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Aim: To assess the comparative effectiveness of two hypoallergenic formulae in managing cow’s milk aller-
gic infants. Materials & methods: This study retrospectively analyzed the case records of 940 formula-fed
cow’s milk allergic infants in the UK extracted from The Health Improvement Network database. Results:
At 24 months after starting a formula, 77% of infants fed an extensively hydrolyzed casein formula sup-
plemented with Lactobacillus rhamnosus GG (eHCF LGG; n = 470) were estimated to have been successfully
managed compared with 63% of matched infants who were fed an extensively hydrolyzed whey formula
(eHWF; n = 470; p < 0.001). Additionally, significantly more eHWF-fed infants were estimated to be expe-
riencing gastrointestinal symptoms, eczema and asthma (7.1 vs 3.1%; p < 0.02) at 24 months. Conclusion:
First-line management of newly diagnosed cow’s milk allergic infants with eHCF LGG may slow down the
allergic march seen in cow’s milk allergic children.
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Cow’s milk protein allergy (CMPA) is one of the most common food allergies in early childhood, with an estimated
prevalence of 2–3% in the first year of life in developed countries [1,2]. CMPA can develop in both exclusively
or partially breast-fed children when introduced to cow’s milk. However, the incidence of CMPA is lower among
exclusively breast-fed children than formula-fed or mixed-fed children [3].

The only proven treatment for CMPA consists of a cow’s milk protein elimination diet for breast-feeding
mothers and/or the use of a hypoallergenic formula [4,5]. Such formulae include extensively hydrolyzed formulae
(eHF) and amino acid formulae. eHF contain casein-based milk proteins or whey-based milk proteins, which have
been predigested [6], whereas amino acid formulae contain 100% free amino acids. These formulae are considered
effective in the dietary management of CMPA [7].

Cow’s milk allergic children fed an extensively hydrolyzed casein formula (eHCF) supplemented with the
probiotic Lactobacillus rhamnosus GG (LGG) experience higher tolerance rates to cow’s milk protein compared
with those fed an eHCF without LGG or other formulae [8–10]. Results from a recent randomized controlled trial
found that the relative risk for the occurrence of at least one allergic manifestation (eczema, urticaria, asthma
and rhinoconjunctivitis) was reduced by 49% at 36 months among those children with CMPA, who were fed
eHCF LGG compared with those fed eHCF alone [11]. However, there are no published studies comparing
tolerance acquisition to cow’s milk protein or the development of allergic manifestations among infants fed with an
extensively hydrolyzed whey formula (eHWF) compared with any other hypoallergenic formula. Hence, the aim of
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this study was to assess the comparative effectiveness and occurrence of allergic manifestations in clinical practice
among children with CMPA, who were fed eHCF LGG (Nutramigen LGG) compared with those fed an eHWF
(Aptamil Pepti) over a period of 24 months from the start of formula.

Materials & methods
Study design
This was a retrospective cohort analysis of the case records of cow’s milk allergic infants extracted from The Health
Improvement Network (THIN) database.

The Health Improvement Network database
The THIN database contains electronic records on >11 million anonymized patients entered by general practi-
tioners (GPs) from >560 practices across the UK. The patient composition within the THIN database has been
shown to be representative of the UK population [12], and the database theoretically contains patients’ entire medical
history as previously described [13]. Hence, the information contained in the THIN database reflects actual clinical
practice in the UK.

(THIN is a registered trademark of Cegedim SA in the UK and other countries. Reference made to the THIN
database is intended to be descriptive of the data asset licensed by IQVIA).

Study population
The study population comprised the anonymized case records of a randomly selected cohort of 470 cow’s milk
allergic infants from the THIN database, who were initially fed eHWF. These infants were matched with 470 cow’s
milk allergic infants from the database, who were initially fed eHCF LGG. The infants were matched according to
age, gender, weight, presenting symptoms and interval between presenting symptoms and starting a formula.

Infants were included in the dataset if they:

• Had a diagnosis of CMPA;
• Received a prescription for eHCF LGG (Nutramigen LGG) or eHWF (Aptamil Pepti) as their initial formula;
• Were <1 year of age at the time of starting their first formula;
• Had at least 12 months medical history in their case record from the time of starting their initial formula.

