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INTRODUCTION 

The syndrome of protein-calorie malnutrition (PCM) in the human entails 
nutritional deficiencies of not only protein and cal<?rles, but also of minerals 
and vitamins in varying degrees. These deficiencies result in a number of 
metabolic changes, which include a large variety of hormonal alterations 
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188 BECKER 

related to the major changes of fuel homeostasis in the malnourished state. 
Increased or decreased circulating levels of a variety of hormones have been 
reported in the human. Conflicting data in the literature are presumably due to 
variations in the degree of malnutrition in individual patients, the timing at 
which studies are carried out, possibly the different etiologies of the malnutri­
tion, and the association of complicating factors such as infection. Despite the 
relatively uncontrolled study situati6ns in the human, animal models of PCM, 
which are much purer in their specific deficiency, have produced surprisingly 
similar hormonal changes. The abnormalities of circulating hormone levels are 
dUe to alterations in their secretion rates, clearance rates, and binding proteins. 
In addition, changes in hormone receptors at the tissue level are likely, but this 
has not been well studied. These'modifications of the endocrine system prob­
ably represent adaptation of the organism to the altered nutritional status, 
although in some instances they kay be nonspecific consequences of severe 
nutritional insults. It should be stressed that hormonal abnormalities associated 
with fasting or acute starvation are, of ten different from those of chronic PCM. 
These different forms of malnutrition may represent a spectrum of duration, 
severity, and diet composition resulting in a continuum of functional endocrine 
changes. These factors are also likely to affect the rate of recovery from 
endocrine dysfunction or of adaptation during nutritional rehabilitation. Con­
versely, the rate of hormonal recovery may affect the rate of nutritional 
recovery. 

Most studies of PCM have been carried out in underdeveloped countries. 
The increasing recognition of the high incidence of undernutrition in hospital­
ized patients makes the understanding of the consequences of malnutrition 
clinically relevant, especially with the utilization of enteral and parenteral 
nutrition. To be both safe and effective, therapy with hypercaloric nutrients 
requires that the organism be able to produce adaptive hormonal alterations. 

This review includes current descriptions of the hormonal milieu in PCM and 
anorexia nervosa in the human with some reference to the literature relating to 
starvation and experimental animal models. 

GROWTH HORMONE 

"Pseudo-hypophysectomy" (with drecreased growth hormone secretion) was 
long thought to be the cause of growth failure in PCM, based on biological 
features of the pituitary gland (150), decreased growth of the epiphyseal end 
plates (96), and reduced pituitary bioassayable growth hormone (200). It was 
even suggested that growth hormone therapy was necessary to achieve normal 
growth during recovery from PCM (145). It therefore came as a surprise when 
the majority of authors reported high immunoassayable growth hormone levels 
in children with PCM (81, 141, 158, 159, 163, 164); these levels return to 
normal with nutritional therapy. The few reports of low levels of growth 
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ENDOCRINE RESPONSES TO PCM 189 

hormone in malnourished children with poor response to stimulation may come 
from studies of different patient populations or studies done at different stages 
in the illness, with testing having been delayed after admission to the hospital 
(16, 75, 76). Basal growth hormone levels are more likely to be normal in 
children at the marasmic end of the spectrum of PCM than in children with 
classical kwashiorkor (110). Although low nonstimulatable growth hormone 
secretion has been reported in both adults (60, 119) and children (72, 102) with 
anorexia nervosa, most reports show elevated basal serum growth hormone 
levels that response normally to a variety of stimuli (86, 119, 132, 190). Levels 
are higher in individuals with a poor caloric intake but do not compare with 
actual weight deficit (42). As is the case in children with PCM, these abnormal 
growth hormone responses return to normal with weight gain. Basal growth 
hormone levels are markedly elevated in most systemic diseases associated 
with severe wasting or caloric deprivation (139). Even acute experimental 
caloric deprivation in man results in a striking increase in serum growth 
hormone levels (138). In children with cystic fibrosis with resultant malnutri­
tion, basal levels of growth hormone are high; but there is no further increase in 
response to acute hypoglycemia (85), as is reported in some cases of PCM. 
Similar high basal levels with growth hormone unresponsiveness have been 
demonstrated in children with emotional deprivation dwarfism (117). The 
concept that this syndrome may be associated with malnutrition is controver­
sial. By contrast, low growth hormone levels without response to stimulation 
are also reported in these patients (175). 

The elevated growth hormone levels do not correlate with fasting blood 
sugars (165, 218) nor do they suppress normally during glucose tolerance 
testing in most studies, and may even show paradoxical increases (50, 164, 
202). Paradoxical elevations of circulating growth hormone occur in response 
to thyrotropin release hormone (TRH) stimulation of the pituitary gland (78, 
169). Postabsorptiye values and suppressibility return toward normal, fre­
quently within a few days 9f therapy, with a protein-containing diet but not a 
protein-free diet (165). This improvement is far more consistent when the 
nutrients are given as oral milk or amino acids than when equal amounts of 
protein are given intravenously (23, 27, 141). Although basal growth hormone 
levels correlate inversely �ith serum albumin levels on admission (27, 110), 
correction of the hypoalbuminemia with intravenous albumin infusion does not 
result in diminished growth hormone values or return of suppressibility. This 
contrasts with the improvement seen after oral milk feeding (23, 27). In 
addition, np correlation exists between serum growth hormone and albumin 
after a few 'days of any form of therapy or in patients with hypoan�\.lminemia 
due to the nephrotic syndrome (23, 166). Therefore, hypoalbuminemia per se 
cannut be a cause of growth hormone eleyation and may merely be a marker of 
the severity of the malnutrition. The same can be said for the branched chain 
amino acids and arginine, which also show an inverse correlation with basal 
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190 BECKER 

growth hormone levels prior to therapy but not after albumin or amino acid 
infusions or milk feeding (166). A notable exception is the inverse correlation 
between basal serum growth hormone and alanine values, which persists during 
all therapeutic manipulations (166). 

The increased growth hormone secretion during PCM may result from a 
homeostatic attempt t9 utilize the meager amounts of amino acids available for 
protein synthesis with a dramatic decrease of growth hormone when adequate 
amino acids are supplied with milk feeding, which changes intracellular rather 
than circulating levels. The striking and persistent inverse correlation with 
serum alanine, leve�s introduces the possibility of a feedback relationship 
between growth hormone and carbohydrate metabolism, the increased growth 
hormone secretion being a compensatory effect secondary to poor glu­
coneogenesis caused by the lack of alanine, its major precursor (66). This 
relationship apparently also exists in short-term starvation (3). However, 
neither 30-min nor 12-br intravenous infusions of alanine decreases circulating 
growth hormone levels or alters their suppressibility to glucose in children with 
PCM (28). Basal glucose levels and glucose tolerance show no correlation with 
serum alanine levels prior to therapy or after alanine loading, givipg no support 
to an important role for serum alanine levels in the carbohydrate homeostasis of 
PCM (30). 

The elevated circulating growth hormone levels of PCM have been shown to 
reflect increased secretion rather than impaired clearance of the hormone by the 
demonstration of a normal half-life of growth hormone during somatostatin 
infusion (170). At present, the most feasible explanation for increased growth 
hormone secretion is a feedback relationship between growth hormone and the 
low somatomedin levels demonstrated in PCM. 

Studies of the effects of constant parenteral or enteral feeding on growth 
hormone secretion during therapy of malnutrition are very sparse. In infants, 
parenteral nutrition with a high-fat formula resulted in lower plasma growth 
hormone levels than with one that was fat free, pr�sumably owing to the 
inhibitory action of fat on growth hormone secretion (9). In adults, growth 
hormone levels during a period of weight gain are normal, probably reflecting a 
balance between the stimulatory effects of amino acid and suppressive effects 
of glucose infusions. However, the responses to stimulation were not studied 
(46, 71). During constant enteral nutrition in six children with undefined 
nutritional status, sleep-related growth hormone peaks were normal and not 
inhibited (65). 

SOMATOMEDIN 

Low serum somatomedin levels have been demonstrated in PCM by chick 
pelvis and pork rib bioassays and by radioimmunoassays (84, 98, 194, 211, 
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ENDOCRINE RESPONSES TO PCM 191 

214). Such a relationship between low somatomedin and high growth hormone 
levels is also seen in other conditions such as Laron dwarfism, renal failure, and 
cirrhosis (162). The mechanism in PCM is not clear, but may be due to the 
inability of the liver to synthesize the somatomedin molecule as part of a 
general failure of protein synthesis. This is suggested by a correlation between 
serum somatomedin and albumin levels (84, 144). It is also possible that the 
anterior pituitary secretes an abnormal, biologically inactive growth hormone 
molecule or that there are alterations in growth hormone receptors. Decreased 
plasma insulin levels or an inhibitory action of increased cortisol may play a 
role (194). The fact that somatomedin C levels determined by radioimmunoas­
say are as low as those measured by bioassay (214) suggests that the lack of a 
growth effect on the epiphiseal cartilage is not due only to the presence of 
circulating somatomedin inhibitors, as has been suggested (98, 211). Refeed­
ing results in a steady increase of somatomedin values concomitant with the fall 
in basal growth hormone levels (84) and the values are normal at the time that 
most patients exhibit clinical recovery. 

In children and adolescents with anorexia nervosa, bioassayable plasma 
somatomedin activity also decreases in the face of elevated growth hormone 
levels. There is a significant negative correlation between weight deficit and 
plasma somatomedin activity (179). In one patient, prolonged growth hormone 
therapy did not increase plasma somatomedin, suggesting that the production 
of an inactive growth hormone is unlikely (179). 

In one group of cystic fibrosis patients, somatomedin activity measured by 
bioassay was low (121). However, it was reported to be normal by 
radioreceptor assay in another group of patients who exhibited normal basal 
growth hormone levels (182) but poor growth and other features of malnutri­
tion. 

In experimental fasting, radioimmunoassay able somatomedin declines 
acutely after 5 days. There is a rapid recovery with refeeding, which apparently 
requires an optimal intake of protein as well as a minimum quantity of calories. 
Changes in somatomedin C correlate with those of nitrogen balance (209). 

In experimentally starved rats there is also decreased bioassayable soma­
tomedin activity with an inability of exogenous growth hormone to raise serum 
somatomedin C (161, 162). Also in growing rats an optimal intake of both 
protein and energy is needed to maintain somatomedin C (176). 

HYPOTHALAMO-PITUITARY -THYROID AXIS 

There is little agreement concerning the status of thyroid stimulating hormone 
(TSH) secretion from the pituitary in malnutrition. The elevated basal TSH 
levels with an exaggerated response to stimulation by thyrotropin releasing 
hormone (TRH) in patients with PCM and hypoalbuminemia, which is readily 
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192 BECKER 

reversible by exogenous T3 administration, suggests an element of thyroid 
unresponsiveness (137, 167). However, normal and even decreased TSH levels 
have been reported, mainly in marasmus (72, 82, 92, 105, 124). 

In anorexia nervosa, basal TSH levels and their response to TRH stimulation 
have been reported to be normal in both adults and children (42, 120, 148). 
However, a delayed peak response suggestive of hypothalamic dysfunction is 
often seen (8, 78, 143, 183, 218). Acute fasting and starvation in man causes a 
decreased TSH response to TRH (220), a situation very different from that seen 
in peM and anorexia nervosa. This blunted response is not seen in rodents (89, 
113). In more prolonged fasting there is essentially no change in the TSH 
response to TRH, despite a low circulating T3 concentration (174). It is 
interesting that with calorie deficits, TSH response to TRH also remains normal 
(225). In patients with cystic fibrosis both normal and increased TSH responses 
to TRH are reported (12, 186). Possibly the variation reported could be 
explained by differences in the nutritional status of the patients studied, 
although no such correlation was attempted. 

