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Abstract
Association between the use of infant formula and risks for infants’ health is seldom studied in western countries. We set up a
historical cohort based on record linkage analysis, combining the data from administrative databases providing individual data.
Infants receiving the second dose of pediatric immunization between 2015 and 2017 were included. The main outcome measure
was antibiotic prescriptions from enrolment up to 24 months of age, by infant feeding category at enrolment. The extended Cox
regression technique was used to account for recurrent events. The infants’ cohort included 40,258 5-month-old infants; during
the study period, 60,932 antibiotic prescriptions were filled. Compared with infants fully breastfed, children fed with both
maternal milk and formula received 106 more antibiotic prescriptions per 1000 children/year, whereas infants receiving formula
only had 138 excess prescriptions per 1000 children/year. The association with infant feeding was statistically significant and
remained unchanged after adjustment for common confounders (adjusted hazard ratio, HR, for complementary feeding vs full
breastfeeding 1.09; 95%CI 1.05 to 1.12; formula only versus full breastfeeding adj. HR 1.12; 95%CI 1.08 to 1.16).
Conclusion: In our cohort, we observed a positive association between infant formula use considered a proxy of infections
antibiotic prescription rate, considered a proxy of infections. The association followed a gradient.

What is Known:

» Formula feeding is associated with increased morbidity and mortality even in western countries, but still, it is common.

* Information on formula are seldom unbiased, thus, public perception of risks is distorted.

What is New:

o In a large Italian cohort of infants, formula feeding at 5 months of age results to be associated with an increased rate of antibiotic prescription
(considered to be a proxy of infection) up to 24 months of age: the association follows a dose-response relationship.

* Record linkage analysis using administrative databases provides useful information at a limited cost.
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Abbreviations
BF Breastfeeding

BMI Body mass index
DRG Diagnosis-related group
95%CI  95% confidence interval

HR Hazard ratio

ICD-IX International Classification of Diseases,
9th edition
Introduction

Formula feeding is an alternative to breastfeeding for in-
formed mothers who have no possibility or desire to
breastfeed. It is difficult to quantify the proportion of infants
that need formula: clinical conditions contraindicating
breastfeeding occur rarely [24]. However, in many countries,
formula is largely used: in Italy, the rate of formula feeding is
roughly 20% at hospital discharge, 45% at 3 months of age,
and 60% at 5 months of age. As formula use is related, among
others, to both health professionals’ and mothers’ knowledge
[17, 25], a complete and balanced information on risks asso-
ciated with formula feeding is needed.

Independent studies have consistently shown that formula
feeding is associated with increased risk of morbidity and
mortality, even in western industrialized countries [8, 14, 22,
33]; nevertheless, data on the association between formula
feeding and risk of infections in western countries are sparse
[13, 19, 32, 36].

The aim of this study was to determine the possible asso-
ciation between use of infant formula and risk of receiving an
antibiotic prescription (considered as a proxy of infections) in
the first 2 years of life in a large population of Italian children.

Method

This is a historical cohort study based on record linkage anal-
ysis of regional administrative databases providing individual
data of the population of Emilia-Romagna, a region of
Northeast Italy with four and a half million inhabitants.

The study population was represented by 5-month-old in-
fants, included in the regional immunization database (years
2015 to 2017), and receiving the second dose of pediatric
immunization during the infant feeding surveys.

Data on infant nutrition were retrieved from the regional
immunization database [11]. In addition to vaccination data,
the database contains information on infant nutrition. This
information is collected in all infants receiving a vaccination
during specific time periods: in 2015 from March 16 to
June 30, and thereafter, in 2016 and 2017, from March 16 to
November 30. Exposition at 5 months of age was classified,
according to the World Health Organization [41], as fully
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breastfed (reference group, infants receiving breastmilk, with-
out formula), complementary fed (infants receiving both
breastmilk and formula), not breastfed (infants receiving ex-
clusively formula).

