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Abstract

Cholestasis is one of the most frequent reasons for hepatology consultation. It is generated by altered synthe-
sis, secretion or flow of bile through the biliary tract and is defined by elevated levels of enzymes such as
alkaline phosphatase and gamma glutamy! transferase. In late stages, hyperbilirubinemia and clinical ma-
nifestations such as pruritus and jaundice develop. The diagnostic approach involves establishment of the
reasons for elevated enzyme levels and determination of whether it is intrahepatic or extrahepatic. If it is intra-
hepatic, the source must be determined (hepatocytes, small bile ducts, or large caliber bile ducts). Treatment
depends on the etiology, so accurate diagnosis is important. This review presents the pathophysiology and a

diagnostic and therapeutic approach.
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INTRODUCTION

The term cholestasis comes from the Greek words chole,
which means bile, and stasis, which translates to still.
Cholestasis is defined as the syndrome generated by alte-
ration of synthesis, secretion and/or flow of bile through
the biliary tract. It manifests initially as higher levels of
serum alkaline phosphatase (ALP) levels and gamma-glu-
tamyl transferase as well as fatigue and generalized pruritus
without skin lesions. (1) Although jaundice is an important
sign of cholestasis, it may be absent, particularly in adults
with chronic asymptomatic cholestatic diseases. (2)
Cholestasis has been classified according to cases
involved in the excretion of bile related to intrahepatic
etiology such as compromised hepatocellular cytoplasm
and/or compromised medium-sized bile ducts (up to 400
pm in diameter) and the extrahepatic causes in large bile
ducts are compromised. Causes of obstruction of the bile

duct can be stones, pancreatic or biliary tumors, and hilar
metastases. (3)

PATHOPHYSIOLOGY

To understand the origin of cholestasis, one must start
from the composition of the liver lobule. This unit arises
from the smallest functional portion of the liver in which
hepatocytes are arranged in plates along the blood flow
from the portal vein to the central vein. Within these plates,
the hepatocytes form tubular lumens called canaliculi in
which initial bile formation occurs.

These hepatocytes contain two intake and export sys-
tems located in the basolateral (sinusoidal) and canalicular
(apical) portions of the membrane of hepatocytes and cho-
langiocytes. A process of osmosis generates a flow of water
that secretes the bile from the smallest to the largest bile
ducts (Figure 1). (4-6)
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Captured bile acids enter via Na-Taurocholate
Cotransporting Polypeptide (NTCP) receptors which
allow bile salts to concentrate in hepatocytes. (6-8) Bile
acids also enter through Organic Anion Transporting
Polypeptides (OATP2/OATP1B1) located in the basola-
teral membranes of hepatocytes. (5)

Bile acids are excreted into the bile by the canalicular
Bile Salt Export Pump (BSEP) and by the conjugated
canalicular exporter protein MRP2 (Multidrug Resistance-
associated Protein 2).

The MRP2 transporter (ABCC2) secretes organic anions
like conjugated bilirubin, glutathione and even antibiotics
like ceftriaxone. (6) Other transporters located in the
canalicular membrane are MDR1 (Multidrug Resistance
1); glycoprotein P (ABCB1) which pumps organic com-
ponents and cationic drugs out of the cell; and MDR3

Hepatocyte

Bile duct

(Multidrug Resistance 3) which excretes phospholipids
such as phosphatidylcholine which, in combination with
cholesterol and bile acids, forms micelles (Figure 1). (4-6)

Primary bile salts, cholate and chenodeoxycholate, are
formed by enzymatic modification of cholesterol which
confers hydrophilic characteristics leading to the formation
of micelles whose primary function is to take lipids from
the intestine. (8, 9) Nevertheless, they are potentially dan-
gerous for the integrity of the cell membrane under condi-
tions of cholestasis. (6)

Meanwhile, cholangiocytes forming the bile duct pro-
vide another series of receptors that facilitate reabsorp-
tion of bile acids such as apical sodium-dependent bile
acid transporter (ASBT) and CFTR (Cystic Fibrosis
Transmembrane conductance Regulator) which is the
transmembrane regulator of cystic fibrosis. (5)

