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Are disease duration and degree of functional
impairment determinants of bone loss in rheumatoid
arthritis?
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CLAUS CHRISTIANSEN
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SUMMARY One hundred and five patients with rheumatoid arthritis treated with a variety of
antirheumatic drugs, excepting glucocorticoids, were stratified according to the degree of
functional impairment (functional classes I to IV) and duration of the disease (0-3 years; 4-8
years; and >8 years). The variables investigated were distal forearm bone mineral content
(BMC), biochemical markers of bone formation: serum alkaline phosphatase and serum bone
gamma-carboxyglutamic acid containing protein (BGP) and biochemical markers of bone
resorption: fasting urinary calcium and fasting urinary hydroxyproline. Significant relationships
were found between BMC and functional impairment and duration of the disease. Indices of
bone formation and bone resorption rose with increasing functional impairment, particularly
those of bone resorption. It is concluded that disability induces osteopenia in rheumatoid arthritis
by increasing the bone turnover with a more marked increased in resorption than in the
formation processes. The effect of the disease duration is merely that of adding more years of
functional impairment.
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Patients with rheumatoid arthritis (RA) have
osteopenia -4 and a disturbance of the calcium
metabolism.5 The bone loss is pronounced in gluco-
corticoid treated patients' 3 4but is also present in
patients treated solely with non-steroidal anti-
rheumatic drugs.' 3 4 It has not been established
whether RA-associated osteopenia, if uninfluenced
by glucocorticoids, is determined by the degree of
functional impairment (disability, impaired
ambulation),6-9 or by the duration of the
disease.' 9 10 Nor is it known whether the bone loss
and the biochemical disturbances of calcium meta-
bolism are proportional to these clinical variables.

In order to investigate these relationships we have
evaluated the degree of functional impairment,
measured the bone mineral content (BMC) in the
distal forearms, and determined serum and urinary
biochemical indices of the calcium metabolism in
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105 patients with definite
arthritis.

or classical rheumatoid

Patients and methods

Bone mineral content (BMC) was measured by
single photon absorptiometry (1251). BMC is calcu-
lated as the mean of 12 scans, six on the distal part of
each forearm, and expressed in arbitrary units
(dimension: mass per unit length).1' The scanning is
performed rectilinearly with the first pass at the site
where the radius and the ulna are 8 mm apart, and
the remaining five passes are proximal to this. In this
region the ratio of trabecular to cortical bone is
about 0.25.12 BMC was corrected for interference
from varying amounts of fat in the soft tissues
according to Rickers et al.13 The precision of the
BMC measurement is 1-2%.'4 In patients with
severe affection of one forearm only the contra-
lateral arm was measured. The BMC of the distal
forearms has been shown to correlate well with the
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total body bone mineral in healthy subjects, and in
patients with rheumatoid arthritis.2 15

Blood samples were taken in the morning after an

overnight fast. Fasting urinary calcium and hydroxy-
proline relative to creatinine concentration (ex-
pressed in mmol/mmol) were obtained. Serum
calcium, albumin, and creatinine, and urinary calcium
and creatinine were measured on an SMA 6/60
autoanalyser, and the serum calcium was corrected
to a constant serum albumin level.16 Serum phos-
phate was measured colorimetrically and serum

alkaline phosphatase enzymatically according to
Scandinavian recommendations. 17 Fasting urinary
hydroxyproline was determined by a spectrophoto-
metric method, 18 and serum bone gamma-car-

boxyglutamic acid containing protein (BGP) was

analysed according to Catherwood.'9
One hundred and five outpatients (29 men and 76

women) with definite or classical rheumatoid arthri-
tis participated in the study. We included all the
outpatients from the department of rheumatology
and rehabilitation who fulfilled the inclusion
criteria: at least six months of previous uniform
treatment and no concurrent disease or treatment
known to interfere with the calcium metabolism.
For the purpose of the present work patients treated
with glucocorticoids were left out. The patients were
subdivided into three groups according to the anti-
inflammatory treatment: Group A: 29 patients, who
were treated with gold salts in monthly doses of
50-200 mg. Group B: 61 patients, who were treated
with penicillamine in daily doses of 300-750 mg.
Group C: 15 patients, who were treated with other
anti-RA drugs (cytostatics: n=5, antimalarials:
n=7, and non-steroidal anti-inflammatory drugs
alone: n=3).
The degree of functional impairment was evalu-

ated according to Steinbrocker et al.,20) and the
patients were thus divided into four functional
classes (FC). Owing to the small number of patients
in FCs III and IV, the data from these two classes
were evaluated together. There were 37 patients in
FC I, 50 patients in FC II, and 18 patients in FCs III
+ IV. The patients were also stratified into three
groups according to the duration of the disease: 0-3

years (n=31); 4-8 years (n=34); and more than
eight years (n=40).
Table 1 shows some clinical data together with the

BMC values.
All patients gave their written informed consent,

and ethical approval was obtained from both local
and national committees.