Infants were excluded from the dataset if they:

• Did not receive eHCF LGG or eHWF as their first formula;
• Were >1 year of age at the time of starting their first formula;
• Did not have at least 12 months medical history in their case record from the time of starting their initial formula.

Ethics approval
The authors obtained ethics approval to use the complete patients’ records from the THIN database from the SRC
research ethics committee that appraises studies using the THIN database (reference number 18THIN086).

Study variables & clinical outcomes
Patients’ characteristics, symptoms, clinical outcomes and prescriptions for both clinical nutrition and drugs were
systematically extracted from their electronic records and quantified for each group.

The THIN database does not define successful treatment. Hence, infants were considered to be successfully
treated if they were no longer using a formula and documented as being symptom-free or no longer cow’s milk
allergic, or stopped receiving a prescription for a formula for at least 3 months and there was no other evidence of
them being managed for CMPA.

Infants were considered to be suffering from eczema if it was documented in their case records or if they were
receiving prescriptions for emollients, topical steroids, anti-infective creams or topical calcineurin inhibitors. Infants
were considered to be suffering from gastrointestinal symptoms if it was documented in their case records or if they
were receiving prescriptions for H2 antagonists, proton pump inhibitors, antacids, laxatives or antidiarrheals. Infants
were considered to be suffering from urticaria if it was documented in their case records or if they were receiving
prescriptions for oral antihistamines. Infants were considered to be suffering from rhinitis if it was documented
in their case records or if they were receiving prescriptions for nasal spray antihistamines. Infants were considered
to be suffering from asthma if it was documented in their case records or if they were receiving prescriptions for
inhaled bronchodilators, inhaled steroids, oral prednisolone, oral leukotriene receptor antagonists or inhaled β2
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Table 1. Patients’ baseline characteristics.
eHCF LGG eHWF p-value

Mean age per infant (months) 4.2 ± 2.7 5.4 ± 2.9 ns

Mean weight per infant (kg) 3.6 ± 0.7 3.2 ± 0.7 ns

Percentage male 55.1% 58.1% ns

Mean duration between initial presentation and starting a formula per infant (months) 1.9 ± 2.4 1.9 ± 2.3 ns

Mean length of time on initial formula per infant (months) 8.3 ± 6.7 10.2 ± 8.9 0.001

Percentage of infants who switched from their initial formula 24.0% 31.1% �0.02

Percentage with eczema at presentation 24.8% 26.7% ns

Percentage with gastrointestinal symptoms at presentation
– Bloody stools
– Reflux
– Constipation
– Vomiting and/or diarrhoea
– Colic
– Uncategorized symptoms
– Mucus in stools

24.0%
46.0%
23.0%
14.0%
18.9%
8.9%
1.1%
0.2%

25.8%
38.1%
18.9%
13.0%
13.0%
7.0%
0.0%
0.2%

ns
�0.02
ns
ns
�0.02
ns
ns
ns

Percentage with rhinitis at presentation 1.6% 1.8% ns

Percentage with urticaria at presentation 9.1% 11.1% ns

Percentage with respiratory symptoms at presentation 5.3% 2.6% ns

eHCF: Extensively hydrolyzed casein formula; eHWF: Extensively hydrolyzed whey formulae; LGG: Lactobacillus rhamnosus GG; ns: Nonsignificant.

adrenergic receptor agonists. Infants were considered to be suffering from non-asthmatic respiratory symptoms if
it was documented in their case records or if they had respiratory symptoms but did not receive a prescription for
asthma-relieving medication. Infants were considered to be suffering from anaphylaxis or faltering growth (failure
to thrive) if it was documented in their records. These symptoms were not analysed if the infants switched from
their initial formula.

Statistical analyses
Analysis of covariance (ANCOVA) was performed to enable differences in infants’ outcomes between the two
groups to be adjusted for any heterogeneity in the following covariates: age, gender and interval between symptom
presentation and start of a formula. Differences between the two groups were tested for statistical significance using
either a Mann–Whitney U-test or a χ2 test. Binary logistic regression investigated relationships between baseline
variables and clinical outcomes. Kaplan–Meier analyses were undertaken to compare the probability distributions
of being symptomatic between the two groups. The p-values <0.05 were considered statistically significant and
have been reported. All p-values ≥0.05 were not considered to be statistically significant, and numerical values
>0.05 have not been reported. All statistical analyses were performed using IBM SPSS Statistics (IBM, UK).

