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Preface

When most people hear the term “crystal-induced arthropathy,” they think of
gout, the disease that results from the body’s response to monosodium urate
crystals. Furthermore, they usually envision a patient with acute, intensely
inflammatory monoarthritis, the cardinal feature of gout. However, gout is not
the most common crystal-induced arthropathy. The arthropathies that result from
the body’s response to calcium-containing crystals, those of calcium pyrophos-
phate dihydrate or basic calcium phosphates, occur more frequently. In fact, it is
likely that everyone will develop some sort of calcium-containing arthropathy if
they live long enough. Furthermore, although each crystal type can induce an
acute monoarticular disease, each can also be associated with a variety of other
clinical presentations. Thus, the crystal-induced arthropathies are common and
complex diseases.

Whereas gout has been recognized for centuries, not until 1960 was it
appreciated that monosodium urate crystals were present in the synovial fluid in
patients with attacks of gout. It was at that same time that calcium pyrophosphate
dihydrate crystals were identified in joint fluids from patients who were pre-
viously believed to suffer from gout and the term “pseudogout” was coined. Our
present understanding of basic calcium phosphate arthropathies began to unfold
in the early 1980s with the description of Milwaukee shoulder syndrome.

Motivation for this work stemmed from the editors’ long-standing interest in
the crystal-induced arthropathies, each of us having been actively investigating
various elements of these diseases for the last 30 to 40 years. It was our desire to
produce a concise but comprehensive review of this large field, recognizing that
much of the present understanding of these diseases is the result of observations
that have occurred during the span of our careers. In addition to reviewing the
present state of understanding regarding the clinical presentations of the various
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diseases, their respective underlying pathogeneses, and current approaches to
management, our goals included providing a sound basis for understanding the
discoveries that will be made in the future, both in etiology and in therapy. If we
have accomplished our goals, this book will be helpful to clinicians, teachers,
and scientists.

The authors who have contributed to this text share the editors’ interest
and enthusiasm for the field. We were particularly pleased that Dan McCarty
was willing to share his perspective on the history of the crystal-induced arthro-
pathies. As one of the individuals who identified monosodium urate crystals in
gouty synovial fluids, recognized pseudogout, and described Milwaukee shoulder
syndrome, he has contributed greatly to our knowledge of the field. In addition,
he has provided training and influenced a large number of investigators, many of
whom authored chapters for this edition. Although most authors of this text can
not match Dr. McCarty’s breadth of observations, each of the senior authors has
been involved in original research in the area about which they wrote and is widely
recognized for their individual expertise. We are also pleased to have involved
younger individuals who will become future leaders in this field.

Robert L. Wortmann

H. Ralph Schumacher, Jr.
Michael A. Becker
Lawrence M. Ryan
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Crystal-Induced
Arthropathies—Historical Aspects

Daniel J. McCarty

Department of Medicine, Medical College of Wisconsin, Milwaukee,
Wisconsin, U.S.A.

INTRODUCTION

It is now widely accepted that microcrystals are associated with both joint
inflammation and degeneration. This volume deals with the three most common
types of crystal-induced arthropathy, monosodium urate (MSU) monohydrate
(MSU), calcium pyrophosphate dihydrate (CPPD), and basic calcium phosphate
(BCP), associated with gout, pseudogout, and calcific periarthritis/osteoarthritis,
respectively. Selected historical contributions to the development of this field are
reviewed here.

MONOSODIUM URATE CRYSTAL DEPOSITION

Antoni Van Leeuwenhoek described the morphologic characteristics of MSU
crystals obtained from a draining tophus of one of his relatives (1) about a
century before uric acid was identified by Scheele (as urolithic acid) in 1776 (2).
A. B. Garrod wrote that MSU crystals were a constant feature of gout in 1867
(3) and attributed this deposition to over-saturation of body fluid uric acid as
demonstrated by his famous “thread” test. But as late as 1960 it was widely
believed that urate crystals were not causally related to acute gouty
inflammation, although crystal aggregates were held responsible for the
destruction of chronic tophaceous gouty arthritis.

1
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In 1961 McCarty and Hollander described MSU crystals in gouty synovial
fluid using compensated polarized light microscopy (4) followed by digestion
with the specific enzyme, uricase. Crystals were found in polymorphonuclear
leukocytes in fluids from acutely inflamed joints (5), raising the question of
causality. Working independently, Faires and McCarty in Philadelphia (6) and
Seegmiller, Howell, and Malawista in Bethesda (7) synthesized MSU crystals
and injected suspensions of them into normal human knee joints, canine stifle
joints, and joints of gouty patients (6,7). An acute self-limited, dose-related,
inflammatory response followed every injection. Aspirated synovial fluid
showed phagocytosis of crystals by neutrophilic and mononuclear phagocytes.
The experiments using normal joints fulfilled Koch’s postulates for proof of
etiology.

A literature review at that juncture revealed that a Viennese
dermatologist, Gustave Riehl, had described MSU crystals in phagocytic cells
in two fresh skin tophi in 1897 (8). He speculated that the crystals might be the
cause of the inflammation, but stated that further work would be left to the
internists. In 1899, Max Freudweiler, a young internist and native of Zurich,
working in the laboratory of a fellow Swiss internist (famous for his description
of the conducting “bundles” in heart muscle), Wilhelm His, Jr., at the Univer-
sity of Leipzig, synthesized MSU crystals and injected them under the skin of
rabbits (about 200 times) and into his own skin on two occasions (9). The
resulting inflammatory response was followed histologically by serial biopsy,
including polarized light examination of frozen sections. The deposits
eventually became the nidus of tophi identical to those found in gouty patients.
Professor His reported in 1900 that MSU and control crystals injected into
rabbit joints or peritoneal cavities also produced inflammation (10). He
expressed reluctance to inject crystals in human subjects, stating that the most
appropriate subject, “a gouty physician possessing moderate heroism had not
yet been placed at his disposal.” Subsequently Freudweiler established his own
laboratory in the basement of the medical school of the University of Zurich and
performed further work in rabbits and chickens with ligated ureters (11). He
refuted the work of VonNoorden, Klemperer, and Ebstein (referred to in Refs. 9
and 11), whose data suggested that necrosis preceded MSU crystal deposition
and whose histological examination of gouty tissues often failed to show
crystals. Freudweiler found that MSU crystals did not deposit in tissue made
necrotic by heat, but that crystals caused both inflammation and necrosis. His,
Freudweiler, and Riehl disputed the thought that necrosis preceded crystal
deposition, claiming that the watery tissue fixatives used by VonNoorden,
Klemperer, and Epstein had dissolved the MSU crystals from gouty lesions.
Simkin et al. have shown that formalin is an excellent solubilizer of MSU
crystals (12).

Why these data were lost to medical science remains unclear. Professor His
became a German national to qualify for the top university chair in internal
medicine in that country (Berlin) and subsequently became Colonel His when
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World War I broke out. He wrote the classic history of German military medicine
in that war and died in 1936. His only other contribution to gout was a postwar
description of the increased uricosuria invariably preceding spontaneous acute
attacks in gouty subjects hospitalized in the clinical research center at Berlin for
up to a year! Freudweiler died, virtually unknown, in September 1901 at the age
of 30 years. In summary, conclusive proof linking MSU crystals to both acute
inflammation and tophus formation was published but apparently forgotten as
most investigators interested in gout focused their attention on the metabolic
mechanisms leading to hyperuricemia.

CALCIUM PYROPHOSPHATE DIHYDRATE (CPPD)
CRYSTAL DEPOSITION

CPPD crystals are of the same size range as MSU crystals (1-20 microns) but are
parallelpiped or rod-like rather than needle-shaped (13). They have completely
different characteristics by compensated polarized light microscopy and, as they
contain calcium, are radiopaque. They are seen as linear deposits in
fibrocartilagenous structures such as the menisci of the knee, glenoid and
acetabular labra, symphysis pubis, anulus fibrosus of the intervertebral discs,
the articular disc of the distal radioulnar joint, and to a lesser extent in the hyaline
articular cartilage, especially of the larger joints. This distinctive appearance led
to many case reports [summarized in Ref. (13)] including Zitnan and Sitaj’s
classic paper describing hereditary disease in five Hungarian families living in
Slovakia (14). Their serial radiographic studies showed calcific deposits in
normal appearing joints that invariably underwent progressive degeneration (15).
The optical characteristics of the crystals were described by McCarty and
collaborators (13), and the nature of the deposits was established crystal-
ographically in 1962 (16).

Hyaline cartilage from the distal humerus of William Hunter’s original case
of osteitis fibrosa cystica was found to have a fine line of calcification paralleling
the radiodensity of the underlying bone (17). This radiographic appearance is
very suggestive of CPPD crystal deposits, and hyperparathyroidism is one of the
associated metabolic diseases. A mummy from the Field Museum in Chicago
with ochronosis was shown to have homogentisic acid deposits and had
cartilaginous calcification compatible with CPPD crystal deposits (18). Bennett
of Dublin’s Sir Patrick Dun’s Hospital described calcific deposits in cartilage in
1903 (19), but he provided no microscopic description. He found that the deposits
released bubbles when he added acid, suggesting that they were calcium
carbonate. Unfortunately, definitive crystal identification was not done in any of
these reports.