Cholangiocyte

Figure 1. Bile acid transport systems. NTCP: Na-Taurocholate Cotransporting Polypeptide; OATP2: Organic Anion Transporting Polypeptide
2; BSEP: Bile Salt Export Pump; MRP2: multidrug resistance-associated protein 2; MDR3: Multidrug Resistance protein 3; MDR1: Multidrug
Resistance protein 1; Organic Solute Transporter alpha and beta; MRP3: multi-drug resistance protein type 3; MRP4: multidrug resistance resistance-
associated protein 4; CFTR: Cystic Fibrosis Transmembrane conductance Regulator; ASBT: Apical Sodium - Bile acid Transporter; BA: bile acid;

OA: organic anion; PC: Phosphatidylcholine. Taken from reference S.
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Once the bile salts have been secreted into the intes-
tinal lumen, they are recaptured by an ASBT in the ente-
rohepatic circulation in the ileum. (9) When they reach a
hepatocyte, they are again taken up by the NTCP receptor
which allows the bile salts to concentrate within the hepa-
tocyte. (S, 6) Other receptors called MRP3 (Multidrug
Resistance-associated Protein 3) and MRP4 (Multidrug
Resistance-associated Protein 4) and OST (Organic Solute
Transporter) alpha and beta are located in the basolateral
membrane of the hepatocyte. They are an alternative excre-
tion route for bile acids and other organic anions which
lead into the systemic circulation. (5)

Cholestasis results from a functional defect in the for-
mation of bile in a hepatocyte or from an alteration in its
secretion and flow through the bile ducts (Figure 2). (4, 5)

CLINICAL MANIFESTATIONS

Cholestasis’ spectrum of symptoms is generated by accu-
mulation of substances in the liver and blood which are
generally excreted in the bile. Patients with this syndrome
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may be asymptomatic and sometimes report itching and
jaundice. However, jaundice may be absent in adults with
chronic cholestatic liver disease. (2)

Steatorrhea is an important finding. It is defined as the
loss of more than 10 g of fat in feces per day following
consumption of 70 g/d. (10) Steatorrhea is secondary to
inadequate concentration of postprandial bile in the small
intestine. This causes malabsorption of fat and fat-soluble
vitamins that usually help in the absorption of these ele-
ments. (3, 9) Steatorrhea can be accompanied by weight
loss and acropachy (also called Hippocratic fingers). (2)

Fat-soluble vitamin deficiency has a wide range of neuro-
logical symptoms. They include night blindness secondary
to vitamin A deficiency; hyporeflexia and/or ataxia secon-
dary to myelopathy (vitamin E deficiency); coagulopathy
secondary to vitamin K deficiency, and disorders of the
musculoskeletal system such as osteomalacia, osteopo-
rosis, and fractures secondary to vitamin D and calcium
deficiency. (3, 9, 10) Some studies have suggested that
persistent hyperbilirubinemia of more than 2-3 mg/dL is
associated with fat-soluble vitamin deficiency. (11-13)

Inflammatory
cholestasis

Viral hepatitis
_ Medications

Alcohol

Sepsis

Inflammation
Cytokines

Figure 2. Principal mechanisms of cholestasis. VBDS: vanishing bile duct syndrome, PBC: primary biliary cholangitis; PSC:

primary sclerosing cholangitis. Taken from reference S.
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In addition, an association of osteoporosis and fat-soluble
vitamin deficiency with prolongation of prothrombin time
has been documented. Factors 2, 7,9 and 10 are dependent
on vitamin K which cannot be absorbed during episodes of
cholestasis. (14)

Similarly, progression of diseases such as primary biliary
cholangitis that are associated with cholestasis can conti-
nue until portal hypertension manifests as a result of asci-
tes, encephalopathy, and upper gastrointestinal bleeding.
(10) Physical examination may find xanthomas (choles-
terol deposits in the tendons or bony prominences in the
elbows and knees) or xanthelasmas (lipid deposits in the
periorbital folds). (2, 11)

PARACLINICAL TESTS

The most sensitive test for identifying cholestasis is measu-
rement of serum bile acids, but it is frequently not available.
When it is not, tests for alkaline phosphatase (ALP) and
gamma-glutamyl transferase (GGT) levels, which are bio-
chemical markers of chronic cholestasis, should be used. (2)

ALP levels may rise due to physiological causes. Elevation
occurs in the first 3 months of life and during puberty. ALP
levels gradually increase during pregnancy and between
the ages of 40 and 65, especially in women. (2, 10) ALP
levels in male adolescents can reach 2 to S times the normal
value for adults. This correlates with bone growth. (15)

