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DIETARY SURVEYS AND NUTRITIONAL EPIDEMIOLOGY

Low-fat yoghurt intake in pregnancy associated with increased child asthma
and allergic rhinitis risk: a prospective cohort study
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Abstract

Dairy products are important sources of micronutrients, fatty acids and probiotics which could modify the risk of child asthma and allergy development. To
examine the association of dairy product intake during pregnancy with child asthma and allergic rhinitis at 18 months and 7 years in the Danish National
Birth Cohort, data on milk and yoghurt consumption were collected in mid-pregnancy (25th week of gestation) using a validated FFQ (# 61 909). At 18
months, we evaluated asthma and wheeze using interview data. We assessed asthma and allergic rhinitis using a questionnaire at the age of 7 years and
through registry linkages. Current asthma was defined as self-reported ever asthma diagnosis and wheeze in the past 12 months. All associations were
evaluated using multivariate logistic regtession. At 18 months whole milk was inversely associated with child asthma (=5-5 times/week 2. none: 0-85,
95 % CI 0-75, 0-97); the reverse was true for semi-skimmed milk (=5-5 times/week ». none: 1-08, 95 % CI 1-02, 1-15). For yoghurt, children of
women who ate low-fat yoghurt >1 serving/d had 1-21 (95 % CI 1-02, 1-42) greater odds of a medication-related ever asthma diagnosis compared
with children of women reporting no intake. They were also more likely to have a registry-based ever diagnosis and report allergic rhinitis. Low-fat yoghurt
intake was directly related to increased risk of both child asthma and allergic rhinitis, while whole milk appeared protective for early-life outcomes only.
Nutrient components or additives specific to low-fat yoghurt may be mediating the increase in risk.
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The past few decades have seen a rise in asthma and other
allergic diseases. In Denmark alone, allergic asthma has
increased almost 2-fold over the past 15 years”. These dis-
eases now contribute considerably to the chronic disease bur-
den that stretches from childhood to adulthood. As most
asthma develops during childhood, it has been hypothesised
that factors influencing the 7z utero environment, including
maternal diet during pregnancy, may affect immune system
development and later clinical disease®.

Numerous dietary factors have been examined in relation to
allergic disease outcomes. Since the introduction of the lipid

hypothesis by Black & Sharpe™, the interest in fatty acids as
actiological agents in allergic disease development has grown.
Essential fatty acids have primarily been speculated to influ-
ence the immune system shift either towards or away from
Th2 pathways, making the child more or less susceptible to
allergic disease™. Although focus has been on the essential
fatty acids #-3 and #-6, new evidence suggests the importance
of other fatty acids. Conjugated linoleic acids (CLLA) are fatty
acids found in dairy products and ruminant meats as a result
of biohydrogenation in the cow rumen. Dairy products have
been found to have a good correlation with blood CLA levels,
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making them an appropriate marker of CLA intake®. CLA
have been found to have immunomodulating properties and
have been hypothesised to attenuate the development of aller-
gic disease®'?. Other ruminant fatty acids, including vaccenic
acid, have been shown to suppress airway inflammation and
allergic dermatitis in animals”""'?. In human subjects, breast
milk levels of vaccenic acid and CLA were inversely related
to allergic dermatitis and allergic sensitisation™. Only a few
studies have examined dairy product, milk and yoghurt intake
during pregnancy in relation to various allergic out-

(3717 Majority of these have been null™™' with
an

comes

or suggestions of
(13-15)

some showing inverse associations
inverse associations for early-life allergic outcomes
Trials with supplementation of prebiotics and probiotics,
found in yoghurt, in infancy have been shown to be successful
for the prevention of eczema(lgfzz), but not for later asthma
and allergic disease development.

To better understand the role of dairy product intake duting
pregnancy on the development of child allergic disease we
examined milk and yoghurt intake during pregnancy in relation
to eatly, later and ever asthma in 7-year-old children.

Materials and methods
Population and study design

The Danish National Birth Cohort (DNBC) is a prospective
cohort study with the aim of examining associations between
pregnancy and eatly-life exposures and offspring diseases.
Enrolment took place between January 1996 and October
2002. Women were approached by their general practitioner
at the first antenatal visit if they were living in Denmark,
who could speak Danish and were planning to carry to
term. Close to 60 % of all eligible women received an invita-
tion from their general practitioner; among these, 60 % chose
to enrol®. The women were interviewed over the telephone
twice during pregnancy and filled out an food frequency ques-
tionnaire (FFQ) around the 25th week of gestation. The
women participated in two telephone interviews after birth,
when the child was 6 and 18 months old. We followed the
mother—child pairs through national registries linked to our
data by the unique identity (Central Person Registry; CPR)
number provided to all Danish citizens. At the age of 7
years an additional questionnaire was sent to the mothers.

Out of the 101 045 eligible pregnancies, we included only
the first child enrolled for each woman (7 89 333) in order
to avoid dependency among correlated observations. We
further excluded multiple births (z 87 090). Including only
women who answered any of the questions on dairy product
intake, the final sample size for the analysis was 61 909.
Final sample sizes varied between 13 621 and 45 610 based
on participant response rate for the outcomes.

Mothers provided written informed consent on behalf of
their children. The Regional Scientific Ethics Committee for
the municipalities of Copenhagen and Frederiksberg approved
all study protocols, and all procedures were in accordance with
the Declaration of Helsinki.

Exposure variables

A validated 360-item semi-quantitative FFQ was completed
around gestation week 25; it referred to intake during the pre-
vious 4 weeks®**?. Dairy product consumption was recorded
in eight questions in the FFQ; two of them asked about con-
sumption of yoghurt, in servings per day (including percentage
of fat, with/without fruit) and six questions asked about milk
consumption (whole milk, 1-5 % milk, 0-5 % milk, skimmed
milk, churn buttermilk and chocolate milk) in glasses per day.
The FFQ asked about yoghurt with/without fruit to better esti-
mate carbohydrates; here, we also used it to account for poten-
tial differences in additives used to compensate for texture and
flavour. Assuming that the serving sizes were approximately
equal to 200 ml, we aggregated the milk and yoghurt variables
to obtain the frequency measures of total dairy intake. We
also quantified frequency of milk intake by summing all types
of milk and excluding yoghurt. For our analyses, we examined
individual types of dairy product as well as total dairy product,
total milk and total full-fat and low-fat yoghurt intake.

