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Abstract

Objective: The discovery of leptin, a hormone primarily involved in adaptation to fasting, led to an
increased interest in appetite regulation and appetite-modulating hormones. Here, we present unique
data from a case of extreme starvation and refeeding, showing changes in plasma concentrations of
appetite-modulating and metabolic hormones as well as biochemical changes, and draw attention to
the dangers of the refeeding syndrome.
Patients and methods: We studied the refeeding period of a 44-day voluntary fast uncomplicated by
underlying disease. Biochemical and hormonal variables were compared with 16 matched subjects
such that the BMI range of the controls covered the entire spectrum for the index subject’s
recovering BMI.
Results: Lack of calorie intake with free access to water resulted in 25% loss of body weight.
Haemoconcentration was observed and feeding was started with a low sodium, hypocaloric liquid
formulation. During early refeeding, marked hypophosphataemia, haemodilution and slight oedema
developed. Vitamins B1, B12 and B6 were depleted while serum free fatty acids, ketone bodies and
zinc levels were abnormally high; abnormal liver function developed over the first week. The
hormonal profile showed low IGF-I and insulin levels, and elevated IGF-binding protein-1
concentrations. Appetite-regulating hormones were either very low (leptin and ghrelin) or showed
no marked difference from the control group (peptide YY, agouti-related peptide, a-melanocyte-
stimulating hormone, neuropeptide Y and pro-opiomelanocortin). Appetite was low at the
beginning of refeeding and a transient increase in orexin and resistin was observed coincidently
with an increase in subjective hunger.
Conclusions: Our study illustrates the potential dangers of refeeding and provides a comprehensive
insight into the endocrinology of prolonged fasting and the refeeding process.
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Introduction

Starvation and obesity cause characteristic changes
in appetite hormones, such as low leptin levels in
starvation and high leptin and low ghrelin levels in
obesity. Starvation can lead to death but the exact cause
of this is often unclear. While in famine situations, a
BMI of 10 kg/m2 can be compatible with life (1), hunger
strikers die before such emaciation occurs, suggesting a
wide variation in the tolerance of starvation. The early
stages of starvation’s treatment also put the vulnerable
patient at the risk of death in a way that is analogous to
the dangers of fatal water and electrolyte imbalance
during the treatment of diabetic ketoacidosis, and this is
further compounded by vitamin B deficiency. Indeed,
the management of starvation and diabetic ketoacidosis
has one striking similarity – the sudden shift of a low
insulin, fat-burning metabolism to a high insulin,
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glucose-based state. The potentially fatal clinical
syndrome associated with the treatment of malnutrition
has been called the refeeding syndrome. Its importance
lies not only in the relief of famine but also in the
management of the disease-related malnutrition
prevalent in our hospitals.

Concepts of the refeeding syndrome have evolved
since the 1940s when the dangers of oedema, acute
heart failure and the precipitation of acute vitamin B1
deficiency during the relief of war-related famine were
already recognized (8, 9). The relationships between
insulin secretion and sodium retention were charac-
terized during the 1960s (10). Hypophosphataemia had
previously been recognized as a complication of glucose
infusions and the treatment of diabetic ketoacidosis, but
its association with refeeding was established as
parenteral feeding was popularized (11). Also during
the early 1970s, red cell hypophosphataemia was
DOI: 10.1530/EJE-06-0740
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shown to result in the accumulation of triose phos-
phates, but decreased 2,3-diphosphoglycerate,
depressed ATP and abnormal oxygen dissociation,
causing hypoxia in the central nervous system (12).
Opportunities to study the effects of prolonged fasting
and subsequent refeeding in an otherwise normal
individual are rare – it is not usually possible in hunger
strikers. Our case study demonstrates the management
of food reintroduction and adds new information on the
hormonal and peptide responses to refeeding. Following
a short case description (2), in this paper a full
description of the clinical, biochemical and endocrino-
logical findings and processes is provided.
Subjects and methods

