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Abstract
Background: Caesarean section (CS) has been associated with an increased risk of 
subsequent atopic diseases, particularly asthma and respiratory allergies, but con-
troversial findings have also been reported. Our aim was to clarify the association 
between the delivery mode and longitudinal (atopic) outcomes.
Methods: The target population was identified from the population register and com-
prised all children born between 2001 and 2006 and living in the province of South 
Karelia,	Finland	(N	= 5564). The information on the delivery mode was available for 
5552 children from the Finnish Medical Birth Register. Results of allergy tests (skin 
prick tests, specific IgE and open food challenges, OFCs) were collected from patient 
records of all healthcare units in the area.
Results: By 12 years of age, the cumulative incidence of atopic sensitization was 
15% for those born by normal vaginal delivery (VD), 20% (adjusted RR 1.28; 95% CI 
0.99– 1.65) by assisted VD, 20% (adjusted RR 1.28; 95% CI 1.02– 1.61) by elective CS 
and 20% (adjusted RR 1.24; 95% CI 0.99– 1.56) by others, for example emergency 
CS.	Among	the	offspring	of	mothers	without	atopic	diseases,	the	incidence	of	food	
allergy (positive OFC) was 6% for those born by elective CS and 2% for those born 
by normal VD (adjusted RR 2.41; 95% CI 1.19– 4.88), while the respective incidences 
were 5% and 6% (adjusted RR 0.82; 95% CI 0.33– 2.06) among the offspring of moth-
ers with atopic diseases.
Conclusion: By adolescence, the cumulative incidences of atopic sensitization was 
highest among those born by assisted VD or CS. The incidence of food allergy was 
highest among those born by elective CS among the offspring of mothers without 
atopic diseases.
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1  |  INTRODUC TION

Worldwide,	the	occurrence	of	caesarean	section	(CS)	has	been	esti-
mated to be on average 19% of births, and a strong inverse associa-
tion has been found between the rates of CS and maternal, infant 
and neonatal mortality in countries with high mortality levels.1,2 CS 
has also been associated with a low composition of beneficial micro-
biota 3 and a low bacterial diversity during the first two years of life,4 
which has been considered a potential risk factor for atopic diseases. 
However, it is unlikely that the high rate of CS is alone responsible 
for the worldwide allergy epidemic.5

Thus far, findings are conflicting on the relationship between 
delivery mode and atopy6; both positive and no (or insufficient) as-
sociations have been reported.5-	19 The associations have been sug-
gested to be confounded, or the effect modified by other risk factors 
was related to the delivery mode or microbiota composition such as 
duration of breastfeeding, birth order, sex, maternal atopy or early 
pet exposure.12,15,20-	22	A	short	follow-	up	period	may	also	explain	the	
insufficient or conflicting findings.16,17

The	results	of	this	paper	based	the	data	of	South	Karelian	Allergy	
Research	 Project	 (SKARP)17,23-	27linked with the Medical Birth 
Register (MBR) are focused on the potential association between 
either	the	delivery	mode	alone	or	together	with	other	early-	life	risk	
factors, and the incidences of sensitization to different allergens and 
food allergies from birth up to 12 years of age.

2  |  MATERIAL S AND METHODS

2.1  |  Population

The	target	population	 (N	=	5973)	of	 the	SKARP	study	was	 identi-
fied, and their personal identity codes (PICs) were obtained from the 
Finnish Population Register Centre23 (Figure 1). The target popu-
lation	comprised	all	 children	born	between	April	2001	and	March	
2006	who	lived	within	the	province	of	South	Karelia	in	South-	East	
Finland at the time of the questionnaire survey.

2.2  |  Data collection

The	cross-	sectional	questionnaire	survey	was	conducted	in	close	co-	
operation with local child health clinics between March 2005 and 
September	2006,	when	the	children	had	their	regular	check-	ups	at	
the ages of six weeks (the newborn infants) and one, two, three and 
four years.23,26 The questionnaires were returned by the parents of 
3681 children. The English translations of the questionnaires are 
available at www.oulu.fi/ltk/node/29090.

The information (the date of testing and the measurement of the 
results) on all allergy tests was collected from all the healthcare units 
in the area independently from the questionnaire survey with the 
intention to cover the entire population.24,28 These tests had been 

ordered by a physician for diagnostic purposes and were performed 
between	April	2001	and	September	2013.

The information on the delivery mode and specified delivery 
modes (vaginal delivery, ie VD/assisted VD by forceps or vacuum 
devise or breech delivery/CS; elective /others, eg emergency CS), 
the duration of gestation, the number of previous deliveries (birth 
order), and maternal diabetes or suspected gestational diabetes was 
obtained from the MBR, which is maintained by the Finnish Institute 
for	Health	and	Welfare.

Each child's PIC was used to merge questionnaire and test data. 
Details of the study design, participation rates, methods, ethical as-
pects,	pertinent	permissions	(in	Appendix	1)	and	procedures	of	data	
protection have been previously reported.17,23-	28

2.3  |  Outcome events and explanatory variables

The outcome events were the first test and the first positive result 
in either a specific immunoglobulin E (sIgE) or a skin prick test (SPT) 
for food, animal, pollen and any of these allergens. The first positive 
tests of sIgE or SPT were considered sensitization to the respective 
group	 of	 specific	 allergens.	 The	 cut-	off	 point	 for	 a	 positive	 result	
from	a	sIgE	was	0.35kU/l	with	RAST-	CAP	FEIA	or	Phadiatop	Combi	
and	1.43	standardized	units	per	ml	with	Magic	Lite.	The	cut-	off	point	
for a SPT was defined as the mean of two orthogonal diameters of 
the urticarial weal of 3 mm, applied to both positive and negative 
controls.	A	positive	open	food	challenge	(OFC)	was	based	on	patient	
records and considered as food allergy. The dates of all OFCs were 
also collected.