In summary, CPPD crystals, like MSU, can be associated with acute
inflammatory attacks of arthritis, with chronic devolutionary joint change, and in
some cases, with antecedent metabolic diseases. These similarities prompted the
neologism “pseudogout” (13).
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BASIC CALCIUM PHOSPHATE CRYSTAL DEPOSITION

“Apatite” derives from a Greek word meaning “deceiver.” In mineral form it has a
calcium to phosphorus molar ratio of 1.67. Biological apatite, however, has a lower
molar ratio. Apatite crystals are ultramicroscopic in size. Synovial fluid specimens
were first shown to contain “apatite” crystals by Schumacher et al. using
transmission electron microscopy (20) and, independently, by Dieppe et al. (21)
using scanning electron microscopy. Because apatite can form from amorphous
calcium phosphate precipitated when biological fluids lose CO, to the atmosphere, a
process augmented by cooling (refrigeration or freezing will always cause this to
happen), Halverson and McCarty attempted to reproduce their findings in synovial
fluid specimens handled anaerobically (under oil), using (**C) bisphosphonate
binding, followed by scanning electron microscopy of the centrifuged pellet with
X-ray energy dispersive analysis to determine the calcium/phosphorus molar ratio
(22). Bisphosphonate does not bind to other particulates or crystals found in joint
fluid. The binding of unknown compared to that of synthetic apatite standards was
used to quantify the amount of mineral per unit volume of synovial fluid.
Virtually all specimens from joints with radiographically narrowed joint spaces
contained detectable mineral with calcium to phosphorous (Ca/P) ranging from
1.4 to 1.6. The most extensive binding occurred in fluid from the shoulder joints
of elderly women with complete loss of the rotator cuff and extensive
glenohumeral joint degeneration, a condition later designated as the “Milwaukee
Shoulder Syndrome” (MSS) (23).

Fourier transform infrared spectophotometric analysis (FTIR) of washed
synovial fluid pellets containing (‘*C) bisphosphonate binding mineral showed
mixtures of octacalcium phosphate (OCP) and heavily carbonate-substituted
apatite (for both hydroxyl and phosphate groups), accounting for the “calcium
deficient” Ca/P molar ratios (24). A biopsy specimen of calcific periarthritis from
Israel contained only OCP (25). Another specimen from a calcinosis lesion
accompanying scleroderma showed pure carbonate apatite. The vast majority of
pathologic calcifications contain mixtures of OCP and carbonate-substituted
hydroxy apatite. The use of the generic term “BCP” crystal deposition was
proposed because all crystals identified were basic (as opposed to acidic) calcium
phosphates (24). An acidic calcium phosphate and (a dimorph of brushite),
dicalcium phosphate dehydrate, was described in specimens of anatomical
cadaver fibrocartilaginous menisci as multiple punctate deposits, but has never
been identified definitively in synovial fluid (26). Such deposits may be
postmortem artifacts, possibly due to local tissue alkalinity accompanying loss of
CO, as already described for synovial fluid.

In summary, BCP crystals are always found in synovial fluid when
radiographic evidence of cartilage degeneration is present (narrowed joint spaces
and subchondral bony changes). Like MSU and CPPD, they are biologically
active and could accelerate devolutionary joint changes as described elsewhere in
this volume. As the mechanism of such activity of calcium-containing crystals
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becomes clear, prevention of the associated degenerative joint changes might
become a reality.
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INTRODUCTION—GOUT

The study of gout epidemiology dates to antiquity, to Hippocrates’ first
descriptions of disease risk factors including advancing age, female menopause,
and male sex. Thomas Sydenham, a 17th century English physician and infamous
gout sufferer, made seminal contributions to our understanding of gout as an entity
distinct from other forms of “rheumatism.” In the latter half of the 18th century,
uric acid was isolated from select bladder stones and found to be the primary
constituent of gouty tophi. In the middle part of the 19th century, Sir Alfred Barring
Garrod devised the first qualitative test for serum urate (the so-called “string test”)
and, in the process, defined the association of hyperuricemia with gout. Perhaps in
response to the work of his contemporary (Robert Koch, who published his
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postulates in 1884), Freudweiler reproduced acute gout attacks by injecting
monosodium urate crystals into the knee joints of otherwise healthy “volunteers.”

Despite these early advances, a precise and reproducible method of gout
diagnosis remained elusive until the 1960s, with McCarty and Hollander’s initial
description of crystal analysis using polarized microscopy (1). Although crystal
diagnosis remains the “gold standard” for diagnosis, progress in gout
epidemiology has been hampered by the lack of a standardized approach in
defining case status. Findings of one recent study showed that the practice of
performing needle aspiration and microscopic crystal analysis is done infrequently
in the general practice setting (2), indicating that the sole reliance on microscopic
crystal diagnosis leads to inappropriately low estimates of gout burden. Other
groups of investigators have relied on patient self-report (3—-5), periodic physical
examination (6,7), physician diagnostic codes, and analyses of administrative
claims database (8) to define gout status, each method with its own
inherent limitations.

As with other rheumatic conditions, classification criteria have been
developed to define gout status, including the American College of Rheumatology
(ACR; formerly American Rheumatism Association) (9), Rome (10) and New
York (11) criteria (Table 1). As with other means of defining case status, there are
advantages and disadvantages to the application of such criteria. Applied in
retrospective fashion, the use of such criteria often mandates the availability of

Table T American College of Rheumatology® Preliminary Classification Criteria for the
Acute Arthritis of Primary Gout

Clinical setting® Survey setting®

More than 1 attack of acute arthritis More than 1 attack of acute arthritis

Maximum inflammation developed within Maximum inflammation developed
1 day within 1 day

Monoarticular attack Oligoarthritis attack

Redness observed over joint(s) Redness observed over joint(s)

First MTP joint painful or swollen First MTP joint painful or swollen

Unilateral first MTP joint attack Unilateral first MTP joint attack

Unilateral tarsal joint attack Unilateral tarsal joint attack

Tophus (suspected) Tophus (proven or suspected)

Hyperuricemia Hyperuricemia

Asymmetric swelling within a joint on X-ray Asymmetric swelling within a joint

Subcortical cysts without erosion on X-ray on X-ray

Joint fluid culture negative for organisms Complete termination of an attack

during an attack

“Formerly the American Rheumatism Association.

*Gout diagnoses in a clinical setting require (1) the presence of urate crystals in joint fluid,
(2) the presence of a proven tophus, or (3) the presence of at least 6 of the 12 criteria.

“Gout diagnoses in the survey setting require the presence of 6 of the 11 criteria.

Abbreviation: MTP joint, metatarsophalangeal joint.
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well-documented medical records for case validation, a process that can be both
labor- and time-intensive. However, the ACR criteria have been reported to have a
favorable sensitivity (85%) and specificity (93%, vs. patients with pseudogout) for
gout diagnosis in the context of a population-based survey (9).

Despite persistent problems with defining gout status, it is important to
recognize that substantial progress has been made in furthering our understanding
of gout over the last four decades. Taken together, epidemiologic investigations
suggest that gout frequency is on the rise worldwide. Moreover, recent
investigations have shed important insight on the complex relationships of
hyperuricemia, gout, and comorbid conditions, including hypertension, athero-
sclerosis, and the metabolic syndrome. In this chapter, we review our current
knowledge of gout epidemiology with an emphasis on recent trends in disease
frequency and an evolving understanding of factors associated to disease onset
and resultant comorbidity.

ESTIMATES OF FREQUENCY OF GOUT
Prevalence

Results of several population-based investigations of gout prevalence are
summarized in Table 2. Recognizing the substantial limitations in comparing
results across different studies (based on differences in case definition, the use of
point prevalence vs. period prevalence, different populations studied, etc.),
results of these investigations suggest that gout prevalence has increased over the
last 3 decades. Using a large U.K. practice registry in the mid-1970s, Currie
observed an overall gout prevalence of 2.6 cases per 1000 (13) among the adult
population. Employing a similar study methodology in 1993, Harris and

Table 2 Gout Prevalence (per 1000 Persons) and Incidence Rates (per 1000 Patient-
Years) from Select Population-Based Investigations

Author(s) (Ref.) Year(s) Country Population Prevalence  Incidence

O’Sullivan (12) 1972 uU.S. Adults, > 15 yr 3.0 -

Currie (13) 1975 UK. Adults, > 15 yr 2.6 0.30

Aromdee, et al. (2) 1977-78 U.S. All ages - 0.45

Stewart, Silman 1981-82 U.K. Adults, >25 yr - 1.40
(14)

Abbott, et al. (6) 1988 U.S. Adults, >30 yr - 0.84

Lawrence, et al. 1992 U.S. Adults, > 18 yr 8.6 -
(15)

Harris, et al. (16) 1993 U.K. All ages 9.5 -

Aromdee, et al. (2) 1995-96 U.S. All ages - 0.62

Klemp, et al. (17) 1997 New Zealand Adults, > 15 yr 47.2 -
Mikuls, et al. (18) 1999 UK. All ages 13.9 1.31
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colleagues found that overall gout prevalence had increased by approximately
three-fold (9.5 cases per 1000) from the time of Currie’s prior report (16). In a
more recent study examining enrollees of the U.K. General Practice Research
Database (GPRD), investigators observed the overall gout prevalence to be even
higher at 13.9 cases per 1000 (18).

Similar trends in disease prevalence have been reported in other geographic
regions. In a population-based survey from New Zealand, investigators observed
the overall gout prevalence (in patients over 15 years of age) to be 4.7% (17), an
estimate that had nearly doubled over the previous thirty years (19).

U.S. data on gout prevalence comes from the National Health Interview
Survey (NHIS; from 1969 to 1992) (3,15,20) and the Framingham study (6,7). In
the late 1960s, investigators from the Framingham study reported a gout
prevalence for adults over the age of 32 years of 28.5 and 3.9 cases per 1000
among adult men and women, respectively (7). The NHIS, based on patient self-
report, showed that the overall gout prevalence doubled during the interval from
1969 to the mid-1980s before reaching a nadir of 8.6 cases per 1000 in 1992
(15,20). Relying on gout self-report to establish prevalence is problematic, with
44% of cases from the Sudbury study of 1972 failing to be confirmed using the
Rome and New York criteria (12). A descriptive analysis utilizing an
administrative claims database for a managed care population throughout the
United States demonstrated that the prevalence of gout and/or hyperuricemia
increased in the overall study population during the 10-year period between 1990
and 1999 (8). The increase was greatest in those over 65 years of age. In those
under 65, men had four times higher prevalence than women (4:1). This gender
gap narrowed for those over 65 (3:1).

