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The milk-alkali syndrome is a well-documented conse-
quence of excessive calcium and alkali intake first
recognized in association with early 20th century antacid
regimens. The syndrome became rare after widespread
implementation of modern peptic ulcer disease thera-
pies. With recent trends in osteoporosis therapy coupled
with widely available calcium-containing supplements,
the milk-alkali syndrome has reemerged as an important
clinical entity. Our case illustrates a patient who self-
medicated his peptic ulcer disease with a regimen
resembling a common early 20th century dyspepsia
regimen. When superimposed upon chronic high calci-
um supplementation, the patient became acutely ill from
the milk-alkali syndrome. When taken to excess, or used
inappropriately, medications and supplements ordinarily
considered beneficial, can have harmful effects. Our case
underscores the importance of obtaining a thorough
medication history including use of over-the-counter
supplementation.
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INTRODUCTION

The milk-alkali syndrome, a triad of hypercalcemia, metabolic
alkalosis, and renal insufficiency, was identified in 1923 as an
adverse effect of peptic ulcer disease therapies involving the
use of dairy products and alkaline powders.1 Such treatments,
heralded as a “medical cure” for gastric and duodenal ulcers by
Sippy2 in 1915, confined patients to bed rest for weeks and
called for the hourly feeding of milk and creamed products
with powders of “heavy calcined magnesia,” sodium bicarbon-
ate, and “bismuth subcarbonate” administered between each
feeding. Subsequent research reported the onset of toxic
symptoms from 4 days to 4 weeks after starting the regimen.1

By 1985 with the widespread use of proton-pump
inhibitors and antibiotic therapies for peptic ulcer disease,
the milk-alkali syndrome essentially disappeared, account-
ing for less than 1% of hypercalcemia cases.3,4 However,
now, the syndrome has again risen in clinical importance

as the third most common cause of hypercalcemia behind
malignancy and primary hyperparathyroidism.3,4 Recent
trends in the prevention and treatment of osteoporosis
using widely available over-the-counter (OTC) calcium
supplements appear to be contributing to its return.4

Physicians must be aware of the potential use of OTC
agents by the health-seeking individual and should consid-
er the possibility that multiple calcium-containing agents
are being consumed simultaneously by the hypercalcemic
patient.

CASE REPORT

A 60-year-old male had been experiencing confusion, generalized
weakness, difficulty ambulating, vomiting, and a decreased oral
intake worsening over the 5 days before admission. The patient
consumes more than two grams of calcium carbonate daily using
OTC nutritional supplements, in addition to milk and 800 IU
vitamin D supplements, which he ingests for the purpose of
osteoporosis prevention. In addition, the patient suffers from
recurrent gastrointestinal pain and remedies his dyspepsia with
one teaspoon of sodium bicarbonate powder and unknown
quantities of calcium carbonate and aluminum/magnesium
hydroxide antacids during acutely painful episodes. Before
admission, the patient had been using an unspecified amount
of calcium carbonate-containing antacids in addition to his usual
amount of nutritional supplements.

Physical examination demonstrated a dehydrated male,
mildly confused but without other neurological disturbances.
Laboratory data showed a serum bicarbonate level of
33 meq/L (22–32 meq/L), serum albumin-corrected calcium
level of 12.3 mg/dL (8.5–10.2 mg/dL), serum phosphorus of
3 mg/dL (2.5–4.8 mg/dL), serum blood urea nitrogen of
37 mg/dL (5–22 mg/dL), and a creatinine level of 6 mg/dL
(0.5–1.4 mg/dL) with a pH of 7.562 and pCO2 of 39.8 mmHg
obtained by an arterial blood gas. A review of records showed
the patient’s albumin-corrected calcium level was 9.72 mg/
dL approximately 6 months previously with a creatinine level
of 1.1 mg/dL at that time. The patient’s thoracic radiograph
was normal, and he had no history of malignancy, sarcoid-
osis, or lithium therapy. A serum intact PTH (iPTH) level was
low at 7 pg/mL.

