
798 BRITISH MEDICAL JOURNAL VOLUME 294 28 MARCH 1987

References
1 Borch-Johnsen K, Andersen PK, Deckert T. The effect of proteinuria on relative mortality in

type I (insulin-dependent) diabetes mellitus. Diabetologia 1985;28:590-6.
2 Viberti GC, Hill RD, Jarrett RJ, Argyropoulos A, Mahumud U, Keen H. Microalbuminuria as a

predictor of clinical nephropathy in insulin dependent diabetes mellitus. Lancet 1982;i: 1430-2.
3 Mogensen CE, Christensen CK. Predicting diabetic nephropathy in insulin-dependent patients.

NEnglJMed 1984;311:89-93.
4 Mathiesen ER, Oxenboll D, Johansen K, Svendsen PA, Deckert T. Incipient nephropathy in

type I (insulin-dependent) diabetes. Diabetologia 1984;26:406-10.
5 Kroc Collaborative Study Group. Blood glucose control and the evolution of diabetic retinopathy

and microalbuminuria. N Engl Med 1984;311:365-72.
6 Viberti GC, Pickup JC, Jarrett RJ, Keen H. Effect of control ofblood glucose on urinary excretion

of albumin and 2 microglobulin in insulin-dependent diabetes. N Engl J7 Med 1979;300:
638-41.

7 Feldt-Rasmussen B, Mathiesen ER, Hegedus L, Deckert T. Kidney function during twelve
months of strict metabolic control in insulin-dependent diabetic patients with incipient
nephropathy. N EnglJ Med 1986;314:665-70.

8 Feldt-Rasmussen B, Mathiesen ER, Deckert T. Effect of two years of strict metabolic control on
progression of incipient nephropathy in insulin-dependent diabetes. Lancet 1986;ii: 1300-4.

9 Brenner BM, Meyer TW, Hostetter TH. Dietary protein intake and the progressive nature of
kidney disease. NEnglJMed 1982;307:652.

10 Rosman JB, Ter Wee PM, Meijer S, Piers-Becht TPM, Shuter WJ, Donker AJM. Prospective
randomised trial of early dietary protein restriction in chronic renal failure. Lancet 1984;ii:
1291-5.

11 El Nahas AM, Masters-Thomas A, Brady SA, et al. Selective effect oflow protein diets in chronic
renal diseases. BrMedJ 1984j289: 1337.

12 Maroni BJ, Steinman TI, Mitch WE. A method for estimating nitrogen intake of patients with
chronic renal failure. Kidney Int 1985;27:58-65.

13 Isaksson B. Urinary nitrogen output as a validity test in dietary surveys. Am3' Clin Nunr 1980;33:
4-12.

14 Baker JR, O'Connor JP, MetcalfPA, Lawson MR, Johnson RN. Clinical usefulness ofestimation
of serum fructosamine concentration as a screening test for diabetes mellitus. Br Med J
1983;287:863-7.

15 Wiseman MJ, Saunders AJ, Keen H, Viberti GC. Effect of blood glucose control on increased
glomerular filtration rate and kidney size in insulin-dependent diabetes. N Engi J Med
1985;312:617-21.

16 Rasmussen SN, Haase L, Kjeldson H, Hancke S. Determination of renal volume by ultrasound
scanning.ICU 1978;6:160-4.

17 Wiseman MJ, Viberti GC, Keen H. Threshold effect of plasma glucose in the glomerular
hyperfiltration of diabetes. Nephron 1984;38:257-60.

18 Keen H, Chlouverakis C. An immunoassay method for urinary albumin at low concentrations.
Lancet 1%3;ii:913-6.

19 KaysenGA, Gambertoglio J, Jimenez I, Jones H, Hutchinson FN. Effect ofdietary protein intake
on albumin homeostasis in nephrotic patients. KidneyInt 1986j29:572-7.

20 Viberti GC, Bilous RW, Pickup JC, Keen H. Proteinuria in diabetes mellitus. Role ofspontaneous
and experimental variation in glycaemia. Kidney It 1982;21:714-20.

21 Parving H-H, Noer I, Deckert T, et al. The effect of metabolic regulation on microvascular
permeability to small and large molecules in short-term diabetes. Diabetologia 1976;12:161-6.

