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Abstract

Objectives: Numerous studies have shown that links exist between exposure to acid suppression among adults and
nutritional deficiencies, especially vitamin B12 and iron. While the use of acid suppression among children and infants is
common, nutritional deficiency remains a concern but does not have numerous studies to support it. We conducted a
cohort study to examine this concern; the hypothesis we proposed is that acid-suppressive therapy (AST) during infancy is
linked to anemia in the first year of life.

Methods: This retrospective cohort study included infants born between 2017 and 2018 who visited Legacy Community
Health. The inclusion criteria were exposure to acid suppression for a minimum of | month and a hemoglobin reading at
I2—15months. Infants who had hemoglobinopathies, failure to thrive, or malabsorption syndromes were excluded. Mean
hemoglobin was calculated, and student’s t-test was applied to find statistical differences between the two groups. Change
in weight before and after treatment was recorded. Occurrence of respiratory and gastroenterological adverse events was
recorded in the exposed group.

Results: Overall, 135 exposed infants were identified 135 controls were selected. The majority of the sample included
Hispanic girls. Ranitidine was the most commonly prescribed medicine. The duration of treatment was 3 months. Weight
improved significantly at termination of the treatment. There was no significant difference between the hemoglobin level of
cases and controls, and both were not considered anemic.

Conclusion: AST was not linked to anemia, despite the slightly lower hemoglobin in some cases. There were few weaknesses
in our study; therefore, further studies can examine this link by focusing further on medication type and close follow-up. We
found that although proton pump inhibitors are considered the first line of treatment, histamine-2 receptor antagonists were
more frequently prescribed. Strategies to familiarize general pediatricians with the NSAPGHAN guidelines might be needed.
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associated with IDA. In 2016, the New England Journal of
Medicine reported a link between prolonged exposure to
PPIs (here defined as 2 years) and IDA.°

Few studies in children have investigated the adverse
effects of long-term AST use. In a 10-year literature review,
Cohen et al.” reported anemia as a side effect of lansoprazole
and pantoprazole. Another report assessing the adverse
effects of AST among infants outlined different complica-
tions, including bacterial overgrowth and increased risk of
infections, such as Clostridioides difficile infection, gastroen-
teritis, and community-acquired pneumonia, these potential
complications could arise from using omeprazole or raniti-
dine for 8 weeks. Infants with very low birth weights who
were receiving H2RAs had higher rates of necrotizing entero-
colitis. However, the report did not mention anemia as a
potential complication.® In a commentary published in the
Journal of Pediatrics, Hassall’ discussed AST in infants.
Numerous adverse effects were linked to using AST in chil-
dren, such as acute gastroenteritis, community-acquired
pneumonia, necrotizing enterocolitis, candidemia, and
increased food allergies. While AST has been linked to
adverse nutritional effects in adults (such as decreased iron
and vitamin B12 absorption), whether this holds true for chil-
dren is unknown, which limits the exposure of children to
AST only when needed.>! In their pediatric gastroesopha-
geal reflux clinical practice guidelines, the North American
society for pediatric gastroenterology, hepatology and nutri-
tion (NASPGHAN), based on case—control studies, outlined
similar risks when using PPIs and H2RAs, while still recom-
mending H2RAs when PPIs are not available.'!

In an assessment of knowledge and beliefs regarding gas-
troesophageal reflux disease (GERD) among 1245 partici-
pating pediatricians, 82% believed that GERD could be
treated with AST without the need for diagnostic testing. Of
these, 19% thought that H2RAs were more effective. In
addition, many clinicians stated that they would prescribe
H2RAs as the first-line treatment.'?

