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HYPOTHESIS

William H James
Summary
Evidence is accumulating that low
androgen concentrations are a cause of
rheumatoid arthritis. This would explain a
number of established features of the
epidemiology of the disease. These
include: (a) the variation of disease
activity with pregnancy; (b) the variation
of age at onset by sex; (c) the variation by
sex with HLA-B15; (d) the association with
bone mineral density; and (e) the differing
time trends in incidence rates by sex.
It is argued, moreover, that if one makes
a plausible assumption-namely, that
women who choose oral contraceptives
have high androgen concentrations at the
time they first make this choice-then an
explanation becomes available for the
confusion about the relation between
rheumatoid arthritis and oral contraception. Grounds are adduced for that
assumption.
If this line of reasoning is substantially
correct it also has implications for the
relations between rheumatoid arthritis
and smoking and consumption of alcohol.

difference-if it exists in female samples-at the
0 05 level, one would need equal sized samples
(of patients and controls) each numbering
about 40. As far as I know there have been
seven studies on androgen concentrations in
female patients with RA.5 12 (The data in
references 6 and 7 seems to refer to the same
patients.6 7) The respective numbers of female
patients with RA in each of the seven studies
were 21, 10, 16, 8, 31, 77, and 49, so it is
perhaps not surprising that no clear pattern has
emerged. Five of these studies provided
evidence of low androgen concentrations,
however, and in four the difference was
reportedly significant. Cumulatively the
significance of these data is overwhelming.
(The Poisson probability of four or more
events out of seven being significant by chance
at the 0 05 level is less than 0 0005.)
At first sight it is not clear whether these low
androgen concentrations may be a
consequence or a cause of the disease. Recent
work, however, strongly suggests that they are
a cause.
HLA ANTIGENS AND MALE PATIENTS

There are grounds for suggesting that HLA
antigens act as markers for disease by indexing
testosterone concentrations, which are pathoThis paper consists of two parts. The first logically high in the case of B27 associated
section reviews the evidence that a major cause diseases and pathologically low in the case of
of rheumatoid arthritis (RA) is the presence of B8 associated diseases.'4 15 Rheumatoid
low androgen concentrations. If this hypothesis arthritis has been shown to be associated with
were true, a number of features of the epi- B 15: in particular, the gene is significantly
demiology of the disease would be explained. more common in male patients than in female
In the second part it is argued that this patients or controls.'6 17 Ollier et al gave two
hypothesis, together with a plausible assump- independent rankings of men's mean testion, explains the confusion about the relation tosterone concentrations by 12 HLA antigens
at the B locus.'8 In each ranking B15 had the
between RA and oral contraception.
lowest rank. The probability that this is due to
chance is one in 144. The present line of
Angrogen concentrations and rheumatoid reasoning indicates that the low mean
testosterone concentrations in male patients
arthritis
There can be no reasonable doubt that patients with RA may be a genetically determined
with RA have lower mean androgen con- precursor rather than a consequence of the
centrations than controls; this is so for both disease. Indeed, these data strongly support the
male'`' and female512 patients. Findings for hypothesis that low testosterone concenfemale patients are less decisive, however, and trations are a cause of RA in men. This
clearly, one reason for this is that the published conclusion is further supported by the
data relate to samples that are too small. improvement of male patients after androgen
Spector et al published data on the serum treatment (admittedly selected for low
testosterone concentrations of 87 male patients testosterone concentrations). 9
(Ann Rheum Dis 1993; 52: 470-474)
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and 141 controls.' The ratio of the mean
difference in testosterone concentrations to the
standard deviations in these data is about 3/5.
Standard power analysis'3 indicates that to
stand eight chances in 10 of detecting such a

HLA ANTIGENS AND FEMALE PATIENTS

It is well established that another gene which
is more common in many samples of patients
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sex ratio of patients varies by age at onset,
however. Goemaere et al26 reported that among
their patients with onset before the age of 30
the ratio of women to men was 3-7:1; this
number declined with increasing age of onset,
and among these with onset after the sixth
decade of life there were equal numbers of men
and women.
The regressions of free testosterone
concentrations on age are very different in men
and women. In men the mean concentration
declines roughly linearly from about the age of
30 onwards, and the decline is about fivefold
between the ages of 30-39 and 80 and older.27
In women, in contrast, mean free testosterone
concentrations reportedly decline between 30
and 50 but apparently rise thereafter.28 Schiff
has reported a relative androgen excess in
postmenopausal women contrasted with
women before the menopause.29 Thus if RA
were partially dependent on free testosterone
concentrations then the sex ratios of patients
by age at onset might be explained by these
differing regression patterns.
RHEUMATOID ARTHRITIS AND BONE MINERAL
DENSITY