22 Wiseman MJ, Viberti GC, Mackintosh D, Jarrett RJ, Keen H. Glycaemia, arterial pressure and
nsicroalbuminuria in type I (insulin-dependent) diabetes mellitus. Diabetologia 1984;26:401-5.

23 Parving H-H, Andersen AR, Smidt UM, Svendsen PA. Early aggressive antihypertensive
treatment reduces rate of decline in kidney function in diabetic nephropathy. Lancet
1983;i: 1 176-8.

24 Moorhead JF, Chan MK, El-Nahas M, Varghese Z. Lipid nephrotoxicity in chronic progressive
glomerular and tubulointerstitial disease. Lancet 1982;ii: 1309-1i1.

25 Bergstrom J. Discovery and rediscovery of low protein diets. ClinNephrol 1984;21:29-35.
26 Barsotti G, Giannoni E, Morelli E, et al. The decline of renal function slowed by very low

phosphorus intake in chronic renal patients following a low nitrogen diet. Clin Nephrol
1984;21:54-9.

27 Zatz R, Meyer TW, Rennke HG, Brenner BM. Predominance of hemodynamic rather than
metabolic factors in the pathogenesis of diabetic glomerulopathy. Proc Natl Acad Sci USA
1985;82:5%3-7.

28 Giordano C, Capodicasa G, De SantoNG. Effects ofvarious diets on the progression ofhuman and
experimental uraemia. Proceedings of European Dialysis and Transplant Association-European
Renal Association 1984;21:549-57.

29 Peterson PA, Evrin PE, Berggard 1. Differentiation ofglomenuar tubular and normal proteinuria.
Determination of urinary excretion of P2 microglobulin, albumin, and total protein. J Clin
Invest 1969;48:1189-98.

30 Rasch R. Prevention of diabetic glomerulopathy in streptozotocin-diabetic rats by insulin
treatment. Kidney size and glomerular volume. Diabetologia 1979;16:125-8.

31 Christiansen JS, Gammelgaard J, Tromir B, Svendsen PA, Parving H-H. Kidney function and
size in diabetics before and during initial insulin treatment. KidneyInt 1982;21:683-8.

32 Seyer-Hansen K. Renal hypertrophy in streptozotocin-diabetic rats. ClinSci 1976;51:551-5.
33 Elias H, Hennig A. Stereology of the human renal glomerulus. In: Weibel E, Elias H, eds.

Quantitative methods in morphology. Berlin: Springer-Verlag, 1%7:130-66.
34 Home PD, Marshall SM. Problems and safety of continuous subcutaneous insulin infusion.

DiabeticMedicne 1984;1:41-4.
35 Mecklenburg RS, Benson EA, Benson JW. Acute complications associated with insulin infusion

pump therapy.JAMA 1984;252:3265-9.
36 Tindall H, Hopper AH, Davies JA. Progression of microalbuminuria in patients with type 1

diabetes meilitus and hypertension is halted by atenolol [Abstract]. Diabetic Medicine
1986;3:382A.

37 Christensen CK, Mogensen CE. Reversal of progression in renal albumin excretion in incipient
diabetic nephropathy by antihypertensive treatment. [Abstract.] DiabetesResearch and Clinical
Practice 1985;1(suppl l):S100.

38 El Nahas AM, Coles GA. Dietary treatment of chronic renal failure: ten unanswered questions.
Lancet 1986;i:597-600.

(Accepted 23January 1987)

Bone mineral density in Addison's disease: evidence for an
effect of adrenal androgens on bone mass

J P DEVOGELAER, J CRABBE, C NAGANT DE DEUXCHAISNES

Abstract

It is unknown whether replacement doses of cortisone acetate
and the absence of the small amounts of androgens secreted by
the adrenal cortex may cause osteoporosis. This was studied in
35 patients (12 men and 23 women) suffering from primary
adrenocortical failure and taking cortisone acetate 25-37.5 mg
and fludrocortisone 50-100 &g daily. Bone mineral density was
measured by single photon absorptiometry at the midshift
of the radius, representing cortical bone, and at the distal part of
the radius, a site with a significant trabecular component. The
bone mineral density was normal in premenopausal female
patients as well as in male patients, showing that replacement
doses of cortisone acetate do not affect bone mass. By contrast,
in postmenopausal patients there was a dramatic bone loss in
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addition to the physiological postmenopausal decrease in bone
mass.