A 30-year-old male, weight 96 kg, height 1.84 m,
entered a transparent Perspex box on the banks of the
river Thames in London and was suspended in the air
from a crane for 44 days. During this period, he took
only water to drink. Following the fast, he was
transferred by ambulance, in which he took nothing
by mouth, to hospital under the care of J P-T, where
after initial blood sampling, he underwent controlled
refeeding. The early refeeding was done orally, using
Ensure Plus (Abbot Laboratories), a standard nutrition-
ally complete liquid formulation, containing 330 kcal,
44.4 g carbohydrate of which 12.7 g sugars, 10.8 g fat,
13.8 g protein, 11.5 mmol sodium, 11.3 mmol pot-
assium, 6.4 mmol calcium, 6.5 mmol phosphate and
2.7 mmol magnesium per carton (220 ml) using the
following regimen:

Day 0 overnight 2 cartons Ensure Plus and water ad
libitum

Day 1 2 cartons Ensure Plus and water ad
libitum

Day 2 5 cartons Ensure Plus and water ad
libitum

Day 3 6 cartons Ensure Plus and water ad
libitum

Day 4 1500 kcal approximately as a light
diet

Day 5 ad libitum, though he was encouraged
to be cautious

In addition, the following supplements were given from
the time of his admission: 50 mg thiamine twice a day,
80 mg niacin, 8 mg vitamin B6, 8 mg vitamin B2 and
20 mg vitamin B1 (4 tablets of vitamin B compound
strong, British National Formula) daily, 5 mg folic acid
daily, Forceval capsules (Unigreg, Morden, UK) containing
vitamins and trace elements, 1 capsule twice a day,
24 mmol effervescent KCl three times a day for 2 days and
then 12 mmol three times daily.

By the evening of day 1, he became hypophos-
phataemic (serum phosphate 0.46 mmol/l, normal
www.eje-online.org
range 1.2–1.7 mmol/l) and, in addition, he was there-
fore given 250 ml (25 mmol) Polyfusor phosphate
intravenously over 12 h and effervescent phosphate
(16 mmol) twice daily orally on days 2–4. The i.v.
phosphate was the only i.v. fluid or feed he received. He
left hospital on day 5 with advice not to overeat.

With written consent, blood was taken on arrival in
hospital at 2215 h on 19 October 2003 (day 0) and, after
overnight fasts, on days 3, 5, 10 and 46 of the refeeding
period. As an approximation of his basal state, a blood
sample was also taken after full recovery, 236 days after
starting refeeding. These samples were used for biochem-
istry and hormone assessments. During the early
refeeding period, further blood samples were taken for
appropriate clinical management. Routine biochemical
parameters (full blood count, urea, electrolytes, plasma
glucose, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), serum bilirubin, albumin,
serum calcium, serum phosphate and cholesterol), free
thyroxin (fT4), total tri-iodothyronine (tT3), thyroid-
stimulating hormone (TSH), luteinizing hormone (LH),
follicle-stimulating hormone (FSH), testosterone, oestra-
diol, sex hormone-binding globulin (SHBG), dehydroe-
piandrosterone sulphate (DHEAS), androstenedione (A4),
prolactin, insulin, cortisol, growth hormone and insulin-
like growth factor I (IGF-I) were measured in the routine
clinical laboratory (Barts & London Hospital and the
London Independent Hospital). Free fatty acids (FFA),
3-hydroxybutyrate, homocysteine and amino acids were
measured in the clinical laboratory of Great Ormond
Street Hospital, while vitamins and trace elements were
measured in the laboratories of Institute of Human
Nutrition and Southampton University Hospitals Trust.
Other hormones were measured by commercial or
research immunoassays: total ghrelin, leptin, resistin
and adiponectin (Linco, St Charles, Missouri USA); agouti-
related peptide (AgRP), pro-opiomelanocortin (POMC)
and orexin A (IDS, Newcastle, UK), a-melanocyte-
stimulating hormone (a-MSH) and neuropeptide Y
(NPY; Euro-Diagnostica, Malmo, Sweden) and glucagon,
somatostatin, pancreatic polypeptide (PP) and peptide YY
(PYY) (3) (Hammersmith Hospital, Imperial College, UK).
Samples were collected into serum, EDTA and lithium–
heparin tubes with or without trasylol, spun immediately,
and frozen at K70 8C until analysis. Analyses for the
controls and the index subject for given metabolites,
peptides or hormones were conducted together in the
same run in duplicates, and intra-assay coefficients of
variation were !10%.

