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of inappropriate feeding among infants presenting with an apparent life-
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Although there are anecdotal reports of a link between inappropriate feeding
and an apparent life-threatening event (ALTE), previous studies have not
examined this association in a cohort of affected infants. This study compared
the feeding behaviors of infants who have had an ALTE with age- and sex-
matched controls. This is a single-center case control study. Forty-six term
infants aged 6 months or less, who were hospitalized over a 34-month period
following an ALTE, comprised the study sample; 92 age- and sex-matched
controls were recruited from a wellness clinic. Feeding practices reported by
parents were evaluated for their appropriateness with respect to the volume
of each feeding, and the frequency and total volume of feedings per 24-hour
period, based on the American Academy of Pediatrics guidelines. Comparisons
were made between the ALTE cases and controls. Inappropriately fed infants
were compared with the rest of the sample. The ALTE and control groups
were similar with respect to the prevalence of breastfeeding, insurance, birth
weight, and weight percentile at presentation. The ALTE group had a lower
prevalence of appropriate feeding compared to the control group (43.5% versus
63.0%, p = 0.029). Overfed infants were at a higher weight percentile at the
time of presentation (46.5% percentile versus 31.4th percentile, p = 0.037).
These results represent the association between ALTE and inappropriate
feeding practice, which emphasizes the need for assessment and education
regarding feeding practices in patient presenting with an ALTE.
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An apparent life threatening-event (ALTE) is have impeded research in this area.
defined as a caretaker-observed frightening
episode, characterized by apnea, color change,
change in muscle tone, and choking, or
gagging!. The incidence of ALTEs ranges from
0.5-3 per 1,000 live births? 3. Gastroesophageal
reflux disease (GERD), seizures, and lower
respiratory tract infections are the most
common diagnoses in infants presenting with
an ALTE; however, many cases are idiopathic*.
Although inappropriate feeding has been

Despite these challenges, we decided to
explore the association between ALTEs and
inappropriate feeding practices, as they can
be modified through parental education at a
minimal cost. This study tested the hypothesis
that ALTEs are associated with inappropriate
volume or frequency of feedings as per the
American Academy of Pediatrics (AAP)
guidelines®.

suggested as a risk factor for experiencing
an ALTE, only anecdotal reports have been
published>. Difficulty defining appropriate
feeding and ascertaining actual feeding practices
in the home are methodological issues that

Material and Methods
Study design

This was a single-center case control study. The
study was exempted from the human subjects
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review by the institutional review boards of
Michigan State University, Sparrow Hospital,
and Ingham County Health Department.

Population

Sparrow Hospital is the largest hospital system
in the mid-Michigan area. Its pediatric inpatient
units admit over 1,500 patients annually.
Infants who were less than 6 months of age
who admitted to the pediatric floor between
January 1st, 2012 and November 1st, 2014
with a diagnosis of ALTE were included in
the study. We used the ICD-9 code, 799.82
to identify ALTE cases. Those who were
born preterm (less than 37 weeks gestational
age), and those known to have a feeding
difficulty were excluded. In cases of multiple
hospitalizations during the study period, only
the first admission was included. For each case,
age- and sex-matched controls were selected
from those who visited the Well Child Health
Center for routine health care.

The following information was retrieved from
the medical records of both ALTE cases and
controls: chronological age (in days), sex,
insurance (commercial, Medicaid, or self),
gestational age at birth, birth weight (in grams),
weight at presentation (in grams), length at
presentation (in centimeters), details of feeding
(such as exclusive breast feeding, mixed or
formula feeding), type of formula, volume per
feeding (in ounces), and frequency of feedings
(times per 24 hours). Feeding information is
retrieved from medical records and is based
on parental report.
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Fig. 1. Scatter plot of volume of each feeding and
chronological age. Triangle and circle represent the ALTE
group and the control group, respectively. Dotted regression
line and dashed regression line represent the ALTE group
and the control group, respectively.
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Operational definitions

The appropriateness of the volume and
frequency of feedings was determined based
on the nutritional guidelines published by the
American Academy of Pediatrics (AAP)®. The
guidelines have age-specific recommendations
for the volume and frequency of feedings for
both formula-fed and breastfed infants (Tables
I, II). However, these recommendations were
made for specific ages, not age ranges. Hence,
if an infant’s age was between those indicated
in the Table, we combined the parameter
ranges of the ages above and below to create a
broader range (e.g., the recommended amount
per feeding for infants 1-month and 2-months
old was 2 to 4 oz. and 4 to 5 oz. respectively;
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Figure 1.2

Fig. 2. Scatter plot of total volume of feeding per 24-hour
period and chronological age. Triangle and circle represent
the ALTE group and the control group, respectively. Dotted
regression line and dashed regression line represent the
ALTE group and the control group, respectively.
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Fig. 3. Scatter plot of frequency of feeding per 24-hour
period and chronological age. Triangle and circle represent

the ALTE group and the control group, respectively.
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Table I. AAP Guidelines for Appropriate Feeding in Formula-fed Infants.

