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CAN LONG-TERM MAJOR DEPRESSIVE DISORDER CAUSE
OSTEOPOROSIS?
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SUMMARY ∑ A marked clinical, physiologic, and biochemical connection between osteoporosis
and major depressive disorder (MDD) is described. There are numerous states and diseases associ-
ated with osteoporosis. The aim of the study was to assess the presumed association between
hypercortisolism and osteoporosis. Some recent studies provided evidence for association between
previous history of MDD and marked osteoporosis. In MDD, there are two well documented bio-
chemical abnormalities, hypercortisolism and its resistance to dexamethasone suppression. The present
study included 31 MDD patients (19 male and 12 female), mean age 37±1.3, age range 29-41 years,
and 17 healthy male volunteers, mean age 39±1.6, age range 34-45 years. The levels of free cortisol
in 24-h urine, serum cortisol at 8 a.m. and 5 p.m., and cortisol in dexamethasone suppression test as
well as bone mineral density were measured in all study subjects. The results obtained were analyzed
by use of Spearman’s nonparametric rank correlation, rho=-0.805, with a statistical significance level
of p<0.01 (2-tailed). Study results suggested that patients with a long-term history of depression
may develop a severe form of osteoporosis. Also, a severe form of osteoporosis has been known to
develop in patients with untreated Cushing’s syndrome.
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Introduction

Osteoporosis is the most common bone disease fre-

quently leading to bone fracture. In both men and women,

the incidence of hip fracture rises exponentially with age,

although this increase begins approximately 5 to 10 years

later. Approximately one half of these fractures are verte-

bral fractures, whereas hip fractures and Colles’ fractures

account for one fourth each. Osteoporosis is the leading

cause of morbidity and mortality in elderly people.

The disorders that cause osteoporosis are similar in

men and women and include estrogen deficiency, prima-

rily in postmenopausal women, hyperparathyroidism,

hyperthyroidism, hypogonadism in men, glucocorticoid

therapy, genetic factors, cigarette smoking and alcohol

intake, lower calcium intake, decreases in physical activ-

ity and muscle strength, gastrointestinal disease, vitamin

D deficiency, anticonvulsant therapy, and stress factors

with depression. The usual clinical manifestations of os-

teoporosis are low trauma fractures and radiographic

osteopenia detected by chance or during evaluation for

musculoskeletal pain, usually back pain.

Measurements of bone mineral density are usually

recommended, and if bone mineral density is lower than

expected for age and no cause is apparent, further studies

are indicated, including measurements of serum testoster-

one, thyrotropin, calcium, alkaline phosphatase, 25-

hydroxyvitamin D, parathyroid hormone, urinary calcium

and creatinine, complete blood count, serum and urine

protein electrophoresis, and iliac crest bone biopsy.



M. Vrkljan et al. Major depression and osteoporosis

180 Acta clin Croat, Vol. 40, No. 3, 2001

If the cause of osteoporosis can be identified, the po-

tential offending agents should be eliminated whenever

possible. As a rule, patients should receive adequate calcium

(1000 mg/day) and vitamin D (800 IU/day) supplementa-

tion. A weight-bearing exercise regimen may also be ben-

eficial, given the association of reduced physical activity.

Major depressive disorder (MDD) is a syndrome of

persistingly sad, dysphoric mood accompanied by sleep

and appetite disturbances, and inability to experience plea-

sure. The diagnosis of MDD is made when the patient

meets the DSM-IV criteria. At least five of the following

symptoms must be present during a 2-week period and

show change from the previous condition: depressed mood

most of the day, nearly every day; anhedonia and dimin-

ished interest in general; significant weight change not

related to diet; sleep disturbances; psychomotor agitation

or retardation, loss of energy; feeling of worthlessness or

inappropriate guilt; concentration disturbances; recurrent

thoughts of death; and suicidal ideas or specific plan for

committing suicide.