It has been reported that patients with RA have
significantly lower bone mineral density than
controls.30 31 One cause of such a condition is
low androgen concentrations.32 33 So I suggest
that the association of RA with osteoporosis is
secondary to associations of both with low
androgen concentrations.
SECULAR CHANGES IN THE SEX SPECIFIC
INCIDENCE OF RA

Data from studies in the United States34 and
Britain35 indicate that the incidence of RA in
women has declined over the past three
The hypothesis and the epidemiology of
decades, whereas that of men has been stable.
RA
These reports have prompted the suggestion
that oral contraception may be responsible; in
RHEUMATOID ARTHRITIS AND PREGNANCY
More than 75% of pregnant patients improve, the next section it will be argued, however, that
with the maximum improvement being in the this is an unsatisfactory explanation. Kempers
third trimester. Some weeks to months after wrote that 'a new pride, self-regard and
delivery a flare up occurs in more than 90% of identification with a buoyant social force is
these patients.24 Such observations have often women's heritage in recent years'.36 He
prompted the following question. If the higher adduced powerful evidence to suggest that
incidence of RA in women than men has a androgen concentrations in women have slowly
hormonal basis, why does pregnancy (which is increased in response to the successes of the
accompanied by a surge of female hormones) Women's Movement. Accordingly, I suggest
not exacerbate rather than ameliorate the that the decline in the incidence of RA in
disease? The answer, according to the women (but not men) has been due to a secular
hypothesis, is that the disease is caused by low increase in androgen concentrations in women.
concentrations of male hormones and not high
concentrations of female ones. Thus
amelioration during pregnancy is due to the Oral contraception and rheumatoid
increasing quantities of androgens produced by arthritis
the corpus luteum, placenta, and fetal testes A number of recent studies on RA have
and adrenal glands.25 Relapse after parturition focused on the possibility that the disease is
is, according to the hypothesis, due to affected by ingestion of oral contraceptives.
Over the last decade a dozen large scale studies
withdrawal of these androgens.
have offered strikingly dissimilar conclusions
on this possibility. An international workshop
AGE AT ONSET OF RHEUMATOID ARTHRITIS BY
was held in Leiden in 1989 in an attempt to
reach a consensus.36a It is not unfair* to
SEX
More women than men have clinical RA. The comment that consensus proved evasive.
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is HLA-DR4. Deighton et al reported that this
gene is associated with low free testosterone in
both healthy women and postmenopausal
women with RA.20 Using Fisher's method,21 it
may be calculated that the joint two way
significance of these two test results is 0 07. So
if a one way test is used, as is appropriate in
testing against the present directional null
hypothesis (that DR4 is not associated with
lower testosterone concentrations), the data
achieve formal significance. Using the same
logic as used above, one can infer that DR4 is
associated with low testosterone, which causes
RA in (postmenopausal) women.
I know of no data on the mean testosterone
concentrations of women with B 15. Although
the testosterone concentrations of both men
and women are associated with HLA markers,
the same markers are apparently not equally
associated with testosterone in the two sexes.
For instance, B27 is apparently associated with
high concentrations of testosterone in men but
not in women,14 and B8 is associated with low
testosterone concentrations in women22 but
apparently not in men.'8 (This may be because
the HLA genes index gonadal size,23 and that
though the main sources of testosterone in men
are the testes, in women they are the adrenal
glands.) It seems reasonable therefore to
propose that B15 is not as powerfully associated with low testosterone concentrations in
women as in men, and may not be associated
at all. This, if I am correct, would explain the
hitherto unexplained differing strengths of the
associations of B 15 with RA in men and
women.
In the following sections it will be indicated
how the hypothesis accommodates some well
established features of the epidemiology of
RA.
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TESTOSTERONE CONCENTRATIONS OF WOMEN
WHO CHOOSE ORAL CONTRACEPTIVES

I know of no direct data on the testosterone
concentrations of women at the time they first
choose to use oral contraceptives, but there are
strong grounds for supposing them to be higher
than those of other women, for the reasons
given below.
In a variety of studies with human and
animal subjects testosterone concentrations