Incidence

Available data examining disease incidence support the concept that gout
frequency has risen over recent times (Table 2). Using the Rochester
Epidemiology Project database and ACR Classification Criteria for gout
diagnosis, investigators compared the age-adjusted gout incidence in 1995-1996
with that of 1977-1978 (2). Over this twenty-year interval, gout
incidence increased 1.5 fold from a baseline of 45.0 per 100,000 person-years
(95% CI: 31.7-59.3) to 62.3 per 100,000 (95% CI: 48.4-76.2). Notably,
investigators observed a two-fold increase in the incidence of primary gout (i.e.,
no history of diuretic exposure) (p=0.002 for difference) over the same time
period. A similar temporal trend has been noted by investigators from the U.K.
Using data from the Second (1971-1972) and Third (1981-1982) National
Morbidity Survey, Stewart and Silman noted an approximate 30% increase in gout
incidence over one decade (14). Gout incidence in men increased from 1.6 cases
per 1000 to 2.1 per 1000. Similarly, gout incidence increased among women from a
baseline of 0.4 cases per 1000 in the early 1970s to 0.7 per 1000 over the next
ten years.
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As with disease prevalence, incidence rates vary based on the case
definitions used and the populations examined. Investigators from the
Framingham Study, using biennial physical examination, observed an annual-
ized incidence rate (based on the number of new cases per person-bienniums at
risk) of 0.84 per 1000 person-years (6). In a study of the U.K. GPRD using
physician diagnostic codes, the overall 1999 gout incidence was found to be
1.31 cases per 1000 patient-years of follow-up (95% CI: 1.26-1.37) (18).
Among men in the Framingham Study (6), the overall gout incidence rate was
1.6 cases per 1000. Roubenoff and colleagues (5), using patient self-report,
observed a similar incidence rate (1.7 cases per 1000 patient-years) among male
participants in the Johns Hopkins Precursors Study, a prospective cohort study
involving medical students. In comparison, gout incidence among otherwise
healthy male veterans over a 15-year follow-up period was found to be 2.8 cases
per 1000 patient-years (21). The higher disease incidence noted in the latter
study may relate to the relatively older population that was studied or
differences in the frequency of select comorbidity or medication use that may
have predisposed this population to gout. The role of emerging and changing
risk factors in the incidence of gout is discussed below.

Factors Potentially Associated with an Increased Gout Risk

In 1726, Richard Blackmore, in his Discourse on the Gout, a Rheumatism, and the
King’s Evil, defined gout risk in stating, “The disease (gout)...owes its production
to the tables of epicure and the abuse of delicious wine. It is the dissolute and
voluptuous indulgence of sensual appetites that administer to the blood the seeds of
gout by oppressing nature with too great plenty of rich supplies, and not those
methods of life that enfeeble her faculties.” Today, we know that gout is not just a
disease of royalty or the over-indulgent but that a number of diverse factors lead to
a higher risk and may partially explain the apparent increased prevalence of gout
observed in the past two decades (Table 3). Evidence associating these risk factors
with an increased prevalence of gout is summarized below. It is important to note
that the direction of causality for certain associations, such as between gout and
hypertension, is often controversial and difficult to accurately determine, due to the
cross-sectional nature of many of the studies.

Hyperuricemia

A sustained elevation in serum urate represents the primary risk factor for the
development of gout. In men, serum urate levels begin to increase during
adolescence and, for most men, remain stable throughout adulthood. For men with
gout and persistent, untreated hyperuricemia tophi develop on average 11 years
later. In contrast, serum urate levels remain relatively low in women until
menopause when levels increase before reaching a plateau during the
postmenopausal years (23). The association of hyperuricemia with gout risk was
confirmed in both the Framingham Study (7) and Normative Aging Study (21). In
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Table 3 Proposed Principal Contributory Factors to the Increased Prevalence of Gout
and Subsets of Refractory Disease Over the Last Two Decades in the United States

Increased longevity

Increased prevalence of hypertension

Dietary trends

Increased prevalence of obesity and metabolic syndrome

Changing demographic trends and high prevalence of hypertension or metabolic syndrome
in specific racial and ethnic population subgroups

Increased prevalence of end-stage renal disease

Improved survival from congestive heart failure and coronary artery disease

Increased prevalence of diuretic and low-dose acetylsalicylic acid therapy

Limitations in the current armamentarium of antihyperuricemic agents, particularly in the
allopurinol-hypersensitive patient with renal insufficiency

Increases in major organ transplantation linked with cyclosporine-induced gout

Source: From Ref. 22.

both investigations, there was a dramatic dose-response relationship of baseline
serum urate levels with subsequent gout risk. In the Normative Aging Study, for
instance, gout incidence was >40 cases per 1000 patient-years among men with
baseline serum urate levels above 9.0 mg/dL. In contrast, incidence rates were < 1
case per 1000 in men with baseline serum urate values less than 7.0 mg/dL (21).

Sociodemographic Factors

Sociodemographic factors, including male sex and older age, serve as important
determinants of gout risk. As noted above, gout frequency increases in linear
fashion with advancing age (2,3,14,18) and is relatively rare in younger age
groups, particularly among younger women (Fig. 1). Of nearly 10,000 women
under the age of 50 enrolled in the Framingham Study, only 2 developed incident
gout (6). Likewise, in the recently published GPRD study (18) only 42 (<0.01%)
of more than 500,000 at-risk women under the age of 45 years developed gout
during the 1999 calendar year. This compares to 305 (0.06%) of over 500,000 at-
risk men who developed incident gout during the same follow-up period.

Epidemiologic studies have consistently shown that men are three to six times
more likely than women to develop gout (2,3,13,14,16,18). However, male-to-
female prevalence ratios decrease appreciably with advancing age, possibly
reflecting the loss of the uricosuric effect of estrogen in postmenopausal women (24).
Of gout patients older than 60, one-third to one-half are women (18). With dramatic
declines in the use of estrogen replacement therapy, it has been predicted that gout
incidence will continue to rise in older women (22), resulting in an even lower male-
to-female sex ratio among older gout patients.

As with age and sex, geographic residence and race/ethnicity may also serve
as important correlates of gout risk. For instance, as opposed to urban residence,
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Figure 1 Gout prevalence (1999) among enrollees in the U.K. General Practice Research
Database (GPRD). Ninety-five percent ClIs (shown with bars) were calculated using
normal approximation. Source: From Ref. 18.

several early European studies suggested a “protective effect” associated with
rural residence (25-27). In a national U K. study, Currie found important regional
variations in gout prevalence, with higher gout rates found in England compared
to the rest of Great Britain and higher rates in Wales compared to Scotland (13).

In a population-based New Zealand study (using ACR Classification
Criteria), gout was found to be far more prevalent among patients of Maori
descent than those of European descent (6.4% vs. 2.9%) (17). Among Maori men
the cumulative incidence was noted to be as high as 13.9%, compared to a rate of
5.8% among European men. These very high rates of gout are greatest in those
Polynesians who migrate to more urban centers where exposure to western diet
and alcohol may contribute to an already enhanced genetic predisposition. Rates
of hyperuricemia over 25% have been noted in men living in Kin-Hu, Kinmen,
islands very close to southern mainland China (28). In contrast to the high gout
frequency in many Asian and Polynesian cultures, Native American populations
(including the Blackfeet and Pima) appear to have a lower gout burden than
Caucasians (29). Of note, there is an almost a complete absence of gout in certain
African populations (30-33).

A survey of gout in 36 Korean women revealed the onset after menopause
(mean age 54.3 years) for the majority (34). Earlier onset was associated with the
use of cyclosporin or renal insufficiency. Risk factors included hypertension (61%),
renal insufficiency (47%), and diuretic use (28%). Compared to a cohort of Korean
men with gout, hypertension and renal insufficiency were more common in women.

To date, there has been only one reported case of crystal-proven gout in an
Australian Aborigine, despite a high rate of hyperuricemia in that population (35).
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That individual was found to have “excessive alcohol consumption” and was
taking furosemide. The prevalence of gout in a rural community in Western
Maharashtra, India, is 0.12% (36). Finally, areview of Saudi Arabian individuals, a
population with rare alcohol consumption, revealed a prevalence of hyperuricemia
of 8.42% and no cases of gout (37).

Hyperuricemia is significantly increased in African Americans compared to
Caucasians (38). One study found that African Americans were substantially more
likely than Caucasians to develop incident gout (RR =1.7; 95% CI 1.0-2.8) (4).
The excess number of gout cases observed among African Americans was
attributed to a higher prevalence of hypertension in this group compared to
Caucasians. This is important because hypertension is strongly associated with
gout (see below). This racial/ethnic disparity in disease burden may also relate to
an increased prevalence of obesity (39) and renal disease (40) among African
Americans compared to Caucasians, both factors also closely associated with gout.

Diet and Alcohol Consumption

Based on the results of numerous metabolic studies (41-44), a purine-rich diet
has long been implicated as a potential risk factor for gout onset. This was
recently corroborated by investigators from the Health Professionals Follow-up
Study (45). In this study, gout incidence was significantly associated with the
daily intake of meats and seafood, foods with relatively high purine contents
(Fig. 2). During a twelve-year follow-up period, investigators identified 730
confirmed new cases of gout using self-reported satisfaction of the ACR
Classification Criteria. After adjusting for potentially confounding factors
including age, alcohol intake, body mass index, diuretic use, and comorbidity
(including hypertension and renal insufficiency), men in the highest quintile of
meat intake (>1.92 daily servings) were more likely than those in the lowest
quintile to develop gout (RR=1.41; 95% CI 1.07-1.86). Compared to those in
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Figure 2 Associations of purine-rich food groups with gout. Source: Data from the
Health Professionals Follow-up Study in Ref. 45.
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the lowest quintile, men in the highest quintile of seafood intake (>0.56
servings) were also at increased risk of gout (RR=1.51; 95% CI 1.17-1.95).
The reported association of seafood intake with gout was more pronounced
among men who were not overweight, suggesting that there may be important
subgroup differences to consider in dietary risk factor assessment. Notably,
there was no increased risk of gout with greater consumption of purine-rich
vegetables or total protein intake.