Age Volume of each feeding (0z.)  Frequency of feedings Total volume of feedings
per 24 hours per 24 hours (oz.)

3 to 5 days 2 8 to 12 20

1 month 2to 4 6 to 8 20 to 31

2 months 4tob 6 to 8 21 to 32

4 months 4t06 6 to 8 26 to 36

Table I-II. AAP Guidelines for Appropriate Feeding in Breastfed Infants.

Age

Frequency of feedings per 24 hours

Initial week
2 months

After several months

10 to 12
8 to 12
6 to 12

American Academy of Pediatrics Bright Futures Nutrition, 3rd Edition. American Academy of Pediatrics; 2011.

hence, the appropriate volume per feeding for
a 1.5-month old was set at 2 to 5 0z.). The
appropriate total volume of feedings per 24-
hour period for 3 to 5-day olds was indicated
as 20 oz. in the AAP guidelines. However,
given the marked variations in the number
of feedings per 24 hours, we converted the
recommended 20 oz. to a range of 16 to 24
oz. per 24 hours. Less than 2 oz. per feeding
was set as appropriate for infants less than 3
days old. The guidelines also did not indicate
the appropriate volume per feeding or the total
volume of feeding per 24 hours for breastfed
infants since the World Health Organization
recommends breastfeeding as much as the
child wants. For the purpose of the current
research, we used the parameters provided
for the formula-fed infants of the same age to
determine the appropriateness in such cases.
The volume of feedings for breast-fed infants
was determined using the volume of expressed
breast milk given to the infants. We were
unable to measure the volume of breast milk
unless mothers expressed the milk. We did not
use caloric density information, as we focused
only on previously healthy term infants in
whom concentrated formula was not warranted.
Feeding was considered inappropriate if the
volume of each feeding, or the frequency,
or total volume of feedings over a 24-hour
period was outside the set range. These criteria
were applicable to exclusively breastfed and
exclusively formula-fed infants. For infants
who received a combination of breast-milk and

formula, the frequency and volume of feedings
were estimated as the combined frequency and
volume of both types of feedings. Overfeeding
is evident when the volume of each feeding,
the frequency of feedings, or the total volume
of feedings in a 24-hour period is above the
recommended range. Inappropriate feeding also
includes underfeeding, wherein the volume
of each feeding, the frequency of feedings, or
the total volume of feedings per 24 hours is
below the recommended range. For example,
if a 1-month old infant consumed 6 oz. of
formula 12 times a day, it met the criteria for
inappropriate overfeeding. Similarly, feeding
that was below the set range was considered
underfeeding.

Data analysis

Demographic and clinical characteristics
were analyzed using descriptive statistics
and compared between cases and controls.
Proportions of inappropriately fed, overfed,
and underfed infants were compared between
ALTE cases and controls. The number and
proportion of infants with appropriate volumes
per feeding, frequencies of feedings per 24-
hour period, and total volume of feedings
per 24 hours, were compared between the
ALTE cases and controls. Weight and height
percentiles at presentation were computed by
sex- and age-specific clinical growth charts
created by the Centers for Disease Control
and Prevention’. Weight, percentile weight,
height, and percentile height at presentation
were compared between the cases and controls.
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Table II. Demographic and Clinical Characteristics of Apparent Life-threatening Event Cases and

Controls.

ALTE (n=46) Control (n=92) p value
Age - median days (range) 32.5 (2 - 182) 33 (2 -197) 0.960
Gender - male (proportion) 23 (50%) 46 (50%) 1.000
Insurance - Medicaid (proportion) 24 (52.2%) 20 (33.3%) 0.123
Birth weight - median gram (range) 3220 (2210 - 4290) 3280 (2320 - 4230) 0.797
Weight at presentation — median gram 4260 (2400 - 7600) 4120 (2410 - 8760) 0.910
(range)
Percentile weight at presentation - median 33.8 (0.9 - 87.9) 34.6 (1.3 - 97.2) 0.873
percentile (range)
Length at presentation — median centimeter  54.0 (44.5 - 66.0) 53.3 (42.5 - 68.6) 0.444
(range)
Percentile length at presentation — median 51.9 (0.3 - 99.2) 27.8 (0.1 - 83.7) 0.020

percentile (range)

All overfed infants in the sample were compared
with the rest of the sample. Birth weight
and percentile weight at presentation were
compared between infants who were overfed
and the other infants.

