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Abstract

This study evaluated the association between maternal magnesium intake (MMD and childhood wheezing incidence in 3-year-old offspring.
We hypothesised that higher MMI imparts anti-inflammatory and antioxidant effects that decrease childhood wheezing incidence in offspring.
Data of 79 907 women (singleton pregnancy, > 22 weeks) from the Japan Environment and Children’s Study (enrolled between 2011 and 2014)
were analysed. Participants were categorised into quintiles of MMI (< 148-00, 148-00-187-99, 188-00-228-99, 229-00-289-99 and > 290-00 mg/d),
quintiles of adjusted MMI for daily energy intake (aMMD) (< 0-107, 0-107-0-119, 0-120-0-132, 0-133-0-149 and > 0-150 mg/kcal) and MMI levels
either below or above the ideal value (< 310-00 or > 310-00 mg/d). Multivariable logistic regression analysis was performed to calculate OR for
the incidence of childhood wheezing in offspring among participants in each MMI category, with the lowest MMI group considered the reference
group. Maternal demographic, socio-economic, medical and other nutrient intake backgrounds were considered potential confounding factors.
The adjusted OR (aOR) for childhood wheezing in the offspring of women with the highest MMI was 1-09 (95 % CI, 1-00, 1-20), whereas
that calculated based on aMMI categories and offspring of women with above-ideal MMI levels remained unchanged. The highest MMI
was associated with slightly increased childhood wheezing incidence in the offspring. MMI during pregnancy had an insignificant clinical impact
on this incidence; moreover, modifying MMI would not significantly improve childhood wheezing incidence in offspring. Therefore, further
studies should clarify the association between other prenatal factors and childhood wheezing incidence in offspring.
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Asthma and wheezing commonly occur during childhood,
with a prevalence of approximately 10 % in Japan"?. There is
no exact method for predicting or preventing childhood
wheezing. While environmental factors have been reported
as causal factors for asthma and wheezing during
childhood®>, pregnancy-associated factors have also been
reported to influence the incidence of childhood asthma and
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wheezing According to our previous study, maternal

ritodrine hydrochloride administration for the prolongation of
pregnancy was associated with an increased incidence of child-
hood wheezing in the offspring. There is no clear explanation
for this association; however, the foetuses of mothers whose
gestational period was prolonged by long-term maternal rito-
drine hydrochloride administration may have experienced stress
due to ‘excessive’ uterine contractions, and there might have
been secretion of foetal pituitary adrenocorticotropic hormone,

Abbreviations: aMMI, adjusted MMI; aOR, adjusted OR; JECS, Japan Environment and Children’s Study; MMI, maternal magnesium intake.
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leading to asthma development in the offspring in future®'?.

The association between prenatal factors and incidence of child-
hood wheezing in the offspring should be clarified considering
underlying mechanisms.

Mg is a common factor involved in the function of enzymes
and acts as a cofactor in over 600 enzymatic reactions!'V.
Mg is important during pregnancy because it also affects uterine
smooth muscle activity'? which could affect the pregnancy and
offspring; additionally, it exerts various benefits, including
anti-inflammatory and antioxidant effects'®. Several studies
have reported that adequate maternal magnesium intake
(MMI) reduces preterm births, foetal growth restriction, small-
for-gestational-age births and pre-eclampsia®. However, the
association between MMI and offspring childhood health,
including childhood wheezing, remains unclarified. A previous
study did not report any association between MMI, which was
estimated using a FFQ, and childhood asthma™>; however, this
study showed an association between MMI and the decreased
incidence of childhood eczema in offspring>. Non-pregnant
adults who received oral Mg supplements showed improved
objective and subjective measures of bronchial reactivity, asthma
control, and quality of life, respectively®.

Therefore, we analysed the association between MMI and
incidence of childhood wheezing in the offspring using data
from a nationwide birth cohort study. Based on the above
phenomenon®, we hypothesised that higher MMI imparts
anti-inflammatory and antioxidant effects that decrease child-
hood wheezing incidence in offspring.

