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Abstract

Milk is related to many gastrointestinal disorders from the cradle to the grave due
to the many milk ingredients that can trigger gastrointestinal discomfort and
disorders. Cow’s milk protein allergy (CMPA) is the most common food allergy,
especially in infancy and childhood, which may persist into adulthood. There are
three main types of CMPA; immunoglobulin E (IgE)-mediated CMPA, non-IgE-
mediated CMPA, and mixed type. CMPA appears before the first birthday in
almost all cases. Symptoms may start even during the neonatal period and can be
severe enough to simulate neonatal sepsis. CMPA (often non-IgE mediated) can
present with symptoms of gastroesophageal reflux, eosinophilic esophagitis,
hemorrhagic gastritis, food protein-induced protein-losing enteropathy, and food
protein-induced enterocolitis syndrome. Most CMPAs are benign and outgrown
during childhood. CMPA is not as common in adults as in children, but when
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present, it is usually severe with a protracted course. Lactose intolerance is a prevalent condition
characterized by the development of many symptoms related to the consumption of foods
containing lactose. Lactose intolerance has four typical types: Developmental, congenital, primary,
and secondary. Lactose intolerance and CMPA may be the underlying pathophysiologic
mechanisms for many functional gastrointestinal disorders in children and adults. They are also
common in inflammatory bowel diseases. Milk consumption may have preventive or promoter
effects on cancer development. Milk may also become a source of microbial infection in humans,
causing a wide array of diseases, and may help increase the prevalence of antimicrobial resistance.
This editorial summarizes the common milk-related disorders and their symptoms from childhood
to adulthood.

Key Words: Cow’s milk; Adults; Children; Functional gastrointestinal disorders; Cow’s milk protein allergy;
Lactose intolerance, Inflammatory bowel disease; Zoonosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Milk has been a basic human food for hundreds of centuries with a high nutritional value.
However, milk can cause various gastrointestinal disorders from early childhood to late adulthood, as
many milk ingredients, such as lactose and cow’s milk proteins, can trigger gastrointestinal discomfort and
disorders. Cow’s milk protein allergy and lactose intolerance are the most common milk-related disorders.
However, milk consumption is related to many functional gastrointestinal disorders, inflammatory bowel
disease, milk-related cancer, and milk-born zoonotic infections. Awareness of these disorders is crucial for
physicians and patients to avoid unnecessary nutritional mismanagement.

Citation: Al-Beltagi M, Saeced NK, Bediwy AS, Elbeltagi R. Cow’s milk-induced gastrointestinal disorders: From
infancy to adulthood. World J Clin Pediatr 2022; 11(6): 437-454

URL: https://www.wjgnet.com/2219-2808/full/v11/i6/437 .htm

DOI: https://dx.doi.org/10.5409/wjcp.v11.i6.437

INTRODUCTION

Milk is a comprehensive dietary liquid containing adequate amounts of highly bioavailable nutrients
humans need. Humans have consumed animal milk for about 10000 years and as baby food for about
8000 years, as evidenced by the dental remains of Neolithic humans, ancient clay pottery vessels, and
ancient baby bottles[1]. Many gastrointestinal disorders humans suffer are related to dietary
components, and diet modification could be an essential step in disease management. As milk is a
critical component in the human diet, milk is related to many gastrointestinal disorders from the cradle
to the grave[2]. Many milk ingredients, such as lactose and cow’s milk proteins, can trigger
gastrointestinal discomfort and disorders. Milk decreases gut bacterial diversity. Dairy and dairy
products, such as yogurt and kefir, can modulate and alter the gut microbiota[3]. In addition to its
effects on gut microbiota, cow’s milk may make humans prone to many food-borne infectious diseases.
In this editorial, we discuss the various cow’s milk-induced gastrointestinal disorders from infancy to
adulthood that will be highlighted in the topics of this special issue. Table 1 summarizes the various
gastrointestinal effects of cow’s milk on humans.

METHODS AND RESULTS

In this editorial, we conducted a comprehensive literature review by searching electronic databases such
as PubMed, Embase, Cochrane Library, Cumulative Index to Nursing and Allied Health Literature, Web
of Science, Scopus, Library and Information Science Abstracts, and the National Library of Medicine
catalog up to July 31, 2022, related to cow milk effects on the gastrointestinal tract in children and
adults. Reference lists were inspected, and citation searches were performed on the included studies.
We included open-access papers on English-language studies. Figure 1 shows the flow chart of the
reviewed articles. We included 146 articles concerned with the various effects of cow’s milk on humans,
from birth to the elderly. We also cited high-quality articles in Reference Citation Analysis (https://
www.referencecitationanalysis.com).
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Table 1 The various gastrointestinal effects of cow’s milk in humans

Items

Details

Cow’s milk protein allergy Pediatric onset: (1) IgE-mediated; (2) Non-IgE-mediated; and (3) Mixed type

Lactose intolerance

Adult onset: (1) Mostly IgE-mediated; and (2) Pregnancy-induced CMPA
Pediatric onset with adulthood persistence

Developmental

Congenital (inherited)

Primary (aging-induced)

Secondary

Cow’s milk-related functional ~Functional dyspepsia
gastrointestinal disorders

Persistent regurgitation and gastroesophageal reflux
Infant colic
Functional constipation

Irritable bowel syndrome

Cow’s milk and inflammatory ~Crohn'’s disease

bowel diseases

Cow’s milk-related

Anti-colorectal cancer

gastrointestinal cancer

Milk-born gastrointestinal Mycobacterium avium, Mycobacterium bovis, Salmonella species, brucellosis, streptococcal infections, “summer diarrhea”,

infections

Yersinia enterocolitica, diphtheria, Escherichia coli (E. coli), Campylobacter jejuni, Citrobacter species, Shiga toxin-producing E. coli,
Pseudomonas aeruginosa, Proteus mirabilis, and Klebsiella species

E. coli: Escherichia coli.
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COW’S MILK PROTEIN ALLERGY

Cow’s milk protein allergy (CMPA) is the most frequent food allergy, especially in infancy and
childhood, but it can persist into adulthood. It is due to an abnormal immune response to CMP. It
should be distinguished from the other adverse effects of cow’s milk, such as lactose intolerance and
infection-related disorders[4]. Both casein and whey (o-lactalbumin and B-lactoglobulin) proteins can
cause allergic reactions. a-lactalbumin and casein are the most common cow’s milk allergenic proteins,
while B-lactoglobulin is associated with severe anaphylaxis[5]. In addition, B-lactoglobulin has a relative
resistance to enzymatic degradation. Therefore, p-lactoglobulin could be implicated in non-immuno-
globulin E (IgE)-immune-mediated CMPA with delayed gastrointestinal symptoms[6]. Besides cow’s
milk and dairy products, CMPs can be detected in some probiotics, oral polio vaccines, and lactulose.
Some dry powder inhalers containing lactulose (such as Fluticasone/Salmeterol or Lanimavir) could be
contaminated with CMPs. Some parenteral vaccines, such as the diphtheria-tetanus-pertussis vaccine,
can be contaminated with CMP[7].

It should also be noted that cow’s milk allergy is not only against cow’s milk proteins but can also be
triggered by other additives that could be added to modify cow’s milk, such as artificial flavors or
preservatives. Cross-reactivities with other mammals” milk (e.g., goats and sheep) and raw beef are
prevalent due to the composition of homologies of amino acids[8,9]. About 13%-20% of children with
CMPA have a beef meat allergy. In addition, patients with beef meat allergies mostly have CMPA.
Camel’s milk proteins are unlikely to cross-react with cow’s milk proteins due to phylogenetic
differences, and consequently, camel’s proteins cannot be recognized by circulating IgEs and
monoclonal antibodies[10]. Even though soy milk is being used as a possible substitute for cow’s milk in
the case of CMPA, cross-reactivity between both occasionally exists due to cross-reactivity with bovine
caseins and soybean protein p34[11].

There are three main types of CMPA: IgE-mediated CMPA, non-IgE-mediated CMPA, and mixed
allergic reactions. The role of other kinds of immune-mediated reactions to CMP, especially those
associated with IgG and IgA antibody isotypes, is presently controversial[12]. The rate of IgE-mediated
CMPA decreases while other non-IgE-mediated CMPA increases with increasing age. High cow’s milk-
specific IgE levels are rare in adults[13]. CMPA may manifest as an isolated gut reaction or be associated
with other systemic manifestations such as skin, respiratory, or cardiovascular manifestations. CMPA
can affect any part of the gastrointestinal tract, from the mouth to the anus, and at any age, from
newborn to the elderly[14].
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Records identified through database searching Additional records identified through other sources
n = 1345

n = 5890

Total records identified / Duplicate removed
n =7235 n =789

Records screened
n = 6446

(Titles and Abstracts) Records excluded
n = 5579

Full-text articles Records excluded for a reason

n = 867

n =44

l n=721

Full-text articles assessed for eligibility
n =146

Cow milk protein allergy children Functional GIT disorders
n =25

Cow milk protein allergy children Inflammatory bowel diseases

n=22

n=9

Lactose intolerance Others
n =38 n=38

Figure 1 The flow c|
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hart of the included studies. GIT: Gastrointestinal tract.

CMPA in infancy and childhood

CMPA commonly occurs early in life, and almost all cases appear before the first birthday. The average
age for CMPA to appear during childhood is 3.5 mo (ten days-to-ten months). The symptoms usually
appear in the first week after the introduction of CMP (95% of cases). About 60% of patients developed
symptoms with the first formula feeding[15].

Risk factors for CMPA include immature gastric acid production, defective intestinal and pancreatic
enzymes, low vitamin D levels, and a deficit of regulatory T cells[16,17]. Other risk factors include male
sex, parental atopy, maternal allergy, maternal smoking during pregnancy, amnionitis, maternal
vaginitis, febrile infection during pregnancy, gestational diabetes, hypertension, stress, decreasing
maternal age, and difficult delivery (early or threatened labor, malpresentation of the fetus, cesarean
section, breech and instrumental delivery, low APGAR score). Post-natal risk factors include neonatal
jaundice, Erythema toxicum neonatorum, antibiotic use in the first week of life, and indoor air contam-
inants such as mold and smoking[18,19]. Another important risk factor for CMPA during infancy is gut
microbial dysbiosis. Gut microbiotas play a vital role in modifying intestinal regulatory T (Treg) cell
responses to develop an oral tolerance that could protect against IgE-mediated CMPA and other types
of food allergies[20]. On the other hand, non-IgE-mediated CMPA can induce gut microbial dysbiosis,
affecting intestinal immune homeostasis and tolerance[21]. Tan et al[22] showed that Lactobacillus
rhamnosus (L. rhamnosus) could help promote oral tolerance in children suffering from CMPA and assist
with intestinal symptom recovery.

Sensitization can occur before and after birth, resulting in non-IgE mediated CMPA as indicated by
the presence of CMP-specific tumor necrosis factor-a in the cord blood and the appearance of the
symptoms shortly after birth[23]. The onset of symptoms in infancy and childhood usually develops
within a week of cow’s milk exposure, although symptoms may take many weeks (up to 24 and 36 wk).
Most cases appear after cow’s milk exposure (raw or formula milk), but some may appear after cow’s
milk-based foods. However, some exclusively breastfed infants may develop CMPA after exposure to
CMP excreted in breast milk[24,25]. Most CMPAs are benign and outgrown during childhood. Non-IgE-
mediated CMPA usually resolves more quickly than IgE-mediated allergy. Signs of persistence of
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CMPA include the presence of acute manifestations, multiple food allergies, especially to eggs,
concomitant bronchial asthma, allergic rhinitis, and reactivity to CMP in baked milk on exposure or first
challenge[26,27].

Gastrointestinal symptoms of CMPA in infancy and children

Acute manifestations of IgE-mediated CMPA include nausea, vomiting, diarrhea, bloody stools, gastro-
esophageal reflux (GER), and colicky abdominal pain. The symptoms usually appear rapidly within
minutes of exposure. Anaphylaxis may also manifest in young infants with angioedema of the lips,
tongue, and palate, oral pruritus, pallor, and floppiness[28]. Symptoms may occur even during the
neonatal period and can be so severe as to be misdiagnosed as neonatal sepsis[29]. Non-IgE-mediated
CMPA is common (50% of pediatric CMPA) and is presented with faltering growth, frequent “spitting
up”, feeding problems, food refusal or aversion, pallor and tiredness, abdominal colic, upper digestive
bleeding, gastroesophageal reflux with or without disease (GERD), abnormal stool habitus such as
chronic diarrhea or constipation, blood and/or mucus in the stools, perianal redness, and skin manifest-
ations such as atopic eczema[30,31].

CMPA (often non-IgE mediated) can present with symptoms of GERD, such as poor appetite, crying,
fussiness, regurgitation, vomiting, and sleep disturbances. Oral milk elimination and rechallenge tests,
esophageal pH impedance, and gastrointestinal endoscopy are advised for a correct clinical diagnosis,
but they are not always achievable in all patients[32]. Eosinophilic esophagitis is an immune-mediated
disease by Th2 interleukins affecting the esophagus with age-dependent symptoms such as GER,
abdominal pain, and food impaction. Various allergens, including CMP can trigger it. Endoscopy shows
characteristic features of mucosal eosinophilic infiltration of more than 15 eosinophils/high power field
[33]. It can be treated with proton-pump inhibitors, but dietary treatment is the cornerstone of therapy
after confirming the diagnosis with endoscopy and a 4- to 12-wk elimination test. The dietary
approaches involve amino acid-based formula, allergy testing-based directed diet, or empirical six-food
elimination diet (milk, soy, wheat, eggs, fish/seafood, and peanut/nuts)[34,35].

Hemorrhagic gastritis: Hemorrhagic gastritis is not common in infants with CMPA but is recorded in
some cases. A possible cause is in utero CMP sensitization. It may be present with persistent vomiting
and with subacute or chronic hematemesis. Occasionally, it may be present with subclinical
hemorrhage. Endoscopy is usually needed to confirm the diagnosis. Nevertheless, etiological diagnosis
is made according to clinical guidelines to diagnose CMPA with an elimination diet and rechallenge
test. The outcome is usually favorable, with complete spontaneous resolution within one week after a
period of bowel rest using either parenteral nutrition or amino acid formula[36,37]. Acute pancreatitis
was recorded in one case with eosinophilic gastroenteritis due to CMPA[38].

Food protein-induced protein-losing enteropathy: Food protein-induced protein-losing enteropathy in
infancy is a mixed IgE and non-IgE immune-mediated food allergy characterized by villous atrophy that
leads to enteral loss of proteins, causing hypoproteinemia/hypoalbuminemia, diarrhea, edema,
malabsorption, and poor weight gain. Laboratory work-up showed anemia, eosinophilia, hypoalbu-
minemia, raised fecal al-antitrypsin (a1AT), raised specific-IgE, and positive allergy skin prick test
(SPT) for milk proteins[39]. Hypoalbuminemia results from protein loss in the stool. a1AT is a part of
the plasma protein not digested in the intestines and is not present in animal or plant food. The
increased fecal alAT is a good marker of protein loss through the digestive system[40]. A diagnosis
relies mainly on the response to an elimination diet, with clinical improvement usually occurring within
3-4 d, but it may take weeks to resolve fully[41].

Food protein-induced enterocolitis syndrome: Food protein-induced enterocolitis syndrome (FPIES) is
mainly a non-IgE-mediated disease caused mainly by CMP. It is caused by IgE-mediated mechanisms in
25% of cases, especially in patients with more protracted and persistent courses. Those with multiple
allergies present with copious, repetitive vomiting, abdominal pain, and frequent diarrhea, causing
acute dehydration with lethargy. Weight loss and failure to thrive occur in chronic conditions. FPIES is
frequently misdiagnosed as acute viral gastroenteritis, sepsis, or surgical conditions, which delays the
diagnosis for many months. FPIES occasionally results in symptoms similar to protein-induced protein-
losing enteropathy and protein-induced proctocolitis[42,43]. The diagnosis is mainly clinical. However,
open food challenges, milk-specific IgE, and SPTs can help diagnose FPIES. Milk-specific IgE is positive
in about 25% of cases. Ondansetron may help in acute conditions. FPIES usually resolves by 3-5 years
[44]. However, we still need future investigations and treatment guidelines to improve patient care for
those with FPIES.