In the same study, gout incidence was found to be lower among men with
the highest levels of dairy product consumption. Compared to those in
the lowest quintile, men in the highest quintile of dairy product intake (>2.88
daily servings) were only half as likely to develop gout (RR=0.56; 95% CI
0.42-0.74). The perceived protective effect of these foods appeared to be most
pronounced for low-fat dairy products, as opposed to those with high-fat
content. Although its biologic plausibility remains to be defined, the association
of lower gout incidence with a high intake of dairy foods may relate to the
uricosuric effect of milk proteins including casein and lactalbumin (46). It is
important to recognize, however, that an increased intake of milk proteins failed
to show a significant urate-lowering effect in a controlled trial involving
postmenopausal women (47). Other foods have also been reported to have a
potent uricosuric effect and, as such, have been hypothesized to have a
beneficial effect on gout (48). In a metabolic study of young women (age
22-40 years), the daily consumption of 280 grams of cherries (2 servings) was
associated with significant declines in plasma urate levels with concomitant
increases in urinary urate excretion (49).

As has been long suspected (50), alcohol consumption is a major
determinant of gout risk. Recent data also from the Health Professionals
Follow-up Study has provided important insight into alcohol related risk in
gout (51). Compared to prior cohort studies examining the association of alcohol
use with gout (4-6,21,52), this investigation was relatively large in size (n="730
incident gout cases) and had ample data available to allow investigators to adjust
for multiple potential confounders of gout risk. Referent to men who did not drink
alcohol, investigators observed a significant association of gout risk with total
daily alcohol intake, and there was a marked dose-response across categories of
consumption (p <0.0001 for trend) (51). The relative risk for every 10 g
increase in daily alcohol intake (approximately one drink/day) was 1.17 (95% CI
1.11-1.22). Investigators found differences in gout risk based on the type of
alcohol consumed (Fig. 3). Gout risk appeared to be most strongly associated
with beer intake, perhaps related to its greater purine content (guanosine) relative
to other alcoholic beverages (53). The relative risk for each daily 12 oz. beer
serving was 1.49 (95% CI 1.32-1.70) while the relative risk for a single daily
serving of liquor (one shot) was 1.15 (95% CI 1.04—1.28). In contrast, there was
no association of daily wine consumption with gout risk (RR per 4 oz. serving per
day 1.04; 95% CI 0.88-1.22).
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Figure 3 Gout risk based on the type of alcoholic beverage consumed. Source: Data from
the Health Professionals Follow-up Study in Ref. 51.

Lead Exposure

Lead intoxication has long been recognized as a cause of secondary gout,
commonly referred to as saturnine gout. Indeed, overt lead intoxication
(predominantly via the consumption of tainted food and wines) has been
intimately linked to two historical epidemics of gout, the first involving
ancient Roman aristocrats and the second occurring during the European
Renaissance (54). There have been two recent investigations examining the
influence of chronic low-level environmental lead exposure on urate excretion
and gout risk. Taken together, these studies suggest that subclinical exposures
to lead enhance the risk of hyperuricemia and gout. In a cross-sectional study
involving 111 otherwise healthy Taiwanese (27 with a history of gout), gouty
subjects had a significantly higher total body lead burdens and lower measures
of urate clearance (55). Additionally, increased blood lead levels were
significantly related to higher serum urate values. In a large retrospective
cohort study, high bone lead levels were significantly correlated with
elevations in serum urate (52). However, perhaps related to the relatively
low blood lead levels encountered in this latter study, investigators found no
association of either bone or blood lead levels with the development of gout.

Genetics

The incidence of gout and hyperuricemia appear to have a substantial genetic
component (see also Chapter 3). It is estimated that the heritability of gout ranges
from between 60% and 90% (56). Gout heritability is predominantly polygenic with
multiple genes conferring risk. Monogenic disorders account for only rare gout cases
and include both X-linked (i.e., complete or partial hypoxanthine-guanine
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phosphoribosyltransferase deficiency causing Lesch-Nyhan Syndrome and
increased phosphoribosyl pyrophosphate synthetase activity) and autosomal
dominant (i.e., Familial Juvenile Hyperuricemic Nephropathy) forms (57). With
data emerging from the Human Genome Project (58), it is likely that our
understanding of genetic influences in gout will expand substantially in the near
future.

Post-Surgery

Acute gout, often in atypical joints, commonly presents in patients who have
recently undergone surgical procedures. This affects both those with a known
history of gout as well as persons who post-operatively develop their initial
attack (59). Differentiating post-surgical gout attacks, which are often
accompanied by fever, from infectious sequelae can present a diagnostic
challenge. Dehydration, catabolism, changes in medications, general anesthesia,
and starvation are postulated as mechanisms responsible for a urate flux and
precipitation of acute post-operative gout attacks.

Medication Use

Certain drugs are associated with secondary gout due to their effects on renal
reabsorption, secretion, and excretion of uric acid. Although hypertension is
associated with gout (see below), thiazide diuretics increase uric acid
reabsorption leading to hyperuricemia and ultimately gout for many individ-
uals (60). Despite a rising incidence of gout over the past two decades, there was
not an increase in gout associated with thiazide diuretic use in the Rochester
Epidemiology Project (6), perhaps corresponding to a declining use in diuretics in
the 1990s. Of note, this trend could change based partially on the results of a large
randomized controlled trial showing that hydrochlorothiazide is a low cost
hypertension therapy that significantly lowers the risk of stroke (61).

Hyperuricemia occurs in the vast majority of post-transplant patients and
gout is thus very common (62). Among renal transplant patients the prevalence of
gout is estimated at 2% to 13% (63,64). In post-transplant patients gout may
present with an accelerated clinical course. Manifestations more typically seen in
the advanced stages of gout, such as tophi and polyarticular involvement, can
develop within 6 months to 4 years (62). Cyclosporine, typically prescribed for
transplant patients, inhibits uric acid excretion (65). Cyclosporin can predispose
to gout via a number of mechanisms that include: (1) hypertension, (2) decreased
renal clearance of urate, (3) decreased glomerular filtration, and (4) interstitial
nephropathy (64—66).

High doses of aspirin (>3 g/day) are uricosuric. Low doses, however,
cause uric acid retention. Aspirin doses as low as 75 mg/day caused a 15%
decrease in the rate of uric acid excretion and a corresponding increase in serum
urate (67).



18 Saag et al.

Pyrazinamide, ethambutol, and niacin are associated with gout due to their
suppressive effects on uric acid secretion.

GOUT COMORBIDITIES, OTHER ASSOCIATIONS,
AND PROGNOSIS

Metabolic Syndrome

The metabolic syndrome (previously referred to as syndrome X) is a highly
prevalent condition defined by high fasting glucose, abdominal obesity,
hypertriglyceridemia, low HDL-C, hypertension, and increased risk for
atherosclerotic events (68). The metabolic syndrome, as well as its components,
is independently associated with hyperuricemia, and evidence supporting these
associations are reviewed individually below.

Obesity

Gout is more common in those with obesity, particularly among men with an
endomorphic body habitus (69). Excessive weight gain in young adulthood is also
a risk factor independent of obesity (5). Similarly, a reduction in weight may also
lower gout risk (70). As body mass index has risen in the U.S. and certain other
nations, so has the prevalence of gout (71). High body mass index is directly
associated with hyperuricemia and an increased risk of gout, even in adolescents,
and this risk decreases with weight loss (72—74). Many obese persons meet the
definition for metabolic syndrome summarized above. It has recently been
suggested that leptin may be a link between obesity and hyperuricemia (72).

Hypertension

The association of hypertension and hyperuricemia has been well described for
many decades (75). Half of untreated hypertensive patients have hyperuricemia
(76). Elevated serum urate (concentration >5.5 mg/dL) may precede hyperten-
sion and correlates with blood pressure in children with primary hypertension (77)
and in adults (78). In the Normative Aging Study, gout was 3-fold more common in
hypertensives compared with normotensive adults, although a large proportion of
this increased risk was suspected to be due to thiazide diuretic use (21).
Hypertension has increased in the US, particular among African Americans, and
along with other risk factors may contribute to a higher frequency of gout, observed
among African Americans in comparison to Caucasians (4,34).

Hyperlipidemia

Hyperuricemia is strongly correlated with serum triglycerides, with a weaker
correlation with serum cholesterol (74).
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Diabetes Mellitus

An increased incidence of impaired glucose tolerance and diabetes in normal
glucose tolerant patients was associated with hyperuricemia (79). Insulin
resistance may lead to overactivity of Na+/H-+exchange in the kidney
resulting in more urate reabsorption (80). Alternative mechanisms include
increased intracellular availability of esters of long chain fatty acids, which may
promote renal vasoconstriction, renal uric acid retention, and up-regulated uric
acid (81).

Hypothyroidism

A higher prevalence of hypothyroidism has been observed among men and
women with gout (82,83). Thyroid replacement therapy is associated with a
decrease in serum urate perhaps mediated by uric acid diuresis. It has been
speculated that urate homeostasis is partially controlled by thyroid-stimulating
hormone receptors in extrathyroidal tissues including the kidney.

Renal Insufficiency

Although renal insufficiency clearly leads to hyperuricemia, the converse, whether
gout results in chronic renal disease, has been debated for many years (84).
Interpretations are confounded by a more robust relationship between gout and
hypertension, a clear confounder for a gout renal disease association. As
summarized above, elevated urate can reduce renal blood flow (85). Thus,
hyperuricemia, found in up to a third of patients with hypertension, could lead to
early renal vascular involvement, specifically nephrosclerosis.