In MDD, there are two well documented biochemi-

cal abnormalities: hypercortisolism and its resistance to

dexamethasone suppression. Activation of the pituitary-

adrenal axis is fairly specific for depression among other

conditions of primary affective disorders, and could be

observed in as many as 40%-60% of patients in some se-

ries. These findings have eventually led to the routine use

of dexamethasone suppression test (DST) as a biological

tool for both diagnostic and follow-up purposes in such

patients. Psychotherapy associated with antidepressants

(serotonin reuptake inhibitors, tricyclic antidepressants,

anxiolytics, and mood stabilizers) have been found to

improve impulsive behavior.

Subjects and Methods

The study included 31 patients with MDD, 19 male

and 12 female, mean age 37±1.3, age range 29-41 years,

and 17 healthy male volunteers, mean age 39±1.6, age

range 34-45 years. In order to determine the hypercor-

tisolic state, it was essential to develop a tool to assess the

cortisolic state and to identify, for a given individual,

whether it was inappropriately high. An ideal parameter

would be the one that shows no overlapping between

normal subjects, including the obese, and patients with

hypercortisolic state of whatever etiology.

Plasma cortisol is measured by the competitive protein

binding assay, or recently by more specific immunoassays.

Plasma free cortisol is the best indicator of the cortisolic

state. It is a biologically relevant and highly sensitive pa-

rameter.

Serum cortisol level was determined by standard ra-

dioimmunoassay (RIA) using 125 J labeled hormone, since

it binds non-labeled serum cortisol to specific antibodies

according to their concentration in the radioactive mix-

ture. Venous blood samples of 5 ml were obtained in the

morning (8 a.m.) and in the afternoon (5 p.m.) after 30-

min bed rest. According to cyclic hypothalamic secretion

of CRF, the rate of cortisol secretion in a healthy person

is higher in the early morning and lower in the early

evening. Falsely elevated values can be found in pregnancy

and in women taking oral contraceptives, whereas no nor-

mal diurnal variations are found in stress patients. At our

laboratory, normal values are 138-800 nmol/L at 8 a.m.,

and 50%∑70% of the morning values at 5 p.m.

Free 24-hour urinary cortisol excretion is an almost

ideal marker of the cortisolic state. Urinary cortisol is

measured by the competitive protein binding assay after

extraction, or by immunoassay. Study subjects were in-

structed to collect urine samples after first morning void

until the next morning, including first void on the next day.

Normal values are 150-750 mmol/24 h. Since it correlates

with the levels of plasma free cortisol, urinary cortisol

excretion has several invaluable properties: it is biologically

relevant, being a reflection of how much biologically ac-

tive, free cortisol has been circulating over the last 24-h

period; it is a highly sensitive marker. It is not altered in

obese subjects, estrogen-treated females, or by drugs or

conditions that modify the metabolism of cortisol.

DST included oral administration of two 0.5-mg dex-

amethasone tablets at 11 p.m., followed by venous blood

sampling at 8 a.m. and 5 p.m. on the next day. In DST,

synthetic steroid analogs have been chosen for their high

glucocorticoid potency; they would suppress the adreno-

corticotropic hormone (ACTH) given in minute amounts

as compared with the daily amount or normally secreted

cortisol. It has been established that 0.5 mg of dexametha-

sone given every 6 hours in eight doses (2 mg/day) induce

almost complete suppression. In the present study, serum

cortisol level, 24-h urinary free cortisol and DST were

determined in both patients and control subjects.

Results

Results of the study showed the mean basal 24-h uri-

nary cortisol in MDD patients to be 1067±61.8 nmol/l.
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Serum cortisol at 8 a.m. and 5 p.m. was 618±43.2 and

347±34.2 nmol/l, respectively. Cortisol in DST was

165±36.8 nmol/l. Plasma levels of cortisol in MDD pa-

tients were just above the normal range. MDD patients

also showed deficient cortisol suppression in DST. These

results indicated that, although showing an increase in the

urinary level of cortisol, MDD patients had some circa-

dian rhythm of cortisol preserved (Figs. 1 and 2).

The study revealed a significant correlation between

years of therapy and grade of osteoporosis in MDD pa-

tients (Fig. 4). So, a patient treated with antidepressant

therapy for a longer period of time was more likely to

develop osteoporosis. MDD patients had statistically sig-

nificantly higher levels of cortisol in 24-h urine.

