2 Pattern 3

Characteristics Total (n = 2546) (n=461) (n =1442) (n=643) P
Pre-pregnancy BMI, mean (SD), kg/m2 20.9 (2.7) 21.1(2.7) 20.7 (2.7) 21.1 (2.6) 0.001
Pre-pregnancy BMI, 7 (%)

<18.5 kg/m2 475 (18.7) 73 (15.8) 318 (22.1) 84 (13.1) <0.001

18.5-23.9 kg/m2 1749 (68.7) 314 (68.1) 963 (66.8) 472 (73.4)

>24.0 kg/m? 322 (12.7) 74 (16.1) 161 (11.2) 87 (13.5)
Height, mean (SD), cm 160.2 (5.0) 160.1 (4.9) 160.0 (5.0) 160.2 (4.9) 0.938
Maternal age, mean (SD), years 28.3 (3.5) 28.9 (3.4) 28.5 (3.5) 27.6 (3.4) <0.001
Maternal education, #n (%)

<16years 980 (38.5) 165 (35.8) 522 (36.2) 293 (45.6) <0.001

>16years 1498 (58.8) 287 (62.3) 882 (61.2) 329 (51.2)

Missing 68 (2.7) 9(2.0) 38(2.6) 21 (3.3)
Average personal income, 1 (%)

<5000 ¥* 912 (35.8) 164 (35.6) 509 (35.3) 239 (37.2) 0.507

>5000 ¥ 1590 (62.5) 293 (63.6) 906 (62.8) 391 (60.8)

Missing 44 (1.7) 4(0.9) 27 (1.9) 13 (2.0)
Ethnicity (Han Chinese), (%) 2485 (97.6) 448 (97.2) 1408 (97.6) 629 (97.8) 0.781
Primiparous, 7 (%) 2126 (83.5) 391 (84.8) 1184 (82.1) 551 (85.7) 0.088
Insomnia before pregnancy, n (%)

Sometimes 276 (10.8) 54 (11.7) 153 (10.6) 69 (10.7) 0.919

Seldom 791 (31.1) 139 (30.2) 457 (31.7) 195 (30.3)

Never 1479 (58.1) 268 (58.1) 832 (57.7) 379 (58.9)
Smoking in early pregnancy, n (%) 208 (8.2) 39 (8.5) 119 (8.3) 50 (7.8) 0.906
Maternal history of allergy, n (%) 239 (9.4) 56 (12.2) 128 (8.9) 55 (8.6) 0.078
Gestational age at delivery, mean (SD), 39.6 (1.1) 39.6 (1.1) 39.6 (1.1) 39.7 (1.1) 0.112

weeks

Total GWG, mean (SD), kg 15.9 (4.5) 15.7 (4.6) 15.5 (4.1) 17.0 (5.0) <0.001
Season of delivery, n (%)

Spring (Mar-May) 560 (22.0) 176 (38.2) 307 (21.3) 77 (12.0) <0.001

Summer (Jun-Aug) 666 (26.2) 151 (32.8) 405 (28.1) 110 (17.1)

Autumn (Sep-Nov) 886 (34.8) 82 (17.8) 513 (35.6) 291 (45.3)

Winter (Dec-Feb) 434 (17.1) 52 (11.3) 217 (15.1) 165 (25.7)
Caesarean section, 1 (%) 1056 (41.5) 194 (42.1) 604 (41.9) 258 (40.1) 0.721
Male offspring, n (%) 1381 (54.2) 245 (53.2) 798 (55.3) 338 (52.6) 0.438
Birthweight, mean (SD), g 3371 (402) 3436 (396) 3373 (395) 3323 (415) <0.001
Breastfeeding duration, mean (SD), 10.5 (5.8) 10.7 (6.0) 10.6 (5.8) 10.0 (5.8) 0.082

mon

Abbreviations: BMI, body mass index; GWG, gestational weight gain.
¥, Chinese Yuan; ¥1 = $0.16.