Outcome measurements

We assessed outcomes both at the 18 months and 7-year
follow-up. At the age of 18 months, a telephone interview
was conducted where the mothers were asked about child
asthma doctor diagnosis, wheeze symptoms and the number
of wheeze episodes since birth. We defined asthma at 18
months as self-reported doctor asthma diagnosis. Cases of
ever wheeze were based on reporting of wheeze symptoms
in the past 18 months. Children were classified with recurrent
wheeze if they had >3 episodes in the first 18 months of life
compared with having <3 episodes or no reported wheeze.

We evaluated asthma and allergic rhinitis diagnosis at the
7-year follow-up by numerous sources. Asthma and allergic rhi-
nitis were assessed through the standardised International Study
of Asthma and Allergies in Childhood (ISAAC) questionnaire
mailed to the mothers when the child was 7 years old®**”,
Current asthma at the age of 7 years was defined as a positive
response to questions on ever doctor-diagnosed asthma and
wheezing symptoms in the past 12 months. Ever allergic rhinitis
was defined based on reported doctor diagnosis of hay fever.

We used the mandatory Danish National Patient Registry
(DNPR) to assess asthma based on hospital admissions.
Admission information has been collected since 1977, with
emergency room and outpatient contacts added in 1995.
The registry has been well validated against asthma diagnosis
from hospital records®®. We extracted data from the DNPR
in August 2010 and linked it to our data using the CPR num-
ber. Cases of ever asthma were identified using the
International Classification of Diseases, tenth tevision (ICD-
10) codes for asthma (J45, J45.0, J45.1, J45.8, J45.9, J46 and
J46.9). Allergic rhinitis diagnosis was excluded due to the
low number of hospitalisation (226/47 677 = 0-5 %o).

We also had access to the Register of Medicinal Products
Statistics (RMPS) that started in 1995 and contains detailed
individual-level dispensary information®. We used a previous

validation study<3O> to identify Anatomical Therapeutic
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Chemical codes for the classification of ever asthma cases. All
combinations of drugs for obstructive airway disease were
used, except for B-2-agonists as liquid, inhaled B-2-agonists
only once or inhaled steroid only once.

Covariates

Variables that were evaluated for inclusion in the multivariate
model included socio-economic status (high-level proficiency,
medium-level proficiency, skilled, unskilled, student, unem-
ployment according to maternal and paternal occupation),
maternal age at birth of child (520 years, 21-39 years and
240 years), parity (nulli- and multiparous), maternal pre-
pregnancy BMI (in kg/m?) (<18:5, 18-6-24-9, 25.0-29-9,
30-0-34-9 and 235.-0), maternal smoking during pregnancy
(non-smoker, occasional smoker and current smoker),
maternal exercise during pregnancy (yes/no), gestational
weight gain (g/week), breast-feeding duration (none, 0-1,
2-3,4-6, 7-9 and 210 months), birth weight (in grams), gesta-
tional age (in days since the last menstrual period), child sex,
maternal and paternal history of asthma and allergies, and
total energy intake. We also examined dietary vatiables as
potential indicators of a healthy lifestyle (fruits, vegetables,
alcohol, vitamins A, D and E, and Se and Zn intake from
diet and supplements).

Statistical analysis

We examined the distribution of covariates across categories
of dairy product intake to identify potential confounders.
Distributions were age-standardised due to significant differ-
ences in dairy product intake across maternal age categories.
We used chi-square and partial F-tests with a P<0-10 as
well as a priori considerations based on the current literature
to determine the final set of model covariates. Covariates sus-
pected to be intermediates on the causal pathways, such as
birth weight, gestational age and gestational weight gain,
were excluded to avoid overadjusting the model. The final
logistic regression model was adjusted for maternal age, smok-
ing, parity, pre-pregnancy BMI, physical activity, breast-
feeding, socio-economic status, child sex, maternal history of
asthma, maternal history of allergies, paternal history of
asthma, paternal history of allergies and energy (in quintiles).
Dairy intake was entered as an indicator variable and individ-
ual exposute categories compared with the lowest, reference
category. Categories were collapsed twice at the higher end
to account for scarce data on high consumers. We initially
used =2-5 times/d as the highest category for milk intake
and <1 servings/d for yoghurt intake, but combined the
two highest categories to increase power. We also combined
the two lowest categories for total dairy product and milk
intake as few women did not consume any dairy products
or milk. Effect estimates changed slightly, but directionality
remained the same before and after collapsing for the majority
of the dairy variables. We report here estimated OR and 95 %
CI for the final collapsed categories. Only predictors with the
strongest and most consistent results are presented in the main
text and tables. Ordinal values for the exposure categories

were entered separately into the models as a continuous vari-
able to evaluate P-value for trend. All tests were two-sided and
statistical significance was considered at P < 0-05. The analyses
were performed using SAS software (release 9.2; SAS
Institute).

Results
Study cohort

Actotal of 61 909 women answered any question on dairy intake.
The majority of women were between the age of 21 and 39 years
(98 %), of higher socio-economic position (high-level proficien-
cies: 23 %) and nulliparous (53 %) (Table 1). Close to 68 %o of all
women repotted a pre-pregnancy BMI within 18-6-24-9 kg/ m”
and the mean gestational weight gain rate was 467 (sD 216) g/
week. Approximately a quarter of participants reported any
smoking during pregnancy, with 13 % being current smokers
during pregnancy. Breast-feeding rates were high, with 60 %
of women breast-feeding longer than 7 months. Prevalence of
maternal history of asthma and allergies was 9 and 32 %,
respectively. Paternal asthma and allergies were reported for 8
and 24 % of participants, respectively. There was a preference
for low-fat (£1-5 %) varieties of dairy products in the cohort.
Compared with 5 % for whole milk, 30 % of participants
reported drinking semi-skimmed milk =1 time/d. Similatly,
7 % of women reported eating >0-5 servings/d of full-fat
yoghurt 2. 15 % for low-fat yoghurt.