The	 information	 on	 the	 physician-	diagnosed	 parental	 or	ma-
ternal atopic diseases, respiratory allergy and asthma, duration 
of overall breastfeeding, and pet (dog and cat) exposure at home 
in infancy and other background variables was collected by the 
questionnaires (Table 1). The information on sex, and mother's 
age at the delivery were based on the data obtained from the 
Population Register. The information on potential early (at the 
11th foetal week) pollen exposure at a pollen season was based on 
the Population Register (the date of birth), the MBR (duration of 

Key Message

The delivery mode, caesarean section, has been positively 
associated	with	allergic	rhinitis	or	asthma	in	a	longer-	than-	
five-	year	 follow-	ups.	 In	 our	 cohort	 (N=5552) based on 
the	Medical	 Birth	 Register	 and	 real-	world	 test	 data,	 the	
cumulative incidence of sensitization was highest among 
children born by assisted vaginal delivery or caesarean 
section. The incidence of food allergy was higher among 
those born by elective caesarean section, but only among 
the offspring of mothers without atopic diseases.

http://www.oulu.fi/ltk/node/29090
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pregnancy) and the measurement of pollen concentrations in the 
area (pollen seasons).25

2.4  |  Statistical methods

The cumulative incidence of each outcome event (the first test or 
positive	 test)	 by	 age	was	 described	 by	 the	Kaplan-	Meier	method,	

using the survfit function of the survival package in the R environ-
ment	release	4.0.3	(https://cran.r-	proje	ct.org/).	The	association	be-
tween the mode of delivery and the outcomes is shown by relative 
rates (RRs with 95% confidence intervals, CIs) obtained from Cox 
models (the coxph function of the survival package) adjusted for 
sex,	birth	order	and	early	pollen	exposure	among	the	SKARP	popu-
lation	 (N	= 5552) and additionally for parental atopic disease, and 
dog and cat exposure among the participants of the questionnaire 

F I G U R E  1 Flow	diagram	showing	the	data	sources	and	data	linkages	of	the	South	Karelia	Allergy	Research	Project	(the	SKARP)
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TA B L E  1 Mode	of	delivery	according	to	background	variables.	Register-	based	variables	comprised	the	entire	SKARP	population	
(N	=	5552),	and	questionnaire-	based	variables,	the	participants	of	the	questionnaire	survey	(N	=	3615)

Background variable

Vaginal delivery Caesarean section

% (n) % (n)

REGISTER BASED- VARIABLES: N	= 4552 N	= 1000

Sex p.overall = .061

Girl 49.4 (2250) 46.1 (461)

Boy 50.6 (2302) 53.9 (539)

Birth order p.overall <.001

Not	firstborn 60.1 (2734) 45.1 (451)

Firstborn 39.9 (1818) 54.9 (549)

Gestational age (weeks) p.overall <.001

<38 8.1 (367) 18.9 (189)

38– 39 35.9 (1633) 50.0 (500)

40– 41 29.7 (1350) 14.3 (143)

41-	 26.4 (1202) 16.8 (168)

Mother's age at delivery (years) p.overall <.001

<20 2.7 (123) 2.3 (23)

20– 25 16.6 (756) 14.1 (141)

25– 30 33.4 (1522) 30.7 (307)

30– 35 30.1 (1372) 29.4 (294)

35– 40 14.3 (652) 18.1 (181)

>40 2.8 (127) 5.4 (54)

Municipality of residence p.overall = .590

Other urban 25.1 (1141) 24.8 (248)

Provincial capital 52.9 (2409) 54.5 (545)

Rural 22.0 (1102) 20.7 (207)

Native language p.overall = .298

Finnish 94.2 (4288) 95.1 (951)

Other 5.8 (264) 4.9 (49)

Potential pollen exposure at the 11th foetal 
week

p.overall = .793

No 65.8 (2995) 65.3 (653)

Yes 34.2 (1557) 34.7 (347)

Maternal diabetes (gestational diabetes) p.overall <.001

No 89.3 (4063) 84.4 (844)

Yes 10.7 (489) 15.6 (156)

QUESTIONNAIRE BASED- VARIABLES: N	= 2969 N	= 646

Mother's education level p.overall = .096

Low 5.7 (171) 4.3 (28)

Middle 59.9 (1775) 64.1 (416)

High 33.3 (990) 31.3 (200)

Missing 1.1 (33) 0.3 (2)

Father's education level p.overall = .269

Low 9.7 (289) 10.4 (66)

Middle 64.1 (1903) 67.6 (438)

(Continues)
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Background variable

Vaginal delivery Caesarean section

% (n) % (n)

High 23.7 (702) 21.1 (136)

Missing 2.5 (75) 0.9 (6)

Birth weight (kg) p.overall <.001

<2500 2.6 (78) 8.8 (57)

2500 –  3500 42.2 (1254) 42.9 (277)

3500 –  4200 47.0 (1395) 37.8 (244)

>4200 7.5 (224) 9.4 (61)

Missing 0.6 (18) 1.1 (7)