THE THYROID GLAND AND PERIPHERAL THYROXINE 
METABOLISM 

The early studies of thyroid function in peM are difficult to interpret. Low 
basal metabolic rate was initially thought to be a sign of hypothroidism but may 
have been related to variations in body size or surface area (77, 146, 147, 158). 
Decreased levels of protein-bound iodine (77), butanol extractable iodine (15), 
and thyroxine (T 4) (77, 82) may be primarily due to decreased synthesis of the 
thyroxine carrier proteins (82, 103, 104). This seems to be confirmed by the 
report of normal or even high plasma levels of free T4 in kwashiorkor, but 
normal or low levels are found in marasmus (80, 82, 124, 158). Measurement 
of thyroid iodine131 uptake did not clarify the situation, although in retrospect, 
findings of normal uptake in kwashiorkor (80) and reduced or normal uptake in 
marasmus (15) seem to correlate with the free thyroxine levels. More recently, 
the biologically active thyroid hormone, triiodothyronine (T 3), has been shown 
to be decreased in children ( lOS) as well as adults with peM (55). These low T 3 
levels do not increase normally after exogenous TSH stimulation (30). The 
coexistence of low T 3 and high reverse T 3 (rT 3) levels in adults with peM (55) 
is presumably also present in children. This suggests that the decreased circu­
lating T 3 is not due to diminished hormone production at the thyroid level 
alone, but rather is an adaptive alteration of the peripheral metabolism of T 4, 

directing the deiodination pathway of T4 to rT3 (the inactive isomer of T3)' 
Similar alteration in thyroid hormone metabolism-has been well documented 

in adult starvation and anorexia nervosa (44, 210). Apparent clinical hypothyr­
oidism with normal or decreased BMR, iodine 1l3l uptake, and serum PBI is 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ENDOCRINE RESPONSES TO PCM 193 

well known in anorexia nervosa (59, 112, 126, 143). Later techniques have 
shown low serum T4 and T3levels (143, 148,210) but nonnal free T4 (210). By 
contrast, as is seen in peM and acute starvation, serum rT3 and 3,3'T2 are 
increased, again reflecting preferential peripheral metabolism of T 4 to an 
inactive isomer (44, 69, 210). In these patients TRH induces a nonnal TSH and 
T 3 increment, suggesting that there is no functional damage to the thyroid gland 
itself (210). One would thus assume that patients with anorexia are euthyroid 
and their hypometabolic state is an adaptational protective phenomenon. 

These results are similar to those in patients with a variety of chronic 
illnesses (56), including cystic fibrosis (186) and experimental starvation (210, 
225). Fasting is associated with a decreased T3 production rate; both nonnal 
and decreased metabolic clearance rates (MeR) have been described (225). 
The typical increase of rT 3 is primarily due to a decrease in its MeR and cannot 
all be attributed to increased production from T4. There is conflicting data in 
man as to whether these changes in peripheral thyroid metabolism are related to 
total calorie deficits or mainly to the carbohydrate content of the diet (45, 153, 
199, 225). 

In pure protein deficiency in rats, levels of circulating thyroid honnones 
differ greatly. Both T 4 and T 3 levels increase (73, 154, 193, 208) in association 
with abnonnally low MeR of T 3, but nonnal production rates. This suggests 
decreased tissue uptake of T 3 because of altered receptors or binding proteins 
(154). In another study the elevated T 3 levels in protein malnourished rats were 
thought to be associated with increased thyroid honnone binding with normal 
or decreased free T3 (193). By contrast, in starved rats serum T 3 and T4 as well 
as nuclear T3 are reduced (154). 

It is not clear how these experimental data relate to human PCM. However, it 
is clear that in man, the major effect of malnutrition on thyroid function appears 
to be at the peripheral level. In PCM the hypothalamo-pituitary-thyroid axis is 
often nonnal. The delayed TSH response to TRH frequently seen may reflect 
either hypothalamic or mild thyroid tissue dysfunction. 

HYPOTHALAMO-PITUIT ARY -GONADAL AXIS 

Delayed puberty is well known in malnourished children (63, 160). Adults with 
malnutrition or with anorexia nervosa have amenorrhea or testicular failure. 
These effects are probably due to alterations of both the hypothalamo-pituitary 
axis and the gonads caused by the nutritional insult. The apparently conflicting 
data in the literature regarding. gonadotropin release may reflect differing 
degrees of malnutrition or unequal dysfunctional effects on the hypothalamus 
relative to the gonads. The data reviewed below support both of these hypoth­
eses and suggest that changes seen in anorexia nervosa may well fit into the 
spectrum of those observed in other fonns of undernutrition. 
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194 BECKER 

In both very young and older children with severe peM, basal LH and FSH 
levels are reported to be normal (155, 168) or decreased (53). In an excellent 
cross-sectional study of mild malnutrition in boys, basal FSH levels were lower 
and LH levels were higher than those in age-matched controls, but both were 
identical to those in weight-matched controls (160). This was interpreted to 
represent a delayed onset in the pubertal gonadotropin changes. Pubertal 
changes did occur with attainment of weight, height, and lean body mass 
similar to those in normal boys, supporting the possible importance of the 
attainment of a critical lean body mass rather than body fat for normal gonado­
tropin function (67, 160). 

Very young children with severe peM have exhibited poor responses of LH 
to LHRH stimulation; the reduction of FSH release was less consistent (168). 
This suggests a pituitary-hypothalamic disorder. By contrast, in adult men with 
peM and low circulating plasma testosterone levels, mean plasma LH was 
significantly increased and fell during refeeding (197). These raised LH levels 
suggest a primary testicular defect that apparently persisted after clinical 
recovery, the LH levels remaining abnormally high despite normal plasma 
testosterone values. Plasma FSH was also elevated in the malnourished male 
but dropped to levels similar to those in race-matched controls with refeeding. 
However, a number of individuals in this study initially had low plasma LH and 
FSH levels despite the low circulating gonadal steroids. In the former situation 
one would suspect that the major functional damage was to the gonads while in 
the latter there was also, as in the children, a hypothalamo-pituitary disorder. 
Again these differences may relate to the degree of malnutrition, though this 
was not evaluated. 

In adults and children with anorexia nervosa both situations occur. There is 
usually a decrease in urinary gonadotropin excretion as well as in basal serum 
levels of LH and FSH and in their response to LHRH and clomiphene (19, 42, 
60, 112, 133, 157, 188, 189, 206, 218). Typically, the gonadotropin secretion 
reverts to prepubertal patterns of LH:FSH ratio, response to stimulation and to 
sleep (38, 171, 188). In some patients a delayed LH peak response to LHRH is 
described in which the quantitative increment and area under the curve are 
normal despite low absolute levels (218). It is postulated that these cases 
involve a normal releasable pool of LH and FSH, but a decreased endogenous 
stimulation of the pituitary gland. The report in one study of exaggerated LH 
and FSH responses to LHRH suggests a normally functional hypothalamic­
pituitary axis with primary gonadal failure (20), as is described in adult peM. 
However, part of the reason for the high circulating LH levels may be the 
decreased metabolic clearance rate of this hormone (54). 

The concept that a hypothalamic defect causes low LH and FSH responses is 
supported by the return of pituitary responsiveness after 3-5 days of LHRH 
therapy (7, 229) and the induction of follicular maturation after 4 weeks of 
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LHRH injections 3 times daily (152). Particularly striking is the maturation of 
LH and FSH response to LHRH induced by low-dose intravenous pulses of 
LHRH every 2 hr for 5 days, the initial increment being seen after 36 hr. The 
changing pattern is similar to that seen over years in nonnal puberty (134). 

Weight gain in anorectics is also associated with increasing plasma levels of 
gonadotropins and reversal of the impaired pituitary responsiveness to standard 
stimulation. However, decreased responses are reported to persist as ideal body 
weight is approached in some cases (42,218). In the majority of cases the LH 
and FSH responses to LHRH and the LH sleep profiles change from an infantile 
to a pubertal and then to an adult pattern with recovery of nonnal height and 
weight proportions (171). Frequently the low pituitary honnonal responses 
become exaggerated when followed longitudinally during weight gain, sug­
gesting later recovery of the gonads than of the hypothalamus (20, 106, 188). 

Unlike the situation with growth honnone, there is a strong correlation 
between basal and stimulated LH levels and the degree of weight loss and actual 
body weight during recovery; LH levels do not correlate with caloric intake 
(20, 42). This correlation is also seen in women with "simple" weight loss 
resulting from causes other than anorexia nervosa (217), in infertile women 
with a wide range of weights (115), and in prepubertal boys (160). This 
supports in part the Frisch hypothesis that body mass or body composition is 
related to menarche and the development of secondary amenorrhea (67). 
Decreases in relative body weight from that of adults to that seen in prepubertal 
children during undernutrition are associated with reversals of LH patterns 
similar to those in the prepubertal state (68). However, lean body mass, or 
relative weight for height, seems more important than a fat index or an absolute 
critical weight (160). In children with cystic fibrosis and malnutrition who have 
low nonnal basal LH and FSH levels, menarche did not correlate with the body 
fat index, but its relationship with lean body mass or expected weight was not 
examined (149). In a larger study in cystic fibrosis, basal LH and FSH values 
were lower than those of age-matched controls with associated delayed pubertal 
changes (180). 

. 

Few experimental data exist on the effects of malnutrition on gonadotropins. 
Fasting in obese humans decreased FSH but not LH responses to LHRH in one 
study (114) but caused no change in another (204). Protein deficient weanling 
rats exhibit poor LH and FSH rises after LHRH administration, but these 
responses are abnonnally high when the malnourished rats are castrated (74). 
This led the authors to postulate the presence of an inhibitory gonadal feedback 
effect on the pituitary during malnutrition-i. e. a third mechanism for gonadal 
failure. 

Irrespective of changes in the hypothalamus and pituitary, there is abundant 
evidence for primary gonadal damage during malnutrition. Thus raised gonad­
otropin levels resulting from the absence of nonnal feedback inhibition of 
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196 BECKER 

testosterone or estrogens would be expected. In adult men with PCM, mean 
plasma levels of total and unbound testosterone are significantly decreased with 
recovery after refeeding (197). Plasma estradiol in these men is low and 
increases during refeeding. A relatively high free-estradiol concentration was 
measured in the one patient who developed gynecomastia during refeeding. 
Stimulation of the Leydig cells with 3 days of human chorionic gonadotropin 
(HCG) injections produced a subnormal testosterone response both in the 
malnourished and refed states (197). In fact the testosterone increments were 
actually smaller after refeeding, a phenomenon that may be related to a more 
rapid metabolic clearance rate. The persistently subnormal testosterone re­
sponses to HCG together with elevation of LH levels in the refed state show a 
delay in the recovery of Leydig cell function. Although zinc deficiency has 
been implicated in hypogonadism with mild malnutrition (57), in these patients 
plasma zinc levels were normal, with no significant increase during refeeding. 

In anorexia nervosa plasma urinary levels of estradiol (206, 218) and 
testosterone (17, 18) are low, and their improvement lags behind that of the 
pituitary gonadotropins (70, 188). This would account for the raised LH 
secretory patterns referred to above. Thus in both PCM and anorexia the end 
organ of the hypothalamo�pituitary-gonadal axis seems to be the most severely 
affected. This effect of malnutrition is not easily considered part of adaptation; 
it seems rather to be an end result. 

PROLACTIN 

Studies of prolactin responses to TRH provide the most impressive evidence for 
suggesting that changes in hypothalamo-pituitary function in PCM may be 
adaptive. Prolactin levels in children and adults with PCM are low, with 
decreased responses after TRH stimulation (29, 137). During the same tests, 
TSH responses are normal or exaggerated-i. e. a dichotomy in the responses 
of two pituitary hormones to the same stimulus. In one st�dy, children with 
kwashiorkor had higher levels of prolactin than did marasmics (53). The 
functional significance of altered prolactin levels in peM is unknown but has 
been postulated to correlate with changes in total body water, 

In anorexia nervosa, results of studies on prolactin secretion vary greatly and 
in some cases may be influenced by a variety of psychotropic drugs. Basal 
prolactin levels and their response to stimulation with TRH and chlorpromazine 
are reported to be normal in most series (19, 91, 106,217,218). Raised basal 
levels of prolactin have also been reported (93, 136, 187, 191, �06) and are 
thought by some to result in decreased gonadotropin secretion and thus amenor­
rhea. The increase of prolactin response to TRH during refeeding in one study 
was interpreted as a return from low pretreatment levels (106) reminiscent of 
the situation both in PCM and in acute experimental starvation (219). Because 
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ENDOCRINE RESPONSES TO PCM 197 

dopamine exerts an inhibitory control over prolactin secretion from the pitu­
itary gland, raised prolactin levels would support the view that patients with 
anorexia nervosa have depleted dopaminergic activity in the brain (135). Low 
prolactin levels would support the opposing theory of increased dopaminergic 
activity, which has also been suggested. These mechanisms are difficult to 
prove because the CNS dopamine activity cannot be measured by peripheral 
blood or urinary changes. 

A paradoxical prolactin response to LHRH, which was found during refeed­
ing in one study, suggests a generalized pituitary abnormality also resulting in 
the growth hormone increment after TRH administration, as mentioned above 
(21). 

These unexplained results and their variability underscore the complexity of 
the effects of malnutrition. However, it seems unlikely that they are a direct 
cause of the amenorrhea. 