have been associated with dominance,
aggression, antisocial behaviour, sensation
seeking, persistence, and libido.42 In general,
testosterone concentrations are associated with
the same sorts of personality traits in the two
sexes,43 and Udry and Talbert concluded that
the effects of testosterone on personality are
direct. They confirmed the finding of Baucom
et a144 that women with high testosterone
concentrations (as opposed to those with low
testosterone concentrations) significantly more
often describe themselves as 'enterprising'.
Other adjectives significantly more often
applied to themselves by women with high
testosterone concentrations in one or the other
of these studies were 'dominant',43
'resourceful',44 and 'uninhibited'.44
Our overall understanding of the
psychological effect of testosterone in women
may be helped by reference to studies on
testosterone concentrations in women by their
occupation. Schindler found that women
lawyers had higher testosterone concentrations
than nurses, teachers, and athletes.45 Purifoy
and Koopmans found that women managerial,
technical, and professional workers had higher
testosterone concentrations than clerical
workers and housewives.46 Bancroft et al found
higher testosterone concentrations in women
who worked full time outside the home than in
women who did not, and they suggested that
women with high testosterone concentrations
may be 'more likely to pursue careers and less
likely to conform to the conventional
stereotype of the "happily married women"'.,' 47
Morris et al reported that graduate students in
their sample of married women had higher
testosterone concentrations than other
women.48 Lastly, Dongyun and Yumin
reported significantly higher testosterone
concentrations in women pilots than in women
ground crew.49
It is useful to reflect on one of the problems
faced by a young woman embarking on her
sexual life. She needs determination and
enterprise to confront a doctor to get a
prescription for oral contraceptives. The
younger she is, the more enterprise she will
need. So it is noteworthy that among women
using oral contraceptives, young women50 and
those who have been taking oral contraceptives
for only a short time5' have low estimated
relative risks of RA. This is contrary to
expectation based on the hypothesis that oral
contraceptives have a true protective effect,
and indeed supports the notion that the
contraceptive pill is a marker for some other
agent-here, according to my hypothesis,
androgen concentrations. In short, there is
reason for suspecting that women who choose
oral contraceptives have higher testosterone
concentrations than controls at the time of the
choice. So there are good grounds for all three
of the propositions outlined above.
Research proposals
1. As these three propositions could together
explain the confusion in regard to the
relationship between oral contraceptives and
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More recently, Spector and Hochberg,
having completed a meta-analysis on nine
studies, found that the 'protective effect' of the
contraceptive pill was less in current users than
in past users.37 Accordingly they suggested that
the effect of the pill may be to delay the onset
of disease or to prevent progression to severe
disease. Hannaford et al reported that (as in the
general population) the incidence of RA
among former users and never users of the
contraceptive pill had declined over the past
two decades, whereas current users had not
experienced this trend.38 This result may
also-perhaps with some strain-be reconciled
with Spector and Hochberg's suggestion that
the contraceptive pill postpones disease.
Hazes and van Zeben have reviewed the
overall unsatisfactory state of studies relating
RA to the contraceptive pill.39 I reproduce their
observations, not with the promise that my
suggestions will explain them all, but in the
conviction that they illustrate the need for some
new hypothesis. These authors noted:
1 Seven studies had shown a reduction of RA
of about 50%/ in those using oral
contraceptives, whereas five studies had
reported no effect and one had been
inconclusive.
2 Two meta-analyses had reported a slight
protective effect; one result was significant
and one not.
3 The studies in the US had calculated
relative risks of about unity, whereas values
for those studies from Europe were about
05.
4 Hospital based studies had generally shown
significant effects, whereas population
based studies had not.
Hazes and van Zeben concluded that 'it is
increasingly being suggested that oral
contraceptive use may in fact be a marker for
some other causal factor'.39 Accordingly, I
suggest that the factor for which the
contraceptive pill is a marker is androgen
concentrations. The suggestion is that (a) low
androgen concentrations are a cause of RA; (b)
women who choose oral contraceptions
initially have higher androgen concentrations
than other women; and (c) a pharmacological
effect of oral contraceptives is to lower women's
androgen concentrations.
If this set of propositions were true it might
explain the disparities between the results
mentioned above. The third proposition (c) is
established,40 41 and the first proposition (a)
was dealt with in the first part of this article,
so I shall now review the data on the second
and these propositions (b).
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of low testosterone concentrations. This too might be subjected to
consequences

testing.
5. The form of argument used above might
have wider applications because there is at least
one other agent which, like oral contraceptives,
might be expected to be chosen disproportionately often by people with high testosterone concentrations and which is known to
have the pharmacological effect of depressing
testosterone. Alcohol and cigarettes might both
be suspected of indexing high testosterone
concentrations at the time of first use (because
of

their

seeking).

associations

with

sensation

55 Alcohol certainly lowers men's

testosterone

concentrations.

56

Whether

smoking has the same effect is not clear
because (as far as I know) all the relevant
studies have contrasted samples of smokers
with samples of non-smokers-thus failing to
consider the presumption that smoking initially
indexes high testosterone concentrations. (The
association between smoking and low sperm
counts57 lends weight to the suspicion that it
too lowers testosterone concentrations.) What
is needed is a longitudinal study on the
testosterone concentrations of smokers and of
non-smokers. Until that is done, we shall not

know for certain the effect of smoking

on

testosterone.

The relation between smoking and RA has
been reported as significantly positive
(exacerbating?)58 and significantly negative
(ameliorative?).59 The consumption of alcohol
has been reported to have a negative
association with the disease.59 Interpretation of
these findings must await research on the
problems outlined above.
am grateful to Dr P N Sambrook (Sydney, Australia) for
sending me two useful references.
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The question arises whether this might be a
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is not the complete answer. Instead, both the
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