further categorised according to their weekly GWG in the
following two periods: the first two trimesters and the third
trimester, where weekly GWG in the first two trimesters was
calculated as the difference between the mean weight at 24—
28 weeks of gestation and the pre-pregnancy weight divided
by the weeks between. Women were categorised into QI,
Q2&3 and Q4 based on quartiles of weekly GWG in each
period, according to pre-pregnancy BMI group, and then the

following groups with similar patterns to the growth mix-
ture model-based GWG patterns were selected: Q4-Ql and
Q4-Q2&3 (similar to pattern 1); Q2&3-Q2&3 (similar to
pattern 2); and Q2&3-Q4 and Q1-Q4 (similar to pattern 3)
(Table S5).

Associations of GWG patterns with offspring allergic dis-
eases were presented in Table 2. Compared with mothers fol-
lowing GWG pattern 2, the RRs (95% Cls) among mothers
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following pattern 1 were 0.64 (0.48-0.86) for atopic allergy,
0.66 (0.37-1.16) for allergic contact dermatitis and 0.94
(0.80-1.11) for food allergy, after adjustment for maternal
age, parity, education level, average personal income, smok-
ing in early pregnancy, maternal allergic history, insomnia
and pre-pregnancy BMI. Among mothers following GWG
pattern 3, the RRs (95% CIs) were 0.96 (0.77-1.21) for atopic
allergy, 0.99 (0.64-1.55) for allergic contact dermatitis and
0.88 (0.75-1.02) for food allergy. With additional adjustment
for season of delivery, the RRs (95% Cls) among pregnant
women following pattern 1 were 0.74 (0.55-0.99) for atopic
allergy, 0.64 (0.36-1.15) for allergic contact dermatitis and
0.95 (0.81-1.12) for food allergy.

In sensitivity analyses, similar results were found among
women with total GWGs of 5-20kg (Table S6) and among
women without a history of allergy (Table S7). Additionally,
when pregnant women were further grouped according to
weekly GWG in the first two trimesters and the third tri-
mester, the Q4-Q1 group was associated with a lower risk
of atopic allergy in offspring. Specifically, compared with
the Q2&3-Q2&3 group, the RRs (95% Cls) of atopic allergy
were 0.54 (0.30-0.97) for the Q4-Q1 group, 0.73 (0.50-1.08)
for the Q4-Q2&3 group, 0.85 (0.60, 1.22) for the Q2&3-Q4
group and 0.86 (0.54-1.35) for the Q1-Q4 group, after ad-
justment for season of delivery and the other covariates
mentioned above (Table 3).

Patterns of gestational weight gain (GWG) in the study population identified by the growth mixture model.

Consistent associations of GWG pattern 1 with atopic al-
lergy were found when stratified by maternal pre-pregnancy
BM]I, season of delivery or offspring sex (all p>0.05 for in-
teraction), especially in those with a pre-pregnancy BMI of
<18.5 kg/m” (RR 0.36, 95% CI 0.14-0.94) or who gave birth
in winter or spring (RR 0.43, 95% CI 0.26-0.72) (Table S8).

4 | DISCUSSION

4.1 | Main findings

In this large prospective cohort study, maternal GWG pat-
tern characterised by rapid GWG earlier in pregnancy was
associated with a lower risk of atopic allergy in offspring,
whereas there were no associations of GWG patterns with
allergic contact dermatitis and food allergy in offspring.

4.2 | Strengths and limitations

The current study had some strengths. It was embedded in a
large prospective cohort with accurate and repeated weight
measurements during pregnancy and detailed information
on potential confounding factors. In addition, as the total
GWG and GWG patterns reflect two different characteristics
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of GWG, the current study took total GWG into account
when evaluating the association of GWG patterns with the
outcomes.

TABLE 2 Relative risks (95% CIs) of offspring allergic diseases
according to pattern of gestational weight gain (GWG).