Exclusive breastfeeding (months) p.overall <.001

0 3.4 (101) 7.4 (48)

0– 2 14.6 (434) 20.1 (130)

2– 4 23.4 (694) 19.5 (126)

>4 40.6 (1205) 30.3 (196)

Missing 18.0 (535) 22.6 (146)

Any breastfeeding (months) p.overall <.001

0 3.4 (17) 1.9 (12)

0– 4 14.6 (490) 21.4 (138)

4– 6 23.4 (263) 10.1 (65)

>6 40.6 (1598) 41.8 (270)

Missing 18.0 (601) 24.9 (161)

Parents’ atopic diseases p.overall = .680

None 44.8 (1331) 45.7 (295)

Either 54.6 (1620) 53.4 (345)

Missing 0.6 (18) 0.9 (6)

Mother's atopic disease p.overall = .233

No 58.8 (1745) 55.9 (361)

Yes 31.3 (928) 33.4 (216)

Missing 10.0 (296) 10.7 (69)

Maternal respiratory allergy p.overall = .299

No 66.4 (1971) 63.6 (411)

Yes 26.7 (793) 28.5 (184)

Missing 6.9 (205) 7.9 (51)

Maternal asthma p.overall = .148

No 87.8 (2606) 85.3 (551)

Yes 5.9 (175) 7.4 (48)

Missing 6.3 (188) 7.3 (47)

Maternal smoking during pregnancy p.overall = .590

Never 81.5 (2420) 79.4 (511)

Occasionally 6.2 (183) 7.0 (46)

Regularly 6.3 (186) 6.4 (41)

Missing 6.0 (180) 7.4 (48)

Dog exposure p.overall = .832

No 64.0 (1900) 65.3 (422)

TA B L E  1 (Continued)

(Continues)
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survey	 (N	= 3615). Subgroup analyses were performed according 
to	the	early-	life	variables	above,	by	which	the	effect	modification	is	
shown in more detail according to additive and multiplicative scale 
estimates (relative excess risk due to interaction, RERI and the RR 
ratio,	respectively)	in	Appendix	2	of	Supplementary	file.25,29

3  |  RESULTS

3.1  |  Study population

Information on the delivery mode was available for 99.8% 
(5552/5564)	of	the	SKARP	population	(Figure	1),	of	which	18%	were	
born by caesarean section (Table 1), being consistent with our previ-
ous report,17	although	the	present	analyses	included	register-	based	
data on the delivery modes, an additional age class and the entire 
SKARP	population.	Altogether,	4552	children	were	born	by	normal,	
397	by	assisted	VD	(55	breech	deliveries,	 less	than	5	forceps-		and	
the	 rest	 vacuum-	assisted	 deliveries),	 488	 by	 elective	 CS	 and	 512	
by	others,	for	example	emergency	CS.	Twenty-	three	percentage	of	
firstborn and 14% of not firstborn were born by caesarean section 
among	both	the	entire	SKARP	population	and	among	the	question-
naire participants only (Table S1). Furthermore, 59% of not firstborn 
and 41% of firstborn were born by elective CS, 31% and 68% by 
other CS, 24% and 76% by assisted VD, and 64% and 37% by normal 
VD,	 respectively.	Altogether,	33%	 (1827/5552)	of	 the	children	had	
been allergy tested and 16% (874/5552) had a positive test result for 
any allergen by 12 years of age.

3.2  |  Delivery mode and atopic sensitization and 
food allergy

The cumulative incidence curves of sensitization to respiratory aller-
gens seem consistent up to 4 to 6 years of age (Figure 2); thereaf-
ter, the curves rose more steeply for children born by CS than those 
born by VD. By 12 years of age, the cumulative incidence of pollen 
sensitization was higher among children born by CS (13% vs 8%, RR 
1.47; 95% CI 1.17– 1.84 (Tables S2– S4) and adjusted RR 1.37; 95% 
CI 1.09– 1.72) (Table 2). The incidence rate of pollen sensitization 
was higher in the age band between 4 and 8 years (16 vs 11, rate 

ratio 1.51; 1.12– 2.03) and between 8 and 12 years (14 vs 6, rate ratio 
2.27; 95% CI 1.37– 3.75) for the children born by CS, but the adjust-
ment of the model for sex, birth order and potential early pollen 
exposure shifted the rate ratios towards unity (adjusted rate ratio 
1.37; 95% CI 1.01– 1.86 and 2.12; 1.27– 3.53, respectively) (Table S5 
and Figure S1). The cumulative incidence curves for food sensitiza-
tion rose consistently according to the delivery modes (Figure 2 and 
Figure S2 and Table S2). During the first two years of life, the curves 
of food allergies were slightly higher among the children born by CS 
(Figure 2 and Table S6).

3.3  |  Delivery modes together with background 
factors and atopic outcomes

The cumulative incidences of sensitization to any and any group of al-
lergenswere highest among males born by CS (Table 2, and Figure 3 
and Figure S3). The cumulative incidences of sensitization to above 
allergens were lowest for not firstborn children born by VD than 
others (Table 2 and Figure 3 and Figure S4). In the subgroup of not 
firstborn (Table S7), the cumulative incidence of animal and pollen 
sensitization was higher for children born by CS than by VD (10% 
vs. 6%, RR 1.54; 95% CI 1.05– 2.24 and 12% vs. 7%, RR 1.63; 95% 
CI 1.16– 2.29, respectively); nevertheless, we could not confirm any 
effect modification by the birth order (Tables S8– S9).

