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Pyrophosphate arthropathy: a study of metabolic
associations and laboratory data*
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SUMMARY 105 consecutive patients with pyrophosphate arthropathy have been studied. Disease
associations and metabolic abnormalities were compared with those of an age and sex matched
group of 105 acute medical admissions, and with 48 patients presenting with uncomplicated
osteoarthritis. Patients with pyrophosphate arthropathy had a higher incidence of hypothyroidism
(10), hyperparathyroidism (2), and chronic steroid therapy (15) than did those in the comparative
groups. Laboratory data showed abnormalities suggesting chronic inflammatory disease in many
patients, but no other unexpected metabolic findings. Metabolic abnormalities were uncommon in
pyrophosphate arthropathy, and extensive metabolic screening of patients was unrewarding.

Pyrophosphate arthropathy (PA) is a well recognised
condition which has been described under a variety of
different names including pseudogout, chondro-
calcinosis, and calcium pyrophosphate dihydrate
(CPD) crystal deposition disease.1`3 The cause of
crystal deposition is unknown. A few cases are famil-
ial24 aod others have been associated with a variety of
metabolic diseases, including hyperparathyroidism,
haemochromatosis, and hypophosphatasia.5'8 By
inference these diseases are implicated in the patho-
genesis of the deposits. Most reported associations
have been based on a search for PA in patients with
metabolic disease, but PA is comm6n, especially in
the elderly,59 10 and there are no adequate large con-
trol series on the incidence of metabolic diseases in
patients with PA.1112
We have studied 105 consecutive unselected

patients with PA whose clinical and radiological fea-
tures have been previously described."3 This paper
describes the metabolic abnormalities, disease
associations, and laboratory investigations in these
patients. For comparison we have studied a matched
group of acute medical admissions (for disease
associations) and 48 consecutive patients with
uncomplicated osteoarthritis (disease associations
and laboratory investigations).

Patients and methods

105 consecutive patients presenting to a rheumato-
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logist because of joint disease, associated with radio-
logical and/or microscopic evidence of pyro-
phosphate deposition, were studied. The criteria for
inclusion were as previously described."3 105 con-
secutive patients (age and sex matched) who were
admitted to a local hospital with acute medical condi-
tions, and 48 unselected patients with typical uncom-
plicated clinical and radiological osteoarthritis (OA)
were also studied. The latter group had no evidence
of CPD or hydroxyapatite crystal deposition disease.
A full medical history of past or present illness was

taken from all the patients in order to compare the
incidence of intercurrent disease in the 3 groups.

Laboratory investigations performed on the
patients with PA and those with OA included
haemoglobin, plasma viscosity, blood urea, sugar,
urate, iron, total iron binding capacity, calcium,
albumin, phosphate., alkaline phosphatase, thyrox-
ine, free thyroxine index (TSH when indicated),

Table 1 Incidence ofcoexisting disease in patients with
pyrophosphate arthropathy, osteoarthritis, and acute
medical admissions (results expressed as a percentage)

Diagnosis Pyrophosphate Osteoarthrtis Acute medical
arthropathy admissions

Number: 105 48 10S

Rheumatoid
arthritis 7-8 0 1-5

Hypothyroidism 10-5 2-1 2-8
Hyperthyroidism 3-8 2-1 2-8
l1yperparathyridisn 1-9 0 0
Chronic steroid

therapy 15-2 0 2-4
Gout 1-9 0 2-4
Hypertension 18-1 8-3 15-2
Diebetes mellitus 2-8 0 7-6
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Table 2 Laboratory findings in patients with pyrophosphate arthropathy and osteoarthritis (mean+±SD)

Quoted normal Pyrophosphate arthropathy Osteoarthritis
laboratory range

Men (n =29) Women (n =70) Women (n =37)