This loss, combined with the low plasma concentrations of
androstenedione, dehydroepiandrosterone, and testosterone
(and low concentrations of oestrone of adrenal origin), indicates
that adrenal androgens may be essential for the maintenance of
bone mass in postmenopausal women with Addison's disease. In
addition, these data indicate that the small amounts ofandrogens
secreted by the adrenal cortex have a role in the maintenance of
bone mass in normal postmenopausal women.

Introduction

It is well known that supraphysiological amounts of glucocorticoids
may induce osteoporosis. The question whether physiological doses
of glucocorticoids are devoid of this side effect has not been settled,
however, as we have discussed elsewhere with regard to rheumatoid
arthritis.' As rheumatoid arthritis may influence peripheral bone
mass we sought to resolve this problem by studying patients
suffering from primary adrenocortical failure (Addison's disease)
and receiving treatment with glucocorticoid substitutes. At the
same time we investigated whether the adrenal androgens played a
part in the maintenance ofbone mass.
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Patients and methods

Bone mineral content and bone width, expressed in g/cm and cm,
respectively, were determined by single photon absorptiometry with a
modified Norland-Cameron bone mineral analyser. The results are presented
as the ratios of bone mineral content over bone width (g/cm2) or bone mineral
density of the non-dominant arm of the patients. Measurements were made
at two locations: 2 cm from the styloid process (distal radius) and two thirds
of the way from elbow to wrist (midshaft radius). Cortical bone represents
about 90% of the second scanning site, whereas trabecular bone accounts for
about 27% of the first.2 At least five scans were performed at each site. The
precision of this method is around 2-4%.3

So that men and women of varying ages could be compared individual
bone mineral density values were expressed as standard deviations (z scores)
from the predicted mean for normal subjects, obtained from regression
equations that predicted the bone density as a function of age, as described
by Seeman et al.4 Separate regression equations were used for men and
women. The Mann-Whitney U test was used to compare the two groups.5

Thirty five patients (12 men and 23 women) suffering from Addison's
disease (primary adrenocortical insufficiency) were studied. Nine ofthe men
and two of the women has a history of tuberculosis. The other patients were
considered to have the idiopathic form ofthe disease. Substitution treatment
generally consisted of 25 mg of cortisone acetate and 50-100 fig fludro-
cortisone taken orally in the morning and 12 5 mg of cortisone acetate taken
in the middle ofthe afternoon. All blood chemistries were normal. The mean
(SEM) age of themen was 56 (4-4) years and the mean duration ofthe disease
and treatment 11 6 (3 0) years. (Generally, the course ofAddison's disease is
such that diagnosis, leading to treatment, follows onset by only a few
months.) The 23 women were divided in two different groups according to
their hormonal state. There were 16 postmenopausal patients (63 (2 7) years,
with a mean duration of disease and treatment of 12 1 (2 3) years) and seven
premenopausal patients (37 (3 2) years, with a mean duration of disease and
treatment of 7-0 (1-7) years). None of the postmenopausal patients was
receiving treatment with gonadal hormone substitutes. Patients were
compared with normal controls (154 women, 66 premenopausal and 88
postmenopausal, and 98 men) as described elsewhere.6 The controls were
volunteers or patients from the arthritis clinic who were being treated for
benign extra-4rticular rheumatism and were devoid ofany disease known to
interfere with bone mass, such as diabetes and hyperthyroidism. The mean
weight of the patients (61-4 (2 2) kg) was slightly but not significantly lower
than that of the controls (66-8 (1-9) kg). Likewise, the weight/(height2) ratio
of the patients was not statistically different from the ratio (or body mass
index) of the controls (24-6 (1-0) v 25-5 (0.9)).7 Concentrations in the
plasma of oestrone, androstenedione, dehydroepiandrosterone, dehydro-
epiandrosterone sulphate, and testosterone were determined by radio-
immunoassay in 21 of the 23 female patients.8-'0 The same measurements
were carried out in 15 premenopausal and 60 postmenopausal controls.