PITUITARY-ADRENAL AXIS 

Basing their conclusions on the histological appearance of adrenocortical 
atrophy at autopsy and rather low urinary levels of 17-hydroxysteriods (52, 
129, 207), early workers in the field of PCM thought that malnourished patients 
had hypoadrenalism. Again, different results were reported in marasmus, with 
urinary 17-hydroxysteroids being normal or even increased (52, 151). These 
low urinary steroid levels were found in the face of elevated plasma cortisol 
levels (2, 4,108, 127), with abnormal diurnal variation (4,32), despite cortisol 
secretion rates lower than those in size-matched controls (4, 32). These data, 
the elevated plasma free cortisol levels found in children (122) and adults 
(196), and low normal urinary free cortisol (32) suggest decreased clearance 
rates of cortisol. A prolonged half-life of cortisol has been shown in PCM (4), 
as well as reduced metabolic clearance rates (196). This may in part account for 
the increased free cortisol levels in addition to decreased steroid binding protein 
levels (122, 184). Incomplete suppression of serum cortisol levels with de­
xamethasone suggests hypersecretion of ACTH similar to that of growth 
hormone (4, 196). In adults, this is apparently confirmed by normal serum 
ACTH levels that are not suppressed by the elevated circulating plasma cortisol 
levels (196). There is normal adrenal reserve in most patients, as assessed by 
their cortisol response to exogenous ACTH stimulation (4, 108, 196), though 
slightly lower responses are reported in kwashiorkor than marasmus (108) and 
vice versa (212). In one study ACTH produced no further increase in the very 
high plasma cortisol levels (215). Testing with metapyrone and pyromen 
revealed normal stimulation of the pituitary-adrenal axis (177, 196). 

The elevated levels of plasma free cortisol presumably have active tissue 
receptor sites, thus explaining the "moon facies" classically seen in many 
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198 BECKER 

patients. This increased circulating cortisol, maintained by continued ACTH 
secretion, is thought to be an adaptive phenomenon. Its stimuli may be 
generalized stress (156), hypoglycemia (4), or restricted food intake per se 
(110). The catabolic action of corticosteroids is hypothesized to provide the 
required amino acids for organs with a high protein turnover at the expense of 
muscle mass (110). Jaya Rao suggests that adrenocortical activity is lower in 
kwashiorkor than in marasmus; this would reflect a breakdown of adaptation, 
with insufficient amino acid substrate from muscle, decreased protein synth­
esis, and hypoalbuminemia. This interesting hypothesis is supported by the 
increase in serum albumin in protein deficient rats after cortisone injections 
(128). However, this theory would not explain the hypoalbuminemia in cases 
of kwashiorkor with very high plasma free cortisol levels or with total cortisol 
equal to that measured in marasmus (155). The apparent differences in circulat­
ing levels of total cortisol and its response to stimulation in kwashiorkor and 
marasmus may merely reflect differences in the cortisol binding proteins. 

In anorexia nervosa, elevated circulating morning and mean 24-br plasma 
cortisol levels, with either normal or abnormal diurnal rhythms, are also well 
documented (33, 39, 62, 70, 101, 119, 132, 223, 224). Again urinary 17-
hydroxycorticoid excretion is low or normal (34, 224), suggesting decreased 
clearance rates of steroids; but urinary free cortisol values were higher than 
those of controls (39, 223). As in PCM, cortisol half-life is prolonged and is 
associated with a decreased metabolic clearance rate (39). Cortisol production 
rate, however, is normal (39,223), as are the responses to ACTH and metapy­
rone stimulation (224). Plasma cortisol levels correlate with plasma T4, prob­
ably because both are affected by circulating binding proteins (41). It is thought 
that the low T3 in these patients affect cortisol degradation, and treatment with 
T 3 decreases the half-life of cortisol (39). Surprisingly, the cortisol binding 
capacity of corticosteroid binding protein is normal, but its affinity constant is 
lower than in controls (39, 51). There is a significant correlation between 
cortisol binding capacity and the binding protein levels (51), with apparently 
impaired feedback inhibition of ACTH by endogenous and exogenous steroids 
(62). The reason for this is not clear. Plasma cortisol levels do not correlate with 
calorie intake, weight loss, or duration of amenorrhea, as do levels of growth 
hormone and LH (41). They return to normal after therapy. 

In the emotional deprivation syndrome of childhood, both low and nor­
mal urinary 17-hydroxycorticoids are reported (116, 175); but high plasma 
cortisol levels and cortisol secretion rates are similar to those found in PCM 
(116). 

In experimental animals (pigs and monkeys) with protein malnutrition, 
plasma cortisol levels are also high, with abolition of the diurnal rhythm. 
Cortisol values are related to blood sugar levels and hypoproteinemia (11, 64); 
they respond to hypoglycemia (11). 
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ENDOCRINE RESPONSES TO PCM 199 

Little is known about the alterations of adrenal enzyme activity in peM. In 
anorexia the mean tetrahydrocortisolltetrahydrocortisone ratio is higher than in 
controls (39). There is also evidence of depressed 5-alpha-reductase activity 
(40), both abnormalities being found also in hypothyroidism and both being 
corrected by T 3 administration. Increased dehydroepiandrosterone and testos­
terone concentrations in extremely severe anorexia probably have an unex­
plained adrenal origin (13); however, most authors find normal testosterone 
levels (51). 

Alterations of aldosterone secretion would be expected in peM associated 
with the known alterations of total body water, edema, and total body potas­
sium deficits (5). As was the case with urinary 17-hydroxycorticoids, urinary 
levels of aldosterone are reported to be low, probably due to diminshed 
glomerular filtration rates (130, 195). However, more recent methodology 

reveals that children with edema have elevated plasma aldosterone levels but a 
normal aldosterone secretion rate. By contrast, those with marasmus have 
normal plasma levels and an increased secretion rate (31). The significance of 
these studies is not clear; the small numbers studied and the alterations of 
aldosterone binding proteins (122) make them difficult to interpret. Increased 
plasma renin bioactivity in both kwashiorkor and marasmus could be associated 
with high aldosterone secretion (118, 213), again adaptive phenomena. 

CATECHOLAMINES 

Theoretically, malnutrition of any type, whether acute or chronic, represents a 
stress situation to the organism. It would therefore not be surprising to find 
increased catecholamine secretion in peM. However, existing data conflict. 
Increased urinary epinephrine:norepinephrine ratios in kwashiorkor with low 
urinary dopamine are reported (99, 159). Metanephrine in the urine is de­
creased in a few marasmic children (36), and decreased adrenalin compared to 
noradrenaline has been found (178). However, Graham suggests that urinary 
catecholamine excretion is normal in peM unless there is coexisting infection 
(83). In adult anorexia nervosa, plasma levels of norepinephrine are diminished 
with decreased urinary excretion of catecholamine metabolites (87). Plasma 
levels have not been measured in children with peM, and, as with cortisol, 
many present a different picture from that of urinary excretion of catechola­
mines. Alterations of catecholamine production as well as the nore­
pinephrine:epinephrine ratio may be part of an adaptive mechanism that main­
tains homeostasis during malnutrition (79). Suppression of the sympathetic 
nervous system would decrease metabolic rate and conserve calories, as occurs 
during experimental fasting (120). 
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THE POSTERIOR PITUITARY: ANTIDIURETIC 
HORMONE (ADH) 

A number of authors have suggested that the edema of PCM may be related to 
increases in antidiuretic hormone. This is supported by the report of elevated 
bioassayable plasma and urinary levels of ADH in children with kwashiorkor 
and more normal values in those with marasmus (201). Presumably, the 
stimulus to ADH secretion is the decreased plasma volume associated with 
hypoalbuminemia and is an adaptive phenomenon. Confirmation of these 
results by radioimmunoassay of ADH is not available. 

Studies of water conservation and ADH secretion in anorexia nervosa are 
minimal (218). 

THE ENDOCRINE PANCREAS 

Insulin 

Considerable debate concerning the status of insulin secretion in children with 
PCM arose after the characteristic abnormalities of carbohydrate metabolism 
were described (10, 35, 90, 95, 192). Workers initially tried to reconcile the 
classically decreased glucose tolerance with the frequently reported hypo­
glycemia-attempting to explain both situations by invoking alterations of 
insulin secretion and/or sensitivity. Impaired glucose tolerance in children in 
Uganda 5-10 years after an acute episode of kwashiorkor was interpreted as 
evidence for permanent insulin deficit caused by damage to the pancreatic islet 
cells (58). The high protein turnover of the pancreas (227) was thought to make 
it particularly vulnerable to protein depletion, resulting in the well-documented 
acinar atrophy (61, 207) associated with impaired exocrine pancreatic function 
(14). However, the histological effect of protein deficiency on the pancreatic 
islets is far less clear as decreased granulation and atrophied (94, 172, 173, 
203), hypertrophied (47,61), and normal islets (48, 216) have been reported. 
Use of more recent techniques in the protein deprived rat revealed normal islet 
histology under the light microscope, but the total islet volume was reduced. 
E1ectronmicroscopic studies in these rats failed to demonstrate alpha and beta 
cell damage (226), These discrepancies are presumably related to variations in 
the severity of PCM, differences between experimental animals and man, and 
the use of different staining methods. 

Using an indirect technique, Bowie (37) concluded that insulin resistance, 
rather than insulin deficiency, seemed likely because exogenous insulin failed 
to increase the glucose disappearance rate after a glucose load in PCM. 
However, Aballi (1) reported increased insulin sensitivity when insulin alone 
was injected. 

Since the advent of radioimmunoassay for the measurement of circulating 
insulin levels, the consensus is that basal serum insulin levels are low or normal 
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in both children and adults with peM and subnormal responses to oral and 
intravenous glucose ( l0, 22, 76, 90, 107, 109, 140). Diminished insulin 
responses are also found after other stimuli such as arginine (55,81, 198,200), 
mixed amino acids (141), and glucagon (142). In some cases, the insulin 
secretion after glucose stimulation can be augmented by the addition of in­
travenous glucagon, suggesting impaired release mechanisms rather than defi­
cient synthesis (22). This is confirmed by the inspection of the patterns of 
insulin release after glucose stimulation in those children in whom insulin 
release does occur. 

Delayed or low insulin responses after oral glucose with prompt normal 
release after intravenous glucose suggest a disturbance of the gut beta­
cytotrophic mechanism (24). Further evidence for the deficiency and later 
recovery of an "incretin" factor is provided by the low insulin:glucose ratios 
after oral compared to intravenous glucose loads, the ratio increases signifi­
cantly in response to oral glucose after nutritional rehabilitation (24). Another 
factor apparently affecting the early insulin release in response to oral glucose 
and the peak responses to intravenous glucose is the total body potassium 
deficit that usually accompanies peM (26, 131). Insulin secretion correlates 
with total body potassium measurements and improves markedly within a few 
days of therapy with oral potassium (26, 131). The effects of chromium 
deficiency in the glucose intolerance of peM are poorly understood, and no 
clear data on insulin levels exist (49, 88, 100). A certain proportion of children 
with peM demonstrate a sustained and exaggerated insulin response to glucose 
in the face of glucose intolerance, suggesting resistance to the action of insulin 
(24), This is not due to an abnormal insulin molecule as assessed by column 
chromatography (25). There is an increase in a number of circulating factors in 
peM known to be associated with insulin resistance, such as growth hormone 
(164), cortisol (122), and free fatty acids (123). Insulin degradation and 
clearance rates are apparently normal in the experimental animal with peM, 
but there are no confirmatory studies in man. Also, no data exist on the status of 
insulin receptors in peM in childhood. Increased receptor number has been 
reported in anorexia nervosa (222) and cystic fibrosis (125). 

Because glucose intolerance has been noted to persist ten years after recov­
ery from peM (58), it has been suggested that insulinopenia may be perma­
nent. In some patients recovery of normal insulin secretion is rapid, occurring 
within days of the onset of therapy, while in other children, particularly those 
with severe wasting, it may take months for normal insulin responses to 
stimulation to return (22,27). However, normal levels are eventually found in 
all of these patients (22), which has not been the case in studies of shorter 
duration (107). A group of children ten years after PCM also had normal insulin 
responses (22), It has been suggested that there is an augmentation of insulin 
release above normal associated with increased energy intake and catch-up 
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202 BECKER 

growth during recovery from PCM (181). Some patients exhibit decreased 
insulin secretion during recovery, suggesting exhaustion of their B-cell reserve 
(22). 