Statistical analysis was performed by use of nonpara-

metric rank correlation, where Spearman’s rho was -0.805,

with correlation significance at a level of p<0.01 (Tables

1 and 2).

Fig. 1. Urinary free cortisol in MDD patients and healthy controls.
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Fig. 2. Plasma cortisol in MDD patients and healthy volunteers at
8 a.m. and 5 p.m.
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Fig. 3. Urinary free cortisol, plasma cortisol at 8 a.m. and 5 p.m.,
and cortisol in dexamethasone suppression test in MDD patients and
healthy controls.
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Fig. 4. Correlation between years of therapy and T score in patients
with MDD and osteoporosis.

Discussion

The hypothalamo ∑ pituitary ∑ adrenal (HPA) axis is

a very complex control system playing an important role

primarily in stress reaction. Glucocorticoids are secreted

in response to stressful conditions, and have an important

task to block the function of stress mediators that have

previously been brought to liberation. In other words, glu-

cocorticoids suppress the autonomic (vegetative), behav-

ioral, endocrine, and immune responses to stressful stimuli

in a time-dependent way.
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HPA axis is under control of various neurotransmit-

ter systems. Some authors consider that serotonin, acetyl-

choline and histamine show stimulatory, and noradrena-

line and GABA inhibitory effects. During stress, HPA

axis acts differently according to the actual task, i.e. ‘to

fight or to flight’. Immobilization reflex (withdrawal re-

action from fight) with motility inhibition and conserva-

tion of energy is under control of hippocampus and adre-

nal cortex activation by ACTH and corticosterone in-

crease.

Biological abnormality is frequently observed in pa-

tients with MDD, presumably secondary to ACTH hy-

persecretion. The ability of the glucocorticoid negative

feedback system to limit the production of cortisol dur-

ing stress can be impaired by chronic emotional or physi-

cal stress, and by old age. Glucocorticoid-induced hippoc-

ampal neuron damage and deficient transmission of supra-

hypothalamic negative feedback have been proposed as a

major mechanism mediating this phenomenon. Indeed, in

patients with depression, the 24-h urinary free cortisol

excretion increases with age, while studies of HPA axis in

aging population that included persons with chronic emo-

tional or physical diseases have shown progressive eleva-

tions of evening plasma cortisol concentrations with age.

In MDD, hypercortisolism does not give rise to the

usual physical stigmata of hypercortisolic state (moon face,

buffalo hump, hypertension, easy bruising, purple striae) and

reverts to normal when the depression remits, either spon-

taneously or due to antidepressants or other therapy. Some

studies have shown that urinary cortisol excretion in depres-

sion never exceeds 3-fold upper limit of the normal. The

circadian pattern of plasma cortisol is less disrupted.

Activation of pituitary ∑ adrenal axis is fairly specific

for depression among other conditions of primary affec-

tive disorders. So, these findings have eventually led to the

routine use of DST as a biological tool for both the diag-

nosis and follow-up of these patients. Studies focused on

the pathophysiology of the HPA axis dysfunction in

MDD patients have been reported. Four hypotheses have

been proposed to explain why nonsuppression occurs.

These include: 1) increased metabolism of dexamethasone

in patients with MDD, which results in less dexametha-

sone available to suppress the production of ACTH in the

pituitary gland; 2) decreased sensitivity of the pituitary

glucocorticoid receptors to dexamethasone, resulting in

less ACTH suppression and cortisol elevation; 3) hyper-

responsitivity of the adrenal gland to ACTH stimulation,

resulting in continued cortisol secretion despite moderate

to significant ACTH suppression with dexamethasone;

and 4) increased central drive of the pituitary from the

hypothalamic-limbic structures, which overrides the ac-

tion of dexamethasone. The more so, a combination of the

hypotheses should by no means be neglected.

The use of anticortisol drugs has already been demon-

strated to be beneficial in depression. There must have

been misinterpretation of cortisol results. If serum corti-

sol levels were normal at 8 a.m. and 5 p.m., they used to

be considered normal, without realizing that changes,

sometimes at the immunosuppressive level, might occur

during the 24-h circadian rhythm.

