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Low-Dosage Glucocorticoid Therapy

An Appraisal of Its Safety and Mode of Action in
Clinical Disorders, Including Rheumatoid Arthritis

William McK. Jefferies, MD, Cleveland

Such is the nature of medicine, that things
which we have laid up in our minds as settled
truths often require to be modified by our fu-
ture experience.—Latham.!

IN THE 18 years since the introduction
of cortisone into medical therapy by Hench
and his associates,2 much has been learned
about the effects of this and related steroids,
but their basic mechanism of action remains
obscure. In spite of their extensive clinical
use, little has been added to the concept of
their effects in the past 12 years® and cer-
tain general impressions that prevailed then
have persisted, including the following.
Clinical effects depend upon an excess of
steroid in the tissues. Initial doses reported
by Hench and his group were 300 mg of cor-
tisone acetate daily, and subsequent early
reports concerned starting dosages of 100
mg daily or greater. Because these doses
produce an excess of steroid in the body,
and because local injections of steroid into
tissues have anti-inflammatory effects, it
has been assumed that an excess is essential
for anti-inflammatory and antirheumatic
effects. Hven in recent reports of the effec-
tiveness of relatively small doses it has been
postulated that a summation of activity
with normal endogenous steroid production
occurred, thereby providing an excess,*5 or
that the schedule of administration of the
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steroid might provide an excess during part
of the 24-hour period due to diurnal varia-
tion.8

Patients with rheumatoid arthritis and
other collagen disorders have normal adre-
nal function. Numerous studies have indi-
cated that patients with rheumatic diseases
respond to test doses of corticotropin with
increases in excretion of 17-ketosteroids
(17-KS) and 17-hydroxycorticosteroids
(17-OHST) - within normal limits: These
have been summarized in reports by Hill and
associates,”8 who measured responses of al-
dosterone excretion as well as of 17-KS and
17-OHST. Although slight differences were
observed in mean responses of patients with
rheumatoid arthritis compared with nor-
mals, the changes were not significantly
different from those observed in patients
with nonrheumatic chronic diseases. In
more detailed studies of steroid fractions in
urine, abnormalities have been reported,”?:10
but these have apparently not been con-
firmed and have received relatively little
attention,

Glueocorticoids are dangerous at any dos-
age level. This impression presumably re-
sulted from the many reports of serious side
effects with glucocorticoid therapy. In re-
cent years, the majority of reports of steroid
therapy in rheumatoid arthritis have dealt
with complications and gide effects.!! Be-
cause of their potential hazards it has been
recommended that the administration of
glucocorticoids should be avoided altogeth-
er if possible, and if they are used, their ad-
ministration should be terminated as soon
as possible.

Although these impressions have been
generally accepted, experience in our clinics
with patients treated with low-dosage gluco-
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266 GLUCOCORTICOID THERAPY—JEFFERIES

corticoid therapy during the past 12 years
indicates that they warrant careful reap-
praisal, and, in some aspects at least, should
be revised.

Methods

This report includes observations made on
371 patients treated with low doses of cortisone
acetate or hydrocortisone for periods of six
months to nine years. It represents experience
with a total of 9,279 months or 773 years of
treatment, an average of slightly over two years
of treatment per patient. Most of the patients
had gonadal dysfunction, infertility, or hirsu-
tiem, but several have had other disorders,
including endocrine ophthalmopathy, hyperthy-
roidism, rheumatoid arthritis, essential hyper-
tension, diabetes mellitus, metastatic breast
carcinoma, bronchial asthma, ulcerative colitis,
multiple sclerosis, postural hypotension, and
alopecia areata. The numbers of patients with
each diagnosis are listed in Table 1. Their ages
by decades and sexes appear in Table 2.

Total neutral urinary 17-KS have been
measured by a modification of the method of
Callow described previously.1? Fractionation of
urinary 17-KS from an aliquot of fresh or
fresh-frozen 24-hour collection was performed

by gradient elution from an alumina column
after initial extraction of the conjugates, fol-
lowed by hydrolysis of the glucuronides with
B-glucuronidase and solvolysis of the sulfates
with ethyl acetate, according to a standardized
technique described earlier13 Four fractions
were measured, corresponding to dehydro-
epiandrosterone (DHA), . androsterone (A),
etiocholanolone (E), and the 11-oxygenated-17-
ketosteroids (11-oxy-17-KS). Although the
composition of each fraction was not identified
in every instance, the identities of fractions
were checked in representative samples by pa-
per chromatography of material from tubes at
the peaks of the fractionation curves. In each
instance, the material traveled as a single spot
with the same mobility as the pure DHA, A, or
E used as the reference steroid. Fractionations
with this technique are reproducible with a sat-
isfactory degree of accuracy, even after urine
specimens have been frozen for over a year.!*
Hydrocortisone (cortisol) metabolites (CM)
were determined by an improved technique that
measures cortols and cortolones as well as te-
trahydrocortisone and tetrahydrocortisol, 18 per-
mitting a more accurate measurement of ap-
proximately 609 of the metabolites of this
steroid.

