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Abstract
Objective: It is posited that the effect of depression on BMD is dependent on the severity of depression. Conflicting evidence
exists regarding this possible association. This study investigated the association between depression and low bone mineral
density (BMD). Methods: The hypothesis was investigated in a random sample of volunteers (n=40) and in premenopausal female
psychiatric patients (n=5) diagnosed with recurrent severe major depression. The outcome measures were BMD (DEXA);
depression (Beck Depression Inventory and Psychological General Well-being Scale) and 24-hour saliva cortisol levels (ELISA).
In a comparison of women (4 of the 40 i.e. “control” subjects) with negligible symptoms of depression and the five patients with
severe recurrent major depression- BMD, depression, saliva cortisol and bone turnover markers were measured and compared.
Pro-inflammatory status (IL-1 and TNF-alpha) was investigated in the psychiatric patients only. Results: In the random – non
clinical - sample of women (n=40), 26 exhibited normal BMD and 14 exhibited low BMD. Depressive symptoms and cortisol levels
were not significantly different between these two groups. Women with severe recurrent major depression(n=5) exhibited lower
median BMD T-scores, higher overall bone turnover and higher 24-hour cortisol levels compared to “control” subjects (n=4). The
psychiatric patients also exhibited elevated IL-1 levels. Conclusion: The effect of depression on BMD may be dependent on the
depression severity. IL-1 and cortisol are possible mediators in depression-induced BMD loss.
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Introduction
There is conflicting evidence regarding depression as a
potential risk factor for osteoporosis.1 High cortisol and proinflammatory cytokine concentrations are frequently
associated with depression2-4 and may cause bone resorption
by suppressing type I collagen production, up-regulating
osteoclastogenesis and decreasing the osteoblast population.5
Interleukins (IL) such as IL-1 and tumour necrosis factor alpha
(TNF ) have been shown to increase osteoclast maturation and
increase resorption.6,7
To explore the association between depression and bone
mineral density (BMD), two study questions were examined:
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Are there differences between depressive symptoms and
cortisol levels in premenopausal women (non-psychiatric)
with normal bone mineral density (BMD) vs. those women
with low BMD?
Do premenopausal women (psychiatric) suffering from
severe recurrent major depression have normal BMD, bone
turnover marker, cortisol and pro-inflammatory cytokine
levels, compared to a non-psychiatric control group with
negligible symptoms of depression?