The changes in body composition were calculated
from skinfold thicknesses using established equations of
Durnin and Womersley (4), appropriate for age and
gender. Mid-upper arm circumference and four skinfold
thicknesses (biceps, triceps, subscapular and suprailiac
skinfold thicknesses) were measured before the fast and
during refeeding. Although there are more precise
methods to assess body composition, care was taken to
use the same observer and the same instrument and a
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mean of three measurements each time to keep
variability low. The subject kept a personal diary during
the refeeding period.
Control subjects

Blood samples were taken after an overnight fast
(13.3G2.1 h S.D.) from 16 age-matched male controls
whose BMIs spanned the range of the BMI of the
index subject seen over the whole refeeding period
(20–29 kg/m2).
Ethics

The voluntary fast described here was designed by D B
and his colleagues independently of the other authors.
M E was involved in monitoring D B during his period of
starvation. J P-T treated him after his admission to
hospital at the end of the starvation. Local Research
Ethics Committee permission was granted, and written
informed consent was obtained from the fasting subject
on arrival in hospital, for taking anthropometric
measurements and collecting blood samples during
the refeeding period. Written informed consent was
taken from all the control participants and the study
was approved by the local ethics committee.

Statistical analysis

Data are expressed as mean and range of the control
subjects or mean and 95% confidence interval.
Results

The index subject lost 25% of his weight, 24% of his fat-
free body mass and 33% of his fat mass as judged by
anthropometric measurements (Table 1). Detailed
analyses of macro- and micronutrient losses during
the fast are provided in a separate paper (5).

His metabolic status on arrival in hospital showed a
normal plasma glucose, normal cholesterol and triacyl-
glycerol, but considerably elevated FFA and much elevated
3-hydroxybutyrate (Fig. 1, Table 2). A raised haematocrit
Table 1 Body weight, fat-free mass and basal metabolic rate during t

Start of fast Day 0 Day 3

Weight (kg) 96.0 71.5 71.5
BMI (kg/m2) 28.3 21.1 21.1
Percentage of fat 20.1 18.1
Fat mass (kg) 19.2 12.9
FFMa (kg) 76.7 58.6
BMRb (kcal) 2047 (e) 1723 (e)

aFat-free mass (FFM) is calculated from four skinfold measurements using the
bBasal metabolic rate (BMR) is given (e) estimated based on the calculated mean
and (m) measured by indirect calorimetry (Deltatrac, GE Healthcare, UK).
on admission (reflecting haemoconcentration) changed
to progressively lower values, despite cautious refeeding,
and total avoidance of saline or additional salt during the
hospital stay (Table 3). Albumin concentration on
admission to hospital was slightly raised and declined
gradually over 5 days probably due to plasma expansion.
By day 10, 5 days after he left hospital on a free diet, he
demonstrated mild pitting oedema. Blood pressure and
pulse on arrival in hospital were 109/74 mmHg and
89/min supine, and 109/65 mmHg and 119/min
standing. The electrocardiogram was normal with a QTc

