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Primary malabsorption following extreme
attempts to lose weight1
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EDITORIAL SYNOPSIS Two patients are reported in whom a malabsorption syndrome was precipitated
by a drastic weight-reducing regime. It is suggested that the protein deficiency might have caused
an abnormal sensitivity to gluten in the intestinal cells.

It has been postulated that susceptibility to coeliac
disease is inherited. A familial incidence (Davidson,
Girdwood, and Innes, 1947; Davidson and Fountain,
1950; Thompson, 1951; Cooke, Peeney, and
Hawkins, 1953; Boyer and Andersen, 1956; Carter,
Sheldon, and Walker, 1959; Rubin, Brandborg,
Phelps, Taylor, Murray, Stemler, Howry, and
Volwiler, 1960b; Rubin, Brandborg, Flick, Mac-
Donald, Parkins, Parmentier, Phelps, Sribhibhadh,
and Trier, 1962) and an increased frequency of blood
group 0 Rh positive (Joske and Benson, 1958;
Benson, Kowlessar, and Sleisenger, 1964) have been
reported. The purpose of this report is to describe
studies of two obese adults who developed coeliac
disease following unusual efforts to lose weight.

REPORT OF CASES

CASE 1 A 36-year-old Negro was admitted to hospital
because of weakness of all extremities, hoarseness, peri-
pheral oedema, and chronic diarrhoea. Two years before
admission, when in good health but obese (weight
276 lb.), the patient attempted rapid weight reduction by
eliminating everything from his diet except turnip greens
and a sugar-free soft drink. At the end of one month, after
losing 20 lb., he resumed a normal diet. During the
following month he continued to lose weight, although
his appetite was good and his food intake above average.
One month after resuming a normal diet he developed
fatigue, listlessness, and painless, non-bloody diarrhoea
consisting of 10 to 12 loose, bulky, unusually foul move-
ments daily. Weakness of both legs, decreased sensation
and paraesthesias in the hands and feet, and hoarseness
developed gradually over the next eight weeks. At this
time he had difficulty in walking because of weakness. Ten
months later he was seen at another hospital where a
diagnosis of pernicious anaemia was made and parenteral
'This investigation was supported in part by training grant 2A-5234,
United States Public Health Service, Bethesda, Maryland.

vitamin B52 therapy begun. During the next nine months
the weakness, hoarseness, and diarrhoea became in-
creasingly more severe. Because a friend suggested it, he
began to eat large quantities of bread and cereals one
month before he was admitted to hospital. During this
month his symptoms became increasingly severe, and the
legs became swollen. He was seen in the Out-patient
Department and admitted for evaluation. His weight at
that time was 171 lb., a loss of 105 lb. There was no history
of diarrhoea, anaemia, or failure to thrive in childhood,
and no familial history of intestinal disease.
At physical examination he was noted to be obese and

anxious. Temperature was 102°F. Pulse, blood pressure,
and respirations were normal. The tongue was red and
smooth, and cheilosis was present. The remaining positive
findings were neurological. There was generalized muscle
weakness, so that he was unable to walk or raise himself
from the bed. Deep tendon reflexes were markedly hypo-
active or absent throughout. Vibratory sense was im-
paired in the feet. The left vocal cord was paralysed.

There was a moderate amount of protein in the urine.
The haemoglobin was 8-7 g./100 ml.; haematocrit, 27%;
white cell count, 8,900/mm.3 (70% neutrophils, 23%
lymphocytes, 4% monocytes, and 3% eosinophils);
erythrocyte sedimentation rate was 54 mm. in one hour;
reticulocyte count, 19 %. Bone marrow examination
showed many target cells and occasional megaloblasts.
The faeces were voluminous, liquid, pale, unusually foul-
smelling, and negative for occult blood, and microscopic
examination disclosed numerous fatty acid crystals.
Further laboratory investigations demonstrated multiple
nutritional deficiencies and marked intestinal malabsorp-
tion. The serum carotene level was 0 ug./100 ml.; serum
potassium, 3-3 mEq./l.; serum carbon dioxide-combining
power, 18 m.mols; serum calcium, 4-5 mg./100 ml.;
serum phosphorus, 3-8 mg./100 ml.; serum magnesium,
1-1 mEq./l. (normal, 1-6-2-1 mEq./l.); total serum
cholesterol, 122 mg./100 ml.; serum iron, 44 ug./100 ml.;
serum albumin, 2-5 g./100 ml.; serum globulin, 5-6 g./100
ml. (serum electrophoresis and scanning); serum folate,
1-3 ,ug./ml. Oral glucose tolerance tests showed a peak
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FIG. la.