Experimental methods
Study design

We analysed data from the Japan Environment and Children’s
Study (JECS), a nationwide, government-funded, prospective
birth cohort study initiated in January 2011 — participants were
enrolled during 2011-2014 — aimed to investigate the effects
of environmental factors on children’s health’’'®. Expectant
mothers who (1) resided within the study area at the time of
recruitment, with plans to keep residing in Japan in the foresee-
able future; (2) had their expected delivery date between August
2011 and mid-2014; and (3) could easily participate in the study
(i.e. understood the Japanese language and completed a self-
administered questionnaire) were considered eligible for inclu-
sion in the JECS.

The two modes of recruitment were as follows: (1) at the time
of first prepartum examination by cooperating healthcare
providers and (2) at local government offices issuing a
pregnancy journal (i.e. the Maternal and Child Health
Handbook) to all expectant mothers before receiving municipal
services. Pregnant women were contacted through healthcare
providers, and those who were willing to participate were regis-
tered. Self-administered questionnaires were used to collect
information on demographic factors, medical history, physical
and mental health, lifestyle, occupation, environmental expo-
sure at home and in the workplace, housing condition,
and socio-economic status during the first and second/third

trimesters!'7-1®,

Data collection

The current analysis used data released in October 2019 (dataset:
jecs-ta-20190930). Women with singleton pregnancies were
included in the present study, while those who experienced
abortion or stillbirth or had missing information were excluded.

Exposure variables

We used the FFQ administered in the early stage of pregnancy
and in the second/third trimester (median: 27-0 weeks of gesta-
tion) in the JECS. Participants were asked to answer questions
about their 1-year dietary intake at the early stage of pregnancy
and between awareness of pregnancy and the second or third
trimester. The FFQ used in this study was validated in a large-
scale epidemiological study in Japan, and its details have been
reported!”. Briefly, the long-type FFQ asked about the respon-
dents’” habitual consumption of the listed food items using nine
frequency and three portion sizes categories"”?". Frequencies
ranged from less than once per month to more than seven times
per d, and portions ranged from small, 0-5; medium, 1-0; and
large, 1-5, compared with standard units’*2". Eating habits,
including breakfast frequency, eating out and eating speed, were
also assessed'-2D, The validity of nutrient intake assessment
using a FFQ in Japanese pregnant women has been previously
reported?*-22),

The nutrient contents of each food were determined based on
the Japanese food composition tables, 5th revised revision, while
the daily intakes of nutrients were calculated by summing the
contents from the food items after multiplying by the frequency
of consumption"; MMI was also computed using FFQ data. We
performed two analyses to adjust for the effects of maternal daily
energy intake in assessing the association between MMI and the
incidence of childhood wheezing in offspring: a standard model
adjustment and nutrient density model adjustment®®. For the
standard model adjustment, we focused on maternal daily
energy intake as a confounding factor, after confirming the multi-
collinearity. For nutrient density model adjustment, we calcu-
lated adjusted MMI (aMMD by rescaling the MMI as a proportion
of total energy (MMI (mg/d)/maternal daily energy intake (kcal/
d)). We plotted a histogram and performed the Shapiro—-Wilk
test, which showed that MMI and aMMI were not normally
distributed. Participants were categorised based on (1) their
MMI levels quintiles (< 148-00, 148-00-187-99, 188-00-228-99,
229-00-289-99 and > 290-00 mg/d), (2) their aMMI levels quin-
tiles (< 0-107, 0-107-0-119, 0-120-0-132, 0-133-0-149 and > 0-150
mg/kcal), and (3) whether they had below- or above-ideal MMI
levels (< 310-00 or > 310-00 mg/d) according to the Reference
Intakes for the Japanese population.

Main outcome measures and confounding factors

The main outcome measure was ‘wheezing ever at 3 years
of age, which was assessed based on the International
Study of Asthma and Allergies in Childhood (ISAAC)
questionnaire®29, Information on ‘wheezing ever was obtained
using self-reported questions from caregivers, including
‘Has your child ever had wheezing or whistling in the chest at
any time in the past”
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Maternal age, BMI before pregnancy, parity, smoking status,
educational status, annual household income, maternal daily
energy intake, mode of delivery, preterm birth (before
37 weeks), low birth weight (< 2500 g), severe hypertensive
disorders of pregnancy, maternal asthma, intra-uterine infection,
MMI estimated at the early stage of pregnancy and maternal
intake of other minerals during pregnancy, including Ca and
Zn, that affect maternal Mg absorption via the digestive
system were analysed as potential confounding factors. These
factors were selected based on clinical importance®!>27-30,