interval of 405 ms.
Hypophosphataemia developed through day 1 and

blood phosphate concentrations dropped below
0.5 mmol/l. This required overnight i.v. intervention
as mentioned earlier (6). While serum transaminases
(AST and ALT) were normal at the end of the fast,
elevated concentrations were detected by day 10
(Table 3). They subsequently returned to normal.
Serum zinc was elevated on admission but rapidly
returned to normal during refeeding. Serum copper and
selenium were within the normal ranges after the fast.
Our functional assays indicated vitamins B1, B2 and B6
deficiencies at day 0 of refeeding (Fig. 1). These were
corrected to normal by day 3 in the case of vitamins B1
and B2 and by day 5 in the case of vitamin B6. Vitamin
B12 was abnormally elevated (O1500 ng/l) and fell
gradually with refeeding, although it was still 555 ng/l
at day 236 (range of controls 194–419 ng/l; Fig. 1).
Serum folate was just above the lower limit of the
normal range and was raised by the treatment he
received. There was no abnormality in homocysteine
levels. Essential amino acid serum concentrations
showed lower values than the minimum of the control
subjects for asparagine, histidine, threonine, arginine,
tryptophan and lysine on day 0, while branched chain
amino acid concentrations were elevated as is typical of
a low insulin state (7) (data not shown). All amino acids
normalized by day 46.

Hormone results are shown in Figs 2 and 3 and
Table 4. Cortisol on admission was high at 777 nmol/l.
IGF-I concentrations were very low compared with age-
and sex-matched controls (Fig. 2) and gradually
he refeeding period.

Day 5 Day 10 Day 46 Day 236

72.2 80.9 89.9 91.6
21.3 23.9 26.6 27.1

20.9 21.9
18.8 20.1
71.2 71.5

1775.5 (m)
1733 (e)

2322.6 (m)
1966 (e)

1989 (e)

equations of Durnin and Womersley (4).
of the results of the two Schofield equations applicable to a 30-year-old male
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Figure 1 Free fatty acids and 3-hydroxybutyrate concentrations were high on day 0, while plasma glucose was well preserved. Vitamin B
measurements showing vitamins B1, B2 and B6 deficiency and very high B12 levels. Vitamin B1, erythrocyte transketolase activation
coefficient (ETKAC), vitamin B2, erythrocyte glutathione reductase activation coefficient (EGRAC), vitamin B6, erythrocyte aspartate
aminotransferase activation coefficient (EAATAC): elevated results in these assays suggest vitamin deficiency. Data for volunteers are
shown as meanG95% confidence interval.

Table 2 Selected biochemical parameters on day 0.

Day 0 Normal range

Cholesterol 5 3.5–6.2 mmol/l
Triacylglycerol 0.95 0.6–2.83 mmol/l
Serum folate 3.1 2.9–18.0 nmol/l
Vitamin A 0.9 1.0–2.8 mmol/l
Vitamin E 21 15–40 mmol/l
Zinc 31.7 11–24 mmol/l
Copper 15.2 12–26 mmol/l
Selenium 1.52 0.8–2.0 mmol/l
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returned to normal. High IGF-binding protein 1
(IGF-BP1) concentrations were recorded (Fig. 2), while
IGF-BP3 followed the pattern of IGF-I. Growth hormone
values were variable and remained in the normal range.
TSH concentrations were slightly above the normal
range on day 0 (6.1 mU/l; Fig. 2) and returned to
normal within 3 days, while fT4 and tT3 levels were
normal. In the first 10 days of the refeeding period,
increasing concentrations of FSH (from 1.2 to
4.7 mU/l), testosterone (from 15.6 to 30.1 nmol/l)
and oestradiol (from 70.8 to 204 pmol/l) and
decreasing concentrations of SHBG (from 81 to
32 nmol/l) and DHEAS (from 11.6 to 4.3 mmol/l) were
observed. Several prolactin levels were at the upper end
of the normal range, possibly due to stress. LH and A4
concentrations were within the normal range.