We compared participants . non-participants for child asthma
at 18 months and 7 years. Compared with the 16 263 patticipants
notincluded in our analysis for child asthma at 18 months, the 45
610 participants eligible for the present study were of lower socio-
economic status (skilled, unskilled, student and unemployed: 46 .
40 %), less likely to be nulliparous (52 2. 56 %) and less likely to
smoke less during pregnancy (12 ». 14 %). Comparing the 48 252
participants without data on current asthma at 7 years, the 13 621
participants with child asthma data were more likely to report
maternal asthma (12 ». 8 %) and allergy (35 2. 31 %). There
were also more male children among the participants compared
with the non-participants (57 ». 50 %).

Predictors of dairy intake

We examined total dairy product intake across age-standardised
study participant characteristics (Table 1). Compared with low-
frequency (>0 glasses/d) consumets, high-frequency (>5
glasses/d) daity product consumers tended to be younger
and of medium- and skilled-level proficiency. They were also
more likely to have a normal to overweight pre-pregnancy
BMI, higher gestational weight gain, lower parity, exercise
and not smoke during pregnancy and breast-feed for =4
months. They reported an overall healthier diet with higher
intakes of fruit, vegetables, Se, Zn and lower alcohol intake.
They had lower intakes of vitamins A, D and E. Birth weight
was generally higher for children whose mothers consumed
more dairy products. No patterns were observed for gesta-
tional age. Patterns were similar for total milk and total low-fat
yoghurt consumers, except that there were more occasional
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Table 1. Age-adjusted covariate distribution across categories of maternal dairy product intake during pregnancy in the Danish National Birth Cohort

(n 61 909)*
(Number of participants, percentages, and means and standard deviations)

Frequency of dairy intake >0 ) 2.3 3.4 4.5 >5
(glasses/d). ..

n %  Mean SD Mean sD Mean sD Mean sD Mean SD Mean SD
n 9128 9764 15512 11243 6809 9453
Maternal age’ (%)

21-39 years 60699 98 97 98 98 98 98 98
Socio-economic position (%)

High-level proficiencies 12727 23 23 25 23 25 21 19
Parity (%)

Nullipara 31206 53 49 52 51 55 55 56
Pre-pregnancy BMI (%)

<185 kg/m? 2552 5 5 5 4 4 4 4

18.6-24-9 kg/m? 39110 68 65 69 68 71 68 67

25.0-29.9 kg/m? 11122 19 19 19 20 18 20 21

>30-0 4614 8 10 8 8 7 8 8
Physical activity during

pregnancy (%)

Yes 22908 39 35 39 38 42 40 39
Smoking in pregnancy (%)

Current smoker 7731 13 15 12 13 9 12 14
Breastfeeding duration (%)

>7 months 26 267 60 56 62 61 64 59 57
Maternal asthma %)

Yes 5420 9 10 9 9 9 9 10
Maternal allergies (%)

Yes 18840 32 35 32 31 32 31 31
Paternal asthma (%)

Yes 4820 8 9 8 8 8 8 9
Paternal allergies (%)

Yes 14036 24 24 25 24 25 24 23
Child sex (%)

Male 31470 51 50 51 51 52 52 52
Gestational weight gain (g/week) 42 607 448 228 463 209 461 212 473 205 479 219 481 225
Birth weight (g) 58 762 3533 571 3571 572 3584 560 3591 568 3597 578 3598 597
Gestational age (d) 61897 280 14 280 14 280 14 280 14 280 15 280 14
Energy intake (kJ/d) 61579 8816 2550 9295 2419 9689 2377 10321 2433 10725 2540 11813 2899
Fruit intake (g/d) 61 905 311 287 318 248 301 235 337 249 315 258 364 353
Vegetable intake (g/d) 61 905 125 102 131 96 123 90 133 93 127 102 139 131
Alcohol (g/d) 61579 1.8 2.8 1.8 24 1.6 22 1.6 22 1.4 21 1.2 2.0
Total vitamin A (RE/d) 61579 1777 35740 1843 3830 1950 46280 1292 577 1270 592 1327 9877
Total vitamin D (ug/d) 61579 9.4 67 9.0 5.8 88 53 9.0 51 86 5.0 8.9 51
Total vitamin E (o-TE/d) 61579 186 272 17.2 215 161 175 15.8 14.8 151 15.0 145 1441
Total Se (ug/d) 61579 66-5 29.8  69.0 28.0 706 26-9 72.3 264 72.3 283 74.3 271
Total Zn (mg/d) 61 579 183 82 19.0 76 197 75 20-2 75 20-3 72 209 75

RE, retinol equivalents; THE, tocopherol equivalents.
* Values are standardised to the age distribution of the study population.
+ Value not age-adjusted.

smokers among the former. The latter were more likely to be
of higher level proficiency, have a lower pre-pregnancy BMI
and smoke during pregnancy (data not shown). High consu-
mers of full-fat yoghurt tended to be of higher-level profi-
ciency, with lower pre-pregnancy BMI and breast-feed for a
longer period of time (data not shown).

Multivariate analysis
Child asthma, wheeze and recurrent wheeze at 18 months follow-np

The prevalence of child asthma, wheeze symptoms and recurrent
wheeze at 18 months were 17 % (# 7803/45 633), 27 % (n 12
259/45 842) and 9 % (n 3948/45 745), respectively. After adjust-

ment for potential confounders we found that maternal intake of

whole milk was inverse (=5-5 times/week 2. none: 0-85, 95 % CI
0-75, 0-97) for doctor-diagnosed asthma (Table 2). Maternal
semi-skimmed milk intake was directly associated with asthma
(=5-5 tmes/week ». none: 1-08, 95 % CI 1-02, 1-15)
(Table 3). Similar patterns were observed for wheeze symptoms
and recurrent wheeze (data not shown). We found no associ-
ations for total dairy product or total milk intake (Tables 4 and
5). Full- and low-fat yoghurt intake was not related to either out-
come, though we found a suggestive inverse association for full-
fat yoghurt and child asthma that reached significance only in the
lowet intake categoties (>0-5-1 ». 0 servings/d: 0-88, 95 % CI
0-77, 1-00) (Table 6). A dose—tresponse was present for semi-
skimmed milk intake, while any intake of full-fat yoghurt
appeared to be protective of child asthma (Tables 3 and 6).