Participants were divided into four age groups: < 20, 20-29,
30-39 and > 40 years. Maternal BMI before pregnancy was cate-
gorised as follows®V: < 18-5, 18-5-19:9, 20-0-22-9, 23-0-24-9
and > 25-0 kg/m?. Participant parity was categorised as nullipa-
rous and multiparous. Participants were requested to provide
information on their smoking status by choosing one of the
following: ‘Currently smoking’, ‘Never’, ‘Previously did, but quit
before realising current pregnancy’ and ‘Previously did, but quit
after realising current pregnancy’. Participants who chose
‘Currently smoking’ were included in the ‘smoking’ group; other-
wise, participants were assigned to the ‘non-smoking’ group®.
Maternal educational status was categorised into four groups as
follows: junior high school, < 10 years; high school, 10-12 years;
technical junior college, technical/vocational college, associate
degree, or bachelor’s degree, 13-16 years; and graduate degree
(master’s/doctorate), > 17 years(%. Annual household income
was categorised into four levels as follows: <2 000 000;
2 000 000-5 999 999; 6 000 000-9 999 999 and >10 000 000
Japanese yen®. Maternal daily energy intake was evaluated
using a FFQ that was validated in previous cohort studies™?2"
and calculated based on the Japan Standard Tables of Food
Composition, 5th Revised Edition. Mode of delivery was divided
into vaginal delivery and caesarean section based on medical
record transcripts. Severe hypertensive disorders of pregnancy
were defined as a persistently elevated blood pressure (>
160/110 mmHg) after 20 gestational weeks in an otherwise
normotensive woman®?. Maternal asthma was diagnosed based
on the information in the questionnaire issued during the first
trimester. Paternal asthma was not considered owing to a large
amount of missing data. Intra-uterine infection was clinically
diagnosed by the attending physician, and the corresponding
data were retrieved from medical record transcripts. MMI via
daily diet at the early stage of pregnancy was determined using
the FFQ"%?1. After combining the second and third groups to
form the moderate group, the participants were categorised into
low-MMI (< 167-00 mg/d), moderate-MMI (167-00-287-99 mg/
d) and high-MMI (> 288-00 mg/d) groups according to the quar-
tiles of the MMI distribution in the early stage of pregnancy.
Maternal intake of other minerals during pregnancy via the daily
diet was determined using the FFQ"92D. The participants were
categorised into groups according to the quartiles of the distribu-
tion of maternal Ca intake in the second/third trimester. After
combining the second and third quartiles to form the moderate
group, we analysed the following three groups: low maternal
Ca intake (< 320-00 mg/d), moderate maternal Ca intake
(320-00-652-99 mg/d) and high maternal Ca intake
(= 653-00 mg/d). Participants were likewise categorised into
low, moderate and high maternal Zn intake groups according

to the quartiles of the distribution of maternal Zn intake in the
second/third trimester (< 5-40, 5-40-8-59 and>8-60 mg/d,
respectively). For each confounder, ‘no answer’ was analysed
as a single item.

Statistical analysis

Participant characteristics were summarised based on their daily
MMI status. Univariable and multivariable logistic regression
models were used to calculate the crude OR (cOR), adjusted
OR (aOR) and 95 % CI for offspring childhood wheezing among
participants (1) in each MMI, (2) aMMI and (3) above-ideal MMI
categories, with the lowest MMI group used as the reference
group for each classification criteria. Multivariable logistic regres-
sion analyses were adjusted for maternal age, BMI before preg-
nancy, parity, maternal smoking status, educational status,
annual household income, maternal daily energy intake, mode
of delivery, preterm birth, low birth weight, severe hypertensive
disorders of pregnancy, maternal asthma, intra-uterine infection,
MMI estimated at the early stage of pregnancy, and maternal
intake of Ca and Zn during pregnancy. However, in analysis
(2), multivariable logistic regression did not adjust maternal daily
energy intake.

All statistical analyses were performed using SPSS version 26
(IBM Corp.). The model fitness of the multivariable logistic
regression was confirmed using Hosmer and Lemeshow
analysis. There was no multicollinearity, which was deemed
present should there be an association between independent
variables with a correlation coefficient of r> 0-8 and/or a vari-
ance inflation factor > 10.

Results

The total number of foetal records in the JECS was 104 062, and
79 907 individuals met the inclusion criteria (Fig. 1).

