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Abstract

Background: Non-communicable chronic diseases (NCDs) are still the major cause of mortality and morbidity in young adults.
Objectives: The aim of the study was to evaluate the influence of neonatal characteristics on NCD development.
Methods: A questionnaire was assessed to evaluate the influence of cesarean section (CS), breastfeeding and prematurity on devel-
opment of some NCDs. The questionnaire was distributed through an online form.
Results: We received 6,379 responses. According to data, CS was not associated with the development of asthma and allergies, celiac
disease, type I and II diabetes or obesity and a tendency to be overweight. The study revealed an inverse association between breast-
feeding and risk of asthma and allergies, type II diabetes, obesity and a tendency to be overweight. No association was found in
relation to type I diabetes or celiac disease. Preterm birth was not associated with development of asthma and allergy, celiac disease
or type I and II diabetes, but seems to have a protective role in the development of obesity.
Conclusions: Many neonatal characteristics could influence the development of NCDs during life. These characteristics could have
a direct or indirect influence on neonatal gut establishment with subsequent health implications later in life. Further longitudinal
studies are needed to confirm our conclusions.
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1. Background

According to the world health organization, NCDs are
globally considered a leading cause of mortality and mor-
bidity in young adults (1).

It is well known that NCDs have a multi-factorial patho-
genesis in which several factors act together for their devel-
opment.

Risk factors are more frequent and simpler to detect
compared to NCDs, and their control is less expensive than
treatment of full-expressed NCDs. Therefore, risk factor de-
tection for NCD prevention has become popular practice in
public health.

Socio-economic factors, demographic factors and
modifiable lifestyle factors such as physical inactivity,
low intake of fruits and vegetables, smoking, and alcohol
consumption, have been associated with development of
NCDs.

Primary prevention programs, instrumental evolu-
tion, pharmacological treatments, and lifestyle changes
have been put into place to reduce NCDs mortality and
morbidity but the burden of such diseases is still unaccept-
able.

Although behavioral and biological factors of adult life
are known and clearly identified, there is limited evidence
with regards to the possible risk factors of the perinatal pe-
riod.

In the last two decades, physicians have investigated
the early phases of life as the moment from which NCDs
pathogenesis factors could be outlined and, maybe, forced
to reduce their development (2).

Growing evidence supports that early life events play
a pivotal role in the programming of NCDs as well as dif-
ferences in intestinal bacterial colonization. For example,
different types of delivery, feeding practice or early antibi-
otic supplementation, may be responsible for the higher
risk of NCD development later in life (3).

2. Objectives

This article aimed to investigate the prevalence of self-
reported NCDs and their perinatal association among a
young adult representative sample.
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3. Methods

Data source: an internet-based questionnaire, consist-
ing of 32 questions, was designed using Google Forms (4)
and was distributed, as previously described in other stud-
ies (5), through our Neonatal Unit Facebook page which is
linked to the School of Medicine of the University of Bari
“Aldo Moro” Network (6).

The questionnaire comprised four areas of interest:
(1) demographical characteristics, (2) neonatal characteris-
tics, (3) family features, and (4) health-related information
(Supplementary File).

Demographical characteristics included gender and
age. Neonatal characteristics included gestational age, de-
livery mode (CS or vaginal birth) and feeding type. Feeding
type was separated into exclusive breastfeeding, combined
bottle feeding with breastfeeding and exclusive bottle
feeding. The period of exclusive breastfeeding was regis-
tered. Family features included educational level and self-
reported family history of asthma or allergies, celiac dis-
ease and diabetes (I and II). Educational level was recorded
into no education, completion of primary education, com-
pletion of secondary education and completion of higher
education. Health-related information, by a self-reported
prevalence of NCDs among university students, residents
and PhD students, was collected. Respondents were asked
to report whether they had any one of the following NCDs:
asthma or allergies, celiac disease or diabetes (I or II), or
were overweight or obese. Being overweight or obese was
assessed based on self-reported height and weight data,
used in a body mass indicator (BMI) calculator: Being over-
weight was classified as having a BMI of ≥ 25 and being
obese was classified as having a BMI of 30. There is not
an excluded inquiry form. To be enrolled all answers were
considered as obligatory fields of the questionnaire to be
completed.