Food protein-induced allergic proctocolitis: Food protein-induced allergic proctocolitis (FPIAP) is a
benign non-IgE-mediated delayed immune response to allergenic foods such as a cow or soymilk
protein. It usually presents with a bloody mucoid stool in a well-appearing healthy infant aged one to
four weeks. It occurs mainly in exclusively breastfed infants (60%) and resolves when the mother
eliminates CMP and soy proteins from their diet[45]. As skin allergy tests and IgE are negative in infants
with FPIAP, the diagnosis is usually made by exclusion and confirmed with an elimination/rechallenge
test with CMP or soymilk protein[46]. The symptoms usually disappear within 1-3 d of the elimination
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of the offending CMP or soy protein from the diet of breastfeeding mothers. However, it may take a
longer time to resolve the symptoms. With a dairy-eliminated diet, the mother should be supported
with a daily calcium intake of at least 800 mg and multivitamins as needed. Bottle-feeding babies may
benefit from extensively hydrolyzed formulas or sometimes amino acid-based formulas. FPIAP is
benign, and most cases resolve by the first birthday[47].

CMPA in adults

CMPA is not as common in adults as in children, but when present, it usually has a severe and
protracted course. The symptoms can be elicited by traces of milk as small as 0.3 mg of CMPs[40].
Adults with CMPA have allergies to the same major allergenic milk proteins (casein and whey).
However, they usually display robust immune responses, as illustrated by powerful SPTs and high IgE
reactivity[48]. Even dermal or respiratory exposure to CMP can induce a severe form of CMPA,
including anaphylaxis. Repeated exposure to CMP by food handling or inhalation of dairy products
could induce cutaneous sensitization in adult patients with a personal history of atopy[49,50]. Hansen et
al[51] showed that only 1%-3% of children with CMPA would continue to have CMPA as an adult,
usually severe and life-threatening. Stoger and Wiithrich[52] showed that CMPA was more common in
females (92%); 39% of them developed CMPA during or shortly after pregnancy. Casein was the
predominant sensitizing allergen in 71%, while whey protein sensitization (alpha-lactalbumin and beta-
lactoglobulin) was rare. He et al[53] demonstrated that Al B-casein is the responsible component of
casein that can induce CMPA, whereas A2 B-casein alleviates the acute gastrointestinal symptoms in
Chinese adult patients with CMPA. The presence of other autoimmune diseases could increase the risk
of CMPA. Kristjansson et al[54] showed that 50% of adult patients with coeliac disease developed a
mucosal inflammatory response similar to that of gluten with rectal CMP. Casein was the main allergic
protein. About one-quarter of patients with irritable bowel syndrome (IBS) have food hypersensitivity,
including CMPA[55].

Different factors can affect the prevalence of CMPA in adults, such as ethnic origin and geographical
area. A study by Dominguez-Garcia et al[56] on young adult students (18- to 25-year-olds) in a Mexican
university showed that the prevalence of CMPA among them was 1/400 compared to 1/10 for lactose
intolerance. A risk factor for developing CMPA in adulthood is the excessive intake of dairy products
[57]. Sousa et al[58] reported a 24-year-old man who developed CMPA after excessive intake of
hydrolyzed casein and whey CMPs for bodybuilding for two years. CMPA was confirmed by positive
IgE against cow’s milk a-lactalbumin, B-lactoglobulin, and casein extracts, suggesting that excessive CM
intake may induce CMPA. On the other hand, adult patients with CMPA have lower IgG levels than
controls[58]. The respiratory tract and skin are the main organs affected in adulthood CMPA in adults,
while gastrointestinal and cardiovascular manifestations are less frequent than in childhood CMPA[59].
Due to the higher rate of lactose intolerance compared to CMPA in adults, some cases of CMPA are
wrongly diagnosed as lactose intolerance due to the common symptoms. Lactose intolerance can be
excluded by the negative hydrogen breath test for lactose, the positive cow’s milk challenge and SPTs,
and high IgE levels against CMP[60]. Therefore, cases with refractory lactose intolerance should be
investigated for CMPA, as IgE-mediated sensitivity to CMP is a common comorbidity in patients with
refractory lactose intolerance not responding to a lactose-free diet[61]. Although most CMPAs reported
in adults are IgE-mediated, non-IgE-mediated CMPAs may also occur. For example, FPIES, which are
non-IgE-mediated CMPAs, can also be observed in older children and adults[62,63]. [gG-mediated
CMPAs were also reported by Anthoni et al[12]. They reported a significant association of high IgG
levels with self-reported milk-provoked gastrointestinal symptoms, especially constipation, in the adult
population. However, the serum IgG levels decrease with the increasing age of the affected patients[10].

Despite adulthood CMPA prevalence being about one-quarter of childhood CMPA, the adulthood
type is more severe and more liable to complications and even death. CMPA is rarely implicated in the
worsening of coexisting atopic dermatitis during adolescence and adulthood[64]. Recurrent acute
pancreatitis was reported as a rare complication of IgE-mediated CMPA. de Diego Lorenzo et al[65]
reported recurrent episodes of acute pancreatitis in a 23-year-old patient with characteristic abdominal
pain and high serum pancreatic enzyme levels, confirmed by the presence of swelling and edema of the
pancreas on the sonogram. The episodes were induced by milk consumption and associated with
diarrhea and signs of generalized urticaria, such as conjunctival injection, facial erythema, and
generalized pruritus. The blood showed eosinophilia and high serum levels of CMP-specific IgE and
anti-beta-lactoglobulin IgE[66].

In addition, young adults with CMPA in infancy are at an increased risk of failing to reach their
growth potential and height. Therefore, they are candidates for proper growth and nutritional
monitoring and need appropriate dietary intervention[65]. They are more prone to reduced bone mass
density and developing early osteoporosis. This effect could be reversed by milk desensitization,
adequate calcium supplements, and optimal nutritional rules for these patients. Eliminating dairy
products in treating adult patients with CMPA may increase the risk of gout and hyperuricemia, as milk
consumption protects against gout[67].
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LACTOSE INTOLERANCE

Lactose is a disaccharide composed of galactose linked to glucose that can be hydrolyzed in the small
intestine brush border membrane by p-galactosidase (lactase enzyme). After infancy, lactase activity
progressively decreases due to a gradual decrease in lactase synthesis ability. Therefore, adults do not
tolerate large amounts of lactose[68]. Lactose intolerance is a common condition of food intolerance
characterized by the development of many symptoms following the consumption of foods containing
lactose, the primary milk sugar, due to absolute or relative deficiency of the lactase enzyme in the
mucosal brush border of the small intestine. As a result of inadequate lactose digestion, the lactose
reaches the colon undigested, where the gut microbiota ferments it, causing nonspecific symptoms such
as abdominal pain, bloating, flatulence, and mushy to watery diarrhea. The symptoms usually develop
within 30 min to a few hours after lactose ingestion. The severity of the symptoms correlates with the
deficiency of the lactase enzyme. Therefore, nausea and vomiting may occur after consuming large
amounts of lactose-containing foods such as dairy products[69-71].

There are four main types of lactose intolerance; developmental lactose intolerance, which occurs in
premature babies as lactase enzyme production starts after 34 wk of gestation; congenital lactose
intolerance, which is inherited from lactase deficiency due to a defect in the gene responsible for lactase
synthesis; primary lactose intolerance, which results from the normal aging process and is the most
common cause of lactose intolerance; and secondary lactose intolerance which results from damage of
the brush border of the intestinal mucosa due to infection, inflammation, or trauma and improves with
treatment of the cause[72]. Lactose intolerance can be isolated or part of a broader intolerance to variable
saccharides, including monosaccharides, disaccharides, oligosaccharides, and polyols. It is crucial to
determine whether lactose intolerance is isolated or compounded during the treatment to ensure
successful therapy of a lactose-free diet[73].

The manifestations of lactose intolerance depend on many factors, in addition to the degree of lactase
deficiency. These factors include the dose of ingested lactose; the osmolality of the food; the dietary fat
content; gut motility and gastric emptying time; gut microbiota and its ability to ferment lactose; small
intestinal bacterial overgrowth; water absorptive capacity of the colon; and the pain threshold due to
sensitivity of the intestine to the generated gases and other fermented substrates due to lactose
fermentation[73]. For example, a patient with lactose intolerance may tolerate up to 12 g of lactose
(equivalent to a glass of milk); an amount between 12 and 18 g can be tolerated when mixed with other
types of food; while an amount between 18 and 50 g starts to produce symptoms of lactose intolerance
and the symptoms increase with increased the amount. Lactose over 50 g causes significant symptoms
in most patients. However, the relation between the amount of ingested lactose and the severity of the
symptoms needs more valid evidence[70]. These symptoms include abdominal distension, bloating,
colic, abdominal pain, increased borborygmi, flatus, and osmotic diarrhea induced by lactose in dairy
products. Nonspecific symptoms of lactose intolerance may include headaches, muscle pain, chronic
fatigue, depression, and concentration problems[74].

Diagnosis of lactose intolerance

Diagnosis of lactose intolerance depends on self-reported symptoms, dietary challenges, and invest-
igative testing, including physiological, genetic, and endoscopic testing. Physiologic testing depends on
the evaluation of lactase activity by different methods. It is also essential to rule out secondary causes.
When lactose intolerance is assumed, a trial of a lactose-free diet should be conducted for 2-4 wk with
the elimination of all lactose sources, including hidden lactose sources. Then, lactose is reintroduced to
the diet. If symptoms recover during the 2-4 wk period and reappear with lactose reintroduction, a
lactose intolerance diagnosis can be made[75]. Indirect evidence of lactose malabsorption due to lactase
deficiency includes measuring stool pH and reducing substances. Fecal pH of less than 6.0 may suggest
lactose intolerance. However, this test is not recommended in infants less than two years of age due to
the high rate of false negative results[76]. Fecal-reducing substances are another indirect tool to
diagnose lactose (or other carbohydrates) maldigestion and malabsorption. Positive results may suggest
an absence of the related enzyme[77]. However, false negative results could occur if the patient has not
recently ingested lactose.

The lactose hydrogen breath test: The lactose hydrogen breath test is commonly done in suspected
lactose-intolerant patients. The test depends on the principle that lactase deficiency causes lactose
indigestion, which undergoes gut microbiota fermentation and subsequent hydrogen gas production.
The patient ingests 25 to 50 g of lactose, and then the hydrogen gas is checked every 15 min for 3-6 h.
The increasing hydrogen concentration in the breath by more than 20 ppm (parts per million) over
baseline after lactose ingestion indicates hypolactasia. However, the test needs a long duration (3-6 h)
with a risk of a false negative in 10% of cases[78]. A false negative test may be related to the presence of
non-hydrogen-producing fermenting bacteria. In this situation, methane-producing bacteria may cause
methane gas production in about one-third of the adult population and may have additional health
consequences worse than excess hydrogen levels. Therefore, combined measuring of hydrogen and
methane significantly improves the diagnosis of malabsorption syndromes, including lactose
intolerance and small intestinal bacterial overgrowth, compared with a single hydrogen breath test[79].
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The lactose tolerance test: The lactose tolerance test examines the ability to digest lactose to its
components by checking the glucose level after administering 50 g of lactose orally. The blood glucose
levels are checked before and after 30, 60, and 120 min of lactose intake. The absence of increased blood
glucose levels after oral lactose intake indicates the inability of the body to digest lactose and hence
possible lactase deficiency. However, this test is affected by other factors, such as gastric emptying time
and mechanisms of glucose metabolism, and has lower sensitivity and specificity, with false positive
and negative results in 20% of patients. Therefore, it is rarely performed. However, it can detect patients
with lactose intolerance and a negative hydrogen breath test due to a lack of hydrogen gas-producing
bacteria. Patients with diabetes mellitus are not candidates for this test as their blood sugar will increase
even in the presence of lactose intolerance[80,81].

The gaxilose test: The gaxilose test is considered the new gold standard for lactose intolerance
diagnosis. It uses gaxilose, a synthetic disaccharide formed of -O-B-D-galactopyranosyl-D-xylose that
can be metabolized with lactase enzyme into galactose and xylose due to its structural similarity to
lactose. Xylose is absorbed by the enterocyte, reaches the blood, and is then excreted in the urine.
Therefore, the blood and urine levels of xylose will reflect the activity of the lactase enzyme available to
metabolize gaxilose. However, this recent test needs more studies to confirm its efficacy, safety,
sensitivity, and specificity[82-84].

Genetic tests: Genetic tests apply real-time polymerase chain reaction or sequencing of DNA extracted
from buccal mucosa or venous blood to detect the genetic type of lactose intolerance. Determining the
lactase enzyme activity on intestinal biopsies is done for other reasons to detect a primary or secondary
cause of lactose intolerance. The patchy activity of lactase should be considered during the biopsy.
Therefore, more than a single biopsy may be needed to achieve optimal test accuracy. The genetic test is
a good predictor of lactase persistence or non-persistence in specific populations[85-87].

Lactose intolerance comorbidities

Lactose intolerance should not be considered an isolated disorder as it may trigger many other diseases.
There are significant correlations between lactose intolerance and the prevalence of osteoporosis, mental
status changes, and the existence of other food intolerances[74]. Infant colic is a common problem.
Subclinical lactose intolerance could be an underlying pathophysiologic mechanism[88]. About one-
third of patients with IBS have lactose intolerance as a part of their malabsorption syndrome. Therefore,
a trial of a lactose-free diet is a common practice in managing IBS. Consequently, a hydrogen breath test
is recommended in newly diagnosed patients with IBS to identify those who would benefit from a
lactose-free diet[89]. At the same time, patients with inflammatory bowel disease (IBD) have a 2.7-fold
increased risk of lactose intolerance, indicating the need to screen patients with IBD for lactose
intolerance to avoid overlapping or confusing symptoms[90].

CMPA could be a comorbidity of lactose intolerance or the underlying cause as the CMP-immune
mediated inflammation destroys the brush border of the intestinal mucosa that contains lactase enzyme,
resulting in lactase deficiency and lactose intolerance. In addition, CMPA is commonly mistaken for
lactose intolerance as both have common symptoms. Therefore, CMPA should be considered in lactose-
free diet-refractory lactose intolerance. However, there are critical differences between cow’s milk
allergy and lactose intolerance which could limit misunderstandings in diagnosing these two conditions
[60,91]. Grundmann et al[92] showed that 21.4% of patients with chronic pruritus had lactase deficiency,
and 38.3% had an excellent anti-pruritic effect after four weeks of a lactose-free diet. Therefore, lactase
deficiency could be an independent underlying cause of chronic pruritus. Hence, lactase deficiency
screening is a reasonable diagnostic step in investigating chronic pruritus. A lactose-free diet should be
tried if lactose intolerance is confirmed in patients with chronic pruritus[92]. Patients with systemic
sclerosis have a 44% higher prevalence of lactose intolerance than those in control. Lactose intolerance
occurs as a part of the malabsorption syndrome that results from gut inflammation as a feature of
systemic inflammation associated with systemic sclerosis[93]. Other saccharides malabsorption, such as
fructose malabsorption, is also common in patients with systemic sclerosis[94]. On the other hand, a
cross-sectional study over ten years showed that patients with lactose intolerance might have a reduced
risk of gastric and colon cancer[95].