Glucagon 

There are few studies of the alpha cell of islets in PCM. Normal basal levels of 
plasma glucagon with low insulin levels have been reported in malnourished 
rats (6). Lower glucagon levels were found in single blood samples from 
hypoglycemic children with PCM than in normoglycemic children with PCM 
(43). In preliminary studies using a glucagon antiserum that cross-reacted with 
both gut and pancreatic glucagon we noted in four of five children decreased 
levels of glucagon-like activity in response to arginine. Activity increased after 
recovery from PCM (30). Normal glucagon responses to arginine have been 
found in older children with anorexia nervosa (190). 

Parenteral nutrition requires the ability of the pancreas to secrete insulin in 
order to metabolize the usually large glucose and amino acid load. This may not 
be possible in the severely malnourished state when insulin deficiency and 
insulin resistance occur. This situation could result in hyperglycemia and 
hyperosmolarity. There are few data in patients with severe PCM to document 
this, however. In 6 severely ill patients with some degree of malnutrition, 
frequent sampling over the first 6 hr showed a prompt increase of serum insulin 
to fairly high levels with the initiation of parenteral nutrition and a subsequent 
drop over the next few days, presumably as peripheral resistance decreased 
(185). Other studies in patients with varying degrees of PCM also reveal 
appropriate insulin levels on the first day of therapy with normoglycemia (46, 
111). It is interesting that plasma glucagon is often high and is not suppressed 
by the high glucose load (46, 111), but levels are lower than during a high 
fat infusion in both adults and children (9, 111). Further studies with fre­
quent blood sampling at the onset of parenteral nutrition are needed to assess 
whether some patients with PCM--e. g. those with bums and injury (97, 228) 
-would benefit from exogenous insulin administration during parenteral 
nutrition. 

Somatostatin 

No published data exist regarding this gastrointestinal hormone in PCM in 
man. Starvation in rats increases extractable pancreatic and intestinal somatos­
tatin (205, 221). This again may represent a homeostatic mechanism, as 
somatostatin is known to suppress insulin secretion. 
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CONCLUSION 

PCM results in both increases and decreases of a number of circulating 
hormones. Because levels change in both directions, one is tempted to assume 
that they are part of an adaptational mechanism. The similarity of the hormonal 
milieu in anorexia nervosa to that of PCM suggests that the endocrine changes 
are due to the malnutrition rather than a primary hypothalamic disorder. 

Literature Cited 

1 .  Aballi, A. J. 1950. Disturbances of car­
bohydrate metabolism in infantile mal­
nutrition. Rev. Cuban Pediatr. 22:509-
41 

2.  Abbassy, A .  S.,  Mikhail, M . ,  Zeitoun, 
M. M . ,  Ragab, M. 1967. The suprarenal 
cortical function as measured by the plas­
ma 1 7  -hydroxycorticosteroid level in 
malnourished children. J. Trop. Pediatr. 
13 :87-95 

3. Adibi, S .  A . ,  Drash, A. L. 1970. Hor­
mone and amino acid levels in altered 
nutritional states. J. Lab. Clin. Med. 
76:722-32 

4. Alleyne, G. A. 0., Young, V .  H. 1967. 
Adrenocortical function in children with 
severe protein-calorie malnutrition. Clin. 
Sci. 33:189-200 

5 .  Alleyne, G. A. O. 1968 . Studies on total 
body potassium in infantile malnutrition: 
the relation to body fluid spaces and uri­
nary creatinine. Clin. Sci. 34: 199-209 

6. Anthony, L. E . ,  Faloona. G. R. 1974. 
Plasma insulin and glucagon levels in 
protein-malnourished rats. Metabolism 
23:303-6 

7. Aono, T. , Kinugasa, T. , Yamamoto, T. , 
Miyake, A.,  Kurachi, K. 1975.  Assess­
ment of gonadotropin secretion in women 
with anorexia nervosa. Acta Endocrino!. 
80:630--41 

8. Aro, A . ,  Lamberg, B. A . ,  Pelkonen, R. 
1975. Dysfunction of the hypothalamic­
pituitary axis in anorexia nervosa. N. 
Eng!. J. Med. 292: 594--95 

9. Asch, M. J., Sperling, M . ,  Fiser, R . ,  
Leake, R., Moore, T .  C., Oh, W. 1975. 
Metabolic .and hormonal studies compar­
ing three parenteral nutrition regimens in 
infants. Ann. Surg. 1 82:62-65 

10. Baig, H. A . ,  Edozien, J. C .  1965. Car­
bohydrate metabolism in Kwashiorkor. 
Lancet 2:662-65 

1 1 .  Bajaj , J. S . ,  Khardori, R . ,  Deo, M. G . ,  
Bansal, D .  D. 1979. Adrenocortical 
function in experimental protein mal­
nutrition. Metabolism 28:594--98 

1 2 .  Baran, D . ,  Wolter, R . ,  Bourdoux, P . ,  
Ermans, A .  M.  1 979. Increased serum 
TSH response to TRH in cystic fibrosis. 
Monogr. Paediatr. 10: 1 14--8 

1 3 .  Baranowska, B.,  Zgliczynski, S. 1 982. 
The role of sex hormones in the mechan­
ism of inhibited LH release in female 
patients with anorexia nervosa. Acta En­
docrino!. 99:334--38 

14. Barbezat, G. 0., Hansen, J. D. L. 1968. 
The exocrine pancreas and protein­
calorie malnutrition. Pediatrics 42:77-
92 

1 5 .  Beas, F.,  Monckeberg, F.,  Horwitz, I . ,  
Figueroa, M. 1966. The response o f  the 
thyroid gland to thyroid stimulating hor­
mone (TSH) in infants with malnutrition. 
Pediatrics 38:1003-8 

16.  Beas, F. , Contreras, I . ,  Maccioni, A . ,  
Arenas, S .  197 1 .  Growth hormone i n  in­
fant malnutrition: the arginine test in 
marasmus and kwashiorkor. Br. J. Nutr. 
26: 169-75 

1 7 .  Beumont, P. J. V. 1970. Anorexia nervo­
sa in male subjects. Psycho!. Psychosom. 
1 8:365-71 

1 8 .  Beumont, P.  J. V . ,  Beardwood, C. J . ,  
Russell , G .  F .  M. 1972. The occurrence 
of the syndrome of anorexia nervosa 
in male subjects. Psycho!. Med. 2:216-
31 

19.  Beumont, P. J., Carr, P. J . ,  Gelder, M .  
G. 1973. Plasma levels of luteinizing 
hormone and of immunoreactive des­
trogens (destradiol) in anorexia nervosa: 
response to clomiphene citrate. Psychol. 

·Med. 3:495-50 1  
20. Beumont, P .  J .  V., George, G. C .  W.,  

Pimstone, B .  L. , Vinik, A. 1.  1976. Body 
weight and the pituitary response to 
hypothalamic releasing hormones in pa­
tients with anorexia nervosa. J. Clin. En­
docrinol. Metab. 43:487-96 

2 1 .  Beumont, P. J. V., Abraham, S .  F. , Tur­
tie, J. 1980. Paradoxical prolactin re­
sponse to gonadotropin-releasing hor­
mones during weight gain in patients with 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



204 BECKER 

anorexia nervosa. 1. Clin. Endocrinol. 
Metab. 5 1 : 1 283-85 

22. Becker, D. J . ,  Pimstone, B. L . ,  Hansen, 
J. D. L . ,  Hendricks, S. 197 1 .  Insulin 
secretion in protein-calorie malnutrition: 
I. Quantitative abnormalities and the re­
sponse to treatment. Diabetes 20:542-51 

23. Becker, D. J . ,  Pimstone, B .  L. , Hansen, 
J. D. L . ,  Hendricks, S. 1 97 1 .  Serum 
albumin and growth hormone rela­
tionships in Kwashiorkor and nephrotic 
syndrome. J. Lab. Clin. Med. 78:865-7 1 

24. Becker, D. J . ,  Pimstone, B. L . ,  Hansen, 
J. D. L. , MacHutchon, B . ,  Drysdale, A. 
1972. Patterns of insulin response to glu­
cose in protein-calorie malnutrition. Am. 
J. CUn. Nutr. 25:499-505 

25. Becker, D. J . ,  Murray, P. J . ,  Hansen, J .  
D.  L . ,  Pimstone, B .  L.  1973. Circulating 
"big" insulin in peM. Br. J. Nutr. 
30:345-50 

26. Becker, D. J . ,  Mann, M. D . ,  Weinkove, 
E . ,  Pimstone, B .  L. 1975. Early insulin 
release and its response to potassium sup­
plementation in protein-calorie malnutri­
tion. Diabetologia 1 1 :237-39 

27 . Becker, D. J . ,  Pimstone, B. L . ,  Hansen, 
J. D. L. 1975. The relationship between 
insulin secretion, glucose tolerance, 
growth hormone, and serum proteins in 
protein-calorie malnutrition. Pediatr. 
Res. 9:35-39 

28. Becker, D. J . ,  Pimstone, B .  L . ,  
Kronheim, S . ,  Weinkove, E. 1975. The 
effect of alanine infusions on growth hor­
mone, insulin, and glucose in protein­
calorie malnutrition. Metabolism 
24:953-58 

29. Becker, D. J . ,  Vinik, A. A. , Pimstone, 
B .  L . ,  Paul, M. 1975. Prolactin re­
sponses to thyrotropin releasing hormone 
in protein-calorie malnutrition. J. Clin. 
Endocrinol. Metab. 41 :782-84 

30. Becker, D. J . ,  Pimstone, B .  J. Unpub­
lished data 

3 1 .  Beitens, I. Z . ,  Graham, G. G . ,  Kowar­
ski, A . ,  Migeon, C. J. 1 974. Adrenal 
function in normal infants and in maras­
mus and Kwashiorkor: plasma aldoste­
rone concentration and aldosterone secre­
tion rate. J. Pediatr. 84:444-5 1 

32. Beitens, I. Z. , Kowarski, A. , Migeon, C.  
J . ,  Graham, G .  1975 . Adrenal function in 
llormal infants and in marasmus and 
Kwashiorkor: cortisol secretion, diurnal 
variation of plasma cortisol, and urinary 
excretion of 17-hydroxycorticoids, free 
corticoids, and cortisol. J. Pediatr. 
86:302-8 

33.  Bethge, H . ,  Nagel, A. M . ,  Solbach, H .  
G . ,  Wiegelman, W . ,  Zimmerman, H .  
1970. Zentrale regulationsstorung der 

nebennierenrinden funktion bei der 
anorexia nervosa. Mater Med. Nordmark 
22:204-10 

34.  Bliss, E.  L . ,  Migeon, C.  J .  1957. Endo­
crinology of anorexia nervosa. J. Clin. 
Endocrinol. Metab. 1 7:766-76 

35.  Bose, J. P . ,  De, U. N . ,  Mukerjee, P.  
1 946. Preliminary study of biochemical 
changes in starvation cases. Indian J. 
Med. Res. 34: 1 43-50 

36. Bourgeois, B . ,  Schmidt, B. J . ,  
Bourgeois, R. 1973. Some aspects of 
catecholamines in undernutrition. In En­
docrine Aspects of Malnutrition, ed. L.  
Gardner, A. Amacher, pp. 1 63-79. San­
ta Ynez, CA:Kroc Found. 