The questionnaire was tested by our trainees for com-
prehensibility and clarity before the link was posted on our
Facebook Page.

The link was online for 4 weeks from January to Febru-
ary 2015. Responders could answer the questionnaire
anonymously and could give their consent on line for the
answers to be published.

Statistical analyses: the database was uploaded as an
Excel file and data were analyzed by Stata MP11 software.
Categorical variables were reported as proportions and a
chi-square test compared these proportions. Quantitative
variables were described as means ± standard deviations
and the means were compared by a t-Student test or an
ANOVA test when appropriate.

Model for multivariate analysis was performed to
study the association between having asthma or allergies,

being overweight or obese, having celiac disease or dia-
betes (I or II) – outcomes - and gestational age, delivery
mode (cesarean section or vaginal birth), feeding type,
family features – determinants; we designed a model for
each outcome. Being overweight or obese was also inves-
tigated as determinants of NCDs in a multivariate analysis
model. We calculated OR with 95% CI and we performed a
z-score test. For all tests a P < 0.05 was set as significant.

4. Results

Descriptive characteristics: 6,379 people participated
in our survey, 5,106 (80%) of whom were female. The overall
average age was 25.6 ± 9.9 with a significant difference in
age between males (22.9 ± 10.8) and females (26.3 ± 9.5; t
= 11.2, P < 0.0001). All respondents were from Italy. About
three in ten (29.9%) were born by CS. A higher proportion
of respondents (73.55%) had received breast milk but only
36.7% received exclusive breastfeeding until 6 months of
life. 1,091 (17.1%) were born prematurely at a mean gesta-
tional age of 34.7 ± 3.4 weeks. 7.7 % of respondents had a
family history of celiac disease, 13.2 % of diabetes (I or II)
and 35.6 % of allergies (Table 1).

2,667 (41.8%) respondents reported having asthma or
allergies, 239 (3.7%) celiac disease, 51 (0.8%) type I diabetes
and 101 (1.6%) type II diabetes. 1,318 (20.7%) respondents re-
ported having a BMI of > 25 and, notably, 349 (5.5%) were
obese (Table 2).

Multivariate analysis showed that subjects who re-
ported having been exclusively breastfed were less likely
to have asthma or allergies (OR = 0.49, 95%CI: 0.30 - 0.78;
z = -3.37; P < 0.0001), type II diabetes (OR = 0.63, 95%CI: 0.41
- 0.95; z = -2.3; P = 0.021), be overweight (OR = 0.74, 95%CI:
0.59 - 0.94; z = -2.46; P = 0.014) or obese (OR = 0.6 95% CI:
0.48 - 0.76; z = -4.3; P < 0.0001).

Prematurity decreased the risk of becoming over-
weight (OR = 0.69, 95%CI: 0.51 - 0.93; z = 2 - 42; P = 0.015). Sim-
ilarly, results showed that being born before 37 weeks of
gestation had a lower likelihood of becoming obese, com-
pared to being born at full term (OR = 0.65, 95%CI: 0.47
- 0.91; z = -2.51; P = 0.012). No association was found be-
tween prematurity and development of asthma or aller-
gies, celiac disease or type I or II diabetes (P > 0.05).

Also no significant associations were found between
cesarian section and all NCDs investigated (P > 0.05).

Being overweight (BMI≥ 25) was associated with aller-
gies (OR = 1.57, 95%CI: 1.08 - 2.14; z = 13.48; P < 0.0001) and
type II diabetes (OR = 1.65, 95%CI: 1 - 2.7; z = 2.78; P = 0.0005).