TABLE i-Mean (SEM) bone mineral density of radius (expressed as Z score)
determined by single photon absorptiometry in patients with primary adrenocortical
insufficiency

Mean (SEM) Distal Midshaft
age (years) radius radius

Men (n= 12) 56(4 3) -0 40 (0 28) 0-21 (0 27)
Premenopausal women (n=7) 37 (3-2) -0-18(0-13) 0 77 (038)
Postmenopausal women (n= 16) 63 (2 7) -1-52 (034)* -2-02 (0-24)*

*Difference from normal value p<01001.
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Results

WOMEN WITH ADDISON'S DISEASE

The bone mineral density in the premenopausal patients was not
significantly different from that of the controls at the distal or midshaft
radius (table I and figure). Table I shows, however, that there was a
significant loss in bone mineral density in the postmenopausal patients, both
at the distal and midshaft radii, compared with controls (p<0-001). The
patient aged 38 (figure) deserves further comment. She had suffered from
Addison's disease since the age of 30 but, for other reasons, had undergone
medical castration as a result ofexternal x ray treatment at the age of25. The
early menopause combined with Addison's disease-had led to severe loss of
bone mineral density similar to that found in patients in their 60s.
There was a negative correlation between bone mineral density and the

duration of Addison's disease and its treatment in the postmenopausal
women, at both the midshaft and distal radii, but this correlation did not
quite reach significance, probably owing to the small number of patients.

Table II gives the data regarding the hormonal state ofthe female patients.
In the patientswith Addison's disease the concentrations ofandrostenedione,
dehydroepiandrosterone, and testosterone both before and after menopause
were significantly lower than those in the controls (p<0-01), whereas
oestrone concentrations were not significantly different (p=0-051) from
those in the controls. On the other hand, there was a significant decrease in

TABLE u-Mean (SEM) results of plasma steroid concentrations in female patients with primary adrenocortical insufficient
receiving substitution treatment compared with controls

Dehydroepiandrosterone

Oestrone Androstenedione Free Sulphate Testosterone
(pmol/l) (nmol/l) (nmol/l) (pimol/l) (nmolil)

Premenopausal controls (n= 15) 193 (80) 3-23 (0 42) 7.57 (1-77) 3-2 (0-7) 1-34(0-15)
Premenopausal patients with Addison's disease 280 (88) 1-32 (0-17) 0-41 (0106) 0109(0-01) 0-57 (0-06)
(n=6) p value NS <0-01 <0-001 <0-001 <0-001

Postmenopausal controls (n=60) 110(15) 2-66 (0-21) 5105 (0 67) 1-53 (0-16) 1-03 (0-07)
Postmenopausal patients with Addison's disease 77(21) 0-54(0-10) 0-55(0-12) 0-13 (0-01) 0-39(0 08)
(n= 15) p value NS <0-001 <0-001 <0-001 <0-001

P value for difference between premenopausal <0-01 <0-01 NS NS <0105
and postmenopausal women with Addison's
disease

n,_enAv I rl
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TABLE III-Mean (SEM) plasma steroid concentrations in patients with primary adrenocortical insufficiency receiving substitution
treatment compared with controls*

Dehydroepiandrosterone

Weight Oestrone Androstenedione Free Sulphate Testosterone
(kg) (pmol/l) (nmol/l) (nmol/l) (pmol/l) (nmol/l)

Postmenopausal controls (n=25) 64-8 (1-7) 113 (17) 2-95 (0-42) 5-98 (1-35) 1-70 (0-28) 1 07 (0 13)
Postmenopausal patients with 62-0 (2-9) 79 (24) 0 55 (0 11) 0-56(0 13) 0-12 (0-01) 0 40 (0-08)

Addison's disease (n= 14) p value NS <0-05 <0 001 <0-001 <0-001 <0 001

*Patients and controls who had undergone the menopause less than five years previously were excluded, and mean weights were adjusted
accordingly.

the concentrations of oestrone, androstenedione, and testosterone in the
postmenopausal compared with the premenopausal patients with Addison's
disease (p<005). As it is well known that women take at least four years
after the menopause to be free of any residual ovarian secretion of oestrone
we excluded from the groups of women all those who had undergone the
menopause less than five years previously."I As it is also known that oestrone
concentrations are closely related to weight" we excluded from our control
group those who weighed the most so that the two groups were comparable.
Table III shows that the oestrone concentrations were thus significantly
lower (p=0 034) in the patients than in the controls, all the other differences
remaining significant. The exclusion of the two patients who had undergone
the menopause less than five years previously did not affect the Z score as
shown in table I.