Table 1. Correlation between years of therapy and T score in MDD
patients

Correlation Year T score

of therapy

Year of therapy Pearson’s

correlation 1,000 -,787*

Sig. (2-tailed) , ,000

n 37 37

T score Pearson’s

correlation -,787* 1,000

Sig. (2-tailed) ,000 ,

n 37 37

*correlation significant at a level of 0.01 (2-tailed)

Table 2. Correlation between years of therapy and T score in MDD
patients

Non-parametric Years T score

correlation of therapy

Spearman

Years of therapy

Correlation coefficient 1,000 -,805

Sig. (2-tailed) , ,000

n 37 37

T score

Correlation coefficient -,805* 1,000

Sig. (2-tailed) ,000 ,

n 37 37

*correlation significant at a level of 0.01 (2-tailed)



M. Vrkljan et al. Major depression and osteoporosis

Acta clin Croat, Vol. 40, No. 3, 2001 183

References

1. SIDDIQUI NA, SHETTY KR, DUTHIE EH Jr. Osteoporosis
in older men: discovering when and how to treat it. Geriatrics
1999;54:20.

2. FARMER ME, WHITE LR, BRODY JA, BAILEY KR. Race
and sex differences in hip fracture incidence. Am J Public Health
1984;74:1374.

3. NGUYEN TV, EISMAN JA, KELLY PJ, SAMBROOK PN. Risk
factors for osteoporotic fractures in elderly men. Am J Epidemiol
1996;144:255.

4. MELTON LJ III, CHRISCHILLES EA, COOPER C et al. How
many women have osteoporosis? J Bone Miner Res 1992;7:1005.

5. DIAMOND TH, THORNLEY SW, SEKEL R, SMERDLEY
P. Hip fracture in elderly men: prognostic factors and outcomes.
Med J Aust 1997;167:412.

6. MELTON L, RIGGS B. Epidemiology of age-related fractures.
In: AVIOLI L, ed. The osteoporotic syndrome. New York: Grune
& Stratton, 1983:45.

7. CENTER JR, NGUYEN TV, SCHNEIDER D et al. Mortality
after all major types of osteoporotic fracture in men and women:
an observational study. Lancet 1999;353:878.

8. SLEMENDA CW, CHRISTIAN JC, REED T et al. Long-term
bone loss in men: effects of genetic and environmental factors. Ann
Intern Med 1992;117:286.

9. KELLY PJ, POCOCK NA, SAMBROOK PN, EISMAN JA. Di-
etary calcium, sex hormones, and bone mineral density in men. BMJ
1990;300:1361.

10. KLEIN RF, ORWOLL ES. Bone loss in men: pathogenesis and
therapeutic considerations. Endocrinologist 1994;4:252.

11. JACKSON JA, KLEEREKOPER M. Osteoporosis in men: diag-
nosis, pathophysiology, and prevention. Medicine (Baltimore)
1990;69:137.

12. STANLEY HL, SCHMITT BP, POSES RM, DEISS WP. Does
hypogonadism contribute to the occurrence of a minimal trauma
hip fracture in elderly men? J Am Geriatr Soc 1991;39:766.

13. FINKELSTEIN JS, KLIBANSKI A, NEER RM et al. Osteoporo-
sis in men with idiopathic hypogonadotropic hypogonadism. Ann
Intern Med 1987;106:354.

14. GUO CY, JONES TH, EASTELL R. Treatment of isolated
hypogonadotropic hypogonadism effect on bone mineral density
and bone turnover. J Clin Endocrinol Metab 1997;82:658.

15. ADACHI JD, BENSEN WG, BROWN J et al. Intermittent
etidronate therapy to prevent corticosteroid-induced osteoporosis.
N Engl J Med 1998;339:292.

16. Anonymous. Springhouse professional care guide: psychiatric dis-
orders. Pennsylvania: Springhouse Corporation, 1995.

17. KOCSIS JH, DAVIS JM, KATZ MM et al. Depressive behavior
and hyperactive adrenocortical function. Am J Psychiatry 1985;142:
1291-8.

18. VRKLJAN M, THALLER V, VIZNER B, JURAS A, SEKSO M,
KUSI∆ Z. Hypothalamo ∑ pituitary ∑ adrenal axis in patients with
posttraumatic stress disorder (PTSD) and major depressive disor-
der (MDD). 27th ISPNE Congress, Cascais, Portugal, Aug 18-22,
1996:99.