Management of lactose intolerance

Management of lactose intolerance is sometimes tricky. First, we should confirm the diagnosis, detect
secondary causes, and determine the amount of lactose the patient can tolerate. This step is crucial in the
management, as complete lactose restriction is not advised. Usually, 12-15 g of daily lactose can be
tolerated by most adult patients and up to 5 g by most children, especially when mixed with foods. We
start with a lactose-restricted diet, then gradually reintroduce milk and milk products according to the
person’s tolerance to improve the symptoms and induce tolerance[96]. Mixing lactose with other foods
causes slow lactose release in the small intestine and better tolerance. Some lactose-containing foods can
be more easily tolerated than others. Yogurt is better tolerated as it contains partially hydrolyzed
lactose. On the same track, high-fat-containing dairy products cause delayed gastric emptying and slow
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lactose release, while skimmed milk can produce severe symptoms due to low fat and high lactose
content[71,97].

Consistent and continuous gradual administration of lactose often improves the number and effect-
iveness of colonic bacteria metabolizing lactose, generating fewer symptoms[98]. Probiotics containing
lactose-fermenting bacteria such as Streptococcus thermophilus, L. reuteri, L. rhamnosus, L. acidophilus, L.
bulgaricus, and Bifidobacterium longum promote lactose digestion and help to improve gastrointestinal
symptoms of lactose intolerance[99].

Therefore, lactose-free milk is usually unnecessary except when a large daily amount of milk is
needed, such as during infancy or in severe cases when small doses produce marked symptoms of
lactose intolerance. Milk alternatives such as coconut, almond, rice, or oat milk should not be used as
the primary nutritional milk source for children below the age of five years. These types of milk should
also be fortified with vitamin D. Soy milk, or any plant-based milk, is not recommended for infants
below the age of one year. However, soy milk might be considered in infants older than six months if
they cannot tolerate satisfactory amounts of cows’ milk formula[100,101]. Children with lactose
intolerance using lactose-free milk or plant-based formula are more likely to develop osteoporosis and
decreased bone density due to a deficiency of calcium, vitamin D, riboflavin, and protein. They should
be supplemented with adequate calcium and vitamin D intake to ensure optimal peak bone mass in
childhood and adolescence. Adequate vitamin D and calcium intake can be achieved by increasing
consumption of calcium-rich non-dairy foods such as fish, dark green leafy vegetables, tofu, seeds, and
nuts, as well as getting enough sunlight exposure through daily walks and other outdoor activities[102,
103].

If symptoms of lactose intolerance are still present despite adequate nutritional management, lactase
enzyme supplements can be tried as an adjunct and not a replacement for dietary management. Enzyme
replacement therapy may not completely alleviate symptoms, and it is hard to calculate the effective
dose[96]. However, a recent study showed that oral lactase enzyme supplementation significantly
lessened the clinical symptoms and diminished hydrogen breath excretion in subjects with lactose
intolerance[104]. Breastfeeding mothers of infants with lactose intolerance do not need to have a low or
free-lactose diet, as the lactose content of the breast milk has no relation to the lactose intake by the
mother. On the other side, formula-fed infants benefit from a lactose-free formula with a trial of lactose-
containing reintroduction food over 2-4 wk[105].

COW’S MILK-RELATED FUNCTIONAL GASTROINTESTINAL DISORDERS

Functional gastrointestinal disorders (FGIDs) are frequent disorders in infants, children, and adults,
characterized by persistent and recurring gastrointestinal symptoms (e.g., dysphagia, abdominal pain,
dyspepsia, bloating, constipation, or diarrhea) in the absence of clear underlying pathological
conditions. However, diet is an essential factor in the pathogenesis and management of FGIDs[106].
Functional dyspepsia is characterized by recurrent symptoms and signs of indigestion without apparent
cause. The link between cow’s milk and functional dyspepsia is not well established. Unfortunately,
intolerance of dairy products is usually not one of the differential diagnoses of functional dyspepsia. In
their study, Wortmann et al[107] showed that adult-type lactose intolerance was present in 44.7% of
patients with functional dyspepsia. Mishkin ef al[108] showed that the prevalence of lactose intolerance
in patients with functional dyspepsia is affected by ethnic group and age, with a decreased prevalence
between 25-55 years and an increase after 55 years.

Persistent regurgitation is a common nonspecific symptom of CMPA in infants. It usually presents
with excessive crying, irritability, pain, respiratory symptoms, and feeding or sleep disturbance. CMPA
was documented in up to 50% of infants with persistent GER, which could be just an association or
CMPA-induced GER. The likelihood of CMPA increases in the presence of atopy and multiorgan
symptoms such as failure to thrive, diarrhea, rectal bleeding, or atopic dermatitis[32,109,110]. A
negative SPT does not rule out CMPA as it is IgE-and non-IgE-mediated. At the same time, clinical
improvement with a cow’s milk-free diet is not solid proof of immune system involvement. Therefore,
esophageal pH impedance, oral food challenge, and endoscopy are recommended to reach a correct
clinical diagnosis and classification, but they are not always possible in all infants[111]. We should
consider using 2-4 wk of a protein hydrolysate or amino acid-based formula in a formula-fed infant or
eliminating cow’s milk in the maternal diet in breastfed infants[112]. However, there is not enough
evidence to avoid drinking milk for GER. Patients with GER who tolerate cow’s milk may continue to
consume it. Avoidance of milk consumption should be avoided only if symptoms of GER increase with
milk consumption[113]. Due to its acid-neutralizing properties, milk has long been used to treat the
symptoms of peptic ulcers and GERD. However, the high calcium and protein content significantly
increased acid production by 30% for every 250 mL of milk. In addition, patients with peptic ulcers are
more vulnerable to the effects of milk on the gastric parietal cells[114]. As confirmed by an endoscopic
study[115], patients with peptic ulcers who avoided a milk-based diet had better ulcer cicatrization
results than those who consumed milk. However, patients with a peptic ulcer can consume a moderate
amount of dairy products according to their tolerance to benefit from their high nutritional content[116].
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Infant colic is a functional disorder characterized by full-force crying for a minimum of three hours
per day for a minimum of three days per week in infants younger than five months. It is a worldwide
disorder affecting many infants and families. The precise mechanisms are not well known. While it does
not indicate the presence of disease, it occasionally represents an underlying severe disorder in a small
percentage of infants who may require a medical assessment[117]. Cow’s milk may precipitate infant
colic through CMPA and lactose intolerance. Both conditions can induce colic through gut inflammation
(as indicated by fecal calprotectin) and gut dysmotility and dysbiosis, with fewer Bifidobacilli inducing
abnormal peristalsis and colicky pain[118]. Colic may arise as a delayed reaction within a few hours to
days of CMP consumption. Infant colic may be one of the many symptoms of CMPA. A cohort of 100
infants with colic showed a positive challenge-proven CMPA in 44% of the infants during a cow’s-milk
challenge[119]. Moravej et al[120] showed that the SPT for CMP was positive in 2.6% of infants with
colic who responded well to cow’s milk elimination from the mothers” diet. Many infants with colic
have transient lactose intolerance, causing excessive gas production. Lactase enzyme activity may be
low in many infants during the first weeks of life and may take a few weeks to improve. Pretreatment of
feeds with lactase can improve colic[121]. For breastfeeding colicky infants, a trial of dairy product
exclusion by the mother for 2-4 wk could produce symptomatic improvement. For bottle-fed infants, a
partially hydrolyzed formula with Galacto-Oligosaccharides/Fructo-Oligosaccharides and added p-
palmitate might be beneficial in cases where CMPA is not suspected. The mother can also use a formula
containing prebiotics and/or ferments or a lactose-reduced formula[122].

Functional constipation is a common disorder in children, negatively impacting their quality of life.
Simeone et al[123] showed that 17.3% of children with functional constipation had evidence of CMPA
and improved with a CMP elimination diet. The European Society for Paediatric Gastroenterology,
Hepatology and Nutrition-North American Society for Paediatric Gastroenterology, Hepatology and
Nutrition advised that a CMP-free diet be tried only in cases of laxative-resistant constipation and only
after consulting an expert. However, a literature review by Sopo et al[124] showed that 28% to 78% of
children with functional constipation benefited from a CMP-free diet. The review results give solid
scientific evidence for a causal relationship between functional constipation and CMPA. Therefore, they
recommended a two-to-four-week restricted diet as a first-line diagnostic and therapeutic strategy in
children with functional constipation[124]. The same result was also found in the literature review by
Gelsomino et al[125]. They propose that a CMP-free diet should be considered a first-line treatment for
functional constipation, at least in preschool children and children with a previous diagnosis of CMPA
or a personal or family history of atopy.

IBS is one of the most common FGIDs with poorly understood mechanisms that affect a significant
proportion of the population with a strong negative impact on the quality of life[126]. The lack of well-
understood underlying pathophysiologic mechanisms makes choosing effective treatment strategies
difficult. Clinicians commonly recommend a lactose-free diet to manage this syndrome[118]. Approx-
imately one-third of patients with IBS have some degree of lactose intolerance, which could be present
with diarrhea, gas, and bloating. Milk lactose irritates the already vulnerable intestines of people with
IBS. However, a systematic review by Vaiopoulou et al[127] did not find convincing evidence to indicate
an objective relationship between IBS and any recognized malabsorption syndrome involving lactose
intolerance.

On the other hand, a significant portion of people with IBS and self-reported lactose intolerance and
negative hydrogen breath testing were proved to be due to underlying immune-mediated reactions to
CMP. Carroccio et al[55] in a study with retrospective and prospective phases, showed that a percentage
of self-reported milk intolerance in patients with IBS was not related to lactose intolerance; instead, they
clinically reacted when subjected to whole cow’s milk, indicating CMPA. Patients with IBS and lactose
intolerance had more severe symptoms and a higher degree of fatigue, anxiety, and depression[128,
129]. Therefore, we should consider that a significant minority of patients with IBS could benefit from a
dairy elimination diet, especially in the presence of evidence of CMPA. More studies are necessary to
identify the complex pathogenic mechanisms of FGIDs and to improve their management[130].

COW’S MILK AND IBDS

The relationship between cow’s milk and IBD is cause and effect. There is much evidence of an
increased prevalence of ulcerative colitis in children with a previous history of CMPA. Knoflach et al
[131] found high IgG and IgM against CMP in patients with IBD than in controls, with a good
correlation between disease activity and the levels of IgG and IgA against certain CMPs. In addition,
Virta et al[132] found in two separate studies that a past history of CMPA increases the prevalence of
pediatric IBD. In contrast, asthma increases the likelihood of Crohn’s disease[132,133].

On the other hand, lactose malabsorption prevalence is significantly more common in patients with
Crohn’s disease affecting the small intestine than in patients with Crohn’s disease affecting the colon or
patients with ulcerative colitis. In IBD affecting the colon, lactose malabsorption prevalence is affected
by other factors, such as ethnic risk determined by genetic factors. The degree of lactose malabsorption
in Crohn’s disease of the small intestine is also affected by bacterial overgrowth and small intestine
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transit time, in addition to lactase enzyme activity[132].

Avoiding dairy products is common dogmatic advice given by many physicians to patients with IBD.
However, Strisciuglio et al[134] showed that dietary CMP elimination has no substantial role in
managing ulcerative colitis in non-sensitized children. Due to dairy product restrictions in patients with
IBD (either due to unnecessary fear of the presence of CMPA or due to the occurrence of secondary
lactose intolerance), there is an increased risk of inadequate intake of calcium, an essential element to
prevent the decrease in bone mineral density, which consequently increases the risk of osteoporosis.
Therefore, proper dietary management is crucial to prevent osteoporosis through education and
adequate dietary management with low/free-lactose milk, fermented milk, plant-based milk supple-
mented with calcium and vitamin D, calcium-rich foods, and calcium supplements[135]. The exclusion
of certain types of foods should be based on solid science. Indiscriminate exclusion of certain foods
increases the risk of nutritional deficiencies. Lim et al[136] showed that the mean daily calcium, vitamin
A, and zinc intake were significantly decreased in the food exclusion group. Milk was the most common
restricted food, followed by dairy products, raw fish, deep-spicy foods, and ramen. Therefore, the
magnitude of osteoporosis will be further increased by dairy product restriction, in addition to the
effects of IBD itself[137].

Fermented milk using specific lactic acid bacteria could help avoid dairy product restrictions.
Fermented milk with lactic acid-producing bacteria contains exopolysaccharides, peptides, and short-
chain fatty acids that help to modulate intestinal lumen pH, help recovery of intestine mucosa,
modulate the gut microbiota, and alleviate the inflammatory response by modifying the innate and
adaptive immune system. As a result, bioactive compounds derived from fermented milk can alleviate
the negative symptoms of IBD[138]. Consequently, the disease activity can be significantly reduced by
the oral administration of specific probiotics containing B. subtilis JNFE0126. Zhang et al[139] showed
that B. subtilis-containing fermented milk could decrease the intestinal mucosa inflammatory response,
induce intestinal stem cell proliferation, and promote mucosal barrier reconstruction. B. subtilis-
containing fermented milk helps to rebalance the gut mucosa through the enrichment of Lactobacillus,
Bacillus, and Alistipes and decrease Escherichia and Bacteroides abundance.

COW’S MILK-RELATED GASTROINTESTINAL CANCER

Despite data from the geographic distribution of colon cancer showing increased milk consumption
[140], a meta-analysis found that milk and whole milk products are associated with a lower risk of
colorectal cancer[141]. The protective effects of milk and whole dairy products are related to the high
calcium content of milk. Calcium is the primary anti-carcinogen, especially in doses equal to or higher
than 1200 mg/d. Therefore, calcium supplementation is indicated in patients with a contraindication to
milk intake[142]. Vitamin D is another milk ingredient that protects against colon cancer. However,
Baron et al[143] showed that daily vitamin D3 (1000 IU), calcium (1200 mg), or supplementation with
both after surgical removal of colorectal adenomas did not show significant risk reduction of recurrent
colorectal adenomas over a follow-up period of three to five years.