Table 1 summarises participant characteristics stratified by
MMI status. Differences were noted between the groups with
respect to demographic, socio-economic, medical and other
nutrient intake data. The incidence of preterm birth in the
present study was relatively higher in the high-MMI group than
in the remaining groups. Specifically, maternal daily energy
intake, MMI estimated at the early stage of pregnancy, and
maternal intake of Ca and Zn during pregnancy were the highest
in the highest-MMI group. The ratio of wheezing ever was also
the highest in this group. The median values of MMI in the early
stage of pregnancy, maternal Ca intake during pregnancy and
maternal Zn intake during pregnancy were 221-00 mg/d,
465-00 mg/d and 6-80 mg/d, respectively.

Table 2 summarises the cOR, aOR and 95 % CI for childhood
wheezing in the offspring of participants in each MMI group. The
aOR for childhood wheezing in the offspring of participants in
the highest MMI group was 1-09 (95 % CI, 1-00, 1-20), and no
significant difference was found in the aOR between other
groups.

Table 3 summarises the cOR, aOR and 95 % CI for childhood
wheezing in the offspring of participants in each aMMI group.
The aOR for childhood wheezing in the offspring of participants
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Foetal records

Exclusion criteria

Fig. 1. Enrolment flow chart.

in the higher aMMI group showed a decreased trend; however,
no significant difference was found in the aOR.

Table 4 summarises the cOR, aOR and 95 % CI for childhood
wheezing in the offspring of participants in the above-ideal MMI
group. The aOR for childhood wheezing in the offspring of
participants in the above-ideal MMI groups was 1-:04 (95 % CI,
0-98, 1-10), and there was no significant difference in aOR
between the reference group and above-ideal MMI group.

Discussion

This study revealed a statistically significant but slight association
between the highest levels of MMI during pregnancy and an
increased incidence of childhood wheezing in offspring.
However, there was no significant association between aMMI,
above-ideal MMI levels and the incidence of childhood
wheezing in the offspring. Contrary to our hypothesis, we

N =104,062
> Multiple pregnancies N = 1,992
Singleton pregnancies
N=102,070
Abortions N = 1,189
> Stillbirths N = 346
Unknown outcomes N = 2,122
Singleton live births
N=98,413
Missing data
Maternal magnesium intake
at early / mid stage of pregnancy
> N=219
Offspring’s childhood wheezing
N=16312
A 4
Enrolment
N=179,907

conclude that higher MMI during pregnancy would not be useful
for decreasing the incidence of childhood wheezing in offspring;
a higher MMI during pregnancy, which reflects the real-world
distribution of MMI across the nationwide population, is rather
associated with a slightly elevated incidence of childhood
wheezing in offspring.