The cumulative incidences of sensitization to any, food, animal 
and pollen allergens were highest for the offspring of a parent(s) with 
atopic diseases (Table 2) and the incidence curves for animal and 
pollen allergens arose steeply after five years of age among the chil-
dren born by CS (Figure S5). The cumulative incidence curves for 
animal and pollen sensitization started to rise at around five years of 
age for the offspring of mothers with any atopic diseases or mothers 
or parents with respiratory allergy and born by CS (Figures S5– S8). 
A	higher	cumulative	incidence	of	pollen	sensitization	was	also	seen	
in children born by CS than by VD among offspring of a parent with 
atopic diseases (17% vs 11%, RR 1.41; 95% CI 1.01– 1.96) and among 
offspring of mothers without atopic diseases (11% vs 7%, RR 1.66; 
95% CI 1.09– 2.51) (Table S7).

Among	the	children	with	early	pollen	exposure	and	born	by	CS,	
the cumulative incidence curve of pollen sensitization crossed other 
curves at six to eight years of age and arose to the highest level by 

Background variable

Vaginal delivery Caesarean section

% (n) % (n)

Yes 31.4 (932) 31.3 (202)

Missing 4.6 (137) 3.4 (22)

Cat exposure p.overall = .841

No 74.0 (2197) 75.4 (487)

Yes 21.4 (635) 21.2 (137)

Missing 4.6 (137) 3.4 (22)

TA B L E  1 (Continued)
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the	 end	 of	 the	 follow-	up	 (Table	 2	 and	 Figure	 S9).	Meanwhile,	 the	
curves of sensitization to different groups of allergens were lowest 
for the children without early pollen exposure and born by VD.

The children without early dog exposure and born by CS had the 
highest cumulative incidence curves for sensitization to any, food, 
animal and pollen allergens (22%, 14%, 11% and 16%, respectively) 

F I G U R E  2 Cumulative	incidences	of	testing	for	allergic	sensitization	(specific	immunoglobulin	E/skin	prick	test)	to	different	groups	of	
allergens and food allergy (by using open food challenge, OFC) and their positive results according to the delivery modes among the entire 
SKARP	population	(N	=	5552),	and	black	and	grey	curves	show	respective	incidences	for	the	questionnaire	survey	participants	(N	= 3615) 
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TA B L E  2 Cumulative	incidence	(%)	for	allergic	sensitization	(a	positive	sIgE	or	SPT)	up	to	the	age	of	12	years	and	adjusted	relative	rates	
(adjRR with 95% confidence intervals, CIs) according to the mode of delivery together with another potential early risk factor

Explanatory variable

Sensitization

Any Food Animal Pollen

% adjRR (95% CI) % adjRR (95%CI) % adjRR (95%CI) % adjRR (95%CI)

AMONG	THE	SKARP	POPULATION	(N = 5552)a

Mode of delivery (Figure 2 and Figure S2)

Vaginal delivery (VD) 15 1.00 10 1.00 7 1.00 8 1.00

Caesarean section (CS) 20 1.23 (1.03, 1.45) 13 1.08 (0.86, 1.34) 11 1.22 (0.96, 1.56) 13 1.37 (1.09, 1.72)

Delivery mode; specified (Figure 4 and Figure S13)

VD; normal 15 1.00 9 1.00 7 1.00 8 1.00

VD; assisted 20 1.28 (0.99, 1.65) 13 1.37 (1.01, 1.86) 8 0.94 (0.63, 1.39) 10 1.10 (0.76, 1.59)

CS; elective 20 1.28 (1.02, 1.61) 12 1.09 (0.80, 1.48) 11 1.29 (0.93, 1.79) 13 1.36 (0.99, 1.86)

CS; emergency or 
other

20 1.24 (0.99, 1.56) 13 1.15 (0.86, 1.54) 10 1.15 (0.83, 1.59) 13 1.41 (1.04, 1.90)

Delivery mode; specified (Figure 4 and Figure S13)

VD; normal or CS; 
elective

16 1.00 10 1.00 8 1.00 9 1.00

VD; assisted or CS; 
emergency

20 1.22 (1.02, 1.46) 13 1.23 (0.98, 1.54) 9 1.02 (0.78, 1.33) 11 1.22 (0.95, 1.56)

Sex	and	mode	of	delivery	(Figure	3	&	Figure	S3)

Female	&	VD 13 1.00 9 1.00 6 1.00 7 1.00

Female	&	CS 17 1.09 (0.83, 1.44) 9 0.83 (0.57, 1.22) 9 1.12 (0.75, 1.68) 12 1.41 (0.98, 2.04)

Male	&	VD 18 1.36 (1.16, 1.59) 11 1.25 (1.03, 1.53) 8 1.43 (1.13, 1.80) 10 1.54 (1.22, 1.93)

Male	&	CS 23 1.79 (1.43, 2.23) 15 1.57 (1.19, 2.08) 12 1.84 (1.34, 2.53) 14 2.07 (1.52, 2.81)

Birth order and mode of delivery (Figure 3 and Figure S4)

Not	firstborn	and	VD 13 1.00 9 1.00 6 1.00 7 1.00

Not	firstborn	and	CS 20 1.49 (1.16, 1.90) 12 1.27 (0.92, 1.75) 10 1.53 (1.05, 2.23) 12 1.62 (1.15, 2.28)

Firstborn and VD 19 1.42 (1.22, 1.67) 12 1.40 (1.15, 1.70) 10 1.86 (1.48, 2.35) 11 1.53 (1.23, 1.91)