Examination of a large group-practice cohort found that azotemia
attributable to hyperuricemia is generally mild and not problematic until serum
urate levels reach 13 mg/dL in men (86). The Normative Study of Aging found no
deleterious effects of gout on renal function (21). It is likely that hypertension,
chronic lead exposure, ischemic heart disease, and preexistent renal insufficiency
play important roles in the pathogenesis of “urate” nephropathy.

Nephrolithiasis

Cross sectional studies have suggested a 15% to 22% prevalence of
nephrolithiasis among individuals with gout (87) and a nearly 50% higher risk
of stones in the National Health and Nutrition Examination Survey (NHANES),
an association that persisted even after accounting for race, hypertension, body
mass index, sex, and age (88). In the Health Professionals Follow-up Study, there
was a 15% prevalence of kidney stones among men with a history of gout
compared to an 8% prevalence in those with no gout history. This nearly two fold
increased risk was maintained after adjustment for age and body mass index
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(OR=1.9, 95% CI 1.7 to 2.1). Gout also increased the risk of incident kidney
stone disease (OR=2.1 95% CI 1.2 to 3.7) in that study (89).

Cardiovascular Disease

Past U.S. and multinational epidemiologic studies have both supported
(6,34,90-93) and refuted (94-96) an association of elevated serum urate
with cardiovascular disease (reviewed in Alderman, 2004). Furthermore,
associations may be seen in only particular patient subgroups, such as for
women (91,97) and those with particular body physiques (69). Contrasting
results from longitudinal analyses of two large and well-designed U.S. studies,
the NHANES and the Framingham study, have fueled controversy about
whether serum urate is a causal factor in cardiovascular disease. For example,
in NHANES I, a 60 micromol/L increase in serum urate level was associated
with a 48% increase in the risk of ischemic heart disease among women (34).
There was higher all-cause mortality and greater ethnic diversity in NHANES
compared to Framingham, suggesting possible greater external validity
(generalizability) of NHANES. On the other hand, critics contend that serum
urate may simply be a confounder for hypertension, diuretic use, dyslipidemia,
disordered glucose metabolism and/or renal insufficiency (95,98).

Evidence supporting an association of serum urate with cardiovascular
disease can be drawn from randomized clinical trials. The Losartan Intervention
For Endpoint Reduction in Hypertension (LIFE) study compared the effects of
losartan and atenolol for reduction in cardiovascular morbidity and mortality
among over 9000 subjects with confirmed hypertension and left ventricular
hypertrophy. Losartan, an angiotensin II receptor antagonist, interferes with urate
reabsorption in the proximal tubule, thereby lowering serum urate. Atenolol, a
beta-blocker, has no known effect on serum urate concentration. Although patients
were not hyperuricemic upon entry into the study, the baseline serum urate was
significantly associated with an increase in future cardiovascular events (hazard
ratio 1.02, 95% CI 1.02 to 1.03). The estimated contribution of serum urate to the
treatment effect of losartan on the composite endpoint (i.e., cardiovascular death,
nonfatal and fatal MI, nonfatal and fatal stroke) was 29%, suggesting that
attenuating serum urate could reduce cardiovascular events in a high-risk
population (99). Stroke may also occur more frequently among diabetics who
have higher serum urate levels, even after other cardiovascular risk factors were
considered (100). Despite an absent association with cardiovascular outcomes, in
one Scandinavian study serum urate level was positively correlated with 12-year
overall mortality (90).

Beyond coronary artery disease, hyperuricemia was a strong, independent
marker of impaired prognosis in heart failure (101). After analytically accounting
for renal disease, heart failure patients with a serum urate level > 800 micromol/L
had a relative risk of mortality that was 18-times higher than in patients with
urate <400 micromol/L.
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Table 4 Diagnostic Criteria and Categories for Calcium Pyrophosphate Dihydrate
Crystal Deposition Disease (Pseudogout)

Criteria

I Demonstration of CPPD crystals obtained by biopsy, necropsy, or
aspirated synovial fluid, by definitive means, e.g., characteristic
“fingerprint” by X-ray diffraction powder pattern or by chemical analysis
I A. Identification of monoclinic or triclinic crystals showing a weakly
positive, or a lack of, birefringence by compensated polarized light
microscopy
B. Presence of typical calcifications on radiographs®
11 A. Acute arthritis, especially of knees or other large joints, with or without
concomitant hyperuricemia
B. Chronic arthritis, especially of knee, hip, wrist, carpus, elbow, shoulder,
and metacarpophalangeal joints, particularly if accompanied by acute
exacerbations; the chronic arthritis shows the following features to be
helpful in differentiating it from osteoarthritis:
1. Uncommon site for primary osteoarthritis, e.g., wrist, metacarpo-
phalangeal joints, elbow, or shoulder
2. Radiographic appearance, e.g., radiocarpal or patellofemoral joint
space narrowing, especially if isolated (patella “wrapped around” the
femur)®, femoral cortical erosion superior to the patella on the lateral
view of the knee
3. Subchondral cyst formation
4. Severe progressive degeneration with subchondral bony collapse
(microfractures), and fragmentation with formation of intra-articular
radiodense bodies
5. Variable and inconstant osteophyte formation
6. Tendon calcifications, especially of Achilles, triceps, and obturator
tendons
7. Involvement of the axial skeleton and subchondral cysts of
apophyseal and sacroiliac joints, multiple levels of disc calcification
and vacuum phenomenon, and sacroiliac vacuum phenomenon

Categories

A Definite—criteria I or II(A) or II(B) must be fulfilled

B Probable—criteria II(A) or II(B) must be fulfilled

C Possible—criteria III(A) or III(B) should alert the clinician to the possibility

of underlying CPPD deposition

“Heavy punctuate and linear calcifications in fibrocartilages, articular (hyaline) cartilages, and joint
capsules, especially if bilaterally symmetric; faint or atypical calcifications may be due to dicalcium
phosphate dehydrate (CDPD) (CaHPO,-2H,0) deposits or to vascular calcifications; both are also
often bilaterally symmetric.

PAlso described as a feature of the arthritis of hyperparathyroidism.

Abbreviation: CPPD, calcium pyrophosphate dehydrate.

Source: From Ref. 103.
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CALCIUM PYROPHOSPHATE DIHYDRATE
DEPOSITION DISEASE

Diagnostic criteria for CPPD diseases have been proposed and generally include
demonstration of CPPD crystals by synovial biopsy or synovial fluid analysis (102)
and the presence of calcifications on radiographs (Table 4) (104). Given the
heterogeneity of the clinical presentations of CPPD diseases and the nomenclature
used to characterize them, defining their epidemiology is difficult. For example,
there is minimal data available to define the incidence of the syndrome of
pseudogout. Most of the epidemiologic characterization of CPPD diseases is
therefore derived from prevalence studies utilizing post-mortem and radiographic
surveys of chondrocalcinosis (105). The prevalence of chondrocalcinosis found in
these surveys is quite variable, ranging from 2% to 35%.

ESTIMATES OF FREQUENCY OF CPPD DISEASES
Prevalence
Post-Mortem Analyses

In post-mortem analyses, prevalence data may be influenced by the methods used
to identify articular calcifications (105). Menisci from 215 cadavera of all ages
were analyzed radiographically for calcifications between 1963 and 1964 (106).
CPPD deposits were found in at least one meniscus in 35% of cadavers studied.
Similarly, a more recent study identified calcifications radiographically in menisci
and knee articular cartilage in 20.7% of 130 consecutive autopsies (107). In
contrast, at least two post-mortem analyses employing histological means of
identifying CPPD crystals have yielded prevalence rates of less than 10%
(106,108). This suggests that the sensitivity of histologic identification of CPPD
crystals versus radiographic identification of calcifications differs in post-mortem
analyses. To what extent the presence of calcifications in these series correlated
with clinical CPPD disease is also unclear.

There are numerous studies investigating the radiographic prevalence of
chondrocalcinosis with variable results (Table 5). Direct comparisons are hindered
by differences in sample sizes, radiographic techniques, choice of joints examined,
patient age, and populations surveyed. Some of these studies, for example, are
taken from geriatric patient populations that may not be representative of the
general aging population. Still, it is reasonable to conclude that the prevalence of
chondrocalcinosis increases with age. Prevalence is quite high among subjects
80 years of age or older in some series. In the Framingham Osteoarthritis Study,
chondrocalcinosis of the knee was found in 27.1% of subjects greater than 85 years
of age compared to 3.2% of those 65 to 69 years of age (109). Among a cohort of
261 subjects in north east Spain, articular chondrocalcinosis was noted in 43%
of patients greater than 80 years of age compared to 7% of those between the ages
of 60 and 69 (110).
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Factors Potentially Associated with an Increased CPPD Risk

As chondrocalcinosis and CPPD deposition occur in a significant proportion of
the adult population (Table 5), associations should be interpreted with caution.
However, it appears that gender, genetic factors, and certain metabolic diseases
influence CPPD risk.

Gender and Ethnic Influences

In many of the prevalence surveys listed in Table 5, chondrocalcinosis was found
more commonly in women than in men, an observation that may be reflective of
the increasing ratio of women to men in an aging population. In one series, the
female to male prevalence ratio increased almost four-fold from ages 70 to 79
(111). Though methods of data collection differ between ethnic populations,
making comparisons difficult, there does not appear to be an obvious ethnic
influence on the development of chondrocalcinosis as prevalence is similar
among a number of North American and European populations (Table 5).