MILK AND GASTROINTESTINAL INFECTIONS

As milk is a part of everyday human food from birth onwards, it may be a source of microbial infection
in humans, causing many diseases. Milk is rich in sugars, lipids, and proteins, which are ideal media for
the growth of a broad spectrum of organisms. Diseases produced by milk-borne organisms include
Mycobacterium avium, Mycobacterium bovis, Salmonella species, brucellosis, streptococcal infections,
“summer diarrhea”, Yersinia enterocolitica, diphtheria, Escherichia coli (E. coli), Campylobacter jejuni,
Citrobacter species, Shiga toxin-producing E. coli, Pseudomonas aeruginosa, Proteus mirabilis, and Klebsiella
species[144]. Campylobacter species and Salmonella species are the most common identified etiological
agents, while other zoonotic infections, particularly yersiniosis and listeriosis, are increasingly reported.
Most infections were due to improperly treated cows’ milk or dairy products and increasingly polluted
“heat-treated” milk products. Milk pasteurization decreased infectious diseases and their high infant
mortality rates by only 50%, even with concurrent medical and dairy hygiene advances, particularly in
the less developed world[145]. Most of these infections presented with manifestations of gastroenteritis,
food poisoning, and hepatosplenomegaly, in addition to systemic manifestations such as fever, muscle
aches, severe headache, meningitis, sepsis, pneumonia, and renal failure. Raw milk consumption, a
common practice by milk producers on their farms, is a significant risk factor for milk-transmitted
infection, despite the other health benefits of drinking fresh milk over pasteurized milk. In addition, raw
milk consumption increases the risk of horizontal gene transfer of antimicrobial resistance genes where
the bovine strains may meet the human microbiota and change them into resistant pathogenic strains, a
fundamental reason for increasing the prevalence of antimicrobial resistance[146].
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CONCLUSION

Cow’s milk induces various gastrointestinal and systemic manifestations from birth to the elderly with
various underlying mechanisms. Cow’s milk allergy is a common disorder, especially at pediatric age,
with different presentations according to the site of major implication. However, when it is present in
adulthood, it is usually severe. Eliminating the offending CMP from breastfeeding mothers” diets and
using extensively hydrolyzed or amino acid-based formulas are the main lines of treatment in infancy
and childhood. Avoiding dairy and dairy products is also conducted for adults with CMPA. Different
types of lactose intolerance can occur with different presentations and prevalence according to age and
ethnicity. It can be isolated or be a part of a broader intolerance to various saccharides. CMPA and
lactose intolerance, in addition to milk-induced gut microbiota dysbiosis, are commonly associated with
various FGIDs such as gastroesophageal reflux, peptic ulcers, infant colic, IBS, and constipation. Cow’s
milk consumption may be implicated in the pathogenesis of some cancers and the prevention of others.
In addition, cow’s milk is a significant source of many zoonotic infections that could affect human
health. It may also play a role in the development of antimicrobial resistance. This special issue will
cover these various topics in more detail. Physicians and patients should be well oriented with milk-
related disorders to avoid unnecessary nutritional mismanagement.
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Abstract

Childhood obesity represents a complex disease with a well-known cardio-
metabolic burden including fatty liver, type 2 diabetes, metabolic syndrome, and
cardiovascular disease. From a pathogenic point of view, insulin resistance (IR)
represents the key factor underlying the spectrum of these obesity consequences.
As observed in adults, recent data supported the occurrence of microalbuminuria
(MA) as marker of early kidney dysfunction and its potential link with cardio-
metabolic factors also in children with obesity. In fact, a well-documented
pathophysiological hypothesis both in adults and children supported an intimate
correlation with the major feature of obesity such as IR through the influence of
insulin on renal hemodynamics. Based on the clinical and prognostic relevance of
this relationship in daily practice (including an increased risk of chronic kidney
disease development overtime), more scientific attention needs to be paid to the
evaluation of early kidney damage in children with obesity. In this paper, we
attempt to address three debated questions regarding the intriguing liaison
between IR and MA in children with obesity: (1) What is the prevalence of
pediatric MA? (2) What is the state of art of MA in children with obesity? and (3)
Is there a link between IR and MA in children with obesity?
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Core Tip: In addition to the well-known cardiometabolic consequences of obesity (including fatty liver,
type 2 diabetes, metabolic syndrome, and cardiovascular disease), early kidney damage has been also
demonstrated in children with obesity. As a consequence of the dysmetabolism, the occurrence of microal-
buminuria as an early marker of kidney dysfunction has been widely described in these subjects and
closely linked to insulin resistance. Given the lack of extensive pediatric data and the prognostic implic-
ations of this intriguing association, a better knowledge in this field is needed to counteract the intrinsic
increased cardiometabolic risk of children with obesity.

Citation: Colasante AM, Bartiromo M, Nardolillo M, Guarino S, Marzuillo P, Mangoni di S Stefano GSRC,
Miraglia del Giudice E, Di Sessa A. Tangled relationship between insulin resistance and microalbuminuria in
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INTRODUCTION

Microalbuminuria (MA) has been largely recognized as an independent predictive and prognostic
marker not only of renal dysfunction but also of cardiovascular morbidity and mortality[1-3] not only in
adults with diabetes or obesity but also in healthy subjects[1]. MA is diagnosed when urinary albumin
excretion (UAE) is 30-300 mg/24 h in a 24-h urine collection or 20-200 pg/min in a night time collection
and ratio of urinary albumin to creatinine concentrations (UACR) is 30-300 mg/ g or 3-30 mg/mmol in a
first-morning urine sample random urine[2]. Estimates from cross-sectional studies found a prevalence
of MA in healthy adult subjects of approximately 4%[3,4] (3.7% in males and 4.6% in females,
respectively[4]) with a significant increase up to 6.2% in patients with obesity[4]. In particular, visceral
obesity has been linked to MA, since the negative role of visceral adipose tissue on cardiovascular
outcomes[5,6]. In this context, MA and obesity had a similar additive effect on the risk of death,
independently of other common risk factors (.., diabetes, smoking, hypertension)[7].

Owing to its clinical relevance as an early marker of glomerular damage preceding the onset of overt
diabetic nephropathy by 10-14 years[8], MA prevalence has been studied also in adults with diabetes,
ranging from 7.4% to 11.4%[3,4]. Given the beneficial influence of an optimal glycemic control on the
entire spectrum of renal impairments diabetes-related (MA, nephropathy, micro- and macrovascular
consequences), MA screening has been recommended in these subjects[9,10].

In contrast to robust evidence supporting the clinical significance of MA in morbid adults, pediatric
data in this field are still very limited[1].

WHAT ABOUT PEDIATRIC MA?

The evaluation of MA in healthy children and adolescents represents a pitfall since its potential
relationship with strenuous exercise or febrile illness[11].

Based on cross-sectional data from NHANES III[2], MA prevalence in the first years of life has been
found to be approximately 5.7%-7.3% in boys and 12.7%-15.1% in girls[1]. The higher percentage of MA
in girls than boys could be attributed to the lower muscle mass and urinary creatinine excretion
resulting in higher UACR values.

Remarkably, some studies reported an increased prevalence of MA in normal weight adolescents
than in those with obesity[12-14]. Higher albumin excretion rate (ACR) levels have been significantly
associated with a lower body mass index standard deviation score[15] and a higher height z-score[16].
In fact, healthy adolescents with MA are commonly thin and tall[16] and in these subjects MA might be
directly related to the increased physical activity of thin children.

More, an increase of MA has been found in small for gestational-age children[1] and in school-age
children[13]. In particular, the microalbumin/creatinine ratio in spot urine of healthy children
decreased with increasing age[16]. A positive correlation between ACR and pubertal development stage
has been also reported[17].

Of note, glucose metabolism impairments [e.g., insulin resistance (IR)], pro-atherosclerotic pathways (
e.g., obesity), and haemodynamic load (e.g., hypertension) have been largely accepted as the main
cardiometabolic risk factors for the onset of MA in childhood[1,13,18].

Certain pathophysiological mechanisms such as low-grade inflammation, diffuse vascular damage
with endothelial dysfunction[19], and increased permeability of the glomerular basement membrane[20]
have been implied in urinary albumin loss.
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WHAT IS THE STATE OF ART OF MA IN CHILDREN WITH OBESITY?

Although there is a direct association between MA and metabolic syndrome in adults[21,22], no similar
consensus has been currently reached in childhood[13,23,24] . As a consequence of pediatric obesity
epidemic[21], MA has been described in these children but its relationship with metabolic milieu is still
debating[25,26](Table 1).

In cross-sectional studies, MA prevalence in children and adolescents with obesity has been found to
be approximately 6.4%[27]. Several clinical and cardiometabolic risk factors linked to MA in children
and adolescents with obesity have been studied including age, sex, body mass index, waist circum-
ference, triglycerides, high-density lipoprotein cholesterol, hypertension, and glycated hemoglobin
(HbA1c)[28-30].

A large pediatric Korean study[23] demonstrated a significant association of MA with hyperglycemia
[odds ratio (OR) 2.62, 95% confidence interval (CI): 1.09-6.30, P < 0.001] in normal weight children, while
hypertension (OR 14.10, 95%CI: 1.12-177.98, P < 0.001) was found to be correlated to MA in children
with obesity. Interestingly, HbAlc was associated with MA in both groups (OR 3.34, 95%CI: 1.09-10.17,
P <0.001, and OR 6.68, 95%CI: 1.87-23.95, P < 0.001, respectively)[21].

Nguyen et al[29] showed that overweight adolescents with impaired glucose tolerance, IR, and
hypertension had MA, as previously demonstrated in adults[22,23]. From a pathogenic point of view,
the increased intraglomerular capillary pressure consequent to the excess weight status might result in
glomerular hyperfiltration. Consequently, it may potentially lead to MA through endothelial
dysfunction triggered by specific “hits” as hypertension, impaired fasting glucose, diabetes mellitus, or
smoking[31].

Lurbe et al[32] found that elevated urinary albumin excretion was correlated with higher waist
circumference and insulin levels, by emphasizing the role of metabolic derangements in this
relationship.

Cho and Kim[24] in a study on 1976 children and adolescents without diabetes mellitus, found a
prevalence of MA in subjects with obesity of 3%. More, authors reported an association of HbAlc with
MA regardless of weight status. In particular, a significant association of MA with hypertension was
demonstrated in these patients, supporting the usefulness of MA as a marker of cardiovascular risk.

Another study[33] examined 105 pediatric patients with obesity divided into three groups as subjects
with obesity only, subjects with obesity and metabolic syndrome, and subjects with obesity and type 2
diabetes. MA and increased levels of serum cystatin-C were found in patients with type 2 diabetes. In
addition to glomerular damage IR-related, the tubule-interstitial injury might be further aggravated by
glucose homeostasis dysregulation in patients with type 2 diabetes.

Burgert et al[34] reported a significant correlation of MA with post challenge alterations in glucose
metabolism and insulin sensitivity loss in pediatric patients with obesity and normal glucose tolerance.
In line with previous evidence[36], no association between metabolic syndrome and MA was reported,
but results are affected by the lack of a control group.

Similarly, Bartz et al[35], in a study on 58 adolescents described an intriguing link between obesity-
related IR (calculated through the euglycemic hyperinsulinemic clamp), and early MA onset. Indeed,
insulin enhanced the effects of angiotensin II, contributing to hypertension, raised intraglomerular
pressure, exacerbation of proteinuria, production of inflammatory cytokines, and apoptosis[36].

In contrast to the low prevalence of MA in the context of pediatric obesity reported in these studies,
data on kidney function from adolescents with severe obesity reported a higher MA prevalence (17.3%)
[37], suggesting a greater risk of chronic kidney disease for these patients.

In a study by Martin-Del-Campo et al[38] subjects with kidney alterations had higher body fat
markers (including body mass index, waist circumference, fat percentage, subscapular skinfold, efc.)
values and lower high-density lipoprotein cholesterol levels. Commonly, all these factors have been
strongly associated with the development of kidney disease in adults[39-41]. In fact, fat deposition in the
glomerulus may alter renal production of vasoactive and inflammatory mediators related to glomerular
damages[42].

Also, in the study of Sanad and Gharib[43], MA was proposed as a marker of the endothelial
dysfunction related to obesity and its metabolic consequences. Indeed, a positive correlation between
MA and a worse cardiometabolic profile (including abdominal obesity, dyslipidemia, hypertension, IR,
and impaired glucose tolerance) was demonstrated in children with obesity.

Similar evidence was provided by Savino et al[44]. Although no clinical evidence of kidney
dysfunction was found in youths with obesity compared to healthy controls, MA was confirmed to be
associated with hypertension, adiposity, and IR.

Csernus et al[45], found that children with obesity and glucose homeostasis abnormalities (including
hyperinsulinemia and impaired glucose tolerance) and had a higher urinary albumin/creatinine ratio
than normal weight children, supporting the central role of these factors in the development of kidney
damage.

On the other hand, there is some contrasting evidence[29] reporting no association between MA and
cardiometabolic risk factors in childhood obesity. To explain this, it could be supposed that a longer
dysmetabolism (including duration of obesity and IR status) is required for renal dysfunction
development.
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Table 1 Main studies on microalbuminuria in children with obesity

Ref.

Study
design

Population

Main findings

Savino et al
[44]

Sanad and
Gharib[43]

Csernus et al
[45]

Goknar ef al
[30]

Hirschler et al
[12]

Radhakishun
et al[28]

Oz-Sig et al
[33]

Lurbe et al[32]

Cho et al[15]

Burgert et al
[34]

Nguyen et al
[29]

Martin-Del-
Campo et al
[38]

Case Control

Cross -
Sectional

Case-Control

Case-Control

Retrospective
Study

Retrospective

Retrospective

Retrospective

Retrospective

Cohort Study

Cross
Sectional

Cross
Sectional

One hundred seven OB Caucasian
prepubertal and pubertal children
and adolescents of both sexes (M
52, F 55). Fifty normal weight
Caucasian children as control
group (M 26, F 24)

One hundred fifty prepubertal
obese children. Exclusion criteria:
fever, infections, renal diseases,
LES, endocrine disorders,
albuminuria associated with
urinary tract infections

Eighty-six obese children. Seventy-
nine normal weight children as a
control group. children with
secondary obesity were excluded

Eighty-four OB individuals aged
4-16 yr as study (case) group.
Sixty-four normotensive healthy
children as control group

One thousand five hundred sixty-
four children aged 5-14 yr,
220/1564 OB (14.1%), 300/ 1564
OW (19.2%), 1044/1564 (66.7 %)
normal weight, 318/1564 (20.3%)
central OB

Four hundred eight OB children
aged 3-19 yr, 50 % males

One hundred and five obese
children (M 39) aged 4-18 yr. The
cohort was divided into three
groups as solely obese, with
metabolic syndrome and with type
2 diabetes. MA was tested in 24 h
collected urine (MA: 30-300 mg)

One hundred and thirty-four OB
children aged 9-18 yr. Obesity: z
score > 2, Moderate obesity: z
score 2-2.5. Severe obesity: z score
>2.5. UAE was measured in the
first voiding urine of the morning

One thousand four hundred and
fifty-nine adolescents aged 12-18

yr

Two hundred seventy-seven
children and adolescents

Two thousand five hundred fifteen
adolescents aged 12-19 yr.
310/2515 children with BMI > 95

pc.

One hundred seventy-two
children and adolescents aged 6-16
yr, 46/172 (27%) normal weight,
55/172 (32%) overweight, 71/172
(41%) obesity

A modest significant difference was seen in AER values, which were higher in the
OB group, even if mostly within normal range. AER showed a positive correlation
with central adiposity, insulin resistance indexes and hypertension

There were significant positive correlations between MA and BMI, WC, systolic and
diastolic BP, TG and LDL-c levels, insulin resistance and fasting glucose level. In
contrast, there was a negative correlation between MA and HDL-c levels (P < 0.01).
No significant correlations of MA with age and sex were found (P > 0.05)

OB children with obesity had a significantly higher U-ACR and U-BMCR as
compared to the normal weight children. OB children with no more than one of
cardiovascular risk factors (e.g., hyperinsulinemia, fasting or post-prandial glucose,
dyslipidemia and hypertension) had a significantly lower U-ACR than those with
two or more features. U-ACR was positively correlated with body weight and with
the fasting plasma glucose concentrations measured during the OGTT. U-ACR was
increased in OB children with hypercholesterolemia. No association of U-ACR with
TG and HDL-c levels was found

No statistically significant differences were found in urine microalbumin/ creatinine
(P =0.740)

U-ACR decreased with increasing z-BMI for boys and girls. Median ACR and
urinary albumin levels were significantly higher in normal weight children than in
OW/OB children. Median ACR and urinary albumin levels was higher in OB girls
than in OB boys

A low prevalence of MA (2.7%) was found. All subjects with MA were obese

MA was significantly higher in type 2 diabetic group; statistical significance was
reached in the group with metabolic syndrome and type 2 diabetic group. MA was
not detected in the solely obese group

No differences between different groups of obesity degree were found. Increased
UAE was linked to fasting Insulin HOMA Index, higher WC, and TG levels

MA was detected in 3.6% of subjects (53/1459). The Height z score of the MA group
was greater than that of the NA group. The Weight z score of the MA group did not
differ from that of NA group. The MA group had a lower BMI z score. MA group
had higher HDL-c and lower TG levels. No significant differences in BP, fasting
glucose, total cholesterol, and LDL levels were reported. UACR was associated with
younger age, lower weight z score, lower BMI z score, lower W/Hr, but not with the
height z score. UACR was associated with higher HDL level and lower TG values

MA was found in 10.1 % of subjects (28/277). No significant differences between the
two groups (MA e NA) in term of the anthropometrical and common cardiovascular
risk factors were reported. Subjects with MA had higher plasma glucose and insulin
levels during OGTT

MA was detected in 8.9% of the study population. UACR girls was significantly
higher in girls than in boys. MA was prevalent among NON-OW adolescents.
Similarly, MA was prevalent among adolescents without abdominal obesity, and
without insulin resistance

MA was observed in children with OW (3.6%) and with OB (9.9%) more than in
normal weight children
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AER: Albumin excretion rate; BMI: Body mass index; HDL-c: High-density lipoprotein- cholesterol; LDL-c: Low-density lipoprotein- cholesterol; MA:

Microalbuminuria; NA: Normal albuminuria; OB: obese; OGTT: Oral glucose tolerance test; OW: overweight; TG: Triglycerides;U-ACR: Urinary

albumin/creatinine ratio; UAE: Urinary albumin excretion; U-BMCR: Urinary beta-2-microglobulin/creatinine ratio; WC: Waist circumference; W/Hr:

waist-to-height ratio.
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An Italian study[46] involved 901 children and adolescents subdivided according to estimated
glomerular filtration (eGFR). Children with mild-low eGFR (< 20" percentile) and high eGFR (> 80*
percentile) had an increased presence of cardio-metabolic risk factor. Between these, children with
reduced eGFR levels had a worse cardio-metabolic profile. Considering this, authors suggested eGFR as
a useful tool to identify children at greater cardiometabolic risk.