Firstborn and CS 20 1.49 (1.19, 1.88) 13 1.32 (0.99, 1.78) 12 1.98 (1.44, 2.73) 13 1.85 (1.37, 2.51)

Potential early pollen exposure and mode of delivery (Figure S9)

Unexposed and VD 15 1.00 9 1.00 7 1.00 8 1.00

Unexposed and CS 19 1.23 (1.00, 1.53) 12 1.11 (0.84, 1.46) 9 1.11 (0.80, 1.52) 12 1.48 (1.11, 1.97)

Exposed and VD 17 1.18 (1.00, 1.39) 11 1.23 (1.00, 1.50) 8 1.23 (0.97, 1.55) 10 1.37 (1.09, 1.73)

Exposed and CS 22 1.43 (1.10, 1.86) 14 1.26 (0.89, 1.78) 15 1.73 (1.22, 2.46) 15 1.67 (1.16, 2.38)

AMONG	SURVEY	PARTICIPANTS	(N = 3615)b

Parents’ atopic diseases and mode of delivery (Figure S5)

None	and	VD 11 1.00 7 1.00 6 1.00 6 1.00

None	and	CS 13 1.25 (0.84, 1.84) 8 1.12 (0.67, 1.86) 7 1.12 (0.65, 1.95) 9 1.65 (0.97, 2.81)

Either and VD 20 2.11 (1.69, 2.63) 13 2.24 (1.71, 2.94) 9 1.79 (1.32, 2.44) 11 2.50 (1.81, 3.46)

Either and CS 25 2.41 (1.79, 3.24) 15 2.20 (1.50, 3.22) 14 2.04 (1.33, 3.11) 17 3.17 (2.09, 4.78)

Mother's atopic diseases and mode of delivery (Figure S6)

No	atopy	and	VD 13 1.00 8 1.00 6 1.00 7 1.00

No	atopy	and	CS 17 1.36 (1.00, 1.84) 11 1.31 (0.90, 1.93) 8 1.10 (0.70, 1.75) 11 1.56 (1.03, 2.37)

Atopy	and	VD 20 1.71 (1.38, 2.10) 14 1.85 (1.42, 2.39) 9 1.44 (1.05, 1.97) 11 1.91 (1.42, 2.59)

Atopy	and	CS 20 1.53 (1.07, 2.19) 11 1.29 (0.80, 2.08) 13 1.55 (0.94, 2.54) 12 1.69 (1.02, 2.78)

(Continues)
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(Table 2 and Figure S10), while the children with early dog exposure 
and born by CS had the lowest curves of food sensitization (7%). 
The children with early cat exposure and born by VD had the low-
est cumulative incidences for sensitization to any, food, animal and 
pollen allergens. The most steeply arising curve was seen for animal 
sensitization among the children with early cat exposure and born 
by CS (Figure S11). In the subgroup of children without early dog ex-
posure (Table S7), the cumulative incidence of pollen sensitization 
was higher for those born by CS than by VD (16% vs 9%, RR 1.61; 
95% CI 1.17– 2.22). In contrast, among the children with early cat ex-
posure, the cumulative incidence of animal and pollen sensitization 
was higher among children born by CS than by VD (12% vs 7%, RR 
2.03; 95% CI 1.13– 3.65 and 11% vs 8%, RR 1.89; 95% CI 1.02– 3.51, 
respectively).

The cumulative incidence of food allergy was slightly higher 
among males and firstborn infants born by CS than females and not 
firstborn infants born by VD, respectively (Figure 3). The cumulative 
incidence of food sensitization was highest among children born by 
VD and in the offspring of mothers with atopic diseases (Table 2 and 
Figure S6) compared with that of mothers or a parent(s) with respi-
ratory	allergy	(Figures	S7	and	S8).	Among	the	offspring	of	mothers	

with atopic diseases, the cumulative incidence of food allergy testing 
was slightly lower (6% vs 8%, adjusted RR 0.79; 95% CI 0.43– 1.43) 
and that of food allergy was also lower for those born by CS than by 
VD	(4%	vs	6%,	adjusted	RR	0.64;	95%	CI	0.30–	1.35).	Among	the	off-
spring of mothers without atopic diseases, the cumulative incidence 
of food allergy testing was higher for those born by CS (7% vs 3%, 
adjusted RR 2.15; 95% CI 1.33– 3.46) similar to that of food allergy 
(5% vs 2%, adjusted RR 2.01; 95% CI 1.13– 3.56) (Table S6). Maternal 
atopic diseases modified the association between the delivery mode 
and the offspring's food allergy (RERI 0.78; 95% CI 0.12– 1.41 and 
RR ratio 3.27; 95% CI 1.40– 10.6), while the effect modification for 
food sensitization was found according to the multiplicative scale 
only	(RERI	0.47;	95%	CI	−0.02–	0.87	and	RR	ratio	1.87;	95%	CI	1.05–	
3.72) (Tables S6 and S9).

The cumulative incidence curves for different groups of al-
lergic sensitizations and for food allergy seemed higher among 
children breastfed over six months and born by CS (Table 2 
and S6 and Figure S12), in the subgroup of which the cumula-
tive incidence of sensitization to any group of allergens was not, 
however, statistically significantly higher for those born by CS 
(Table S7).