https://doi.org/10.1017/jns.2012.5

wn

‘(se|uinb ur) ABisus pue

‘salbis||e Jo Aiojsiy [eulared ‘ewyse jo Aioisiy [eussred ‘saibis|e jo Al0isiy [euleyew ‘ewyise jo AIolsIy [euldiew ‘Xas pliyd ‘sniels d1uou0oa-0100s ‘Buipasjpsealq ‘Ananoe [eaisAyd ‘|Ng Aoueubaid-aid ‘Ayied ‘Bujows ‘ebe [eusayew 10y paisnipy +
'syjuow g1 ised ay} ul 8zeaym snid sisoubelp ewyise papodal-jjas se pauyaq +

‘sal0ba)eo ainsodxa 8y} 4o} sanjea [eulpio Buisn pualy 1o} anjeA 4

"SOUSIIEIS JoNpold [BUIDIPSIA JO JalsIBaY ‘SdINY ‘Ausibey jusied [euoleN usiued ‘HdNQ POOUpIyD ut saibis|ly pue ewuisy Jo Apnis [euoneusaiu] ‘OvvSI

LL'L ‘860 YOk 0Ll ‘280 860 201 ‘920 880 GL'L 20’ 80t peisnipy
LEL 0L 90'L 108 SH/IYLS 90’} ‘88°'0 960 66/ G1/526 86°0 ‘8.0 /80 ¥¥S5/609 ¥L'L ‘€0’ 80k  6¥E 81/692¢ apnip Yoem/sswi G-G<

vL'L ‘€60 €0k €21 ‘680 10°L 61’1620 €60 vL'LL60  20°) paisnipy
801 ‘660 00'L G61E/£601 21280 960 £05€/¥02 LL'L 920 260 Lg2L/evl 80’1 ‘060 660 L16€/959 |pnIy  Moam/sewl G-e-G-|

80’} ‘¥8'0  S6°0 /21080 Ok 20'L ‘vS0  ¥2°0 /1'1 ‘060 €0} peisnipy
¥0'1 ‘98:0  S6°0 9622/089 GL'L ‘640 S60 L9zz/1El €01 ‘€90 080 YSL/LL 101 ‘980 960 1G92/92Y apnio yruow/sawil G-g

¥e'1 ‘060 Ob'L L9 L 920 L) 880920 8¥°0 82’1 ‘€80 €0} peisnipy
611280 201 111/9%2 Gl ‘P20 00k 101/ Okl ‘8Y°0 €0 6.2/92 02’1 ‘€80 00} 0.8/Sv | apnip yuow/auwin |

610 ®ouaieey 00} 690 8douaieley Q0L €10 9oualeed 00k 200 ®ouslsed 00k fpaisnipy
200 628 G1/8v6Y Y0 GE8 S1/096 €00 1/%S/8/9 100 L. 8L/912E Elslgile} uondwinsuod oN
o 1D % 6 40 u/sesen W ID%S6  HO u/sesen W ID%S6  HO  u/sesed 1D % 6 15[e) u/sese) el M|iw
pawwps-lwes

(851 8¢ U) (SINY) Buwuise Jong (GZ1 8e U) (HANQ) ewuyise Jong (ggz €1 u) (885 vt U) (syuow g1) ewyisy

(OVVSI — s1eak 7) fewyse Juauny

(s|ensajul @ouaplyUOD 9, G6 PUB SOlel SPPQ)
HOYyoD yuig [euoleN ysiueq ayj ul ewyise pjiyo pue Aoueubaid Buunp ayejul yjiw pawwins-1Was Uaamiag SUoleloossy “¢ ajqel

‘(se|uinb uy) ABisus pue

‘saifis||e Jo Aosiy [eulared ‘ewyse jo Aiosiy [eulsied ‘saibla|e Jo AI0iSIy [euloiew ‘Bwyise Jo AI0)SIY [eUISieW ‘X8S PlIYod ‘Sniels 01WLou09a-0100s ‘Buipasjseslq ‘Alanoe [eoisAyd ‘|ng Aoueubaid-aid ‘Aued ‘Bupjows ‘ebe jeuseyew 1o} paisnipy
'syjuow g1 1sed ayy ur 8zeaym snid sisoubelp ewyise papodal-jjes se pauyeq +

‘sali0ba)e0 ainsodxa ay) 1o} sanjea [euiplo Buisn puai) Joj enjeA 4

"SONISIiEIS JONpOId [BUIDIPBIA 4O JBlsIBaY ‘SINY ‘Ansibey juslied [euoleN ysiueq ‘HdNQ Pooypliyd ui saibis|ly pue ewyisy jo Apnig [euoneussiul ‘OvvS|

L'l ‘280 6670 ¥S1 00k vel 961 ‘060 811 16°0°G2°0 S80 paisnipy
2L v6'0 €01 29£2/89. 2sLorL oek 99€2/S. | erL ‘G660 9L} €/8/5k1L 10°L /80 960 92/2/vS apni9 Yeam/sewl G-G=
GLL'¥8'0 660 /81 ‘G20 LOL G2l ‘LS50 ¥80 11 ‘G680 00} paisnipy
660 ‘220 880 £921/89¢ 91 ‘980 80°1 S921/6L 801 ‘4S50 640 Lov/EY €11 ‘980 660 9y 1/Sve epnIy  Yeam/sewn G-€-G'|
660 ‘89°0 180 €61 ‘0.0 /60 8c'L ‘650 060 Ok} 620 €60 paisnipy
660 ‘520  ¥8°0 £821/¥9¢ 821 ‘6,0 101 2821/SL 121 ‘€90 /80 LLvey ¥0'L ‘820 060 L6 L/vEe apni) Ypuow/sewn G-g
LL'L ‘920 2670 661 ‘GO'L Sl LvL 090 ¥60 /21680 YOk paisnipy
YOl ‘220 060 688/292 161260 02k ¥88/1L9 vrL ‘€20 €01 0e€/6€ 0kl ‘640 €60 8001/€91 apni) ypuow/awi |
€60 9ousIgeH 00k 800 ®ousseRY 00} €90 9ousIged 00k €00 ®ousIgey 00k fpaisnipy
120 v.¥ 2/28€ 01 €000 88y 2€//88L 0.0 6v2 LL/O0EL  ¥2°0 020 8€/2259 apnip uondwnsuoo oN
b 1D%S6  HO u/sese o ID%S6  HO u/seseQ e 1D%S6  HO u/sese) W ID%S6  HO u/sesen aBjUl M[IW BJOUM
(£92'8€ U) (SdINY) Bwyise Jang (G82 8€ U) (HdNQ) ewuyise Jon3 (vee (169 t¥ U) (syiuow g1) ewylsy