African-Americans have between 10% and 15% higher
serum ALP levels than the overall population. Smokers” ALP
levels can be 10% higher than those of non-smokers. (10)
Similarly, people whose blood types are O and B may also
have higher than average ALP levels after a high-fat meal due
to the intestinal influence of the enzyme. (2, 10, 11)

The pathological causes that cause ALP levels to increase
range from bone diseases such as fractures, Paget’s disease,
and osteomalacia to vitamin D deficiency, heart failure, kid-
ney failure, hyperthyroidism, hyperparathyroidism, hema-
tological malignancies such as leukemia and lymphoma,
and kidney cancer. (10)

This phenomenon arises as a result of the presence of
specific ALP isoforms in tissue as well as their location on
the cell surface. ALP isoforms include the Regan isoen-
zyme (also called placental-like alkaline phosphatase
(PLALP)), Intestinal Alkaline Phosphatase (IALP), Liver/
Bone/Kidney, ALP, and Germ Cell Alkaline Phosphatase
(GCALP - also known as the Nagao isoenzyme). ALP
location on the cell surface hydrolyzes monophosphate
esters at high pH and releases inorganic phosphate. (16-18)

Whether elevated ALP levels have an intrahepatic or
extrahepatic source (mainly in the bones, intestine, leu-
kocytes and placenta) must be determined. This is done
by measuring gamma-glutamyl transferase levels of ALP

72 Rev Colomb Gastroenterol / 35 (1) 2020

isoenzymes levels. (2, 11) Bone activity accounts for
around half of ALP in adults, making it the most important
and useful isoenzyme for this study. (18)

Nevertheless, gamma-glutamyl transferase’s specificity
for cholestatic diseases is low since its levels are high in
up to 50% of alcoholic patients without evidence of liver
disease. (19) High GGT levels also occur in etiologies such
as pancreatic diseases, myocardial infarcts, kidney failure,
and emphysema, (20, 21) and they occur in patients taking
medications such as phenytoin and barbiturates.

Consequently, GGT tests should not be used for screening
for underlying liver disease in the absence of abnormalities in
other liver tests. (15) Conjugated serum bilirubin levels may
or may not be high during cholestasis. (2, 22, 23)

ETIOLOGY

Genetic alterations that appear in childhood, autoimmune
disorders, systemic disorders, and disorders secondary to
drugs area among the many causes of cholestasis. However,
one way to categorize the etiology of cholestasis is to divide
it into intrahepatic and extrahepatic causes. (3)

Intrahepatic causes are generally caused by inflammatory
and destructive conditions often referred to as vanishing
bile duct syndrome (VBDS). (3, S) Primary biliary cholan-
gitis (PBC), formerly known as primary biliary cirrhosis,
is one of the most frequent autoimmune causes of choles-
tasis. It generates lymphocytic granulomatous cholangitis
that involves small bile ducts. (3, 24, 25)

In general, PBC occurs in women (ratio 9:1) between
the ages of 40 and 60. It is accompanied by positive anti-
mitochondrial antibodies (AMA) (titers> 1:40) directed
against the E2 subunit of pyruvate dehydrogenase. (22) Its
diagnosis is made based on the presence of at least two of
three criteria: cholestasis due to high ALP levels, positive
AMAs, and histopathological evidence of nonsuppurative
cholangitis with destruction of medium and small caliber
interlobular bile ducts. (26)

In contrast, primary sclerosing cholangitis (PSC) predo-
minates in men by a ratio of 2:1 compared to women. Its
average age of onset is approximately 40 years. PSC affects
the intrahepatic and extrahepatic bile ducts where it gene-
rates strictures and subsequent fibrosis and cirrhosis. (27,
28) Diagnosis of PSC involves a combination of imaging of
localized strictures throughout the entire biliary tree which
are identifiable by endoscopic retrograde cholangiopan-
creatography or magnetic resonance cholangiopancreato-
graphy (MRCP). Changes in the bile duct can be seen from
a liver biopsy which shows concentric periductal fibrosis
(onion skin fibrosis). (27)

Similarly, anti-smooth muscle antibodies (ASMA), anti-
nuclear antibodies (ANA) and antineutrophil cytoplas-
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mic antibodies (ANCA) can be identified in up to 50% of
patients although they are not specific to PSC. (28)

Other diseases with autoimmune substrates which can
cause cholestasis and share the same pathophysiology of
periductal fibrosis and progressive loss of bile ducts are
G4 immunoglobulin cholangiopathy; chronic ductope-
nic rejection in liver transplantation and graft-versus-host
disease. The latter appears in the first 100 days following
allogeneic hematopoietic cell transplantation.