Completeness of 24-hour urine collections
was verified by creatinine determinations. Cor-
ticotropin gel (ACTHar gel) was administered
intramuscularly in a single injection of 80 units
at the beginning of the 24-hour collection peri-
od. Cortisone acetate or hydrocortisone was ad-
ministered orally in divided doses at maximum

Arch Intern Med—Vol 119, March 1967

Table 1.—Diagnoses of Patients Receiving
Low-Dosage Glucocorticoid Therapy

No. of
Diagnosis Patients
Gonadal dysfunction, infertility, or hirsutism
Endocrine ophthalmopathy
Hyperthyroidism with diffuse goiter
Rheumatoid arthritis
Essential hypertension
Diabetes meliitus
Metaslatic carcinoma of breast
Chronic bronchial asthma
Ulcerative colitis
Multiple sclerasis
Postural hypotension
Alopecia areata
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Table 2.—Ages and Sexes of Patients Receiving
Low-Dosage Glucocorticoid Therapy

Age, yr Females Males
0-10 1

11-20 63

21-30 174 10

31-40 82 19
41.50 15 2

51-60 3

61-70 1

71-80 o 1

Total 339 32

intervals of eight hours because of previous evi-
dence that such schedules are more effective in
reducing 17-KS excretion.18

Observations

Definition of “Low-Dosage.”—The term,
“low-dosage,” with reference to glucocor-
ticoid therapy has been used to refer to al-
most any amount of less than 60 mg of
hydrocortisone daily or its therapeutic equiv-
alent in other steroids. In this report it refers
to much smaller doses for the following rea-
son.

Endocrine glands such as the adrenal cor-

tices, whose function is regulated by trophic.

pituitary hormones, exhibit certain charac-

teristic relationships. When their output of -

hormone is deficient, a compensatory in-
crease in trophic hormone (adrenocortico-
tropic hormone) ensues. When exogenous
adrenocortical hormone is administered to a
normal subject, a compensatry decrease in
adrenocorticotropic hormone occurs. If the

dosage of exogenous hormone is as great as,
or greater than, the replacement dose neces-
sary to maintain a normal endocrine status
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of an adrenalectomized patient, the output
of adrenocorticotropic hormone will fall
sufficiently for the adrenal cortices to be-
come inactive. If the dosage of exogenous
hormone is less than a replacement dose, a
compensatory decrease in adrenocorticotrop-
ic hormone just sufficient to keep the total
effective quantity of adrenocortical hor-
mone in the body at a normal level should
occur. This effective quantity of hormone
should consist partly of exogenously admin-
istered hormone and partly of endogenously
produced hormone.

Because hydrocortisone is the adrenocor-
tical hormone whose levels regulate the pi-
tuitary output of adrenocorticotropic hor-
mone, the exogenous administration of it, or
of its derivatives that have similar inhibito-
ry effects on adrenocorticotropic hormone
production, will affect endogenous pitui-
tary-adrenocortical function. If the amount
of hydrocortisone administered is as great
as, or greater than, the dose required to
maintain an adrenalectomized patient in a
normal state, adrenocorticotropic hormone
production will cease and the adrenal cor-
tices will become inactive. In our clinic, the
optimum replacement dose has been 40
mg/day administered in four divided doses
of 10 mg each. Because it has been reported
that a normal person’s adrenals secrete only
approximately 20 mg of hydrocortisone dai-
ly17 it is apparent that tablets adminis-
tered orally on this schedule are about 509,
as efficient as the hormone secreted into the
blood by the adrenals. An exogenous daily
dose greater than 40 mg could, therefore,
properly be termed an “excessive dose”;
doses of 40 mg or greater could be termed
“suppressive doses”; and doses of less than
40 mg daily would be “partially suppres-
sive” doses. Such terminology must be dis-
tinguished from the application of “sup-
pressive” and “partially suppressive” to the
effects of the steroid upon the symptoms of
the disease being treated.

In our clinics the term, “low-dosage” has
referred to oral doses of cortisone or hydro-
cortisone totaling 20 mg or less daily ad-
ministered in divided doses at maximum

intervals of eight hours. It would be antici-

pated that a dose of 20 mg would depress
normal adrenocortical function to approxi-
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mately 509, of its previous level, and that
smaller doses would depress normal func-
tion correspondingly less. The -earlier ob-
servation that 20 mg of hydrocortisone daily
decreases urinary 17-KS excretion to ap-
proximately 509, of its pretreatment level
was consistent with this prediction.!3

The validity of this concept was further
tested in two ways. First, the ratios of
11-desoxy-17-KS (DHA + A + E) before
and during treatment with cortisone acetate
in doses of 5 mg four times daily in 21 sub-
jects and 2.5 mg four times daily in 22 sub-
jects have been measured. Such ratios should
be more specific indicators of the degree of
suppression of endogenous adrenccortical
activity than those of total neutral 17-KS,
because the method by which they are de-
termined is more accurate and ‘specific and
because they do not include 11-0xy-17-KS,
to which the administered glucocorticoid
may contribute. If the dosage of 20 mg of
glucocorticoid daily were suppressing en-
dogenous adrenocortical activity by 50%,
the 11-desoxy-17-KS excretion should de-
crease to half of its pretreatment level and
the ratio of pretreatment to ontreatment
levels should be 2:1. Although individual
variation occurred, the mean ratio of the
subjects receiving 20 mg daily was 226
(SE + 0.23) :1, indicating that this dosage
was suppressing endogenous adrenocortical
activity to an average of 44% of pretreat-
ment levels. Similarly, if the dosage of 10 mg
daily was suppressing endogenous activity
by 25%, the ratio should be 4:3 or 1.33:1.
The mean ratio of the subjects receiving 10
mg daily was 1.35 (SE = 0.11) :1, indicating
suppression fo an average of 74% of pre-
treatment levels.