37. Bowie, M. D. 1964. Intravenous glucose 
tolerance in Kwashiorkor and marasmus. 
S. Afr. Med. J. 38:328-'-29 

38. Boyar, R. M . ,  Katz, J . ,  Finkelsteen, J .  
W . ,  Kapen, S . ,  Weiner, H. ,  Weitzman, 
E. D . ,  Hellman, L. 1974. Anorexia ner­
vosa: immaturity of 24 hr luteinizing hor­
mone secretory pattern. N. Engl. J. Med. 
291 : 861-65 

39. Boyar, R. M . ,  Hellman, L. D . ,  Roff­
warg, H . ,  Katz, J . ,  Zumoff, B . ,  O'Con­
nor, J . ,  Bradlow, H. L . ,  Fukushima, D.  
K. 1977. Cortisol secretion and metabol­
ism in anorexia nervosa. N. Engl. J. 
Med. 296: 1 90--93 

40. Bradlow, H. L . ,  Boyar, R. M . ,  O'Con­
nor, J . ,  Zumoff, B . ,  Hellman, L. 1 976. 
Hypothyroid-like alterations in testoster­
one metabolism in anorexia nervosa. J. 
Clin. Endocrinol. 43:571-74 

4 1 .  Brown, G. M . ,  Reichlin, S. 1972. 
Psychologic and neural regulation of 
growth hormone secretion. Psychosom. 
Med. 34:45-61 

42. Brown, G. M . ,  Garfunkel , P. E . ,  
Jeuniewic, N. , Moldofsky, H . ,  Stancer, 
H. C. 1977. Endocrine profiles in 
anorexia nervosa. In Anorexia Nervosa, 
ed. R. A. Vigersky, pp. 1 23-24. 
NY:Raven 

43. Buchanan, N . ,  Moodley, G . ,  Eyberg, 
C . ,  Bloom, S. R . ,  Hansen, J. D. L. 1976. 
Hypoglycemia associated with severe 
Kwashiorkor. S. Afr. Med. J. 50:1442-
46 

44. Burman, K. D . ,  Vigersky, R. A . ,  
Loriaux, L . ,  Strum, D . ,  Djuh, Y . ,  
Wright, F .  D . ,  Wartofsky, L.  1 977 . In­
vestigations concerning thyroxine 
deiodinative pathways in patients with 
anorexia nervosa. See Ref. 42, pp. 255-
6 1  

45 . Burman, K .  D . ,  Dimond, R. C . ,  Harvey, 
G. S . ,  O'Brian, J. T. , Georges, L. P . ,  
Bruton, J . ,  Wright, F .  D . ,  Wartofsky, L .  
1979. Glucose modulation o f  alterations 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ENDOCRINE RESPONSES TO PCM 205 

in serum iodothyronine concentrations 
induced by fasting. Metabolism 28:291-
99 

46. Byrne, W. J . ,  Lippe, B .  M . ,  Strobel, C .  
T . ,  Levin, S.  R . ,  Ament, M .  E . ,  Kaplan, 
S. A. 198 1 .  Adaptation to increasing 
loads of total parenteral nutrition: meta­
bolic, endocrine, and insulin receptor 
responses. Gastroenterology 80: 
947-56 

47. Camain, R . ,  Pierchon, M. 1952. Lesions 
of the pancreas in Kwashiorkor. Rep. 2nd 
Inter-African ConI Nutr.,  Gambia, p. 
146 

48. Campbell, J .  A. H.  1956. The morbid 
anatomy of infantile malnutrition in 
Capetown. Arch. Dis. Child. 3 1 :3 1 0-14 

49. Carter, J .  P . ,  Kattab, A.,  Abd-el-Hadi, 
K . ,  Davis , J . T . ,  EI Gholmy, A . ,  Patwar­
dhan, V. N .  1968. Chromium (3) in 
hypoglycemia and in impaired glucose 
utilization in Kwashiorkor. Am. J. Clin. 
Nutr. 2 1 : 1 95-202 

50. Casper, R. C. , Davis, J .  M . ,  Pandey, G.  
N. 1977. The effect of the nutritional 
status and weight changes in hypothala­
mic function tests in anorexia nervosa. 
See Ref. 42, pp. 1 37-47 

5 1 .  Casper, R .  C . ,  Chatterton, R. T . ,  Davis, 
J .  M. 1979. Alterations in serum cortisol 
and its binding characteristics in anorexia 
nervosa. J. CUn. Endocrinol. Metab. 
49:406-1 1  

52. Castellanos, H . ,  Arroyave, G.  1 96 1 .  
Role o f  the adrenal cortical system i n  the 
response of children to severe protein 
malnutrition. Am. J. Clin. Nutr. 9: 1 86-
95 

53. Chakravarty, I . ,  Sreedhar, R. , Ghosh, 
K . ,  Bulusi, S. 1 982. Circulating gona­
dotropin profile in severe cases of protein 
calorie malnutrition. Fertil. Steril. 
37:650-54 

54. Chikamori, K . ,  Suehiro, F . ,  Ogawa, T . ,  
Sato, K . ,  Mori, H . ,  Oshima, I . ,  Saito, S .  
1 98 1 .  Distribution volume, metabolic 
clearance and plasma half disappearance 
time of exogenous luteinizing hormone 
releasing hormone in normal women and 
women .with obesity and anorexia nervo­
sa. Acta Endocrinol. 96: 1-6 

55.  Chopra, 1. J . ,  Smith, S. R. 1 975.  Circu­
latjng thyroid hormones and thyrotropin 
in adult patients with protein-calorie mal­
nutrition. J. CUn. Endocrinol. Metab. 
40:221-27 

56. Chopra, I. J . ,  Chopra, Y . ,  Smith, S. R. , 
Reza, M . ,  Solomon, D. H. 1975. Recip­
rocal changes in serum concentrations of 
3,3,S-triiodothyronine (T3) in systemic 
illnesses. J. CUn. Endocrinol. Metab. 
4 1 : 1 043-49 

57. Coble, Y. D . ,  Bardin, C. W . ,  Ross, G.  
T . ,  Darby, W. T. 1 97 1 .  Studies of en do­
crine function in boys with retarded 
growth ,  delayed sexual maturation, and 
zinc deficiency. J. Clin. Endocrinol. 
Metab. 32:361 

58.  Cook, G. C.  1967. Glucose tolerance af­
ter Kwashiorkor. Nature 2 1 5 : 1295-99 

59. Crisp, A. H. 1 965 . Clinical and therapeu­
tic aspects of anorexia nervosa-A 
study of 30 cases. 1. Psychosom. Res. 9: 
67-78 

60. Danowski, T. S . ,  Livestone, E . ,  Gon­
zales, A. R . ,  Jung, Y . ,  Khurana, R. C .  
1972. Fractional and partial hypopituitar­
ism in anorexia nervosa. Hormones 
3: 105- 1 8  

6 1 .  Davies, J .  N. P. 1948. The essential 
pathology of Kwashiorkor. Lancet 
1 :3 1 7-20 

62. Doerr, P . ,  Fichter, M . ,  Pirke, K. M . ,  
Lund, R. 1980. Relationship between 
weight gain and hypothalamic pituitary 
adrenal function in patients with anorexia 
nervosa. J. Steroid Biochem. 1 3 : 529-37 

63. Dreizen, S . ,  Spirakis, C. N . ,  Stone, R. 
E. 1967. A comparison of skeletal 
growth and maturation in undernourished 
and well-nourished girls before and after 
menarche. 1. Pediatr. 70:256-63 

64. Durbin, P. A. J . ,  Heard, C. R. C. 1962. 
Corticosteroid excretion in experimental 
protein-calorie deficiency in pigs. Proc. 
Nutr. Soc. 2 1 :XXXYIII-XXXIX 

65 . Fagioli, I . ,  Czernichow, P . ,  Salzarulo, 
P . , Bonardi, J. M . ,  Ricour, c . ,  Sachs, 
C . ,  Salamon, F.  1982. Sleep related 
growth hormone and prolactin secretion 
in children during constant rate enteral 
nutrition. Acta Paediatr. Scand. 7 1  :287-
9 1  

66. Felig, P . ,  Pozefsky, T. ,  Marliss, E . ,  
Cahill, G.  F. Jr. 1 970. Alanine:key role 
in gluconeogenesis. Science 167: 1 003-4 

67. Frisch, R. E . ,  McArthur, J. W. 1 974. 
Menstrual cycles:fatness as a determinant 
of minimum weight for height necessary 
for their maintenance or onset. Science 
1 85 :949-5 1 

68. Frisch, R. E. 1977. Food intake, fatness 
and reproductive ability. See Ref. 42, pp. 
1 49-62 

69. Gardner, D.  F . ,  Kaplan, M. M . ,  Stanley, 
C. A . ,  Utiger, R.  D. 1979. Effect of 
triiodothyronine replacement on the 
metabolic and pituitary responses to 
starvation. N. Engl. J. Med. 300: 
579-86 

70. Garfinkel ,  P. E . ,  Brown, G. M . ,  Stanier, 
H. C. , Moldofsky, H. 1975. Hypothala­
mic-pituitary function in anorexia nervo­
sa. Arch. Gen. Psychiatry 32:739-44 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



206 BECKER 

7 1 .  Genuth, S. M. 1973. Insulin response to 
intravenous alimentation. N. Engl. J. 
Med. 289:107 

72. Girard, J. , Baumann, J. B . ,  Stahl, M. , 
Nars,  P. W. , Buhler, V . ,  Wick, H. 197 1 .  
Experience with insulin-induced hypo­
glycemia as a provocative test for growth 
hormone and cortisol secretion in chil­
dren. Hormones 2:338-65 

73. Glass, A. R . ,  Mellitt, R . ,  Burman, K. 
D., Wartofsky ,  L.,  Swerdloff, R. S .  
1978. Serum triiodothyronine in  under­
nourished rats: dependence on dietary 
composition rather than total calorie or 
protein intake. Endocrinology 102: 1925-
28 

74. Glass, A . ,  Steinberger, A . ,  Swerdloff, 
R . ,  Vigersky, R. A. 1982. Pituitary­
testicular function in protein-deficient 
rats. FolliCle-stimulating hormone hyper­
response to castration and supersensitiv­
ity of gonadotropin secretion to androsen 
negative feedback. Endocrinology 
1 10:1542-46 

75. Godard, C. , Zahnd, G. R. 197 1 .  Growth 
hormone and insulin .in severe infantile 
malnutrition. I. Plasma growth hormone 
response to hypoglycemia. Helv. 
Paediatr. Acta 26:266-75 

76. Godard, C., Zahnd, G. R. 197 1 .  Growth 
hormone and insulin in severe infantile 
malnutrition. II. Plasma insulin and 
growth hormone during intravenous glu­
cose tolerance test. Helv. Paediatr. Acta 
26:27Cr85 

77. Godard, C. , Lemarchand-Beraud, T. 
1973. Plasma thyrotropin levels in severe 
infantile malnutrition. Horm. Res. 4:43-
52 

78. Gold, M. S . ,  Pottash, A. L. C. , Martin, 
D. M . ,  Finn, L. B . ,  Davies, R. L. 1980. 
Thyroid stimulating hormone and growth 
hormone responses to thyrotropin releas­
ing hormone in anorexia nervosa. Int. J. 
Psych. Med. 10:5 1-55 

79. Goodner, C. J . ,  Tustison, W. A . ,  David­
son, M. B . ,  Chu, P. C . ,  Conway, M. J. 
1967. Studies of substrate regulation in 
fasting. I .  Evidence for central regulation 
of lipolysis by plasma glucose mediated 
by the sympathetic nervous system. Di­
abetes 16:57Cr89 

80. Gopalan, C. 1969. Observations on some 
epidemiological factors and biochemical 
features of protein-calorie malnutrition. 
In Protein Calorie Malnutrition. ed. A. 
von Muralt, p.  77-85. Berlin: Springer 

8 1 .  Graham, G. G . ,  Cordano, A . ,  B lizzard, 
R. M . ,  Cheek, D. B .  1969. Infantile mal­
nutrition. Changes in body composition 
during rehabilitation. Pediatr. Res. 
3:579-89 

82. Graham, G. G . ,  Baer, H .  J. M . ,  Claeys­
sen, G . ,  Suskind, R . ,  Greenberg, A. A . ,  
Thompson, R .  G . ,  Blizzard, R .  M.  1 973. 
Thyroid hormonal studies in normal and 
severely malnourished infants and small 
children. J. Pediatr. 83:321-31 

83. Graham, G.  G . ,  Placko, R.  P. 1975 . J. 
Pediatr. 86:965-69 

84. Grant, D. B . ,  Hambley, J. , Becker, D .  
J . ,  Pimstone, B .  L. 1973. Reduced sul­
phation factor in undernourished chil­
dren. Arch. Dis. Child. 48:59Cr600 

85.  Green, O. C . ,  Fefferman, R . ,  Nair, S .  
1967. Plasma growth hormone levels in 
children with cystic fibrosis and short 
stature. Unresponsiveness to hypo­
glycemia. J. Clin. Endocrinol. Metab. 
27: 1059-61 

86. Green, O. C . ,  Dyck, P . ,  Boschman, M .  
M. 1968. Pituitary insufficiency in 
anorexia nervosa. J. Pediatr. 72:572-4 

87. Gross,  H . ,  Lake, C. R. , Ebert, M.  H . ,  
Ziegler, M.  G . ,  Kopin, I .  J .  1 979. 
Catecholamine metabolism in primary 
anorexia nervosa. J. Clin. Endocrinol. 
Metab. 49:805-9 

88. Gurson, C. T. , Saner. G. 197 1 .  Effects 
of chromium supplementation on growth 
in marasmic protein-calorie malnutrition. 
Am. 1. Clin. Nutr. 24: 1 31 3-19 