GWG pattern
Pattern 1 Pattern2  Pattern 3
Atopic allergy
Case (%) 47 (10.2) 222 (15.4) 91 (14.2)
Model 1 0.66 (0.49-0.89)  Ref. (1.00)  0.92 (0.73-1.15)
Model 2 0.64 (0.48-0.86)  Ref. (1.00)  0.96 (0.77-1.21)
Model 3 0.74 (0.55-0.99)  Ref. (1.00)  0.87 (0.69-1.09)
Allergic contact dermatitis
Case (%) 14 (3.0) 66 (4.6) 29 (4.5)
Model 1 0.66 (0.38-1.17)  Ref. (1.00)  0.99 (0.64-1.51)
Model 2 0.66 (0.37-1.16) Ref. (1.00)  0.99 (0.64-1.55)
Model 3 0.64 (0.36-1.15)  Ref. (1.00)  1.03 (0.66-1.61)
Food allergy
Case (%) 137 (29.7) 444 (30.8) 176 (27.4)
Model 1 0.96 (0.82-1.13) Ref. (1.00)  0.89 (0.77-1.03)
Model 2 0.94 (0.80-1.11) Ref. (1.00)  0.88(0.75-1.02)
Model 3 0.95(0.81-1.12)  Ref. (1.00)  0.86 (0.74-1.00)

Note: Model 1 was the crude model. Model 2 was adjusted for maternal age, parity,
education level, average personal income, smoking in early pregnancy, maternal
allergic history, insomnia and pre-pregnancy BMI. Model 3 was additionally adjusted
for season of delivery. Bold values denote statistical significance at the p < 0.05 level.

Abbreviations: BMI, body mass index; GWG, gestational weight gain.
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The current study also had some limitations. Maternal
pre-pregnancy weight was self-reported, which might in-
troduce bias. However, the difference between reported and
measured pre-pregnancy weight was small,”® and the pre-
pregnancy weight used in the current study was collected
in early pregnancy when the body weight did not signifi-
cantly change and the recall period was short. Moreover,
the definition of allergic diseases was based on the mother's
reports of physician-diagnosed diseases, which might lead
to an underestimation and misclassification, but these biases
were likely to be non-differential and shifted the association
towards the null. Furthermore, as most pregnant women
were Han Chinese, whether the findings are applicable to
pregnant women of other ethnicities deserves further inves-
tigation. Additionally, because of the observational design,
the associations may subject to residual and unmeasured
confounding.

4.3 | Interpretation

To the best of our knowledge, this is the first study to evalu-
ate the association of maternal GWG patterns with allergic
diseases in offspring. A previous study showed that mater-
nal GWG pattern with rapid GWG earlier in pregnancy was
associated with improved birth outcomes among multipa-
rous women,” and the current study added that this GWG
pattern was associated with a lower risk of atopic allergy
in offspring up to 24 months. In the current study, preg-
nant women of this GWG pattern had higher GWG dur-
ing the first two trimesters but lower GWG in the third

TABLE 3  Relative risks (95% Cls) of offspring allergic diseases according to GWG group.

Weekly GWG in the first two trimesters and the third trimester

Q4-Q1 Q4-Q2&3
Atopic allergy
Case (%) 11 (7.8) 29 (11.2)
Model 1 0.49 (0.27-0.89) 0.70 (0.47-1.03)
Model 2 0.46 (0.26-0.83) 0.71 (0.48-1.04)
Model 3 0.54 (0.30-0.97) 0.73 (0.50-1.08)

Allergic contact dermatitis

Case (%) 8 (5.7) 13 (5.0)

Model 1 1.50 (0.68-3.30) 1.33 (0.68-2.59)
Model 2 1.58 (0.73-3.41) 1.35 (0.70-2.61)
Model 3 1.50 (0.69-3.27) 1.34 (0.69-2.62)
Food allergy

Case (%) 42 (29.8) 86 (33.2)