Secondly, the 24-hour urinary excretions
of CM before and during treatment with
cortisone acetate in 41 subjects, 21 of whom
received 5 mg four times daily and 20 of
whom received ‘2.5 mg four times daily,
were compared. Because 37.5 mg corti-
sone acetate by mouth daily contribute
approximately 20 mg to the 24-hour CM ex-
cretion,’® 20 mg should contribute approxi-
mately 11 mg and 10 mg should contribute
approximately 5.5 mg. If no suppression of
adrenocorticotropic hormone occurred, the
administration of these dosages should,

Arch Intern Med—Vol 119, March 1967
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therefore, cause increases of 11 and 5.5 mg,
respectively, over pretreatment 24-hour CM
excretions. On the other hand, if these dos-
ages cause partial suppression of endoge-
nous adrenocorticotropic hormone, changes
in CM excretions would be expected in ac-
cordance with the following calculations:

Average normal daily endogenous

hydrocortisone production 20 mg
Normal daily HCM excertion from
20 mg endogenous hydrocortisone 12 mg!?

1f cortisone acetate, 5 mg four times daily

reduces endogenous hydrocortisone by
509
CM . excretion from endogenous
source 6 mg
CM excretion from exogenous source
(20 mg cortisone acetate) 11 mg
Total 17 mg

If cortisone acetate, 2.5 mg four times
daily reduces endogenous hydrocortisone by
25%,:

CM excretion from endogenous source
(75% of pretreatment) 9 mg

CM excretion from exogenous source

(10 mg cortisone acetate) 5.5 mg

Total 14.5 mg

Increments above pretreatment CM ex-
cretions (12 mg) for the dosage of 20 mg
daily should, therefore, be approximately 5
mg and for the dosage of 10 mg daily, 2.5
mg. Individual variations also occurred in

Fig 1.—Effects of low dosages of cortisone acetate
upon urinary excretion of 11-desoxy-17-KS and hydro-
cortisone (cortisol) metabolites (CM) from endogenous
sources.
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Table 3.—Symptoms Encountered With Low-
Dosage Glucocorticoid Therapy in 371 Patients
Treated for Periods of Six Months to Nine Years

Sympto;ﬁs No. of Patients

Vaginal spotting 6
Dizziness or ‘“hot flashes™ 3
Gastric discomiort or heartburn 2
Migrain headaches 1

Total 12(3.2%)

«One of these patients had a previously diagnosed
active peptic ulcer.

these responses, but the mean increment in
94-hour CM excretion in the subjects treated
with 20 mg daily was 3.8 (SE * 0.72 mg),
and in those treated with 10 mg daily,
1.5 (SE *+ 0.47 mg), indicating that in the
average subject these dosages were partly
suppressing endogenous hydrocortisone pro-
duction by 60% and 33% respectively.

It is, therefore, evident that low dosages
of cortisone partly suppress endogenous
adrenocortical production of both androgen
and hydrocortisone to a degree proportional
to the dosage. By extrapolation (Fig 1) it is
apparent that total suppression of endoge-
nous adrenocortical activity should occur
with approximately 35 mg/day, a dose simi-
lar to the 40 mg that has proven to be a sat-
isfactory replacement dose. These observa-
tions, therefore, support the concept that
low dosages cause compensatory decreases
in adrenocorticotropic hormone just suffi-
cient to result in the maintenance of a
normal total effective quantity of cortisol in
the body and they provide evidence against
the occurrence of a summation effect. Con-
sequently, no symptoms or signs of hyper-
corticism would be expected with their use.

Safety of Low-Dosage Therapy.—In Ta-
ble 3 are listed the symptoms encountered
in the 371 patients treated for periods of six

months to nine years with doses not exceed-

ing 20 mg of cortisone acetate or hydrocor-
tisone daily. No signs of hypercorticism oc-
curred in any patient. Two women, one of
whom had a previously diagnosed peptic ul-
cer, noted mild aggravation of symptoms of
gastritis after each 5 mg tablet of hydrocor-
tisone, but these could be controlled by -the
simultaneous administration of antacid. No
new ulcers developed. It is possible that tab-
leis of cortisone or hydrocortisone may have
a local irritative effect similar to that of as-
pirin on gastric mucosa and, hence, may re-

iy~




quire concomitant administration of ant-
acid in some cases. The absence of signs or
symptoms of hypercorticism is especially
impressive in view of the high percentage in
this series of women, who seem to be more
susceptible than men to such complicalions
(Table 2).

The vaginal spotting occurred only in
women with previous ovarian dysfunction,
and presumably was a reflection of a change
in ovarian function, as dilatation and curet-
tage failed to reveal any evidence of pa-
thology of the endometrium. The three
women who complained of dizziness and hot
flashes were all apprehensive regarding glu-
cocorticoid therapy and none had evidence
of ovarian deficiency, so it is difficult to
evaluate the significance of these symptoms.
After reassurance they were able to contin-
ue low-dosage glucocorticoid therapy with-
out further difficulty.

There has been no evidence of impair-
ment of resistance fo stress, patients having
withstood major surgical procedures and
acute severe illnesses uneventfully without
change in dosage.!? Resistance to minor in-
fections such as common respiratory dis-
eases also was not impaired; on the con-
trary, many patients commented that they
seemed to have a greater resistance to respi-
ratory infections while receiving low-dosage
glucocorticoid therapy.

In order to obtain more specific informa-
tion regarding the effects of this therapy
upon the hypothalamic-pituitary-adrenal re-
lationship, the following studies were per-
formed.