Similar findings were reported in another cross-sectional study examining 360 children with obesity
[28]. Subjects with eGFR > 1 SD had higher systolic blood pressure, glucose, and insulin levels in
response to oral glucose tolerance test. No significant association was demonstrated between MA
(reported in 6.4% of subjects) and other cardiometabolic markers in children with obesity, although a
lower insulinogenic index in subjects with MA was reported.

IR AND MA IN CHILDHOOD OBESITY: IS THERE A LINK?

As observed adults[7,39], early renal damage (expressed as MA) has been demonstrated as a
consequence of obesity in childhood[1,12,26]. Robust evidence has shown that MA represents a close
reflection of the systemic vascular endothelial damage status[26,34,35]. In this tangled framework, a
pivotal pathogenic role in the development of the underlying renal hemodynamic abnormalities has
been widely recognized for IR[26,32,35] (Figure 1). As a consequence of a reduced insulin sensitivity,
hyperinsulinemia- through the well-documented conflicting effects of insulin (both antinatriuretic and
at tubular and glomerular level, respectively), acts as a key player in the tangled dysregulation of renal
hemodynamics (including glomerular hyperperfusion, hyperfiltration, etc.) occurring in children with
obesity[47,48]. To complicate matter, IR seems to mediate the intertwined relationship of MA with
obesity and early renal impairment[35]. Classically, several different signaling pathways are involved in
IR development and have been found to act also in the early stages of renal injury[26,34,35]. Therefore,
MA represents an early predictive cardiometabolic risk marker as its close relationship with endothelial
dysfunction reflecting both renal and systemic endovascular damage[26,34,35]. Although the current
paucity of data examining the association of IR with MA in children with obesity, there is some
pediatric evidence linking this latter to cardiometabolic risk factors[23,25,26,43]. IR represents a central
player in Metabolic syndrome, in turn closely related to obesity, realizing a dangerous vicious circle[26,
43,46]. In particular, the adiposity-related IR might lead to endothelial dysfunction with subsequent
increased permeability responsible for the loss of albumin and other molecules involved in lipid
accumulation and inflammation in the wall of vessels[26,43]. Taken together, these derangements might
represent a potential pathophysiological explanation of kidney damage observed in children with
obesity[26,43,47].

As the relevant prognostic implications of the relationship between MA and IR on the cardio-
metabolic burden of children with obesity[49], this intriguing link deserves to be further strengthen in
larger pediatric studies.

CONCLUSION

Within the spectrum of the pediatric obesity-related consequences, recent data have focused on the risk
of early kidney damage in these children. Although still contrasting, a large body of evidence supported
a complex relationship of MA with IR. Noteworthy, this latter represents an intriguing shared risk factor
between obesity and early renal impairment.

Taking into account the adverse prognostic implications of the association of MA with IR not only on
renal function but also on the general health status of children with obesity, we believe that MA
evaluation should be included in the overall assessment of these patients as subjects with an intrinsic
higher cardiometabolic risk.
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Figure 1 Pathophysiological link between microalbuminuria and insulin resistance. MA: Microalbuminuria; TGF-B1: Transforming growth factor-p1;
RAAS: Renin-angiotensin-aldosterone system.
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Abstract

BACKGROUND

Insulin pump therapy is a real breakthrough in managing diabetes Mellitus,
particularly in children. It can deliver a tiny amount of insulin and decreases the
need for frequent needle injections. It also helps to maintain adequate and optimal
glycemic control to reduce the risk of metabolic derangements in different tissues.
Children are suitable candidates for pump therapy as they need a more freestyle
and proper metabolic control to ensure adequate growth and development.
Therefore, children and their caregivers should have proper education and
training and understand the proper use of insulin pumps to achieve successful
pump therapy. The pump therapy continuously improves to enhance its perfor-
mance and increase its simulation of the human pancreas. Nonetheless, there is
yet a long way to reach the desired goal.
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AIM

To review discusses the history of pump development, its indications, types, proper use, special
conditions that may enface the children and their families while using the pump, its general care,
and its advantages and disadvantages.

METHODS
We conducted comprehensive literature searches of electronic databases until June 30, 2022,
related to pump therapy in children and published in the English language.

RESULTS
We included 118 articles concerned with insulin pumps, 61 were reviews, systemic reviews, and
meta-analyses, 47 were primary research studies with strong design, and ten were guidelines.

CONCLUSION
The insulin pump provides fewer needles and can provide very tiny insulin doses, a convenient
and more flexible way to modify the needed insulin physiologically, like the human pancreas, and
can offer adequate and optimal glycemic control to reduce the risk of metabolic derangements in
different tissues.

Key Words: Insulin pump; Children; Diabetes mellitus; Keto-acidosis; Continuous glucose monitoring;
Insulin therapy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The insulin pump is a significant step in proper diabetes management in the way to simulate the
human pancreas. Insulin pumps undergo significant daily improvement every day to enhance their
performance. The insulin pump is beneficial for children with type I diabetes mellitus. However, proper
training and education of the children and their families are mandatory for the appropriate function of the
insulin pumps. They should know how to use it properly and overcome the difficulties they may encounter
and the different scenarios they may meet. The way still long to achieve our goals.

Citation: Al-Beltagi M, Saced NK, Bediwy AS, Elbeltagi R. Insulin pumps in children - a systematic review. World
J Clin Pediatr 2022; 11(6): 463-484

URL: https://www.wjgnet.com/2219-2808/full/v11/i6/463.htm

DOI: https://dx.doi.org/10.5409/wjcp.v11.16.463

INTRODUCTION

The insulin pump is a giant breakthrough in diabetes mellitus (DM) treatment. Treating diabetes with
an insulin pump is the method most similar to the normal physiologic function of the pancreas. The
pump delivers insulin in 2 different ways simulating the human pancreas. It delivers a continuous small
insulin quantity as a "background insulin" to maintain the basal metabolic rate and bolus insulin doses
when needed to metabolize the ingested food. The insulin pump is particularly needed in the
management of type I DM. The insulin pump is continuously undergoing massive improvement.
Nonetheless, there is yet a long way to reach the desired goal[1].

MATERIALS AND METHODS

This review aims to discuss the history of pump development, its indications, types, proper use, special
conditions that may enface the children and their families while using the pump, its general care, and its
advantages and disadvantages. In this narrative review, we conducted comprehensive literature
searches of electronic databases, PubMed, Embase, Cochrane Library, Reference Citation Analysis
(RCA), Cumulative Index to Nursing and Allied Health Literature (CINAHL), Web of Science, Scopus,
Library and Information Science Abstracts (LISA), and the National Library of Medicine (NLM) catalog
up until June 30, 2022, related to pump therapy in children. Reference lists were inspected, and citation
searches were done on the included studies. We included open access papers for English-language
studies concerned with insulin pump therapy and diabetes mellitus in children. We also reviewed many
review articles concerned with pump therapy in children. We also reviewed the articles that are
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available as abstracts only. We excluded articles with commercial backgrounds.

RESULTS

Figure 1 showed the flow chart of the reviewed articles. We included 118 articles concerned with insulin
pumps, 61 were reviews, systemic reviews, and meta-analyses, 47 were primary research studies with
strong design, and ten were guidelines.

DISCUSSION

For a long time, there is a need for proper management of children with diabetes. The result of this
review showed that despite the many challenges that enface the use of insulin pumps in children, the
advantages are far more than the challenges.

HISTORICAL BACKGROUND

Diabetes has been described in the Papyrus Ebers (c. 1550 BC), Ayurvedic medicine (5*/6" century BC),
Greek medicine (1% century BC), and medieval Islamic medicine by Avicenna for a long time[2]. Oskar
Minkowski and Joseph von Mering first linked diabetes to pancreatic illness in 1889. In 1910, Sir Edward
Albert Sharpey-Shafer proposed that the missing pancreatic component be named insulin, after the
Latin word Insula (island). Frederick Grant Banting and his colleagues discovered and refined insulin
for clinical use in Toronto, Canada, between 1920 and 1922[3].

Leonard Thompson, a fourteen-year-old boy, was the first human to receive an insulin injection,
controlling his high blood sugar within 24 h. Shortly after, Eli Lilly's medical company started mass
insulin production from cattle and pigs to supply the needs of North America. After about 14 years,
Harold Percival Himsworth differentiated type I Diabetes Mellitus from type II in 1936. In the same
year, Novo Nordisk Pharmaceuticals developed long-acting insulin. By 1978, genetic engineering
enabled the human being to have the first synthetic "human" insulin produced by E. coli bacteria. After
four years, Eli Lilly made the human biosynthetic insulin commercially available for the first time with
the brand name Humulin in 1982[4,5].

The first insulin pump was invented in 1963 by Arnold Kadish, who developed a prototype backpack
pump to deliver insulin and glucagon. However, Dean Kamen developed the first wearable insulin
infusion pump in 1973, which started to be produced commercially by AutoSyringe Inc in 1976[6]. In the
same year, continuous subcutaneous insulin infusion was started successfully. The glucose-controlled
insulin infusion system was developed by BioStar company to be the first step in the development of
artificial pancreas development in the 1980s. During the same period, the first blood glucose home-
based monitors were available to accurately monitor blood glucose levels at home. A few years later, the
prefilled syringe-insulin pen delivery systems appeared, providing a safe and convenient insulin
delivery method with accurate dosing[7]. In 1983, MiniMed released the first small-sized programmable
insulin pump, followed by the soft-set infusion set in 1987, using a soft, flexible cannula to ensure
customer comfort. In 1992, MiniMed redesigned the pump to be programmed to include meal bolus
memory and daily insulin totals. Continuous upgrading of the pump continued to prolong blood
glucose recording to 3 days in 1999. The same year showed constant upgrading of the pump to enable
remote programming abilities to control, administer, and stop insulin delivery and to program multiple
delivery patterns and different alert types, including vibration mode and child-block][8].

By 2000, the concept of implantable insulin pumps emerged to help patients with significantly
uncontrolled diabetes. In 2003, the wireless "intelligent" insulin pump was introduced, which can
automatically transmit a blood glucose value from a glucose meter to the insulin pump, which
calculates the proper insulin dosages. In 2004, the pump was upgraded to notify and alarm diabetes
patients of potentially severe high or low glucose fluctuations. In 2005, the system was upgraded to
display updated real-time blood glucose values every five minutes, plus the alarming system for severe
blood glucose fluctuations, which provided significant help to people with diabetes who need better
glucose control[9]. In 2006, a real-time insulin pump system with a continuous glucose monitoring
system became available, which was a significant step in developing a "closed-loop" insulin delivery
system or what is called "artificial pancreas" trying to mimic some human pancreas functions. Updating
the pump system continued over the years, so by 2012, the concept of next-generation artificial pancreas
systems was elaborated. In 2018, Bekiari et al[11] showed that the artificial pancreas is "effective and
safe" in treating people with type 1 diabetes[10,11].
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Figure 1 The flow chart of the study according to PRISMA 2009 guidelines.

JBaishideng®

INDICATIONS OF INSULIN PUMP

The Key target of diabetes management is to maintain adequate and optimal glycemic control to reduce
the risk of metabolic derangements in different tissues. Although it may be a simple goal, it is not
always easy to achieve in practice. There are currently two ways to deliver insulin: Multiple daily
subcutaneous injections (conventional insulin therapy) or continuous subcutaneous insulin infusion,
also identified as insulin pump therapy[12]. There are many difficulties with conventional insulin
therapy, including the variable glycemic control with frequent occurrence of hypoglycemia, abnormal
weight gain related to the insulin therapy, augmented by improper dosage calculation related to human
error, and the lack of adherence to insulin therapy, especially with multidose regimens[13]. Using an
insulin pump to manage DM depends on many factors, including the patient's desire, daily life routine,
and knowledge and experience with the disease. More than 25% of patients with type I DM are
currently using insulin pump therapy. It is especially indicated in the presence of high hemoglobin A1C,
poor glycemic control with problematic hypoglycemia such as nocturnal hypoglycemia, recurrent
hypoglycemia, activity-induced hypoglycemia, recurrent diabetic ketoacidosis, frequent hospitalization,
large total daily dose, presence of progressive complications such as gastroparesis, inability to self-
administer insulin (such as in pre-school or grade-school children), the need for more meal time
flexibility, or the inability to predict food or meal intake (such as in infants or toddlers)[14]. Bareti¢ et al
[15] showed that nocturnal hypoglycemia is the main indication for insulin pumps in adults with type I
DM, especially with limited affordability. Patients with type 2 Diabetes who fail to have adequate
glycemic control with multidose insulin therapy may have better control with pump therapy, improving
HbAlgc, and limiting weight gain[16]. So, the insulin pump can be sued for type I and II DM in adults
and children, especially for those who want more flexibility and proper mealtime adjustment. About
1/1000 of patients with DM are currently using insulin pumps, and their number is increasing; 90%
have type I DM, while only 10% have type II. About 6% of adult patients with type I DM use it, while it
reaches about 19% in children with type I DM[17].

TYPES OF INSULIN PUMPS

There are two main types of insulin pumps; the first type is a 'tethered' pump that uses a fine tube
connecting the pump with a cannula (Figure 2A). The patient can wear the pump in a pocket or fasten it
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Figure 2 shows the two main types of Insulin Pumps. A: Tethered pump formed of 1: Main pump. 2: Insulin Reservoir. 3: Monitor. 4: Infusion set; B: The
patch pump formed of 1: A pump adherent to the skin with no or very short tube and 2: A wireless control unit.
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to a belt and should change the tubing every 2-3 d. The patch pump (micro pump) is another type
without tubing or may have a very short flexible plastic tube (cannula) inserted under the skin
(Figure 2B). The pump usually adheres to the skin with an adhesive patch and is wirelessly controlled
with a handheld controller unit[18]. The insulin pump is generally formed of the central pump unit
connected to an insulin reservoir which usually holds between 176-300 units of short-acting insulin.
Another new version of the insulin pump has a built-in Continuous Glucose Monitor (CGM). The pump
is supplied with an alarm system activated when the blood glucose reaches a predetermined low or
high level[19]. A SmartGuard Technology can be added to CGM to stop insulin supply for two hours if
the user's blood glucose reaches a predetermined low level pre-settled without activating the alarm
system. Some pumps use a hybrid closed-loop technology by using the SmartGuard technology to
permit the users to select from increasing the levels of automation that best suit their needs. The auto
mode enables automatic adjustment of the basal insulin delivery according to the glucose reading of the
user's CGM sensor and recent insulin delivery[20].