Model 1 1.10 (0.82-1.48) 1.25 (1.01-1.56)
Model 2 1.10 (0.82-1.47) 1.23 (0.99-1.53)
Model 3 1.11 (0.82-1.49) 1.24 (0.99-1.54)

Q2&3-Q2&3 Q2&3-Q4 Q1-Q4
93 (16.0) 35 (13.4) 20 (14.4)
Ref (1.00) 0.84 (0.58-1.20) 0.90 (0.58-1.40)
Ref (1.00) 0.90 (0.63-1.29) 0.98 (0.63-1.54)
Ref (1.00) 0.85 (0.60-1.22) 0.86 (0.54-1.35)
22 (3.8) 7(2.7) 5 (3.6)
Ref (1.00) 0.71 (0.31-1.64) 0.95 (0.37-2.47)
Ref (1.00) 0.73 (0.31-1.70) 0.96 (0.36-2.60)
Ref (1.00) 0.74 (0.32-1.73) 1.02 (0.37-2.78)
154 (26.5) 75 (28.7) 43 (30.9)
Ref (1.00) 1.08 (0.85-1.36) 1.18 (0.89-1.56)
Ref (1.00) 1.06 (0.84-1.35) 1.15 (0.87-1.54)
Ref (1.00) 1.05 (0.83-1.34) 1.14 (0.85-1.53)

Note: Model 1 was the crude model. Model 2 was adjusted for maternal age, parity, education level, average personal income, smoking in early pregnancy, maternal allergic
history, insomnia and pre-pregnancy BMI. Model 3 was additionally adjusted for season of delivery. Bold values denote statistical significance at the p < 0.05 level.

Abbreviations: BMI, body mass index; GWG, gestational weight gain; Q, quartile.
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trimester than their peers. As there is a direct relationship
between fetal growth and maternal GWG,*** the finding
of the current study was supported by other studies on fetal
growth,’®®" which indicate that fetuses with persistently
low growth in the first two trimesters had a higher risk of
developing asthma, obstructed lung function and requir-
ing asthma medications than those with persistently high
growth during the period. These suggest that early preg-
nancy may be a critical time window for the prevention of
atopic allergy. Moreover, the association of GWG pattern
characterised by rapid GWG earlier in pregnancy with a
lower risk of offspring atopic allergy was more pronounced
in mothers with low pre-pregnancy BMI. It is possible that
underweight women were more likely to suffer from mal-
nutrition, hence rapid GWG associated with sufficient nu-
trition supply and store early in pregnancy may benefit the
development of the fetal immune system.”” In this regard,
underweight women should have relatively more GWG in
their first two trimesters and lower GWG thereafter.

In the current study, no significant associations of GWG
patterns with allergic contact dermatitis and food allergy in
offspring were observed. To our knowledge, no prior study
has evaluated these associations as we have here, although
two studies have indicated that inadequate total GWG was
associated with a lower risk of food allergy in children.****
These findings may imply that the level of GWG, rather than
the pattern of GWG, is an important factor for food allergy
in offspring. The associations of maternal GWG with aller-
gic contact dermatitis and food allergy in offspring require
further investigation.

Although previous studies have suggested an associa-
tion of extremely low or high GWG with the risk of allergic
diseases,”'* the current study found that the main results
were robust after excluding women with GWG of <5 kg or
>20kg, suggesting that the association of GWG patterns
with offspring allergic diseases was not affected by ex-
tremely low or high total GWG. However, the association
between the GWG pattern characterised by rapid GWG
earlier in pregnancy and a lower risk of atopic allergy in
offspring was significantly attenuated after adjustment
for season of delivery, although the association remained
statistically significant. These indicate that season of de-
livery, reflecting the seasons spanned by pregnancy, is an
important confounding factor when evaluating the as-
sociation of GWG patterns with allergic diseases in the
offspring. Also, the association of GWG pattern charac-
terised by rapid GWG earlier in pregnancy with a lower
risk of atopic allergy was more pronounced in offspring
born in winter or spring, which may be related to seasonal
variation of vitaminD synthesis, nutrient intake, sleep
patterns, etc.,”> >’ and more research is needed to explore
the association.

