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disposal and any merit which the part of this
article dealing with pelvic surgery may have are
due to his guidance; the faults are mine.

I have to thank Mr. Mortimer Woolf for per-
mission to reproduce Fig. 5 and Dr. Leonard
Symonds for the drawings in Figs. ra and 7.

Finally, it is a pleasure to thank Sir Gordon
Gordon-Taylor for permission to quote his writings.
His experience is a sort of National Trust for his
colleagues, and this is a welcome opportunity to
acknowledge much wise advice given freely over
many years.

ADIPOSITY
By RAYMOND GREENE, M.A., D.M., M.R.C.P.

(Hon. Physician Metropolitan Hospital)

The Importance of Adiposity*
In the words of Donald Hunter (I933) "the

victims of obesity are . . . to be pitied for many
reasons. They must of necessity suffer from a
restriction of physical. activity, they have a
tendency to develop flat-feet and arthritis, they
also have an unpleasant tendency to excessive
sweating, and they are difficult to anaesthetise,
operate on, and nurse. Moreover, they are pre-
disposed to diabetes, bronchitis, and possibly to
hyperpiesia." It may be added that obesity is a
cause of great unhappiness to many women.
Though a lucky few are prone to laugh and grow
fat, the majority are sufficiently conscious of the
preference for slimness of the ordinary man to
become self-conscious and self-critical, to lose their
self-confidence and sometimes to sink into a state
of severe depression. The importance of adiposity
is well shown by the analysis by Dublin and Lotka
(1936) of the life histories of I92,304 men accepted
for life insurance.

Table i
Influence of Weight on Mortality. Deaths per I00,000

Weight Deaths
Standard .. .. .. .. 4
Underweight .. .. 848
Overweight .. .. .. I,III
Overweight 5-I4 % .. .. I,027
Overweight I5-24 % .. .. I,2I5
Overweight 25 % and over I1,472

When the age of the "life" is considered, the
influence of adiposity becomes still more obvious.

* Adiposity is derived from the Latin adeps (fat),
obesity from the Latin ob and esus (having eaten). The
former is more generally accurate.

Table 2
Influence of Weight on Mortality. Effect of age,

Deaths per I00,000
Weight Age

Under 45 Over 45
Standard .. 463 I,308
Underweight 498 I,274
Overweight 527 I,824

Table 3
Influence of Overweight on Mortality in Persons aged

45 to 50
Increase in Death Rate

Pounds Overweight over Average
I0 8
20 I8
30 28
40 45
50 56
6o 67
70 8I
90 ii6

In other words, a mere stone of extra weight in
middle age, lessens a man's expectation of life by
about I0 per cent, and "fifty pounds overweight at
age 45 imposes as much extra mortality as valvular
heart disease" (Fisk, quoted by Newburgh, I942).

The Definition of Adiposity
The decision as to whether a patient is too fat

or not must obviously be largely a question of
taste. Many Oriental races prefer fat women and
even in one country fashions change. We must fall
backupon.averages considered in the light ofcommon
sense. The most reliable averages for children are
probably those of the Child Health Association
and for adults those of Fisk (I923). Anderson's
Nomogram is very convenient in practice.
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TABLE 4.-Weights ofBoys from Birth to School Age

Weight, Lb.
Height,,

In. 1 Mo. 3 Mo. 6Mo. 9 Mo. 12 Mo. 18 Mo. 24 Mo. 30 Mo. 36 Mo. 48Mo. 60Mo. 72 Mo.

24 12 13 14 .. .. .. .. .. ..

25 13 14 15 18 .. .. .. .. ..
26 15 17 17 18 .. .. ..
27 11 16 18 18 19 .. .. ..
28 19 19 20 20 .. .. ....20
29 .320 21 21 21 .. .. .. ..
30 .. .. 22 22 22 22 22 .. .. ..
31 .. .. .. 23 23 23 23 24 .. ..
32 .. .. .. 24 24 24 25 25 .. ..
33 .. .. .. .. 26 26 26 26 26 ..
34 .. .. .. .. .. 27 27 27 27 ..
35 .. .. .. .. .. 29 29 29 29 29
36 .. .. .. .. .. .. 30 31 31 31
37 .. .. .. .. .. .. 32 32 32 32 32
38 .. .. .. .. .. .. .. 33 33 83 34
39 .. .. .. .. .. .. .. 35 35 85 35
40 .. .. .. .. .. .. .. .. 36 36 36 36
41 .. .. .. .. .. .. .. .. .. 38 38 38
42 .. .. .. .. .. .. .. .. 39 39 39
43 .. . . . . . . . . 41 41 41
44 .. ' . . . . . . . . 43 43
45 . .. . .. . .. . .. . .. 45 45
46 .. . . . . . . . . . . 48
47 .. . . . . . . . . . . 50
48 .. . . . . . . . . . . 52
49 .. . . . . . . . . . . 52

TABLE 5.-Weights of Girls from Five to Eighteen Years

Weight, Lb.
Height,,

In. 5 Yr. 6 Yr. 7 Yr. 8 Yr. 9 Yr. 10 Yr. 17 Yr. 12 Yr. 13 Yr. 14 Yr. 15 Yr. 16 Yr. 17 Yr. 18 Yr.

38 33 33
39 34 34
40 36 38 36
41 37 37 37...............- . . . .
42 39 39 39
43 41 41 41 41
44 42 42 42 42

45 45 45 45 45 45
46 47 47 47 48 48
47 49 50 50 50 50 50
48 52 52 62 52 53 53
49 54 54 55 56 56 56
50 56 58 57 58 59 61 62
51 59 60 61 81 63 66
52 63 64 64 64 65 67 .
5$66 67 87 068 68 69 7

54..........69 70 70 71 71 73

55..........72 74 74 74 75 77 78
56.............76 78 78 79 81 83
57.............8 82 8 82 84 88 92i
53...........84 86 86 88 93 96 101
59 . . . .87 90- 90 92 96 100 103 104

60OD .............91 95 95 97 101 105 108 109 Il1
61..................99 100 101 105 108 112 113 116
62.................104 lOS 106 109 113 115 117 118
63....................110 110 112 116 117 119 120
64....................114 115 117 119 120 122 123

65....................118 120 121 122 123 125 126
66.......................124 124 '125 128 129 130
67.......................128 130 131 133 133 135
68.......................131 133 135 136 138 138
69.........................135 137 138 140 142

70so .......................1618 140 142 144
71..........................138 140 142 144 145
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TABLE 6.-Weights of Girls from Birth to School Age

Weight, Lb.
eIght IMo. 3Mo. 68Mo. 9Mo. 12 Mio. 18 Mo. 24 Mo.- 30 MO.' 88 Mo. 48 Mo. 80 Mo. 72 Mo.