The rate of all antibiotics for systemic use (JO1 according to
Anatomical Therapeutic Chemical classification from the
World Health Organization) [40], prescribed to infants be-
tween 5 and 24 months of age or up to the end of
May 2018—censor date—whichever came first, represented
the primary outcome measure. Data on antibiotic prescriptions
were derived from the regional administrative database for
drugs reimbursement, containing information on individual
prescriptions, but not diagnosis, for all children living in
Emilia-Romagna region [12]. Each infant included in the re-
gional databases is assigned an anonymous unique patient
identifier that can be used for record linkage across databases.
Crude antibiotic prescription rates per 1000 children per year
were calculated for each exposition level. Variables consid-
ered for adjustment were underlying morbidity of the child,
defined according to data extracted from the hospital dis-
charge regional database (list of ICD-IX codes used to define
underlying morbidity of the child in additional on-line mate-
rial), maternal characteristics, type of pregnancy, and mode of
delivery based on data extracted from the regional medical
birth database and, finally, anti-pneumococcal immunization
status, defined according to the regional immunization data-
base. The final multivariate model included all variables found
to be significantly associated with the outcome of interest (p
value <0.05) and confounders. Crude and adjusted hazard
ratio were estimated using the extended Cox regression tech-
nique according to Andersen-Gill (option robust standard er-
ror), to account for recurrent events [2]. Statistical analyses
were carried out using the Stata statistical software package
version 14.2.

Results

In the observation period—spanning the three infant feeding
surveys from 2015 to 2017—40,258 5-months-old infants re-
ceived the second dose of pediatric immunization. Infant feed-
ing information was available for 38,055 (94.5%): of these
infants, 15,019 (39.5%) were fully breastfed, 11,943
(31.4%) received both breastmilk and formula, and 11,093
(29.1%) were given formula only.

The cohort infants received 60,932 antibiotic prescriptions
between 5 and 24 months of age or censoring (overall antibi-
otic prescription rate, 1183 per 1000 children/year; 95%CI
1174 to 1193); 23,628 infants (58.7% of the cohort) had at
least one antibiotic prescription. In detail, 9273 infants (23%
of the cohort) received one prescription during the study pe-
riod, 5642 infants (14%) received two prescriptions, 3444
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(8.6%) three prescriptions, and the rest (13.1%) received more
than three prescriptions.

Most of the infants (31,514 out of 40,258, 78.3%) at hos-
pital discharge received a code corresponding to normal,
healthy baby (diagnosis-related group, DRG 391) and had
no hospital admission during the follow-up. In 1746 cases
(4.3% of'the cohort), infants received a code of possible severe
condition (DRG 385, 386, or 387) at hospital discharge and/or
were subsequently admitted in hospital for a relevant condi-
tion. In 6998 cases (17.4% of the cohort), infants were
discharged from hospital exclusively with a code associated
to a probably mild condition (DRG 388, 389, or 390) without
further subsequent hospital admissions. In 1338 cases, there
was a coexistence of possible severe and probably mild con-
dition codes: these were considered, in the analysis, as infant
with a possible severe condition.

Almost all infants included in the survey received an anti-
pneumococcal vaccine (40,012 infants, 99.4% of the cohort):
numbers of doses received depending on the infants’ age at the
end of May 2018, when the immunization status was checked
for.

Principal background characteristics for the infants’
study population by exposition level (including those with
unknown infant feeding status) are shown in Table 1.
Infant characteristics associated with a higher risk of full
formula feeding at 5 months were male sex, low birth
weight, low gestational age, twins, no siblings, and severe
condition at birth. The following maternal characteristics
were associated with higher risk of full formula feeding at
5 months of age: age 35+, Italian nationality, low educa-
tional level, in employment, obesity, cigarette smoking,
at-risk pregnancy, not attending an antenatal course, ce-
sarean delivery.