Sources of iron in infants vary. In addition to prenatally
stored iron, milk (either breastmilk or formula) is one of the
main sources of iron. Breastmilk is low in iron concentration
but has a high bioavailability. Formula milk is enriched with
ferrous sulfate. At 4—6 months of age, infants typically start
cating solid foods. Elemental iron—enriched cereals are the
main source of this nutrient until infants start consuming
meat at approximately 89 months of age. Iron absorption
occurs in the duodenum, where Fe3 + is reduced to Fe2 + by
duodenal cytochrome B and then enters enterocytes through
the divalent metal transport 1 (DMT1) transporter. Iron is
stored as ferritin in enterocytes and as hemosiderin in the
liver, spleen, and bone marrow. Ferroportin is the protein
which transports iron from inside the cell to the interstitium,
the iron is then transported to arecas of need via transferrin.
Hepcidin is a regulatory protein secreted by the liver; an
increased secretion of hepicidin downregulates iron absorp-
tion. It has been noted that hepcidin concentration decreases

throughout infancy to prevent iron deficiency.!® In contrast,
low gastric pH increases iron solubility, which in turn facili-
tates iron absorption.'* It was recently postulated that PPIs
inhibit iron absorption via hepcidin upregulation and duode-
nal ferroportin inhibition. !

Many adult studies have examined the relationship
between anemia and AST; however, few pediatric studies
have investigated this relationship. This study aimed to
determine the association between exposure to AST during
infancy and anemia at 1 year.

At Legacy Community Health, we screen children for
IDA by evaluating the hemoglobin concentration at
12months of age, in accordance with the American
Academy of Pediatrics recommendations and in agreement
with the statement by the Centers for Disease Control and
Prevention.'® HemoCue Hb 201+ is a device used in our
organization as a point-of-care hemoglobin analyzer for the
accurate quantitative determination of hemoglobin in chil-
dren up to Syears of age. Training fieldworkers and staff is
important to ensure the correct operation of the instrument,
including maintaining quality control.!”:!8

Methods

This retrospective cohort study was conducted at Legacy
Community Health, a primary-care health organization in
southeast Texas. The institutional review board of the Sam
Houston State University approved this study. The data
were analyzed anonymously; therefore, the requirement
for consent was waived. The electronic medical record
(EMR) system used was Athena Health (AthenaPractice
V20) (Visualutions, Inc., Spring, TX, USA). The sample
was identified through a manual search of the EMR and
included patients born between January of 2017 and
December of 2018. The cases of interest were infants who
were exposed to at least one type of acid-suppressive agent
(PPI or H2RA) for a minimum of 1 month and who had a
hemoglobin reading at the age of 12—15 months. The medi-
cations included ranitidine, famotidine, omeprazole, lan-
soprazole, and pantoprazole. Age at treatment initiation,
treatment duration, pre- and post-treatment weight-for-age
percentiles adjusted for gestational age, hemoglobin read-
ings at 12—15 months of age, and occurrence of respiratory
or gastroenterological illnesses during treatment were doc-
umented. The second group of infants was the randomly
selected controls born between 2017 and 2018, whose
hemoglobin levels were also measured and recorded at
12—-15 months of age, and who were not exposed to AST,
and exclusion criteria did not apply to them. Other data,
such as ethnicity and sex, were also recorded. The hemo-
globin level was assessed by trained clinic medical assis-
tants using the HemoCue Hb 201+ system (HemoCue,
Angelholm, Sweden). Patients with hemoglobinopathies,
malabsorption syndromes resulting in failure to thrive, or
GI bleeding were excluded.
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Statistical analysis

Based on a two-group comparison of hemoglobin levels in
children reported by Yewale and Dewan,'” an a priori power
analysis determined that a total sample size of 52 would be
sufficient to detect a statistically significant difference between
two groups at the .05 level with 80% power using a two-tailed
independent samples #-test. Although Yewale and Dewan
found a large effect (d>.8), they decided that a more con-
servative estimate of effect size should be used. An additional
power analysis estimating a medium effect size (d=.5) deter-
mined that a total sample size of 128 would be sufficient to
detect a statistically significant difference at the .05 level with
80% power using a two-tailed independent samples #-test. A
power analysis was conducted using G¥*Power version 3.1.9.2.