e u) (OYVYS| — sleak 2) fewyise uauny

(S|EAIB)UI BDUBPIUOD % GE PUB SOIRI SPPO)
YOYoD yuig [euoieN Ysiueq oy} ul Buyise piiyo pue Aoueubaid Buunp eyelul Y|l 9j0ym UssmM}ag SUOHEIOOSSY “g dlqel

ssaud Asianun abpuquied Aq auljuo paysiiqnd §'zL0z'sul/ZL0L'0L/61o"1op//:sdny


https://doi.org/10.1017/jns.2012.5

6

*(se|uinb ur) ABisus pue

‘salblis||e Jo Aojsiy [eulared ‘ewyise jo Aojsiy [eulsred ‘saibla|e Jo AI0iSIy [euloyew ‘ewyise jo AIo)sIy [euldiew ‘Xas pliyod ‘sniels o1uou0oa-0100s ‘Buipasjsealq ‘Alaioe eoisAyd ‘|ng Aoueubaid-aid ‘Aed ‘Bupjows ‘ebe [euseyew 1o} paisnipy +
'syjuow g1 ised sy} ul 8zeaym snid sisoubelp ewyise papodal-jas se pauyeq +

‘sal0ba)ed ainsodxa ay) 1o} senjea [euiplo Buisn puai) 1o} enjeA 4

"SOUSIIEIS JoNpold [BUIDIPSIN JO JalsIBeY ‘SdINY ‘AusiBey jusied [euoleN usiued ‘HdNQ Pooupiiy) ut saibis|ly pue ewuisy jo Apnis [euoieusaiul ‘OvvSI

9zl 20l ekl €e1 ‘680 601 80} ‘€90 €80 6LL G600 90°L paisnipy
AN A AN ] 2168/09€k 8L} /80 1O} G16€/852 860 99°0 080 lEVI/8YL 811 ‘86'0  80°1 0.9v/098 8pnio G<

90} /80 960 00} ‘89°0 280 ¥1'1 00 680 60} ‘68°0 660 paisnipy
L0°L ‘260 00'} £815/699 1 960120 280 ¥815/v82 601 ‘9.0 160 09/1/€02 90'} ‘680 /60 €209/6101 apnio Gp<

101 ‘98°0 960 60} ‘0.0 /80 Ok} ‘€9°0  +80 9L} ‘260 €0} paisnipy
660 ‘¥8°0 160 20v€/8201 YOk ‘v2'0 880 S0vE/96 1 €01 ‘89°0 80 202L/6TL 10°L ‘880 /60 9€6£/£99 apni9 €<

G0k ‘16'0 860 Ok ‘280 G6°0 80'L ‘G20 060 60+ ‘€60 LO'L paisnipy
20'L 160 960 ST EWPYIY 860 ‘820 /80 /EZ €1/8SL 60'1 ‘G20 980 ¥2SP/L0S €0'} ‘060 960 28S SG1/0L92 apni9 g-2<

10°1 ‘880 /60 60+ ‘G20 06°0 €21 820 860 9Lk ‘v6'0  PO°L paisnipy
201 /80 ¥6°0 0v8Y/96V | 00} ‘P20 980 Zv8yvie 0z} ‘¥8:0 00k 689LELES 90} ‘68°0 /60 095S/0v6 apnio 1<

920 ®ousBey 00} 890 ©®ousleled  00') 010 ®ousseeY 00} 190 ®ousleled  00°L Ipaisnipy
¥0°0 6.£8/8692 9¥0 88€8/9¥S 100 ¥662/L.E 820 61/6/889} apnip 0<
o 10 % S6 HO u/sese) b 10 % S6 HO u/seseQ W 10 % S6 HO  u/sesed 10 % S6 4O u/sese) (p/sesseld)
axeIul MW [e10]

(€96 8€ U) (SdINY) ewuise Jon (126 8€ U) (HdNQ) ewyise Jon3 (009 €1 u) (025 Sv u) (syluow g1) ewyisy

(OVVSI — sieef ;) fewyise Juauny

(S|eAIBIUI BDUBPIUOD % GE PUB SOIRI SPPO)
HOYOD yuig [euoneN ysiueq ayi ul Bwyise pjiyo pue Aoueubaid Buunp axejur yjiw [ej0} usemiaq SUOIRIOOSSY G d|qel

‘(sejpuinb ui) ABisus pue

‘salbia|[e jo Aoisiy [eusered ‘ewyise jo Aiolsly [eulsied ‘salfialje Jo AI0)sIy [eulslew ‘Bwyise Jo AIOISIY [eulajew ‘Xas piyd ‘Sniels o1uouoda-0100s ‘Buipaspsealq ‘Alaioe [eaisAyd ‘|Ng Aoueubaid-aid ‘Aed ‘Buijows ‘ebe [eusayew Joj pasnipy
'syjuow g1 ised ay} ul 8zeaym snid sisoubelp ewyise pauodal-jjas se pauyeq +

'sall0ba)es ainsodxa ay) Joj sanjea [euiplo Buisn puai) 1o} anjeA d ,

"SOUSIIEIS JoNpo.ld [BUIDIPBIN JO JalsIBaY ‘SdINY ‘Ausibey jusied [euoleN usiued ‘HdNQ Pooupiiy ut saibis|ly pue ewuisy Jo Apnis [euoneussiu] ‘OvvS|

11 ‘G660 SO'L GLL'LL0  ¥60 ¥0'1 ‘€9:0 180 €11 ‘160 Lok paisnipy
0’1 ‘660 20+  $S85/S861 20'1L ‘920 880 6589/£SE 860890 280 0602/562 60'L ‘160 00} 8989//221 apnIp G<

SO'L ‘¥80  ¥6°0 L'l ‘€20 060 0l'1'69'0  §80 ¥1°1 ‘060 O} paisnipy
10} ‘680 260  LGEV/ISEL 20'L ‘v,0 980  /SEV/6SS 00'L‘99°'0 180  6LSL/0L} €0’ ‘'S80 +6°0 0605/598 epnp GP<