A 32-year-old woman with ovarian dysfunc-
tion, whose adrenals demonstrated a normal
base line excretion of HCM with a slightly cle-
vated excretion of 17-KS and a hyper-respon-
siveness to corticotropin (Fig 2), was given cor-
tisone acetate, 5 mg four times daily. Three
months later, while treatment was continued, a
repeat corticotropin and a mepyrapone test18
were administered. At this time the response to
corticotropin was within normal range!4 with
respect fo all 17-KS fractions and CM. With
the administration of mepyrapone;, 750 mg
orally every four hours for six doses, the
excretion of 11-desoxy-17-KS increased sig-
nificantly. If this dosage of cortisone were com-
pletely suppressing adrenocortical function,
this increase would not have occurred, because
mepyrapone causes an increase in 17-KS excre-
tion only through a decrease in circulating hy-
drocortisone levels below normal with a re-

GLUCOCORTICOID THERAPY—JEFFERIES 269

sulting stimulus to the hypothalamic-pituitary
mechanism to produce a compensatory increase
in adrenocorticotropic hormone. Mepyrapone
decreases circulating hydrocortisone levels by
inhibiting endogenous production of this ste-
roid; hence, if the exogenously administered
cortisone were completely suppressing endoge-
nous production, mepyrapone could not have
further depressed this. The failure of 11-oxy-
17-KS excretion to decrease after mepyrapone,
as would be expected from its inhibitory effect
on 118-hydroxylation, presumably resulted
from the contribution of the excretory products
of the administered cortisone. The absence of a
rise in CM excretion also probably resulted
from the contribution of the administered corti-
sone plus the fact that the CM technique only
partly measures the excretion of “cortodox-
one.15 This study, therefore, demonstrated in
another way that the ingestion of 20 mg of cor-
tisone acetate daily only partly suppressed: en-
dogenous cortisol production, and it revealed
no evidence of impairment of the hypotha-
lamic-pituitary-adrenal response mechanism.
Of coincidental interest was the observation
that the corticotropin response indicated a
more normal state of adrenocortical activity
while this patient was taking the cortisone than
had been present prior to its administration.
The effect of the partial inhibition of endoge-
nous steroid production for ‘a prolonged period
upon the hypothalamic-pituitary-adrenal re-
sponse mechanism was studied in a slightly dif-
ferent manner in a2 woman who had been re-
ceiving 20 mg of hydrocortisone daily for three
years (Fig 3). While taking the steroid, her ré-
sponse to the standard corticotropin test was
well within normal limits except for her failure
to excrete DHA, presumably due to an intrinsic
difference in steroid metabolism. Several
months. later the steroid was stopped and 24
hours latexr a mepyrapone test was adminis-
tered. Here also, except for the failure to
excrete DHA, her response was completely nor-
mal, with -a characteristic decrease in 1l-oxy-
17-KS due to inhibition of 118-hydroxylation,
a rise in CM due to increased excretion of me-
tabolites of cortodoxone (Reichsteins Com-
pound 8) which contribute to this fraction with
this test, and the moderate rise in A and brisk
rise in E. There was, therefore, no evidence of
impairment of the response mechanism after
prolonged low-dosage therapy. .
Because the derivatives of hydrocortisone
and cortisone were developed primarily to
avoid the sodium-retaining effects of large
doses of -the natural steroids, they would
have little advantage in the low-dosage
range if low doses of hydrocortisone and
cortisone do not cause sodium retention.
The effect of 5 mg of cortisone acetate every
eight hours upon electrolyte excretion in an

anovulatory 32-year-old woman maintained

Arch Intern Med—Vol 119, March 1967
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Fig 2.—Effects of corticotropin and mepyrapone upon urinary steroid fractions of a 32-year-old
woman prior to and after three months of separate 24-hour urine collection are connected by lines to

facilitate comparison.

on a constant diet and fluid intake is seen in
Fig 4. A transient mild sodium retention oc-
curred through the fourth day of therapy,
but the retained sodium was then excreted
although treatment was continued. Instead
of potassium loss, there was a slight tran-
sient potassium retention. This study sug-
gests that it takes about eight to ten days
for the body to adjust to the exogenous ste-
roid.

A similar study of the effect of the admin-
istration of hydrocortisone, 5 mg four times
daily, for six days to a 37-year-old woman
with essential hypertension revealed no
evidence of sodium retention; the average
daily urinary sodium excretion during the
control period being 86 mEq, and during
cortisol administration, 89 mEq. No pa-
tients on prolonged low-dosage therapy have
developed edema, hypertension, or other ev-
idence of sodium retention, nor has any evi-
dence of potassium loss occurred. Conges-

Arch Intern Med—Vol 119, March 1967

tive heart failure has not been present in
any of the patients so far treated, but unless
the slight sodium retention in the first few
days of administration caused difficulty, it
is unlikely that more prolonged therapy
would be harmful in such cases.

Because low doses do not produce hyper-
corticism, no impairment of glucose toler-
ance would be expected. Two patients with
diabetes mellitus have received low-dosage
glucocorticoid therapy, and neither has had
an increase in insulin requirement or any
other evidence of harmful effect. One, whose
diabetes was labile, was impressively
benefited by the therapy, with fewer hypo-
glycemic reactions and an improved sense
of well-being, suggesting that further stud-
ies of the possible benefit of low-dosage
glucocorticoid therapy in labile diabetes
should be performed. The other had rela-

tively stable diabetes and received steroid &

therapy for ovarian dysfunction.
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Fig 3.—Effects of corticotropin and mepyrapone upon urinary steroid fractions of a 40-year-old
woman after three years' therapy with hydrocortisone (F), 5 mg four times daily. In the legends, 17-KS
refers to total neutral 17-KS, and hence, may differ from the sum of the 17-KS fractions obtained by

mote gentle hydrolysis and gradient elution.