21 9 10 .. .

23 11 12 13i.'s..*
24 12 13 14 14 .
25 13 14 15 15 . . . . .
286 . 15 18 17 1 . . . .
27 .. 18 17 18 18 . . . . .

28 . .. 19 19 19 19 .. . . .
29 . .. 19 20 20 20 .. . .

30so. 21 21 21 21 21 . . .
31 -.... 22 22 23 23 2 . .
32 . . . .. 23 24 24 24 25 -.
833 . . . . . 25 25 25 28 -.
34 .. . . . . 28 28 28 27 o.

35 .. . . . . 20 29 29 29 29
38 so. . .. . . 3 30 30 30 31
37 . . . . . .. 31 31 31 31 32
38 .. . . . . . . 33 33 33 33

40 .. . . . . -. . 35 38 38 38
41 .. . . . . . . . . 7 37 37
42a . . . . . . . . 39 39 39

TABLE 7.-Weights of Boys from Five to Nineteen Years

Weight,ILb.
Height, 5 6 7 8 9 10 11 12 13' 14 15 16 17 18 19

In. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr.

88 34 34
39 35 35
40 36 38............. . . . . . .
41 38 38 38 .. . . . . . . . .
42 39 39 39 39
43 41 41 41 41
444 44 44 4

45 46 48 48 46 46 .. . .. .

46 47 48 '48 48 48
47 49 5 o 550 503
48 52 53 53 58 5
49 55 55 55 5 5 55
54) 57 58 58 58 58 58 58
51 61 81 61 61 61 61
52 63 64 64 64 64 64 64
53 66 67867.67 67 68 68
54.........70 70 70. 70 71 71 7
55.........72 72 73 73 74 74 74
56.........75 76 77 77 77 78 78 80
57...........79 80 81 81 82 83 83
58...........83 84 84 85 85 86 87
59..........87 88 89 89 90 90 90
60..............91 92 99 93 94 95 98
61................95 96 97 99 100 108 106
62..................0 101 102 103 104 10)7 I11 116
63................105 106 10)7 108 110 113 118 123 127
64................. 109 111 113 115 117 121 126 130
65..................114 117 118 120 122 127 131 134
66....................119 122 125 128 132 136 139
67......................2 128 130 134 136 139 142
68.......................134 134 137 141 143 147
69.......................137 139 148 146 149 152
70.......................143 144 145. 148 151 155
71.......................148 138 151 152 154 159
72.........................153 155 156 155 163
73.........................157 160 162 164 187
74............................60 164 168 170 171

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.22.248.169 on 1 June 1946. D

ow
nloaded from

 

http://pmj.bmj.com/


172 POST-GRADUATE MEDICAL JOURNAL June, I946

TABLE 8.-Ideal Weights of Men and Women *
Men

Height Weight
Ft. In. Lb.
5 2 .. .. .. .. .. I26
5 3 .. .. .. .. .. I28
5 2 .. .. .. .. .. I30
5 3 * - * 1--*33
5 4 .. . . . . I36
5 5 .. ... .. .. .. I40
5 6 .. .. .. .. .. 144
5 7 .. .. .. .. .. I48
5 8 .. .. .. .. .. I52
5 9 .. . . . . I56
S I0 .i6i
5 2 .. .. .. .. .. I66
6 .. .. .. .. .. I72
6 I . . . . . 78
6 2 .. .. .. .. .. I84
6 3 ** * . . . Igo
6 4 *- * . . .I96
6 5 .. .. .. .. .. 201

* Adapted from Fisk.

Women
Height Weight

Ft. In. Lb.
4 2.. .. .. .. .. II2

4 3.. .. .. .. .. 124
4 5.. .. .. .. .. II6
4 6.. .. .. .. .. II8
5 .. .. .. .. .. I20

5 0 .. .. .. .. .. I22

5 2 .. . . . . I24
5 3 *- * . . . I27
5 4 *- * . . . I3I
5 5 * - * - * I34
5 6 .. . . . . I38
5 7 *- . . . . I42
5 8 .. . . . . I46
5 9 .. . . . . I50
5 I0o . . . . . I54
5 I . . . . . I57
6 .. . . . . I6I

Table 9 (Nomogram).
per cent

130 oyer- Weight Hejghtweight women men
6ft

120 stones lbs
25 350\ -6ft--0

320 --
10-8

100 300 9-
7

20 280 8-
-6

90 7
260 5

80 40 -4
5 3\ - -3

70 220 _2
15 3- 5f

60t 200 5f
14 2

50 13 180 5ft.

12
40 160 0'20199
30 8--

10- 140
20

120
10 8

0 100o

The Classification of Adiposity
It has been customarv in the past to attempt a

differential diagnosis of adiposity on the basis of the
distribution of the excessive fat.
A study of my own records and of those of others

has convinced me that there is no justification for
any such assumption. The distribution appears to
be decided in part by racial and in part by individual
characteristics. There is, for instance, insufficient
justification for previous assertions that "pituitary
adiposity" is characterised by a fat body with slim
limbs or thyroid adiposity bv a general distribution.
Either type may be associated with any cause, though
the special case of Cushing's Syndrome seems to be
most often of the former.

The Causes of Adiposity
Despite much sound research and vague specula-

tion, the cause of adiposity remains obscure. New-
burgh (I942) has considered the claims of various
hypotheses.

i. Do fat People overeat?
Considerable authorities have gone so far as to

say that almost all fat people are fat because they
eat too much. That an element of gluttony is
common cannot be denied, but experience shows
that most fat people can only remain slim by
eating much less than the average amount of food
and that most slim people can over-eat with
impunity. The most that it is justifiable to say
of gluttony is that it will inevitably bring out any
constitutional tendency to adiposity.