The mechanism under the association of maternal GWG
patterns with atopic allergy in offspring remains unclear,
but the thymus may be involved. Atopic allergy reflects a
persistent immunoglobulinE (IgE) response to common
antigens and is linked to an imbalance of thymus-derived

lymphocytes.”® As a key organ of the human immune
system, the thymus is known to be affected by malnutri-
tion.” Previous studies have indicated an association be-
tween restricted fetal growth, as a measure of malnutrition
inutero, and mismatched development of the thymus.***
Moreover, early pregnancy is a critical window for the de-
velopment of the thymus, the organogenesis of which is
complete by 20 weeks of gestation.*>*? The maternal GWG
pattern characterised by rapid GWG earlier in pregnancy
may be an indicator of sufficient maternal nutrition in the
critical time window, which may benefit the normal devel-
opment of fetal thymus and lower the risk of atopic allergy
during infancy.

5 | CONCLUSION

In conclusion, the current study first evaluated the associa-
tion of maternal GWG patterns with allergic diseases in off-
spring. Maternal GWG pattern characterised by rapid GWG
earlier in pregnancy was found to be associated with a lower
risk of atopic allergy but not of allergic contact dermatitis
and food allergy in offspring.

AUTHOR CONTRIBUTIONS

NY contributed to the conception and design of the research.
GX, XY, LH, GS, and NY supervised the study conduct. XC,
LH, CZ, MW, WW, HW, SY, XC and LL conducted the re-
search. LL and LH analysed the data. LL and XC drafted
the article. All authors provided intellectual input and con-
tributed and approved the final version of the article for
publication.

ACKNOWLEDGEMENTS
We are very grateful to all participants who took part in this
study and all members of the TMCHC study group.

FUNDING INFORMATION

This work was supported by the National Program on
Basic Research Project of China (2019FY101000 and
2013FY114200) and the Fundamental Research Funds for
the Central Universities (HUST2019kfyXMPY008).

CONFLICT OF INTERESTS
None declared. Completed disclosure of interests form avail-
able to view online as supporting information.

DATA AVAILABILITY STATEMENT
Data available on request from the authors.

ETHICS APPROVAL

This study was performed in accordance with the Helsinki
declaration. The study was approved by the ethics re-
view committee of Tongji Medical College of Huazhong
University of Science and Technology on 16 April 2013 (no.
201302), and all participants provided written informed
consent at enrolment.

85U8017 SUOWWOD SA[ea.D 3 deotdde 8Ly Ag peusenob a1 sajole YO ‘SN JO Sa|NI o Akeiqi8UIJUO AB]IA UO (SUO N IPUOD-PUE-SWB)ALI0O"AB | 1M Aled 1[pul [UO//SANL) SUORIPUOD Pue SWLB | 8U1 89S *[£202/80/60] U0 Aeiqi8UlIUO AB]IA 801 ©1500 8UeI0D AQ 8/ T'82S0-TLYT/TTTT 0T/I0P/W0d A8 | AReiq puijuo uABgo//sdny wouy pepeojumod ‘6 ‘€202 ‘82S0T.YT



GWG PATTERN & ALLERGIC DISEASES IN OFFSPRING

1045

An International Journal of

ORCID

Lixia Lin

https://orcid.org/0000-0001-5220-1427

Nianhong Yang © https://orcid.org/0000-0003-1671-8028

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pawankar R, Canonica GW, Holgate ST, Lockey RF, Blaiss MS. World
allergy organization (WAO) White book on allergy: update 2013.
Geneva: World Allergy Organization; 2013.

van de Veen W, Akdis M. Mechanisms of immune regulation
in allergy. Zurich: European Academy of Allergy and Clinical
Immunology; 2014.

Baiardini I, Braido F, Brandi S, Canonica GW. Allergic diseases
and their impact on quality of life. Ann Allergy Asthma Immunol.
2006;97(4):419-76.