FIG. lb.

FIG. I C.

FIGS. la, lb, and lc. Jejunal
biopsyfrom case 1. Diffuse,
severe loss of normal villous
pattern is seen at low power
(Fig. Ja, haematoxylin and eosini
x 35). Increased infiltration of
the lamina propria with round
cells, fusing of the villi, and
deepening of the crypts are
present (Fig. Ib, haematoxylin
and eosin x 100). High magnifi-
cation shows distortion and
flattening of the surface epithelial
cells. (Fig. Jc, haematoxylin and
eosin x 250).

of 80 mg./100 ml. at two hours; abnormally low serum
curves were obtained following oral administration of
radioiodinated triolein and oleic acid; the urinary excre-
tion of radiocobalt vitamin B12 without intrinsic factor
was 2-16% (normal, over 10%); free HCI was present in
the gastric secretion. The urinary excretion of xylose
following a 25 g. oral dose was 1-46 g. in five hours. A
barium meal demonstrated dilated jejunal loops and loss

of the normal mucosal pattern with widening of the
mucosal folds. A peroral jejunal mucosal biopsy was ob-
tained several inches beyond the ligament of Treitz with
the Crosby-Kugler intestinal biopsy capsule (Crosby and
Kugler, 1957). The mucosa appeared flattened and con-
voluted when viewed with the dissecting microscope
(Holmes, Hourihane, and Booth, 1961), and histological
examination revealed total villous atrophy, abnormalities
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of the surface epithelial cell layer, deepening of the crypts,
and increased infiltration of the lamina propria with
plasma cells and lymphocytes (Fig. 1), changes character-
istic of coeliac disease (Shiner, 1957; Rubin, Brandborg,
Phelps, and Taylor, 1960a; Yardley, Bayless, Norton, and
Hendrix, 1962; Cameron, Astley, Hallowell, Rawson,
Miller, French, and Hubble, 1962). Biopsy of a peripheral
nerve was performed and mild degenerative changes were
found. Muscle biopsy showed non-specific myopathy.

During the patient's first month in hospital, although he
ate a normal hospital diet, his weakness decreased but
the diarrhoea and anaemia remained unchanged. He was
then begun on a gluten-free diet, folic acid, and parenteral
iron. At the time of discharge one month later there was
evidence of marked neurological improvement, the
diarrhoea had decreased to two or three semiformed
movements daily, and he had begun to gain weight.
When seen nine months later in the Out-patient Depart-

ment, the patient had no symptoms and appeared obese,
but well. He had followed the gluten-free diet strictly. His
weight was 217 lb. General physical and neurological
examinations were normal. The haemoglobin was
12-5 g./100 ml.; haematocrit, 38%; white cell count,
5,800/mm.3 (52% neutrophils, 28% lymphocytes, 1%
monocytes, 1 % basophils, and 18% eosinophils); serum
albumin, 3-6 g./100 ml.; serum globulin, 4-3 g./100 ml.
The values for serum sodium, potassium, chloride, carbon
dioxide-combining power, calcium, and phosphorus were
normal. He was advised to continue the gluten-free diet
and to decrease his intake of calories to control the
obesity.