Even lymphoma, either Hodgkin’s or non-Hodgkin’s, can
manifest in up to 10% of patients with jaundice and VBDS
and in 40% of those with elevated ALP levels. It is accom-
panied by classic B symptoms such as fever and weight loss
and presents a spectrum that ranges from a solitary lesion
to diffuse infiltrative involvement. It responds to both che-
motherapy and radiation therapy. (3, 29)

Drug induced liver injury (DILI)) leads to fulminant
liver failure in 13% of these patients in the United States.
DILI manifests with a hepatocellular pattern and high
levels of transaminases, or a cholestatic pattern with ALP
levels more than two times the upper limit of normal. (30)

Changes generated by medications can range from slight
inflammation of the parenchyma and mild ductopenia to
progressive inflammation, fibrosis and the loss of bile ducts
(31). Among the key drugs that triggers these symptoms are
antibiotics such as amoxicillin/clavulanate, nitrofurantoin,
isoniazid and ciprofloxacin; central nervous system (CNS)
agents such as valproate, phenytoin, methyldopa, and lamo-
trigine; drugs used to treat endocrine disorders such as pro-
pylthiouracil, atorvastatin, and troglitazone; and amiodarone
which is used to treat cardiovascular disorders. (32)

On the other hand, pregnancy facilitates cholestasis and
generates two pathologies accompanied by alterations
of the liver profile. One of them is hyperemesis gravida-
rum which occurs during the first trimester of pregnancy.
The other is intrahepatic cholestasis of pregnancy which
appears in the second and third trimesters of pregnancy.
(33) It manifests with pruritus and serum bile acid levels
over 40 mmol/L and is associated with a high rate of fetal
complications. Symptoms spontaneously resolve four to
six weeks after delivery. (30, 34)

Intrahepatic cholestasis of pregnancy occurs in women
who are heterozygous for MDR3 deficiency. Because
MDR3 is a translocator in the canaliculi of the hepatocyte
membrane, oral contraceptives have been counter indica-
ted for these women. (35)

Total parenteral nutrition has also been described as a
cause of cholestasis. (26) Hemodynamic modifications have
been identified within the acini and cholangioli of patients
receiving this treatment. They empty into the hepatic artery
rather than the portal vein. Similarly, the effects of prolonged
fasting or digestive rest generate modifications in the entero-

hepatic circulation and changes in nutritional composition
provided although these changes are not exactly the same as
those that occur with enteral nutrition. (36, 37)

Sepsis has also been described as a cause of cholestasis
in patients with Gram positive and Gram negative bacterial
infections. Release of bacterial endotoxins such as lipopo-
lysaccharides reduces recapture of bile by sodium-tauro-
cholate receptors and by transporters that release bile salts.

This mechanism is mediated by proinflammatory cytoki-
nes such as interferon gamma and tumor necrosis factor. This
facilitates lymphocytic infiltration into the ductal epithelium
and reduces the secretion of bile in the bile ducts. (38, 39)
This phenomenon can manifest with hyperbilirubinemia
and reach levels over 20 mg/L within the first 48 hours. It
can also be increased by increased bilirubin loads (hemoly-
sis, trauma or hematoma) and by liver alterations of bile flow
(choledocholithiasis or intraductal inflammation). (40)

Systemic disorders such as sarcoidosis initially generate
pulmonary granulomatous and pulmonary nodule com-
promises. These appear in people between the ages of 20
and 40 and are accompanied by abdominal pain, nausea,
vomiting, and high ALP and angiotensin converter enzyme
levels. (39)

Viral infections such as Epstein-Barr disease and cyto-
megalovirus can also cause systemic compromises related
to cholestasis. Due to the nature of their DNA, these viru-
ses compromise the liver. Cytomegalovirus, is capable of
generating HIV cholangiopathy in patients with retrovirus
infections although this is an unusual cause of sclerosing
cholangitis. (3, 39)