Kozyrskyj AL, Bahreinian S, Azad MB. Early life exposures: impact
on asthma and allergic disease. Curr Opin Allergy Clin Immunol.
2011;11(5):400-6.

Liu S, Zhou B, Wang Y, Wang K, Zhang Z, Niu W. Pre-pregnancy ma-
ternal weight and gestational weight gain increase the risk for child-
hood asthma and wheeze: an updated meta-analysis. Front Pediatr.
2020;8:134.

Forno E, Young OM, Kumar R, Simhan H, Celedon JC. Maternal
obesity in pregnancy, gestational weight gain, and risk of childhood
asthma. Pediatrics. 2014;134(2):e535-46.

Wei X, Huang P, Gao C, Shen S, Tu S, Guo Y, et al. Associations
of maternal weight status with the risk of offspring atopic der-
matitis and wheezing by 1 year of age. Pediatr Allergy Immunol.
2022;33(1):€13703.

Leermakers ET, Sonnenschein-van der Voort AM, Gaillard R,
Hofman A, de Jongste JC, Jaddoe VW, et al. Maternal weight, gesta-
tional weight gain and preschool wheezing: the generation R study.
Eur Respir J. 2013;42(5):1234-43.

Drucker AM, Pope EI, Field AE, Qureshi AA, Dumas O, Camargo
CA Jr. Association between maternal pre-pregnancy body mass index,
gestational weight gain, and offspring atopic dermatitis: a prospective
cohort study. J Allergy Clin Immunol Pract. 2019;7(1):96-102.e2.
Polinski KJ, Liu J, Boghossian NS, McLain AC. Maternal obesity,
gestational weight gain, and asthma in offspring. Prev Chronic Dis.
2017;14:E109.

Dumas O, Varraso R, Gillman MW, Field AE, Camargo CA Jr.
Longitudinal study of maternal body mass index, gestational weight
gain, and offspring asthma. Allergy. 2016;71(9):1295-304.

Harpsoe MC, Basit S, Bager P, Wohlfahrt ], Benn CS, Nohr EA, et al.
Maternal obesity, gestational weight gain, and risk of asthma and
atopic disease in offspring: a study within the Danish National Birth
Cohort. J Allergy Clin Immunol. 2013;131(4):1033-40.

Chen W, Wang L, Yao H, Dai H, Zheng R, Zhang W. Prepregnancy
BMI, gestational weight gain and risk of childhood atopic dermati-
tis: a systematic review and meta-analysis. Pediatr Allergy Immunol.
2021;32(5):892-904.

Rifas-Shiman SL, Fleisch A, Hivert MF, Mantzoros C, Gillman MW,
Oken E. First and second trimester gestational weight gains are most
strongly associated with cord blood levels of hormones at delivery
important for glycemic control and somatic growth. Metabolism.
2017;69:112-9.

Pitkin RM. Nutritional support in obstetrics and gynecology. Clin
Obstet Gynecol. 1976;19(3):489-513.

Ram N, Grimm KJ. Growth mixture modeling: a method for identify-
ing differences in longitudinal change among unobserved groups. Int
] Behav Dev. 2009;33(6):565-76.

Zhong C, Guo ], Tan T, Wang H, Lin L, Gao D, et al. Increased food di-
versity in the first year of life is inversely associated with allergic out-
comes in the second year. Pediatr Allergy Immunol. 2021;33(1):e13707.
Rasmussen KM, Yaktine AL, Institute of Medicine (US) and National
Research Council (US) committee to reexamine IOM pregnancy
weight guidelines. Weight gain during pregnancy: reexamining the
guidelines. Washington: National Academies Press (US); 2009.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

BJ0
Tanno LK, Chalmers R, Jacob R, Kostanjsek N, Bierrenbach AL,
Martin B, et al. Global implementation of the world health organiza-
tion's international classification of diseases (ICD)-11: the allergic and
hypersensitivity conditions model. Allergy. 2020;75(9):2206-18.
Zhou BF. Cooperative meta-analysis Group of the Working Group
on obesity in China. Predictive values of body mass index and
waist circumference for risk factors of certain related diseases in
Chinese adults--study on optimal cut-off points of body mass index
and waist circumference in Chinese adults. Biomed Environ Sci.
2002;15(1):83-96.