Genetic Factors

The prevalence of familial CPPD not associated with metabolic or endocrine
diseases is uncertain (112). Familial aggregation has been described in certain
populations such as in southern Chile, where a high incidence of articular
chondrocalcinosis has been reported among the Chiloe Islanders (124). There are
numerous reports of familial aggregation among Spanish families (125-127). In
one study, 44 Spanish kindreds with CPPD were compared to 16 kindreds with
other inflammatory or noninflammatory arthritides (126). Familial aggregation of
two or more members was found among 21 of the CPPD kindreds with a further 10
kindreds having relatives without definite CPPD but a history of “pseudogout-like
attacks” or radiographic evidence of MCP arthropathy. Two additional Spanish
surveys noted a similar familial prevalence of articular chondrocalcinosis (26%
and 28%) among family members of CPPD disease patients (125,127). Kindreds
have also been described in other European countries (128—130), Argentina (131),
and the United States (132). These CPPD kindreds differ with respect to age of
onset, severity of clinical or radiographic manifestations, and frequency of
endogamous marriages (112,133). For further information, see Chapter 3.

Hypomagnesemia

Magnesium is an important cofactor for pyrophosphatase activity rendering the
association between hypomagnesemia and CPPD deposition theoretically
plausible (134,135). There are numerous case reports of this association in the
literature (136-139). Patients are typically young with polyarticular chondro-
calcinosis and disease characterized by recurrent episodes of pseudogout rather
than chronic pyrophosphate arthropathy (136). Renal magnesium wasting appears
to be the mechanism in most cases, and association of chondrocalcinosis with
genetic abnormalities of magnesium conservation including Bartter’s syndrome
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(137,140) and Gitelman syndrome (141) have been reported. In a controlled trial,
chronic pyrophosphate arthropathy patients given oral magnesium demonstrated
significant improvement in articular signs and symptoms at six months without
radiographic improvement in chondrocalcinosis (142).

Hypothyroidism

The association of CPPD arthropathy and hypothyroidism is controversial. In a
study of 105 patients with pyrophosphate arthropathy, 11% were found to be
hypothyroid compared to 3% of a matched group of acute medical
admissions (143). In a cohort of 100 hypothyroid patients, 17% were found to
have chondrocalcinosis compared to 10% of age and gender-matched
controls (144). Another study did not support a relationship between
hypothyroidism and chondrocalcinosis. In a cohort of 49 hypothyroid patients,
only two patients were found to have chondrocalcinosis of the knee compared to
one euthyroid patient (145). Data collected from 1375 members of the
Framingham Osteoarthritis Cohort demonstrated no evidence of an association
between high levels of thyroid stimulating hormone (TSH) and knee
chondrocalcinosis (146).

Hyperparathyroidism

The relationship between CPPD deposition diseases and hyperparathyroidism
was initially described in case reports in the late 1950s and early 1960s
(147-150). There are few comparator studies evaluating the relationship between
hyperparathyroidism and CPPD deposition. A small study comparing the
frequency of hyperparathyroidism and other metabolic parameters in 28 subjects
with pseudogout and 22 controls with osteoarthritis failed to demonstrate
statistical intergroup differences (151). In another study, eight of 26 patients
(31%) with documented hyperparathyroidism were found to have chondrocalci-
nosis compared to four of 104 controls (4%) (p <0.01) (152). Similar findings of
increased chondrocalcinosis were observed among 41 hyperparathyroid patients
compared to 100 geriatric controls (153). The proposed mechanism for the
development of chondrocalcinosis in hyperparathyroidism is the increased ionic
product of calcium pyrophosphate owing to increased extracellular calcium
concentrations. Interestingly, there are numerous case reports of pseudogout
attacks after parathyroidectomy (154—156). Postoperative hypocalcemia is felt to
promote the solubility of CPPD crystals and their subsequent shedding into the
synovial space (136).

Hemochromatosis

The original report of arthritis occurring in hemochromatosis was published in
1964 and included an example of chondrocalcinosis (157). An association between
hemochromatosis and articular chondrocalcinosis has since been well-described.
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In one series of 63 patients with iron overload, an arthropathy was present in 55%,
and of these, chondrocalcinosis was present in approximately half (158).
Compared to patients with idiopathic chondrocalcinosis, a male predominance
and younger age has been described among patients with hemochromatosis and
chondrocalcinosis (159). Distinct radiographic features in hemochromatosis
compared to idiopathic pyrophosphate arthropathy include metacarpophalangeal
joint involvement, hook-like osteophytes on the radial aspect of the metacarpal
heads, and maintenance of the scapholunate space (160). Treatment of iron
overload in patients with established chondrocalcinosis does not appear to prevent
progression of the arthropathy (161).

EPIDEMIOLOGY OF BASIC CALCIUM
PHOSPHATE ARTHROPATHIES

Basic calcium phosphate (BCP) crystals are the crystals associated with the most
common forms of crystal associated arthropathies. The term BCP includes
crystals of partially carbonated substituted hydroxyapatite, octacalcium
phosphate, and tricalcium phosphate. Clinically these crystals can occur in a
wide variety of clinical presentations ranging from calcific periarthritis to intra-
articular deposition with osteoarthritis (see Chapter 3 for more information).

Few systematic studies of the incidence of prevalence of juxta-articular
deposits of BCP crystals have been performed. Because the deposits are often
asymptomatic, they may be discovered as an incidental finding on shoulder
radiographs. One large study of predominantly white North Americans found a
prevalence of calcific periarthritis in the shoulders of 2.7%, only 34% to 45% of
which were symptomatic (162). Calcific periarthritis occurred more commonly in
females, with the highest prevalence found between ages 31 and 40 years (19.5%).
Others report periarticular calcifications to occur most commonly between ages
40 and 70 years, with prevalence to be as high as 7.5%, and to affect each sex
equally. The joints most commonly involved are the shoulder (60%), followed by
the hip, knee, elbow, wrist, and ankle (163,164). This complication has been reported
in a 3-year-old and appears to be less common in the elderly (165).

The prevalence of intra-articular BCP crystal deposition is not established.
Apatite crystals were present in 50% of osteoarthritic knees evaluated prior to
surgery and, and in other studies, were found in 26% to 60% of synovial fluid
samples for osteoarthritic knees (166-168). The most severe form of BCP
crystal-associated arthropathy is Milwaukee shoulder syndrome (although this
arthropathy affects other joints as well) in a condition found in the elderly (169).
Although its true prevalence is unknown, it is likely that prevalence of intra-
articular BCP crystal deposition correlates with the severity of osteoarthritis.

BCP crystals can also be found in the tumorous deposits seen in chronic
renal failure, especially in patients on chronic dialysis as well as in scleroderma,
systemic lupus erythematosus, dermatomyositis, and hyperparathyroidism. The
true prevalence of BCP crystals in these conditions is not certain.
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INTRODUCTION

Familial forms of the crystal-induced arthropathies occur in almost all ethnic
groups and are frequently characterized by early onset and severe clinical
manifestations. Despite their relative rarity, inherited forms of these arthropathies
often provide insights into critical mechanisms important in the development of
idiopathic as well as familial varieties of these diseases. The purpose of this
chapter is to review the current status of gene discovery in the crystal-induced
arthropathies and to describe the putative role of these genes in the pathogenesis
of the corresponding diseases.

FAMILIAL GOUT SYNDROMES

Gout, or monosodium urate crystal deposition disease, has long been recognized
as resulting from a variety of environmental and genetic abnormalities favoring
hyperuricemia. Earlier reviews of studies of inherited gout concluded that the
disorder was likely due to polygenic rather than monogenic influences (1-5).
In recent years, understanding of the role of inheritance in gout has rapidly
accelerated due, in part, to the identification of hyperuricemic disorders that
exhibit Mendelian patterns of inheritance. Since uric acid is the end-product of
purine metabolism, most of the early reports of families with inherited

37



38 Zaka and Williams

hyperuricemia and gout concentrated on identifying and characterizing defects in
purine metabolic pathways. These reports documented familial defects in the
regulation of purine nucleotide synthesis transmitted as autosomal as well as sex-
linked traits (6-15). Of particular interest were the X-linked disorders
hypoxanthine phosphoribosyltransferase (HPRT) deficiency and phosphoribo-
sylpyrophosphate (PRPP) synthetase overactivity, each of which is characterized
by purine nucleotide and uric acid overproduction and distinct infantile and later-
onset phenotypes.

By the late 1970s, however, it was clear that inherited abnormalities in
the regulation of uric acid production accounted for only a small proportion
of individuals with familial gout. Moreover, a number of reports appeared in
which hyperuricemia preceded the development of renal failure in affected
members of families in which purine nucleotide and uric acid production
were normal. For example, in 1978, a multi-generation kindred in which
hyperuricemia, acute gouty arthritis, and renal medullary cystic disease were co-
morbid as an autosomal dominant trait was reported. In this family,
hyperuricemia was attributable to impaired renal excretion of uric acid (16).
Other reports described the concurrence of precocious gout and renal failure in
teenage children in some families and even in a young girl of nine years of age in
one family (17,18). By 1983, the concordance of dominantly inherited interstitial
nephropathy and hyperuricemia and gout with impaired renal uric acid excretion
was recognized as a distinct clinical entity (19), and the term familial
hyperuricemic nephropathy was coined (20). Patients with familial hyperur-
icemic nephropathy showed diminished renal tubular net excretion of uric acid
unaccompanied by evidence for accelerated purine synthesis de novo, and these
findings were confirmed in a large Japanese family with autosomal dominant
gouty arthritis and renal disease (20,21).

Thus, pathogenetic mechanisms underlying familial gout are hetero-
geneous and now include disorders characterized by primary increases in purine
nucleotide and uric acid production and those characterized by altered renal uric
acid handling. Much of the recent literature devoted to the genetics of familial
gout has concentrated on the latter disorders that are transmitted as autosomal
dominant traits, usually presenting with interstitial nephropathy and progressing
to end-stage renal failure. The major disorders of this type include familial
juvenile hyperuricemic nephropathy (FJHN) and medullary cystic kidney
disease. A summary of the genetics of gout and gout-related familial disorders
is presented in Table 1.