Very low leptin concentrations were observed on day 0
(under the lower limit of our assay at 1.7 mg/l) which
gradually normalized (to 6.5 mg/l). Adiponectin concen-
trations were three times higher on day 10 (71.9 mg/l)
than on the previous or following days. High somato-
statin concentrations were observed on day 0 which
gradually dropped during refeeding (from 45.9 to
25.2 pmol/l). The concentrations of other anorectic
www.eje-online.org
peptides (PYY, PP, glucagon, a-MSH and POMC) showed
no marked changes within the first 10 days of refeeding.
Orexigenic peptide ghrelin concentrations on day 0 were
very low (total ghrelin 27.6 pmol/l) and returned to
normal values within 5 days (100.1 pmol/l). Plasma
resistin and orexin A showed an elevation on day 3 with
3! higher concentration for resistin and 10! higher
for orexin A compared with the previous and following
days. The concentrations of orexigenic peptides NPY and
AgRP showed no marked changes within the first
10 days of refeeding. There was no correlation between



Figure 2Classicalhormone levelsduring refeedingareshown witheithernormal range insquarebracketsorasmeanG95%confidence interval
of hormone concentrations of healthy volunteers. fT4, free thyroxin; tT3, total tri-iodothyronine; TSH, thyroid-stimulating hormone; LH, luteinizing
hormone; FSH, follicle-stimulating hormone; testosterone; E2, oestradiol; SHBG, sex hormone-binding globulin; DHEAS, dehydroepian-
drosterone sulphate; A4, androstenedione; IGF-I, insulin-like growth factor I; IGF-BP1, insulin-like growth factor-binding protein 1.

Table 3 Biochemical parameters during refeeding.

Day 0 Day 1 Day 2 Day 3 Day 5 Day 10 Day 46 Normal range

Hct 0.47 0.46 0.46 0.44 0.39 0.39 – 0.40–0.54 l/l
Urea 0.7 1.7 1.8 2.2 3.3 3.3 4.0 3.2–7.1 mmol/l
K 3.3 4.0 4.0 3.7 3.8 4.3 4.1 3.6–5.0 mmol/l
Na 140 141 142 141 142 144 146 137–145 mmol/l
PO4 1.0 0.46 1.46 1.36 1.26 1.22 1.19 1.2–1.7 mmol/l
Albumin 52.9 44.0 42.6 44.6 33.0 34.2 41.2 39–50 g/l
Total bilirubin 15 15 22 17 6 5 13 3–22 mmol/l
ALP 66 70 57 72 74 67 76 38–126 U/l
ALT 62 57 73 73 65 218 184 21–72 U/l
AST 44 38 62 55 51 157 51 14–50 U/l
GGT 21 19 18 22 18 23 29 8–78 U/l

Hct, haematocrit; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, g-glutamic transpeptidase.
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Figure 3 Anorectic and orexigenic peptides are shown during refeeding. Data for volunteers are shown as meanG95% confidence interval.
AgRP, agouti-related peptide; POMC, proopiomelanocortin; a-MSH, a-melanocyte-stimulating hormone.
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body composition and the appetite- and central feeding-
related peptides.
Discussion

The study subject showed evidence of haemoconcen-
tration as judged by the haematocrit. As refeeding
www.eje-online.org
raises plasma insulin, potassium, phosphate and
magnesium are driven intracellularly, and sodium
extracellularly, expanding circulating volume and
causing haemodilution, as indicated in D B by changes
in his haematocrit and albumin levels. The plasma
expansion during the early refeeding period, which
can precipitate heart failure, emphasizes the clinical
need for sodium restriction and the potential dangers



Table 4 Glucose, free fatty acid and hormonal parameters.

