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between the groups. The increase in pH
which we observed at two hours was smnall
and might not be apparent in five patients.
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SIR,-Dr P J Hale and his colleagues (20
October, p 1035) showed that giving intra-
venous sodium bicarbonate solution does not
hasten the fall of "total ketone" (3-hydroxy-
butyrate plus acetoacetate) or lactate concen-
trations in patients with diabetic ketoacidosis.
Indeed, they found that patients given
bicarbonate had almost no decrease of blood
ketones and lactate during the hour when they
received that treatment. To explain this sur-
prising finding they suggested, "Possibly the
greater increase in pH in patients who received
bicarbonate altered renal excretion of ketone
bodies." There is, however, no good evidence
that the urinary excretion of acetoacetate,
3-hydroxybutyrate, or lactate is pH dependent.
Moreover, the excretion of organic anions such
as salicylate and phenobarbital is increased by
urinary alkalinisation. Therefore, unless bi-
carbonate administration increased lipolysis
or ketogenesis, there must be another
explanation for the delayed decrease of blood
ketones and lactate.
One possibility, as was found with pheno-

barbital,l is that the distribution of the ketones and
lactate between cell and extracellular fluids might
be pH dependent. If so, alkalinisation of the plasma
might increase the ratio between cell and extra-
cellular fluid anion concentrations and so increase
blood concentrations. Acetoacetic, 3-hydroxy-
butyric, and lactic acid have pHs of 3 56, 4 70, and
3-08 respectively. Consider the case of 3-hydroxy-
butyric acid, first at blood pH 7 0 and then at 7-2.
Assume that "cell fluid pH" is 6-9, which is, to be
sure, an oversimplification.2 The Henderson-
Hasselbalch equation gives the ratio of 3-hydroxy-
butyrate to 3-hydroxybutyric acid at pH 6-9 as
about 160. In extracellular fluid at pH 7-0 the ratio
is about 200. Thus, the concentration of the acid is
very low at either pH. If we assume that the acid
passes freely across cell membranes its concentra-
tion will be "the same" in cell and extracellular
fluid. Then the ratio of the concentration of the
anion, 3-hydroxybutyrate, in extracellular fluid
to cell fluids will be 200:160, or 1-25. If the blood
pH is raised to 7-2 the ratio of the concentration
of 3-hydroxybutyrate in extracellular fluid to cell
fluids will be 316:160, or nearly 2-0, which is about
1-6 times higher than when the blood pH was 7-0.

Similar calculations can be made for acetoacetate
and lactate. Although the foregoing assumptions
and calculations are oversimplified, they predict
that the blood concentrations of those anions might
increase during alkalinisation. Of course, that
neglects other possible influences, such as altered
production of ketones due to changes of lipolysis
and ketogenesis and altered disposition due to
changes in their metabolism or renal excretion.
Dr Hale and his colleagues stated that the mean

blood pH in the patients given bicarbonate was
significantly higher at 120 minutes (7 23) than in
those given saline (7-12). They apparently gave
bicarbonate only during the first hour, during
which the mean blood ketone and lactate concentra-
tions did not change. Subsequently, there were
parallel declines of those anion concentrations in
the bicarbonate and the saline treated patients.
It would be interesting to know the serial blood
pH values in each group. If the mean difference
in pH between the two groups was about the same
at both 60 and 120 minutes that would fit with my
suggested explanation.

The interesting finding that blood ketones
and lactate did not decrease during the first
hour in the bicarbonate treated patients may
have resulted from several opposing influences:
a shift of those anions from cell to extracellular
fluids, which would tend to increase their
concentrations in blood, and continued meta-
bolism and excretion of the anions, which
would tend to lower their concentrations in
blood.
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Distribution of adipose tissue and risk of
impaired glucose tolerance in pregnancy

SIR,-I was interested to read the paper by
Dr Leif Lapidus and his colleagues and that
by Larsson et all from Sweden. These workers
have found that central body shape, as
measured by waist :hip ratio, was the best
predictor of cardiovascular problems.

