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part of gestation.4,5 We recommend that
AT1-receptor antagonists be avoided
throughout pregnancy.
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Testicular cancer and
syndrome X
Sir—Jourik A Gietema and colleagues
(Jan 20, p 228)1 report an interesting
finding that long-term survivors of
metastatic testicular cancer can develop
an unfavourable profile of cardiovascular
risk
factors
resembling
syndrome X. They conclude that
administration
of
cisplatin-based
combination chemotherapy as well as
subclinical hypogonadism seem to be
important factors in pathogenesis.
Plasma concentrations of testosterone
in the chemotherapy group were
significantly lower than those in the
stage 1 group. Moreover, in their
chemotherapy-treated patients, insulin
concentrations and insulin-to-glucose
ratios correlated negatively with serum
testosterone concentrations.
We agree that decreased circulating
testosterone can cause insulin resistance.
We have reported a small series in
which we showed that decreased
concentrations of testosterone after
castration contributed to insulin
resistance. We analysed events in six
patients whose diabetic control was
notably worsened by orchidectomy or
administration of a gonadotropinreleasing hormone analogue to treat
advanced prostate cancer, used in
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addition to antiandrogenic drugs.
Plasma concentrations of testosterone
became undetectable in all patients, and
all but one patient had increased insulin
secretion. HbA1c before and after
castration was 6·3% (SD 0·6) and
10·2% (1·7), respectively.
Bilateral tumours are rare at
diagnosis, but in 2% of patients with
testicular germ-cell tumour, a metachronous new primary tumour will
develop in the remaining testis. Even
patients with testicular cancer in stage 1,
whose concentrations of testosterone
would decrease after bilateral orchidectomy, might result in insulin
resistance.
The effect of cisplatin in the
pathogenesis of insulin resistance
remains to be elucidated, although
plasma concentrations of testosterone in
Gietema and colleagues’ chemotherapy
group were lower than in the stage 1
group. This difference probably reflects
direct damage to the testis by cisplatin,
which could be investigated in nontesticular cancer patients receiving
cisplatin, such as those with lung cancer.
Other
effects
of
cancer
upon
development of insulin resistance, such
as induction of various cytokines
including interleukin 6, tumour necrosis
factor , and counter-regulatory
hormone, might also be important.
However, hypogonadism should not be
overlooked as an important cause of
insulin resistance in survivors of
testicular cancer.
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CD36 deficiency and
insulin resistance
Sir—Koji Miyaoka and colleagues
(March 3, p 686)1 report phenotypic
data on carbohydrate metabolism
from their cohort of 26 Japanese
patients with genetic mutations
causing CD36 deficiency.
As Timothy Aitman points out in
his March 3 commentary,2 the
question of whether or not insulin
resistance is present in these patients
is important, since data from one
rodent model, the spontaneously
hypertensive
rat
(SHR),
has
implicated a causal role for deficiency
of the rodent homologue (Cd36) in
impairment
of
insulin
action.3
However, some uncertainty remains.
We have reported that Cd36 sequence

and expression were normal in
another rodent model of hypertension
with insulin resistance (the strokeprone spontaneously hypertensive rat,
SHRSP), which suggests the existence
of other gene mutations leading to a
similar phenotype.4
Unfortunately,
Miyaoka
and
colleagues’ data from patients with
CD36 deficiency are inconclusive.
First, few details are given of the
matching procedures used and, in
particular, whether participants with
CD36 deficiency were individually
matched with controls. The 26 cases
were on average 4 years older than
controls: since age is an important
determinant of insulin sensitivity5 and
serum lipids, inappropriate matching
could have contributed to the
apparent differences between the
groups.
Conversely,
differences
between the sexes (42% of cases vs
29% of controls were female) might
have diminished the potential of the
study to find differences in these
variables.
Second, only five of 26 CD36deficient
participants
underwent
measurement of fasting insulin, oral
glucose
tolerance
test,
and
hyperinsulinaemic
clamp
study.
Fasting plasma insulin concentrations
were all within the reference range
derived from normal controls. As
expected from a study with a small
number of participants with a wide
distribution of weight (body-mass
index 17–33 kg/m2), the individual
insulin profiles across the glucose
tolerance tests were heterogeneous;
results were equally compatible with a
defect in insulin secretion as with the
presence of insulin resistance.
Finally, the limited data reported
from the clamp studies is difficult to
compare with other published data
without some indication of the rate of
insulin infusion used. The argument
seems to rest on the observation that
all five cases individually had lower
values for whole-body glucose uptake
than the mean value for nine controls.
Although this finding is in keeping
with the hypothesis that insulin
resistance was present, the separation
between means (mean 5·1 [SD 1·59,
five cases] vs 8·6 mg kg21 min21 [0·50
nine controls]) was not clear and may
be too small to allow abandonment of
the normal statistical requirement for
formal
rejection
of
the
null
hypothesis.
We agree with Miyaoka and coworkers that a case-control study with
a larger number of people with CD36
deficiency is necessary. However,
until such a study is done, putative
direct
or
indirect
effects
of
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CD36 deficiency on carbohydrate
metabolism
in
human
beings,
although biologically plausibly and
mechanistically
appealing,
must
remain uncertain.
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Sir—Koji Miyaoka and colleagues1
and Timothy Aitman2 argue for the
possible association between CD36
and syndromes of insulin resistance
based on findings in human beings
and rodents with CD36 deficiency.
We have several comments.
We have previously shown in the
SHR model that there are two
separate SHR strains: the original
SHR strains with normal Cd36
(rodent homologue of human CD36)
and SHR with mutant Cd36 caused
by a spontaneous de novo mutation.3
The
comparison
of
metabolic
phenotypes observed in the Cd36-null
SHR,3 as well as those reported in the
Cd36-null mice4 and in human beings
with CD36 deficiency1,5 is shown in
the table. In the inbred rodent models,