Compared with infants fully breastfed (antibiotic pre-
scription rate, 1110/1000 infants/year; 95%CI 1095,
1125), children fed with both maternal milk and formula
received 106 more antibiotic prescriptions per 1000
children/year (rate 1216; 95%CI 1199, 1233), whereas in-
fants receiving formula only had a 138 excess prescriptions
per 1000 children/year (rate 1248; 95%CI 1229, 1266),
while infants with unknown feeding status had 47 excess
prescriptions per 1000 children/year (rate 1157; 95%CI
1120, 1196). The crude hazard ratio of antibiotic prescrip-
tion, which was calculated according to the method of in-
fant feeding, showed a positive dose-response relationship:
infants in complementary breastfeeding and infants fully
formula fed showed a trend of increasing risk of antibiotics
prescription (Table 2). The association remained un-
changed after controlling for variables found to be associ-
ated with the outcome of interest in the univariate analysis
(severe condition at birth or in the subsequent 24 months
based on DRG, cesarean section, single born, male sex,
presence of other siblings, maternal age <35 years,

maternal overweight/obesity, mother of Italian nationality,
mother employed) (Table 2).

Discussion

Our study, based on record linkage analysis of administrative
databases of an Italian region, shows that increasing levels of
formula feeding (reference being infants fully breastfed) are
associated with a 5 to 16% increase in antibiotic prescriptions
in children up to 24 months of age. The association is not
influenced by other variables controlled for. Our interpretation
is that the use of formula at the age of 5 months is associated
with increased frequency of infections in the first 2 years of age,
antibiotic prescription being a proxy of infections. Although
Italian children in general are exposed to a high level of antibi-
otic prescriptions [10], this is no longer so in Emilia-Romagna,
where a long-lasting project on the prudent and appropriate use
of antibiotics has produced good results [12], similarly to other
experiences [1, 35]. Therefore, we can be confident that in our
region, antibiotic prescription is likely related to bacterial infec-
tion and can be used as a proxy of infection. On the other hand,
the regional rate of breastfeeding falls short of internationally
recommended targets, even if activities to improve protection,
promotion, and support of breastfeeding have been implement-
ed and an increase in breastfeeding rates has been detected [11].
Studies suggest a range of possible reasons for low
breastfeeding initiation rates and short duration of
breastfeeding, both in term and preterm infants [7, 34]: some
of these are non-modifiable (like maternal education, national-
ity, and parity), some are inherent to the health system (process-
es and organization of the assistance to pregnant women and
new mothers and families) and/or require specific additional
funds to be changed, but some can be influenced by providing
unbiased and complete information to both parents and health
professionals, as knowledge is reported to impact on attitude
and behavior [4, 20, 43]. As formula companies are the main
source of information on breastmilk substitutes [21, 38], mes-
sages can be biased focusing the attention on the advantages of
formula feeding and seldom discussing the risks [16, 28]: this is
of concern for health decision-makers, health professionals, and
breastfeeding support groups [5, 9, 29].

Previous studies investigated infant feeding and frequency
of infections leading to hospital admissions and found an as-
sociation, mainly limited to the first 12 months of life [32, 36].
Nevertheless, restricting the analysis to infections leading to
hospital admission can underestimate risks of formula, as in
at-term infants only a limited proportion of infections results
in hospitalization. However, family life can be influenced also
by mild infections, often associated with lost school and work-
ing days [30]. In addition, since antibiotics are frequently pre-
scribed for common pediatric infections, with a well-
established impact on antimicrobial resistance [42] and other
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Table 1 Study population characteristics (number and proportion, unless otherwise specified) by infant feeding categories, Emilia-Romagna 2015—
2017

Variables Categories Full BF* Complementary Formula feeding Unknown Total

(N=15,019) feeding only (N=2203) (N=40,258)
n (%) (N=11,943) n (%) (N=11,093) n (%) n (%) n (%)

Maternal age <18 18 (0.1) 16 0.1) 28 0.3) 4 0.2) 66 0.2)
18-35 10,044  (66.9) 7802 (65.3) 6835 (61.6) 1296  (58.8) 25977 (64.5)
>35 3602 (24.0) 3109 (26.0) 3082 (27.8) 497 (22.6) 10,290  (25.6)
Missing 1355 9.0) 1016 (8.5) 1148 (10.3) 406 (18.4) 3925 9.7)

Maternal nationality Italian 8978 (59.8) 6844 (57.3) 7631 (68.8) 1225 (55.6) 24,678 (61.3)
Not Italian 4689 (31.2) 4094 (34.3) 2334 (21.0) 572 (26.0) 11,689  (29.0)
Missing 1352 (9.0) 1005 (8.4) 1128 (10.2) 406 (184) 3891  (9.7)