The evidence that several days are re-
quired for the body to adjust to the initia-
tion of low-dosage steroid therapy noted in
Fig 4 is supported by the interval that oc-
curs between the start of therapy and the
attainment of a new stable level of steroid
excretion. In a previous report!t it was
noted that the decrease in urinary 17-KS
excretion, though evident on the fourth day
of a dosage of 5 mg cortisol four times daily,
was lower after four weeks of therapy, fol-
lowing which it remained stable. A subse-
quent study has demonstrated that the de-
crease in urinary 17-KS fractions with this
dosage of cortisone was progressive to the
tenth day of therapy. The compensatory
decrease in adrenocorticotropic hormone re-
lease by the pituitary is apparently not im-
mediate, but progressive over a period of
several days. . i

These . observations, therefore, ~provide
further evidence that low-dosage glucocor-
ticoid therapy only partly suppresses endog-
enous adrenocortical activity, that it does

not produce hypercorticism or a summation
effect, except possibly to a slight extent for
the first few days of treatment while the
hypothalamic-pituitary-adrenal mechanism
is adjusting, and that it does not lower re-
sistance to stress. It is consequently not ac-
companied by the hazards that attend the
use of larger doses.

Effectiveness. of Low-Dosage Therapy.—
The clinical capabilities of low-dosage ther-
apy in disorders of gonadal function are
well-documented. In women with infertility
associated with ovarian dysfunction, 629,
have had normal, live babies with low-dos-
age glucocorticoid therapy and over 80%,
have .had improvement in ovarian func-
tion.1%19 Many of the patients had acne,
hirsutism, or chronic cystic mastitis, and
improvement often occurred in these re-
lated conditions.1?

A few of the women had associated rheu-
matic disorders, and when they reported
benefit in these as well as in ovarian dys-
function while receiving low-dosage gluco-

Arch Intern Med—Vol 119, March 1967
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Fig 4.—Effects of administration of a single dose of 5 mg of cortisone acetate and of 5 mg every
eight hours for eight days upon urinary sodium, potassium, fluid, and total neutral 17-KS excretion in an
anovulatory 32-year-old woman. Results are charted as differences from the base line (zero) levels of

excretion of sodium, potassium, and fluid,

corticoid therapy, this aspect was investi-
gated further. The potential - effectiveness
and safety of such therapy is exemplified in
the cases of two adolescent girls with ar-
thritis.

Report of Cases

Casg 1.—The first patient developed migrato-
1y pains in the hips, elbows, metatarsal, anil
temporomandibular joints at age 13 shortly af-
ter the menarche. After she had been unable to
attend school for over a month, intensive stud-
ies in the hospital resulted in a diagnosis of
“probable rheumatoid arthritis,” according to
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the criteria of the American Rheumatism As-
sociation.20 The administration of cortisone
acetate, 5 mg four times daily, resulted in com-
plete relief of pain and swelling in approxi-
mately two weeks, and she was able to return
to school. A month later the dosage was re-
duced to 2.5 mg four times daily and she
remained asymtomatic for four months. A Te-
currence of pain and swelling in the joints then
occurred, so the dosage was returned to 5 mg
four times daily. Subsequently, the dosage has
been decreased to 2.5 mg four times daily twice,
but on both occasions joint pain and swelling
recurred, once after a three-month interval and
the last time after only a two-week interval, so
she is now taking 5 mg four times daily, a dos-
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age upon which she remains asymptomatic.
Her menses, which had occurred at intervals of
three to five weeks since the menarche, became
regular at four-week intervals after cortisone
therapy was started. She has now been receiv-
ing cortisone for 24 months.

In Fig 5, her steroid excretions before and
after a test dose of corticotropin, both prior to
treatment and while she was asymptomatic on
treatment, are presented. Of special interest
were the findings that her CM and 11-oxy-17-
KS were no higher while she was asymptomat-
ic on treatment than they were before steroid
was started. On the contrary, they were actual-
ly lower during therapy. Her 24-hour CM ex-
cretion before treatment was 14.1 mg; while re-
ceiving cortisone acetate, 5 mg four times daily,
8.2 mg; and while receiving 2.5 mg four times
daily, 11.7 mg. There was, therefore, no evi-
dence in urinary steroid excretion of a summa-
tion effect of the exogenously administered cor-
tisone.

Serum 17-hydroxycorticosteroid levels during
cortisone therapy were 14.8xg/100 ml at 9 AMm,
before the first morning dose of cortisone;
18.1xg/100 ml at 10 AM, one hour after the
morning dose of 5 mg; and 1.4ug/100 ml at 4
PM, three hours after the last previous dose.
The normal range for morning values with this
technique is 6ug to 25ug. There is, therefore,
no evidence that serum levels exceeded the nor-
mal range at any time with this therapy, even
one hour after a morning dose, the interval at
which a maximum rise of 17-OHST in the
blood would be expected.2l Furthermore, no
apparent interference with diurnal variation
occurred.

It is also evident from this figure that her re-
sponse to the test dose of cortocotropin was not
impaired by the steroid therapy. The fractiona-
tions of 17-KS reveal a relatively low excretion
of DHA both before and after corticotropin.

CASE 2.—The second patient, in 1957, at age
14, had a diagnosis of classical rheumatoid ar-
thritis complicated by hyperthyroidism with a
diffuse goiter. For the arthritis, which was most
severe in the knees, wrists, and elbows, with
pain, swelling, and limitation of metion, she re-
ceived salicylates and later cortisone acetate, 5
mg every eight hours. Her hyperthyroidism re-
sponded to propylthiouracil therapy, and has
remained in remission after its discontinuance.
Cortisone therapy has been continued for seven
years, during which time she experienced a
normal menarche, grew from 67V (169.7 cm)
to 6934 (171.7 cm) inches in height, graduated
from high school and college, and is.now teach-
ing in elementary school. Although slight swell-
ing and limitation of motion of the left knee
and wrist have persisted, she has had no sig-
nificant exacerbations of the arthritis while re-
ceiving the steroid, the dosage of which never
exceeded 15 mg daily.