2. Is there a disorder of the use of energy?
We have said that some people who eat well

remain thin, whereas others who eat little grow
fat. This observation might be explained by a
difference in basal metabolic rate, but Boothby

To use the nomogram, the height and weight are measured and a straight
line joining the points on the height and weight scales is produced to cut the
percentage scale. The point of intersection gives the percentage over ideal
weight. If the zero point on the percentage scale is joined to the appropriate
point on the height scale, the intersection on the weight scale gives the ideal
weight. (By kind permissaon of A. B. Anderson, B.Sc., Ph.D., M.R.C.S.).
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ADIPOSITY
and Sandiford (1922) have shown that such an
explanation is untenable. Of 94 adipose patients,
8i had a normal B.M.R. Strouse, Wang and Dye
(I924) found no difference between two series of
adipose and normal people. Grafe (I933) found
only three with a low B.M.R. among i8o grossly
adipose patients. A definitely low B.M.R. in an
adipose person can' probably be explained always
by another abnormality, usually myxoedema.

Another possible explanation of adiposity might
be found in a reduction in the specific dynamic
action of food in fat people, and many investigators
have claimed to have established that this in fact
can be found. The subject has been considered
most critically and investigated afresh by Strang
and McClugage (93I) who established beyond
doubt that there is no significant difference in this
respect between fat and thin people. Lauter (I926)
indeed had shown that the normal variations in
specific dynamic action are so great that nothing
short of its total absence can be considered
significant.
The hypothesis of "Luxuskonsumption" has also

had a considerable vogue. Specific dynamic action
comes to an end within twelve hours, but Grafe
and Graham (I9II) sought to show that a high
intake of food produces an increased metabolism
over a much longer period, whereas a low intake
reduces the metabolic rate. Such a mechanism
would be capable of a very exact control over
body weight, and its failure would explain adiposity.
The hypothesis appears to be supported by clinical
experience, but a more careful scrutiny shows that
it is only half true. Wiley and Newburgh (I93I)
showed that in fact the consumption of excessive
food does not stimulate metabolism. That starva-
tion diminishes it is, however, certain (Schondorff,
I9I2; Grafe and Koch, I9I2), and some of the
lowest basal metabolic rates are to be found in
cases of anorexia nervosa. An explanation is
afforded of the failure of starving people to die
as soon as might be expected, but not of the
phenomenon of adiposity.

3. Is there a Disorder of Absorption?
It is clear that if some people absorb more food

than others, the more efficient absorbers would
tend, other things being equal, to be fatter. This
hypothesis was disposed of by Neuenschwander-
Lemmer (1936), who showed that the residual
calories in the faeces of fat people are not signi-
ficantly different from those of thin, and that the
utilisation of dietary calories, nitrogen and fat is
also equal.

4. Is there a constitutional abnormality ofthe Adipose
Tissue?

Von Bergmann suggested that there is an

increased affinity for fat in the adipose and Hetenyi
(I936) that the adipose tissue of these persons.
"hung on to the fat" and prevented its use as fuel.
These suggestions are not borne out by experiment.
Indeed the opposite is apparently the case (New--
burgh, I942).

In his recent Sharpey-Schafer Lectures before
the Royal College of Physicians, Lawrence (1946)
postulated the existence of a lipopexic hormone.
He described a woman who suffered from complete
disappearance of all body fat, hyperglycaemia and
glycosuria without ketosis and hyperlipaemia. He
suggested that owing to a deficiency of his hypo-
thetical lipopexic hormone, the patient was unable
to store fat and that in consequence the fat derived
from her dietary carbohydrate was forced to
circulate in her blood stream.
We must finally be prepared to admit that

we do not know by what process adiposity comes
about. An approach to the problem may however
be made by considering the r6les played by some-
of the organs known to be concerned.

The Role of the Hypothalamus
It has been recognised for many years that-

tumours such as craniopharyngiomata and inflam-
mation at the base of the brain may cause adiposity.
The best-known examples of obesity due to
tumours are the sufferers from Frohlich's syndrome.
Smith (1930) produced a similar condition of
dystrophia adiposo-genitalis by injecting chromic
acid into the hypophyses of animals by a technique-
which damaged the hypothalamus. Since removal
of the hypophysis does not cause obesity, it may-
be assumed that the hypothalamic damage was
responsible. Ranson and his colleagues (1938)
using the Horsley-Clarke apparatus, produced
obesity in twelve rats by accurate hypothalamic
destruction without damage to the pituitary.
According to Hetherington and Ranson (1942) the
damage must be extensive and bilateral. Obesity
cannot be produced by hypophysectomy in the
absence of damage to the hypothalamus (Ranson
et al I938) and the obesity produced by hypothala-
mic damage is unaffected by subsequent hypo-
physectomy (Hetherington and Ranson, I942).

In man adiposity is a common sequal to
encephalitis (Eaves and Croll, I930; von Economo,
I93I) which may, on the contrary, be followed by
emaciation. Eaves and Croll reported that in
ten patients examined postmortem (two of whom
were fat and four emaciated) the hypothalamic
region was more severely affected than any other
part of the brain except the substantia nigra.
They formed the opinion that less severe lesions
were more likely to cause obesity.
The exact site in the hypothalamus which is

June, I946 173
copyright.

 on M
ay 23, 2023 by guest. P

rotected by
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.22.248.169 on 1 June 1946. D
ow

nloaded from
 

http://pmj.bmj.com/


POST-GRADUATE MEDICAL JOURNAL

concerned is still unknown. There is some surgical
evidence that in man the area in question is in the
anterior tuberal wall. It is not, at any rate in
animals, identical with the water metabolism
centre (Hetherington and Ranson, I942), but it
would not be sound to assume that this is true of
men, owing to the remarkable vagrancy of cerebral
function.
Hypothalamic adiposity may be diagnosed with

confidence only when other signs of hypothalamic
damage are present. Of these, the most important
are diabetes insipidus, oliguria, changes in the
sleep rhythm, sexual retardation or atrophy, and
gross disorder of the autonomic nervous system.
The majority of adipose patients show no such
signs or symptoms. Nevertheless a careful search
brings to light the fact that a very large proportion
have in fact a disorder of their water balance.
Textbooks of medicine are strangely silent about