STATISTICAL EVALUATION
Since BMC and fasting urinary hydroxyproline are
functions of sex and age, the values were calculated
as a percentage of the normal mean values in
corresponding sex and age groups. For the calcula-
tion of BMC relative to normal values the controls
were divided according to sex and decades from 21
to 80 years of age.3 For the calculation of the urinary
biochemical variables the controls were divided into
three sex and age groups: men, women aged 21-50
years, and women aged 51-70 years.3 The Mann-
Whitney U test for unpaired data was used in the
statistical evaluation of the data.

Results

Patients in FC II and FC III + IV had a significantly
longer duration of RA than patients in FC I (Table
2). Correspondingly, patients with a duration of RA
longer than eight years had a significantly lower
functional ability (higher functional class) than the
patients with a disease duration of 0-3 years (Table
3). No significant age differences were found be-
tween different strata (Tables 2 and 3). Patients in
FC II and FC III + IV had significantly lower BMC
than patients in FC I, whereas no significant
difference in BMC was found between FC II and FC
III + IV (Fig. 1A). Patients with a disease duration
of four years or more had significantly lower BMC
than those with a disease duration of less than four
years (Fig. 1B). The alkaline phosphatase was
significantly higher in FC II and FC III + IV than in
FC I, and also significantly higher in FC III + IV
than in FC II (Fig. 2). The level of serum alkaline
phosphatase in patients with FC III + IV exceeded
the upper limit of the normal reference interval for

Table 1 Clinical data and BMC (percentage of corresponding normal mean) in 105 patients with rheumatoid
arthritis. Mean ± SD

Treatment Number Age Duration of disease Functionial BMC
(MIF)* (years) (years) class (%)

Group A (gold) 10/19 52-7+12-4 7-6+7-3 1-6+0-7 87-7+19-4
Group B (penicillamine) 15/46 52-7±11 0 10-4+9 1 1-9±0+7 87-1±18-3
Group C (other drugs) 4/11 55-0+11-1 10-3+7-8 2-3±1-0 82-1±17-0

*M/F=male/female.



408 Als, Gotfredsen, Riis, Christiansen

Table 2 Age, duration of disease, serum calcium, and serum phosphate in 105 patients with rheumatoid arthritis stratified
according to the degree of functional impairment. Mean ± SD

Functional class Number Age Duration of disease Serum calcium Serum phosphate
(MIF) (years) (years) (mmol/O-63 mmol albumin) (mmol/l)

1 12/25 50-7±12-0 7-6±8-1 2-39±0-09 1*04±0-14
II 11/39 54-0±10-7 10-2±8-0* 2-40±0-10 1-09+0-16*
III + IV 6/12 54-9±11-5 12-3±10-5t 2-44±0-09t 1-10+0-19

*Difference between functional classes I and II (p<0-05).
tDifference between functional classes I and Ill + IV (p<0-05).

Table 3 Age, functional class, serum calcium, and serum phosphate in 105 patients with rheumatoid arthritis stratified into
three groups according to the duration of RA. Mean ± SD

Duration of disease Number Age Functional class Serum calcium Serum phosphate
(years) (MIF) (years) (mmol/O-63 mmol albumin) (mmolIl)

0-3 10/21 51-8±11-6 1-6±0-7 2-41±0-10 1-05±0-16
4-8 9/25 51*2±12-6 1*9±0-7 2-41±0-10 1*09±0-17
>8 10/30 55-5+9-8 2.1±0.8* 2-39±0-09 1-09±0-15

*Difference between groups of disease duration '0-3' and '>8' (p<0-01).
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Fig. 1 Distalforearm bone
mineral content (BMC) in 105
patients with rheumatoid arthritis
stratified (A) according to the
degree offunctional impairment
expressed as afunctional class (FC
I to IV) and (B) according to the
duration ofthe disease (0-3 years,
4-8 years, and > 8 years). BMC
is expressed as a percentage of the
corresponding normal. Mean
values and standard errors of the
mean are given in the figure.
Statistical significance of
differences by the Mann-Whitney
U testfor unpaired observations:
*p<0.05, **p<OJl.

our routine laboratory (260 U/1). Serum BGP was

significantly higher in patients in FC III + IV than in
patients in FC I, but FC I and FC II and FC II and
FC III + IV did not differ significantly with regard
to serum BGP (Fig. 2). No significant differences
were found between the different functional classes
with regard to fasting urinary calcium. Fasting
urinary hydroxyproline was significantly higher in
FC III + IV than in both FC I and FC II, but there
was no difference between FC I and FC II (Fig. 2).
Serum calcium was significantly higher in FC III +

IV than in FC I and serum phosphate was signifi-
cantly higher in FC II than in FC I (Table 2).