The patient was admitted for hypercalcemia, acute renal
insufficiency, and metabolic alkalosis and underwent saline
diuresis, with clearing of his mentation overnight, and im-
provement of the pH (7.476) by the third hospital day and
normalization of the serum albumin-corrected calcium
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(9.88 mg/dL) on the sixth hospital day. Serum creatinine
steadily trended downward to 2.6 mg/dL on the day of
discharge and the patient left our institution in stable condition.

DISCUSSION

The milk-alkali syndrome is classically defined as a triad of
hypercalcemia, metabolic alkalosis, and renal insufficiency.5

To manifest the syndrome, calcium is consumed orally
together with an absorbable alkali, such as calcium carbon-
ate antacids.6 Hypercalcemia typically develops when calci-
um carbonate consumption exceeds 5 g per day, (or 3 g per
day if underlying renal insufficiency is present).7 Hypercal-
cemia tends to induce emesis and natriuresis, both of which
result in volume loss. This volume loss contributes to the
alkalotic state by inducing an increase in proximal tubular
bicarbonate reabsorption. In addition, high serum calcium
levels worsen the alkalosis through suppression of parathy-
roid hormone (PTH) by negative feedback.7 It is a normal
function of PTH to inhibit proximal tubular bicarbonate
reabsorption. Therefore, whenever PTH is suppressed, bicar-
bonate is reabsorbed such that calcium and bicarbonate
both impede the excretion of each other.3,5 A vicious cycle
ensues when volume depletion and renal vasoconstriction
reduce the glomerular filtration rate (GFR), and consequent-
ly, reduce the calcium clearance.7 With reduced renal
function, the alkalotic state is maintained in the setting of
high calcium and alkali gastrointestinal absorption.5

Clinically, the milk-alkali syndrome is described in terms of
three different forms representing the progressive stages of the
milk-alkali syndrome: the acute form, “toxemia”; the interme-
diate, “Cope’s syndrome”; and the chronic form, “Burnett’s
syndrome”. The acute form manifests within 2 to 30 days after
consumption of calcium and absorbable alkali and consists of
irritability, vertigo, apathy, headache, weakness, myalgia, and
vomiting, largely related to the presence of hypercalcemia and
metabolic alkalosis.5 Recovery from the acute form usually
occurs within 1–2 days after cessation of calcium and alkali
ingestion. Intermediate milk-alkali syndrome occurs within
several weeks of calcium and alkali ingestion,6 but may also
result from chronic intermittent ingestion.5 Manifestations
are similar to the acute form but also include conjunctivitis
from calcium salt deposition. Symptomatic improvement
occurs over the course of weeks as opposed to days compared
to the acute form.5 Milk-alkali syndrome, in its chronic form,
exists when soft tissue calcifications are present, resulting in
conjunctivitis, band keratopathy of the cornea, musculoskel-
etal deposits, and nephrocalcinosis.5 The renal damage in
chronic milk-alkali syndrome is thought to be irreversible.5

The preferred laboratory evaluation of hypercalcemia is by
measure of the albumin-corrected calcium or by the ionized
serum calcium, with abnormal values confirmed by a repeat
measure.3 Serumurea nitrogen and creatininemeasurements
demonstrate renal insufficiency.8 Simultaneous measure-
ment of the arterial blood gas data and serum chemistries
confirm the presence of a metabolic alkalosis. Additional
biochemical derangements such as hypochloremia and hypo-
kalemia may be variable, but when present, further suggest
the diagnosis of milk-alkali syndrome.5 Interestingly, hyper-
phosphatemia was documented in older reports of the milk-
alkali syndrome as a result of the high phosphorus load in

milk and impaired phosphorus excretion resulting from
reduced renal function in general.6 More recent cases of the
syndrome do not feature high phosphorus levels as ingestion
of milk is no longer a common precipitating factor.6

The clinician should pursue other causes of hypercalcemia
such as granulomatous diseases, lithium toxicity, diuretic use,
vitamin A and/or D intoxication, adrenal insufficiency, and
hyperparathyroidism.3 Measurement of iPTH will reveal prima-
ry hyperparathyroidism. In the milk alkali syndrome, the iPTH
is usually suppressed.8 In one report, 11% of milk-alkali
syndrome patients weremisdiagnosed with primary hyperpara-
thyroidism and underwent unnecessary surgical exploration of
the parathyroid glands.8 Consideration of the milk-alkali
syndrome as the cause of hypercalcemia can eliminate such
unnecessary procedures.