€0'1 ‘680 €60 90°'l ‘€20 880 26:0 ‘850 €20 90'1 ‘98'0 960 peisnipy
G6°0 ‘280 880 €81./66l2 260690 080 681L/S6E 880290 ¥.0  L.¥2/vSe 96'0 ‘'18'0 880 LEE8/2rEL apnp €<

€0'1 ‘980  ¥6°0 8L'L ‘¥8'0 660 €11 'SL'0 260 2160 201 peisnipy
160 '¥80 060 L186/t90€ 66°0'92°0 980 +186/€8S 101 ‘€20  98'0  9SEE/V6E 101 ‘280 ¥6°0 €6G L1/6961 apnip €<

S0°'l ‘980  S6°0 90’} ‘2.0 880 66'0 290 6.0 €11 260 20}k peisnipy
960 ‘180 880 €£819/2061 €6'0 '69°0 080 88LY/L¥E 00'L ‘69°'0 €80 Shleg/lve €0'1 ‘'98'0  +6°0 A VAARAL apnp 1<

9v'0 eousieled  00°L 950 ®ouaseed 00} 20 @ouaseed 00} 060 ®@douaieey 0l tpaisnipy
0€0 9v95/8881 20 1695/G8¢ 200 $802/082 9.0 6299/881 1 apn1p 0<
o 1D % S6 5[e) u/sese) W 1D % S6 HO  u/sese) W 1D % S6 dHO  u/sesed Wd 1D % S6 5[e) u/sese) (p/sesselh) exeul
1onpoud Auep [ejo

(010 6€ U) (SAINY) Bwuyise Jong (850 6€ U) (HANQ) Bwuyise Jong (seg gL u) (£€9 Gt U) (syuow g|) euiyisy

(OVVSI — sieak z) lewypse Juaun)

(s|ensajul @oUapRUOD 9, G PUB SOlel SPPQ)
UoYo D yuig [euolieN ysiueq ay) ul ewyise pliyo pue Aoueubaid Buunp axelul 1onpold Allep [ej0} Usamieq SUOIeIo0SSY “ a|qel

ssaud Asianun abpuquied Aq auljuo paysiiqnd §'zL0z'sul/ZL0L'0L/61o"1op//:sdny


https://doi.org/10.1017/jns.2012.5

P“

<0-0001
0-01

OR 95%Cl

1.00 Reference
0-83 0-78,0-88
0-87 0-81,0.93
0.-85 0-77,0-93
098 0-87,1-10
0-78 0-61,1.00
0-80 0-58,1-10

Ever asthma (RMPS) (n 39 002)

Cases/n
2073/7195
702/2399
89/322

P“

0-10 9543/29 086

1.00 Reference 0-48

0-96 0-86, 1-07
096 0-83,1-10
0-85 0-70, 1-02
0-89 0-70,1-13
0-98 0-61,1-56

1.21

95 % ClI
0-69, 2:10

Ever asthma (DNPR) (n 39 020)
OR

Cases/n
1755/29 104
415/7190
124/2404
19/322

P“

019

1.00 Reference 0-20

0-89 0-77,1.03
0-85 0-71,1-03
095 0.75,1-19
092 0-68,1-23
0-88 0-47,1-64

95 % Cl
0-99 0446, 2-11

(n 13 620)
OR

Current asthmat (7 years — ISAAC)

Cases/n
1221/10 355
251/2359
90/801
11/105

P“
<0-0001
0-002

95 % ClI

1.00 Reference
0.88 0.83,0.94
0.90 0.84,0.98
0.81 0.73,0.90
0.88 0.77,1.00
0.85 0.64, 1.14

0.56, 1.16

0.81

Asthma (18 months) (n 45 593)
OR

Cases/n

6031/34 257
1311/8278
400/2714
53/344

Crude
Adjusted:
Crude
Adjusted
Crude
Adjusted
Crude
Adjusted

+ Adjusted for maternal age, smoking, parity, pre-pregnancy BMI, physical activity, breastfeeding, socio-economic status, child sex, maternal history of asthma, maternal history of allergies, paternal history of asthma, paternal history of allergies,

ISAAC, International Study of Asthma and Allergies in Childhood; DNPR, Danish National Patient Registry; RMPS, Register of Medicinal Product Statistics.
and energy (in quintiles).

Table 6. Associations between total full-fat yoghurt intake during pregnancy and child asthma in the Danish National Birth Cohort
* P value for trend using ordinal values for the exposure categories.

(Odds ratios and 95 % confidence intervals)
+ Defined as self-reported asthma diagnosis plus wheeze in the past 12 months.

Total full-fat yoghurt intake

(servings/d)
>0-0-5
>0-5-1
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Further adjustment for other foods (fruit and vegetables)
and nutrient (vitamin E, vitamin D, Se, Zn from diet and sup-
plements) intake did not change the results.

Ever asthma and current child asthma at the 7-year follow-up

The prevalence of ever asthma by the DNPR was 6 %
(n 2316/39 058) and 32 % (# 12 419/39 040) by the RMPS.
About 12 % (1574/13 635) of children wete classified with
current asthma. Compared with children whose mothers
reported no whole milk consumption, children whose mothers
drank whole milk >5-5 times/week were 1-24 (95 % CI 1-00,
1-54) more likely to have an ever asthma diagnosis in the
DNPR (Table 2). Total milk (>5 glasses/d ». none: 1-13,
95 % CI 1-02, 1-26) intake was directly related to an RMPS
ever asthma diagnosis (Table 5). No associations were found
for semi-skimmed milk, total dairy product and full-fat
yoghurt intake. Total low-fat yoghurt was furthermore associ-
ated with ever asthma by the RMPS (>1 servings/d ». none:
1-21, 95 % CI 1-02, 1-45) (Table 7). The association was
also borderline significant for ever asthma by DNPR diagnosis
and current asthma at the age of 7 years. A dose—tresponse was
suggestive for current asthma at the age of 7 years and ever
asthma by the DNPR only. Further adjustment for other
foods and nutrient intake did not change the results.

