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- - Abstract - -

The etiology of rheumatoid arthritis has been elusive, but it finally seems to
be explained by a combination of three factors:

(i) a relatively mild deficiency of cortisol, the normal adrenocortical hormone
that is essential for normal immunity but which has achieved a bad reputation
because of the use of excessive dosages of it or its stronger derivatives,

(ii) a deficiency of dehydroepiandrosterone (DHEA), the chief androgen produced
by the human adrenal cortex but which has been little studied, and

(iii) infection by organisms such as mycoplasma, which have a relatively low
virulence, are difficult to culture in the laboratory, and cause inflammation
and destruction of tissue in periarticular and articular areas of
immunocompromised hosts.

The mild adrenocortical deficiency apparently is sufficient to impair immunity,
especially after stress, and permit these organisms to cause inflammatory
arthritis.

Further studies are necessary to determine optimum therapy, but it will probably
include safe physiologic dosages of cortisol and DHEA plus antibiotic treatment
of infection by mycoplasma or other causative organisms.

- - -

After Hench and his associates reported the dramatic beneficial effects of
adrenocorticotropic hormone (ACTH) and of cortisone in patients with rheumatoid
arthritis in 1949 (1), the possibility that rheumatoid arthritis might result
from a deficient production of cortisone was considered, but tests of
adrenocortical and pituitary function at that time were limited.

In 1951 (2) Konrad Dobriner, a pioneer steroid chemist, reported that studies of
24 h urine collections of five patients with rheumatoid arthritis (3 men and 2
women) revealed that they excreted steroid hormone metabolites but at a
consistently low normal level and he concluded that 'there is presumed to be a
decreased hormone formation by the adrenal glands in rheumatoid arthritis'.

Nine years later, Kelley and Ely (3), in a review of the production and
metabolism of adrenocorticosteroids in connective tissue disease, summarized by
stating,

'It appears that neither adrenocortical function nor steroid metabolism is
completely normal in patients with connective tissue disease, but the
abnormalities that exist may be quite subtle and difficult to demonstrate
unequivocally'.

As an endocrinologist I do not have an opportunity to study and treat many
patients with rheumatoid arthritis, but in 1967 (4) I described two teenage
girls with juvenile rheumatoid arthritis, one of whom at age 13 shortly after
the menarche developed migratory pains in the hips, elbows, metatarsal and
temporo-mandibular joints. After she had been unable to attend school for
several weeks, studies in Western Reserve University Hospital resulted in a
diagnosis of probable rheumatoid arthritis.

Fractionation of urinary steroids showed they were within low normal range
except for very low excretion of dehydroepiandrosterone (DHEA).

Serum 17-hydroxy-corticosteroid levels (an indirect measurement of circulating
levels of cortisone and hydrocortisone) were also in low normal range, but her
symptoms cleared within 2 weeks after she began taking 5 mg cortisone acetate
four times daily, before meals and at bedtime, a dosage that was only one half
of a normal replacement dosage for an adrenalectomized patient, or one half of
the amount produced by a person with normal adrenals under unstressed
circumstances.

She remained free of symptoms as long as she continued this dosage, but symptoms
returned at varying intervals of 2 weeks to 4 months on four occasions during
subsequent years when her dosage was decreased to 2.5 mg four times daily,
clearing when the dosage was returned to 5 mg four times daily.

Six months after cortisone therapy had been started, a small non-toxic
enlargement of her thyroid gland was noted, and the addition of triiodothyronine
[thyroid T3], 25-mcg by mouth daily, resulted in a return of her thyroid gland
to normal size. She was married at age 19 and had normal pregnancies at age 20
and 22, cortisone and triiodothyronine therapy being continued at the same
dosages through both pregnancies.

At age 22 her latex fixation test was positive, but erythrocyte sedimentation
rate was normal (8 mm per hour, corrected). After it was reported that cortisone
must be converted to cortisol before having its physiologic effects, at age 24
her steroid therapy was changed to cortisol, 2.5 mg four times daily.

She was asymptomatic on this dosage for several months, but then arthritis
symptoms returned, so the dosage was increased to 5 mg four times daily and
symptoms again cleared.

At age 27 sedimentation rate and SMAC were normal, and an ACTH test revealed a
baseline plasma cortisol at 9 a.m. of 28 ~tg/dl, rising to 35 ~tg/dl after
Cortrosyn, consistent with low adrenal reserve.

It was therefore evident that 5 mg of cortisone or cortisol four times daily,
which was just half of a replacement dosage, was sufficient to maintain an
apparently complete remission in her arthritis, whereas one half of that dosage
was not.

It was also evident that this dosage did not interfere with her having two
normal pregnancies.