After collection, the data were analyzed using IBM
SPSS version 26 (SPSS, Inc., Chicago, IL, USA). Anemia
was defined as a capillary hemoglobin level <11 mg/dL.
Respiratory adverse events constituted the diagnosis of
upper respiratory illness or pneumonia during the course of
treatment. Adverse gastroenterological effects included
diarrhea or vomiting during the course of the treatment.

The EMR search retrieved a total of 150 charts for infants
who had received at least 1 month of AST before their first
birthday during the 2 years from January of 2017 to December
of 2018. Fifteen patients did not have a record of hemoglobin
measured at 12—-15months of age and were excluded from
the study, leaving a final AST sample of 135 infants. We
identified infants born between 2017 and 2018 who were not
exposed to AST and whose hemoglobin was measured at
12—15months of age; 135 infants were selected. Half were
born in 2017 and the other half in 2018.

Results
Demographics

The ethnicity of the sample was mostly Hispanic (51.9%),
followed by African-American (28.9%); 54.8% were female
and 45.2% were male (Table 1). The ethnicity of the sample
reflects the demographics of our patient population, as it
includes mostly Hispanic and African-American people.

Choice of pharmacotherapy

Table 2 shows the breakdown of the types of medicines used
for AST and the side effects documented during treatment.
Over 90% of infants received ranitidine as an acid suppres-
sant. The most common side effects of the treatment were
respiratory issues (36.3%), while a small minority (5.2%)
experienced gastrointestinal issues.

Duration of treatment

As shown in Table 3, all infants included in the exposed
study group began their AST therapy before 11 months of

Table |. Ethnicity and sex of the AST and control samples.

Exposed Unexposed
n % n %

Ethnicity

Caucasian 19 14.1% 19 14.1%

African-American 41 30.4% 39 28.9%

Hispanic 68 50.4% 70 51.9%

Asian 7 52% 5 3.7%

Pacific Islander 0 0.0% 2 1.5%
Gender

Male 76 56.3% 6l 45.2%

Female 59 43.7% 74 54.8%
Table 2. AST medication and side effects.

n %

AST medicine

Ranitidine 123 91.1

Famotidine 2 1.5

Omeperazole 2 1.5

Lansoprazole 5 37

Esopemrazole 3 22
Side effects

Gastrointestinal 7 52

Respiratory 49 36.3

AST: acid-suppressive therapy.

age, and the therapy was terminated before their first
birthday. The average age at medication initiation was
3 months; however, in some cases, treatment was started
as early as 1 month. The average duration of medication
was 3.22 = 3.2 months. The average age at the first fol-
low-up after medication termination was 7 months, with
some patients seen as late as 11 months, shortly before the
first birthday.

Hemoglobin variable

The research question proposed in this study was addressed
in two ways. First, hemoglobin levels measured at 12—
15months were compared among patients exposed to AST
therapy before 12 months and among infants who were unex-
posed. The results of the independent sample #-test are pre-
sented in Table 4. There was no significant difference in
hemoglobin levels between infants who had been exposed to
AST therapy and those who were unexposed (¢ (268)=0.76,
p=0.447). Nonetheless, the absolute value of the average
hemoglobin in the exposed group was slightly lower than
that in the unexposed group.

A second analysis was conducted to determine whether
the overall incidence of anemia (defined as ctHb g/dL. < 11.0)
was greater in those exposed to AST therapy in the first year
than in those not exposed. Table 5 shows the results of a
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Table 3. Age at initiation and termination; duration of medication therapy.