FAMILIAL JUVENILE HYPERURICEMIC NEPHROPATHY

FJHN, sometimes termed familial juvenile gouty nephropathy, was described in
1960 (22). This disorder is inherited as an autosomal dominant trait with a high
degree of penetrance and is usually, although not always, associated with gout.
Renal disease usually develops in the second decade of life and progresses to
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Table 1 Summary of the Genetics of Gout and Gout-Related Disorders

Chromosomal
Locus (MIM #) location Inheritance Gene (symbol)
Xanthinuria, type I 2p23-p22 AR Xanthine dehydrogenase
(278300) (XDH)
Gout, HPRT-related Xq26—q27.2 XD Hypoxanthine guanine
(300323) phosphoribosyl trans-
ferase 1 (HPRT1)
Gout, PRPS-related Xq22-q24 XD Phosphoribosyl pyro-
(311850) phosphate synthetase
1 (PRSP1)
Hyperuricemic 16p12.3 AD AD Uromodulin (UMOD)
nephropathy, familial 17cen— Hepatocyte nuclear
juvenile q21.3 factor 18 (HNF-18;
(FJHN; 162000) also TCF2)
Medullary cystic kidney  1q21 AD ?

disease, type 1
(MCKD1; %174000)

Medullary cystic kidney  16p12.3 AD and AR Uromodulin (UMOD)
disease, type 2
(MCKD2; 603860)

Gout susceptibility 1 4q25 Complex ?
(GOUT1; %138900)

Abbreviations: MIM, Mendelian Inheritance in Man; AR, autosomal recessive; AD, autosomal
dominant; XD, X-linked dominant; Complex, polygenic (assigned locus probably is one of several
susceptibility loci).

end-stage renal failure by mid-life. Histological examination of renal biopsies
shows tubulointerstitial inflammation and splitting of thickened tubular basement
membranes. The primary diagnostic criterion is a reduced fractional excretion
of urate (FEur), regardless of the gender or age of the patient. FEur, defined
as uric acid clearance factored by creatinine clearance X 100, ranges from about
8% to 18% in normal subjects of all ages and both genders, with FJHN patients
usually having values of 5% or less (23). The dramatically low FEur and the early
onset of the disease are conspicuous characteristics of FJHN and distinguish it
from other autosomal dominant hyperuricemic disorders that usually appear later
in life (see below). Following the initial report of FJHN, additional families with
this disease were described (17,19,21,24-30). The availability of large families
and the obvious Mendelian pattern of transmission of the disorder in these
families made it possible to utilize the tools of parametric linkage analysis in the
search for the FTHN gene.

In 2000 the results of a genome wide screen for linkage performed on
affected and unaffected members of a Japanese family were described (21,31).
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Affected family members developed gout and hyperuricemia after adolescence,
although uric acid excretion abnormalities were apparent before puberty. The
investigators genotyped 343 markers covering all autosomes at approximately
10 cm intervals and obtained linkage between the disease trait and a marker on
the short arm of chromosome 16. By performing refined linkage mapping
within 30 cm of the linked marker, a candidate interval for the FIHN gene was
localized to a region of approximately 9 cm at 16pl12. Confirmation of this
observation was reported in 2003 when five additional European families with
FJHN were linked to chromosome 16pl12-pl1 (32). One FJHN family,
however, was not linked to the 16p locus, thus suggesting genetic heterogeneity
for this disorder.

AUTOSOMAL DOMINANT MEDULLARY
CYSTIC KIDNEY DISEASE

Autosomal Dominant Medullary Cystic Kidney Disease (ADMCKD) is another
hereditary nephropathy that usually, although not always, includes gout among its
constellation of symptoms. Five generations in a family suffering from this
disorder were described in 1966 (33). Affected members showed numerous
corticomedullary and intramedullary cysts in the kidneys and an increase in
medullary connective tissue and an onset of disease later than for FJHN. In two
unrelated families, the average ages at onset were 23 years and 35 years (34).
Subsequently symptoms manifesting after age 50 years have been observed (35).
Owing to the availability of large families and the advantages of a defined mode of
inheritance, genetic linkage analysis was utilized to identify a chromosomal locus
for this disorder. A genome wide screen identified a locus on the long arm of
chromosome 1 that was linked to the disorders in two Cypriot families (35).
Refined linkage mapping and haplotype analyses suggested a founder effect for the
disorder in the two Cypriot families and placed the locus within an 8 cm interval on
chromosome 1q21. Successive refinements of the interval were performed using
recombination mapping in a Belgian kindred to refine the interval for ADMCKD1
to a 2.1 Mbp interval on chromosome 1g21 (36,37).

Analysis of an Italian family with ADMCKD, however, excluded linkage
between the disease phenotype and the 1q21 locus (38). A genome-wide genetic
linkage analyses was performed on the four generation kindred, and linkage to
the short arm of chromosome 16 was established—the same region which had
previously been linked to FJHN. These studies imply at least two loci for
ADMCKD: a chromosome 1 locus for what is now termed ADMCKD1, and
a 16p locus for ADMCKD?2. Since ADMCKD2 and FJHN loci mapped to
approximately the same region of chromosome 16p, the possibility was raised
that these two syndromes might be allelic variants (39,40). A more recent study
has further refined the FJTHN/ADMCKD?2 locus to a region of approximately
1.7 Mbp (41).
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CANDIDATE GENES FOR FJHN AND ADMCKD1 AND 2

Refinement of loci for the hyperuricemic nephropathies permitted examination of
positional candidate genes for these disorders. The chromosome 16p12 locus that
harbored the candidate interval for FTHN and ADMCKD?2 contained six candidate
genes, including the uromodulin gene (UMOD), which was of particular interest
because of the abundance of its gene product in normal urine (42). UMOD encodes
the Tamm-Horsfall protein, a glycosylphosphatidylinositol anchored glycoprotein
with expression localized to the thick ascending limb of the loop of Henle (43).
Amorphus deposits of uromodulin were present in the renal interstitium of patients
with medullary cystic kidney disease (44,45). Sequencing of this gene from
affected members of three families with FTHN and one family with ADMCKD2
led to the identification of four different mutations in exon 4 of the gene (41).
The finding that mutations in the same gene were responsible for both FJHN and
ADMCKD?2 confirmed allelism between these disorders and reinforced the
hypothesis that mutation in UMOD result in decreased urinary concentrations of
Tamm-Horsfall protein with resulting hyperuricemia and progressive renal failure.
The initial report of mutations in UMOD was rapidly followed by a series
of studies in which additional mutations in UMOD were observed in other
families with either FTHN or ADMCKD?2 (46-49). In a recent study of a large
consanguineous Spanish kindred with ADMCKD?2, three affected family
members were homozygous for a UMOD mutation at Cys255 (C255Y), thus
permitting a comparison of phenotypes associated with homozygosity and
heterozygosity. Patients with homozygous UMOD mutations had more severe
disease, earlier onsets of hyperuricemia and gout and more rapid progression to
end-stage renal failure than those heterozygous for the UMOD mutation (50).
The function of the Tamm-Horsfall protein remains unknown. It may be
important for the integrity of the loop of Henle, forming a gel-like structure that
blocks urinary tract infections by preventing the binding of Escherischia coli to
kidney cells (51). Uromodulin is also reported to have an anti-oxidant effect and
to inhibit calcium oxalate crystallization (52,53). The majority of mutations in
UMOD in FJHN and ADMCKD?2 patients are missense mutations that substitute
a Cys for another amino acid (Fig. 1). UMOD contains 48 cysteine residues
which can potentially form 24 intramolecular disulfide bonds. It has been
suggested that mutations in UMOD may disrupt the tertiary structure of the gene
product, permitting accumulation of the Tamm-Horsfall protein in tubular cells.
Mutations in UMOD result in profound reduction of Tamm-Horsfall protein
excretion (55). Several studies have shown that aggregated Tamm-Horsfall
protein has a proinflammatory potential, including activation of neutrophils,
stimulation of monocytes, and release of cytokines and proteinases. A pro-
inflammatory effect of Tamm-Horsfall protein aggregation may be responsible
for the tubulointerstitial nephritis seen in FJHN and ADMCKD?2 patients
(56-60). Furthermore, it has been suggested that the hyperuricemic manifes-
tations of these disorders, characterized by reduced urate fractional excretion
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Figure 1 Domain structure of the Tamm-Horsfall protein (THP), the product of the
UMOD gene. Depiction is reproduced from SMART (Simple Modular Architecture
Research Tool). Some reported mutations involving cysteine substitutions in families with
FJHN are depicted (41,46,49); many of the mutations in the UMOD gene fall within the
EGF and EGF_CA domains of THP. Abbreviations: EGF, epidermal growth factor-like
domain; EGF_CA, calcium-binding EGF-like domain; ZP, zona pellucida domain.
Source: Adapted from Ref. 54.

may result from a contraction of extracellular volume as a result of the loss of
Tamm-Horsfall protein function in renal salt and water transport (61).

Unlike the rapid success encountered in identifying mutations in patients
with FJHN and ADMCKD?2, progress in the search for the gene responsible
for ADMCKDI1 has been hampered by the lack of viable candidate genes in
the 2.1 Mbp region that has been genetically refined by linkage analysis to
chromosome 1q21. The current positional genes in this region include a
variety of interesting candidates that may be relevant to the pathophysiological
mechanisms underlying this and other hyperuricemic disorders. One candidate
gene, mucin 1 (MUC1), encodes a cell surface glycoprotein that is expressed
by a variety of epithelial cells including those of the urinary tract. The MUCI1
gene product interacts with several cell adhesion proteins that also interact
with polycystin-1 and inversin, two proteins in which mutations can give rise
to polycystic kidney disease 1 and nephronophthisis type 2, respectively
(62,63). Another candidate gene, thrombospondin 3 (THBS3), is also
important in cell adhesion and is expressed in mouse kidney (64). THBS3 is
known to interact with TGF-f3, a cytokine involved in renal fibrosis (65). Other
potential candidates exist in this region, but no single positional candidate
gene is as established as UMOD at chromosome 16p12 in ADMCKD2 and
FJHN (see Ref. 37 for discussion). Systematic sequencing of several of the
candidates in the 1q21 will be required in order to identify the gene altered
in ADMCKDI.