Results
The infants in this study initially presented with symptoms of CMPA between 2013 and 2017. However, there
was no difference in baseline characteristics or outcomes irrespective of when they presented. A description of the
patients’ characteristics is summarized in Table 1.

Infant management of CMPA
Significantly more eHCF LGG-fed infants remained on their initial formula than eHWF-fed infants (76 vs 69%;
p < 0.02). Additionally, eHCF LGG-fed infants continued feeding with their initial formula for a significantly
shorter duration than eHWF-fed infants (8.3 ± 6.7 vs 10.2 ± 8.9 months; p = 0.001).

A total 16% of the eHCF LGG-fed infants switched to an amino acid formula, 3% to an eHWF, 3% to a soy
formula and 2% to an eHCF. A total 18% of the eHWF-fed infants switched to an amino acid formula, 8% to
an eHCF, 4% to a soy formula and 1% to eHCF LGG.

At 3 months after starting a formula, significantly more infants fed eHCF LGG were estimated to have been
successfully managed than those fed eHWF. This difference continued to increase and by 24 months after starting
a formula, 77% of infants fed eHCF LGG were estimated to have been successfully managed compared with 63%
of those fed eHWF (p < 0.001; Figure 1A).
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Figure 1. (A) Infants who were successfully treated with a formula. (B) Infants estimated to have gastrointestinal symptoms among those
who did not switch from their initial formula.
*p < 0.001; **p < 0.02; ***p < 0.03; ****p < 0.05.
eHCF: Extensively hydrolyzed casein formula; eHWF: Extensively hydrolyzed whey formulae; LGG: Lactobacillus rhamnosus GG.

At 24 months after starting a formula significantly more eHWF-fed infants were experiencing gastrointestinal
symptoms (Figure 1B). In the eHCF LGG group (n = 357), these symptoms comprised bloody stools (32%),
vomiting and diarrhoea (16%), constipation (14%), reflux (8%), colic (2%) and mucus in stools (0%). In the eHWF
group (n = 324), these symptoms comprised bloody stools (22%), vomiting and diarrhoea (28%), constipation
(11%), reflux (5%), colic (2%) and mucus in stools (<1%).
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Table 2. Patients’ prescribed drugs.
Mean number of prescriptions per patient p-value

eHCF LGG eHWF

Oral antihistamines 0.4 ± 1.2 0.7 ± 1.8 0.005

Gastrointestinal drugs 3.8 ± 6.4 4.4 ± 9.5 �0.03

Emollients, anti-infective creams and topical calcineurin inhibitors 3.3 ± 7.2 6.8 ± 12.4 �0.001

Topical steroids 1.1 ± 2.6 1.9 ± 5.1 0.005

Asthma drugs 0.9 ± 2.5 1.9 ± 6.4 �0.04

Inhaled antihistamines 0.2 ± 0.2 0.3 ± 0.3 ns

eHCF: Extensively hydrolyzed casein formula; eHWF: Extensively hydrolyzed whey formulae; LGG: Lactobacillus rhamnosus GG.

Over 24 months from the start of formula <1% of infants in both groups were documented as having experienced
anaphylaxis or faltering growth (or failure to thrive) at some point.

Allergic manifestations of CMPA
The estimates of allergic manifestations pertain to those patients who did not switch from their initial formula
(i.e. n = 357 eHCF LGG-fed infants and n = 324 eHWF-fed infants). At 24 months after starting a formula,
significantly more eHWF-fed infants were estimated to be experiencing eczema (Figure 2A). There were no
significant differences between the two groups in the percentage of patients presenting with rhinitis (Figure 2B),
urticaria (Figure 2C) and non-asthmatic respiratory symptoms (Figure 2D). Significantly more infants fed eHWF
were estimated to be experiencing asthma (Figure 3) by 24 months after starting formula compared with those fed
eHCF LGG (7.1 vs 3.1%; p < 0.02). In the subgroup of infants who had urticaria at initial presentation, 15.1%
of eHWF-fed infants were considered to be experiencing asthma by 24 months compared with 5.1% of eHCF
LGG-fed infants (p = 0.05). In comparison, in the subgroup of infants who had no urticaria at presentation, 5.5%
of eHWF-fed infants were considered to be experiencing asthma by 24 months compared with 2.5% of eHCF
LGG-fed infants (p < 0.03).