Her steroid excretion .(Fig 6) in the seventh
year of therapy revealed a CM level well within
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Fig 5.—Effects of same dose of corticotropin (Fig
4) administered to a 13-year-old girl with probable
rheumatoid arthritis upon urinary steroid fractions be-
fore treatment and while in a symptomatic remission
on cortisone acetate (E), 5 mg four times daily (4xd).
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Fig 6—Response of urinary steroid fractions to
corticotropin in a 2l-year-old woman with classical
rheumatoid arthritis after recelving cortisone acetate
(E), 5 mg every eight hours (q8h), for six years. In
the legend, 17-KS refers to the total neutral 17.KS,
and, hence, may differ from the sum of the 17-KS
fractions.

normal limits, again suggesting that thera-
peutic effects could not be attributed to an ex-
cess of steroid. She also had a normal CM and
11-0xy-17-KS response to a test dose of cortico-
tropin after this prolonged therapy. Androster-
one and E likewise responded normally, but
DHA rose very little.

This patient, whose prognosis seemed poor at
the time of the rather severe onset of rheuma-
toid arthritis -complicated by Graves’ disease,
has not only lived a relatively normal life dur-
ing the subsequent seven years, but the steroid
therapy has not interfered with normal growth
or adolescence, nor has she had any symptoms
or signs of hypercorti¢ism or impairment of re-
sistance to stress.

With this evidence that low-dosage gluco-
corticoid therapy is not only safe but capa-
ble of producing antirheumatic effects with-
out any apparent excess of steroid in the
body, questions regarding possible mecha-
nisms of this action arise. If antirheumatic
effects do not depend upon an excess of glu-
cocorticoid, the possibility that they may
result from changes in levels of one or more
other steroids must be considered. The abil-
ity of 15 mg of hydrocortisone or cortisone
daily to change the pattern of excretion of
17-KS fractions has been demonstrated.!®
Low doses are, therefore, capable of altering
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Fig- 7.—Base line urinary excretions of steroid frac-
tions in five women with rheumatoid arthritis who had
not received previous gluococorticoid therapy com-
pared with two normal women in same age group.

steroid production or metabolism.

If antirheumatic effects result from some
unidentified change in steroid metabolism,
the possibility that patients with rheuma-
toid arthritis may have an abnormality of
steroid metabolism must be reconsidered.
Because of the possible abnormality sug-
gested by the pattern of steroid excretion
and its response to corticotropin in case 1
before institution of cortisone therapy, simi-
lar studies were made on four additional
women with probable or definite rheuma-
toid arthritis (Figs 7 and 8). When the re-
sults are compared with those observed in
two normal women, the base line excretion
of DHA and its response to corticotropin
are consistently low, and those of A were
suggestively low, whereas those of E, of
11-0xy-17-KS, and of CM were relatively
normal, Hill and Dempsey, in a preliminary
report of -urinary steroid fractionation pat-
terns in rheumatoid arthritis,” noted similar
changes. Low or absent excretion of DHA
before and after corticotropin are not char-
acteristic of chronic disease in general, but
they have been observed in patients with
disorders other than rheumatoid arthritis,
s0 they cannot be considered pathognomon-
ic for this disease. Nevertheless, these ob-
servations suggest that an abnormality of
steroid metabolism may exist in rheumatoid
arthritis.

Comment

The use of low-dosage glucocorticoid

therapy as maintenance treatment for pa--
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Fig 8.——Increases in urinary excretions of steroid
fractions over base line levels after administration of a
standard dose of 80 units of corticotropin gel intra-
muscularly in same patients and normal subjects as
those in Fig 7.

tients with rheumatoid arthritis is not new.
Most physicians treating this disease have
encountered patients whose symptoms can
be maintained in a satisfactory remission on
15 or 20 mg of cortisone acetate daily,
whereas withdrawal of the steroid is fol-
lowed by recurrence or exacerbation. In sev-
eral reviews of steroid therapy in rheu-
matoid arthritis,22-24 maintenance doses in
this range are recommended, especially in
women with cases of only moderate severi-
ty; Rothermich?® stressed the advantages
and relative safety of low doses in this dis-
ease. In a cooperative study conducted by a
committee of the American Rheumatism
Association2® it was reported that 439, of
patients with rheumatoid arthritis treated
with cortisone acetate received a daily dose
of 50 mg or less after the third month of
therapy.

The possibility that these doses might act
in any way other than as a summation effect
has received little attention, however, and it
has usually been implied that larger doses
were necessary initially. Therapeutic effec-
tiveness of comparable small doses of pred-
nisone (5 mg or less daily)45 or dexa-
methasone (0.75 mg or less daily)2? have
been reponted, but unless the prednisteroids
and other derivatives of cortisone and hy-
drocortisone prove to have an advantage of
a longer duration of therapeutic effect with
a resulting ability to use a schedule of less
frequent doses, there would appear to be no
reason to use them in this dosage. It is alse
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possible that the derivatives might have
undesirable side effects that are not en-
countered with the natural glucocorticoids
at low-dosage levels. Rothermich® encoun-
tered serious side effects in 4%, of patients
with rheumatoid arthritis treated for at
least a year with 5 mg of prednisone or its
equivalent daily, suggesting that the deriva-
tives may be more toxic at lower dosages.