N Mean SD Range
Age at medication initiation 135 3.24 23 =11
Duration of medication 135 3.22 32 1-10
Age at first follow-up after medication termination 135 7.27 28 2-12
SD: standard deviation.
Table 4. Comparison of hemoglobin in infants exposed vs unexposed to AST therapy in the first year.
AST N Mean SD t df p
Exposed 135 11.85 0.87 0.76 268 0.447
Unexposed 135 11.94 1.0l
AST: acid-suppressive therapy; SD: standard deviation.
Table 5. Anemia incidence in infants exposed vs unexposed to AST therapy in the first year.
AST 12 df p
Exposed Unexposed
N % n %
Anemia
No 118 87.4% 120 88.9% 0.142 | 0.706
Yes 17 12.6% I5 11.1%

AST: acid-suppressive therapy.

chi-square test of independence, indicating that the 12.6%
incidence of anemia in the exposed infants was not signifi-
cantly greater than the 11.1% incidence in the unexposed
infants (x*(1)=0.142, p=0.706).

Weight analysis

A final analysis was conducted to determine whether expo-
sure to AST affected weight gain. A paired #-test was used to
compare the weight percentiles measured at the initiation of
AST with those measured at the first follow-up appointment
after termination of the therapy. Table 6 presents the results.
The average weight percentiles increased significantly (¢
(134)=2.17, p=0.032). Although the post-treatment weight-
for-age percentile increased, it might be difficult to attribute
this to a direct response to therapy rather than the natural
progression of weight gain among infants.

Discussion

Our study is an attempt to further elaborate on the effects of
gastric acid suppression among infants and the development
of anemia at the age of 1 year. We found that both groups had
normal hemoglobin levels. While the exposed infants had
slightly lower hemoglobin levels than the non-exposed group
(11.85mg/dL and 11.94g/dL, respectively), this difference

was not statistically significant. The normal hemoglobin
level at 12months did not reflect the hemoglobin value
immediately after termination of therapy.

The most commonly prescribed acid-reducing medication
was ranitidine, started at an average of 3 months of age and
as early as 1 month of age. Acid-reducing medications were
prescribed for an average of 36 months. The average age at
which infants placed on AST had their first follow-up after
termination was 7months. The weight-for-age percentiles
were significantly higher after treatment than before treat-
ment in the exposed group. Among the infants included in
the case group, males were prescribed AST more than
females were.

Finally, during the course of treatment, 36.3% of the
infants who received AST were diagnosed with a respiratory
illness, while 5.2% were diagnosed with a gastrointestinal
illness. Of those who developed respiratory or gastrointesti-
nal illness, the majority was on ranitidine and a minority was
on lansoprazole.

As discussed earlier, many concerns raised in the pediat-
ric population stem from the adult data. Few studies have
examined the association between anemia and acid suppres-
sion among infants. In adults, the development of iron defi-
ciency or vitamin B12 deficiency is associated with long-term
usage, typically 1 or 2years of treatment, resulting in the
recommendation to monitor patients for anemia if treatment
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Table 6. Change in weight percentile from initiation to first post-therapy follow-up in infants exposed to AST therapy in the first year.

Weight percentile Mean SD t df p

At medication initiation 48.45 30.25 2.17 134 0.032
At first follow-up after medication termination 52.92 30.49

Paired differences 4.47 2391

SD: standard deviation.

is prolonged. The side effects that pertained to the pediatric
population were mostly respiratory and gastroenterological.
A 10-year literature review reported a higher rate of adverse
events with AST than in our study. For instance, the use of
ranitidine was associated with 74% of patients developing
gastroenteritis and 19% developing pneumonia. In our study,
we reported 36.3% respiratory and 3.2% gastroenterological
adverse events.” In the context of acid reflux disease, weight
gain can be a natural progression of the condition or a direct
response to medication.

Diaz et al.'? reported that, in the context of gastroesopha-
geal reflux, 30% of pediatricians started their patients on
AST. In the context of GERD, 82% of pediatricians started
their patients on AST, with 33% starting PPI, and 74% start-
ing H2RAs. This is consistent with the practice of our pro-
viders, which differs fromthe NASPGHAN recommendations
that doctors should refrain from the use of acid suppression
in cases of reflux and that PPIs remain the first-line of phar-
macotherapy in cases of GERD. The duration of treatment
might be within the recommendations, despite the fact that
many patients receive treatment for a longer duration than
recommended.’