Kaplan–Meier analysis (Figure 4) showed the distribution of being symptomatic between the two groups was
significantly different (Log Rank [Mantel-Cox]: p = 0.001). This difference is reflected in the significant difference
in the number of drugs prescribed for symptomatic relief of CMPA and its allergic manifestations (Table 2).

Binary logistic regression showed that infants fed eHWF had a higher relative risk of being symptomatic at 24
months after starting a formula compared with those fed eHCF LGG:

• Eczema: odds ratio (OS) 3.438 (95% CI: 1.975–5.985); p < 0.001
• Gastrointestinal symptoms: OS 2.275 (95% CI: 1.007–5.137); p < 0.05
• Asthma: OS 2.651 (95% CI: 1.242–5.660); p < 0.02

Additionally, infants fed eHCF LGG had a higher relative risk of being completely symptom-free at 24 months
after starting a formula compared with those fed eHWF: OS 2.988 (95% CI: 1.880–4.748); p < 0.02.

Discussion
To the authors’ knowledge, this is the first study evaluating whether first-line treatment with eHCF LGG is clinically
more effective than eHWF in the management of cow’s milk allergic infants in clinical practice. The basis of the
analysis was the real world evidence, THIN database. The advantage of using the THIN database is that the patient
pathways and clinical outcomes are based on real world evidence derived from clinical practice. Nevertheless, the
analyses were based on clinicians’ entries into their patients’ records and inevitably subject to a certain amount of
imprecision and lack of detail. In particular, diagnosing asthma in infants is challenging, but the margin of error in
such diagnosis would apply equally to both groups. Moreover, the computerized information in the THIN database
is collected by GPs and nursing teams for clinical care purposes and not for research. Prescriptions issued by GPs
and practice nurses are recorded in the database, but it does not specify whether the prescriptions were dispensed or
patient compliance with the product. Despite these limitations, it is the authors’ opinion that the THIN database
affords one of the best sources of real world evidence for clinical practice in the UK.

The results of the present study indicate that eHCF LGG is not only more effective than eHWF in managing
the symptoms of CMPA, but it also has greater potential to prevent the occurrence of other allergic manifestations.
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Figure 2. Percentage of infants with an allergic manifestation. (A) Infants estimated to have eczema. (B) Infants estimated to have
rhinitis. (C) Infants estimated to have urticaria. (D) Infants estimated to have nonasthmatic respiratory symptoms.
*p < 0.05; **p < 0.001.
eHCF: Extensively hydrolyzed casein formula; eHWF: Extensively hydrolyzed whey formulae; LGG: Lactobacillus rhamnosus GG.
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The distribution and severity of symptoms (using the incidence of reflux, faltering growth and anaphylaxis as a
proxy), age and bodyweight were all similar between the two groups, and no significant differences were found.
Hence, the differences in clinical outcomes cannot be attributed to any differences between the groups. Moreover,
the outcomes of infants who were fed eHCF LGG were comparable with those reported in previous studies [9–11].
Additionally, there were no documented adverse reactions to either of the study formulae in the patients’ records.