We used the Fisher’s exact test, chi-square test,
and Mann-Whitney test for the appropriate
statistical analyses. The analyses were performed
using STATA version 14.1 for Windows 8
(StataCorp. 2015, Stata Statistical Software:
Release 14, College Station, TX: StataCorp LP).

Results

During the study period, there were 70 ALTE
admissions to the pediatric unit; 24 were
excluded from the study. Seventeen infants
were born prematurely, 2 had a known history
of feeding difficulty (1 had a known genetic
condition and 1 had laryngomalacia), 1 was
older than 7 months of age, 3 were repeat
admissions, and 1 did not have the requisite
information in the medical record. For the
46 cases that were included in the study, 92
age- and sex-matched controls were identified
(Table II).

When compared to the control group, the ALTE
group had a significantly lower proportion of
appropriate feedings (43.5% vs 63.0%, p =
0.029) (Table III). There were no significant
differences between the ALTE group and the
control group with respect to proportions of
overfeeding or underfeeding. In the ALTE group,
18 (69.2%) out of 26 cases with inappropriate

feedings were overfed compared to 24 (70.6%)
out of 34 in the control group (p=0.566). The
volume per feeding, total volume of feedings
per 24-hour period, and frequency of feedings
per 24-hour period for the control group and
the ALTE group are shown in Figures 1.1,
1.2, and 1.3 respectively. Slopes of regression
lines in Figure 1 represent the rate of change
in volume per feeding for each chronological
age. Slopes of regression lines did not differ
between the control group and the ALTE
group (p = 0.403). Similarly, the slopes of
regression lines in Figure 2 represent the rate
of change in total volume of feeding per 24-
hour period for each chronological age. Slopes
of regression lines did not differ between the
control group and the ALTE group (p = 0.734).
The proportions of infants with appropriate
volumes for each feeding, frequency of feedings,
and total volume of feedings per 24 hours did
not differ between the ALTE and control groups
(Table IIT). Birth weight, weight at presentation,
percentile weight at presentation, and length
at presentation were similar for both groups.
Percentile length at presentation was lower in
the control group (Table II).

Of the 138 infants, 60 received inappropriate
feedings; 23 (38%) received inappropriate
volumes during individual feedings, 40 (67%)
had inappropriate frequencies of feeding, and
45 (75%) had inappropriate total volumes in
feedings per 24-hour period. Twenty-one (35%)
of the 60 infants who received inappropriate
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Table III. Comparison of Feeding Practices between Apparent Life-threatening Event Cases and Controls.

ALTE (n=46) Control (n=92) p value
Exclusively breast fed - (proportion) 13 (28.3%) 24 (26.1%) 0.019
Exclusively formula fed — (proportion) 28 (60.9%) 39 (42.4%)
Mixed feeding — (proportion) 5 (10.9%) 29 (31.5%)
Cow’s milk formula - (proportion) 15 (45.5%) 47 (69.1%) 0.131
Partially hydrolyzed formula - (proportion) 10 (30.3%) 11 (16.2%)
Extensively hydrolyzed formula — (proportion) 2 (6.1%) 3 (4.4%)
Amino acid formula — (proportion) 2 (6.1%) 0 (0%)
Soy formula - (proportion) 3 (9.1%) 5 (7.4%)
Other formula - (proportion) 1 (3.0%) 2 (2.9%)
Appropriately fed - (proportion) 20 (43.5%) 58 (63.0%) 0.029
Overfed - (proportion) 18 (39.1%) 24 (26.1%) 0.116
Underfed - (proportion) 8 (17.4%) 10 (10.9%) 0.295
Volume of each feeding — appropriate 37 (80.4%) 78 (84.8%) 0.518
(proportion)
Frequency of feedings per 24 28 (60.9%) 70 (76.1%) 0.063
hours - appropriate (proportion)
Total volume of feedings per 24 26 (56.5%) 67 (72.8%) 0.054

hours - appropriate (proportion)

feedings met one criterion of its definition, 30
(50%) met two criteria, and 9 (15%) met all
three criteria; 42 (70%) of them were overfed.
The birth weight of the overfed infants and the
other infants was similar (median: 3,320 grams
versus 3,270 grams, p = 0.755). However,
the median weight percentile at presentation
was significantly higher in the infants who
were overfed (46.5™ percentile versus 31.4th
percentile p = 0.037).

