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Summary and conclusions

Two groups of diabetics and 19 normal controls had their
rate of acetylation of sulphadimidine measured. Among
47 patients with maturity onset diabetes the 29 fast
acetylators were older at diagnosis andy at a given
glucose concentration, had a higher pretreatment
fasting insulin concentration than slow acetylators. They
also had a larger first-phase insulin secretion in response
to intravenous glucose both before and after one month's
dietary treatment. The greatest difference between fast
and slow acetylators was in the first-phase secretion of
insulin after a month's treatment.
The proportion of fast acetylators among the second

group of diabetics, who had been admitted to improve
their glucose concentrations or for treatment of tissue
damage, was similar to that among the normal controls
(50% and 47% respectively).
The data seem to indicate that diabetics are fast

acetylators unexpectedly often, but it is not clear whether
the dimorphism according to acetylator status produces
a differential risk of neuropathy or of any other type of
diabetic tissue damage.

Introduction

McLaren et all reported that diabetics' susceptibility to neuro-
pathy varied according to their acetylator status,2 which is
determined by the rate of acetylation of sulphadimidine.3 The
rate of acetylation is thought to reflect primarily the activity
of a hepatic N-acetyltransferase.4

Fast acetylators constitute 30-40o" 0 of Nordic and Negro
populations and 40-50% of other European, Aryan, North
American, and Jewish peoples. As one travels east and north
through Asia the proportion of fast acetylators increases to
reach a peak of 80-90O,) among Japanese, which is exceeded only
among the Eskimos.; The fast acetylator is the dominant allele.
An increased prevalence of fast acetylators among a small

series of diabetics was reported 10 years ago in Finland.6 We
assessed two groups of diabetics to test further the possibility
that acetylator phenotype is an index of dimorphism in the
diabetic state.

Patients and methods

The first group of diabetics consisted of 47 patients who were
taking part in a prospective study designed to compare the metabolic
and hormonal features of newly diagnosed diabetics with the clinical
course of their disease. Their acetylator status was measured on a
routine visit to the- clinic, up to three years after the first diagnosis,
and to this extent they were randomly selected from the prospective
study population. Those not known to be sensitive to sulphonamides
were given 500 mg or 750 mg of sulphadimidine (according to body
weight) at 8 am and underwent venesection at 2 to 3 pm.

During the prospective study 35 of these patients had undergone
standard intravenous glucose tolerance test,; (20 g m2) before and
after they had followed dietary advice for a month. They had received
no other hypoglycaemic treatment and two types of dietary advice had
been randomly allocated-to reduce mainly carbohydrates and to
reduce mainly fat.7 The patients had been advised to take at least
250 g carbohydrate per 24 hours for 40-64 hours before the first test
but to continue with their therapeutic diet up to the second test (also
performed after an overnight fast). The 12 patients in this group who
had not been given glucose tolerance tests had had their fasting plasma
glucose and insulin concentrations measured before and after a
month's dietary treatment.
The second group of diabetics consisted of 38 patients who had

been admitted to hospital to improve poor glucose concentrations or
for treatment of tissue damage, usually of the feet. They consented to
having their acetylator phenotypes tested.

Nineteen healthy controls were also typed.
The rate of acetylation was determined by the plasma method of

Evans; fast acetylators were defined as those whose rate of acetylation
of plasma sulphonamide was over 40%° ); Plasma glucose was measured
by an autoanalyser glucose oxidase method" and plasma insulin by
double-antibody radioimmunoassay.9 The fasting insulin concentra-
tion, determined in the first group of diabetics, was the mean of values
in samples taken two and 12 minutes before the glucose tolerance test
(or the value in one sample in the 12 patients who did not undergo
tolerance tests). The peak first-phase insulin response during the test
was taken as the highest value among samples taken 1, 2, 3, and 5
minutes from the end of the two-minute glucose injection and ex-
pressed as a percentage of basal insulin concentration to reduce
variations due to different degrees of obesity.t' The area of the first-
phase response was calculated from the same values.

Two-tailed probability tables were used to test significance by the
Mann-Whitney U test.

Results

In the first group of diabetics there were 29 (62%) fast acetylators.
They were significantly older at diagnosis than the slow acetylators
(P < 005; table I), but the degree of hyperglycaemia was similar in
both groups. Fast acetylators also tended to have higher fasting plasma
insulin concentrations (P < 0-1), and this trend was strengthened when
the log10 insulin concentration was divided by the logl) glucose
concentration. The fast acetylators' value of 0 939 was then sig-
nificantly higher than that of the slow acetylators (0 805) (P <005
non-parametrically). The two groups had closely similar ponderal
indices, and individual variations in the indices did not explain this
difference between fast and slow acetylators.
The 35 diabetics who had had intravenous glucose tolerance tests

before and one month after the start of dietary treatment showed a
further difference according to acetylator phenotype (table I; figure).
In both tests the first-phase peak release of insulin, like the fasting
value, was higher in fast acetylators than in slow ones (P=0 002).