Maternal education” 8 3064 (20.4) 2916 (24.4) 2584 (23.3) 450 (204) 9014 (22.4)
13 5478 (365) 4593 (38.5) 4771 (43.0) 756 (34.3) 15598  (38.7)
>13 5125 (34.1) 3429 @87) 2610 (23.5) 591 (268) 11,755  (29.2)
Missing 1352 9.0) 1005 (8.4) 1128 (10.2) 406 (18.4) 3891 9.7

Maternal employment ~ No 4915 (327) 4152 (34.8) 3196 (28.8) 629  (28.6) 12,892 (32.0)
Yes 8670 (57.7) 6716 (56.2) 6681 (60.2) 1153 (52.3) 23220 (57.7)
Missing 1434 (95 1075 (9.0) 1216 (11.0) 21 19.1) 4146 (10.3)

Maternal BMI® Underweight 1049 (7.0) 734 6.1) 754 (6.8) 140 (6.4) 2677 (6.6)
Normal 9165 (61.0) 6931 (58.0) 5978 (53.9) 1124 (51.0) 23,198  (57.6)
Overweight 2303 (15.3) 2173 (18.2) 1902 (17.1) 342 (15.5) 6720 (16.7)
Obese 918 (6.1) 945 (7.9) 1123 (10.1) 158 (7.2) 3144 (7.8)
Missing 1584 (10.5) 1160 9.7 1336 (12.0) 439 (19.9) 4519 (11.2)

Maternal smoking No 11,742 (78.2) 9254 (77.5) 7812 (70.4) 1477  (67.0) 30285 (75.2)
Stopped while pregnant 1256 (8.4) 1002 (8.4) 1097 (9.9) 181 (82) 3536  (8.8)
Yes 523 (3.5) 587 4.9) 948 (8.5) 127 (5.8) 2185 (5.4)
Missing 1498 (10.0) 1100 9.2) 1236 (11.1) 418 (19.0) 4252 (10.6)

Pregnancy Low risk 11,011 (73.3) 8306 (69.5) 7328 (66.1) 1237 (56.2) 27,882  (69.3)
At risk 1668  (11.1) 1607 (13.5) 1727 (15.6) 273 (124) 5275 (13.1)
Missing 2340 (15.6) 2030 (17.0) 2038 (18.4) 693 (31.5) 7101 (17.6)

Antenatal course No 6567 (43.7) 5865 (49.1) 5332 (48.1) 972 (44.1) 18,736  (46.5)
No, already done 2002 (133) 1308 (11.0) 1236 (11.1) 206 (9.4) 4752 (11.8)
Yes 4936 (32.9) 3657 (30.6) 3255 (29.3) 609 (27.6) 12,457  (30.9)
Missing 1514 (10.1) 1113 9.3) 1270 (11.4) 416 (18.9) 4313 (10.7)

Delivery Vaginal 10,707 (71.3) 8044 (67.4) 6529 (58.9) 1304 (59.2) 26,584  (66.0)
Cesarean section 2960 (19.7) 2894 (24.2) 3436 (31.0) 493 (22.4) 9783 (24.3)
Missing 1352 9.0) 1005 (8.4) 1128 (10.2) 406 (18.4) 3891 9.7

Infant sex Male 7613 (50.7) 6130 (51.3) 5768 (52.0) 1131 (51.3) 20,642 (51.3)
Female 7406 (49.3) 5813 (48.7) 5325 (48.0) 1072 (48.7) 19,616  (48.7)

Birth weight <2500 422 (2.8) 629 (5.3) 1037 9.3) 105 (4.8) 2193 (5.4)
25004000 12,307 (81.9) 9604 (80.4) 8445 (76.1) 1582 (71.8) 31,938 (79.3)
> 4000 998 (6.6) 771 (6.5) 547 4.9 120 (5.4) 2436 6.1)
Missing 1292 (86) 939 1.9 1064 (9.6) 396 (18.0) 3691  (92)