Explanatory variable

Sensitization

Any Food Animal Pollen

% adjRR (95% CI) % adjRR (95%CI) % adjRR (95%CI) % adjRR (95%CI)

Maternal respiratory allergy and mode of delivery (Figure S7)

No	allergy	and	VD 14 1.00 9 1.00 7 1.00 8 1.00

No	allergy	and	CS 18 1.29 (0.98, 1.71) 11 1.22 (0.86, 1.74) 8 1.04 (0.68, 1.60) 11 1.38 (0.94, 2.03)

Allergy	and	VD 21 1.71 (1.38, 2.11) 15 1.84 (1.43, 2.37) 10 1.54 (1.13, 2.09) 11 1.67 (1.24, 2.26)

Allergy	and	CS 22 1.64 (1.14, 2.34) 12 1.33 (0.82, 2.14) 14 1.88 (1.16, 3.04) 15 1.98 (1.23, 3.17)

Overall breastfeeding and mode of delivery (Figure S12)

>6mo and VD 17 1.00 11 1.00 8 1.00 8 1.00

>6mo and CS 20 1.14 (0.83, 1.57) 13 1.08 (0.72, 1.61) 10 0.90 (0.54, 1.48) 13 1.31 (0.85, 2.02)

≤6mo	and	VD 15 0.84 (0.66, 1.07) 9 0.82 (0.61, 1.11) 7 0.89 (0.63, 1.26) 8 0.86 (0.60, 1.22)

≤6mo	and	CS 17 0.99 (0.68, 1.43) 10 0.92 (0.57, 1.47) 9 1.09 (0.66, 1.81) 10 1.19 (0.73, 1.95)

Early dog exposure and mode of delivery (Figure S10)

Unexposed and VD 16 1.00 11 1.00 8 1.00 9 1.00

Unexposed and CS 22 1.25 (0.97, 1.61) 14 1.16 (0.84, 1.59) 11 1.13 (0.78, 1.65) 16 1.50 (1.08, 2.08)

Exposed and VD 15 0.93 (0.75, 1.15) 10 0.96 (0.74, 1.25) 7 0.98 (0.72, 1.33) 8 0.82 (0.60, 1.12)

Exposed and CS 14 0.91 (0.61, 1.37) 7 0.68 (0.39, 1.20) 8 1.11 (0.65, 1.90) 7 0.81 (0.45, 1.47)

Early cat exposure and mode of delivery (Figure S11)

Unexposed and VD 16 1.00 11 1.00 8 1.00 9 1.00

Unexposed and CS 19 1.07 (0.84, 1.38) 13 0.99 (0.73, 1.35) 10 0.96 (0.66, 1.39) 13 1.30 (0.94, 1.80)

Exposed and VD 14 0.81 (0.62, 1.05) 8 0.74 (0.54, 1.03) 7 0.92 (0.65, 1.32) 8 0.85 (0.59, 1.22)

Exposed and CS 20 1.31 (0.87, 1.95) 10 0.86 (0.48, 1.54) 12 1.71 (1.02, 2.88) 11 1.39 (0.80, 2.41)

aCox	models	were	adjusted	appropriately	for	sex,	birth	order	and	potential	early	pollen	exposure,	as	these	variables	were	available	for	the	SKARP	
population.
bCox models were adjusted appropriately for above variables and additionally for parental atopic diseases and dog and cat exposure.

TA B L E  2 (Continued)
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F I G U R E  3 Cumulative	incidences	of	allergic	sensitization	(the	first	positive	result	in	a	specific	immunoglobulin	E	or	skin	prick	test)	and	
food allergy according to the mode of delivery together with sex (plots on the left) and birth order (plots on the right) among the entire 
SKARP	population	(N	= 5552)

(A1) Any sensitization

Female & Vaginal delivery (VD)
Female & Caesarean section (CS)
Male & VD
Male & CS

0

4

8

12

16

20

24

(B1) Food sensitization

0

4

8

12

16

(C1) Animal sensitization

0

4

8

12

C
  u

  m
  u

  l
  a

  t
  i

  v
  e

   
   

i  
n 

 c
  i

  d
  e

  n
  c

  e
   

( 
%

 )
 

Age (years)(D1) Pollen sensitization

0

4

8

12

16

(E1) Food allergy

0 1 2 4 6 8 10 12
0

4

8

Age (years)

(A2) Any sensitization

Not firstborn & VD
Not firstborn & CS
Firstborn & VD
Firstborn & CS

0

4

8

12

16

20

24

(B2) Food sensitization

0

4

8

12

16

(C2) Animal sensitization

0

4

8

12

Age (years)(D2) Pollen sensitization

0

4

8

12

16

Age (years)(E2) Food allergy

0 1 2 4 6 8 10 12
0

4

8

Age (years)

F I G U R E  4 Cumulative	incidences	of	testing	(dashed	lines)	for	allergic	sensitization	(specific	immunoglobulin	E/skin	prick	test)	to	different	
groups of allergens and food allergy and their positive results (solid lines) according to specified delivery modes (the left plots) and according 
to	potential	stress	of	delivery	modes	(the	right	plots)	among	the	entire	SKARP	population	(N	= 5552) Check PDF, page break is before 
caption. Caption should go at the end of figure!
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3.4  |  Specified delivery modes and 
atopic outcomes

According	 to	 specified	 delivery	 modes,	 the	 cumulative	 incidence	
curves for sensitization to different groups of allergens were higher 
among those born by assisted VD or others, for example emergency 
CS, than by normal VD or elective CS (Figure 4 and Table 2), while 
the incidence curve of both testing and sensitization to respiratory al-
lergens started to rise around the age of 7 to 8 years for those born 
by elective CS. The cumulative incidence of atopic sensitization was 
15% for those born by normal vaginal delivery (VD), 20% (adjusted RR 
1.28; 95% CI 0.99– 1.65) by assisted VD, 20% (adjusted RR 1.28; 95% 
CI 1.02– 1.61) by elective CS and 20% (adjusted RR 1.24; 95% CI 0.99– 
1.56) by other CS.