89.  Harris, A.  R.  C . ,  Fang, S . ,  Vagenakis,  
A. G.,  Braverman, L. E. 1978. Effect of 
starvation, nutriment replacement, and 
hypothyroidism on in vitro hepatic T4 to 
T3 conversion in the rat. Metabolism 
27: 1 680-90 

90. Hadden, D. R. 1967. Glucose, free fatty 
acid, and insulin interrelations in 
Kwashiorkor and marasmus. Lancet 
2:589-93 

9 1 .  Hafner, R. J . ,  Crisp, A .  H . ,  McNielly, 
A. S. 1976. Prolactin and gonadotrophin 
activity in females treated for anorex­
ia nervosa. Postgrad. Med. J. 52: 
7Cr79 

92. Harland, P. S .  E. G . ,  Parkin, J. M. 1972. 
TSH levels in severe malnutrition. Lan­
cet 2: 1 145 

93. Harrower, A .  D. B . ,  Yap, P.  L., Nairn, 
I. M . ,  Walton, A. J. , Strong, J. A . ,  
Craig. A .  1977. Growth hormone, in­
sulin, and prolactin secretion in anorexia 
nervosa and obesity during bromocrip­
tine treatment. Br. Med. J. 2 : 156-59 

94. Heard, C. R. C., Platt, B. S . ,  Stewart, R.  
J.  C .  1958.  The effects on pigs of  a low­
protein diet with and without additional 
carbohydrate. Proc. Nutr. Soc. 1 7 :xii 

95 . Heard, C. R. C. 1966. Effects of severe 
protein-calorie deficiency on the endo­
crine control of carbohydrate metabol­
ism. Diabetes 1 5:78-89 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ENDOCRINE RESPONSES TO PCM 207 

96. Higginson, J. 1954. Studies on human 
bone from South African Bantu subjects; 
histopathological changes in ribs of 
South African Bantu infants. Metabolism 
3:392-99 

97. Hinton, P . ,  Allison, S. P . ,  Littlejohn, S .  
1 97 1 .  Insulin and glucose to reduce cata­
bolic response to injury in burned pa­
tients. Lancet 1 :767-69 

98. Hintz, R. L. , Suskind, R . ,  Amatayakul, 
K . ,  Thanangkul, 0. ,  Olson, R. 1978. 
Plasma somatomedin and GH values in 
children with protein-calorie malnutri­
tion. J. Pediatr. 92: 153-59 

99. Hoeldtke, R. D. ,  Wurtman, R. J. 1973. 
Excretion of catecholamines and 
catecholamine metabolites in Kwashior­
kor. Am. J. Clin. Nutr. 26:205-10 

100.  Hopkins, L. L. Jr., Ransome-Kuti, 0.,  
Majaj , A.  S .  1968. Improvement of im­
paired carbohydrate metabolism by chro­
mium 3 in malnourished infants. Am. J. 
Clin. Nutr. 2 1 :203- 1 1 

1 0 1 . Hurd, H. P . ,  Palumbo, P. G . ,  Gharib, H .  
1977. Hypothalamic-endocrine dysfunc­
tion in anorexia nervosa. Mayo CUn. 
Proc. 52:7 1 1-16 

102.  Huseman, C. ,  Johanson, A.  1975. 
Growth hormone deficiency in anorexia 
nervosa. J. Pediatr. 87:946-48 

103. Ingenbleek, Y . ,  DeVisscher, M . ,  De­
Nayer, P. 1972. Measurement of preal­
bumin as index of protein-calorie mal­
nutrition. Lancet 2 : 106-8 

104. Ingenbleek, Y . ,  DeNayer, P . ,  DeViss­
cher, M. 1974. Thyroxine-binding glob­
ulin in infant protein-calorie mal­
nutrition. J. CUn. Endocrinol. 39: 
1 78--80 

105 .  Ingenbleek, Y . ,  Beckers, C. 1975. 
Triiodothyronine and thyroid-stimulating 
hormone in protein-calorie malnutrition 
in infants. Lancet 2:845-47 

106. Isaacs, A. J . ,  Leslie, R. D. G . ,  Gomez, 
J . ,  Bayliss, R. 1980. The effect of weight 
gain on gonadotrophins and prolactin in 
anorexia nervosa. Acta Endocrinol. 
94:145-50 

1 07 .  James, W. P. T . ,  Coore, H. G .  1970. 
Persistent impairment of insulin secretion 
and glucose tolerance after malnutrition. 
Am. J. CUn. Nutr. 23:386-89 

108. Jao Rao, K. S . ,  Srikantia, S. G . ,  Gopa­
lan, C. 1968. Plasma cortisol levels in 
protein-calorie malnutrition. Arch. Dis. 
Child. 43:365-67 

109. Jao Rao, K. S . ,  Roghuramulu, N. 1 972. 
Insulin secretion in Kwashiorkor. J. 
CUn. Endocrino/. Metab. 35:63-66 

1 10. Jaya Rao, K. S .  1978. Endocrine re­
sponses to malnutrition in man. In 
Environmental Endocrinology, cd. 

I. Assenmacher, D. S. Farner, pp. 321-
29. NY: Springer 

1 1 1 .  Jeejeebhoy, K. N . ,  Anderson, G. H . ,  
Nakhooda, A.  F. , Greenberg, G.  R . ,  
Sanderson, I . ,  Marliss, E. 1 976. 
Metabolic studies in total parenteral 
nutrition with lipid in man. Comparison 
with glucose. J. Clin. Invest. 57: 125-36 

1 12.  Kanis, J. A . ,  Brown, P . ,  Fitzpatrick, K . ,  
Hibbert, D .  J . ,  Horn, D .  B . ,  Nairn, I .  
M . ,  Shirling, D . ,  Strong, J. A . ,  Walton, 
H. J. 1 974. Anorexia nervosa: a clinical, 
psychiatric, and laboratory study. I. Cli­
nical and laboratory investigation. J. 
Med. 43:321-38 

1 13 .  Kaplan, M. M. 1979. Subcellular altera­
tions causing reduced hepatic thyroxine-
5 '  -monodeiodinase activity in fasted 
rats. Endocrinology 104:58--64 

1 14.  Klibanski, A . ,  Beitens. I. Z . ,  Badger, 
T. , Little , R . ,  McArthur, J. W. 1 98 1 .  
Reproductive function during fasting in 
men. J. Clin. Endocrinol. Metab. 
53:258-63 

1 15 .  Knuth, U. A. ,  Schneider, H. P. G. 1982. 
Influence of body weight on prolactin, 
estradiol and gonadotropin levels of 
obese and underweight women. Horm. 
Metab. Res. 14:142-46 

1 16. Krieger, I . ,  Good, M .  H. 1970. Adreno­
cortical and thyroid function in the de­
privation syndrome. Comparison with 
growth failure due to undernutrition, 
congenital heart disease, or prenatal 
influences. Am. J. Dis. Child. 1 20: 
95-102 

1 1 7 .  Krieger, I . ,  Melinger, R. C. 197 1 .  Pitu­
itary function in the deprivation syn­
drome. J. Pediatr. 79:216-25 

1 1 8 .  Kritzinger, E. E . ,  Kanengoni, E . ,  Jones, 
J. J. 1972. Effective renin activity in 
plasma of children with Kwashiorkor. 
Lancet 1 :4 1 2- 1 3  

1 19 .  Landon, J . ,  Greenwood, F. C . ,  Stamp, 
T. C . ,  Wynn, V. 1 966. The plasma 
sugar, free fatty acid, cortisol, and 
growth hormone response to insulin, and 
the comparison of this procedure with 
other tests of pituitary and adrenal func­
tion. II. In patients with hypothalamic or 
pituitary dysfunction or anorexia nervo­
sa. J. Clin. Invest. 45:437-49 

1 20. Landsberg, L . ,  Young, J. B .  1 978. Fast­
ing, feeding and regulation of sympathet­
ic nervous system. N. Engl. J. Med. 
298 : 1 295- 1 301  

1 2 1 .  Lee, J.  A . ,  Dickinson, L. S . ,  Kilgore, B.  
S . ,  Warren, R. H . ,  Elders , M.  J.  1 980. 
Somatomedin in cystic fibrosis and re­
serpinized rats: possible explanation for 
growth retardation. Ann. Clin. Lab. Sci. 
10:227-33 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



208 BECKER 

122. Leonard, P. J. 1973. Cortisol-binding in 
serum in Kwashiorkor: East African stu­
dios. See Ref. 36, pp. 355-62 

123.  Lewis, B . ,  Hansen, I. D. L . ,  Wittmann, 
W . ,  Krut, L. H . ,  Stewart, F. 1 964. Plas­
ma free fatty acids in Kwashiorkor and 
the pathogens of the fatty liver. Am. 1. 
Clin. Nutr. 1 5 : 1 6 1-68 

124. Lifshitz, F. , Chavarria, C . ,  Cravioto, J . ,  
Frenk., S . ,  Morales, M. 1962. Hormonal 
iodine in advanced malnutrition in chil­
dren. Bol. Med. Hosp. Infant. Mex. 
1 9: 3 1 9-26 

1 25 .  Lippe, B .  M. , Kaplan, S .  A . ,  Neufield, 
N. D . ,  Smith, A . ,  Scott, M. 1980. In­
sulin receptors in cystic fibrosis: in­
creased receptor number and altered 
affinity. Pediatrics 65: 10 1 8-22 

1 26.  Lundberg, P . O. , Walinder, J . ,  Werner, 
I . ,  Wide, L. 1 972. Effects of thyro­
trophin-releasing hormone on plasma 
levels of TSH, FSH, LH, and SH in 
anorexia nervosa. Eur. 1. Clin. Invest. 
2 : 1 50-53 

1 27 .  Lunn, P. G. ,  Whitehead, R. G . ,  Hay, R. 
W.,  Baker, B .  A.  1973. Progressive 
changes in serum cortisol, insulin and 
growth hormone concentrations and their 
relationship to the distorted amino acid 
pattern during the development of 
Kwashiorkor. Br. 1. Nutr. 29:399-422 

128. Lunn, P. G . ,  Whitehead, R. G . ,  Baker, 
B. A. , Austin, S. 1 976. The effect of 
cortisone acetate on the course of de­
velopment of experimental protein­
energy malnutrition in rats. Brit. 1. Nutr. 
36:537-50 

1 29.  Lurie, A. 0.,  Jackson, W. P. U .  1962. 
Adrenal function in Kwashiorkor and 
marasmus. CUn. Sci. 22:259-68 

1 30. Lurie, A. 0.,  Jackson, W. P. U. 1962. 
Aldosteronuria and the edema of 
Kwashiorkor. Am. J. Clin. Nutr. 1 1 : 1 15-
26 

1 3 1 .  Mann, M. D . ,  Becker, D. J. , Pimstone, 
B. L., Hansen, J. D. L. 1975. Potassium 
supplementation. Serum immunoreac­
tive insulin concentrations and glucose 
tolerance in protein-energy malnutrition. 
Brit. 1. Nutr. 33:55-61 

132. Marks, V., Howorth, N. , Greenwood, F. 
C. 1965 . Plasma growth-hormone levels 
in chronic starvation in man. Nature 
208:686-87 

133.  Marshall, J. c . ,  Fraser, T. R. 197 1 .  
Amenorrhoea in anorexia nervosa: 
assessment and treatment with clo­
miphene citrate. Br. Med. 1. 4:590-92 

1 34. Marshall,  J. C. , Kelch, R. P. 1 979. Low 
dose pulsatile gonadotropin-releasing 
hormone in anorexia nervosa: a model of 

human pubertal development. 1. Clin. 
Endocrinol. Metab. 49:712- 1 8  

1 35 .  Mawson, A.  R. 1974. Anorexia nervosa 
and the regulation of intake; a review. 
Psychol. Med. 4:289-308 

136. Mecklenburg, R. S . ,  Loriaux, D. L. , 
Thompson, R. H. 1974. Hypothalamic 
dysfunction in patients with anorexia ner­
vosa. Medicine 53:147-59 

137.  Medeiros-Neto, G. A . ,  Sucupira, M . ,  
Knobel,  M . ,  Cintra, V .  A .  1977. Prolac­
tin, TSH and thyroid hormones, re­
sponses to TRH in adult protein calorie 
malnutrition. Horm. Metab. Res. 9:524-
25 

1 38.  Merimee, T. J . ,  Pulkkinien, A.  J . ,  Bur­
ton, C. E. 1976. Diet-induced alterations 
of hGH secretion in man. 1. Clin. Endo­
crinol. Metab. 42:93 1-37 