Hormone Unit Day 0 Day 3 Day 5 Day 10 Day 46 Day 236

Mean of
controls
or normal
range

Range of
controls

Fasting glucose mmol/l 5.20 5.10 5.30 4.70 4.50 4.70 4.50 3.8–5.3
Free fatty acid mmol/l 1.53 1.25 0.27 0.21 0.18 0.60 0.50 0.1–0.98
3-hydroxybutyrate mmol/l 4.92 0.81 0.02 0.02 0.02 0.09 0.16 0.02–1.38
ETKAC (related to

vitamin B1)
2.68 1.22 1.17 1.13 1.24 1.16 1.15 1.06–1.22

EGRAC (related to
vitamin B2)

1.51 1.04 1.10 1.07 1.40 1.70 1.25 1.10–1.36

EAATAC (related to
vitamin B6)

4.05 3.47 2.84 2.06 1.61 1.64 2.05 1.78–2.49

B12 ng/l 1500 1326 1146 798 676 555 323 194–419
Serum folate mg/l 3.09 20 20 5.08 6.02 6.92 6.29 4.0–11.5
Homocysteine mmol/l 8.65 10.61 7.75 6.02 6.21 7.94 9.66 6.1–13.5

Cortisol nmol/l 770.00 390.00 349.00 368.00 564.00 618.00 200–600
IGF-I mg/l 65.00 72.00 79.00 150.00 232.00 226.00 210.88 125–295
IGF-BP1 mg/l 33.00 5.40 6.00 10.00 5.50 15.00 14.36 2.7–38
IGF-BP3 mg/l 2.50 2.20 2.50 3.00 3.80 3.20 4.64 3.0–5.8
Insulin mU/l 3.60 3.40 4.60 2.00 2.10 3.70 4.0–20
Growth hormone mU/l 1.70 0.13 1.90 0.16 0.13 0.45 Variable
fT4 pmol/l 21.00 20.60 17.50 13.90 18.80 20.90 11–25
tT3 nmol/l 1.30 1.50 1.50 1.60 2.00 1.70 1–2.7
TSH mU/l 6.10 3.20 2.50 4.50 4.20 6.30 0.3–4.01
LH U/l 7.80 2.10 12.30 6.40 7.40 NA 1–8
FSH U/l 1.20 1.40 2.00 2.70 4.70 NA 1–10
SHBG nmol/l 81.30 71.30 55.80 37.30 32.50 NA 17–50
TESTO nmol/l 15.60 17.60 26.20 30.10 23.90 NA 9–27
DHEAS mmol/l 11.60 7.10 4.50 4.70 4.30 6.20 2.8–12
Androstenedione nmol/l 6.70 6.60 5.10 9.90 9.00 8.10 4–8
Oestradiol pmol/l 70.80 204.00 137.00 135.00 130.00 135.00 28–156
PRL mU/l 378.00 143.00 256.00 289.00 563.00 573.00 !450
Gastrin pmol/l 0.77 1.51 0.91 0.73 0.77 3.20 2.60 0.5–9.6

Leptin ng/ml 1.70 2.00 6.50 2.90 8.90 2.60 4.62 1.7–14.7
Adiponectin ng/ml 22.10 23.50 27.90 71.90 25.10 17.90 17.40 3.4–38.6
Somatostatin pmol/l 40.33 45.87 44.25 29.15 36.48 31.26 30.39 16.6–49.2
PYY pmol/l 29.27 25.36 26.15 32.31 26.38 25.92 24.47 10.5–50.1
PP pmol/l 6.69 8.18 5.26 10.15 7.61 10.73 19.06 7.0–84.6
Glucagon pmol/l 4.83 1.28 7.29 1.94 4.88 30.03 7.03 0.4–14.1
a-MSH pmol/l 7.20 8.30 8.90 5.80 10.30 8.40 9.88 3.8–18.6
POMC pmol/l 26.40 14.00 14.00 26.00 14.00 14.00 18.23 14–36.3
Total ghrelin pmol/l 27.60 61.90 127.40 100.10 123.70 84.80 218.07 28–687
Orexin A ng/l 7.00 69.00 7.00 6.00 9.00 13.00 106.25 0.5–55
Resistin ng/ml 3.50 9.60 3.50 3.80 2.80 3.60 3.24 1.6–5.9
NPY pmol/l 96.40 101.20 114.30 134.20 37.50 78.50 112.32 26–170.1
AgRP ng/l 28.00 43.00 33.00 37.00 67.00 44.00 65.25 2.2–9.1