Discussion

We found that ALTE group had a higher
proportion of inappropriate feeding compared
to control group. The infants who were
inappropriately fed were more often overfed
rather than underfed. The prevalence of
overfeeding was similar in both the ALTE
and control groups. Infants who were overfed
had greater weights at presentation compared
to the others in the sample.

To the best of our knowledge, no previous study
has examined the association of inappropriate
feeding with ALTEs in a cohort of infants.

Only anecdotal evidence of overfeeding as a
risk factor for an ALTE, has been reported®,
which might be due to reports of an association
between overfeeding and GERD®. GERD has
frequently been cited as a cause of ALTEs?, but
a causal relationship has not been verified!0.
Although our study found an association
between inappropriate feeding and ALTEs, it did
not confirm any distinct associations between
overfeeding or underfeeding and ALTEs.
These findings suggest that the underlying
mechanism through which inappropriate
feeding predisposes an infant to an ALTE may
not be an exacerbation of GERD, but rather a
dysfunctional coordination between respiration
and swallowing. A recent study suggested
that ALTEs are associated with esophageal
dysmotility rather than GERD!!, which supports
this hypothesis. Inappropriate feeding might
also be an indicator of suboptimal childcare,
which could be an alternative explanation
for the occurrence of an ALTE. The existing
literature suggesting an association between
ALTEs and child abuse!?13, supports this
hypothesis. However, a causal relationship
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between the quality of childcare and ALTEs
remains unclear.

One of the strengths of our study is the
use of established criteria to determine the
appropriateness of feeding practices. The AAP’s
nutritional guidelines for appropriateness of
volume and frequency of feeding are applicable
to the general pediatric population in the US.
We excluded preterm infants, as their body
sizes are smaller relative to term infants of
the same chronological age. We also verified
that the ALTE and control groups had similar
body sizes in relation to their chronological
ages at the time of presentation using weight
percentiles at presentation.

Although a causal relationship between ALTEs
and inappropriate feeding cannot be proven by
this retrospective study, we speculate that either
ineffective esophageal motility or suboptimal
childcare could account for the ALTEs in our
study. Detecting inappropriate feeding practices
and providing appropriate education to correct
them, is likely to prevent the development of an
ALTE produced by either scenario. Therefore,
it is important that primary care physicians
perform thorough feeding evaluations during
routine physical examinations to detect at-risk
infants and prevent ALTEs.

When information regarding feeding practices is
based solely on parental reports, its reliability
may be questionable. However, a study using
parental reports found that a higher number
of feedings per day predicted weight gain'4. In
addition, our own study, which used parental
reports, also found that overfeeding was
associated with higher weight percentiles at
presentation; this finding supports the accuracy
of the parental reports. In our study, the ALTE
group included only patients admitted to the
general pediatric ward, which might have
resulted in the exclusion of patients who were
not affected as severely, and therefore, did
not require hospitalization. However, due to
the subjective nature of an ALTE, it seemed
reasonable to include only the more severely
affected patients in the study. The information
that was collected regarding feedings was
limited to their volumes and frequencies at
the time of the visit. We might have been able
to delineate further the relationship of ALTEs
with feeding practices if we had collected
feeding information that was more detailed,
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such as the length and timing of the feedings
in relation to other activities, recent changes
in formula, and the temporal relationship of
the ALTE with the last feeding. However, due
to the retrospective nature of the study, such
information was unavailable. Future prospective
studies that include such detailed histories
would be more informative. In our study, a
final diagnosis could not be included due to
limited access to medical records. However,
the fact that our study found an association
between ALTEs and inappropriate feeding,
regardless of the final diagnosis, points to the
robustness of our findings.

In conclusion, inappropriate feeding is
associated with ALTEs based on our single-
center case control study. Education regarding
feeding practices is an essential part of general
pediatric practice and our study emphasizes
its importance. Multiple studies in the past
have suggested that routine work-ups are
unnecessary when evaluating a child presenting
with an ALTE!? 15, A detailed history and
physical examination are the most important
tools, as in other medical conditions. Our
study affirms the importance of obtaining a
detailed history, including feeding practices
when evaluating a pediatric patient presenting
to the emergency department with an ALTE.
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