139. Merimee, T. J. 1979. Endocrine man­
ifestations of systemic disease. Clin. En­
docrinol. Metab. 8:453-66 

140. Milner, R .  D. G .  1 970. Hormonal and 
metabolic interrelationships in malnutri­
tion. Pediatr. Res. 4:21 3  

141 . Milner, R .  D.  G. 197 1 .  Metabolic and 
hormonal responses to oral amino acids 
in infantile malnutrition. Arch. Dis. 
Child. 46:301-5 

142. Milner, R. D. G. 197 1 .  Metabolic hor­
monal responses to glucose and glucagon 
in patients with infantile malnutrition. 
Pediatr. Res. 5:33-39 

143. Miyai, K . ,  Yamamoto, T . ,  Azukizawa, 
M . ,  Ishibashi, K . ,  Kumahara, Y. 1975. 
Serum thyroid hormones and thyrotropin 
in anorexia nervosa. 1. CUn. Endocrinol. 
Metab. 40:334-38 

144. Mohan, P. S . ,  Jaya Rao, K. S. 1 979. 
Plasma somatomedin activity in protein 
calorie malnutrition. Arch. Dis. Child. 
54:62-64 

145. Monckeberg, F . ,  Donoso, G . ,  Oxman, 
S . ,  Pak, N . ,  Meneghello, J. 1963. Hu­
man growth hormone in infant malnutri­
tion. Pediatrics 3 1 :58-64 

146. Monckeberg, F . ,  Beas, F . ,  Horwitz, I .  
Dabancens, A.,  Gonzalez, M .  1964. Ox­
ygen consumption in infant malnutrition. 
Pediatrics 33:554-61 

147. Montgomery, R. 1 962. Changes in the 
basal metabolic rate of the malnourished 
infant and their relation to body composi­
tion. 1. CUn. Invest. 4 1 : 1 653-63 

148. Moshang, T. , Parks, 1 . ,  Baker, L . ,  
Vaida, V . ,  Utiger, R . ,  Bongiovanni, A.  
M . ,  Snyder, P. J.  1975. Low serum tri­
iodothyronine in patients with anorexia 
nervosa. 1. CUn. Endocrinol. Metab. 
40:470-73 

149. Moshang, T . ,  Holsclaw, D. S. 1 980. 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ENDOCRINE RESPONSES TO PCM 209 

Menarchal determinants in cystic fibro­
sis. Am. J. Dis. Child. 134: 1 139--42 

150. Mulinos, M. G . ,  Pomerantz, L.  1940. 
Pseudo-hypophysectomy; condition re­
sembling hypophysectomy produced by 
malnutrition. J. Nutr. 19:493-504 

1 5 1 .  Najjar, S .  S . ,  Bitar, J. G. 1 967. Adrenal 
cortex in marasmic children. Arch. Dis. 
Child. 42:657-58 

152. Nillius, S. J . ,  Fries,  H . ,  Wide, L. 1975. 
Successful induction of follicular matura­
tion and ovulation by prolonged treat­
ment with LH-releasing hormone in 
women with anorexia nervosa. Am. J. 
Obstet. Gynecol. 122:921-28 

153. O'Brian, 1. T . ,  Bybee, D. E . ,  Burman, 
K. D . ,  Osburne, R. C . ,  Ksiazek, M. R . ,  
Wartofsky, L . ,  Georges, L.  P. 1980. 
Metabolism 29:721-27 

154. Okamura, K . ,  Taurog, A . ,  DiStefano, I. 
198 1 .  Elevated serum levels of T3 with­
out metabolic effect in nutritionally defi­
cient rats , attributable to reduced cellular 
uptake ofT3. Endocrinology 1 09:673-75 

155.  Olusi, S. 0. ,  Orrell, D. H . ,  Morris, P. 
M . ,  McFarlane, H. 1977. A study of en­
docrine function in protein-energy mal­
nutrition. Clin. Chim. Acta 74:261-69 

156. Paisley, R. B . ,  Angers, M . ,  Frenk, S .  
1 973. Plasma cortisol levels in  mal­
nourished children with and without su­
perimposed acute stress. Arch. Dis. 
Child. 48:714 

157. Palmer, R. L . ,  Crisp, A.  H. ,  Mackinnon, 
P. C.  B . ,  Franklin, M . ,  Bonnar, I . ,  
Wheeler, M. 1975. Pituitary sensitivity 
to 50 micro G LH/FSH-RH in subjects 
with anorexia nervosa in acute and recov­
ery stages. Br. Med. J. 1 : 1 79-82 

158.  Parra, A. , Garza, C . ,  Garza, Y . , Saravia, 
J. L . ,  Hazelwood, C. F. , Nichols, B.  L. , 
1973. Metabolic studies in marasmic in­
fants.  J. Pediatr. 87: 1 33-42 

159. Parra, A . ,  Klish, W . ,  Cuellar, A . ,  Serra­
no, P. D . ,  Garcia, G . ,  Argote, R. M . ,  
Canseco, L . ,  Nichols, B .  L.  1975. Ener­
gy metabolism and hormonal profile in 
children with edematous protein-calorie 
malnutrition. J. Pediatr. 87:307-14 

160. Parra, A . ,  Ramos-Galvan, R . ,  Cer­
vantes, C . ,  Sanchez, M . ,  Galvex de la 
Vega, M. A. 1982. Plasma gonado­
trophins profile in relation to body com­
position in underprivileged boys. Acta 
Endocrinol. 99:326-33 

1 6 1 .  Phillips, L.  S . ,  Young, H. S . ' 1 976. 
Nutrition and somatomedin. I. Effect of 
fasting and refeeding on serum soma­
tomedin activity for cartilage growth 
activity in rats. Endocrinology 99:304-
14 

162. Phillips, L.  S . ,  Vassilopoulou-Sellin, R. 
1980. Somatomedins. N. Engl. J. Med. 
302:371-80 

163. Pimstone, B. L . ,  Wittmann, W . ,  Han­
sen, I. D. L . ,  Murray, P. 1966. Growth 
hormone and kwashiorkor. Role of pro­
tein in growth-hormone homoeostasis. 
Lancet 2:779-80 

164. Pimstone, B .  L . ,  Barbezat, G . ,  Hansen, 
I. D. L . ,  Murray, P. 1967. Growth hor­
mone and protein-calorie malnutrition: 
impaired suppression during induced 
hyperglycemia. Lancet 2: 1 333-35 

165. Pimstone, B. L . ,  Barbezat, G . ,  Hansen, 
I. D. L. , Murray, P. 1968. Studies on 
growth hormone secretion in protein­
calorie malnutrition. Am. J. Clin. Nutr. 
21 :482-87 

166. Pimstone, B. L . ,  Becker, D. J. , Hansen, 
I. D. L. 1972. Human growth hormone in 
protein-calorie malnutrition. In Growth 
and Growth Hormone. Proc. 2nd 
Int. Symp. Growth Horm.,  Milan, ed. 
A. Peci1e, E. E. Miller, pp. 389-401 .  
Amsterdam: Exerpta Medica Founda­
tion 

167. Pimstone, B .  L. , Becker, D. J. , Hen­
dricks, S. 1973. TSH response to synthe­
tic thyrotropin-releasing hormone in hu­
man protein-calorie malnutrition. J. 
Clin. Endocrinol. Metab. 36:779-83 

168. Pimstone, B. L . ,  Becker, D. J .. , 
Kronheim, S. 1974. LH and FSH re­
sponse to gonadotropin-releasing hor­
mone in normal and malnourished in­
fants. In Radioimmunoassay, Methodol­
ogy and Application in Physiology and in 
Clinical Studies, Hormone and Metabo­
lic Research. Supp\. 5, pp. 179-83 

169. Pimstone, B. L . ,  Becker, D. I . ,  
Kronheim, S .  1975. Serum growth hor­
mone responses to thyrotropine releasing 
hormone in children with protein-calorie 
malnutrition. Horm. Metab. Res. 7:358-
60 

1 70. Pimstone, B. L . ,  Becker, D. J. 
Kronheim, S. 1975. Disappearance of 
plasma growth hormone in acromegaly 
and protein-calorie malnutrition after 
somatostatin. J. Clin. Endocrinol. 
40: 168-71 

1 7 1 .  Pirke, K. M . ,  Fichter, M. M . ,  Lund, R . ,  
Doerr, F .  1979. Twenty-four hour sleep­
wake pattern of plasma LH in patients 
with anorexia nervosa. Acta Endocrinol. 
92: 193-204 

172. Platt, P. S . ,  Heard, C. R. c. , Stewart, R. 
J. C. 1964. Experimental protein-calorie 
deficiency. In Mammalian Protein M eta­
holism, ed. H. N. Munro, I. B .  Allison. 
1 1 :445-521 . NY: Academic 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



210 BECKER 

173. Platt, B. S . ,  Stewart, R. J. C. 1967. Ex­
perimental protein-calorie deficiency: 
histopathological changes in the endo­
crine glands of pigs. J. Endocrinol. 
38: 1 2 1-43 

174. Portnay, G. I . ,  O'Brian, J .  T . ,  Bush, J. , 
Vagenakis, A. G . ,  Azizi, F. , Arky, R . ,  
Ingbar, S .  H . ,  Braverman, L. E .  1976. 
The effect of starvation on the concentra­
tion and binding of thyroxine and tri­
iodothyronine in serum and on the re­
sponse to TRH. J. Clin. Endocrinol. 
Metab. 39: 1 91-96 

175. Powell, G. F. , Brasel, J. A . ,  Raiti, S . ,  
Blizzard, R .  M.  1 967. Emotional de­
privation and growth retardation simulat­
ing idiopathic hypopituitarism. II. En­
docrinologic evaluation of the syndrome. 
N. Engl. J. Med. 276: 1 279-83 

176. Prewitt, T. E . ,  D'Ercole, A. J . ,  Switzer, 
B. R . ,  Van Wyk, J. J. 1982. Relationship 
of serum immunoreactive somatomedin­
C to dietary protein and energy in grow­
ing rats . J. Nutr. 1 12: 1 44-50 

177. Prinsloo, 1. G . ,  Freier, E . ,  Kruger, H . ,  
Laubscher, N.  F . ,  Roode, H .  1974. In­
tegrity of hypotha1amo-pituitary-adrenal 
axis in Kwashiorkor as tested with piro­
men. S. Afr. Med. J. 48:2303-5 

1 78 .  Ramirez, A . ,  Fletes, L . ,  Mizrahi, L . ,  
Parra, A.  1978. Daily urinary catechola­
mine profile in marasmus and Kwashior­
kor. Am. J. Clin. Nutr. 3 1 :4 1-45 

179. Rappaport, R . ,  Prevot, C . ,  Czemichow, 
P. 1980. Somatomedin activity and 
growth hormone secretion. I. Changes 
related to body weight in anorexia nervo­
sa. Acta Paediatr. Scand. 69:37-41 

1 80. Reiter, E. 0.,  Stem, R. C . ,  Root, A. W. 
198 1 .  The reproductive endocrine system 
in cystic fibrosis. I. Basal gonadotropin 
and sex steroid levels. Am. J. Dis. Child. 
1 35:422 

1 8 1 .  Robinson, H. M.  P. , Cocks, T. , Kerr, 
D. , Picou, D. 1980. Hormonal control of 
weight gain in infants recovering from 
protein energy malnutrition. I. The effect 
of insulin and metabolic rate . Pediatr. 
Res. 14:28-33 

1 82 .  Rosenfeld, R. C . ,  Landon, C . ,  Lewiston, 
N . ,  Nagashung, R . ,  Hintz, R. L. 1 98 1 .  
Demonstration of normal plasma soma­
tomedin concentrations in cystic fibrosis. 
J. Pediatr. 99:252-54 

1 83 .  Saito, S . ,  Abe, K . ,  Nagata, N . ,  Tanaka, 
K . ,  Nakamura, E . ,  Kaneko, T. 1973. 
Evaluation of pituitary function by use of 
LH-releasing hormone and thyrotropin­
releasing hormone. In Hypothalamic 
Hypophysiotropic Hormones. Physiolo­
gical and Clinical Studies, ed. C. Gual, 

E. Rosenberg, pp. 276-82. Amsterdam: 
Exerpta Medica 

1 84. Samuel, A. M . ,  Kadival, G. V . ,  Patel, 
D.  B . ,  Desai, A.  G. 1976. Adrenocorti­
costeroids and corticosteroid binding 
globulins in protein calorie malnutrition. 
Am. J. Clin. Nutr. 29:889-94 

185.  Sanderson, I . , Deitel, M. 1 974. Insulin 
response in patients receiving concen­
trated infusions of glucose and casein 
hydrolysate for complete parenteral 
nutrition. Ann. Surg. 179:387-94 