In addition, immunoglobulin deposition diseases such
as primary and secondary amyloidosis (due to plasma
cell neoplasms such as macroglobulinemia or multiple
myeloma) and secondary (due to systemic inflammatory
diseases such as rheumatoid arthritis, tuberculosis, and
osteomyelitis) are also thought to cause cholestasis. It is
initially identified by an high ALP levels and hepatomegaly.
Primary amyloidosis results from plasma cell neoplasms
such as macroglobulinemia or from multiple myeloma
while secondary amyloidosis is due to systemic inflam-
matory diseases such as rheumatoid arthritis, tuberculosis,
and osteomyelitis. (29, 39)

Genetic disorders involving defects in the hepatocellu-
lar transport of bile are also reported to cause cholestasis.
These disorders include Progressive Familial Intrahepatic
Cholestasis (PFIC) Type 1 and Type 2 which are autoso-
mal recessive disorders whose onset occurs during the neo-
natal period. Cholestasis appears in the first month of life,
together with high ALP levels and normal gamma-glutamyl
transferase levels in both PFIC 1 and PFIC 2.

PFIC 2 causes liver failure and progression to cirrhosis,
hepatocellular carcinoma and cholangiocarcinoma. The
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onset of PFIC 3 occurs later n in childhood and is accom-
panied by high levels of gamma-glutamyl. (30, 41)

Another disorder, recurrent benign intrahepatic choles-
tasis is characterized by repeated episodes of pruritus and
jaundice that last for weeks or months. Again, there are
high levels of ALP subsequent to onset of pruritus, but the
prognosis is benign. (42) Alagille syndrome is an autoso-
mal dominant disorder which compromises multiple sys-
tems including the liver, heart, bone system, and eyes. It
involves a mutation in the JAG1 gene and manifests itself
with jaundice, hyperbilirubinemia, and high levels of ALP.

Aless frequently occurring disorder, cystic fibrosis secon-
dary to mutation of a gene involved with the chlorine-con-
ducting transmembrane channels (CFTR) which modify
anion transport and mucus clearance, results in respiratory
compromise with bronchiectasis as well as liver damage
and cirrhosis. (43)

Like cystic fibrosis, Dubin-Johnson syndrome manifests
itself through jaundice and hyperbilirubinemia (primarily
of direct bilirubin,. The liver becomes black due to poor
expression of the MRP2 transporter that alters the excre-
tion of bile. (10, 44)

DIAGNOSIS

The approach to cholestasis starts with a physical examina-
tion and the medical history. The physician must establish
whether there are family precedents for cholestasis which
might suggest PFIC and whether there is any surgical history
of cholecystectomy which would probably indicate choledo-
cholithiasis. (42). The medical history also should cover all
drugs, medications, herbal remedies and alcohol consump-
tion, any of which could cause this condition. (3,9, 10)

During the physical examination, the presence of painless
jaundice, with or without a palpable mass in the right hypo-
chondrium, may suggest malignant obstruction. Jaundice
and abdominal pain together suggest choledocholithia-
sis. It can also manifest with cholangitis (fever, jaundice,
pain in the right hypochondrium) due to partial or total
obstruction of the bile duct. Intrahepatic cholestasis may
appear with itching and fatigue.

The first step in studying cholestasis is measurement of
ALP. Not specific to the liver, it can be found in the bones,
kidneys, placenta, and white blood cells, but if high levels
of ALP are found, and transaminase and/or bilirubin levels
are not high, and there is no imaging evidence suggesting
obstruction, measurement of gamma-glutamyl transferase
and measurement of bone isoenzyme by electrophoresis or
S-nucleotidase could be useful. It may also be appropriate
to consider lifelong high levels of ALP and gender variance,
since ALP levels are higher in women. (33, 34)
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Similarly, blood tests for viral infections can exclude
infectious hepatitis, and autoimmune etiologies should be
ruled out by measuring ANA, ASMA, AMA, perinuclear
ANCA, and immunoglobulin G and M levels. (45)

Diagnosticimages can be used to determine whether cho-
lestasis is of intrahepatic or extrahepatic origin. Abdominal
ultrasound is essential for excluding extrahepatic biliary
obstruction, (10) but its use is technically difficult in obese
people since it misses up to 60% of stones in the common
bile duct of obese patients. (46)

Other complementary studies of the bile duct include
abdominal CT scans, although they do not adequately
delineate the bile duct, (47) magnetic resonance cholan-
giography, endoscopic ultrasound, and endoscopic retro-
grade cholangiopancreatography. These tools are essential
for identifying lesions that cause extrahepatic obstructions.