Dhana K, van Rosmalen J, Vistisen D, Ikram MA, Hofman A, Franco
OH, et al. Trajectories of body mass index before the diagnosis of car-
diovascular disease: a latent class trajectory analysis. Eur ] Epidemiol.
2016;31(6):583-92.

Almgqvist C, Ekberg S, Rhedin S, Fang F, Fall T, Lundholm C. Season
of birth, childhood asthma and allergy in a nationwide cohort-
mediation through lower respiratory infections. Clin Exp Allergy.
2020;50(2):222-30.

Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG,
et al. Multiple imputation for missing data in epidemiological and
clinical research: potential and pitfalls. BMJ. 2009;338:b2393.

Meng SS, Gao R, Yan BD, Ren J, Wu F, Chen P, et al. Maternal allergic
disease history affects childhood allergy development through im-
pairment of neonatal regulatory T-cells. Respir Res. 2016;17(1):114.
Cheikh Ismail L, Bishop DC, Pang R, Ohuma EO, Kac G, Abrams B,
et al. Gestational weight gain standards based on women enrolled
in the fetal growth longitudinal study of the INTERGROWTH-
21st project: a prospective longitudinal cohort study. BMJ.
2016;352:1555.

Headen I, Cohen AK, Mujahid M, Abrams B. The accuracy of self-
reported pregnancy-related weight: a systematic review. Obes Rev.
2017;18(3):350-69.

Darling AM, Werler MM, Cantonwine DE, Fawzi WW, McElrath TF.
Timing and amount of gestational weight gain in association with ad-
verse birth outcomes. Epidemiology. 2019;30(5):695-705.

Hinkle SN, Johns AM, Albert PS, Kim S, Grantz KL. Longitudinal
changes in gestational weight gain and the association with intrauter-
ine fetal growth. Eur ] Obstet Gynecol Reprod Biol. 2015;190:41-7.
Santos S, Voerman E, Amiano P, Barros H, Beilin L], Bergstrom A,
et al. Impact of maternal body mass index and gestational weight gain
on pregnancy complications: an individual participant data meta-
analysis of European North American and Australian cohorts. BJOG.
2019;126(8):984-95.

Turner S, Prabhu N, Danielan P, McNeill G, Craig L, Allan K, et al.
First- and second-trimester fetal size and asthma outcomes at age
10years. Am J Respir Crit Care Med. 2011;184(4):407-13.

Turner S, Fielding S, Devereux G. First trimester fetal size and
prescribed asthma medication at 15years of age. Eur Respir J.
2018;51(2):1701509.

Prentice AM. The thymus: a barometer of malnutrition. Br J Nutr.
1999;81(5):345-7.

Polinski KJ, Bell GA, Trinh MH, Sundaram R, Mendola P, Robinson
SL, et al. Maternal obesity, gestational weight gain, and offspring
asthma and atopy. Ann Allergy Asthma Immunol. 2022;129(2):199-
204.e3.

Chen Y, Zhu J, Lyu ], Xia Y, Ying Y, Hu Y, et al. Association of mater-
nal prepregnancy weight and gestational weight gain with children'’s
allergic diseases. JAMA Netw Open. 2020;3(9):e2015643.

Sudhanshu S, Upadhyay P, Sahu M, Rawat V, Bhatia V. Sun ex-
posure, UV irradiance and serum 25-hydroxycholecalciferol
in pregnant women in rural North India. Public Health Nutr.
2017;20(10):1755-9.

Watson PE, McDonald BW. Seasonal variation of nutrient in-
take in pregnancy: effects on infant measures and possible in-
fluence on diseases related to season of birth. Eur J Clin Nutr.
2007;61(11):1271-80.