Ever child allergic rhinitis at the 7-year follow-up

Of the children, 5 % (# 1887/38 762) wete reported to have
had an ever hay fever doctor diagnosis. Mothers who con-
sumed >1 serving/d of the total low-fat yoghurt ». none
were 1-40 (95 % CI 100, 1-97) times more likely, respectively,
to have children with a self-reported ever allergic rhinitis (data
not shown). Further adjustment for other foods and nutrient
intake did not change the results.

Sensitivity analyses

Since our initial hypothesis involved ruminant frans-fatty acids,
we examined their role in these analyses. There were positive
correlations  between ruminant funs-fatty acids and both
whole (Spearman 7 0-23, P <0-0001) and semi-skimmed milk
(r 0-30, P<0-0001). The fatty acids were weakly associated
with full-fat yoghurt (without fruit: » 0-07, P <0-0001; with
fruit: » 0-13, P<0:001) and low-fat yoghurt (without fruit:
r —0-12, P<0-0001; with fruit: » —0-12, P<0-001). Total
dairy product intake was not associated with ruminant frans-
fatty acids (r —0-002, P=0-71) and weakly associated with
total milk intake (r 0-01, P = 0-01). Correlations for total full-
and low-fat yoghurt were similar to the coefficient for yoghurt
with fruit. Ruminant #uns-fatty acids by themselves were not
associated with either the eatly or later childhood outcomes.
Putting the individual dairy product in the same model as the
fatty acids did not substantially alter the effect estimates, except
for semi-skimmed milk and RMPS ever asthma diagnosis
(=5-5 times/week 2. none: 1-07, 95 % CI 1-00, 1-14).

Due to the transient nature of asthma during the first few
years of life and to better capture clinical asthma, we excluded
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P+
0-54
0-15

95 % Cl

Reference
0.98, 1.08
1.01,1.14
0-89, 1.03
0-90, 1.08
1.03, 1.35
1.02, 1.45

1.00
1.03
1.07
096
098
1.21

118

Ever asthma (RMPS) (n 37 853)
OR

Cases/n
4996/15 811
5262/16 370
1440/4703
341/969

P*

0-14
0-03

95 % Cl

Reference
0.93, 1.12
0.91, 1.16
0.98, 1.29
1.01, 1.42
0.82, 1-41
0.90, 1.77

OR
1.00
1-02
1.08
112
1.20
1.08

Ever asthma (DNPR) (n 37 871)
1.26

Cases/n
912/15 814
962/16 380
303/4707
60/970

P*

0.02
0-06

95 % ClI
Reference
0.98, 1.24
0.98, 1.32
0.98, 1.37
0-89, 1.39
0.92, 1.70
0.94, 2.04

(n13182)

OR
1.00
1-11
114
1.16
112
1.25

Current asthmat (7 years — ISAAC)
1-39

Cases/n
583/5395
680/5759
202/1641
51/387

P*
0-31
0-64

95 % Cl
Reference
0.96, 1.07
0.99, 1.12
0-85, 1-00
0-89, 1.08
0-87, 1-20
0-87, 1.28

OR
1.00
1.02
1.05
0-92
0-98
1.02

Asthma (18 months) (n 44 260)
1.06

Cases/n
186/1072

3164/18 512
3330/19 239
867/5437

Crude
Adjusted;
Crude
Adjusted
Crude
Adjusted
Crude
Adjusted

1 Adjusted for maternal age, smoking, parity, pre-pregnancy BMI, physical activity, breastfeeding, socio-economic status, child sex, maternal history of asthma, maternal history of allergies, paternal history of asthma, paternal history of allergies,

ISAAC, International Study of Asthma and Allergies in Childhood; DNPR, Danish National Patient Registry; RMPS, Register of Medicinal Product Statistics.
and energy (in quintiles).

Table 7. Associations between total low-fat yoghurt intake during pregnancy and child asthma in the Danish National Birth Cohort
* P value for trend using ordinal values for the exposure categories.

(Odds ratios and 95 % confidence intervals)
+ Defined as self-reported asthma diagnosis plus wheeze in the past 12 months.

Total low-fat yoghurt
intake (servings/d)

>0-0-5
>0-5-1
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DNPR and RMPS diagnoses made prior to the age of 3 years.
The number of DNPR cases decteased by about 60 % (# 908/
37 650) and RMPS cases by 80 % (# 2872/29 493). The effect
estimates fluctuated and the confidence intervals widened for
most relationships. The OR for whole milk with DNPR ever
asthma diagnosis was, howevet, strengthened (=5-5 times/
week 2. none: 1-54, 95 % CI 1-12, 2:12).

As part of the DNPR, patient-type information is registered
(inpatient, outpatient and emergency room). We used this data
to evaluate differences in risk of child ever asthma, stratified by
patient type. The endpoints for the emergency room were too
few to draw meaningful conclusions. The effect estimate for
whole milk among children diagnosed by inpatient visit was
strengthened (=5-5 times/week 2. none: 1:35, 95 % CI 1-02,
1.78). Differential associations wete found for total low-fat
yoghutt: inpatient (>1 setvings/d ». none: 1-11, 95 % CI
0-69, 1-78) and outpatient visit type (>1 servings/d ». none:
1-54, 95 % CI 0-97, 2-43).

The inconsistency in results among the different types of
dairy products prompted us to examine whether these differ-
ences may be accounted for by lifestyle factors such as socio-
demographic, anthropometric and dietary variables. We there-
fore looked at changes in these variables with higher intake of
any specific dairy product, effectively comparing low-fat 2. high-
fat dairy consumers and milk 2. yoghurt consumers. We found
no consistent patterns except for smoking where high milk con-
sumers tended to smoke during pregnancy while high yoghurt
consumers were non-smokers (data not shown).

Discussion

In this large, longitudinal study we used detailed dietary data to
examine the relationship between maternal dairy intake during
pregnancy and the development of asthma and allergic rhinitis
in childhood. We found that results differed by outcomes exam-
ined in early ». late childhood. Maternal whole milk and full-fat
yoghurt intake displayed suggestive protective associations for
child outcomes at 18 months; on the other hand, semi-skimmed
milk was directly associated with wheeze at 18 months. At the
7-year assessment maternal low-fat yoghurt consumption was
directly associated with child asthma and allergic rhinitis; a direct
relationship was suggestive for milk intake.