The mechanism of a slightly but statistically significant
increased incidence of childhood wheezing in offspring from
mothers with the highest MMI is unknown. It is speculated that
other maternal demographic, socio-economic, medical and
other nutrient intake backgrounds would affect this association
rather than MMI itself, despite adjusting these factors in multivari-
able logistic regression analyses. Meanwhile, there was a signifi-
cant association between higher Mg levels in maternal urine
samples collected before delivery and an increased incidence
of offspring childhood asthma, although the underlying mecha-
nism was unclear®®. Another previous study reported that Mg
intake in pre-school children might have contributed to
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Table 1. Characteristics and outcomes of participants based on maternal magnesium intake in the second/third trimester status
Q1 Q5
n16 168 n15742 n16 021 n16 157 n15 819
% n % n % n % n % n
MMI (mg/d) <148-00 148-00-187-99 188.00-228-99 229-00-289-99 >290-00
Variable
Maternal age
<20 years 2.7 440 1-3 197 09 140 0-6 103 0-6 94
20-29 years 521 8426 45.3 7137 40-6 6510 378 6114 339 5358
30-39 years 43-3 7006 51.2 8053 55-9 8953 58-6 9473 61-9 9785
>40 years 1.8 295 2.3 355 26 418 29 467 37 582
No answer 0-0 1 0-0 0 0-0 0 0-0 0 0-0 0
BMI before pregnancy
<18-5 kg/m? 170 2747 167 2622 16-1 2576 16-2 2625 14-8 2335
18.5-19.9 kg/m? 24.3 3936 25.3 3976 259 4145 259 4182 249 3933
20-0-22-9 kg/m? 36-2 5855 37-6 5921 38-3 6133 386 6235 398 6295
23.0-24-9 kg/m? 10-5 1702 107 1679 10-3 1652 10-5 1691 107 1696
>25.0 kg/m? 119 1918 98 1539 94 1512 88 1416 9-8 1558
No answer 01 10 0-0 5 0-0 3 0-0 8 0.0 2
Parity
Nulliparous 48-3 7810 43.0 6768 40-2 6434 375 6056 34.2 5409
Multiparous 48-8 7890 54.5 8574 57-5 9218 60-1 9716 63-9 10 106
No answer 29 468 25 400 2.3 369 24 385 19 304
Maternal smoking status
No 94.3 15239 95.8 15079 96-1 15 398 96-4 15573 95.5 15103
Yes 51 817 36 561 33 525 29 473 39 624
No answer 07 112 0-6 102 0-6 98 07 111 0-6 92
Maternal educational status
<10 years 6-0 978 37 588 31 491 29 463 31 497
10-12 years 37-0 5986 311 4888 281 4508 26-8 4323 270 4272
13-16 years 55-0 8890 63-4 9977 66-9 10715 68-1 11 006 67-7 10713
>17 years 09 139 1-5 229 1.7 271 2.0 321 1-8 277
No answer 11 175 0-4 60 0-2 36 0-3 44 04 60
Annual household income
<2 000 000 JPY 68 1100 4.4 697 4.0 633 38 621 4.2 671
2 000 000-5 999 999 JPY 64-5 10 430 64-4 10 142 63-2 10 129 62-1 10 031 61-6 9745
6 000 000-9 999 999 JPY 173 2792 21.3 3350 23-0 3692 237 3834 230 3641
>10 000 000 JPY 28 450 37 578 4.3 688 4.7 762 51 807
No answer 86 1396 62 975 55 879 56 909 6-0 955
Maternal daily energy intake
<1373 kcal/d 57-2 9248 32.2 5066 191 3062 10-5 1698 6-0 942
1373-1691 kcal/d 24.4 3948 35-1 5530 311 4979 22-3 3606 121 1917
1692-2104 kcal/d 12.0 1946 21.8 3436 313 5007 34.8 5616 251 3977
>2105 kcal/d 6-3 1026 109 1710 186 2973 324 5237 56-8 8983
Caesarean section
No 81-4 13 159 81.9 12 894 814 13 042 811 13 100 80-1 12 677
Yes 183 2951 17-8 2796 181 2907 185 2988 193 3057
No answer 0-4 58 0-3 52 04 72 04 69 05 85
Preterm birth
No 86-6 14 005 86-5 13612 86-2 13 816 86-0 13 893 85-1 13 455
Yes 133 2143 134 2106 13-6 2177 13-8 2233 14.7 2323
No answer 01 20 02 24 02 28 02 31 0-3 41
Low-birth-weight infant
No 91.0 14710 92.0 14 478 92-0 14732 92-4 14 933 919 14 542
Yes 88 1429 78 1230 7-8 1251 73 1183 7-8 1233
No answer 02 29 02 34 02 38 0-3 41 0-3 44
Severe HDP
No 98-9 15987 99-0 15 586 98-9 15 849 98-9 15979 98-8 15 623
Yes 1.0 161 08 132 09 144 09 147 1.0 155
No answer 01 20 02 24 02 28 02 31 0-3 41
Maternal asthma
No 89-0 14 392 89-8 14 136 89-4 14 322 89-8 14 509 89-1 14101
Yes 110 1776 102 1606 10-6 1699 10-2 1648 109 1718
Intra-uterine infection
No 99-3 16 060 99-3 15 628 993 15 901 992 16 035 99-1 15 684
Yes 05 88 0-6 90 0-6 92 0-6 91 0-6 94
No answer 0-1 20 02 24 02 28 02 31 03 41
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Table 1. (Continued)

Q1 Q2 Q3 Q4 Q5
n16 168 n15742 n16 021 n16 157 n15819
% n % n % n % n % n

MMI at the early stage of pregnancy

<167-00 mg/d 634 10 243 328 5156 15-3 2455 6-9 1109 37 586

167-00-287-99 mg/d 323 5223 591 9300 687 11 003 59-8 9665 317 5015

>288-00 mg/d 4.3 702 82 1286 16-0 2563 333 5383 64-6 10218
Maternal Ca intake during pregnancy