Vitamin B1, erythrocyte transketolase activation coefficient (ETKAC); vitamin B2, erythrocyte glutathione reductase activation coefficient (EGRAC); vitamin B6,
erythrocyte aspartate aminotransferase activation coefficient (EAATAC): elevated results in these assays suggest vitamin deficiency.
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of i.v. saline, though some still advocate this as a
routine (13). Hypophosphataemia occurred despite a
restricted oral energy intake, which was well below
that required to meet the demands of the basal
metabolic rate.

Elevated bilirubin concentrations and liver enzymes
are a known complication of starving in humans
(13–16) and our subject’s results suggest that the
observed changes seen may reflect a harmless, perhaps
physiological effect of the refeeding process. Elevated
levels of vitamin B12 and zinc are probably due to loss
from liver and other lean tissues because of tissue
catabolism during fasting, or could represent changes in
B12 kinetics, transport proteins or enterohepatic
circulation (17, 18). Vitamins B1 and B6 were depleted
over the period of the fast and were replenished early.
Glucose by mouth or by vein without such replacement
carries dangers of acute thiamine deficiency and lactic
acidosis (19). There is a rapid metabolic shift from the
fasting, fat-burning state to a carbohydrate-based
‘mixed economy’ based on the content of the feed
ingested. Carbohydrate intake stimulates sodium and
water retention, hypophosphataemia and other electro-
lyte shifts, and places demand on vitamin B1 require-
ments which can precipitate acute deficiency
syndromes.
www.eje-online.org
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On arrival in hospital, the patient was subject to the
stress of the starvation itself; in addition, he experienced
intense media attention, and both may have contributed
to the high serum cortisol concentration despite the late
evening hour (2215 h). It is possible that this high blood
cortisol contributed to the relatively normal blood
glucose concentration observed on arrival in hospital
as well as to the high IGF-BP1 concentrations. IGF-BP1
is stimulated by cortisol especially in low insulin states
(20). IGF-I is regulated by nutritional status independent
of growth hormone, and is suppressed in nutritionally
deprived subjects, even when elevated GH levels are
present as, for example, in patients with anorexia
nervosa (21). The mechanism causing low IGF-I and
high IGF-BP1 in fasting could involve the cellular energy
sensor enzyme AMP-activated protein kinase (AMPK;
22, 23). This enzyme is activated during fasting and it
inhibits the synthesis of IGF-I and upregulates IGF-BP1
(24, 25), and could explain the hormone changes in our
subject. Prolonged fasting reduces TSH, probably via low
leptin concentrations (21). However, we observed
slightly elevated TSH which was probably the result of
the acute psychological stress (26) at the time of blood
sampling, although the exposure to cold, which was
experienced in the last days of the fast in the box above
the river Thames in October could have also played a
part. Prolonged fasting causes hypothalamic hypogonad-
ism and the low normal FSH, LH and testosterone and
oestrogen concentrations, which increased during
refeeding, suggest that this was the case in our subject.
Low leptin concentrations have been suggested to play
an important role in fasting-induced hypogonadism (27).