Haemoglobin (g/dl) M: 13-5-17-0 14-2±1-6 12 1±1-4 12-9±1-16
F: 11 5-165

Plasma viscosity (CP) 1 5-1 72 1-73t0-18 1 70±018 1-68±0-08
Urea (mmol/l) 2-5-66 6-8±2-8 5 7±2 9 5 7±1-31
Uric acid (mmol/l) 0-09-0 36 0-36±0-08 0-32±0-12 0-30t0 14
Iron (Mmol/I) 14-36 17-6±7-04 13-1±5-13 16-2t5-12
Iron binding capacity (Mumol/l) 45-72 58-1±9 7 59-5± 10-1 645± 9-8
Free thyroxine index 70-180 118t28-4 106±28-8 121 ±30-0
Blood sugar (mmolI) 3 3-5 6 4-7±+127 5 0±0 47 4-8±0-69
Rheumatoid factor titre (DAT) < 1: 16 2+ve 11+ve 1 +ve
IgG (g/l) 80-17-0 10-2 9 7 10-3
IgM (g/l) 06-2 0 1-5 1-4 1-3
Alkaline phosphatase (IU) 21-92 70-9±30-8 84-6±29-7 82-4±24-4
Magnesium (Mmol/) 08-12 0-87±0-15 0-82±0-14

immunoglobulins G, A, and M, 1gM and IgG
rheumatoid factor, and magnesium.

Calcium profiles were also performed on the serum
of 105 different age and sex matched ambulant out-
patients without rheumatic disease in whom the puta-
tive diagnosis would not be expected to influence
calcium homoeostasis.
The 18 patients with PA aged under 60 years at

presentation were studied in greater detail. Addi-
tional investigations in this group included fasting
calcium, magnesium, and phosphate; 24-hour urine
estimations of calcium, creatinine, magnesium, and
phosphate excretion; HLA tissue typing; and fasting
lipid profiles (low density, very low density, and high
density lipoproteins).

Results

The clinical details of the 105 patients with PA have
been described elsewhere."3 Briefly, 75 were women

(mean age 73) and 28 men (mean age 62). Eighteen
patients were less than 60 years old at presentation,
and, of these, 12 (67 %) were men. The younger men

constituted a distinct clinical subset, having more
acute attacks and less chronic arthritis than the older
women.
The 105 acute medical admissions were matched

for age and sex with the PA group. The diagnoses
necessitating admission were those expected in an

aged population (predominantly cardiovascular dis-
ease). Of the 48 patients with OA 7 were men (mean
age 65 years) and 41 women (mean age 66 years).
The number of men with OA was too small for

adequate analysis, and their laboratory data have not
been included.
The major disease associations, based on the medi-

cal history of all three groups, are shown in Table 1.

The most notable difference in the PA group was the
higher incidence of hypothyroidism, hyperpara-
thyroidism, rheumatoid arthritis, and chronic steroid
therapy when compared with the OA group or the
acute medical admissions. Hypertension was more
common in the PA group than the OA group, but not
when compared with acute medical admissions.
Diabetes mellitus was more common in acute medi-
cal admissions than either the PA or OA groups.

I'he laboratory data are shown in Tables 2, 3, and
4. Haematological indices suggesting a chronic
inflammatory disorder (anaemia, raised plasma vis-
cosity, low serum iron with normal or low iron bind-
ing capacity) were common in the PA group (Table
3). High blood urea levels were also more common in
the PA group, and the mean levels were higher in
both men and women with PA (Table 2) than the OA
group (p<0-01). These results are difficult to inter-
pret, as more patients with PA were on treatments
known to affect blood urea estimation (especially
nonsteroidal anti-inflammatory drugs). No signifi-
cant differences were found between the 2 groups for
any of the other laboratory indices shown in Tables 2
and 3.
The calcium results are shown in Table 4, which

compares the PA group, the OA group, and the
outpatients laboratory control group (see
'Methods'). Calcium levels were corrected for an
albumin of 40 mmolIl.14 Hypercalcaemia (Ca >2 7
mmol/l) was found in 5 patients with PA, none with
OA, and only one of the control group. Hypo-
calcaemia (Ca <2-20 mmolIl) was present in 12
patients with PA (predominantly older women), 3
with OA, and 11 controls. A low phosphate was more
common in controls than either the PA or OA
groups. Absolute values showed no differences in
mean Ca level between the 3 groups, although phos-
phate levels were highest in men with PA. Only the
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Table 3 Number ofpatients with laboratory findings
outside the quoted normal ranges