Gestational age <37 526 (3.5) 662 (5.5) 1064 9.6) 117 (5.3) 2369 (5.9)
37-42 13,109 (87.3) 10,255 (85.9) 8881 (80.1) 1671  (75.9) 33916 (84.2)
>42 32 0.2) 21 0.2) 20 0.2) 9 0.4) 82 (0.2)
Missing 1352 9.0) 1005 (8.4) 1128 (10.2) 406 (18.4) 3891 9.7)

Twins No 13,563  (90.3) 10,611 (88.8) 9328 (84.1) 1746 (79.3) 35248  (87.6)
Yes 104 (0.7) 327 2.7 637 (5.7 51 (2.3) 1119 2.8)
Missing 1352 (9.0) 1005 (8.4) 1128 (10.2) 406 (184) 3891  (9.7)

Siblings No 6910 (46.0) 5718 47.9) 5738 (51.7) 942 (42.8) 19,308 (48.0)
Yes 6755 (45.0) 5220 (43.7) 4227 (38.1) 855 (38.8) 17,057 (42.4)
Missing 1354 9.0) 1005 (8.4) 1128 (10.2) 406 (18.4) 3893 9.7

Disease None 12,294 (81.9) 9345 (78.2) 8130 (73.3) 1745  (79.2) 31,514 (78.3)
Mild 2326 (15.5) 2120 (17.8) 2198 (19.8) 354 (16.1) 6998 (17.4)
Severe 399 2.7) 478 (4.0 765 (6.9) 104 (4.7) 1746 (4.3)

* BF breastfeeding

® Maternal education level at the year of birth, categorized into 8 years or less (lower secondary school or less), 9—13 years (upper secondary school), and
more than 13 (graduated)

¢ Pregnancy BMI categorized as underweight (BMI < 18.5), normal (BMI 18.5-24.9), overweight (BMI 25.0-29.9), and obese (BMI > 30.0)

adverse effects [15, 26], reducing the incidence of common
infection is crucial. Thus, focusing our investigation on a
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wider spectrum of bacterial infections seemed to be more rel-
evant for families, health professionals, and public health. It is
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Table 2 Crude and adjusted
hazard ratio of antibiotic
prescription by study covariate,
immunization cohort 2015-2017

N HR (95%CI)
Crude Adjusted*

Infant feeding 38,055

Full breastfeeding 1 1

Complementary feeding 1.08 (1.05, 1.12) 1.09 (1.05, 1.12)

Formula only 1.11 (1.08, 1.15) 1.12 (1.08, 1.16)
Severe discase 40,258 1.29 (1.21, 1.37) 1.29 (1.20, 1.38)
Male sex 40,258 1.15 (1.12, 1.18) 1.15(1.12, 1.19)
Single fetus 36,367 1.23 (1.13, 1.33) 1.35(1.24, 1.48)
Siblings 36,365 1.32 (1.28, 1.35) 1.35(1.31, 1.39)
Maternal overweight/obesity 35,739 1.11 (1.08, 1.15) 1.08 (1.05, 1.11)
Italian mother 36,367 1.05 (1.02, 1.09) 1.04 (1.01, 1.08)
Maternal age 18-35 36,333 1.02 (1.00, 1.05) 1.08 (1.05, 1.12)
Mother employed 36,112 1.15(1.12, 1.19) 1.21 (1.17, 1.25)
Cesarean section 36,367 1.05 (1.02, 1.08) 1.04 (1.01, 1.07)

*The final model included 33,723 subjects, due to missing value for included variables

possible that the association between formula feeding and risk
of infections is even larger, as we were not able to assess the
impact on viral infections that do not require an antibiotic
treatment but still cause family discomfort.

In addition, with rare interesting exceptions [37], most of
the trials on breastfeeding have a short follow-up, limited to
the first year of life [13, 32, 36]. This can be due to the as-
sumption that in the first year of life, the magnitude of the
association is more evident, but it can also be caused by the
difficulties in conducting large prospective cohort with long
follow-up [37]. Using record linkage analysis allowed us to
extend the follow-up to 24 months of age, thus showing a
sustained detrimental effect of formula on children health.