Family features are related to some of the investigated
NCDs. A higher educational level in the mother seemed to
be a preventive factor in offspring becoming overweight
(OR = 0.95, 95%CI: 0.92 - 0.99; z = 2.49; P = 0.0013) or obese
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Table 1. Descriptive Characteristicsa

Variables Men 1273 (20) Women 5106 (80) All 6379 P Value

Age 22.9 ± 10.8 26.3 ± 9.5 25.6 ± 9.9 < 0.0001

Cesarean Section 444 (34.9) 1464 (28.7) 1908 (29.9) < 0.001

Breastfeeding 1023 (80.4) 3665 (71.8) 4688 (73.5) < 0.0001

Prematurity 213 878 1091 (17.1) 0.69

Maternal age at birth 29.9 ± 5.2 29 ± 5.3 29.2 ± 5.3 < 0.001

Family history of celiac disease 81 (6.4) 410 (8) 491 (7.7) 0.048

Family history of diabetes 131 (10.3) 710 (13.9) 841 (13.2) 0.001

Family history of allergy 427 (33.5) 1844 (36.1) 2271 (35.6) 0.089

Percentage of prematurity 213 (16.7) 878 (17.1)

aValues are expressed as mean (SD) or No. (%).

Table 2. Prevalence of NCDsa

Variables Men 1273 (20) Women 5106 (80) All 6379 P Value

Asthma or allergies 534 (41.9) 2133 (41.8) 2667 (41.8) 0.91

Coeliac disease 29 (2.3) 210 (4.1) 239 (3.7) 0.002

Type I Diabetes 12 (0.9) 39 (0.7) 51 (0.8) 0.52

Type II Diabetes 18 (1.4) 83 (1.6) 101 (1.58) 0.59

Overweight 334 (26.2) 984 (19.3) 1318 (20.7) < 0.0001

Obesity 60 (4.5) 289 (5.7) 349 (5.5) 0.19

aValues are expressed as No. (%).

(OR = 0.92, 95%CI: 0.88 - 0.96; z = -4.1; P < 0.0001). The same
correlation was found for the father’s educational level (OR
= 0.94, 95%CI: 0.91 - 0.98; z = -3.14; P = 0.0002).

A family history of allergies seems a risk factor for al-
lergy and asthma development (OR = 2.43, 95%CI: 2.11 - 2.79;
z = 13.48; P < 0.00001). Family history of celiac disease is a
risk factor for celiac disease (OR = 5.3, 95%CI: 2.29 - 12.42; z =
12.24; P < 0.0001) and type I diabetes (OR = 2.24, 95%CI: 1.05 -
4.81; z = 1.97; P = 0.048) development. Family history of type
I diabetes is a risk factor for celiac disease development (OR
= 4.6, 95%CI: 1.36 - 15.8; z = 2.46; P = 0.014).

5. Discussion

The aim of this survey was to estimate the prevalence
of self-reported NCDs in early adulthood and their associa-
tion with neonatal risks factors.

In recent decades, there has been an increase in the
prevalence of NCDs in westernized countries. Changes in
the occurrence of NCDs in immigrating populations’ off-
spring suggests that early life events and shared environ-

mental risk factors may be predetermining NCDs in early
adulthood.

The rate of CS, premature births and the trend of bot-
tle feeding have also increased in recent decades and we
hypothesized these elements as examples of a shared en-
vironmental risk factors for NCDs.

The setting around CS and premature births is differ-
ent from a full term, vaginal birth with respect to several
factors such as antibiotics usage and the hospital environ-
ment. The early phases of life affect the microbiome com-
position of newborns and it could be speculated that the
shared environmental risk factors, that may be program-
ming NCDs later in life, are mediated by changes in the mi-
crobiome of newborns. Furthermore, non-exposure to la-
bor results in persistence of fetal gene expression and an
altered metabolism (7). In the same way, breastfeeding ex-
poses the child to a composite microbiome different from
the one encountered during bottle-feeding (8, 9).

There are several indications that the diversity and
composition of the human microbiome is associated with
a variety of diseases (10).