There is also a bolus calculator, able to automatically calculate the doses and inform the person if they
are too closely set together. However, in this mode, the user should enter the details of carbohydrate
intake, confirm the mealtimes, and adjust the correction boluses. Some insulin pumps have an Insulin
on board (IOB) feature so that the pump can calculate how much insulin remains active in the patient's
body from the previous insulin bolus dose[21]. Some pumps are also waterproof to tolerate up to 12 feet
underwater for about 24 h. This feature enables patients with diabetes to enjoy swimming with minimal
risk of hypoglycemia. The vast advances in insulin pumps are related to significant software and
artificial intelligence progress. For example, some pumps allow choosing an exercise set to change the
person's glucose target[22] automatically. Most of the new versions of insulin pumps are compatible via
Bluetooth with smartphones with different applications such as the Carelink Connect app, which allows
family members or caregivers to access the patient's information and show all readings and permits
notifications and alarms. People also can deliver insulin remotely using a smartphone-like Personal
Diabetes Manager device. The suitable age for the pump use differs according to the pump type and
version, in which the manufacturers determine the appropriate age of use according to each pump's
features[23].

USE OF THE INSULIN PUMP

The children and their caregivers should understand the proper use of insulin pumps to achieve
successful pump therapy. The children and their caregivers should have a comprehensive education
program about diabetes management and insulin pump use before starting it. They should be able to
adjust the blood glucose levels using multiple daily insulin injections and monitor blood glucose
frequency at least four times daily during the last two months before the insulin pump therapy[24].
They should also learn to test ketones when the blood glucose level is more than 13.3 mmol/L (240
mg/dL) and recognize symptoms of ketoacidosis when present. Before using the pump, the children or
their caregivers should know the suitable age for using it as predetermined by the manufacturers[25].
They should know whether the pump is waterproof, watertight, water-repellent, water-resistant, or not.
If the pump is not, they should remove it before showering or swimming. If the pump is waterproof,
they should know how many feet in-depth and how long. The patient also should know the maximum
time the pump can be removed without affecting its performance, e.g., one hour for the Aviva Combo
insulin pump[26]. The child and his/her caregiver should know the number of insulin units the insulin
cartridge can hold. However, they should know that the half-life of the insulin pods may not depend on
how much insulin is used. The insulin the pump uses is fast-acting insulin because of its rapid onset and
offset. Even fast-acting insulin takes some time for its action onset and offset. We should also note the
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presence of significant individual variations in the onset, duration, and offset of the same type of insulin
[27].

The patients and their caregivers should be aware of the lowest basal delivery rate the pump can
deliver. They should understand the available basal (background) insulin patterns such as daily,
weekend, exercise, and night shifts. They also should be aware of the insulin-to-carbohydrate ratio
program feature. This mode helps the patient calculate an estimated insulin bolus dose to cover any
carbohydrates the patient eats or drinks or improve high blood glucose[20]. The most important thing to
properly using the insulin pump is calculating the total daily insulin dose, which equals the basal and
the bolus insulin doses delivered each day. Total daily basal insulin is a continuous insulin infusion
needed to metabolize hepatic glucose production over 24 h, while the total daily bolus insulin is the
insulin units given on needs to control the meal-related glucose peaks over 24 h[28].

The pump's total daily insulin dose is 25% less than the current total daily insulin injection dose. To
calculate the pump's total daily insulin dose, we usually take the average of the 25%-reduced current
total daily insulin injection dose and the weight-based insulin daily dose, which equals the body weight
multiplied by 0.5. The pump's total daily insulin dose is less than the current total daily insulin injection
dose as the pump delivers the insulin more efficiently, and the insulin is more regularly absorbed than
the intermittent daily injections[26]. 40%-50% of the pump's total daily insulin dose is delivered as a
total daily basal insulin, while the other 50%-to-60% will be delivered as bolus doses related to the meal
intake (Figure 3). The total daily basal insulin is delivered at an hourly rate. However, it can be
programmed at different rates throughout the day according to daily activities and circumstances[29].

Meanwhile, the percentage of the total daily basal insulin from the pump's total daily insulin dose
differs according to the age of the patients; 20% to 40% from the pump's total daily insulin dose in
prepubertal and pubertal subjects, 30%-40% from puberty to adulthood, and 40% to 50% in adults. The
rest of the pump's total daily insulin dose is divided into bolus doses according to the meals. The ratio
of basal to bolus insulin is also dependent on the amount of carbohydrate diet, decreasing with a high
carbohydrate diet[30].

Basal insulin is the insulin level required to balance gluconeogenesis and peripheral glucose
utilization. Basal insulin keeps the blood sugar relatively constant without food intake. The pump
delivers the basal insulin in a tiny quantity per hour to control the blood glucose levels over a
predetermined period[31]. If a desired change in the basal insulin delivery is required, the adjustment
should begin two to three hours before the expected change in the blood glucose to prevent significant
fluctuations in its levels; so that the blood glucose level fluctuations are less than 30 mg/dL up or down,
either during the day or at night. In the flat basal profile, the total daily basal insulin is divided equally
over the day hours (divided by 24)[32]. However, the basal requirements show significant variation
within the same person day-on-day, based on circadian rhythm, meal and activity levels, exercise,
illness and stress, and the potential changes in the insulin absorption from the cannula. There are
various types (4-6) of modified basal profiles. The patient usually starts with a flat basal profile; then,
the profile is modified according to the patient's activity[33]. Some patients may need to increase the
basal rate in the early morning to neutralize the Dawn phenomenon. Conversely, we may need to
reduce the basal rate between mid-morning and mid-afternoon. Meanwhile, some patients may require
an increase in the basal rate in the evening (dusk phenomenon) due to a reduction in physical activity
later in the day (Figure 4)[34].

Suppose the patient has a fixed period of activity that occurs daily at the same time, such as walking
or swimming, when there is a risk of hypoglycemia. In that case, the basal rate can be modified to
accommodate these activities by reducing the basal rate 60-90 min before the expected activity. In a
situation with an increased likelihood of hyperglycemia, such as during illness, the patients may
increase the basal rate 30%-50% above the flat basal rate[35]. It should be noted that Blood insulin levels
need 2-3 h to reach a steady state after a basal rate change. Consequently, the changes in the basal rate
usually occur in blocks of hours. Most patients need to have multiple basal rates throughout the
daytime. Basal rates modified to match the patient's activity are associated with improved outcomes
[36]. Some insulin pumps can be programmed to suspend/stop insulin delivery from the pump for a
particular time before, during exercise, or in hypoglycemia. To reach the proper basal profile, the
patients need to check their blood sugar as frequently as eight times daily during the pump's first
month. After getting the target profile, the frequency of checking is about four times daily. However,
extra checks may be needed during times of exercise, traveling, illness, or the beeping of the pump
alarm[17].

Bolus insulin is an intermittent insulin bolus infusion intended to parallel the rises in blood glucose
related to food intake. It depends on personalized carbohydrate-insulin ratios, which are the amount of
insulin needed to match the ingested carbohydrate in grams without causing hypo/hyperglycemia[37].
It is calculated by dividing 500 in adults or 300 in children by the total insulin daily dose. For example, if
a child needs 45 insulin units as a daily dose, his carbohydrate-insulin ratio is 300/45 = 6.6. This means
that the child needs one Insulin unit for every 6.6-gram carbohydrate. For a meal that contains 120 gm of
carbohydrates, the child needs 18 insulin units to maintain the blood glucose levels within the normal
range[38]. The insulin pump can deliver various forms of insulin bolus. There are three main types of
bolus insulin; the typical bolus, the square-wave bolus, and the dual-wave bolus (Figure 5)[39]. In the
typical bolus, the pump delivers the insulin immediately on top of the basal rate for three minutes. The

WJCP | https://www.wjgnet.com 468 November 9,2022 | Volume1l | Issue6 |



Al-Beltagi M et al. Insulin pumps in children

Basal insulin

Bolus 1

\‘

Bolus 2 Bolus 3

DOI: 10.5409/wjcp.v11.i6.463 Copyright ©The Author(s) 2022.

Figure 3 Basal and bolus insulin. Basal insulin is delivered continuously in a small amount as a background to keep the blood glucose levels within the target
between meals. The pump can be programmed to deliver at different rates within 24 h. Bolus insulin is a large amount delivered over a short period, which can be
given at any time. The pre-meal bolus is given based on the number of carbohydrates in grams. The bolus can also be given to correct high blood glucose levels.
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Figure 4 Circadian changes in the basal insulin profile. An example of the circadian changes in the basal insulin profile. Between 12 midnight to 4:0 am,

the basal rate is reduced by 20% to increase 20% between 4:0 am to 7:0 am, then will be 100% between 7:0 am to 10:0 am to be reduced by 10% between 10:0 am
to 10:0 pm, then it increases again by 10% between 10:0 pm to 12 midnight.

Jaishideng®

extended bolus delivers the insulin over a longer period than the typical bolus (the insulin dose is not
delivered at once). The square wave bolus is an extended bolus that delivers the insulin over a fixed
extended duration (2-4 h)[40]. We usually need it when the food is ingested over a longer time, such as
during social events, or delayed digestion, such as in gastroparesis. The dual-wave bolus delivers the
insulin in two or more waves (dual or multi-waves], 30%-70% of the insulin bolus is delivered as the
typical bolus, and the rest of the bolus is delivered over a predetermined fixed duration, such as 2-4 h
(biphasic, dual, or multi-wave). The dual/multi-wave bolus is helpful with meals with high protein or
fat content (e.g., pizza, pasta, cheese, or fish) as protein and fat usually take longer to increase blood
glucose levels than carbohydrates, which immediately affect blood glucose[41].

In the super bolus (Figure 6), the pump delivers the basal insulin for the next 1-4 h is added to the
bolus, followed by temporarily suspending the basal insulin delivery for those hours (basal rate is 0%
for the next 1-4 h) without stopping the pump. This super bolus is needed with a diet high in
carbohydrates and low in protein and fat, such as white toast, jam, white rice, sugary drinks, jelly
sweets, etc. However, if the post-meal blood sugar persists to be high after a super-bolus insulin dose,
we should revise the insulin: carbohydrate ratio. If the post-meal blood sugar fluctuates, we should
revise carbohydrate counting as it often shows a wide range of variations[42]. A comparison between
the different types of insulin boluses is shown in Table 1.
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Table 1 Comparison between the different types of insulin boluses

Bolustype  Normal Extended Dual wave Super bolus
Indication With most diets, 10-  Rarely needed: With lengthy With low carb & high protein &  With high carbohydrate meal
20 min before the mealtime & gastroparesis fat (> 25 gm fat) meals
meal
Method of Deliver insulin Deliver all the insulin in an 60%-70% of the bolus is The basal insulin units of the next 1-4 h
insulin immediately extended fashion over a chosen delivered immediately, while are added to the bolus, followed by a
delivery duration which may be the meal 30%-40% is delivered over 2-4 h  temporary 0% of basal rate for that 1-4 h
length.
When to test  Before bolus and Before bolus, after the end of the Before bolus, after the end of the Before bolus, after one & 4 h after the
blood glucose after 4 h bolus, & after 4 h bolus, & after 4 h bolus
o
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Figure 5 The different insulin bolus types. 1: The typical bolus, 2: The extended bolus, 3: The dual bolus
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Figure 6 Different types of insulin bolus. 1: Typical insulin bolus, 2 and 3 super bolus equal to the calculated bolus plus the basal insulin for the coming one
to four hours, 4: The basal insulin rate will be 0% for the remaining four hours.

Correction bolus is the number of insulin units delivered by the pump when the blood glucose level
is above the target range. It depends on the individual insulin sensitivity factor (ISF), which is the
amount of decrease in blood glucose level for every one unit of rapid insulin. It calculates the correction
bolus dose, which is the number of insulin units the patient needs to bring the blood glucose into the
target range without inducing hypoglycemia[43]. To calculate ISF, we divide 100 by the average total
daily insulin dosage over three or four days (TDD) to get the result in mmol/L (100 Rule) or divide 1800
by the average TDD to get the results in mg/dL (1800 Rule). So, when the average TDD is 75 Insulin
Units, ISF will be 1.33. Thus, one unit of rapid-acting insulin would reduce the blood sugar by 1.33
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mmol/L (24 mg/dL) across the next 2-4 h[43]. The following formula can calculate the correction dose:
[(Current Blood Glucose - Target Blood Glucose)/ISF]. However, the Association of British Clinical
Diabetologists advises routinely starting with the rule of 130 rather than the 100 rule [ISF =130/ TDD] to
achieve the optimal ISF and estimate how much one unit of insulin will decrease the blood glucose level
in mmol/L[44]. We should ensure the adequacy of ISF by testing the blood glucose after 4-5 h after the
last insulin bolus dose. Carbohydrate was consumed more than three hours ago, and the patient can
wait for 4-5 h until the next meal[43].

The caregivers and their child should adequately adjust the pump setting for the IOB and the active
insulin time, which is the duration that an insulin dose continues to work after its delivery. Most pumps
set this time to be four hours; however, it can be shortened or prolonged in the presence of
hypo/hyperglycemia[26]. With short active insulin time, the pump includes the effects of the more
recent insulin doses, omitting the impact of the insulin from the previous doses, thus increasing the risk
of hypoglycemia[28]. On the other hand, long active insulin time causes overestimation of the insulin on
board, and the pump gives smaller boluses which can cause hyperglycemia. Longer active insulin time
than four hours is needed in cases with impaired renal functions, as the kidneys clear about 80% of the
insulin. Those needing TDD less than or equal to 40 Units/day should reduce active insulin time. In
comparison, those receiving a bolus dose of more than 10 Units or TDD of 60 Units/d or more should
consider increasing active insulin time[45].

The caregivers and their child should recognize the accepted target blood glucose level, which is
individualized according to the child's status and is comfortable with it. Some insulin pumps correct the
blood glucose level to a single target level but give the correction bolus when a predefined threshold is
reached[46]. Other pumps correct to a higher figure in a predefined target range, while others correct to
the mid-target range. The target range usually lies between 4.5-5.5 mmol/L (80-100 mg/dL) (+ one
mmol/L). However, the target level is modified according to the presence of different factors. Those
with high HbAlc need a higher target as the setpoint for hypoglycemic symptoms is higher than for
more well-regulated patients with diabetes. They frequently have episodes of pseudohypoglycemia
until they are used to lower glucose values[47]. Those with HbAlc > 10% should start with high target
blood glucose between 9-10 mmol/L (160-180 mg/dL), then reduce the target level monthly until we
reach the normal target blood glucose levels. This gradual decrease of the target is particularly indicated
in the presence of diabetic retinopathy, which may deteriorate with the rapid lowering of blood glucose
levels. To maintain the target glucose blood level, the caregivers and the children need to frequently test
the blood glucose levels, especially in the presence of hypo/hyperglycemia, and to know which insulin
doses need to be modified, the basal rate, or the bolus insulin[48].