The other teenager was first seen at age 14 when she developed both rheumatoid
arthritis and hyper-thyroidism with a diffuse goiter. Her arthritis, which was
most severe in the knees, wrists and elbows, with pain, swelling and limitation
of motion, had been treated with aspirin with slight improvement, but it
subsided completely when she was given cortisone acetate, 5 mg every 8 hours,
and her hyperthyroidism cleared with propylthiouracil treatment.

After dis-continuance of the propylthiouracil but while she continued taking
cortisone, 5 mg every 8 hours, both auto-immune disorders remained in remission
for the 7 years that I was able to follow her.

During this time she had a normal menarche [first menstruation], grew from 67
1&#8260;4 inches to 69 3&#8260;4 inches (168 to 174 cm) in height, graduated
from high school and college, and began teaching in an elementary school without
any relapse in her arthritis or hyperthyroidism, so there was no indication that
this therapy interfered with her normal growth or development.

Fractionation of her urinary steroids also revealed a relatively low excretion
of DHEA.

In that report (4) I also presented evidence that five women with rheumatoid
arthritis had diminished excretion of dehydroepiandrosterone (DHEA), a normal
adrenal androgen, and stated that 'these observations suggest that an
abnormality in steroid metabolism may exist in rheumatoid arthritis'.

This abnormality consisted of a mild deficiency of production of cortisol with
an accompanying deficiency of production of DHEA.

In 1984 Masi and his associates (5) reported that DHEA excretion of eight women
with rheumatoid arthritis was significantly lower after metyrapone
administration than that of normal women, supporting the impression that women
with rheumatoid arthritis have diminished production of DHEA.

More recent reports have confirmed that a deficient production of cortisol,
especially at times of greatly increased stress, occurs in patients with
rheumatoid arthritis.

Neeck et al in 1990 (6) reported that patients with rheumatoid arthritis had
abnormal diurnal patterns of blood levels of cortisol and that the degree of
abnormality varied with the degree of severity of their arthritis as manifested
by their sedimentation rates as well as by their arthritic symptoms.

Chikanza and his associates in 1992 (7) reported evidence that patients with
rheumatoid arthritis had a defective hypothalamus-pituitary-adrenal (HPA)
response as evidenced by a diurnal pattern of cortisol secretion at the lower
limit of normal in contrast to patients with osteomyelitis, and a failure to
increase cortisol secretion following surgery despite high levels of
interleukin-1 beta and interleukin-6, two cytokines that normally appear to
regulate stimulation of the HPA axis.

These reports suggested that a defective stimulation of the adrenals through the
HPA axis might result in relative cortisol deficiency despite potentially normal
pituitary and adrenocortical function.

In 1994 Hall et al (8) reported that patients with untreated rheumatoid
arthritis had significantly increased levels of ACTH, without accompanying
elevation of cortisol, consistent with adrenal hypo- responsiveness, and in 1996
Gudbj~Srnsson et al (9) reported an impaired cortisol response with normal ACTH
secretion in patients with active rheumatoid arthritis, also consistent with
relative adrenocortical deficiency.

Although these reports varied in their approaches, they all indicated that a
deficiency of cortisol production, especially in response to stress, a
deficiency that might be relative or absolute, and at least sometimes associated
with a deficient production of DHEA, occurred in patients with rheumatoid
arthritis, but they did not explain why everyone with adreno-cortical deficiency
did not develop rheumatoid arthritis, nor did they explain why the disease was
manifested by inflammation and destruction of joints.

Hence an additional factor or factors must be involved.

An explanation for these aspects of the disease was provided by T. McPherson
Brown, a rheumatologist who died in 1989 after spending many years accumulating evidence that rheumatoid arthritis is associated with an inflammatory infection in and around the joints produced by a bacteria-like organism termed mycoplasma (10).

This organism has a propensity to grow and cause inflammation in periarticular
areas under circumstances in which the host's immune system is impaired, and it
can be controlled by pro-longed administration of a suitable antibiotic.

Brown stated that 'The length of time patients require in treatment can vary
widely, depending primarily on how long they have had the disease. In most
entrenched and recalcitrant cases, it can take up to thirty months from the
beginning of therapy until the patient clearly turns the corner toward
improvement, and the achievement of a lasting remission can take several years'
(11).

He also stated that prednisone in suitable small dosages (1 to 10 mg daily) was
helpful in some cases, but he did not mention studies of adrenocortical
function, and he did not explain why patients with rheumatoid arthritis were
more susceptible to the development of infections with mycoplasma.

This susceptibility could be explained by the evidence reported by numerous
investigators over the past forty years that physiologic amounts of cortisol are
necessary for the development and maintenance of normal immunity (12), so a
deficiency of cortisol could impair immunity and probably provide fertile ground
for infection with mycoplasma.

Hence at least three factors seem to contribute to the development of rheumatoid
arthritis.