Moreno JP, Razjouyan J, Lester H, Dadabhoy H, Amirmazaheri M,
Reesor-Oyer L, et al. Later sleep timing predicts accelerated summer

Obstetrics and Gynaecology

85U8017 SUOWWOD SA[ea.D 3 deotdde 8Ly Ag peusenob a1 sajole YO ‘SN JO Sa|NI o Akeiqi8UIJUO AB]IA UO (SUO N IPUOD-PUE-SWB)ALI0O"AB | 1M Aled 1[pul [UO//SANL) SUORIPUOD Pue SWLB | 8U1 89S *[£202/80/60] U0 Aeiqi8UlIUO AB]IA 801 ©1500 8UeI0D AQ 8/ T'82S0-TLYT/TTTT 0T/I0P/W0d A8 | AReiq puijuo uABgo//sdny wouy pepeojumod ‘6 ‘€202 ‘82S0T.YT


https://orcid.org/0000-0001-5220-1427
https://orcid.org/0000-0001-5220-1427
https://orcid.org/0000-0003-1671-8028
https://orcid.org/0000-0003-1671-8028

1046 B OG An International Journal of

Obstetrics and Gynaecology
38.
39.
40.

41.

42.

LINET AL.

weight gain among elementary school children: a prospective obser-
vational study. Int ] Behav Nutr Phys Act. 2021;18(1):94.

Romagnani S. Human THI1 and TH2 subsets: doubt no more.
Immunol Today. 1991;12(8):256-7.

McDade TW, Beck MA, Kuzawa CW, Adair LS. Prenatal undernu-
trition and postnatal growth are associated with adolescent thymic
function. ] Nutr. 2001;131(4):1225-31.

Godfrey KM, Barker DJ, Osmond C. Disproportionate fetal growth
and raised IgE concentration in adult life. Clin Exp Allergy.
1994;24(7):641-8.

Bonati A, Zanelli P, Ferrari S, Plebani A, Starcich B, Savi M, et al. T-
cell receptor beta-chain gene rearrangement and expression during
human thymic ontogenesis. Blood. 1992;79(6):1472-83.

George JF Jr, Schroeder HW Jr. Developmental regulation of D beta
reading frame and junctional diversity in T cell receptor-beta tran-
scripts from human thymus. ] Immunol. 1992;148(4):1230-9.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Lin L, Chen X, Huang L,
Zhong C, Wu M, Wang W, et al. Patterns of maternal
gestational weight gain in association with allergic
diseases in offspring: A prospective cohort study.
BJOG. 2023;130(9):1038-1046. https://doi.
org/10.1111/1471-0528.17448

85U8017 SUOWWOD SA[ea.D 3 deotdde 8Ly Ag peusenob a1 sajole YO ‘SN JO Sa|NI o Akeiqi8UIJUO AB]IA UO (SUO N IPUOD-PUE-SWB)ALI0O"AB | 1M Aled 1[pul [UO//SANL) SUORIPUOD Pue SWLB | 8U1 89S *[£202/80/60] U0 Aeiqi8UlIUO AB]IA 801 ©1500 8UeI0D AQ 8/ T'82S0-TLYT/TTTT 0T/I0P/W0d A8 | AReiq puijuo uABgo//sdny wouy pepeojumod ‘6 ‘€202 ‘82S0T.YT


https://doi.org/10.1111/1471-0528.17448
https://doi.org/10.1111/1471-0528.17448

	Patterns of maternal gestational weight gain in association with allergic diseases in offspring: A prospective cohort study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study population
	2.2|Gestational weight gain
	2.3|Allergic disease
	2.4|Covariates
	2.5|Statistical analyses

	3|RESULTS
	4|DISCUSSION
	4.1|Main findings
	4.2|Strengths and limitations
	4.3|Interpretation

	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTERESTS
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL
	REFERENCES