To date, studies addressing the possibility of an asso-
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ciation between CS and NCDs have been small and often
contradictory. In recent years, some authors demonstrated
an association between CS and the development of asthma
and allergies (11), celiac disease (12) and type I diabetes mel-
litus (13) as well as a tendency to being overweight or obese.

In contrast to these studies, we did not find any asso-
ciation between CS and all six NCDs investigated. Recently
an observational study from a Danish nationwide database
of children also found no significant association between
CS and type I diabetes and celiac disease (14). In line with
our results, another study from Brazil, evaluating obesity
in a cohort of young adults, showed no effect from mode of
delivery (15). A recent population-based prospective birth
group of healthy full term newborns observed no clear as-
sociation between mode of delivery and risk of atopic dis-
eases (16).

Concerning breastfeeding, our study strongly suggests
that it is protective against the development of being
overweight or obese, or developing type II diabetes and
asthma. Recent meta-analyses found positive association
with breastfeeding and a reduction of these NCDs (17-19).
Breast milk provides the right amount of calories and nu-
trients the infants needed, changes its composition with
time and contains bioactive substances that influence the
neonatal immune system, reducing the risk of developing
chronic illnesses.

Despite a meta-analysis in 2006 analyzing six observa-
tional case-control studies and finding an association be-
tween the duration of breastfeeding and a reduced risk
of developing Celiac disease (17), our data deny this as-
sociation. Recently, a multicenter, randomized, interven-
tional trial which explored the relationship between age
of gluten introduction and risk of celiac disease reached
our same conclusions that breastfeeding did not have a
significant impact on the risk of developing celiac disease
(18) Concerning the development of type I diabetes, only
one study demonstrated a weak protective association be-
tween exclusive breast-feeding and developing type I dia-
betes (19).

With regard to premature births, a few contradic-
tory studies investigated the relationship with developing
NCDs. A Puerto Rican cohort study demonstrated no sig-
nificant association between prematurity and asthma in
non-atopic children (20). According to our results, a meta-
analysis also showed that although prematurity was asso-
ciated with asthma in children of all ages, this association
became insignificant when the analysis was restricted to
studies of older participants (21).

To our knowledge, this is the first study to investigate
the separate effects of prematurity on celiac disease, with
evidence that there is no association between them.

In contrast to our results, a meta-analysis, including a

total of 18 studies for type I diabetes and 5 studies for type
II diabetes, suggested that preterm birth was a significant
and independent risk factor for both type I and type II dia-
betes (22).

Finally, our data suggested that a premature birth
plays a preventive role in becoming overweight or obese.
Differing from our results, a meta-analysis of studies, re-
porting markers of the metabolic syndrome in adults born
preterm, found no association between term and preterm
population (23).

We are aware of the limitations of the study: firstly, re-
call biases are likely since a cross-sectional study was per-
formed and the data on neonatal history was collected ret-
rospectively. Secondly, the way subjects were invited may
have affected the high prevalence for some NCDs. Spread-
ing and distributing the questionnaire by means of the
Internet and social networks may have inadvertently se-
lected those who are more prone to be affected by NCDs,
and this may have influenced the results (i.e. celiac dis-
ease prevalence of 3.7% responders). Furthermore, being
responders or university students, or residents or PhD stu-
dents, this could be considered a population bias (stratum
of society).

Therefore, despite research recruitment using Face-
book has been recently described as a potential tool to suc-
cessfully recruit participants to surveys and clinical studies
(24), the results of present study will be used taking into ac-
count the declared limitations.

5.1. Conclusions

Numerous studies have investigated the association
between possible perinatal risk factors and NCDs, some of
which have reached conflicting conclusions. According to
our data, we can conclude that cesarean section is not a
risk factor for the development of NCDs per se via the gut
microbiota hypothesis. Future studies should analyze the
possible mechanisms involved in NCD pathogenesis in the
early stages of life. Understanding associated neonatal risk
factors for NCDs is a prerequisite to developing early life
interventions, which could help to prevent the increasing
epidemic burden of these chronic diseases.
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