19. VRKLJAN M, THALLER V, STAN»I∆ V, TOMAC A, KUSI∆
Z. Plasma and urinary cortisol level in patients with posttraumatic
stress disorder (PTSD) and major depressive disorder (MDD).
Psychoendocrinology 1997;22 (Suppl 2):S213.

20. ARANA GV, WORKMAN RJ, BALDESSARINI RJ. Associa-
tion between low plasma levels of dexamethasone and elevated lev-
els of cortisol in psychiatric patients given dexamethasone. Am J
Psychiatry 1984;141:1619-20.

21. JOHNSON GFS, HUNT G, KERR K et al. Dexamethasone sup-
pression test and plasma dexamethasone levels in depressed pa-
tients. Psychiatry Res 1984;13:305-13.

22. KATHOL RG, JAECKLE RS, LOPEZ JF, MELLER WH.
Pathophysiology of HPA axis abnormalities in patients with ma-
jor depression: an update. Am J Psychiatry 1989;146:311-7.

23. GOLD PW, LORIAUX DL, ROY A et al. Responses to corti-
cotropin releasing hormone in the hypercortisolism of depression
and Cushing’s disease. N Engl J Med 1986;314:1329-36.

24. LIDDLE GW. Regulation of adrenocortical function in man. In:
CHRISTY NP, ed. The human adrenal cortex. New York: Harper
and Row, 1971:41-68.

25. VIZNER B. Hipofiza. In: VRHOVAC B et al., eds. Interna medi-
cina. Zagreb: Naprijed, 1991:1264-79.

26. BILLER B, KLIBANSKY A, KOENIG J, MARTIN JB. Diag-
nostic dilemmas in the management of hypothalamic ∑ pituitary ∑
adrenal disorders. In: GANONG WP, DALLMAN MF, ROB-
ERTS JL, eds. The H-P-A axis revisited. Ann NY Acad Sci
1987;512:338-50.

27. SAPSE AT. Cortisol, high cortisol disease and anticortisol therapy.
Psychoneuroendocrinology 1997;22 (Suppl 1):3-10.

28. HOLSBOER F, DOERR HG, GERKEN A et al. Cortisol, 11-
deoxycortisol and ACTH concentrations after dexamethasone in
depressed patients and healthy volunteers. Psychiatry Res 1984;11:
15-23.

29. DEMISCH K, NICKELSEN T, BAUER J, ACTHOFF PH.
Über die Messung des Spiechelkortisols bei depressiven Patienten
im Rahmen des Dexamethasonsuppressiontest. In: KEUP W, ed.
Biologische Psychiatrie. Forschungsergebnisse. Berlin ∑ Heidel-
berg: Springer-Verlag, 1986:102-7.

30. YEHUDA R, BOISONEAU D, MASON JW, GILLER EL.
Glucocorticoid receptor number and cortisol excretion in mood,
anxiety, and psychotic disorders. Biol Psychol 1997;41:1131-6.

31. MAGUIRE TM, THAKORE J, DINAN TG, HOPWOOD S,
BREEN KC. Plasma sialyltransferase levels in psychiatric disorders
as a possible indicator of HPA axis function. Biol Psychol
1997;41:1131-6.

32. JAKOVLJEVI∆ M. Temeljne znanosti i psihijatrija. In: MUA»E-
VI∆ V et al., eds. Psihijatrija. Zagreb: Medicinska naklada, 1995:
23-31.

33. De WIED D, De KLOET ER. Pro-opiomelanocortin (POMC)
as homeostatic control system. In: GANONG WP, DALLMAN
MF, ROBERTS JL, eds. The HPA axis revisited. Ann NY Acad
Sci 1987;512:300-7.

34. Harrison’s principles of internal medicine. 12th Ed. New York: Mc-
Graw-Hill, Inc., 1991.

35. YEHUDA R, TEICHER MR, TRESTMAN RL, LAVEN-
GOOD RS, SIEVER LJ. Cortisol regulation in posttraumatic
stress disorder and major depression: a chronobiological analysis.
Biol Psychiatry 1996;40:79-88.