When there is blood glucose variation (hypo/hyperglycemia) during the night, before breakfast, or
when a meal is skipped or delayed, the basal rate of insulin needs to be adjusted. However, the insulin-
to-carbohydrate ratio and ISF should be revised when the blood glucose variation (hypo/hyperg-
lycemia) occurs within four hours of the bolus or meal or after giving a correction insulin bolus. To test
the basal rate, we should eliminate the influence of other factors that could affect it by dividing the day
into windows, testing the basal rate for each window on different days, and ensuring that the tested
person follows his/her usual routine without strenuous activity before the test by 24 h and during the
test period[49,50]. Hypoglycemia should not present during the last 12 h before testing, and the patients
should be fasting for the tested period except for water. We use the standard basal rate during testing,
stop testing with hypoglycemia (< 4 mmol/L or 72 mg/dL), and give a corrective bolus with
hyperglycemia of more than 14 mmol/L (252 mg/dL). We should record blood glucose levels, basal
rate, and carbohydrate intake. There are four main periods to test the basal rate: Morning testing from
7:00 am to 12:00 noon, after noon testing from 12:00 noon to 18:00, evening basal from 18:00 to 22:00, and
overnight testing from 21:00 to 7:00 am[51]. Overnight testing is usually done first, followed by the other
periods, each on different daily bases. First, we correct hypoglycemia; then, we correct hyperglycemia
with a 10%-20% decrease or increase, i.e., 0.025-0.05 unit/ hour one to hours before the expected change,
to keep the blood glucose variation less than 1.5 mmol/L (28 mg/dL)[52].

For bolus adjustment, we try to keep the two-hours post-meals to be 1.6-3.2 mmol/L (29-58 mg/dL)
higher than the pre-meal blood glucose levels. If the two-hours post-meal blood glucose level increases
to less than 1.6 mmol/L (29 mg/dL), decrease the total bolus by 10%-20%. If the two-hour post-meal
blood glucose level increases to more than 3.2 mmol/L (58 mg/dL), increase the total bolus by 10%-20%.
Slattery et al[53] suggested that insulin administration 15-20 min before the meal will provide optimum
postprandial glucose control. To adjust the correction bolus dose, adjust the insulin sensitivity factor by
a 10%-20% increase or decrease to make the two-hours post-meal blood glucose level halfway to the
target and reach the target by four-hours post-meal. If the patient uses continuous glucose monitoring
(CGM), a retrospective analysis of the time associated with blood sugar fluctuations can help modify the
basal rate[54]. Some pumps have a wizard to change the basal rate according to the blood sugar levels.
However, CGM should be associated with an event diary to document the meal timing and the
carbohydrate intake for accurate assessment. CGM is indicated with frequent or severe hypoglycemia,
hypoglycemia unawareness such as in young children, suboptimal glycemic control, or monitoring of
young children or beloved ones by family members or friends[55,56].
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Suppose the patient needs to change the insulin pump therapy to subcutaneous insulin for any
reason. In that case, we need to calculate the total daily basal insulin given by the pump and increase it
by 20% for the first few days and by 30% in the following days to calculate how much long-acting basal
subcutaneous insulin is needed. This dose can be administered as a single or divided dose depending on
the type of long-acting insulin used[57,58]. The bolus pre-meal insulin and the corrective insulin doses
are given as usual. The pump should continue working for two hours after starting the first long-acting
insulin dose. Doing this shifting in the morning is recommended to avoid troubleshooting at night[59].
Alternatively, if we need to resume the pump therapy after subcutaneous therapy, we resume it two
hours before the next long-acting insulin dose. Again, we need to reprogram the pump setting and
temporarily reduce the basal insulin rate by about 30% for the next 24 h. Blood glucose levels should be
checked one to two hours after starting pump therapy[18]. So this shift is better to be in the morning for
easy monitoring. Suppose we want to shift the insulin therapy from continuous intravenous infusion to
pump therapy. In that case, we can shift without waiting for the coming meal and discontinue the
intravenous insulin infusion only 60 min after starting the pump therapy[60].

PUMP THERAPY IN SPECIAL SITUATIONS

Sports and exercise

Exercise has a long-term beneficial effect on blood glucose regulation regardless of the type of exercise.
However, it has a short-term modification on the blood glucose level to be considered during the pump
therapy —two significant difficulties enface children with type I diabetes who are willing to exercise
regularly. The first problem is controlling the blood glucose level, and the second is the possible
occurrence of hypoglycemia during or following exercise[61]. Aerobic exercise reduces blood glucose
levels and enhances insulin sensitivity for 16 h following the exercise. On the other side, high-intensity
aerobic exercise or that associated with high adrenaline could cause hyperglycemia. Resistance training
or anaerobic exercise increases blood glucose levels and insulin resistance, which persist 6-8 h after
exercise. Brief periods of anaerobic exercise activity (e.g., short sprints or weight lifting) during
moderate-intensity aerobic exercise may decrease the risk of hypoglycemia[62]. However, all types of
physical exercises may increase the risk of nighttime and even the next day hypoglycemia, mainly when
performed in the afternoon, independent of sex[63].

We can prevent the development of exercise-induced hypoglycemia by reducing the bolus or basal
insulin, increasing carbohydrate intake, or adjusting the exercise regimen. The basal insulin can
temporarily be reduced one to two hours before and throughout the exercise. The degree of basal rate
reduction depends on the intensity of exercise, 30% in low-intensity, 50% in moderate-intensity, and up
to 100% reduction in high-intensity exercise. If modification of the basal insulin is not feasible, a fast-
acting carbohydrate (15-20 gm without bolus insulin dose) can be given immediately before the short,
intense exercise. For more extended, moderately intense exercise, a solid snack with slow-release
carbohydrates can be given. If an exercise is planned within two hours after a meal, the premeal-bolus
insulin dose can be reduced by 25%-75% according to the exercise intensity[64]. If we are anticipating
anaerobic exercise-induced hyperglycemia, we can give a 50% extra bolus dose 30-60 min before the
exercise to antagonize the expected increase in the blood sugar. Alternatively, we can increase the basal
rate by 10%-20%, 30-90 min before the exercise, and continue at this rate when post-exercise
hypoglycemia persists. In the case of combined aerobic and anaerobic exercise, hypoglycemia is more
frequent but less than pure aerobic exercise. Hypoglycemia can be prevented with a reduction of basal
insulin by up to 50%. If these changes are impossible, we should consider the artificial pancreas. The
artificial pancreas system appeared to get efficient and secure control of blood glucose levels during
exercise and four hours later[65].

Troubleshooting hypoglycemia
If severe hypoglycemia is present, the patient should not stop the pump but keep it running and check
blood glucose levels. When confirmed, the patient is advised to take 15 gm of fast-acting carbohydrates
and to recheck blood glucose after 10-15 min. If hypoglycemia persists, another dose of fast-acting
carbohydrates is given, and the basal insulin could be temporarily reduced by 10%-20%. As the insulin
type used in pump therapy is short-acting, long-acting carbohydrate is not a valid option to treat
hypoglycemia with pump therapy. Patients with type I DM on pump therapy should be well trained to
recognize and manage the episodes of hypoglycemia they may encounter. The patients should not rely
on the hypoglycemia symptoms. Pseudohypoglycemia may occur in patients with diabetes with the
typical symptoms of hypoglycemia with blood glucose levels of more than 3.9 mmol/L (70 mg/dL)[66].
Disabling hypoglycemia occurs when repeated episodes of hypoglycemia result in persistent anxiety
and impaired quality of life. It usually occurs with tight DM control and with an increasing duration of
diabetes. Severe hypoglycemia is that associated with the patient's inability to self-treat with marked
impairment of cognitive functions, contrary to non-severe hypoglycemia in which the patient can self-
treat and mild cognitive function impairment. Therefore, all children and adolescents with type I DM
should have annual screening for impaired hypoglycemia awareness using a valid screening tool such
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as Gold Score or Clarke Score[67]. These tools can identify the increased risk of severe hypoglycemic
events. CGM can detect when more than 10% of the reading is less than four mmol/L (72 mg/dL) or
when there are more than three readings with less than three mmol/L (54 mg/dL) per week, which
increases the risk of severe hypoglycemic events[68]. It is crucial to investigate the underlying cause of
disabling hypoglycemia, such as cortisol, a Growth Hormone, Coeliac disease, insulin Antibodies, efc. If
no reason is detected, we should start an intensive education program for the family and the child. Then
we can update the pump to sensor augment pump {SAP} without low glucose suspend (LGS). If not
improved, we can shift to SAP with LGS. Islet cell or pancreas transplant could be the last option[69].
The child should be reassessed every 3-6 mo.

Sick child

Children with diabetes and adequate metabolic control should not encounter more infections or
illnesses than children without diabetes. However, when a child with type I DM gets sick, we should
rule out the presence of uncontrolled or symptomatic hyperglycemia, ketoacidosis, dehydration, and
hypoglycemia[70]. The most crucial point to be emphasized is never to stop insulin; it is a prevalent
mistake that leads to the development of ketoacidosis. When a child with diabetes has vomiting, we
should consider insulin deficiency till proven otherwise. Consequently, the insulin dose may need to be
increased or decreased according to the blood glucose level and the presence or absence of ketosis. The
blood glucose should be monitored more frequently, at least every 3-4 h, particularly during the night
and occasionally every 1-2 h. we also need to monitor for ketosis[70]. We should not depend on urinary
ketones' presence to diagnose ketoacidosis as there is a long time lag between the pump stoppage and
appearance of the ketone bodies in the urine and the lack of association between the ketones in the urine
and the ketones in the blood. Blood beta-hydroxybutyrate monitoring is beneficial in too young children
or when urine collection is hard to get[71].

In the presence of hyperglycemia, we need to check for ketosis. If the urine ketones are absent or
small or the blood ketones are less than 0.6 mmol/L (11 mg/dL), we give a pump correction bolus by
drinking extra low-carbohydrate fluids and hourly checking of the blood glucose. If the blood glucose
starts to decrease, then continue monitoring and accordingly decide to give another bolus dose or not. If
the blood glucose fails to decrease after one hour from the corrective dose, then we supplement with a
syringe or pen injection. Suppose the urine ketones are moderately or severely increased, or the blood
ketones are equal to or more than 0.6 mmol/L (11 mg/dL). In that case, we should check for a pump
delivery failure or a significant medical problem, e.g., severe infection. Accordingly, we can shift to
insulin therapy by pen or syringe according to the severity of hyperglycemia and degree of
ketonuria/ketonemia[70]. The pump should be checked for mechanical or catheter difficulties by
replacing the insulin in the pump, the infusion set, and the cannula while continuing to give bolus doses
with a pen or syringe until the hyperglycemia is controlled. Then, we must resume the pump therapy
with a temporary basal rate of 120%, hourly blood glucose monitoring, and extra low-carbohydrate diet
fluids[72].

If the child exhibits signs of diabetic ketoacidosis (DKA), the pump therapy should be discontinued
due to the altered tissue perfusion in DKA, which impairs insulin absorption and affects the reliability
of the pump therapy. The pump should be temporarily discontinued; the cannula should be removed,
then follow the standard protocol to manage DKA. Once DKA is fixed, pump therapy is resumed at the
patient's standard basal rate, but the patient should maintain intravenous insulin infusion till he
receives a meal bolus[73]. Wang et al[74] showed that using nano-insulin pumps in children with DKA
can quickly correct children's blood glucose and ketone body levels. If there is ketosis with low blood
glucose, the child should drink extra high-carbohydrate fluids with continuous blood glucose
monitoring. In case of persistent vomiting or failure of the previous attempt to control the disorder, the
child should be hospitalized[75].

Insulin pump use in a hospitalized child

When hospitalized with a severe medical condition, children with type I DM need aggressive
management of diabetes. Adequate and meticulous control of diabetes is associated with significant
morbidity and mortality improvement in children and adults with diabetes[76]. However, intensive
insulin therapy is associated with an increased hypoglycemia rate and complications without a
significant mortality reduction. Therefore, continuous monitoring of the blood glucose level is crucial to
prevent hypo/hyperglycemia[77]. Non-critically ill children hospitalized for elective and non-acute
hospitalizations who can operate their insulin pumps are allowed to continue using them. Fasting prior
to elective surgical procedure is allowed with proper adjustment of the basal insulin rate to prevent the
development of hypoglycemia. However, if the children cannot operate their pump, they can transition
to the basal-bolus regimen[78]. If the child is expected to go into a minor procedure with general
anesthesia for less than two hours and is expected to eat or drink within 2-3 h, check the blood glucose
levels hourly and adjust the insulin pump accordingly (Figure 7)[79].

It is acceptable that hospitalized patients continue to self-control their DM using an insulin pump
except if they are unconscious, confused, or have severe pain, undergo major surgery or procedure
under general anesthesia lasting more than two hours, or develop DKA. However, if children are
hospitalized due to a critically ill condition or surgery that needs anesthesia for more than two hours
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Figure 7 A flow chart for a minor procedure with general anesthesia for less than two hours.
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and will miss more than one meal, they need to shift to intravenous insulin therapy. The patients should
remove the insulin pump and keep it safe to be resumed once the procedure finishes unless being
critically ill. Frequent blood glucose monitoring (or CGM) offers safe insulin delivery control[80]. Care
should be taken while doing specific procedures in the hospital to avoid damage to the insulin pump.
The insulin pump should be covered by a lead apron while doing an X-ray, computerized tomography
scan, cardiac catheterization, or insertion of a pacemaker/automatic implantable defibrillator.
Ultrasonography can be done when needed, but the operator should avoid direct pointing the
transducer to the pump. On the other hand, the pump should be removed while doing magnetic
resonance imaging. Upper or lower gastrointestinal endoscopies do not require the removal of the
pump|[&1].

Use of corticosteroid with pump therapy

As DM type I is an autoimmune disease, it is frequently associated with other autoimmune disorders,
such as autoimmune thyroid disease[82]. Corticosteroids are frequently used in high doses to treat these
autoimmune disorders such as asthma and inflammatory bowel diseases. Steroids usually increase
insulin resistance, insulin requirement, and the risk of hyperglycemia. Hyperglycemia is predicted to
occur approximately four to eight hours following oral steroids administration and sooner following
intravenous steroids[83]. On the contrary, blood glucose levels may return to pre-steroid levels 24 h
following intravenous steroids discontinuation. If oral steroids are withdrawn gradually over many
weeks, glucose levels may decrease dose-dependently[84,85].

Interestingly, the daily timing of steroid-induced hyperglycemia depends on the type of steroid use.
For example, prednisolone, usually given in the morning, induces hyperglycemia in the late morning
and persists into the evening with a gradual fall of blood glucose back overnight, often reaching
baseline levels the following morning[86]. Therefore, children on pump therapy need to increase the
basal insulin rate to 130%-150% during the expected times of maximal hyperglycemia. However, we
may occasionally need to increase the basal insulin rate to 200%-300% of the standard rate. Other
management options are adjusting ICR or giving corrective insulin bolus when needed. Frequent blood
glucose monitoring every 4 h should be done. Once steroid therapy is reduced or stopped, the insulin
requirement can be decreased back to pre-steroid levels; therefore, readjusting insulin rates may be
needed|[87].

Improving insulin absorption at the insertion sites

Warming the injection site increases the blood flow, increasing the subcutaneous insulin absorption rate.
Warming can be done by massaging or using special warming devices, which is particularly helpful in
managing postprandial hyperglycemia[88,89]. Local application of recombinant human hyaluronidase
increases the subcutaneous insulin dispersion and absorption rate at the injection site, conferring both
ultrafast insulin absorption and action[90]. Using silicon microneedles integrated within the insulin
pump trans-dermally delivers insulin efficiently, safely, and painlessly. It also helps decrease the insulin
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pump size[91].

Insulin pump and school days

School life occupies an integral part of children's daily life. Consequently, children using an insulin
pump should be able to manage it and have a good education about the proper use of the pump and the
management of different problems that they may enface. This awareness is crucial for young children
who may need continuous supervision of the pump data and settings, especially for carbohydrate
intake, blood glucose monitoring, and insulin administration. The responsible teachers or the school
healthcare worker should be well trained in the different scenarios the child using an insulin pump may
encounter to allow rapid interference when needed. A clear school health plan to manage students with
Type I DM should be available and practiced in recognizing and managing specific acute emergencies
such as hypo/hyperglycemia with/without ketonemia[87].

