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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].

WJCP | https://www.wjgnet.com 447 November 9,2022 | Volumell | Issue6 |



Al-Beltagi M et al. Cow’s milk-induced gastrointestinal disorders

Jaishideng®

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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