1 86. Segall-Blank, M . ,  Vagenakis, A. G . ,  
Schwachman, H . ,  Ingbar, S .  H . ,  Braver­
man, L. E. 198 1 .  Thyroid gland function 
and pituitary TSH reserve in patients with 
cystic fibrosis. J. Pediatr. 98:21 8-22 

1 87.  Seppala, M . ,  Hirvonen, E . ,  Ranta, T. , 
Virkkunen, P. , Leppaluoto. J. 1 975. 
Raised serum prolactin levels in amenor­
rhea. Br. Med. J. 2:305-6 

188.  Sherman, B .  M . ,  Halmi, K. A . ,  Zamu­
dio, R. 1975. LH and FSH response to 
gonadotropin-releasing hormone in 
anorexia nervosa: effect of nutritional re­
habilitation. J. Clin. Endocrinol. Metab. 
41 ; 1 35-42 

1 89. Silverman, J. A. 1974. Anorexia nervo­
sa: clinical observations on a successful 
treatment plan. J. Pediatr. 84:68-73 

1 90. Sizonenko, P. C . ,  Rabinovitch,  A . ,  
Schneider, P . ,  Paunier, L . ,  Wollheim, 
C. B . ,  Zahnd, G. 1975. Plasma growth 
hormone, insulin, and glucagon re­
sponses to arginine infusion in children 
and adolescents with idiopathic short sta­
ture, isolated growth hormone deficien­
cy, panhypopituitarism, and anorexia 
nervosa. Pediatr. Res. 9:733-38 

191 .  Skrabanek, P. , Devlin, J . ,  McDonald, 
D . ,  Powell, D. 198 1 .  Plasma prolactin 
and gonadotrophins in anorexia nervosa 
and amenorrhea due to weight loss. Acta 
Endocrinol. 97:433-35 

192. Slone, D . ,  Taitz, D. S . ,  Gilchrist, G. S .  
196 1 .  Aspects o f  carbohydrate metabo­
lism in Kwashiorkor. Brit. Med. J. 1 :32-
34 

193.  Smallridge, R. c . ,  Glass, A. R . ,  Was­
tofsky, L . ,  Latham, K. R . ,  Burman, K.  
D. 1982. Investigations into the etiology 
of elevated serum T 3 levels in protein­
malnourished rats . Metabolism 3 1 :538-
42 

194. Smith, I. F. , Latham, M. C . ,  Azubuike, 
J. A . ,  Butler, W. R . ,  Phillips, L. S . ,  
Pond, W.  G . ,  Enwonwu, C.  O. 1 98 1 .  
Blood plasma levels of cortisol, insulin, 
growth hormone, and somatomedin in 
children with marasmus, Kwashiorkor, 
and intermediate forms of protein-energy 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ENDOCRINE RESPONSES TO PCM 211 

malnutrition. Proc. Soc. Exp . BioI. Med. 
1 67:607- 1 1  

195 .  Smith, R .  1963. Hyponatraemia i n  infan­
tile malnutrition. Lancet 1 :77 1-72 

196. Smith, S. R . ,  Bledsoe, T . ,  Chhetri, M.  
K .  1 975 . Cortisol metabolism and the 
pituitary-adrenal axis in adults with pro­
tein-calorie malnutrition. J. Clin. Endo­
crinol. Metab. 40:43-52 

197. Smith, S. R. , Chhetri , M. K . ,  Johanson, 
A. J . ,  Radfar, N . ,  Migoen, C. 1975 . The 
pituitary-gonadal axis in men with pro­
tein-calorie malnutrition. J. Clin. Endo­
crinol. Metab. 4 1 :60-69 

198.  Smith, S. R . ,  Edgar, P. J . ,  Pozefsky, T . ,  
Chhetri, M. K. , Prout, T. E.  1975. In­
sulin secretion and glucose tolerance in 
adults with protein-calorie malnutrition. 
Metabolism 24: 1073-84 

199. Spaulding, S .  W . ,  Chopra, I. J . ,  Sher­
win, R. S . ,  Lyall, S. S. 1 976. Effect of 
caloric restriction and dietary composi­
tion of serum T3 and reverse T3 in 
man. J. Clin. Endocrinol. Metab. 42: 
197-200 

200. Srebnik, H. H . ,  Nelson, M. M. 1962. 
Anterior pituitary function in male rats 
deprived of dietary protein. Endocrinolo­
gy 70:723--30 

201 .  Srikantia, S. G . ,  Mohanram, M.  1970. 
Antidiuretic hormone values in plasma 
and urine of malnourished children. J. 
Clin. Endocrinol. Metab. 3 1 : 3 1 2-14 

202. Stephan, F . ,  Schlienger, J .  L.,  Blickle, J .  
F . ,  De LaHarpe, F. 1982. Hormonal 
adaptation to chronic self-starvation in 
patients with anorexia nervosa (Trans!. 
aus . )  Nouv. Presse Med. 27: 1055-58 
(From French) 

203. Stewart, R. J. c . ,  Heard, C. R. C. 1959. 
Pancreatic islet cells and blood-sugar reg­
ulation in pigs maintained on low protein 
diets . Proc . Nutr. Soc. 1 8:x-xi 

204. Suryanarayana, B .  V . ,  Kent, J. P. , Meis­
ter, L . ,  Parlow, A. F. 1969. Pituitary­
gonadal axis during prolonged total 
starvation in obese men. Am. J. Clin. 
Nutr. 22:767-70 

205. Tanigawa, K . ,  Kuzuya, H . ,  Seino, Y . ,  
Seino, S . ,  Tsuda, K . ,  Sakurai, H . ,  Im­
ura, H. 1982. Effect of starvation on 
somatostatin content of pancreas and gas­
trointestinal tract of the guinea pig. 
Horm. Metab. Res. 14:245-47 

206. Travaglini, P. , Beck-Peccoz, P. , Ferrari, 
C . ,  Ambrosi, B . ,  Paracchi, A . ,  Severg­
nini, A . ,  Spada, A . ,  Faglia, G. 1976. 
Some aspects of hypothalamic-pituitary 
function in patients with anorexia nervo­
sa. Acta Endocrinol. 8 1 :252-62 

207. Trowell, H. C. , Davies, J. N. P. , Dean, 

R. F. A. 1954. Kwashiorkor. London: 
Arnold. 308 pp. 

208. Tulp, O. L . ,  Krupp, P. P. , Danforth, E. 
Jr. , Horton, E. S. 1979. Characteristics 
of thyroid function in experimental pro­
tein malnutrition. J. Nutr. 109: 1 321-32 

209. Underwood, L. E. Unpublished data 
2 1 0 .  Vagenakis, A. G . ,  Burger, A . ,  Portnay, 

G. I . ,  Rudolph, M . ,  O'Brian, J. T . ,  Azi­
zi, F . ,  Arky, R. A . ,  Nicod, P. , Ingbar, S .  
H. ,  Braverman, L. E. 1975. Diversion of 
peripheral thyroxine metabolism from 
activating to inactivating pathways dur­
ing complete fasting. 1. Clin. Endocri­
nol. Metab. 41:191-94 

2 1 1 .  Van den Brande, J. L . ,  Du Caju, M. V .  
L. 1974. Plasma somatomedin activity i n  
children with growth disturbances. I n  
Advances in Human Growth Hormone 
Research, ed. S. Raiti, pp. 98-1 1 5 .  
Washington DC:DHEW Pub!. (NIH) 

2 1 2 .  Van der Westhuysen, J. M . ,  Jones, J. J . ,  
van Niekerk, C.  H . ,  Belonje, P .  L. 1975. 
Cortisol and growth hormone in 
Kwashiorkor and marasmus. S. Afr. 
Med. J. 49: 1642-44 

2 1 3 .  Van der Westhuysen, J. M . ,  Kanengoni, 
E . ,  Jones, J. J. , van Niekerk, C. H. 1 975. 
Plasma renin activity in oedematous and 
marasmic children with protein energy 
malnutrition. S. Afr. Med. J. 49: 1729-3 1 

214.  Van Wyk, J. J . ,  Underwood, L. E. 1 978. 
The somatomedins and their actions. In 
Biochemical Actions of Hormones, ed. 
G. Litwack, 5 : 10 1-48. NY: Academic 

2 1 5 .  Vashi , N . ,  Jagatiani, N. 1980. Plasma 
cortisol and its relation to malnutrition. 
Indian Pediatr. 17 :59-63 

2 1 6. Veghelyi, P. V . ,  Kemeny, T. T. , Poz­
sonyi, J . ,  Sos, J. 1950. Dietary lesions of 
the pancreas. Am. J. Dis. Child. 79:658-
65 

217 .  Vigersky , R. A . ,  Anderson, A. E . ,  
Thompson,  R .  H . ,  Loriaux, D .  L .  1977. 
Hypothalamic dysfunction in secondary 
amenorrhea associated with simple 
weight loss. N. Engl. J. Med. 297 : 1 141-
45 

2 1 8 .  Vigersky, R. A . ,  Loriaux, D. L. 1977. 
Anorexia nervosa as a model of hypotha­
lamic dysfunction. See Ref. 42, pp. 109-
2 1  

2 1 9. Vinik, A. I . ,  Kalk, W .  J. , McLaren, H . ,  
Paul, M.  1 974. Impaired prolactin re­
sponse to synthetic thyrotropin-releasing 
hormone after a 36 hr fast. H orm. M etab. 
Res. 6:499-501 

220. Vinik, A. J. , Kalk, W. J. , McLaren, H . ,  
Hendricks, S . ,  Pimstone, B .  L.  1975. 
Fasting blunts the TSH response to syn­
thetic thyrotropin-releasing hormone 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



212 BECKER 

(TRH). J. Clin.  Endocrinol. Metab. 
40:509- 1 1  

221 .  Voyles, N . ,  Awoke, R . ,  Wade, A. , 
Bhathena, S. J . ,  Smith, S. S . ,  Recant, L.  
1982. Starvation increases gastrointesti­
nal somatostatin in normal and obese 
Zucker rats: a possible regulatory 
mechanism. Horm. Metab. Res. 1 4:392-
95 

222. Wachslicht-Rodbard, H . ,  Gross,  H. P . ,  
Rodbard, D . ,  Ebert, M . ,  Roth, J. 1979. 
Increased insulin binding to erythrocytes 
in anorexia nervosa. N. Eng/. J. Med. 
300:882-87 

223. Walsh, B. T . ,  Katz, J. L . ,  Levin, J . ,  
Kream, J . ,  Fukushima, D.  K . ,  Weiner, 
H . ,  Zumoff, B .  1 98 1 .  The production 
rate of cortisol declines during recovery 
room anorexia nervosa. J. Clin. Endocri­
nolo Metab. 53:203-5 

224. Warren, M. P . ,  van de Wiele, R. L. 
1973. Clinical and metabolic features of 
anorexia nervosa. Am. J. Obstet. Gyne­
col. 1 17 :435-49 

225. Wartofsky, L . ,  Burman, D. 1982. AI-

terations in thyroid function in patients 
with systemic illness: the "euthyroid sick 
syndrome." Endocrinol. Rev. 3 : 1 64-2 1 7  

226. Weinkove, C . ,  Weinkove, E . ,  Timme, 
A . ,  Pimstone, B. L.  1977. Pancreatic 
islets of malnourished rats: quantitative 
histologic and electron microscopic find­
ings. Arch. Pathol. Lab. Med. 1 0 1 :26fr. 
69 

227. Wheeler, J. E . ,  Lukens, F. D. W . ,  Gyor­
gy, P. 1949. Studies on the localization 
of tagged methionine within the pan­
creas. Proc. Soc. Exp . Bioi. Med. 
70: 1 87-89 

228. Woolfson, A. M. J . ,  Heatley, R. V. , 
Allison, S. P. 1 979. Insulin to inhibit 
protein catabolism after injury. N. Engl. 
J. Med. 300: 14-17 

229. Yoshimomoto, Y . ,  Moridera, K . ,  Imura, 
H. 1975. Restoration of normal pituitary 
gonadotropin reserve by administration 
of luteinizing-hormone-releasing hor­
mone in patients with hypo gonadotropic 
hypogonadism. N. Eng/. J. Med. 
292:242-45 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

3.
3:

18
7-

21
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
ow

an
 U

ni
ve

rs
ity

 o
n 

01
/0

4/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Nutrition Online
	Most Downloaded Nutrition Reviews
	Most Cited Nutrition Reviews
	Annual Review of Nutrition Errata
	View Current Editorial Committee


	ar: 
	logo: 