CASE 2 A 38-year-old white woman was admitted to
hospital for evaluation of abdominal pain, weakness,
fatigue, and diarrhoea of four weeks' duration. Beginning
two years before admission the patient had taken one
tablet of a long-acting amphetamine and up to one pint
of milk of magnesia nightly and one tablet of acetazo-
lamide (Diamox) each morning in an attempt to lose
weight. On this programme of weight reduction she had
two to four loose bowel movements each day and her
weight fell from 135 to 121 lb. Four weeks before admis-
sion she began to have episodes of sharp, crampy epi-
gastric pain after her nightly medications, and also in the
mornings, associated with occasional nausea and retching.
She noticed that she now had up to six watery, unusually
foul-smelling bowel movements each day. She also began
to tire easily, feel weak, have decreased appetite, and to
lose weight. One week before admission her private
physician noted that she had peripheral oedema and he
prescribed chlorothiazide, 250 mg. daily, but the symp-
toms became progressively severe. There was no history
of diarrhoea, anaemia, or failure to thrive in childhood,
and no familial history of intestinal disease.
At the time of admission the patient weighed 113 lb.

Physical examination was normal except for minimal
epigastric tenderness. Urine analysis was normal. The
haemoglobin was 12-0 g./100 ml.; white cell count,
16,650/mm.3 (62% neutrophils, 31 % lymphocytes, 5%
monocytes, and 2% eosinophils); the red blood cells
appeared hypochromic on smear; erythrocyte sedimenta-
tion rate was 37 mm. in one hour; the levels of total

serum cholesterol, 147 mg./100 ml., serum amylase,
100 M and K units, serum albumin, 2-8 g./100 ml., serum
globulin 2-8 g./100 m. (serum electrophoresis and
scanning), and serum carotene, 28 ,ug./100 ml. The faeces
were liquid, pale, unusually foul-smelling, and intermit-
tently positive for occult blood; microscopic examination
disclosed numerous fatty acid crystals. The urinary excre-
tion of xylose following a 25 g. oral dose was 1-54 g. in
five hours. A barium meal demonstrated enlarged gastric
folds and loss of the normal jejunal mucosal pattern with
widening of the mucosal folds. A peroral jejunal mucosal
biopsy was obtained 24 inches beyond the ligament of
Treitz. The major portion of this biopsy appeared flat and
convoluted when viewed with the dissecting microscope.
There was one area of the specimen where a few blunted,
shortened villi remained. The histological appearances of
this mucosa were similar to those of the jejunal mucosal
biopsy specimen obtained from case 1, and were
characteristic of coeliac disease.
A gluten-free diet was started three weeks after admis-

sion. Within a few days the patient had ceased to have
abdominal pain and had less diarrhoea. By the time of
discharge from hospital, two weeks after starting the
gluten-free diet, the diarrhoea had ceased. Ten months
later she was readmitted for an uneventful delivery of
twins. She had ceased to have symptoms during the second
month of the gluten-free diet and had gained 15 lb. At
the time of readmission the physical examination was
normal. The haemoglobin was 15-3 g./100 ml.; white cell
count, 5,000/mm.3; serum carotene, 90 pg./100 ml. After
discharge from hospital she ceased to follow the gluten-
free diet, yet experienced no abdominal pain, diarrhoea,
or weight loss. One year later, when seen by her private
physician, she had no complaints, appeared well, and her
haemoglobin and serum carotene levels were normal.