Pyrophosphate arthropathy Osteoarthritis

Men (n =27) Women (n =70) Women (n =37)

Low haemoglobin 10-7% 19-7% 5-4%
Raised plasma

viscosity 500-% 40-3% 23-7%
Low iron with
normal or low iron
binding 15-4% 40 7% 12-5%

Raised blood urea 33-3% 50-8% 11-4%
Low free thyroxine

index 3-7% 14-3% 2-7%

increased incidence of hypercalcaemia in the PA
group compared with either the OA group or con-
trols reached statistical significance (p<001). Serum
magnesium was estimated in 29 patients with PA and
was abnormal (<070 mmolIl) in 3, all of whom were

elderly women on diuretics.
Thirteen of the patients aged under 60 (9 men, 4

women) were studied in greater detail. 24-hour urine
estimations of calcium, creatinine, magnesium, and
phosphate excretion were normal in all patients.
Apart from a persistently raised calcium in one man,

all estimations of fasting serum calcium magnesium,
phosphate, and lipoproteins fell within the normal
ranges. Tissue typing was performed on 11 patients,
but no significant HLA association was demon-
strated (numbers were too small to allow analysis of
low-order association).

Discussion

PA has been reported in association with a variety of
metabolic diseases.58 Most studies have been based
on the examination of patients with metabolic disease
and have reported the concurrence of PA. PA is a
common condition, especially in the elderly,9 " and,
when the metabolic disease is also common, associa-
tions by chance are likely and a significant association

is difficult to prove. The occurrence of PA with rare

diseases such as hypophosphatasia, hypo-
magnesasmia, or haemochromatosis suggests a
genuine link or association, but in contrast gout,
diabetes, and hypertension are common, affect a
similar age group, and may thus not represent true
disease associations with PA. Metabolic diseases
have often been reported in association with PA, but
controlled data are scarce. Control groups were
included in 2 recent reports, but the numbers of
patients studied were small."1
We have studied a large number of patients with

PA and compared the incidence of metabolic disease
with 2 large 'control' groups. Patients with PA had a
mean history of joint disease of over 10 years, and it
would be reasonable to expect any associated
metabolic disease to be manifest by the time of this
study.
The choice of control groups for a study of PA is

difficult. Patients with other arthritides may develop
CPD deposition as a secondary phenomenon. We
therefore examined our OA group carefully for
radiological or synovial fluid evidence of CPD or

hydroxyapatite crystals. These were not found, but
we cannot exclude the possibility that some crystals
were present in the tissues of some patients.
Chondrocalcinosis may also be asymptomatic in the
elderly and cannot be excluded in all of the acute
medical admission group. We have therefore used
the term 'comparative' rather than 'control' for the
non-PA groups.
We were unable to obtain full metabolic screening

of the acute medical admissions because of the sever-
ity of disease in some patients. We have therefore
compared laboratory investigations in the PA and
OA groups with the normal range from our local
laboratory. Initial evaluation of the PA group
showed a high incidence of abnormal calcium levels;
we therefore assessed a second comparative group of
105 age and sex matched patients to check that this
finding was genuine. Hypocalcaemia was common in

Table 4 Calcium/phosphate balance in pyrophosphate arthropathy, matched laboratory controls, and patients with
osteoarthritis

Pyrophosphate arthropathy Osteoarthritis Controls

Women Men Women Women Men
70 27 37 70 27

(1) Normal levels
Mean serum calcium 2-36±0-16 2-34±0-17 2-35±0-12 2-36±0-14 2-36±0-10
Mean serum phosphate 1-12±0-18 1-01±0-18 1-04±0-14 1-03±0-21 1-02±0-21