<320-00 mg/d 755 12214 341 5365 12.0 1920 30 485 0-4 70

320-00-652-99 mg/d 24.0 3874 622 9789 762 12 202 64-0 10 343 236 3736

>653-00 mg/d 05 80 37 588 11.9 1899 330 5329 75-9 12013
Maternal Zn intake during pregnancy

<5-40 mg/d 835 13 498 337 5298 88 1413 1.8 292 0-2 26

5.40-8-59 mg/d 16-3 2634 64-9 10 214 84-8 13 584 672 10 862 181 2858

>8-60 mg/d 02 36 1.5 230 6-4 1024 31.0 5003 818 12935
‘Wheezing ever

Yes 29.2 4722 297 4671 30-2 4833 30-5 4927 324 5127

No 70-8 11 446 70-3 11 071 69-8 11188 69-5 11 230 67-6 10 692

MMI, maternal magnesium intake; JPY, Japanese yen; HDP, hypertensive disorders of pregnancy.

Table 2. Crude OR and adjusted OR for the incidence of ‘wheezing ever’ in women subdivided according to quintiles of maternal magnesium intake

cOR aOR
Maternal magnesium intake OR 95 % Cl OR 95 % Cl
Q1< 148-00 mg/d (n 16 168) Ref Ref Ref Ref
Q2 148-00-187-99 mg/d (n 15 742) 1.02 0.98, 1.07 1.04 098, 1-10
Q3 188-00—228-99 mg/d (n 16 021) 1-05 0-99, 1-10 1.06 0-98, 1-13
Q4 229-00-289-99 mg/d (n 16 157) 1.06 1.01, 112 1.05 098, 1-14
Q5 >290-00 mg/d (n 15 819) 116 111, 1.22 1-09 1.00, 1-20

cOR, crude OR,; Ref, reference; aOR, adjusted OR.

Multivariable logistic regression analyses were adjusted for maternal age, BMI before pregnancy, parity, maternal smoking status, educational status, annual household income,
maternal daily energy intake, mode of delivery, preterm birth, low birth weight, severe hypertensive disorders of pregnancy, maternal asthma, intra-uterine infection, maternal magne-
sium intake estimated at the early stage of pregnancy and maternal intake of Ca and Zn during pregnancy.

Table 3. Crude OR and adjusted OR for the incidence of ‘wheezing ever’ in women subdivided according to quintiles of adjusted maternal magnesium intake

cOR aOR
Adjusted maternal magnesium intake OR 95% ClI OR 95% ClI
Q1< 0-107 mg/kecal (n 15 531) Ref Ref Ref Ref
Q2 0-107-0-119 mg/kcal (n 15 838) 0-99 0-94, 1.03 1-00 0-95, 1-05
Q3 0-120-0-132 mg/kcal (n 16 752) 0-98 0-93, 1-03 0-99 0-94, 1-05
Q4 0-133-0-149 mg/kcal (n 15 683) 0-95 0-91, 1.00 0-97 0-92, 1-02
Q5 > 0-150 mg/keal (n 16 103) 0-96 0-92, 1-01 0-97 0-92, 1-03

cOR, crude OR,; Ref, reference; aOR, adjusted OR.

Multivariable logistic regression analyses were adjusted for maternal age, BMI before pregnancy, parity, maternal smoking status, educational status, annual household income,
mode of delivery, preterm birth, low birth weight, severe hypertensive disorders of pregnancy, maternal asthma, intra-uterine infection, maternal magnesium intake estimated at
the early stage of pregnancy, and maternal intake of Ca and Zn during pregnancy.

Table 4. Crude OR and adjusted OR for the incidence of ‘wheezing ever in women in the above-ideal maternal magnesium intake group

cOR aOR
Maternal magnesium intake OR 95 % Cl OR 95 % Cl
Reference group (n 67 519) Ref Ref Ref Ref
Above-ideal maternal magnesium intake group (n 12 388) 113 1.09, 118 1.04 098, 1-10

cOR, crude OR; Ref, reference; aOR, adjusted OR.