The term ‘Allergic March’ has been used to describe the natural history of atopic manifestations, which are
characterized by IgE-mediated responses and clinical symptoms that may appear early in life and then persist over
many years [14]. While the proportion of patients with IgE-mediated CMPA in our study population is likely to be
relatively small (<12% had urticaria), the estimated incidence of asthma in the whole population increased over
time in parallel with a decline in the estimated percentage of patients experiencing eczema, urticaria and rhinitis.
However, fewer infants, who were fed eHCF LGG, were estimated to have developed asthma or experienced these
other symptoms at 24 months compared with those fed eHWF. A retrospective power calculation estimated that
435 patients per group would have been required to demonstrate the percentage of infants who were estimated as
having developed asthma at 24 months (shown in Figure 3) with 80% power and a Type 1 error of 0.05. Clearly,
a longer follow-up time is required to determine the incidence of asthma in this population over the long term.
Nevertheless, this is supportive evidence of the potential role that eHCF LGG can play in slowing down the allergic
march in infants with CMPA, and which may be due to its potential to modulate the gut microbiota [11] and
produce butyrate in infants with CMPA [15]. Further research is required to fully elucidate the mechanism of action
of the probiotic, LGG.

The study has several limitations. It was performed on a large cohort of 940 children in the THIN database with
suspected CMPA, who were managed in the community by their family practitioner on the basis of presenting
symptoms. This is how most patients are diagnosed in the community in the UK and therefore, the diagnosis of
CMPA may not be secure in all cases. In particular, the differences in the percentages of infants with bloody stools
and vomiting and diarrhoea between the groups suggests that the study might include infants with gastrointestinal
symptoms induced by other factors [16]. Nevertheless, there is an increased risk of functional gastrointestinal disorders
among infants with CMPA which could be reduced among those fed with eHCF LGG [17]. Consequently, this
study’s findings have been derived from actual cases and perceived cases of CMPA. Notwithstanding this, the effect
sizes are clinically relevant and a retrospective power calculation estimated that only 272 patients per group would
have been required to demonstrate the percentage of infants successfully treated with each formula at 24 months
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(shown in Figure 1A) with 95% power and a Type 1 error of 0.05. A longer follow-up time is required to test
whether this effect persists over the long term.

The THIN database comprises the electronic records of patients who were managed in clinical practice; hence,
the analysis does not consider the suitability of infants to receive their respective formula. Furthermore, the THIN
database may have under-recorded or miscoded some outcomes in some instances, and the outcomes of infants
were excluded once they switched from their initial formula. Additionally, the analysis was truncated at 24 months
and does not consider the potential impact of symptomatic infants beyond the study period.

In summary, using real world evidence, the findings from this study indicate a difference in clinical effectiveness
between eHCF LGG and eHWF. However, this study does not prove efficacy and a controlled study is required to
compare eHCF LGG with eHWF in order to validate the outcomes of this analysis.

Within the study’s limitations, first-line management of newly diagnosed cow’s milk allergic infants with eHCF
LGG appears to afford a significantly more clinically effective formula than eHWF, and may slow down the allergic
march seen in cow’s milk allergic children.
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Summary points

• This is the first study to evaluate the patient pathways and associated clinical outcomes, attributable to
managing cow’s milk allergic infants over 24 months from the onset of community management in the UK.

• This study was undertaken using real world evidence derived from the anonymized records of a sample of infants
in The Health Improvement Network database (a nationally representative database of clinical practice among
>11 million patients registered with general practitioners in the UK).

• There were no significant differences in duration between initial presentation and starting a formula and in the
distribution of presenting symptoms between the two groups.

• Significantly more extensively hydrolyzed casein formula (eHCF) lactobacillus rhamnosus GG (LGG)-fed infants
remained on their initial formula than extensively hydrolyzed whey formulae (eHWF)-fed infants (76 vs 69%; p <

0.02). Additionally, eHCF LGG-fed infants continued feeding with their initial formula for a significantly shorter
duration than eHWF-fed infants (8.3 vs 10.2 months; p = 0.001).

• At 24 months after starting a formula, 77% of eHCF LGG-fed infants were estimated to have been successfully
managed compared with 63% of eHWF-fed infants (p < 0.001) and significantly more eHWF-fed infants were
estimated to be experiencing gastrointestinal symptoms, eczema and asthma (7.1 vs 3.1%; p < 0.02).

• The analysis does not consider the potential impact of patients who remained symptomatic beyond 24 months
following initial presentation.

• First-line management of newly diagnosed cow’s milk allergic infants with eHCF LGG appears to afford a
significantly more clinically effective formula than eHWF, and it may slow down the allergic march seen in cow’s
milk allergic children.
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