(2) % ofpatient with levels outside normal range
Hypercalcaemia 4-3% 7-4% 0 1-4% 0
Hypocalcaemia 14-3% 7-4% 8-1% 10.0% 14-8%
Hyperphosphatasia 2-9% 3-7% 5-4% 8-6% 18-5%
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the control groups, but only one patient had hyper-
calcaemia. Therefore, of the established associations,
only hyperparathyroidism was seen in this study. Two
patients with PA had parathyroid adenomas resected
at least 10 years prior to presentation. Five patients
had mild hypercalcaemia, including one of those with
proved parathyroid disease; and low-grade hyper-
parathyroidism could be present in the other 4. Even
2 patients with definite parathyroid disease are a
much higher number than the expected incidence of
between 1:1000 and 1:20 000.15 16 No patient with
hypophosphatasia or haemochromatosis was iden-
tified in the PA group.
Low levels of magnesium have been reported in

PA.17 Magnesium, like calcium, is a divalent iron, and
the magnesium:calcium balance may be important in
the formation and solubility of CPD crystals. Serum
magnesium was low in 3 of the 29 patients in whom it
was measured, but these patients were elderly
women who were on diuretic therapy, and this may
explain the low levels.
An association between PA and thyroid disease was

first suggested in 1975.18 Thyroid disease is common
in the elderly, but our incidence of 15% in patients
with PA is considerably higher than the 3 % quoted
for an elderly population,"9 and suggests a real
association between these diseases. The mechanism
of this association is unclear, but TSH is known to
influence synovial membrane adenylate cyclase20 and
is also thought to alter the composition of cartilage,'0
which may be important for the deposition of CPD
crystals.
The association between PA and chronic cortico-

steroid therapy may reflect a common therapeutic
approach to arthritis. Other possible causes of this
association include steroid-induced damage to articu-
lar cartilage predisposing to the deposition of CPD,
or corticosteroids influencing cartilage metabolism to
favour CPD deposition. This association has not been
described previously.

Several patients in this study had another arthro-
pathy, such as rheumatoid arthritis, as well as
either hypothyroidism or chronic corticosteroid
therapy. The combination of damaged articular car-
tilage plus an abnormal metabolic milieu may be of
crucial importance to the development of PA.
Hypertension and diabetes mellitus were not

found in association with PA in this study, and the
previously reported associations may simply reflect
the coexistence of 2 common conditions. Uraemia,
though mild, was commoner in PA than in patients
with OA, but the differences in mean values were
small. Over 60% of those with uraemia were taking
nonsteroidal anti-inflammatory drugs, which may
affect renal blood flow.21
The presence of an abnormal plasma viscosity, a

sensitive indicator of inflammation, in over 40% of
patients with PA together with low iron with a low or
normal iron binding capacity (suggestive of chronic
inflammation) is previously unreported but most
probably represents crystal-induced inflammation.
Young patients with PA might be expected to have

the highest incidence of associated metabolic dis-
eases. However, careful metabolic investigation of
our younger patients failed to reveal any increased
incidence of metabolic abnormalities.

This study demonstrates that, of the reported
metabolic associations with PA, only hypothyroidism
and hyperparathyroidism are common. Chronic
steroid therapy may also be important. Hyper-
tension, diabetes mellitus, hyperuricaemia, and mild
uraemia are probably related to age or drug treat-
ment and not to PA.

Metabolic associations were present in a minority
of patients with PA, whereas pre-existing cartilage
damage from nonmetabolic causes was common.
Thorough laboratory investigations did not reveal

unsuspected metabolic abnormalities except for 2
cases of mild, persistent hypercalcaemia. The diag-
nosis of metabolic disease in association with PA was
made by a careful clinical history and examination in
all cases, and we cannot recommend extensive
laboratory investigation in patients with PA.
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