An inadequate adrenocortical production of cortisol, either relative or
absolute, is probably a necessary factor in all cases since all seem to be
associated with mild adrenocortical deficiency, either primary in the adrenals
or secondary to deficient production of ACTH (factor #1).

The mild deficiency of cortisol might not only lower resistance to stress but
also depress immunity and lower resistance to a micro-organism such as
mycoplasma that may cause peri-articular inflammation and joint destruction in
immunocompromised hosts (factor #2).

Thirdly, the decreased production of the adrenocortical androgen, DHEA, might
explain the predilection of rheumatoid arthritis for women as well as contribute
to the impairment of immunity and to the impairment of healing of inflamed and
damaged tissues (factor #3).

Any or all of these factors might be inherited, explaining the familial tendency
for development of the disease.

It would therefore be advisable for patients with rheumatoid arthritis to have
baseline studies of adrenocortical and pituitary function (plasma cortisol,
ACTH, and DHEA sulfate, and a Cortrosyn stimulation test), as well as tests to
determine the nature and activity of the disease (erythrocyte sedimentation
rate, complete blood count with differential, SMA, ANA, rheumatoid factor, and
any other studies that might be indicated in the specific patient), and then be
treated with safe, physiologic dosages of cortisol (4,13) for the rest of their
lives, and with dosages of a suitable antibiotic for a sufficient period to
clear infection with mycoplasma or any other organism that might be causing
inflammation and damage to peri- articular tissues.

In evaluating tests of adrenocortical function, it should be remembered that
normal ranges for these tests were determined before mild adreno-cortical
deficiency was recognized and hence might be too broad.

If plasma DHEA-sulfate or urinary DHEA excretion is low, supplementation with
DHEA by mouth in a dosage sufficient to bring plasma levels to normal should
also be helpful.

A starting dose of 5 mg DHEA four times daily, before meals and at bedtime,
seems to be satisfactory. If arthritic symptoms are severe, a larger dosage of
cortisol might produce improvement and relief more quickly, but once relief
occurs, the dosage should be tapered to a physiologic maintenance level while an
antibiotic is administered to control the infection caused by the mycoplasma.

It might be questioned whether any of the more widely used stronger derivatives
of cortisol or cortisone, such as prednisone, triamcinolone, etc., might be
administered instead of cortisol, but nature usually has a reason for her choice
of normal hormones, so it seems wise to follow her example as closely as
possible, on a schedule that mimics her production as closely as is feasible,
especially for long-term use.

Experience with the two girls with juvenile rheumatoid arthritis suggests that
in its early stages rheumatoid arthritis might be controlled by administration
of physiologic dosages of cortisol without additional DHEA or an antibiotic, so
that possibility should be investigated.

It is possible that the combination of decreased cortisol and decreased DHEA is
necessary to lower immunity sufficiently to cause rheumatoid arthritis and that
giving adequate doses of cortisol or DHEA or both may prevent it, but the two
girls' responses to treatment suggest that adequate cortisol will prevent
rheumatoid arthritis even though DHEA remains low.

Nevertheless, it seems advisable to correct any abnormality as much as possible
in order to obtain optimum health, so correction of any abnormality found should
be the safest course.

The occurrence of autoimmune thyroid disorders in these two patients also is
consistent with evidence that other autoimmune disorders may be associated with
mild adrenocortical deficiency and hence might also benefit from physiologic
dosages of cortisol (14,15), so studies of pituitary and adrenocortical function
in patients with other autoimmune disorders should be helpful.

Because susceptibility to these disorders also may be inherited, family members
might benefit from studies of their HPA axis and treatment of any adrenocortical
deficiency before it contributes to the development of one of these disorders.

Treatment with safe, physiologic dosages of cortisol and DHEA should probably be
continued throughout patients' lives, as is advisable for other patients with
mild adrenocortical deficiency, with temporary increases in dosages during times
of increased stress (13).

Because the harmful side effects that have given treatment with large,
pharmacologic dosages of glucocorticoids such a bad reputation do not occur with
physiologic dosages of the normal hormone, the effectiveness and safety of
treatment with physiologic dosages of cortisol having been documented by over
two thousand patient-years of treatment (12), this therapeutic approach will, it
is hoped, not be impeded further by the failure of pharmaceutical companies to
promote or even mention new uses of safe dosages of cortisol.

This peculiar behavior apparently results from a government regulation that
states that when a new use is found for a medication whose patent has expired it
must receive therapeutic trials to prove its safety for this new use before the
new use can be advertised.

Such studies are obviously important, but they are also expensive, and companies
are naturally hesitant to undertake such studies without the protection provided
by a patent.

Other hormones have apparently never had this problem, but they have not had a
bad reputation like cortisol nor the large, relatively untapped potential for
its use.

Hence, one hopes, these regulations will be reconsidered and revised to permit
advertisement of this normal hormone in physiologic dosages for patients who are
deficient in it.
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