Limitations

Our study was limited by several factors. While the sample
size was adequate to identify a statistical difference, the sam-
ple was selected from a period of 2 years. Including infants
over a wider time range may be more representative. Infants
in the unexposed group were randomly selected, and the
mean value of hemoglobin in that group might not be pre-
cise. Moreover, most patients were exposed to ranitidine,
which was recently withdrawn from the market.?° Given the
small sample size of infants who received PPlIs, it was diffi-
cult to compare hemoglobin levels based on the type of AST
exposure. Given the nature of the study, it was difficult to
control for dietary iron and conduct an analysis of hemo-
globin and other red blood cell indices before and after treat-
ment. Therefore, effect of dictary iron intake compared to
use of acid-suppressive therapy was difficult to assess. In
this study, hemoglobin was obtained months after termina-
tion of treatment, which might not reflect the true value of
hemoglobin immediately after termination. The hemoglobin
levels were slightly lower in the exposed group, which may
be a concern. Adverse events, such as respiratory or gastro-
enterological symptoms, were the mere occurrence of those

symptoms rather than an attempt to find a link or causal
effect. The two groups were not compared in specific range
of time, making it difficult to obtain variables such as weight
gain and adverse events in order to conduct a meaningful
comparison. These are important considerations for a pro-
spective follow-up study that should be conducted in the
future. It was difficult to obtain similar symptoms in the con-
trol group and a comparison was not conducted.

Conclusion

AST appears to have limited effects on hemoglobin levels in
children by the age of 12 months. While found to be slightly
lower in the exposed group, hemoglobin continued to be
within the normal range, and weight gain was observed before
and after treatment, which could be a reflection of therapy
effectiveness. Primary-care pediatricians in our organization
were found to use H2RA as the first choice of acid suppres-
sion; however, PPI is considered more effective according to
the NASPGHAN guidelines. A controlled prospective study
is recommended to better investigate the effects of AST, par-
ticularly PPIs, on hemoglobin and other red blood cell indices
before and after treatment, as well as adverse events.

Acknowledgements

The authors would like to express their gratitude to Legacy
Community Health for providing the data needed to conduct this
research. They would like to thank Editage (https://www.editage.
com) for English language editing.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Ethical approval

Ethical approval for this study was obtained from Sam State Houston
University Institutional Review Board. STUDY #: IRB-2020-349.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Informed consent

Informed consent was not sought for the present study because the
research involves no more than minimal risk to subjects; the


https://www.editage.com
https://www.editage.com

SAGE Open Medicine

research could not be carried out practicably without the waiver or
alteration; the waiver or alteration will not adversely affect the
rights and welfare of the subjects; and patient information was
de-identified.

ORCID iD

Ahmad Abu-Sulb

https://orcid.org/0000-0003-0982-9977

References

1.

Ito T and Jensen RT. Association of long-term proton pump
inhibitor therapy with bone fractures and effects on absorp-
tion of calcium, vitamin B12, iron, and magnesium. Curr
Gastroenterol Rep 2010; 12(6): 448—457.

Hutchinson C, Geissler CA, Powell JJ, et al. Proton pump
inhibitors suppress absorption of dietary non-haem iron in
hereditary haemochromatosis. Gut 2007; 56(9): 1291-1295.
Shalev H, Quider AA, Harosh MB, et al. Proton pump inhibi-
tors use suppresses iron absorption in congenital dyseryth-
ropoietic anemia. Pediatr Hematol Oncol 2016; 33(7-8):
457-461.

Sarzynski E, Puttarajappa C, Xie Y, et al. Association between
proton pump inhibitor use and anemia: a retrospective cohort
study. Dig Dis Sci 2011; 56(8): 2349-2353.