increased non-esterified fatty acid
concentrations and the reciprocally
decreased glucose concentrations
seem to be a common feature.
However, the other phenotypes are
virtually inconsistent between the four
groups, which might be partly
explained by the differences in the
metabolic pathways among the species
and in the genetic and environmental
backgrounds between individuals.
With
the
relatively
unequal
distribution of the clinical phenotypes
among the patients described by
as
Miyaoka
and
colleagues,1
exemplified by their wide range of
blood pressures, it seems difficult to
ascribe any particular phenotype to
the effects of CD36 deficiency but not
to any other possible confounding
factors. In this context, many Japanese
patients with CD36 deficiency have
been selected from groups who
underwent cardiac scintigraphy on
suspicion of the presence of coronary
heart diseases or cardiomyopathy. If
this is the case in Miyaoka and
colleagues’ patients, their data need to
be interpreted cautiously because they
must be affected by a substantial
population stratification bias.
In view of the high prevalence of
hypertension (>50%), hyperlipidaemia (>50%), and hyperglycaemia
(>30%) among the general Japanese
population in their 60s, according to
the latest National Nutrition Survey of
Japan, it may not be so surprising that
46% of Miyaoka and colleagues’
patients (mean age 64 years) had at
least two coronary risk factors.
Striking to us was their observation
that all five patients who underwent
glucose
clamp
studies
showed
decreases in the mean whole-body
glucose uptake that should best reflect
insulin sensitivity in skeletal muscles.
Increase in blood non-esterified fatty
acid concentrations and the resulting
increase in the content of triglycerides
in muscles cause insulin resistance in
vivo. This effect, however, would not
be the case in the deficiency of CD36,
because the muscle triglyceride
contents were not increased but were
rather decreased, at least in the rodent

Rodent models
3

Cd36-null SHil
NEFA
FPG
Glucose tolerance
Triglycerides
HDL cholesterol
Blood pressure

Human being
4

Cd36-null mice

Miyaoka et al1

Yanai et al5

?

?

?

?

?

denote increased, decreased, and unchanged phenotype compared with controls; ?=unknown.
NEFA=non-esterified fatty acids; FPG=fasting plasma glucose.