the fact that pitting oedema is almost always
present in the lower part of the legs of grossly
adipose patients, even in the absence of any
demonstrable renal or cardiac lesion. When it is
remembered that an increased water content of
many pints must be present before pitting can be
demonstrated, the fact that oedema is usually
(but not always) absent in less extreme cases is
not surprising. The importance of water-retention
has often been stressed previously, especially by
Zondek (i944) and Bauer (I933). Von Grafe
(933) wrote "fatty tissues absorb water like a
sponge without circulatory disturbances and with
no evidence of oedema," but in fact oedema is often
demonstrable. The Volhard water test often
shows that fluid-retention occurs in obese patients
(Wohl, I932; Rowntree and Brunsting, I933). We
are brought to conclude that obesity so-called may
in certain cases be accounted for largely if not
solely by abnormal retention of tissue fluids.
The occasional failure of underfeeding to reduce

weight is well illustrated by a case described by
Newburgh (I942). The patient was a young
woman who on entering hospital weighed I25 kilo-
grams. Her B.M.R. was normal (2,I00 calories in
24 hours). Although she was kept in bed, her
heat production averaged 2,800 calories a day.
She was given a diet yielding i,6oo calories, and
it was calculated that in order to provide the
excess caloric output it was necessary for her to
oxidise about I50 grams of body tissue daily.
Her weight should therefore have fallen by this
amount daily. In fact' an insignificant loss of
weight occurred for the first ten days, an actual
slight increase occurring for the first two days.
A very sudden loss of weight then occurred, the
theoretical weight being attained in thirteen days.
A study of her water balance showed that the
failure to lose weight was accounted for by water

retention and the sudden loss at the end of thirteen
days by the excretion of the excessive fluid. This
is not a rare and isolated case. In fact, anyone
experienced in the treatment of obesity is aware
that a delay in weight loss is usual in patients
treated with diet alone, and Newburgh (I942) has
shown that even in normal people reduction in diet
is associated with temporary water retention. In
both obese and normal people this delay may be
overcome by the exhibition of diuretics.

The Role of the Posterior Pituitary
In many of its functions the posterior pituitary

must at present be regarded not as an individual
structure but as a part of the hypothalamic-
pituitary apparatus. This is particularly true of
its influence on water metabolism. Diabetes
insipidus, for instance, may be due to a lesion of
the supraoptic nucleus of the hypothalamus, of the
supraopticohypophyseal tract, or of the posterior
pituitary. Enough has been said already to make
it clear that adiposity and fluid retention are
closely related phenomena. The experiments of
Verney and his collaborators, although performed
on dogs, are of undoubted human significance.
They have shown that under the influence of emo-
tion, the posterior pituitary excretes into the blood
stream a hormone which, by its action on the
kidney tubules causes a diminution in the excretion
of water and its consequent retention in the tissues.
That inhibition of normal urinary flow accompanies
emotional states such as anxiety and fear, was
shown by Bernard (1859), Mackeith and his
colleagues (I923), Dobreff (I926), and Klisiecki et al
(I933). Theobald and Verney (I935) showed that
the inhibition takes place after complete denerva-
tion of the kidney even after the mildest stimuli
such as cutting the hair of the lumbar region and
even after the preliminary lathering. They showed,
too, that the inhibition is not caused by adrenaline.
That the posterior pituitary is responsible is sug-
gested by the exactness with which the effects of
anxiety may be mimicked by the injection of
posterior pituitary extract. The inhibition may
be brought about by as little as o - ooo5 of an
oxytocic unit. There is the same lag of about ten
minutes as after nervous stimuli and albuminuria
sometimes occurs whether pituitary extract or
nervous stimulation is used. Rydin and Verney
(I933) went on to show that the inhibition occurs
even after section of the renal nerves, removal of
the right adrenal and denervation of the left, the
decentralisation of the whole abdominal sym-
pathetic system and the removal of the ganglia
from L2 to SI inclusive. They confirmed that the
course of events after emotional stress can be
exactly mimicked by the intravenous injection of
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ADIPOSITY

as little as 0 25 mg. of posterior pituitary powder,
and concluded that emotion stimulated the
posterior pituitary by way of the hypothalamus
and the supraopticohypophyseal tracts. O'Connor
and Verney (I944) finally completed the chain of
evidence by showing that the inhibition of urinary
flow by emotion is almost entirely destroyed by
removal of the posterior pituitary.

It is generally assumed that in man anxiety
causes a loss of weight. This is commonly but not
invariably true. It apparently has not been
pointed out previously that anxiety may cause an
increase in weight.

A, an intelligent and well-educated married
woman of 28, 5 ft. 2 in. in height, weighed 8 stone
7 lbs. until August I94I, when she learned that her
husband was missing. She was desperately de-
pressed by the news, sometimes prostrate with
grief at the thought of his possible death, at others
tortured by the thought of his possible maltreat-
ment by the Japanese. She began immediately to
gain weight. In May I942 she weighed ii stone.
She had complete amenorrhoea during this period
and suffered from breathlessness on exertion and
palpitations of the heart. On examination in
May I942 she was found to be very obese. There
was obvious oedema of the ankles and shins.
Nothing else abnormal was found and a complete
investigation failed to find any cardiac or renal
cause of the oedema. Treatment in hospital with
a diet poor in- carbohydrates and with urea reduced
her weight to 9 stone I3 lb., but when she returned
to her occupation as a physical training instructress
she rapidly regained her previous weight. She
volunteered the information that she always lost
weight if she rested a lot. The diuretic effect of
recumbency is well known. During I943 she
emerged from her despondency and formed an
attachment for a wealthy man who took her daily
to the best restaurants. She ceased to follow her
diet. Her weight fell rapidly to about 9 stone and
menstruation returned to normal.

B, a married woman of 29, 5 ft. 3 in. in height,
was fairly slim until June I945, when she weighed
IO stone 5 lbs. Her only child then got otitis
media and afterwards mastoiditis. The mother,
who was extremely anxious, began to get fatter.
The mastoiditis was followed by a series of compli-
cations. B was first seen in March I946, when her
weight was I2 stone io lb. The child was still in
hospital and the mother so distressed that she was
unable to talk of the illness without tears. Nothing
abnormal could be found other than obesity and
pitting oedema of the ankles and shins. The con-
dition is responding to treatment by diet and urea.
Apart from its effect on water meabolism, the

posterior pituitary appears to have an influence on
the transport of fat. After the injection of

posterior pituitary extract into rabbits and rats,
Coope and Chamberlain (I925) observed fatty
infiltration of the liver of such a degree that in
some cases the liver was doubled in size.