MEN WITH ADDISON'S DISEASE

The bone mineral density among the men patients was not significantly
different from that of the controls (table I). Bone mineral density was within
one standard deviation ofthe mean at both the midshaft and distal radii in all
the patients except three at the distal radius (figure). The importance of the
low bone mineral density in these three patients remains uncertain,
particularly as, like other men with Addison's disease, their testosterone
concentrations were well within the normal range (20-7 (1-7) nmol/l, range
13-2-32 nmol/l (normal range 13-35 nmol/l)), thus excluding gonadal
deficiency, which would have accounted for their bone loss. Two of these
patients had a history of tuberculosis (which was common in the men but
rare in the women). The treatment of tuberculosis is known, at least in some
cases, to-be complicated by the shoulder-hand syndrome.'2 In many cases the
bone dystrophy is limited to a radiolucent zone in the metaphyseal aspect of
the distal radius close to the distal scanning site, which leads to low bone
mineral density values. The third patient with a low bone mineral density
suffered concomitantly from diabetes mellitus, a condition sometimes
complicated by bone loss.'3

Discussion

In contrast to postmenopausal women with Addison's disease,
premenopausal women with this condition have normal bone
mineral density, as do most men with Addison's disease. From our
datawemay conclude that replacement doses ofcortisone acetate, as
given in patient's with Addison's disease (25-37 5 mg daily), do not
affect bone mass when there is a normal secretion of ovarian
oestrogens, as in the premenopausal women with Addison's disease,
and of testicular androgens in the men. After the menopause,
however, there is a significant loss of bone mineral density, in
addition to the physiological bone loss associated with the meno-
pause. The difference in bone mineral density between premeno-
pausal and postmenopausal women could be caused by the lack of
those minute amounts of androgens normally released by the
adrenal cortex and the ovaries. Both the adrenal cortex and the
ovary secrete androgens in normal premenopausal women, and in
about half of all postmenopausal women the ovaries continue to
secrete some testosterone and small amounts of androstenedione or
dehydroepiandrosterone. '4 The adrenal androgens have not been
implicated as determining factors in the maintenance ofbone mass.
This study suggests, however, that they are essential for the
preservation of bone mass as the absence of functional adrenals is
followed by a decrease in bone mass in postmenopausal women.
Indeed, the concentrations of oestrone, which were normal as

expected in the premenopausal patients, were significantly lower in
the postmenopausal ones when the comparison was limited to
women of similar weight who had undergone the menopause at
least five years previously. In such patients oestrone concentra-
tions result from peripheral aromatisation of androstenedione of
adrenal origin.'5 Owing to adrenal failure, the concentrations of
androstenedione and testosterone, low in premenopausal female
patients, were even lower after the menopause (p<005) (table II),
and concentrations of dehydroepiandrosterone, whether free or
sulphate,' were low in both groups.

In conclusion, replacement doses ofcortisone acetate do not cause
loss of bone mass, as indicated by measurements in men and
premenopausal women treated for Addison's disease. The dramatic
loss of bone mass noted in postmenopausal women might be caused
by the lack of secretion of androgen of adrenal origin in addition to
the menopausal lhormonal state. This implies that the small amounts
of androgens normally released by the adrenal cortex have a role in
the maintenance of bone mass. In fact, this has been suggested as a
pathogenetic mechanism for androstenedione in patients with
accelerated postmenopausal osteoporosis by one group of investi-
gators,'6 and more recently for dehydroepiandrosterone.'7

We thank Drs R De Hertogh and P De Nayer for their kind collaboration
in the determining of oestrone, androstenedione, dehydroepiandrosterone,
and testosterone concentrations.
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