TABLE i-Details of diabetics in grouip 1 according to acetylator stattus. Valuies
are means ± SD

Fast Slow

No of patients (and sex) 29 (19 men) 18 (12 men)
Age (years) at diagnosis .. 562 - 82 50 9 -- 88
Initial blood glucose (mmol I) .. 123 4 1 118 47
Initial plasma insulin (mU 1> 12 5 9 9 8 0 5 3
Ponderal index:

All patients .. 266 0-49 268 -- 045
Paticnts at 1st glucose tolerance test 2 66 0052 2 69 0 45
Patients at 2nd glucose tolerance test 2 55 0 50 2-54 0 47
First-phase insulin peak (-, of basal):
1st Glucose tolerance test .. 162 84 (n=23) 122-29 (n = 12)
2nd Glucose tolerance test 219 - 108 (n= 18) 113 - 37 (n-= 12)

2nd Glucose tolerance test:
Initial insulin (mU 1) .. 98 5-3 (n = 18) 8 5 5 6 (n =12)
Initial glucose (mmol 1) .8. 86 3 1 (n= 18) 9 3 3 9 (n= 12)

Coiiversioni: SI to traditi'onal iiits-Gluccse: 1 mmol 1 18 mg 100 ml.
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Peak first-phase insulin response (as ", of fasting insulin concentration)
plotted against fasting plasma glucose for the one-month test, according to
acetylator status. Curved line emphasises different distributions of the two
phenotypes.
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When the first-phase peak value was multiplied by log,,, glucose
concentration the likelihood that the difference between fast and slow
acetylators was due to chance decreased to < 0 001. In the initial test,
before treatment started, the difference was less strong (table I), but
when the initial glucose concentration was allowed for, fast acetylators
had a significantly higher first-phase index (0, insulin response multi-
plied by log,, glucose= 163) than slow acetylators (132). This result
did not depend on differences in dietary advice: 13 out of 23 fast
acetylators and 5 out of 12 slow acetylators were on low carbohydrate
diets. Use of the first-phase area rather than the peak value gave a
similar result.
While 62 0' (29) of the first group of diabetics were fas acettylators,

the proportion of fast acetylators in the second group of diabetics
(50%') was similar to that in the controls (47",,) (table II). Unlike
those in the first group, diabetics in the second group were highly
selected, having had a more complicated clinical course, and included
many with juvenile onset diabetes.

TABLE iI-Prevalece oif acetylator phenotypes

Fast Slow Fast

.N'oni-diabetic grouips
General (Liverpool) .. . 22 35 39
General (Oxford) ...9 10 47
HNpertension (Nottingham)'< . . 9 17 35
Ulcerative colitis (Edinburgh) . . 29 35 45
Duodenal ulcer (Liverpool)"` 27 29 48
General (Finland)" .. . (33) (59) (36)

Di betic grouips
Unselected,+ mostly juvenile (Finland) 7 2 78
Unselected+ new maturity-type (Oxford) 29 18 62
Selected, neuropathy (Sheffield)' .. .. 27 37 42
Selected, neuropathy free (Sheffield)' .. 37 24 61
Selected, inpatients (Oxford) .. .. 19 19 50

*EFinnish non-diabetics are generally considered to include fewer fast acetylators than
groups in Western Europe.
t"Unselected" means unselected by clinical course after diagnosis.

There was no correlation between percentage acetylation of sulpha-
dimidine and the simultaneous plasma glucose concentration. Three
normal controls and six diabetics from the second group had their
acetylation rate measured twice: although the diabetics had widely
different glucose concentrations on the two occasions, each subject
had identical acetylator status (and indeed good numerical agreement
between the actual values).

Discussion

These results confirm the general postulate of McLaren
et all that diabetics differ in the nature of their disease according
to their acetylator phenotype. But they do so on completely
different grounds from those suggested by previous evidence.
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The difference in fasting "glucose-insulin" values (fig 1) may
be due to different sensitivities either of the pancreatic D-cells to
the glucose stimulus (at least, once diabetes has developed) or
of the whole body to the hypoglycaemic effect of insulin. The
contrast in first-phase insulin secretion is much more likely to
be due to a difference between islet-cell functions.
The difference in age at diagnosis of diabetes between fast

and slow acetylators strengthens the concept of dimorphism but
does not explain the first-phase differences, for in our whole
series of glucose tolerance tests the first-phase responses of
patients aged under 55 years were insignificantly larger than
those of patients aged 55 to 65 years.
McLaren et all did not discuss the possibility that variations

in the disturbed metabolism of diabetics might affect the
acetylator value, though it has been suggested, purely theoretic-
ally, that variations in supply of coenzyme A might." It has also
been suggested, albeit inconclusively, that in the monomorphic
human system of aminobenzoic acid acetylation the acetylation
is faster the more deranged the intermediary metabolism.'2 We
found no evidence of this, however, either from comparing
acetylator values with coincident blood glucose measurements
or from repeatedly measuring acetylation in individual diabetics
with very different blood glucose values and clinical states.
The prevalence of the two acetylator phenotypes (table II)

suggests an alternative interpretation of the data of McLaren
et al.1 These authors suggested that the high proportion of fast
acetylators among relatively long-term diabetics free of clinical
neuropathy indicated that this phenotype protected against that
type of diabetic tissue damage. But the data might indicate
(a) that fast acetylators are more susceptible to diabetes than
slow acetylators, and (b) that slow acetylators with diabetes are
more susceptible to neuropathy. If one of these hypotheses is
true evolutionary selection might favour the other.