Previous studies have already shown the association of
some of the variables considered in our analysis and increased
risk of infections, like male sex [27], presence of siblings [3],
and maternal overweight/obesity [39]. Being born with a mal-
formation or other severe conditions requiring NICU admis-
sion is associated with an increased risk of antibiotic use [18,
31]. To the best of our knowledge, other associations are de-
scribed for the first time in our study sample: Italian national-
ity of the mother, maternal age less than 35 years, maternal
employment, and being single born. It is possible that some of
these are not risk factors per se but are a proxy of an attitude
and behavior that favors higher demand for antibiotics either
for lack of experience or for urgent need to return to work.
These hypotheses should be addressed in future studies. The
finding on cesarean section is interesting: while the associa-
tion between cesarean section and lower breastfeeding rate is
widely reported, our study detects a direct association between
mode of delivery and antibiotic prescription rate independent-
ly from the feeding modality. We found a Danish study de-
scribing an association between cesarean delivery and higher

rate of respiratory syncytial virus infection [23], and an
Australian study based on record linkage analysis of data
spanning 10 years (from 2001 and 2011) that found an asso-
ciation between mode of delivery, gestational age at birth,
feeding modality, and hospital admission for gastroenteritis
up to 1 year of age [6]. The authors explain that microbioma
of vaginally born infants is more similar to the maternal one
and is more able to fight infections; instead, in the case of
cesarean delivery, the infant microbioma is not colonized by
healthy maternal bacteria and the child risk of developing
infections increases.

Strengths of our study are the large number of observations
collected and the length of follow up; in absence of databases
linkable on a single patient base, it would have been difficult
to conduct such a time and resource consuming ad hoc study.
On the other hand, considering the large sample size, some of
the observed associations that happened to be statistically sig-
nificant could have minor clinical relevance. Another strength
is the quality and completeness of the administrative databases
used: Emilia-Romagna has a long tradition of administrative
databases and is one of the Italian regions with the largest
number of good quality databases, routinely used for regional
surveillance activity and health care planning. There are other
advantages in using our breastfeeding monitoring system that
have been already described [11]: almost the entire infant pop-
ulation is included, irrespective of nationality of the mother
and socioeconomic characteristics; thus, selection biases are
unlikely to occur. Less than 3% of our infant population has
parents that refuse the immunization, in most cases under the
influence of antivaccination movements, and therefore are not
included in our survey. However, these parents are believed to
be more prone to breastfeed and to have low propensity to
antibiotic use. Therefore, the exclusion of this marginal part
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of the population may have led to an underestimation of the
association between formula use and antibiotic prescriptions,
which however is strong and significant.

One limitation of our study is that the outcome considered,
antibiotic prescription, is only a proxy of the frequency of
infections; however, we could have not been more accurate,
as our drugs database does not include diagnosis.
Nevertheless, antibiotic use can be considered a good proxy
of infant infections as it is strictly related to bacterial infections
and, if any, the error will be on the side of underestimation of
infections, as antibiotics are not usually prescribed for viral
infections. Lastly, because of the increase in appropriateness
of antibiotic prescription in Emilia-Romagna region in the last
years [12], we can be confident about the relevance of using
antibiotic prescription as a proxy of bacterial infectious epi-
sodes in children.

Another limitation of our study is that, being based on
administrative data, the analysis can only be controlled for
data included in our databases. It is possible that other infor-
mation, like daycare attendance, could be of interest when
assessing the occurrence of infections in infants and children.
Nevertheless, it is reasonable that other variables systemati-
cally recorded in our databases, like maternal education, age,
marital status, and employment status, can be assumed to be a
proxy of daycare utilization.

Despite these limitations, we are confident that the results
of our study can contribute a more detailed understanding of
the association between infant feeding and infant and child
morbidity in western countries with a prevalence of formula
use similar to the one of Emilia-Romagna region; moreover,
we have shown that record linkage analysis using administra-
tive database is a practicable way to produce evidence and to
identify trends: further analysis with ad hoc research and data
collection can enrich and expand these findings.

Providing evidence-based and unbiased information on in-
fant feeding can contribute to modifying attitude and practice
regarding the use of formula and favor the implementation of
activities to protect, promote, and support breastfeeding, to
ensure that all mothers and babies can enjoy their right to
health through appropriate feeding.
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