In presenting the effectiveness of low-dos-
age glucocorticoid therapy it is not meant to
imply that all cases of rheumatoid arthritis
will respond to such doses. The two girls
discussed in this report are the only fwo
cases of rheumatoid arthritis who have not
had prior steroid treatment with larger
doses whom we have had an opportunity to
follow for a prolonged period. It, therefore,
appears that therapeutic trials in a larger
series of cases of initial doses in this range
for at least 14 days before considering an
increase is warranted, as are further studies
to determine the nature of the antirheu-
matic effects.

In addition to the observations presented
in this report, other considerations are
consistent with the impression that the
beneficial effects of glucocorticoid therapy
cannot be completely explained by their
producing an excess of steroid. For exam-
ple, if the antirheumatic effect were primar-
ily due to a summation effect, greatest im-
provement should occur during the first two
weeks of treatment, with a subsequent ten-
dency to relapse. Instead, clinical observa-
tions indicate that maximum beneficial
effects do not occur until approximately two
weeks after treatment has started, and they
persist while the steroid is continued and
for a variable length of time after its with-
drawal. The delay in attainment of maxi-
mum antirheumatic effect coincides to some
extent with the time required for the body
to adjust to exogenous steroid and raises
the question whether some aspect of the.ad-
justment might be responsible for this
effect.

Boland and Headley,?8 early in their ex-
perience with cortisone therapy of rheuma-
toid arthritis, noted that maximum overall
improvement usually occurred two to three
weeks after treatment was started, and “was
more frequently noted at or near the end of
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the period of gradual dose reduction.” The
similarity in time interval with that ob-
served with low-dosage therapy is interest-
ing, and suggests that, even with larger
doses, antirheumatic effect may depend up-
on some other factor than hypercortisonism.

Shuster and Williams* reported that sin:
gle doses of cortisone acetate as low as 12.5
mg daily administered to normal subjects
caused increased excretion of 17-OHST, but
the urine collections were made on the third
day of administration. The discrepancy be-
tween their observations and those in this
study might be due to two factors. (1) With
the evidence that the - pituitary-adrenal
mechanism requires longer than three days
to adjust to the administration of small
doses, some degree of summation effect
might be expected on the third day. (2)-A
single oral dose of 12.5 mg of cortisol
acetate causes a transient rise in plasma 17-
OHST?!; this might result in a greater in-
crease in urinary steroid excretion than the
same amount administered in divided doses.

These investigators also found that pa-
tients receiving 12.5 mg of cortisone ace-
tate twice daily had normal basal plasma
17-OHST levels, indicating that such doses
did not produce a persistent elevation of
plasma cortisol,” Nelson and co-workers®!
had reported that a single oral dose of 12.5
mg of hydrocortisone-acetate caused a peak
rise in plasma 17-OHST in one hour with a
return to the base line level by the fourth
hour, but the effects of persistent admini-
stration of this dosage had not been studied.

A single daily dose of this magnitude
might, therefore, have a different effect on
the hypothalamic-pituitary mechanism from
the same total amount administered in di-
vided doses throughout the 24-hour period.
Tor this reason, the administration of a
single dose of 0.5 mg of dexamethasone?® or
5 mg of prednisolone® in the evening, even
though apparently effective in inhibiting
adrenocorticotropic hormone and in pro-
ducing -anti-inflammatory effects, may be
less physiologic and, therefore, less safe
than the low-dosage schedule reported here.
These doses, being equivalent to approxi-
mately 15 mg and 20 mg of hydrocortisone,
respectively, . represent individual doses
three or four times as great as the 5 mg used
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in this study. Their action is probably more
similar to that of larger doses administered
every other day3 wherein an intermittent
excess of steroid is achieved. Furthermore,
the duration of effectiveness of a single dose
of the steroid -derivatives appears to be
longer than that of hydrocortisone or of cor-
tisone, so observations of this nature made
with derivatives may not be applicable to
natural steroids.

The beneficial effect of low-dosage gluco-
corticoid therapy in itself is suggestive of a
possible obscure abnormality of steroid me-
tabolism contributing in some manner to
the symptomatology. Although relative
deficiencies of excretion of DHA are not
pathognomonic of rheumatoid arthritis,
nevertheless the finding that all five cases in
this study had similar abnormalities and
that their abnormalities were similar to
those observed in patients with rheumatoid
arthritis by Hill and Dempsey” is impres-
sive. Of further interest in this regard is a
recent report3! that women destined to de-
velop rheumatoid arthritis have subnormal
fertility and a reduced menstrual span. It is
tempting to speculate that the lowered fer-
tility and the arthritis, both of which may
improve with low-dosage glucocorticoid
therapy, may be related to some underlying
and as yet unidentified abnormality of ste-
roid metabolism,

It is apparent from these studies that cor-
tisone and hydrocortisone are remarkably
safe when administered at low-dosage lev-
els. This is not surprising when it is recalled
that these agents are natural hormones, and
that low doses imply doses that will dimin-
ish endogenous adrenocortical activity by
only approximately 50%. This not only
leaves a sufficient amount of functioning ad-
renal tissue to enable adequate responses
to stress, but it also avoids the complete
suppression of endogenous androgen pro-
duction that probably causes the higher in-
cidence in women of undesirable side effects
with larger doses than in men.