These results do not support the role of ruminant #rans-fatty
acids in allergic disease development, as inverse associations
were found across products with different fat content. The
inconsistencies we observed may be due to several factors.
Timing of the outcome could be important, as associations dif-
fered for early and later outcomes. Asthma is a heterogeneous
outcome and symptom manifestations may involve different
pathologies operating at different time points in childhood.
Although wheeze may go on to develop into clinical asthma,
early diagnosis is not always reliable and could involve other
underlying conditions such as viral infections and bronchitis®".
These conditions may also never develop into allergic disease
but cease as the child grows and lung size increases. The bac-
terial and viral infections responsible for eatly wheezing have
been shown to be characterised by both Th1 and Th2 responses
depending on the specific organism, disease severity and genetic
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background®*~. Consequently, exposure to different nutrient
components in dairy products in fetal life may have an impact on
early immune processes differently compared with processes
involved in allergic disease development in later childhood,
and may involve distinct cellular and molecular components
specific to a Thl or a Th2 mechanism, or both.

The observed relationships may also be dependent on the
type of dairy product. At 18 months, the associations differed
across percentage of fat for milk but not yoghurt intake. In later
childhood, we found that low-fat, but not full-fat, yoghurt was
directly related to the outcomes assessed. Furthermore, odds of
child asthma increased monotonically across intake categories,
with intake exceeding 1 setving/d being of most concern.
Dairy products are complex foods that contain a spectrum of
nutrients, including SFA and ruminant #ans-fatty acids, water-
soluble vitamins and minerals, such as Mg, Zn and Se.
Yoghurt furthermore contains probiotics, and low-fat varieties
additives such as artificial sweeteners®?. Studies that have
examined dairy product and milk intake during pregnancy in

. . o (13,14,16,3
relation to outcomes such as allergic sensitisation!>!'*1¢*"

15,37 15,16
(537 2sthma®>1°

no association. Only one study in a Japanese birth cohort

wheeze ) and lung function"? have found
found a protective relationship between maternal dairy product
and milk intake and child wheeze at 16-24 months"'”. Inverse
associations have only been found for ruminant #rans-fatty acids
in breast milk with eczema and allergic sensitisation in children
<4 years old®*?. These largely null observations are consistent
with our study results for total dairy product and milk intake,
but not the individual dairy products. Therefore, consumption
of specific types of dairy products may be more important than
total intake. The diversity and complexity of our results make it
difficult to interpret and propose a single agent mechanism, yet
the consistent associations with low-fat yoghurt for later child-
hood outcomes suggest that compounds specific to this food,
such as artificial sweeteners, may play a role. In Denmark, arti-
ficial sweeteners, primarily aspartame, have been present in the
food supply since the 1980s°”. There is some evidence on the
role of these additives in relation to inflammation and allergies;
however, these findings have been inconsistent and the con-
clusions unclear™ .

Our study is important for the further understanding of pre-
natal dairy exposure on the development of child asthma and
allergic disease. We prospectively followed a large cohort and
collected detailed information on maternal dairy product
intake during pregnancy and on the child outcomes. For the
7-year outcome assessment, we used both self-reported data
and national registries. Our self-reported outcome assessment
may be misclassified, but is better at capturing outcomes such
as allergic rhinitis, where children are less likely to be hospital-
ised and use prescription medication, and thereby be identified
by the registries, due to more moderate symptoms and use of
over-the-counter drugs. The DNPR, though it has complete
follow-up, captures only hospitalised cases and the ICD classi-
fication could be limited by miscoding. However, a recent vali-
dation study in Danish male conscripts against medical
examination found that any misclassification in the DNPR
was too small to nullify observed associations*?. We suspect
that difference in of disease by reporting method could be of

actiological relevance. In this study, we found differential
results by admission type, with results strengthened for low-fat
yoghurt exposure for diagnoses made in outpatient settings.
This appeared to indicate that the adverse associations may
be limited to more moderate asthma. This would also be sup-
ported by the low-fat yoghurt results for RMPS ever asthma
diagnosis, which is more likely to captute mild/moderate
asthma. However, results differed for full-fat yoghurt where
a direct association was suggested for DNPR and an inverse
association for RMPS diagnosis. This may be due to a small
cell number in the highest intake category and an examination
of more populated cells in the lower intake categories indicates
more consistent results. Differences for whole milk intake
could be explained by its relation to disease severity where
the direct association for ever asthma by the DNPR was lim-
ited to inpatient visits.

There were some limitations to our study. We evaluated cur-
rent asthma and ever allergic rhinitis at the age of 7 years by self-
report; therefore misclassification is plausible. Nonetheless, our
definition of current asthma has shown high agreement among
non-cases (> 90 %) when compared with the DNPR®,
thereby avoiding false-positive and biased results. Associations
with current asthma could have been missed due to small
sample size, especially in the highest intake category. We had
limited information on child diet and when examining early
child milk intake as either a marker of maternal diet or an inter-
mediary on the causal pathway, we found that correlations
between maternal and child milk consumption at 18 months
and 7 years were weak to modest. When we adjusted for
child milk intake at the age of 7 years, effect estimates were
strengthened primarily for total intakes with current asthma,
RMPS ever asthma and ever allergic rhinitis diagnosis. The
association between whole milk and DNPR ever asthma diag-
nosis weakened slightly (data not shown).

We examined whether intake of specific dairy products
could serve as a marker for other lifestyle habits. However,
when examining socio-demographic, anthropometric and diet-
ary variables across whole/low-fat milk and yoghurt intake, we
found no consistent patterns either for low ». full-fat consu-
mers or milk ». yoghurt consumers. This suggests that none
of the examined variables may explain the observed results,
though it is possible that we failed to include all relevant life-
style factors.

Finally, we always worry about attrition in longitudinal
studies due to potential for selection bias. Although a detailed
examination of population characteristics in participants 2.
non-participants of this study revealed some differences,
they were not large enough to suggest substantial selection
bias and were driven by the large sample size. However, we
cannot exclude bias remaining from unmeasured covariates
and covariates that were pootly measured.

In this study, we found suggestive protective association for
maternal whole milk and full-fat yoghurt for child asthma diag-
nosis at 18 months. Risk of child asthma diagnosis by national
registries and self-reported ever allergic rhinitis increased with
higher maternal low-fat yoghurt intake. Replication of these
results is warranted as is further examination of potential
active agents.
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