Comparison of metabolic phenotypes in rodents and human beings with CD36
deficiency
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models, probably because of the
impaired fatty acid uptake via CD36
in muscles. The metabolic sequel of
this effect, which would possibly be
the increased fatty acid uptake in the
liver, remains unclear in the patients
with CD36 deficiency and must be
investigated carefully.
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Sir—Koji Miyaoka and colleagues’
conclusions1 are not supported by our
published2,3 or unpublished results.
In our original study,2 four healthy
young
volunteers
with
CD36
deficiency (aged 21 years [SD 0·5])
were tested by oral glucose loading
and had normal insulin responses and
normal fasting glucose and lipid
concentrations. The CD36-deficient
patients identified by Miyaoka and
colleagues were elderly (mean 64
years), and 12 (46%) of 26 had at
least two coronary risk factors,
including
impaired
glucose
metabolism and hyperlipidaemia. We
question whether their 26 patients
were sampled without bias. If the
patients were detected among clinical
patients who underwent cardiac
imaging with radiolabelled fatty acid
analogue, they would generally have
ischaemic heart disease and coronary
risk factors.
Second, the mean lipid profiles for
their 26 patients were characterised
by
increased
triglyceride
and
decreased HDL-cholesterol, which is
certainly typical for the insulin
resistance syndrome, and four of
the five patients subjected to a
glucose clamp study also had
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hypertriglyceridaemia. However, in
our study on apparently healthy
elderly volunteers, CD36 deficiency
in four was associated with decreased
triglyceride and increased HDLcholesterol, although not significantly
so.3 Thus, the lipid profiles seen in
Miyaoka and colleagues’ patients
cannot be automatically attributed to
CD36 deficiency. The type IV (their
case 5) and the type IIb (cases 1–3)
hyperlipoproteinaemias are frequent
phenotypes of familial combined
hyperlipoproteinaemia (FCH), which
is known to associate with insulin
resistance.4
Finally, we have done oral glucose
loading studies in three matched
groups of healthy young volunteers
(aged 20·7 years [1·7]) composed of
normal donors (n=16; CD36 present
in platelets and monocytes), type I
CD36 deficiency (CD36 absent on
both platelets and monocytes; n=5)
and type II CD36 deficiency (CD36
absent from platelets but present on
monocytes; n=16). We confirmed that
there were no significant differences
between the groups in serum insulin
concentrations at any time point nor
in major indices for insulin sensitivity,
such as integrated area under the
curve for insulin, fasting glucose to
insulin ratios, and the homoeostasis
model assessment (submitted for
publication). Nor were differences
detectable in their clinical features
(age, sex, body-mass index, and
blood pressures), haemoglobin A1C,
fasting
glucose,
and
lipid
concentrations. Hence, we believe
that CD36 deficiency cannot be a
proximate cause of human insulin
resistance.
However, we noted also that
plasma fatty acid clearance after
glucose loading is significantly
retarded in both types of CD36
deficiency. This effect could be
explained by impaired fatty acid
uptake by muscle, and might result in
increased hepatic fatty acid entry. The
latter, in turn, could increase hepatic
gluconeogenesis.5
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Authors’ reply
Sir—One of the major issues for
medical science is to clarify the
molecular and cellular mechanism for
development of multiple risk factor
clustering (MRF) syndrome. In many
cases people develop MRF syndrome
in middle age and subsequently
have atherosclerotic cardiovascular
diseases, whereas such clinical signs
are not always manifest at a younger
age. In these cases, the combination
of genetic factors and environmental
and acquired ones, as well as the
impact of each factor, is important.
Genetic factors include mutations or
polymorphisms in some genes,
in addition to sex and race.
Environmental factors include age
and lifestyle, such as loss of physical
activities and high calorie intake. The
genetic background, as well as food
content, might affect the results of the
experiments, as John Petrie and Yoko
Iizuka and their colleagues note.
So far, we have seen 28 patients
with type I CD36 deficiency.1 Nine
patients were identified by presence
of isoantibodies to CD36. The
remaining patients were identified by
the negative uptake of radiolabelled
long-chain fatty acid analogues.2 Even
when separated by sex, or when the
patients identified on scintigraphy
are excluded, our CD36-deficient
patients have higher concentrations of
plasma lipids, fasting plasma glucose,
and blood pressure than normal
controls (unpublished data). The
difference of clinical phenotype
between
Hitoshi
Chiba
and
colleagues’ study and ours might be
partly explained by the difference of
age and sex of the participants. The
young and healthy women with CD36
deficiency they are studying would fill
in the blank of our study. They
seem to have noted subclinical
abnormalities and delayed and smaller
decay of plasma free fatty acid
concentrations after oral glucose
loading, even in these participants.
Fatty acid response after oral glucose

loading is thought to result from the
inhibition of lipolysis in adipocytes by
insulin;3 therefore, we think that the
observed abnormal free fatty acid
reaction could be related to possible
insulin resistance.
There is no definite way to measure
insulin resistance in daily clinics. We
use fasting concentrations of glucose
and insulin, which is easy, but the
index is not a direct parameter for
insulin resistance. We have used
the euglycaemic hyperinsulinaemic
clamp,4 a more direct way, but the
method is complicated and time
consuming for patients and doctors.
We have also used the clamp test in
a young CD36 deficient person,
and noted lower glucose uptake,
which suggests insulin resistance
(unpublished observation). We hope
to have some better way to measure
insulin resistance in the near future.
Finally,
the
CD36-deficiency
phenotype we report is milder than
other known phenotypes except rare
genetic insulin resistance syndromes
such as mutants of insulin receptor
and peroxisome proliferator activated
receptor  gene.5 CD36 deficiency
could be an important genetic factor
for MRF syndrome, which we see
frequently. Investigation is needed of
the
pathophysiology
of
CD36
deficiency, especially the mechanism
of insulin resistance, to understand
the
molecular
mechanism
for
development of MRF syndromes and
how to assess insulin resistance in the
clinics.
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