The Role of the Anterior Pituitary
The importance of the anterior pituitary in the

production of adiposity has been overstressed
since Fr6hlich first described his syndrome in
I9OI. Of this disorder, due to a pituitary tumour,
obesity is a cardinal sign. It is now realised that
this sign is, however, due not to the pituitary
tumour directly, but to its effects upon the neigh-
bouring hypothalamus. Yet the concept of pitui-
tary obesity thus born has survived. It is instruc-
tive to observe that even experienced observers
like Le Marquand and Tozer (I943), who show
between the lines that they have ceased to believe
in it, find it difficult to say so in so many words.
Apart from Frohlich's syndrome, two conditions

call attention to the possible influence of the
anterior pituitary in producing adiposity; Dercum's
disease and Cushing's disease. Dercum's disease is
a rare syndrome in which symmetrical nodular
deposits of fat occur on the back of the neck, the
shoulders Etnd arms, the trunk, hips, thighs and
medial aspects of the knees. The nodules are
extremely tender on pressure and may be spon-
taneously painful. There is usually a generalised
adiposity as well. As in other examples of extreme
obesity, amenorrhoea is a frequent symptom. The
patient is usually unduly tired and depressed,
symptoms which may well be due to the increased
effort of movement and consciousness of her bizarre
appearance. The origin of the disorder is obscure
and has been laid at the door of the thyroid (by
Dercum himself), the anterior pituitary, the ovaries
and the nervous system. I have been driven to
the conclusion that no sound evidence incriminates
any endocrine gland and that there is no essential
difference between Dercum's disease and the more
common types of obesity. The pain in the nodules
appears to be the result of tension. That the
tension may be the result of an excessive fluid
content is suggested by the facts that the fat
deposits in other obese patients are often tender
and that in both general and nodular obesity the
pain is often relieved by dehydration.

Cushing's original description of his syndrome
includes obesity as a cardinal feature, a fact often
quoted as evidence for the existence of adiposity
of anterior pituitary origin. It is doubtful, how-
ever, whether the inclusion of this sign is sound.
The typical protuberance of the abdomen may be
due to thinning of the bodies of the vertebrae or
even to collapse, resulting from the osteoporosis
often present. Newburgh (g942) quotes cases of
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his own, reviews other publications, and concludes
that obesity is not characteristic of Cushing's
syndrome. Albright, Parson and Bloomberg (I94I)
drew attention to this apparent obesity in three
patients in whom the bulging abdomen was due
not to actual fat but to crushed vertebrae and
relaxed abdominal walls.' I recently observed a
case of a woman with Cushing's syndrome who
presented the typical appearance of "fat" body
and slim limbs, but who was found at postmortem
examination to have no more than a normal
subcutaneous deposit of fat. Even supposing that
the consideration of a sufficiently large number of
cases shows that obesity is more common in
Cushing's syndrome than in the general run of
people of a similar age group, much more must be
known about the aetiology of the disease before
the obesity can be laid at the door of the anterior
pituitary. The influence of the adrenals, for
instance, must be borne in mind.

The Ro^le of the Thyroid
The importance of the thyroid has been over-

estimated with less excuse than has that of the
anterior pituitary. It is a safe bet that any student
asked to give the cardinal signs of hypothyroidism
will include obesity among them. In fact patients
with deficient thyroids are fat no more often than
those whose thyroids are normal. Adiposity and
hypothyroidism are both common at the change of
life, a fact which has created a false impression.
Hypothyroid patients are often emaciated. Mackay
and Sherrill (i94i) observed the effects of an
equal diet on two groups of rats, one of which con-
sisted of animals whose thyroids had been removed.
The normal rats gained I93 gms. in about a year,
the thyroidectomised rats only I78 gms. The
bodies of the former contained 3I -I per cent of
fat, those of the latter only 6 4 per cent. The
thyroidectomised animals looked just as plump,
presumably because they contained more water.
Plummer (1940) studied 200 myxoedematous
patients. In 8 5, per cent the weight was more
than 50 lbs. above normal, but in 5 *5 per cent it
was more than 30 lbs. below normal. The higher
the B.M.R., the smaller was the excess and vice
versa. Those whose B.M.R. was above - 28 per
cent had an average excess of weight of II- 5 per
cent: those whose B.M.R. was below - 38 per cent
weighed an average of I4-7 per cent too little. A
few days of treatment with thyroid resulted in the
loss of excessive fluid and the average weight of
the still hypothyroid group dropped from Io* I lbs.
too much to 2 9 lbs. too little. Once again the
importance of water metabolism is accentuated.

It must, however, be remembered that the
estimation of the B.M.R. is not strictly a measure-

ment of thyroid activity. It is what it claims to
be, a measurement of the metabolism of the
patient at the time of the test. There are many
factors other than thyroid activity which may
influence it. It seems probable that the best test
for thyroid activity is the measurement of the
blood iodine, the technique of which is difficult.
Until this or some better method has become
generally available, it is important to avoid con-
fusing hypometabolism with hypothyroidism. The
B.M.R. must be interpreted in the light of the
clinical condition of the patients. This was done
in Plummer's series, all the members of which
were not merely hypometabolic but myxoede-
matous.

The Role of the Adrenals
Patients with Addison's disease are invariably

thin, whereas those with adrenal hypertrophy are
often, though not always, very fat. When adi-
posity is associated with the presence of an adrenal
tumour, the excessive weight is rapidly lost
after operation. Whereas before operation, these
patients are singularly resistant to dietary treat-
ment, loss of weight afterwards occurs with a
normal diet.
The experimental facts have been reviewed by

Goldzieher (I945). Both normal animals and those
whose adrenals have been removed, gain weight
when given cortical- extract. This may be in part
due to better absorption from the small intestine
(Verzar and Laszt, I936), patients with Addison's
disease occasionally showing steatorrhoea.

Conversely, adrenalectomised rats lose weight
and there is ultimately almost complete loss of
body fat in those which survive long enough.
Cortical extract has a double effect, upon fat
formation and upon the fat storing cells. Much
of the body fat is derived from carbohydrate and
from protein. In cortical deficiency the produc-
tion of carbohydrate from protein is reduced, the
liver glycogen falls and hypoglycaemia occurs.
In such conditions all available sugar is needed
for energy production and fat is not formed. In
addition, the injection of cortical extract causes a
fall in blood lipoids, owing to these being taken up
by various tissues, especially of the reticulo-
endothelial system. This drop is greatly reduced
if the reticulo-endothelial system has been blocked
previously by the injection of dyes or of Indian
ink. The evidence of the blood cholesterol is,
however, difficult to interpret, for in Addison's
disease it is low and in overactivity of the cortex,
it is usually high. Though in the former the low
values might be explained by depletion of the
cholesterol stores, the high values in the latter
appear inconsistent with experimental findings.