Vinnakota RD and Brett AS. Iron deficiency anemia associ-
ated with acid-modifying medications: two cases and litera-
ture review. Am J Med Sci 2019; 357(2): 160—163.

Lam JR, Schneider JL, Quesenberry CP, et al. Proton pump
inhibitor and histamine-2 receptor antagonist use and iron
deficiency. Gastroenterology 2017; 152(4): 821.e1-829.el.
Cohen S, Bueno de Mesquita M and Mimouni FB. Adverse
effects reported in the use of gastroesophageal reflux disease
treatments in children: a 10 years literature review. Br J Clin
Pharmacol 2015; 80(2): 200-208.

Safe M, Chan WH, Leach ST, et al. Widespread use of gas-
tric acid inhibitors in infants: are they needed? Are they
safe? World J Gastrointest Pharmacol Ther 2016; 7(4):
531-539.

Hassall E. Over-prescription of acid-suppressing medications
in infants: how it came about, why it’s wrong, and what to do
about it. J Pediatr 2012; 160(2): 193—198.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Houben E, Johansson S, Nagy P, et al. Observational cohort
study: safety outcomes in children using proton pump inhibi-
tors or histamine-2 receptor antagonists. Curr Med Res Opin
2018; 34(4): 577-583.

Rosen R, Vandenplas Y, Singendonk M, et al. Pediatric gas-
troesophageal reflux clinical practice guidelines: joint rec-
ommendations of the North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition and the European
Society for Pediatric Gastroenterology, Hepatology, and
Nutrition. J Pediatr Gastroenterol Nutr 2018; 66(3): 516-554.
Diaz DM, Winter HS, Colletti RB, et al. Knowledge, attitudes
and practice styles of North American pediatricians regarding
gastroesophageal reflux disease. J Pediatr Gastroenterol Nutr
2007; 45(1): 56-64.

Qasem WA and Friel JK. An overview of iron in term breast-
fed infants. Clin Med Insights Pediatr 2015; 9: 79-84.
Anderson GJ and Frazer DM. Current understanding of
iron homeostasis. Am J Clin Nutr 2017; 106(suppl. 6):
1559S-1566S.

Hamano H, Niimura T, Horinouchi Y, et al. Proton pump
inhibitors block iron absorption through direct regulation of
hepcidin via the aryl hydrocarbon receptor-mediated pathway.
Toxicol Lett 2020; 318: 86-91.

Siu AL and US Preventive Services Task Force. Screening for
iron deficiency anemia in young children: USPSTF recom-
mendation statement. Pediatrics 2015; 136(4): 746-752.
Shamah Levy T, Méndez-Gomez-Humaran I, Morales Ruan
MD, et al. Validation of Masimo Pronto 7 and HemoCue 201
for hemoglobin determination in children from 1 to 5 years of
age. PLoS One 2017; 12(2): ¢0170990.

Whitehead RD Jr, Mei Z, Mapango C, et al. Methods and ana-
lyzers for hemoglobin measurement in clinical laboratories
and field settings. Ann N Y Acad Sci 2019; 1450(1): 147-171.
Yewale VN and Dewan B. Treatment of iron deficiency ane-
mia in children: a comparative study of ferrous ascorbate and
colloidal iron. Indian J Pediatr 2013; 80(5): 385-390.

United States Food and Drug Administration (FDA). FDA
requests removal of all ranitidine products (Zantac) from
the market, 2020, https://www.fda.gov/news-events/press-
announcements/fda-requests-removal-all-ranitidine-products-
zantac-markets


https://orcid.org/0000-0003-0982-9977
https://www.fda.gov/news-events/press-announcements/fda-requests-removal-all-ranitidine-products-zantac-markets
https://www.fda.gov/news-events/press-announcements/fda-requests-removal-all-ranitidine-products-zantac-markets
https://www.fda.gov/news-events/press-announcements/fda-requests-removal-all-ranitidine-products-zantac-markets