Method
The non-psychiatric sample (n=40) were recruited through
two Gauteng hospitals and through advertising. The
psychiatric sample (n=5) comprised women with a single
clinical diagnosis of recurrent, severe major depressive
disorder who were approached through a local psychiatric
clinic.
All subjects i.e. both psychiatric and non-psychiatric were
females aged between 20 to 40 years. Excluded were subjects
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with any known psychological conditions other than
Results
depression, medical conditions including amenorrhoea or
Groups 1 and 2 (non-psychiatric volunteers) differed significantly
early menopause, history of use of anti-convulsants, calcitonin,
on all three mean BMD values (“p” range=0.0001 to 0.0008),
thyroid hormones, alendronate, cyclosporin, anabolic steroids
contraception use (p=0.002) and BMI (p=0.032) only. Significant
or bisphosphonates. Women suffering from depression with
differences were not found on the depression measures. From the
psychotic features or postpartum onset were excluded.
aforementioned cortisol model it was observed that the slopes
Informed consent was obtained. The protocol was approved
were negative and similar for both groups (Group 1 =-1.016; SEM
by the Ethics Committee of the University of Pretoria
0.659; Group 2 = -1.266; SEM 0.378). The intercepts too were very
(90/2006).
similar (Group 1=-9.219; SEM 0.264; Group 2= -10.432; SEM
Subjects were evaluated on total left femur, left femur head
0.968). Therefore similar readings were expected for both groups
and lumbar BMD (measured on Dual-emission X-ray
for waking cortisol and for the diurnal rate of change
Absorptiometry or DEXA). The BMD readings were classified
Comparing the psychiatric patients (n=5) and their nonaccording to WHO criteria.8 Subjects with normal BMD on all
psychiatric controls (n=4): the median ages, BMI, alcohol intake,
contraception use and physical activity levels were similar. The
three readings formed Group 1 (n=26); those with reduced
median BMD T-scores were within normal limits for both groups
BMD formed Group 2 (n=14). The two groups were compared
(T-score > -1). The results for the psychiatric patients and controls
in terms of depressive symptoms [measured on the selfon continuous measures are summarised in Table I.
administered Psychological General Well-Being Schedule
(PGW) and Beck Depression Index (BDI)] and
saliva cortisol (measured via ELISA using a solid
phase enzyme immuno-assay from DRG
Table I: A summary of the scores and relevant normative data for the
Instruments). The PGW assesses psychological
psychiatric patients (N = 5) and controls (N = 4)
health within the past month of the subject’s life. A
Variable
Psychiatric patients
Controls
score below 12 on the depressed mood subscale
Median
Median
score reflects intense or frequent depressed
mood. A score above 12 reflects never or rarely
Age (years)
28
26.6
feeling depressed.9 The BDI measures the
patient’s self reported symptoms of depression as
24.7
21.4
BMI (kg/m2)
per the DSM-IV-TR. A score above 14 reflects
depression.10
Alcohol intake (units)
2
1.5
The patients recruited from the psychiatric
clinic (n=5) were also investigated for BMD,
Lumbar spine T-score Normative range T < -1
-0.08
0.16
features of depression and cortisol levels. In
Left femoral neck T-score Normative range T < -1 1.12
1.505
addition, bone turnover [osteocalcin, bone specific
alkaline phosphatase (BSAP), type I collagen or
Left femoral total T-score Normative range T < -1
-0.15
0.82
pyridinoline cross-linked C-telopeptide (Pyd) and
deoxypyridinoline (DPD) - evaluated by an
BDI
27
5
external laboratory]; and pro-inflammatory status
(IL-1 and TNF through ELISA) were also tested.
PGW
8
13
Subjects from the non-psychiatric control group
(n=40) with a PGW score above 12 and a BDI
Cortisol level 07:00 (ng/mL)
10.2
8.4
score below 14 were approached to undergo the
tests for bone turnover and inflammatory status to
Cortisol level 13:00 (ng/mL)
9
7.9
serve as controls for the psychiatric patients. Four
Cortisol level 18:00 (ng/mL)
6.6
4.5
subjects volunteered, constituting the “control”
group.
Cortisol level Bedtime (ng/mL)
6.5
5.25
Analyses were conducted using SAS® and
SPSS® programmes. The level of significance was
24h cortisol (ng/ml)
set at P < 0.05. Between-group differences for
Normative range 1.2 to 14 ng/ml
8.334
6.45
Groups 1 and 2 were analysed using Fisher’s exact
probability for categorical data and the MannBSAP (µg/l)
Whitney test for continuous data. The statistical
Normative range < 14.3
16.1
10.3
model suggested by Hruschka and colleagues was
utilized to calculate cortisol levels over 24 hours
DPD:Cr
for the two groups.11 This model did not require
Normative range
3 to 7.4
9
7.1
that all subjects provide the same number of
readings. The following model describes the data
Osteocalcin (ng/ml)
model for cortisol readings collected at four points
Normative
range 3.7 to 10ng/ml
7
4.85
CORT
âo
â1
j
during a day:
+ x TIME + bi + å . The
ij =
results for the psychiatric patients and control
Pyd (ng/ml)
group are presented as median and standard
Normative range 0.025 to 0.573ng/ml
0.501
0.397
deviations given the small group size.
African Journal of Psychiatry • March 2010

59

BRIEF REPORT

The following differences were noted between the
psychiatric sample and the non-psychatric controls:
1. The psychiatric sample exhibited a higher median
depression score on the BDI and a lower median score
on the PGW, an expected outcome.
2. Controls exhibited slightly higher median DEXA
results than the psychiatric patients.
3. The median bone turnover marker values for the
psychiatric sample were higher than those of the
controls for all parameters. This indicates a trend of
higher bone remodelling (both formation and
resorption), in depressed patients when compared
with non-depressed subjects.
4. The psychiatric sample’s median 24-hour cortisol
level (8.334 ng/ml) was higher than that of the control
group (6.45 ng/ml).
5. The psychiatric sample’s median IL-1 reading (14.669
pg/ml) was well above the normative value of 4.721
pg/ml, indicating abnormally high levels of this proinflammatory cytokine. However, the median TNF
reading was within the normative range (1.333 pg/ml).
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subtype will help gain a better understanding of
depression as a risk for osteoporosis.13
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