Danowski and his associates’? observed
no undesirable side effects of the adminis-
tration of 20 mg of hydrocortisone daily for
three years to 38 male volunteers, 13 of the
subjects undergoing 15 major surgical pro-
cedures uneventfully without supplemen-
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tary steroid therapy. Normal corticotropin
responses were also found in these volun-
teers. Mepyrapone tests were performed
while steroid administration was continued,
and the failure to observe a normal rise in
17-OHST excretion was interpreted as evi-
dence of impairment of the hypothalamic-
pituitary mechanism. It is more likely that
this resulted from the ingestion of the exog-
enous steroid, as discussed above in the
case presented in Fig 1. If the steroid had
been discontinued 24 hours before the tests,
as in the patient in Fig 2, a more accurate
test of the response of the hypothalamic-
pituitary-adrenal mechanism would have
been obtained. The failure of any signs of
hypercorticism to occur in 339 women in
this series indicates the safety of these dos-
ages in women as well as men.

A careful review of the literature has
failed to reveal any documented reports of
the development of signs or symptoms of
hypercorticism or failure to respond to
stress in patients who have not received
more than 30 mg of hydrocortisone or corti-
sone daily. Comparable doses of newer de-
rivatives of these steroids have been asso-
ciated with the development of peptic ulcer
in rare instances, however, suggesting that
at lower dosage levels the natural steroids
are safer. Any medication, including aspirin
or vitamins, can be harmful when taken in
excessive quantities for sufficient periods of
time; even food itself in excessive quantities
can produce serious and undesirable side
effects such as obesity, increased incidence
of heart disease, and diabetes. It would,
therefore, be no more logical to conclude
that, because they may be toxic at higher
dosage, glucocorticoids should be avoided
completely than to say that for the same
reason the use of aspirin or any other medi-
cation should be discontinued altogether.
Hollander33 discussed this point in a recent
editorial regarding the calculated risk of ar-

thritis treatment. The evidence that low

doses of glucocorticoids are not toxic en-
hances the pertinence of his argument.
Furthermore, the impression that gluco-
corticoid - therapy should be withdrawn as
soon as possible is also no longer valid with
respect to low doses. It is conceivable that
at least some patients with collagen disor-
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ders or chronic allergic conditions might
benefit from continuation of low-dosage
glucocorticoid therapy indefinitely, even
though they apparently achieve a complete
remission. The practice of continuing some
patients with arthritis on prolonged therapy
with relatively low doses of glucocorticoid is
well established in most clinics, but this is
done, for the most part, with apprehension
and with the intention of ultimately with-
drawing the steroid. Because of this philoso-
phy, when a patient achieves a complete
symptomatic remission therapy is usually
terminated in order to determine whether
the remission will be maintained.

Because of these observations, the follow-
ing revisions of earlier impressions regard-
ing glucocorticoid therapy seem justified.
(1) Antirheumatic effects may not necessar-
ily depend upon an excess of steroid in the
tissues. (2) Patients with rheumatoid ar-
thritis may have an abnormality of steroid
metabolism. (3) Cortisone and hydrocorti-
sone are remarkably safe when adminis-
tered at low-dosage levels.

Further studies of the effects of low dos-
ages in rheumatic and other disorders bene-
fited by glucocorticoids, therefore, seem
warranted.

Summary

Experience during the past 12 years with
the administration of cortisone acetate or
hydrocortisone in doses not exceeding 5 mg
four times daily has revealed the following.

Urinary excretions of metabolites of en-
dogenous 11-desoxy-17-ketosteroids and of
endogenous hydrocortisone were suppressed
directly proportional to the dosage and in a
manner consistent with the concept that
small doses suppress endogenous steroid
production to an extent that results in
maintenance of a normal total effective lev-
el of glucocorticoid in the body. No evi-
dence of summation effect could be detected.

In 371 patients treated for six months to
nine years, no signs of hypercorticism de-
veloped, nor was there impairment of resis-
tance to stress. No significant changes in
urinary electrolyte excretion occurred, and
representation subjects exhibited normal re-
sponses to adrenocorticotropic hormone and
to mepyrapone.

GLUCOCORTICOID THERAPY—JEFFERIES B

Two cases of rheumatoid arthritis
achieved symptomatic remissions without
evidence of summation effect.

Five women with untreated rheumatoid
arthritis had similar abnormalities in uri-
nary excretion of 11-desoxy-17-ketosteroid
fractions before and after a standard adre-
nocorticotropic hormone stimulus.

The administration of low doses of natu-
ral glucocorticoids is, therefore, not attend-
ed by the hazards characteristic of larger
doses; antirheumatic effects do not neces-
sarily depend upon the presence. of an. ex-
cess of glucocorticoid; and patients with
rheumatoid arthritis may have an obscure
disorder of steroid metabolism.

S. Csegazi; L. Faulkner; V. Reeder; and P. Disbro
gave technical assistance in performing the steroid
determinations. L. Du Pertuis gave assistance in the
compilation of data.

Corticotropin gel was supplied as ACTHar gel, lot
No. 62412, by the Armour Laboratories; cortisons
acetate supplied as Cortone by Merck, Sharp &
Dohme, cortisone acetate supplied by the Upjohn
Company; hydrocortisone supplied as Cortef by the
Upjohn Company; and mepyrapone supplied as
Metopirone by the Ciba Pharmaceutical Company.

This investigation was supported by a grant from
the Brush Foundation of Cleveland.

Generic and Trade Names of Drugs

Cortisone acetate—Cortogen Acetate, Cortone
Acelate.

Hydrocortisone—Cortef, Cortifan, Cortril, Hy-
cortole, Hydrocorione.

Prednisone—-Deltasone,
Paracort.

Dexamethasone—Decadron, Deronil, Dexa-
meth, Gammacorten, Hexadrol.

Prednisolone—Delta-Cortef, Hydeltra, Meti-
cortelone, Meti-Derm, Paracortol, Sterolone.

Deltra, Meticorten,
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