Given the readily available OTC calcium preparations on
the market and the recent emphasis on osteoporosis
prevention and treatment4,8 an extensive medication and
dietary history is required to screen for multiple calcium-
containing agents, which may be contributing to an acute
hypercalcemic event. Although calcium carbonate products
are common causes of the milk-alkali syndrome because
they contain both a calcium component and an absorbable
alkali component,8 ingestion of a calcium source concur-
rently with any other type of absorbable alkali could
potentially result in the milk-alkali syndrome.5 Aside from
the over-use of antacid regimens and misuse of OTC
nutritional supplements, cultural practices and psycho-
pathological behaviors should also be considered.9 For
example, in Asia and Africa, the milk-alkali syndrome has
been associated with the ancient practice of chewing “betel
quid,” which is a nut of the Areca catechu “betel palm”

treated with a calcium hydroxide lime paste and chewed for
its psychogenic effects by approximately 200 million people
worldwide.10,11 Massive cheese ingestion can result in the
“cheese alkalosis syndrome” described in a Swedish report
of an anorexic/bulimic patient with a pica syndrome for
cheese who required multiple hospitalizations.12 Another
account describes an anorexic–bulimic patient who devel-
oped a “Rolaids-yogurt syndrome” after chronic daily
consumption of 1,700 mg of calcium-containing Rolaids
tablets and yogurt.7 Milk-alkali in the setting of Munchau-
sen’s syndrome has also been documented in a malingering
patient after the physician discovered calcium carbonate
tablets and diuretics within a hidden compartment in the
patient’s purse.13

Therapy for the milk-alkali syndrome involves limiting
calcium and alkali ingestion, specifically, a reduction of total
daily calcium carbonate intake to 3–3.375 g (the equivalent of
a daily elemental calcium intake to 1.2–1.5 g).4 In cases where
calcium supplementation is required, it is recommended to
consume calcium without absorbable alkali.8 Initial treatment
of hypercalcemia is volume expansion with intravenous saline.
Adjunctive measures involve enhancing calcium excretion with
loop diuretics, while monitoring intake, urinary volume, and
electrolyte values.3,4 In refractory cases, hypocalcemic agents
may also be employed, such as calcitonin and/or bispho-
sphonates.3 In cases of chronic milk-alkali syndrome, im-
provement in hypercalcemia and renal insufficiency may occur
over a prolonged period; hemodialysis may be needed in severe
cases.5 Typically, hemodialysis is reserved for hypercalcemia
levels above 18 mg/dL refractory to rehydration, saline
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diuresis, and calcitonin.3 Renal recovery occurs slowly, with
improvement in serum creatinine levels occurring over the
course of a week in one reported case.7

CONCLUSION

The milk-alkali syndrome, once a common clinical manifestation
from dyspepsia regimens, has reemerged as a toxic effect of
excessive calciumsupplementation andosteoporosis treatments.
Our case is interesting because it involves the use of sodium
bicarbonate and milk in conjunction with over-the-counter
calcium supplements and antacids, and as such, approximates
the components of Sippy’s dyspepsia regimen, which caused this
syndrome to be identified nearly a century ago. In the case report
described above, the patient became acutely ill from hypercalce-
mia as a result of the combined effects of acute antacid use
together with the consumption of his usual daily calcium
supplements. Our case illustrates the need to take a complete
medication and dietary history to screen for multiple sources of
calcium intake. Cultural practices and psychopathologic behav-
ior may also be factors. Clearly, as our case illustrates, potential
harm sometimes results from aggressive health-seeking behav-
ior. This is especially true when such behavior is combined with
excessive intake of certain foods, pharmaceuticals, and nutri-
tional supplements which, when taken in excess, may lead to
unintended deleterious effects.
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