I have been studying obese pregnant women2
and have found that a waist:hip girth ratio of
>0 853 helped predict more than half of the
obese women with impaired glucose tolerance,
as defined as an area under the curve of a three
hour oral glucose tolerance test of >42 units.4
The sensitivity of the index was 53%O (10/19),
the specificity 80%o (37/46), and the predictive
value 53%O (10/19).
An extreme example of central (android)

obesity occurred in a woman in the third
trimester of pregnancy whose weight was 150%
of ideal body weight. Her waist:hip ratio was
0-95 after we had corrected the waist girth by
22 cm to allow for pregnancy. The area under
the curve in the glucose tolerance test was 73-3.
The patient was treated with diet only; her
HbA,, was normal at 6 6%0. She was induced
at 37 weeks on account of fetal macrosomia.
After 12 hours, because of no progress, a
caesarean section was performed and a 4700 g
girl was delivered in good condition. The
infant had transient hypoglycaemia in the first
12 hours and hyperbilirubinaemia, which was
treated with phototherapy. The mother
developed a wound infection which was treated
and went home with the baby on the 10th day
after delivery.

It seems that body shape can predict which
obese pregnant women are at risk of impaired
glucose tolerance, and only those with a
waist:hip ratio of >0 85 should have a
glucose tolerance test.
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A sensitive immunoradiometric assay
for serum thyroid stimulating hormone

SIR,-We read with interest the report of
Dr J Seth and others (17 November, p 1334)
on the use of a sensitive immunoradiometric
assay for thyroid stimulating hormone (TSH)
produced by Boots-Celltech. Over four months
we have used this assay routinely to assess
thyroid function in 3629 patients from a
variety of sources within a general hospital,
including the endocrine clinic. Somewhat to
our surprise we found that undetectable
serum TSH values-that is, serum concentra-
tions less than 0-1 mU/l-were relatively
common, occurring in 443 (12%) of the
patients studied. When these 443 patients
were classified according to the information
on the request form, supplemented by
telephone inquiry and appropriate additional
tests, the largest number (197 (44%)) were
found to be receiving thyroxine replacement
therapy; 120 (27%) were clinically thyrotoxic
with increased thyroxine concentrations;
48 (11 %) were undergoing treatment for
hyperthyroidism or had recently done so; and
12 (3%) were found to have triiodothyronine
(T3) toxicosis. In the remaining 66 patients
there was at that stage no explanation for the
undetectable TSH.

So far 27 of this unexplained group, all of
whom had normal concentrations of serum
thyroxine, have been recalled for clinical
evaluation and laboratory reassessment, which
included serum T3 measurement and thyro-
thropin releasing hormone (TRH) testing.
Four patients recalled had detectable TSH
(0-1, 0 2, 0 4, 14 mU/l). Their TRH tests
showed increments of 1 0, 1 9, 0 6, and
75 mU/l respectively. Eight patients proved
to be on treatment for thyroid disease-six on
thyroxine replacement and two on carbimazole.
Two patients were shown to have T3 toxicosis.
Eight patients were in clinical remission after
treatment for hyperthyroidism from five
months to 14 years previously. The remaining
five patients were clinically euthyroid with
undetectable TSH, a flat TRH response, and
normal serum T3 concentration. Two of them
had atrial fibrillation.

In the course of this work we have confirmed
the finding of Dr Seth and his colleagues that
an undetectable basal serum TSH will predict a
flat response to TRH. Moreover, we have
found that this sensitive TSH assay provides a
valuable pointer to patients with thyroid
disease, both in excluding thyrotoxicosis and
in identifying patients who need further
study. Not all laboratories carry out serum T3
measurements, and this TSH assay seems to
allow hyperthyroidism to be excluded whatever
the cause. The frequent finding of undetectable
serum TSH in other clinical conditions, such
as in patients on thyroid replacement therapy or
in apparent remission after antithyroid therapy,
re-emphasises the need for good clinical
information when test results are interpreted.
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