The patient though undoubtedly keen to eat again
when he came out of the box after the fast was able to
cope psychologically with the very cautious artificial
refeeding programme to which he was restricted during
the first 3 days. According to his diary, on day 1 he
experienced abdominal cramps and ‘was not yet ready
to eat but the thought of chewing and tasting again was
so strong’. On day 2, he continued to have cramps but
started to crave food, while on day 3 ‘I could not help it;
I wasn’t hungry but just wanted to eat once again’. On
day 5, ‘my hunger grew out of proportion and I was
eating almost a double portion of all meals’. The high
3-hydroxybutyrate concentration measured could
contribute to low appetite on the first few days (28).
The peripheral appetite hormone ghrelin levels are
characteristically high after an overnight fast, but
longer fasting (2–3 days) results in low ghrelin levels
(29–31), and we now extend this observation of low
ghrelin levels to 44 days. The discrepancy between low
ghrelin concentrations with prolonged fasting and
high ghrelin concentrations observed in patients with
cachexia or anorexia nervosa could possibly be
explained by circulating somatostatin concentrations.
In patients with anorexia nervosa, somatostatin tone is
low (32), while fasting for 2–4 days increases
circulating somatostatin concentrations levels in
www.eje-online.org
healthy volunteers (33, 34). Here, we also observed
high somatostatin concentrations which could be
responsible for the low ghrelin concentrations. Sub-
acute and long-term changes in nutrient intake
regulate leptin levels in addition to changes in fat
mass (35) and the low leptin concentrations we
observed could have contributed to the modestly
underactive gonadal axis. Apart from leptin and
ghrelin, several other hormones are known to influence
metabolism such as adiponectin and resistin, and to
affect appetite, including the peripheral hormones
PYY and PP (anorectic hormones) and adipokines
adiponectin and resistin, as well as central hypo-
thalamic hormones NPY, AGRP, orexin A (orexigenic)
and a-MSH (anorectic peptide). The complex interplay
between these central and peripheral hormones
probably regulates the altered metabolism of the fasting
subjects, but the peripheral hormone levels which are
available for measurement in a human study do not
necessarily provide an exact explanation of the central
and peripheral hormonal adaptation to fasting.

Our subject’s feeling of hunger increased considerably
by days 4–5 and this was preceded by elevations in
plasma orexin A and resistin on day 3. Previous data
showed no change in resistin concentrations after 48-h
fast in healthy subjects (36), while centrally adminis-
tered resistin stimulates Fos expression in the rat arcuate
nucleus during fasting and a role in appetite regulation
has been suggested (37). Orexin A, a hormone primarily
involved in arousal and secondarily with increases in
appetite, shows elevated hypothalamic mRNA levels in
animal studies during fasting (38), but little is known of
the regulation of circulating orexin A concentrations in
humans. AgRP was shown to rise with fasting, while no
a-MSH change was observed (39). Interestingly, plasma
orexin A was lower when NPY was higher in obese
women (40). PYY, a colon-derived hormone, inhibits
appetite and the levels of PYY are lower in patients with
simple obesity, raising the possibility that PYY deficiency
may contribute to the pathogenesis of obesity (3, 41).
Our finding that long-term fasting does not change PYY
levels, corresponds to earlier data in normal and
anorectic subjects (42, 43). During the refeeding period,
we did not take blood samples after food intake; therefore,
the PYY response could not be evaluated after a meal in
our subject. While adipose tissue hormones resistin,
adiponectin and leptin, and gastrointestinal hormones
ghrelin and PYY have clear endocrine roles relaying
information from the periphery to the hypothalamic
appetite-regulating centres (44), the importance of
circulating levels of specific hypothalamic orexigenic
(NPY, orexin A and AgRP) and anorectic peptides (POMC
and a-MSH) is still unclear.

In summary, this case presented an opportunity to
study refeeding in detail and to measure metabolic and
appetite-modulating hormones, which have only recently
been described. We observed hypophosphataemia during
refeeding, vitamin deficiencies, abnormal liver function,
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low IGF-I, leptin and low ghrelin levels, and a transient
increase in plasma orexin and resistin levels at the time of
increase in subjective feeling of hunger. We would like to
note that our index subject’s appearance after the fast
reflecting a BMI of 21 would not have alerted us to the
risks of refeeding had we not known about his historyof no
calorie intake and weight loss.
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