176 Jusne, I946
copyright.

 on M
ay 23, 2023 by guest. P

rotected by
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.22.248.169 on 1 June 1946. D
ow

nloaded from
 

http://pmj.bmj.com/


ADIPOSITY

The blood lipoids are, in fact, high in most cases
of obesity of whatever origin, but whereas in
normal people the fat content of the blood remains
constant when the caloric value of the diet is
reduced, in obese patients it falls by i8 to 43 per
cent (Hetenyi, I936; Beznak, I938). After the
injection of 6o grams of fat, the blood fat of
normal people rises on an average by 84 per cent,
but of obese patients by only I2 per cent (Zondek,
I944). This finding is explicable on the assump-
tion that under the influence of the cortical
hormones, the fat is more rapidly taken up by the
tissues of the obese, but direct evidence for such an
explanation is lacking.
The action of the adrenal cortex on water

metabolism is highly complex and not yet entirely
clear. In adrenal deficiency, the capillary per-
meability is increased to such an extent that
circulatory collapse cannot be countered by the
injection of fluids, even of whole blood or serum,
because in the absence of cortical activity they
immediately leak out into the tissues and cause
oedema. On the other hand, a great loss of water
accompanies the loss of sodium and chloride in
adrenal deficiency, and the consequent dehydra-
tion may be extreme. At the moment, the relation
of these facts to obesity of apparently adrenal
origin cannot be clearly seen.

The Role of the Gonads
The castration of animals and birds with a view

to fattening them has been practised immemorially
and the eunuch of the harem is always represented
as of enormous corpulence. In man, adiposity is
not, however, invariably a sequel to castration.
The Skopecs, a Russian religious sect in which
castration before puberty is enforced, are not all
obese, and obesity does not as a rule follow when
the testicles are removed after puberty. The
congenital eunuch is usually tall and thin. Obesity
commonly but by no means invariably follows
oophorectomy and the menopause. The incon-
stancy with which adiposity follows gonadectomy
suggests that the connection, if it exists, is indirect.
Many attempts have been made to show that

the gonads directly effect general metabolism, but
the results have been so conflicting that no definite
conclusions can be drawn. It seems likely that
the adiposity-of castrates may be explained as the
result of diminished activity in addition to a
hereditary tendency to lay down fat. Many
elderly people, and perhaps castrates, become more
interested in food as their libido diminishes. At
the menopause the adjustment of the endocrine
system is complicated and in many women there is
clinical suggestion that the obesity should be con-
sidered not of hypogonadic but of hypedrenal origin.

The Role of the Pancreas
Two apparently conflicting facts have led to

much discussion of the r6le of the pancreas in
adiposity, much of which has been futile because
based upon the old "fixation" of interest on the
pancreas in the mechanism of diabetes. In the
first place a high proportion of adipose people have
an abnormally high tolerance for carbohydrates
(a low glucose tolerance curve) and may react to a
reduction of carbohydrate with hypoglycaemic
symptoms. Embleton (1938) found that 27 per
cent of fat men and 65 per cent of fat women were
in this category. In the second place, the diabetes
which develops in later life is commonly associated
with adiposity.
The association of obesity with a low glucose

tolerance curve was neatly explained by Falta by
the hypothesis that the increased sugar tolerance
is due to hypernesia* which increases the appetite
and so leads to obesity. Unfortunately the more
extreme forms of hypoglycaemia are usually found
in thin people. Were Falta's hypothesis true, it
might be extended to explain the apparently
anomalous association of a low sugar tolerance
with adiposity by regarding senile diabetes as "the
punishment of gluttony," the continued over-
eating being due to the over-production of insulin
and the ultimate death of the islets to overwork.
Alternatively one might suggest that over-eating
causes first hypertrophy and ultimately exhaustion
of the islets. This is pure theorising. The careful
questioning of my own group of fat diabetics
suggests that an insignificant proportion of them
have been unduly gluttonous. In most cases the
diabetes has been discovered within a very few
years of the development of the adiposity, which
suggests that either the adiposity and the diabetes
were coincident or that retribution followed rapidly
on gluttony. Against the latter possibility is the
fact that none of my cases of adiposity with
hypoglycaemia, many of whom have been fat for
many years, have so far become diabetic.

In the present-state of our ignorance it seems
better to make no attempt to relate the hypogly-
caemic with the hyperglycaemic cases. The hypo-
glycaemic cases may perhaps be hypothalamic in
origin for there is often a considerable degree of
water retention. An attempt has been made to
explain the hyperglycaemic cases by the work of
Young (194I) on the pituitary diabetogenic factor.
His extract causes accelerated growth but no
diabetes in puppies, diabetes without growth in
adult dogs. This difference is probably due to
the presence in the extract of a pancreotrophic as
well as a diabetogenic factor. The islets of the

* Hyperinsulinism is an ugly and inaccurate hybrid
which should be dropped.
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puppy respond sufficiently well to the former to
overcome the effects of the latter, and in doing so
cause increased growth. On the other hand, the
islets of the grown dog respond less well (perhaps
because they are relatively fewer in number) and
the animal becomes diabetic. It does, however,
increase in weight, and there is a temptation to
ascribe the adiposity of the senile diabetic to a
similar mechanism. This is hardly justified by the
facts. The increase in weight is due to the nitrogen
retaining action of pituitary extract, perhaps
mediated by the islets of the pancreas. There
seems to be no evidence of a fat-retaining or water-
retaining effect. Indeed Young (I944) states that
a study of the composition of the tissues shows that
the increase in weight is due to an increase in the
protein containing tissues.