Patients with a disease duration of four years or
more had significantly higher serum alkaline phos-
phatase than those with a duration of RA of less
than four years (Fig. 3). No significant differences
were found between the three different groupings of
disease duration (0-3 years, 4-8 years, and >8
years) with regard to serum BGP, fasting urinary
calcium, fasting urinary hydroxyproline, serum cal-
cium, and serum phosphate (Fig. 3 and Table 3).

A

**r



Possible determinants of bone loss in rheumatoid arthritis 409

Alkaline phosphatase Serum BGP
pmoVml

Bone
formation

Fasting
0/0

Bone
resorption

urinary calcium

Discussion

We deliberately excluded from the present calcula-
tions all patients who had received glucocorticoids.
The data may thus be interpreted without having to
consider the well known relationship between
glucocorticoid treatment and decreased bone mass
on the one hand4 and the relationship between the
severity of rheumatoid arthritis and the probability
of past or present glucocorticoid treatment on the
other.
The pattern of BMC changes was much the same

whether the patients were stratified according to
functional class or duration of the disease (Fig. 1). A
functional impairment corresponding to FC I or a

Fig. 2 Serum alkaline
phosphatase, serum bone GLA
protein (BGP), fasting urinary
calcium, andfasting urinary
hydroxyproline in 105 patients
with rheumatoid arthritis
stratified according to the
degree offunctional
impairment expressed as a
functional class (FC I to IV).
Thefasting urinary variables
are expressed as a percentage of
the corresponding normal.
Mean values and standard
errors ofthe mean are given in
the figure. Statistical
significance ofdifferences by
the Mann-Whitney U testfor
unpaired observations:
*p<0.05, **p<001, and
***p<-0Ol.

disease duration of three years or less seems to
imply a reduction in BMC from normal levels of less
than 10%. If the functional impairment increases
(FC II) or the disease has lasted four years or more
the BMC will be as low as 85%. Progression from
FC II to FC III or from less than eight to more than
eight years of active RA does not seem to have any
substantial influence on the BMC. It is therefore
likely that the main part of the bone involvement
takes place in the first three years of RA. The
present data do not clarify which of the two,
functional impairment or duration of RA, carries
the principal load on the bone mass. However, since
physical inactivity is a potent bone mass diminishing
factor,2' it is probable that the influence of disease
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Fig. 3 Serum alkaline
phosphatase, serum bone GLA
protein (BGP), fasting urinary
calcium, andfasting urinary
hydroxyproline in 105 patients
with rheumatoid arthritis
stratified according to the
duration of the disease (0-3
years, 4-8years, and
> 8 years). Thefasting
urinary variables are
expressed as a percentage
of the corresponding normal.
Mean values and standard
errors of the mean are
given in the figure.
Statistical significance of
differences by the
Mann-Whitney U testfor
unpaired observations:
*p<0.05, **p<O.O1.

duration is simply that of adding more years of
inactivity (or functional impairment). This view is
supported by the significant relationship between
functional class and duration of the disease (Tables 2
and 3). This study agrees with a recent observation
that disability and impaired ambulation are associ-
ated with an increased incidence of osteoporotic
fractures in rheumatoid arthritis.22
Serum levels of alkaline phosphatase and BGP

are biochemical markers of bone formation;2126
and fasting urinary calcium and fasting urinary
hydroxyproline are markers of bone resorption.26
Together, an increase in these indices would imply
an increased turnover of bone tissue.
Our findings (Fig. 2) suggest that increased bone

turnover in patients with a high degree of functional
impairment is the cause of the reduction in BMC.

The clearly raised levels of alkaline phosphatase
with increasing functional impairment may be the
liver fraction as well as the bone fraction,28 and the
lack of a significant relationship between the func-
tional class and the fasting urinary calcium may be
due to h 'pocalcaemia as found in some rheumatic
patients. Both fasting urinary hydroxyproline and
serum BGP were significantly higher in FC III + IV
as compared with FC I, but the greater difference
from FC I to FC III + IV in fasting urinary
hydroxyproline (approximately 40%) than in serum
BGP (approximately 20%) suggests a preponder-
ance of resorption over formation processes.

Stratification according to duration of the disease
(Fig. 3) produced no statistically significant observa-
tions with regard to the biochemical calcium meta-
bolic indices, except for the serum alkaline phospha-

Serum BGP

Bone
formation

Bone
resorption
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tase. This finding merely indicates that the duration
is a less important determinant of the calcium
metabolic disturbances in RA than is the degree of
functional impairment.
We have earlier shown that groups of patients

with RA have serum calcium levels lower than
healthy controls and unaffected serum phosphate
levels. However, neither duration of RA nor the
functional impairment showed unequivocal relation-
ships to these variables (Tables 2 and 3).

In conclusion, disability in rheumatoid arthritis
induces osteopenia. A high degree of functional
impairment implies a low bone mineral content.
Disability brings about osteopenia by increasing the
bone turnover, with a preponderance of resorption
over formation processes. The greater part of the
reduction in bone mass takes place during the first
three years of the disease. However, the effect of a
long duration of RA is mostly that of adding more
years of disability.
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