Multivariable logistic regression analyses were adjusted for maternal age, BMI before pregnancy, parity, maternal smoking status, educational status, annual household income,
maternal daily energy intake, mode of delivery, preterm birth, low birth weight, severe hypertensive disorders of pregnancy, maternal asthma, intra-uterine infection, maternal magne-
sium intake estimated at the early stage of pregnancy, and maternal intake of Ca and Zn during pregnancy.
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wheezing or asthma development in childhood, although the
mechanism also remains to be elucidated®?. To the best of
our knowledge, this study is the first to clarify the association
of MMI with the incidence of childhood wheezing in offspring
using a nationwide cohort study with appropriate confounding
factors, which might strengthen these previous results®33%,

Analyses based on aMMI and ideal MMI showed no signifi-
cant association between MMI and the incidence of childhood
wheezing in offspring. According to our hypothesis, higher
MMI may decrease inflammation and oxidative stress"'® and lead
to hyperactivity of pulmonary functions in the offspring, stabili-
sation of T cells and inhibition of mast cell degranulation to
reduce inflammatory mediators®®. This was also supported
by the study of non-pregnant adults who received oral Mg
supplements'?. Moreover, higher MMI would maintain preg-
nancy and prolong gestation because higher maternal serum
Mg levels were associated with the activity of uterine smooth
muscle (preterm birth group: 0-93 mmol/L v». control group:
1-12 mmol/L, p <0-0D!? and may be associated with a
decreased incidence of childhood wheezing in offspring.
These may have protected the offspring from childhood asthma
and wheezing. The contrary results could have been caused by
differences in the mechanisms affecting childhood health via
inflammatory and oxidative pathways between MMI, maternal
serum Mg levels and Mg supplementation. This study’s incidence
of preterm birth was relatively higher in the highest MMI group
than in the other groups. The present study did not account
for the effects of maternal serum Mg levels and maternal Mg
supplementation; therefore, future prospective studies clarifying
the impacts of MMI on childhood wheezing in offspring are
warranted, considering the inflammatory and oxidative
biomarkers and differences in MMI, maternal serum Mg levels,
and Mg supplementation.

Overall, this study implies that MMI during pregnancy would
not have significant clinical impact on the incidence of childhood
wheezing in offspring. A previous study showed no association
between MMI using FFQ collected during the 8th month of preg-
nancy and childhood asthma in offspring'>. This previous study
was a population-based prospective birth cohort study that
analysed 2441 5-year-old offspring; the mean MMI from food
in this population was 474 mg/d, which was significantly higher
than that in this study. However, the present results were partly
consistent with this previous one because no significant change
was found in the OR for childhood wheezing in offspring of
mothers with above-ideal MMI levels. Moreover, modifying
MMI could not significantly improve the incidence of childhood
wheezing in offspring, as well as in the previous study"!>.

This study has some limitations. First, the incidence of
offspring childhood wheezing might have been over- or under-
reported; thus, the results should be interpreted with caution.
However, the information on offspring childhood wheezing
was based on the ISAAC questionnaire, and the parents’
reports are expected to have good agreement with the physi-
cians’ diagnosis®®. Second, there may be unmeasured potential
confounding factors to be considered. Detailed data on the
daily maternal use of supplementation and drugs, including
magnesium oxidate, antiasthmatic medications, antioxidative
supplements and antipyretic analgesics, were not included.

Moreover, data on childhood exposure to Mg in the offspring
are lacking. Finally, there is a concern regarding potential selec-
tion bias because several participants who had missing data and
satisfied the exclusion criteria were excluded.

In conclusion, contrary to our hypothesis, the highest MMI
group showed a slight association with increased childhood
wheezing incidence in offspring. Regarding research implica-
tions of this study, further studies are needed to investigate
the effects of MMI during pregnancy on childhood wheezing
incidence in offspring considering the impact of other
maternal diets and inflammatory and oxidative biomarkers
and differences in MMI, maternal serum Mg levels, and Mg
supplementation. However, this association was insignificant
based on aMMI and the ideal MMI level. As a clinical implication,
this study would imply that MMI during pregnancy would not
have significant clinical impact on childhood wheezing inci-
dence in offspring, and modifying MMI to the ideal amount
for pregnant women may not significantly decrease the inci-
dence. Therefore, further studies to clarify the association
between other prenatal factors and childhood wheezing
incidence in offspring are needed to decrease the incidence of
childhood wheezing and asthma.
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