It is well known that the fat elderly diabetic,
suffering from the "diabete gras" of the old French
physicians, does not suffer from ketosis except
when he is treated with a slimming diet, when
some ketosis would be expected in a patient who is
not diabetic at all. He, or more commonly she,
is relatively insensitive to insulin, and usually
loses all signs and symptoms of diabetes if she
can be persuaded to remain on a low carbohydrate
diet until she has attained her correct weight.
Lawrence (1946) suggests, tentatively but very
plausibly, that the disorder of these patients
is due to an excess of a lipopexic hormone or a
deficiency of a lipocatabolic hormone. The hyper-
glycaemia is due, he suggests, not to any deficiency
of insulin production, but to overfilling of the fat
depots to such an extent that they are unable to
accept further fat from the ingested carbohydrate,
which is thus forced to circulate uselessly until the
kidney excretes it.

The Treatment of Adiposity
It has been made clear that we do not yet under-

stand the causes of adiposity. The treatment
therefore can be based on no sound rationale. It
must be symptomatic. There are, however, two
points of view to be kept simultaneously in mind.
The patient is suffering from both fat-retention
and water-retention. To neglect either is to obtain
only partial success.

Diet
Whatever the cause of the abnormal deposit of

fat, the law of the conservation of matter applies.
Fat must come from food, and whether we believe
with some authorities that all fat people eat too
much or with others that they do not, it remains
certain that if the patient eats less food than he
requires for energy, he must lose flesh. Experience

shows that in starvation, fat is lost more rapidly
than more useful tissues. Partial starvation is the
essence of treatment.
A simple reduction in calories, leaving the

proportions of fat, protein and carbohydrate un-
affected, is often successful. With a clear-sighted
and collaborative patient it may be enough to say
"Whenever you help yourself, think how much
you would take in the past and then take half as
much." With others, the Lawrence Line Diet,*
designed for the treatment of diabetics, may be
more useful. Each "line" of this diet gives
approximately I50 calories, made up of I0 gms. of
carbohydrate, 71 gms. of protein and 9 gms. of fat.
It is only necessary to explain the very simple
working of the scheme and to prescribe so many
lines a day. The patient has a very wide choice
of foodstuffs and need not be confined to a fixed
menu. In cases in which I have used this method,
I have usually prescribed about half the calculated
requirements of the patient in question. The
ordinary requirement of a sedentary adult is about
2,600 calories. For such a patient I would order
about I,300 calories a day; that is about 9 Lawrence
Lines. The loss of weight on such a diet, provided
the patient collaborates honestly, is slow but
steady. It is necessary to ensure that enough
protective foods are consumed. Green vegetables
are, in the Lawrence diet, allowed ad libitum,
and the patient must be encouraged to eat of
them a sufficient quantity to ensure an adequate
intake of vitamins A and C. In these days of
meat shortage it may be as well to prescribe an
additional source of the. B vitamins and of iron.
Provided that green vegetables are eaten in good
quantity, hunger is not a serious disadvantage
after the first few days.

In those patients, and they are numerous, in
whom the element of water-retention is obvious, a
delay may occur on such a diet before the loss
of weight begins. There is reason to believe that
starvation itself may cause temporary water-
retention to a degree which may mask the loss
of fat. Even if this is not so, the failure to excrete
the excess of water may be at first depressing to
the patient. This phase is, however, temporary,
as Fig. 2 (from Newburgh, I942) shows. In any
case, the phase of water-retention may be elimi-
nated by the use of a diuretic. It is possible
that carbohydrates may have a Water-retaining
action (Foldes, I933). It is certainly true that in
cases of gross obesity, in which water-retention is
invariably great, the best results are not achieved if
attention is focussed entirely on calories and if a
diet low in energy value but normal in constitution
is prescribed. In such cases better results are

* Obtainable from Messrs. Lewis of Gower Street,
London, W.C.
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FIG. 2-The circles represent the body weight corrected for water retention.

The retention of 2,900 grams of water in sixteen days explains the
failure to lose weight, since 2,900 grams of hody tissue was destroyed
during the same period.

achieved by the drastic reduction of carbohydrates.
Fats at present need not concern us. Experience
shows that the amount of fat at present available
is harmless.

It is my practice to give to all those patients in
whom a great and rapid reduction in weight is
necessary a very simple if somewhat onerous diet.

Salt in the diet should be kept as low as possible,
for a high salt intake leads to water-retention.

It is surprising how large a proportion of fat
people are ready to abide by these instructions for
many months. When once a comparatively normal
weight has been achieved, it is possible to "slacken
off." Obviously a larger intake of food can be
allowed when once it is no longer necessary to
absorb less than the amount necessary for main-
tenance. Nevertheless the constitutionally adipose
patient can never return to a normal diet without
a return of corpulence. The treatment of obesity
is purely symptomatic. The constitutional ab-
normality remains.

This diet makes no claim to scientific accuracy,
and allows the consumption of certain carbo-
hydrate foods (e.g. beetroot) and disallows certain
foods with little carbohydrate (e.g. turnip). It is,
however, easy to remember and therefore easier to
follow than a regime more accurately constructed.

TABLE 10

DIET FOR OBESITY

Foods to be avoided:
i. Bread and everything else made with flour.
2. Cereals, including breakfast cereals and milk puddings,
3. Potatoes and all other white root vegetables.
4. Foods containing much sugar.
5. All sweets.
6. Salt. If possible, no salt should be used in the

cooking; other members of the family adding it at
the table.

7. Fluids should be limited to 2 pints a day.
8. Fats should not be eaten in excess, but the small

amount at present available is generally permissible.

You can eat as much as you like of the following foods:
i. Meat, fish, birds.
2. All green vegetables.
3. Eggs, dried or fresh.
4. Cheese.
5. Fruit, if unsweetened or sweetened with saccharin.
You should weigh yourself once a week at the chemist,

using the same chemist and wearing the same clothes.
On this diet you should lose between one and two pounds
a week. If you lose more than two pounds, you are being
unnecessarily, strict. If you lose less than one pound,
you are not being strict enough.

It is found that patients are discouraged by over-
detailed instructions. The diet may be made less
monotonous by the use of the carbohydrate-free
foods manufactured by reliable firms (e.g. Callard &
Co.), but it must be remembered that most of
these preparations contain a small amount of
carbohydrate. The proof of the pudding is in the
eating, both with these and ordinary foods. If
the patient can eat a certain carbohydrate food
and still lose weight, there is no need to adopt a
doctrinaire attitude. Alcoholic drinks should be
forbidden, not only because they have food value
in themselves, but because they increase the
appetite.