Puberty in children using an insulin pump

Puberty is associated with increased sex hormone levels which increase the degree of insulin resistance
and, consequently, increase the insulin requirement during puberty. Puberty is associated with higher
hemoglobin Alc levels and rates of diabetes complications[92]. Adolescence is also associated with an
increased risk of alcohol consumption and considerably increases the diabetes risk in young adulthood
and makes diabetes control more difficult. Alcohol consumption in the evening increases the risk of
hypoglycemia, especially at night and after the next breakfast, which needs frequent blood glucose
monitoring, particularly at night and early morning[93,94].

Menstrual cycle in an adolescent female with Type | DM

Menses is associated with high fluctuations of the glycaemic control with an increased risk of
hyperglycemia and increased insulin resistance during periovulation and early luteal phases (premen-
strual period), possibly due to the rising oestradiol levels that occur before ovulation, which may need a
temporary increase in the basal insulin rate[95]. On the contrary, when menses start, the progesterone
level begins to drop, causing a sharp decline in the insulin requirement, which may increase the
hypoglycemia risk steeply[96]. If the adolescent girl has a disturbed menstrual cycle and needs to use
contraceptive pills to regulate the cycle, care should be taken while using them as an increase in the
basal insulin requirement may occur, especially with high-dose contraceptive pills or with long-acting
progesterone injections[97].

Traveling with an insulin pump

Despite traveling being a welcome retreat from our everyday life difficulties, it is associated with an
extraordinary increase in daily activity, which could increase the risk of hypoglycemia and becomes a
real challenge in patients with diabetes. It is particularly challenging in the presence of time zone
differences > 3 h, significant variations in the basal rates, such as the marked Dawn phenomenon,
recurrent or severe episodes of hypoglycemia, or reduced hypoglycemia awareness. The pump basal
rate is reduced by 10%-20% during traveling for the first 24 h and gradually changes the pump timing
setting to the new local time upon arrival at the destination by 2-3 h each day. This change should be
associated with frequent blood glucose monitoring. Disconnecting the pump during take-off and
landing is also essential to avoid pressure effects on the pump delivery mechanism[98].

GENERAL CARE FOR CHILDREN WITH DM WHO REQUIRE INSULIN PUMP THERAPY

Skin care and prevention of insertion site infection

Skin changes occur in one-third of patients with diabetes. Children with high glucose levels tend to have
dry skin[99]. Therefore, they need adequate blood sugar control and proper skin hydration with specific
lotions for diabetes following site change, especially in pump care. Itching is frequent at the insertion
site; the child is advised to gently rub and avoid scratching the affected area to avoid skin breakage
[100]. The insertion set should be applied to dry, unwet, non-broken skin. The insertion site should be
rotated ideally every three days, over 6-10 sites, to long-term preserve skin integrity. Certain areas are
advised more than others due to their superior insulin-absorptive capabilities, more comfort, and better
convenience. The most common sites suitable for insertion are the abdomen (two-centimetre radius
around and away from the navel), upper buttocks, upper thigh (medial and lateral areas, at least 5 cm
away from hip or knee joints), upper buttocks (flank), upper arm, and rarely forearm (Figure 8A). The
area with the least hair should be chosen as the hair decreases the longevity of the insertion site. Every
site should take at least one week for recovery and should be away from the next site by at least one to
two inches. Different patterns of insertion site rotations are demonstrated in Figure 8B[101].

Vaccination
Patients with DM, especially those requiring insulin pump therapy, need intense vaccination programs.
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Figure 8 Approved insertion sites and different types of insertion site rotation. A: There are four approved sites for the subcutaneous injection of
insulin: Insulin Absorption Rate Fluctuation Depending on Injection Site; B: shows different types of insertion site rotation. Note that all the rotation patterns keep away
from the umbilicus by at least one inch.
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They should receive an annual flu vaccination. They also should consider having Streptococcus
pneumoniae vaccines, and the coronavirus disease 2019 (COVID-19) vaccination is strongly
recommended[102].

The use of insulin pumps in special situations such as traveling, swimming, bathing, imaging, and
other procedures is summarized in Table 2.

ADVANTAGES OF INSULIN PUMP THERAPY

The insulin pump provides fewer needle injections as there is no need to inject insulin every time
needed. It also can provide small insulin doses down to ten times less (0.05-0.1 Units) than an insulin
pen or syringe, which is particularly useful in insulin-sensitive young children. Meanwhile, the insulin
pump provides a convenient and more flexible way to modify the needed insulin more physiologically,
relatively similar to the human pancreas[103]. Hence basal insulin can be programmed to match the
person's activity, the changing daily requirement, hormonal changes, pubertal spurts, stress, illness,
traveling, and any other situations. At the same time, insulin bolus can be delivered in different ways
considering various conditions such as gastroparesis, malabsorption, or even to match the ingested
foods. On the other hand, insulin delivery can be temporarily reduced or suspended in certain
situations, such as hypoglycemia[32].

This incredible flexibility in the insulin delivery system and the marked less in blood glucose fluctu-
ations allow a better quality of life. Using rapid-acting insulin delivered in a low volume tailored to the
individual needs allows the insulin pump to overcome the variation in insulin absorption that is usually
observed with long-acting insulin, resulting in more consistent and reliable insulin absorption and
consequently less fluctuation of both insulin profile and blood glucose level[104]. This feature also helps
to decrease the need for snacks, especially before exercise, consequently decreasing the rate of weight
gain[105]. However, Boucher-Berry et al[106] found that lower bolus to basal insulin ratios increases the
risk of excess weight gain. Hence, proper bolus and basal insulin dose adjustments are mandatory
during insulin therapy. Pump therapy also improves the patient experience and satisfaction due to
technology motivation and improved self-management. Pumps can also integrate easily with the new
technology, so they can link easily with blood glucose measuring technology, bolus advisors, and
wizards for diabetes management, forming a closed-loop system similar to an artificial pancreas which
significantly improves the patient's quality of life[107].

DISADVANTAGES OF INSULIN PUMP THERAPY

There are some disadvantages to insulin pump therapy that may limit its use. Being worn all the time
(24 h a day/7 days a week), even during sleep, showering, and sports, with continuous reminders of
being diabetic, can influence body image and self-confidence. Luckily, numerous accessories are
accessible to make wearing the pump hidden and convenient[108]. Because insulin pumps use only
rapid-acting insulin without a long-acting insulin depot, there is a high risk of rapid development of
DKA with technical failure or interruption of insulin flow such as air in the tubing, a damaged infusion
set, or infection at the insertion site. Therefore, the patient should monitor blood glucose levels more
frequently, at least four times daily, and a specialized well-trained interdisciplinary care team should be
accessible in case of emergency. The pump also should not be disconnected for a long time (short-acting
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Table 2 Special situations with insulin pumps

Situation

Management

Air travel

Shower and bathing

Swimming

Contact sports

Imaging X-ray

Dental X-ray
Ultrasound

CT-scan and

The patient should have a note from the physician about the need for the pump before traveling

The patient should inform the security about the pump before passing through the security checkpoint with an
X-ray detector

All the suppliers and the accessories should be carried in a separate bag for easy inspection
The metal detectors and whole-body scanners do not damage the device
A warm shower is associated with more rapid insulin absorption than usual, increasing the risk of hypoglycemia

A warm bath (e.g., hot tub or sauna) can expose insulin to high temperatures, which could be spoiled when
exposed for an extended period

High temperatures can also damage the pump, so it is crucial to check the owner manual for temperature
specifications about ideal operating temperatures for the pump

Knowing the type of the pump as waterproof, watertight, water-repellent, and water-resistant is essential
If the insulin pump is not water waterproof, it is better to disconnect the pump and keep it in a dry place
Knowing the type of the pump as waterproof, watertight, water-repellent, and water-resistant is essential
If the pump is waterproof, they should know how many feet in-depth and how long

The patient also should know the maximum time the pump can be removed without affecting its performance,
e.g., one hour for the Aviva Combo insulin pump

Some pumps can be worn while swimming. It will be adjusted to deliver a specific basal rate throughout the
swimming

If the pump is not compatible with swimming according to the manufacturer's guidelines, the pump can be
removed, leaving the cannula attached in place and covered with a dressing and a cap

If the pump is removed for more than one hour, testing the blood glucose using a glucometer is advised with the
recommended amount of carbohydrates and insulin intake, and continue swimming

All types of sports, including martial arts and those with possible body contact, are permitted if there are no
other systemic contraindications

Contact sports may increase the risk of dislodgement of the pump cannula
Ensure adequate hydration during any exercise
The pump can be removed for up to one hour

After one hour, testing the blood sugar using a glucometer is advised with the recommended amount of
carbohydrates and insulin intake, and continue sports

Radiation can provoke electrical currents in the electric circuit, impairing the pump function
The pump should be removed when possible

Safe to keep on an insulin pump in position if the x-ray beam is less than 3 seconds at a time and if a lead apron
protects the pump

The patient should ensure that the pump is covered by the lead apron he wears
The ultrasound beam should not directly point at the pump or the insertion site

The pump should be removed when possible

Fluoroscopy
If unable to remove the pump, relocate it to another area away from the anatomic examination site and cover it
with a lead apron
Switch off the pump during the examination and set a reminder timer to reoperate the pump just after finishing
the radiological procedure
After finishing the procedure, the pump should be checked for any possible malfunction with frequent blood
glucose monitoring

MRI The MRI magnetic field is strong enough to magnetize the pump's motor and thus damage it
The pump should be removed and kept outside the MRI room whenever possible
If it is impossible to remove the pump and the patient uses a metal cannula or an Omnipod, he/she must remove
it before entering the room and insert a new cannula after finishing the test
If the pump is accidentally exposed to an MRI field, it should be stopped and disconnected immediately and
checked by the maintenance team for any malfunction before resuming its use

Buissidenge WICP | hitps://www.wijgnet.com 477 November 9,2022 | Volumel1l | Issue6



Al-Beltagi M et al. Insulin pumps in children

Insulin pump renewal The pump is renewed if there is evidence of clinical benefits over the past four years

The pump is renewed after warranty expiration to obtain the safest result. However, it can still be used but with
an increased risk of malfunction

The transition from Pediatric to the The child pump users can shift to MDT between 12-18 yr of age. However, they can continue using the pump as

adult pump user

an adult

They need at least three monthly follow-up appointments to ensure the adequacy of MDT with a smooth
transition to the adult clinic

Pediatric pump users can take a holiday off from the pump therapy. During this holiday, they can receive MDT
as a training period and are not considered as a pump therapy failure

Strong cooperation between the pediatric and the adult pump therapy clinic is needed to ensure a smooth
transition of the adolescent to an adult pump or MDT user

CT: Computed tomography; MDT: Multidose therapy; MRI: Magnetic resonance imaging.

Jaishideng®

insulin). This limitation could affect the child's daily activities, such as swimming. However, many
pump types are waterproof and fit for swimming[109].

Insulin pump setup occasionally is complicated and difficult to proceed with compared to pen or
syringe use. Therefore, adequate training and education are mandatory for both the child and the
caregiver. It also needs a high level of motivation, understanding, and education to achieve the best
benefit of the pump and avoid complications. In addition, the insertion set, including the infusion set
and cannula, requires to be replaced every 2-3 d. In addition, the infusion set may be prone to incorrect
priming, air bubbles, tubing breakdown, and kinking or slippage of the cannula, which can interrupt
insulin delivery[110].

Infection of the insertion site occurs in 17% of patients on insulin pumps over a period of three years,
especially when the infusion set is left for longer than it should[111]. Risk factors for insertion site
infections include large insulin doses, poor patient selection, inadequate patient education, lack of
hygienic measures, infrequent changes of the infusion set as requested by the manufacturer, and
incorrect cannula insertion[112]. Staphylococcal or streptococcal bacterial infections are the most
common infection at the insertion site, followed by Rhizomucor pusillus fungal cellulitis[113].
Occasionally the infection may progress to cellulitis or collect into an abscess requiring surgical
drainage. Primary tuberculous infection of the insulin injection site is rare but reported complications of
insulin therapy[114]. Changing the insertion set should be done according to the manufacturer's
guidelines or pump educator to diminish the chance of infection. It is also imperative that the patient
follow proper hygienic measures, especially washing the hands and periodically changing the site to
decrease infection chances. The cost of the pump is not only limited to the device but also running costs
for accessories, cartridge syringes, batteries, skin preparation items, cannulas, and infusion sets, which
are significantly higher than the regular insulin pens and syringes. Because insulin is a lifesaving
essential medicine, every effort should be made to minimize the cost to the patient and his family[115].

DISCONTINUATION OF INSULIN PUMP THERAPY

About 3% of the pump user discontinue pump therapy within one year. The most frequent causes,
according to Wong et al[116], include difficulties in pump insertion/adhesive (60%), interference with
sports activities (42%), discomfort with wearing the pump (38%), interference with intimacy (34%),
pump dysfunction (28%), and problematic hyperglycemia (28%). Beato-Vibora et al[117] 2015 showed
that pump therapy improves glycaemic control and hypoglycemia awareness, decreases hypoglycemia
frequency, and can be sustained for many years. However, 5% of the users discontinued the pump
therapy due to a lack of clinical advantage, technical problems, safety issues, or user choice.

The pump therapy should be discontinued for recurrent DKA as it affects the local absorption of
insulin due to altered tissue perfusion. It should also be discontinued when there is a pump failure or
mismanagement, inadequate blood glucose monitoring (less than four times/day), recurrent injection
site infection, intentional overdosing, failure to meet the objective of pump therapy, or with the parents'
or the child's wishes. Pump therapy should be discontinued if the patient becomes unconscious,
confused, and unable to self-management, such as severe pain or illness. It should also be discontinued
if the patient goes for major surgery with general anesthesia for more than two hours[118]. Limitation of
the study: some of the included articles were in favor of using insulin pumps which may carry the risk
of bias. However, we tried to include most of the available studies to minimize the risk of bias.
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CONCLUSION

The insulin pump is a giant breakthrough in DM management, especially in the pediatric age. The
insulin pump provides fewer needles and can provide very tiny insulin doses. It provides a convenient
and more flexible way to modify the needed insulin physiologically, like the human pancreas. It can
offer adequate and optimal glycemic control to reduce the risk of metabolic derangements in different
tissues. However, there are some disadvantages to insulin pump therapy that do not necessarily prevent
its use. It should be discontinued with recurrent diabetic ketoacidosis.

ARTICLE HIGHLIGHTS

Research background
The insulin pump is a giant breakthrough in diabetes mellitus (DM) treatment. Treating diabetes with
an insulin pump is the method most similar to the normal physiologic function of the pancreas.

Research Motivation

We are motivated to write this manuscript to decrease the gap in understanding of insulin pump use
among children health care professionals, parents, and children with diabetes mellitus who need
intensive insulin therapy.

Research objectives
To identify all the existing evidence-based research for the proper use of insulin pumps among children
with diabetes Mellitus and to increase awareness among these patients and their families.

Research Methods

We conducted comprehensive literature searches of electronic databases until June 30, 2022, related to
pump therapy in children and published in the English language. The selected articles were
subsequently explored to identify the most recent evidence-based research and existing guidelines for
the proper use of insulin pumps in children.

Research Results

We identified 118 articles concerned with insulin pumps, 61 were reviews, systemic reviews, and meta-
analyses, 47 were primary research studies with strong design, and ten were guidelines. These articles
covered the different aspects of insulin pump use in children with diabetes mellitus.

Research conclusions

The insulin pump is a giant breakthrough in pediatric DM management. It provides fewer needles and
can provide very tiny insulin doses with a convenient and flexible way to modify the needed insulin
physiologically, like the human pancreas. It can offer adequate and optimal glycemic control to reduce
the risk of metabolic derangements in different tissues.

Research perspectives
Continuous modification and upgrading of the insulin pump are expected to proceed. These modific-
ations will probably help to make insulin pumps more physiologic and similar to the human pancreas.
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