The cumulative incidence of OFC testing was 5% for those born 
by normal VD, 6% (adjusted RR 1.35; 95% CI 0.87– 2.09) by assisted 
VD, 9% (adjusted RR 2.07; 95% CI 1.50– 2.85) by elective CS and 
6% (adjusted RR 1.35; 95% CI 0.92– 1.99) by other CS (Figure 4). 
Accordingly,	 the	 cumulative	 incidence	 of	 food	 allergy	 was	 higher	
for those born by elective CS (6%, adjusted RR 1.68; 95% CI 1.12– 
2.51) and other CS (5%, adjusted RR 1.39; 95% CI 0.89– 2.18) than for 
those born by normal VD (3%) (Table S6).

Among	the	offspring	of	mothers	with	atopic	diseases,	the	cumu-
lative incidence of food sensitization was 14% for children born by 
normal VD, 18% (adjusted RR 1.42; 95% CI 0.77– 2.63) by assisted 
VD, 7% (adjusted RR 0.48; 95% CI 0.21– 1.08) by elective CS and 13% 
(adjusted RR 0.99; 95% CI 0.56– 1.76) by other CS, while the inci-
dence of testing food sensitization was 33%, 34%, 33% and 27%, re-
spectively. Further, among these offspring, the cumulative incidence 
of food allergy was 6% for those born by normal VD, 5% (adjusted RR 
0.73; 95% CI 0.22– 2.38) by assisted VD, 5% (adjusted RR 0.82; 95% 
CI 0.33– 2.06) by elective CS and 3% (adjusted RR 0.44; 95% CI 0.14– 
1.44) by other CS, while the incidence of OFC testing was 9%, 7%, 
8%	and	5%,	respectively.	Among	the	offspring	of	mothers	without	
atopic diseases, the incidence of food sensitization (and testing) was 
8% (23%) for children born by normal VD, 9% (26%) by assisted VD, 
12% (34%) by elective CS and 10% (26%) by other CS, while the re-
spective incidences of food allergy were 2%, 2% (adjusted RR 1.01; 
95% CI 0.35– 2.89), 6% (adjusted RR 2.41; 95% CI 1.19– 4.88), and 4% 
(adjusted RR 1.61; 95% CI 0.70– 3.68), and those of OFC testing were 
3%, 6%, 9% and 5%.

When	we	recategorized	the	delivery	modes	according	to	a	po-
tential stressfulness of the delivery mode for either the mother or 
the child (Table 2 and S6 and Figure 4), we found that the cumulative 
incidences of sensitization to any, food, animal and pollen allergens 
were higher among those born by assisted VD or other CS than by 
normal VD or elective CS (20% vs 16%, 13% vs 10%, 9% vs 8% and 
11% vs 9%, respectively), but according to the adjusted Cox models, 
the confidence intervals exceeded the unity for the sensitization to 
any allergens only (adjusted RR 1.22; 95% CI 1.02– 1.46) (Table 2 and 
S3). The cumulative incidences of food allergy were quite consistent 
according to the recategorization of delivery modes above.

4  |  DISCUSSION

The present paper showed that a negligible association exists be-
tween dichotomous delivery modes (VD or CS) and atopic sensitiza-
tion	in	the	first	four	years	of	life	among	the	entire	SKARP	population;	
thereafter, the cumulative incidence curve of atopic sensitization 
particularly to pollen allergens among children born by CS started 
to rise and deviate from the curve of children born by VD. The in-
cidence of sensitization to different groups of allergens was higher 
among those born by assisted VD or others, for example emergency 
CS, than by normal VD or elective CS, while the incidence curve of 
both testing and sensitization to respiratory allergens started to rise 
around the age of 7 to 8 years for those born by elective CS. The 
cumulative incidences of OFC testing and food allergy were higher 
for children born by elective CS, but only among the offspring of 
mothers without atopic diseases.

Accumulated	 and	 repeated	 allergen	exposure	by	 age	has	been	
considered as a prerequisite for the development of allergic sensiti-
zation, and a duration of diagnosing processes may explain the steep 
rise of the cumulative incidence curves from four years of age or at 
the school age (in Finland, around 7 years). Epigenetic modification 
might have regulated the immune response partly due to CS or its 
risk factors, towards the allergic response, which in suitable condi-
tions, for example with sufficient allergen exposure, leads to an al-
lergic phenotype, that is allergic symptoms, and diagnosis of allergic 
diseases via allergy testing.

Our results (asthma was not reported here as an outcome) are in 
line	with	previous	studies	with	a	longer-	than-	five-	year	follow-	up	and	
meta-	analyses,	 which	 have	 reported	 the	 association	 between	 CS	
or assisted VD and allergic rhinitis or asthma.7,8,10-	13,19 Insufficient 
or no associations between the delivery mode and atopic diseases 
have	been	reported	in	studies	with	a	shorter	follow-	up	16,17 but also 
in	two	cohorts	with	12	years	of	follow-	up.18	According	to	a	recent	
finding, the association between CS and asthma was modified by 
sex.21 Here, we found only an effect modification of maternal atopic 
diseases, together with the delivery mode for food sensitization and 
food allergy.