Thyroid
It has been pointed out that thyroid deficiency

is not an important cause of adiposity. Never-
theless, thyroid extract undoubtedly has a use in
treatment. Its value probably lies less in its
capacity to raise the general metabolism of the
body than in its effect on water balance. Volhard's
water test, often abnormal in obese people, may be
restored to normal by thyroid treatment. The
delay in weight reduction which often occurs on a
simple dietetic treatment may be prevented by the
simultaneous prescription of thyroid extract.
The initial dose of thyroid in adults should be

u to i grain. If the patient does not lose weight
satisfactorily. at a rate, that is, of I to 2 pounds a
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week, the dose may be increased cautiously by i to
i grain at fortnightly intervals. An increase in
the resting pulse rate, a loss of weight greater
than 2 pounds a week, the occurrence of hyperpnoea
on exertion or of palpitations, the appearance of
symptoms of sympathetic overactivity such as
flushing or sweating or an increased nervousness,
are all danger signals. The thyroid should be
stopped for a fortnight or until all signs of over-
dosage have disappeared, and begun again with a
smaller dose. It is rarely necessary to prescribe
more than 5 grains a day.

Thyroid extract should only be used in patients
who can be kept under close observation. Though
permanent hyperthyroidism is rarely produced by
overdosage with thyroid, it has occurred (Bruun,
I945; Lopis, I945), and the possibility must always
be kept in mind.

There is no necessity to use proprietary prepara-
tions of thyroid, the ordinary B.P. preparation of
thyroideum siccum by any reliable maker satisfying
all requirements. There is no point in using
mixtures containing anterior pituitary extract,
which is inactive by mouth and has no effect on
obesity by any route; nor is there any need to give
thyroid by injection. It is the only glandular
extract which is fully effective when given
orally.

Diuretics
Diuretics are of the greatest value, and many

of the grosser cases of obesity can only be improved
if they are used in conjunction with dietetic
measures. Mersalyl has been used often, but the
treatment of severe adiposity takes a long time
and there are theoretical objections to its continued
use. The most satisfactory drug in my hands has
been urea, which can be taken harmlessly in large
doses for an indefinite time. One heaped teaspoon-
ful of the crystals (equal to approximately 5 grams)
is taken three times a day. To many the taste is
somewhat objectionable and I have found no
effective way of. masking it. Fruit juice appears
to be the best vehicle.

Benzedrine Sulphate
Amphetamine or benzedrine sulphate is some-

times useful in reducing the appetite of those who
find a rigid diet too difficult to follow. It should
be given in doses of 5 to io mgm. in the early
morning, so that sleep is not impaired. It is
preferable to obtain the collaboration of the patient
by more natural means.

Exercise
Exercise is helpful, but not as helpful as is often

supposed. This is partly because a little food

makes up in energy for a lot of exercise, and partly
because exercise often increases the appetite dis-
proportionately. A 'Varsity crew usually puts on
weight while in training, though it is true that the
increase is in muscle, not in fat. On the other
hand, the loss of salt in the sweat may help towards
the desired negative water balance, provided that
the patient does not drink more than he would if
he were not taking exercise and does not replace
the salt. In short, exercise is useful when the
patient is prepared to stick to instructions, however
hungry or thirsty the exercise may make him.

Turkish Baths
In a Turkish bath, rapid loss of weight occurs

owing to sweating. The loss of salt is a great
advantage if the patient is on a low salt diet, for
he has no means of replacing it, and even if he
drinks a large volume of fluid after his bath, the
kidney excretes it in order to maintain the electro-
lyte concentration.

Anterior Pituitary Extracts
A so-called whole extract of the anterior pituitary

is well spoken of in the advertisements of the less
reputable hormone-mongers, but nowhere else. It
is inactive when given by mouth, and ineffective
when given by injection. There is neither rationale
for its use nor evidence of its value.
There is, perhaps, some reason for the injection

of the thyrotrophic factor, but it is much cheaper
to give thyroid extract by mouth.

Oestrogenic Substances
These are often prescribed for those women who

put on weight excessively at the menopause. The
metabolic changes at this period have already been
discussed. The period is one of general endocrine
readjustment, and it is doubtful whether ovarian
deficiency is directly the cause of the adiposity.
On this insecure rationale, various preparations
are prescribed. Ovarian extracts are inert by any
route. The so-called "natural" pure oestrogens,
such as oestradiol, though mildly active by mouth
and highly potent when given by injection, appear
to have no value in reducing body weight, and their
tendency to increase water-retention may even
have the opposite effect. The synthetic oestrogens,
such as stilboestrol, are equally valueless for this
purpose.

Dinitrophenol
This very powerful metabolic stimulant should

never have been introduced to clinical medicine.
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It is unfortunately highly effective and a small
spate of deaths followed .its first appearance in the
medical press.

Summary
The slimming of fat patients is important, not

only for aesthetic and psychological reasons, but
because adiposity predisposes to many more
serious disorders and shortens the span of life.
The causes of adiposity remain obscure. Though

many of the ductless glands have probably some
effect in determining body -weight, it is not at
present possible to ascribe the fault accurately in
most cases of human obesity. There is, however,
good reason to guess that in many the hypothala-
mus and the posterior pituitary must bear the
brunt of the blame. The fact that gross adiposity,
and perhaps also milder degrees, show evidence not
only of fat retention, but of water-retention, has
been stressed too little in the past. When this
fact is borne in mind, many apparent anomalies
in the reaction to treatment are easily explained,
and the results of treatment are far more satis-
factory.
The law of the conservation of mass cannot be

circumvented. The reduction of the diet below
the energy requirements of the patient must
eventually cause a loss of fat. That it does not
always cause a great loss of weight is due to the
disturbed water balance. A fat person is like a
wet sponge and much of the excess weight is due
to water rather than to fat.
For this reason a diet low in calories and prefer-

ably low in carbohydrate, salt and fluid should be
supplemented by the use of diuretics, of which urea
is the safest and most effective. Thyroid extract
has a small place in treatment, and benzedrine may
occasionally be helpful. Endocrine products other
than thyroid extract are valueless, and other sub-
stances which increase the metabolic rate are too
dangerous to use.

It is often difficult to persuade the patient that
there is no comfortable road to normal proportions.
II faut souffrir pour etre belle. If, however, co-
operation can be obtained, excellent results are
almost always to be obtained by dietetic and
medical measures.
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