Until an unselected diabetic series (properly obtained from a
general population rather than from new referrals to a hospital
clinic) is tested against local controls in one laboratory, the
suggestion that there is a higher proportion of fast acetylators
among diabetics than among the general population mast
remain a tentative hypothesis. The data in table II lend some
support to this idea, but Szorady," reviewing European figures
in general, thought that 51" , of the general population were
fast acetylators, although another review suggested that
30-50",, of Caucasians were fast acetylators.5 The hypothesis
could be further tested among a population such as the Pima
Indians, who have a high incidence of diabetes and in whom one
can predict a high proportion of fast acetylators from the ethnic
similarity of the Amerindians to Mongols.
The more solidly based proposition, of a diabetic dimorphism

that involves different patterns of *3-cell response, is in keeping
with the results of a Swedish study'4 of non-diabetics, which
indicated a genetic influence on the insulin response to glucose.
This had some data in common with Cerasi and Luft's descrip-
tion of "low insulin responders"'5 (again non-diabetics).
The enzyme implicated in acetylation, an N-acetyltransferase

for certain polycyclic amines (and isonicotinic acid hydrazide),
has been found only in liver and small intestine'6 and seems to
be absent from leucocytes. If it were also present in the pancreas
it might be related to the binding sites of the sulphonylureas,
close relatives of the sulphonamides, and so be able to influence
insulin secretion. Also N-acetylglucosaminel' is a more potent
secretagogue for insulin in animals than is glucosamine, though
the position in man is not known.
The most important clinical questions, however, are whether

the dimorphism among diabetics according to acetylator status
does predict a differential risk of developing neuropathy and
whether this applies to any other type of diabetic tissue damage.

We thank the British Diabetic Association and the International
Sugar Research Foundation Inc for generous financial support; Mrs
H Dhar for skilled laboratory help; and the clinical biochemistry
department, Radcliffe Infirmary (Dr R Wilkinson) for the blood
glucose measurements.
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Thyroid function in lung cancer
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Summary and conclusions

Thyroid function was assessed at the time of initial
diagnosis in 204 patients with lung cancer and compared
with that of age and sex-matched patients with non-
malignant lung disease. Abnormalities in thyroid
function were found in 67 patients (33%). The most
prevalent abnormality was a low T3 concentration; this
was not associated with other clinical or biochemical
evidence of hypothyroidism, but the short-term prog-
nosis of these patients was worse than that of matched
patients with lung cancer having normal T3 concentra-
tions. Primary hypothyroidism occurred in three
patients, low T4 concentrations and free thyroxine
index (FTI) with normal thyrotrophin (TSH) concen-
trations in four patients, and moderately raised TSH
with normal thyroid hormone concentrations in six
patients; nine patients had a raised FTI with or without
raised T4 concentration as the sole abnormality.

Overall, the pattern of thyroid hormone metabolism
in lung cancer was a tendency towards reduced T3
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concentrations with significantly increased T4,T3 ratios
and modestly increased 3,3',5'-triiodothyronine (rT3)
concentrations. The altered T4 T3 ratio was particularly
noticeable in patients with anaplastic tumours of small
("oat cell") and large cell types, but was not apparently
related to detectable extrathoracic metastases.
These data suggest that thyroid hormone metabolism

is altered in patients with lung cancer by decreased
5'-monodeiodination of T4. The resulting low T3 concen-
trations and altered T4/T3 ratio may be partly respon-
sible for the reduced ratio of androsterone to aetio-
cholanolone observed in lung cancer, which is known to
be a poor prognostic sign.

Introduction

A relationship between thyroid function and cancer has been
postulated since Beatson' successfully treated a woman with
metastatic breast carcinoma by oophorectomy combined with
thyroid extract. Considerable indirect evidence suggests an
interaction between thyroid function and malignant disease,
particularly breast carcinoma.25 The association of thyroid
disease with lung cancer, however, has only occasionally been
reported. Hyperthyroidism in this condition was described by de
Gennes et a16 and Rassam and Anderson- (one patient is reported
to have shown direct evidence of inappropriate TSH production
by the tumour). We have compared thyroid function in patients
with lung cancer at the time of initial diagnosis with that in age-
and sex-matched patients with non-malignant lung disease in an
attempt to define the presence, nature, and possible mechanism
of any abnormalities.

Methods

PATIENTS STUDIED

Lutnlg canicer-Serum samples for thyroid function studies were
taken from 204 patients with lung cancer-166 men (aged 26-85,
mean 63) and 38 women (aged 45-82, mean 61)-about.the time they
were first seen at one of three specialist chest clinics between 1 April
1974 and 1 December 1975. Diagnosis was based on clinical, radio-
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