COMMENT

The multiple nutritional deficiencies and fatty
diarrhoea of coeliac disease are caused by abnor-
malities of the mucosa of the small intestine. The
aetiological relationship of gluten, gliadin (the
fraction of gluten soluble in alcohol), and peptides
obtained by peptic-tryptic digestion of gluten and
gliadin to the clinical and mucosal abnormalities has
been demonstrated in several studies (Dicke, 1950;
Dicke, Weijers, and Kamer, 1953; Anderson, Frazer,
French, Gerrard, Sammons, and Smellie, 1952;
Sheldon and Lawson, 1952; Kamer and Weijers,
1955; Schwartz, Sleisenger, Pert, Roberts, Randall,
and Almy, 1957; Krainick, Debatin, Gautier,
Tobler, and Velasco, 1958; Krainick and Mohn,
1959; Frazer, Fletcher, Ross, Shaw, Sammons, and
Schneider, 1959; van Roon, Haex, Seeder, and Jong,
1960; Rubin, Brandborg, Flick, Phelps, Parmentier,
and van Niel, 1962; Bayless, Yardley, Norton, and
Hendrix, 1962; Pittman and Holub, 1965). Several
authors have postulated that patients with coeliac
disease have abnormal peptidase activity of the small
intestinal mucosal epithelial cells which prevents the
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normal degradation of certain peptides derived from
the intraluminal digestion of gluten or gliadin (see
Frazer, 1962). These peptides are thought to enter
the epithelial cells and begin the harmful chain of
events which results in the flattened, infiltrated
mucosa with its abnormal epithelial cell layer. There
is also evidence that immunological phenomena play
a role in the pathogenesis of coeliac disease (see
Jeffries, Weser, and Sleisenger, 1964). However, the
exact mechanism of the harmful action of gluten,
gliadin, and the peptides is unknown.
Although there is evidence that heredity is a

predisposing factor for the development of coeliac
disease, many adults with the disease have no family
history of intestinal disorders and were perfectly
healthy during infancy and childhood. The two
patients described in this report not only had nega-
tive family histories for intestinal disease and no
history of disease during infancy and childhood, but
also had been obese for several years before the onset
of their illnesses. Although it is possible that both of
these patients were suffering from coeliac disease in
an asymptomatic form before they began their
regimens, it is likely that factors related to the
unusual attempts to lose weight produced alterations
in the mucosa of the small intestine which made it
susceptible to the toxic effects of wheat protein. The
deleterious effects of gluten in the diets of these
patients was suggested by the rapid response to a
gluten-free diet in both patients after a control period
of a normal hospital diet. Since in one of the patients
(case 2) neither symptoms nor anaemia were exacer-
bated after resuming a normal diet, it is likely that
the defect in the mucosa which made it susceptible
to gluten toxicity disappeared as the mucosa of the
small intestinal tract regenerated during the period
of gluten-free diet therapy.
The specific factors which are postulated to have

produced alterations in the mucosa of the small in-
testinal tract mucosa and made it susceptible to the
toxic effects of wheat protein were not determined in
this study. It has been demonstrated in experimental
animals that the mucosa of the small intestine can be
altered by factors which could have been operative
in these two patients. Extreme acute starvation in
mice produced abnormalities of small intestinal
mucosal epithelial cells: morphological changes and
impaired differentiation of the epithelial cells were
observed to accompany reduced cell renewal (Brown,
Levine, and Lipkin, 1963). The rate of migration of
the epithelial cells to the tips of the villi was also
reduced. Pigs fed a protein-calorie-deficient diet
developed abnormalities of small intestinal tract
mucosa similar to those found in coeliac disease
(Platt, Heard, and Stewart, 1964). Similar studies
have not been carried out in man.

The findings in the two patients reported here
indicate another, and unusual, hazard of extreme
attempts to lose weight. They also suggest that
factors other than heredity may predispose to coeliac
disease.

SUMMARY AND CONCLUSIONS

A form of adult coeliac disease with multiple
nutritional deficiences, fatty diarrhoea, and charac-
teristic changes in the jejunal mucosa was observed
in two obese adults after extreme attempts to lose
weight. Both patients were treated successfully with
a gluten-free diet. It is suggested that factors related
to the unusual attempts to lose weight may have
produced alterations in the mucosa of the small
intestinal tract which made it susceptible to toxic
effects of wheat protein.

The author would like to thank Dr. J. M. French and
Dr. C. F. Hawkins for their many helpful suggestions in
the preparation of this paper, Dr. F. R. Bailey for per-
mission to study and report one of the patients, and the
Helen Hay Whitney Foundation for fellowship support.
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