36. MEYERHOFF JL, OLESHANSKY MA, MOUGEY EH,
SMITH HR. Psychological stressor increases plasma levels of
POMC-derived peptides in man. In: GANONG WP, DALL-
MAN MF, ROBERTS JL, eds. The HPA axis revisited. Ann NY
Acad Sci 1987;512:494-5.

37. YOUNG EA, AKIL H, WATSON SY. Negative feedback regu-
lation of proopiomelanocortin in depression. Proceedings of the
25th ISPNE Congress, Seattle, WA, USA, 1994:18.



M. Vrkljan et al. Major depression and osteoporosis

184 Acta clin Croat, Vol. 40, No. 3, 2001

38. LUPIEN SJ, TANNENBAUM EM, OHASHI E, MEANEY MJ.
Daily salivary cortisol levels in healthy elderlies correlate with feel-
ing of fatigue, depression and stress. 27th ISPNE Congress, Cascais,
Portugal, 1996:92.

39. JOELS M, KARTEN Y, HESEN W, De KLOET ER. Corticos-
teroid effects on electrical properties of brain cells: temporal aspects
and role of antiglucocorticoids. Psychoneuroendocrinology 1997;22
(Suppl 1):81-6.

40. VRKLJAN M, VILIBI∆ T, VIZNER B, SEKSO M, KUSI∆ Z.
Case report of a patient with posttraumatic stress disorder and pi-
tuitary apoplexy. Proceedings of the 25th ISPNE Congress, Seattle,
WA, USA, 1994.

Saæetak

MOÆE LI DUGOTRAJNA VELIKA DEPRESIJA IZAZVATI OSTEOPOROZU?

M. Vrkljan, B. Vizner, M. BekiÊ, V. Thaller i Z. Sonicki

Opisana je kliniËka, fizioloπka i biokemijska povezanost osteoporoze i velike depresije. U oba stanja dolazi do hiperaktivnosti
osi HPA, sustava LC/NE, te poviπenog luËenja CRH, kortizola i katekolamina. Mnoga stanja i bolesti povezane su s
osteoporozom, ukljuËujuÊi hiperkorticizam. Novija istraæivanja povezuju raniju povijest velike depresije s osteoporozom. U
velikoj depresiji zabiljeæene su dvije biokemijske abnormalnosti: hiperkorticizam i rezistencija na supresiju deksametazonom.
U naπe je istraæivanje bio ukljuËen 31 bolesnik s velikom depresijom (19 muπkaraca i 12 æena) prosjeËne dobi od 37±1,3 godine,
te 17 muπkih dobrovoljaca u dobi od 34 do 45 godina, prosjeËne dobi od 39±1,6 godina. U svih je bolesnika odreivana razina
kortizola u 24-satnoj mokraÊi, serumski kortizol, kortizol u testu supresije deksametazonom, a gustoÊa kostiju je odreivana
denzitometrijski. Bila je to skupina mlaih muπkaraca i æena s odræanim menstruacijskim ciklusom, u poËetku bez osteoporoze,
ali godinama pod antidepresivnom terapijom. Analiza rezultata pokazala je poviπene vrijednosti kortizola, te pojavu osteoporoze
razvoj koje je bio posljedica poviπene razine kortizola. U analizi rezultata primijenjena je neparametrijska korelacija rangova,
priËem je Spearmanov rho bio -0,805 uz statistiËku znaËajnost od p<0,01. Na temelju rezultata ispitivanja zakljuËeno je da
bolesnici lijeËeni zbog depresije imaju poviπenu razinu kortizola u 24-satnoj mokraÊi. Bolesnici koji su duæe bolovali od
depresije imali su jaËe izraæenu osteoporozu. Kortizol vjerojatno ima znaËajnu ulogu u nastanku osteoporoze u bolesnika s
depresijom, a poznato je da se u bolesnika s nelijeËenim Cushingovim sindromom takoer razvija jak oblik osteoporoze.

KljuËne rijeËi: Osteoporoza, etiologija; Depresija, fiziopatologija; Kost i koπtani metabolizam