VD has been considered to prevent atopy due to contact with 
the vaginal microbiome. The effect of this potential mechanism has 
been questioned in a study,30 in which the use of asthma medication 
was associated with emergency CS but not elective section, which is 
in line with our findings regarding sensitization to pollen allergens. In 
our population, the highest incidence of OFC testing and food allergy 
was seen among those born by elective CS. However, among the 
offspring of mothers with atopic diseases, VD acted rather as a risk 
than a preventive factor for food allergies, although the confidence 
intervals included the unity and thus did not confirm the conclusion 
probably due to an insufficient number of cases. Furthermore, the 
food sensitization tests usually precede the OFC, but the cumulative 
incidence of food sensitization was not pronounced for the children 
born by elective CS, but rather for children born by assisted VD. 
Moreover, contact with the vaginal microbiome should have had a 
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preventive effect, particularly among firstborn infants, but the ef-
fect was seen among not firstborns only.

After	 the	 recategorization	of	 specified	delivery	modes,	 the	 in-
cidences of allergic sensitization to different allergens were higher 
among those born by assisted VD or others, for example emergency 
CS, than by normal VD or elective CS, the two former of which might 
be associated with some complications or an increased stress of ei-
ther the mother or the child during the delivery being real risk fac-
tors for the atopic sensitization. However, the children born by CS 
or	having	some	birth-	related	complications	may	be	more	frequently	
followed by a paediatrician; thus, they might be ordered tests ear-
lier than the others or their higher testing curves may also reflect a 
higher	 incidence	of	 atopic	 symptoms.	Nevertheless,	 such	 a	 differ-
ence between these groups could not be found regarding the inci-
dence of food allergy.

The	main	strength	of	our	study	is	the	longitudinal	and	population-	
based	 setting.	 Our	 data	 include	 information	 on	 several	 early-	life	
variables	and	unique	real-	world	test	data	and	register	data	on	four	
specified delivery modes comprising five age classes in a geograph-
ically restricted area. Such a high number of allergy tests is rarely 
available in nationwide registers and would have been very expen-
sive	to	include	in	any	experimental	study	design	either.	A	selective	
participation is an unlikely source of any major bias, because our 
main findings are based on register data, and the background vari-
ables and the outcomes presented here are well in line with both the 
entire	SKARP	population	and	the	survey	participants.

A	 limitation	of	 our	 data	 is	 the	 lack	of	more	 specified	 informa-
tion on indications of the delivery mode, which should be evaluated 
in	 forthcoming	 studies	 basing	 on,	 for	 example,	 patient	 records.	 A	
potential misclassification of the outcomes may be considered an-
other limitation of our study. In Finland, however, allergic symptoms 
are regularly screened from birth at child health clinics and later at 
schools, where the children with allergic symptoms are likely to be 
tested and diagnosed appropriately.

Another	weakness	of	our	data	is	a	lack	of	the	register	data	re-
garding parental atopic diseases, which is available for the ques-
tionnaire survey participants only, and due to the topic of the study, 
the	offspring	of	atopic	parents	may	be	over-	represented	among	the	
participants. However, we found an unequivocal association be-
tween the parental atopic diseases and the cumulative incidence 
of allergic sensitization and food allergy among the offspring.31 If 
the	offspring	of	nonatopic	parents	were	over-	represented	among	
the nonparticipants, the cumulative incidences of atopic outcomes 
should have been unequivocally lower among the entire popula-
tion. Therefore, a participation bias can be considered quite un-
likely and not having any major effect on the results regarding 
these variables either.

Another	limitation	of	our	study	may	be	considered	the	fact	that	
all population has not been tested and they have been tested at dif-
ferent ages. In the present observational study, all tests had been 
performed for diagnostic purposes only and the cumulative inci-
dence of allergy testing and that of positive test results could be 
described, as well as their risk factors, at varying age and time in 

population	 level.	Allergic	 symptoms	of	 the	children	may	appear	at	
different ages; therefore, the tests have been performed at different 
ages of the children. Here, we could individually link the different 
data sets and take into account the history of residences from the 
Finnish Population Register; thus, the children included in the pres-
ent analyses had the first residence in the area and their test data 
were collected from birth up to the end of their personal risk time 
(censoring from the study) in the study area.

In conclusion, we found the highest cumulative incidences of 
atopic sensitization up to adolescence among those born by assisted 
VD or CS. The incidence of food allergy was highest among those 
born by elective CS, but among the offspring of mothers without 
atopic diseases only.
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APPENDIX 1 
E THIC S AND PERMISSIONS
The protocol of the present study was reviewed by the Ethical 
Committee	 of	 the	 Northern	 Ostrobothnia	 Hospital	 District	
(95/2003) and the South Karelia District of Social and Health 
Services (979/13.01.02/2014). The test data were collected with 
the	permission	of	the	Finnish	Ministry	of	Social	Affairs	and	Health	
(49/07/2003)	 and	 the	 National	 Institute	 for	 Health	 and	 Welfare	
(THL/1490/5.05.01/2014	and	THL/1519/5.05.00/2014).	All	eleven	
healthcare	 centres	 in	 the	 region	 consented	 to	 co-	operate.	 In	 the	
questionnaires, the parents were asked permission to use their 
child's PIC for the data linkage, which was denied by the parents of 
53 children, who were excluded from the analyses.
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