Abdominal ultrasound and magnetic resonance cholan-
giography can be used to characterize the intrahepatic bile
duct, while endoscopic retrograde cholangiopancreatogra-
phy contributes to instrumentation of the bile duct, extrac-
tion of stones in it and for taking biopsies when neoplastic
lesions of the ducts are suspected. ERCP can help dilate
bile duct stenoses and can be used to place stents in the
common bile duct in cases of clinically manifest narrow-
ness (Figure 3). (10)

TREATMENT

PBC and PSC are prototypes of chronic cholestatic diseases
and are considered to be models of disorders for discussing
medical management of cholestasis. (48) Treatment strate-
gies seek to limit accumulation of bile acids and reduce bile
acid reserves while trying to protect the liver by inducing
choleresis (biliary excretion of acids) thus limiting damage
to cholangiocytes and modulating inflammation caused by
bile acids. (49)

Management of PBC and PSC and other cholestatic
diseases is based on the use of ursodeoxycholic acid which
stimulates bile and bicarbonate flow in hepatocytes and
cholangiocytes. It provides anti-apoptotic and anti-inflam-
matory effects (50) which can be used to identify response
criteria after the start of treatment for PBC (Table 1). (51)

Nevertheless, there is insufficient evidence to demonstrate
a survival benefit for PSC patients despite improvements in
their liver profiles. (23) Other agents that are still in use are
farnesoid X receptor (FXR) agonists like obeticholic acid, reti-
noid X receptor (RXR) agonists, pregnane X receptor (PXR)
agonists, glucocorticoid receptor (GR) agonists and the
peroxisome proliferator activated receptor (PPAR) agonists.

Fibrates such as fenofibrate and bezafibrate are trans-
criptional modifiers of bile formation which act on these
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Figure 3. Cholestasis diagnostic algorithm. ALP: alkaline phosphatase; EUS: endoscopic ultrasound; MRCP: Magnetic resonance cholangiography;
ERCP: endoscopic retrograde cholangiopancreatography; ANA: antinuclear antibodies; AMA: antimitochondrial antibodies; PBC: Primary
biliary cholangitis; Ig G4: immunoglobulin G4. Modified from reference 3. EUS or MRCP; ERCP endoscopic ultrasound or Magnetic resonance
cholangiography
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Table 1. Criteria for responses after PBC treatment.

Definition Follow-up Clinical outcome Percentage without
time response

Barcelona ALP level over 40% or normalization. 12 months  Transplant-free survival 39
Paris 1 ALP < 3 x upper limit of normal and AST < 2 upper limit of 12 months  Transplant-free survival 39

normal with normal bilirubin.
Paris 2 ALP and AST =1.5 x upper limit of normal and normal 12 months  Transplant and complication free 52

bilirubin. survival, progression to cirrhosis
Rotterdam Normal bilirubin or albumin 12 months  Transplant-free survival. 24
Toronto ALP < 1.67 upper limit of normal 24 months  Histological progression 43

ALP: alkaline phosphatase; AST: aspartate aminotransferase. Modified from reference S1.

receptors and prevent the accumulation of bile acids by
reducing import and increasing export of these molecules
in the hepatocytes. (49, 52)

For patients who do not respond to pharmacological
measures, liver transplantation should be considered. It
achieves 1 and S-year survival rates of 83% and 78%, res-
pectively. Nevertheless, the disease recurs in up to 8% of
these patients by S years after and in 22% by 10 years after
transplantation. (24)

CONCLUSIONS

Cholestasis is a syndrome that compromises the synthesis,
secretion and flow of bile and can lead to the risk of cirrho-
sis and portal hypertension. Early diagnosis and identifica-
tion of subtle manifestations such as itching and changes
in ALP levels are important, so clarity on hepatic origin
and exclusion of other sources of ALP given its presence in
other tissues are necessary.

Treatment seeks to decrease inflammation generated by
bile acids and to modify bile acid reserves through excre-
tion or blockade of enterohepatic circulation. Exclusion of
complications such as osteoporosis and vitamin deficiency
caused by this alteration, and prompt treatment of them
when they do occur, are essential.
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