GENETIC HETEROGENEITY IN FJHN

Not all families with FJTHN and ADMCKD?2 are linked to the chromosome 16p12
locus of the UMOD gene. For example, the 16p12 locus has been excluded as
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pertinent in a family with FJHN presenting with underexcretion-type hyperur-
icemia, gouty arthritis, and precocious and progressive renal disease (66). In a
follow-up study, the possibility that mutations in the organic anion transporter 1
gene (hOAT1), whose gene product transports urate, might be responsible for the
phenotype of this atypical family was examined and no mutations were found in
the hOATI gene in affected members of this family (67). This report highlighted
the potential for genetic heterogeneity in the hyperuricemic nephropathy
syndromes and suggested that aberrant function of organic anion transporters
such as hOATT1, solute carrier family 22, member 12 (SLC22A12), human urate/
anion transporter 2 (hUAT?2), and human urate/anion transporter (hUAT) might
also be responsible in some families with these disorders. Homozygous mutations
in SLC22A12, the gene encoding the urate transporter URAT1, are responsible
for renal hypouricemia in some patients (68,69). hUAT is the gene encoding
galectin 9, which can function as a selective urate channel when inserted into lipid
bilayers (70); hUAT and hUAT?2 are 96% homologous (71).

Finally, a mutation in the hepatocyte nuclear factor 1 gene (HNF-1p) has
been identified in a family with FTHN (72). Mutations in this gene had previously
been associated with several disorders of renal development and with renal cystic
disease and precocious diabetes, and in some families, with hyperuricemia. The
mutation is a base substitution that produces a splice site mutation, presumably
resulting in premature termination of translation (72). Most affected members of
this family exhibited hyperuricemia and three members had early onset gout,
suggesting that gout and hyperuricemia are general features of HNF-1f
mutations. However, the mechanism by which HNF-1f mutations results in
hyperuricemia is still unknown. HNF-1B is homologous to HNF-la, a
transcription factor that is expressed in the renal proximal tubule (73). Both
HNF-1a and -1 are expressed during tubular differentiation (74). It has been
speculated that reduced activity of HNF-1 might reduce the transcription of the
urate transporters URAT1 and hUAT.

TREATMENT OF THE HYPERURICEMIC NEPHROPATHIES

The effectiveness of allopurinol in the treatment of the hyperuricemic
nephropathies has been disputed. Most studies of allopurinol therapy have
focused on single families, and it has been suggested that disparities among studies
might result from patient heterogeneity and differences in the course of treatment
utilized in each study. Studies of eight separate FTHN families with a strong history
of renal disease and early mortality due to end-stage renal failure were undertaken.
In these families long-term follow-up of progression of renal disease indicated that
allopurinol reduced the morbidity and mortality from renal failure in treated family
members compared to untreated members and previous generations of untreated
individuals (75). This effect, however, was most evident when treatment was
begun before compromise of renal function. These studies suggest that early
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diagnosis and treatment, as well as conscientious patient compliance, can result
in long-term prevention of renal damage in at least some FJHN patients.

OTHER GENETIC STUDIES OF GOUT

Although gout affects about 1% of the United States population, its prevalence
can be significantly higher in certain ethnic and racial groups. Among these
groups are Pacific Islanders. It has been suggested that the genetic relationship
among Pacific Islanders and the high morbidity of gout in these populations may
be due to a founder effect, perhaps compounded by environmental influences.
A genome-wide linkage study of an isolated population of Taiwanese aborigines
presenting with primary gout has been conducted (76). This population was
selected because, as an isolated group, the Taiwanese aborigines might be more
homogeneous than other populations and thus might provide better statistical
power for a non-parametric analysis of linkage. Analyses detected significant
linkage on the long arm of chromosome 4. When corrected for certain
co-variates, the statistical significance for linkage at chromosome 4q25
increased (76).

A subset of this same population was used to evaluate possible linkage
of the hyperuricemia/gout phenotype to the ADMCKDI1 locus on chromosome
1g21 (77). Marginally significant linkage was detected, suggesting that an
additional susceptibility locus for this population may be located on chromo-
some 1q21. These studies are a reminder of the complex genetic nature of
primary gout and that several susceptibility loci may define the genetic landscape
of the idiopathic disorder.

With regard to potential positional candidates at chromosome 4q25, it has
been noted that the region of strongest linkage is a relatively short distance from a
previously identified longevity locus (78). This led to speculation that a common
gene in this region might be responsible for both gout and longevity traits, in light
of the positive correlation between the concentration of urate in serum, where it
presumably acts as an antioxidant, and lifespan among mammalian species (79).

FAMILIAL CALCIUM PYROPHOSPHATE DIHYDRATE (CPPD)
DEPOSITION DISEASE

The history of the non-urate, calcium crystal arthropathies dates to 1958 when
Zitnan and Sitaj presented case studies of 27 patients, most of whom were
members of five families, with what was referred to as articular chondrocalci-
nosis (80,81). The nature of the crystal deposition in affected patients was
clarified by McCarty and Hollander, who studied two cases of non-urate
associated crystal deposition in the joints of patients thought to have gout (82).
Radiographic examination of the joints in these and other patients revealed
distinctive and abnormal calcifications in and around articular hyaline cartilage
and fibrocartilage. Following the initial description of chondrocalcinosis in
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Czech families, multiple series of affected families from around the world were
reported (83—-99). Most familial cases appeared to be inherited in an autosomal
dominant manner with precocious onset, variable clinical expression, and
deposition of calcium-containing crystals occurring before the development of
frank degenerative joint disease (Fig. 2). The most common radiographic
features included crystal deposition in the knee, symphysis pubis, and triangular
fibrocartilage of the wrist (85,102,103). Atypical osteoarthritis with involvement
of metacarpophalangeal and wrist joints and with numerous and large
subchondral cysts and beak-like osteophytes was also observed.

The primary crystals that are observed in chondrocalcinosis are CPPD.
With few exceptions family studies of chondrocalcinosis demonstrate the
presence of CPPD crystals in synovial aspirates. The mechanisms responsible for
the deposition of these crystals are not known. Some studies have reported that
structural changes in articular cartilage extracellular matrix might promote

Figure 2 Radiograph of patient with familial calcium pyrophosphate dihydrate (CPPD)
disease. The knee of a 42-year-old patient, a member of an Argentine CPPD disease kindred
(100,101), is shown. Note that there is minimal compromise of joint space and structure of
the tibial plateau and femoral condyle at the early stage of disease in this individual;
however, chondrocalcinosis is clearly visible in the joint (indicated by arrow).



46 Zaka and Williams

crystal formation (104,105), thus prompting an exploration of genes encoding
cartilage extracellular matrix proteins as candidate genes for chondrocalcinosis.
In a large family from the Chiloe Islands with a clinical phenotype of severe,
precocious osteoarthritis with ankylosis, late-onset spondyloepiphyseal dyspla-
sia, and chondrocalcinosis in multiple joints and fibrocartilages, a heterozygous
mutation in the COL2A1 gene that resulted in an Arg to Cys substitution at amino
acid 75 in the gene product was identified (106,107). It is likely, however, that the
chondrocalcinosis phenotype in this kindred is a secondary consequence of
advanced and severe osteoarthritis.

Numerous studies of a chondrocyte nucleoside triphosphate pyropho-
sphohydrolase (NTPPPH) suggested that the biochemical pathway responsible
for the generation of inorganic pyrophosphate (PPi) may play a role in the crystal
deposition (108-110). Altered levels of intracellular inorganic pyrophosphate
have been observed in cultured fibroblasts and lymphoblasts of patients affected
with familial CPPD disease (111,112), and in synovial fluids from a British
family (98), thus strengthening the suspicion that abnormalities in pyrophosphate
metabolism may underlie crystal deposition in these families.

GENETIC LINKAGE ANALYSES IN FAMILIAL CPPD DISEASE

The availability of numerous families presenting with CPPD disease as a
Mendelian trait has permitted the use of parametric methods of linkage analysis
to define potential disease loci. A study of a large family from Maine, in which
the CPPD disease phenotype was associated with severe, non-dysplastic
osteoarthritis, excluded linkage to the COL2A1 locus (113). In this family,
genetic linkage was demonstrated between the disease phenotype and a locus on
the long arm of chromosome 8, now referred to as the CCAL1 locus. The locus on
chromosome 8q, although statistically significant, was broad and spanned a
genetic interval of approximately 30 cm, or a physical distance of over 25 Mbp.

Linkage analysis on a British CPPD disease family subsequently identified
a second chondrocalcinosis locus on the short arm of chromosome 5 (114)
that was confirmed in genetic studies of two other families from France
and Argentina (100). All of the families presented with typical symptoms of
CPPD disease. In addition, the large kindred from the Alsace region of France,
like the British family, had also been extensively characterized with respect to
abnormalities in PPi metabolism (100,111,112). The chromosome 5p15 locus,
referred to as CCAL2, has now been shown to be linked to the CPPD disease
phenotype in five apparently unrelated families, confirming the fact that CCAL2
is an important locus for familial chondrocalcinosis.

CANDIDATE GENES FOR FAMILIAL CPPD DISEASES

The chromosome 5p15 locus contained a number of positional genes that could
serve as candidates for familial CPPD disease. However, in a timely stroke of
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intersecting research efforts, a gene for an animal model of aberrant calcification
was identified on mouse chromosome 15 in a region of the chromosome that was
syntenic to human chromosome Sp (115). The animal model was the progressive
ankylosis (ank) mouse, a naturally occurring autosomal recessive mutant whose
phenotype included the deposition of hydroxyapatite in articular spaces and
synovial fluid. In affected animals, disease progression includes joint space
narrowing, cartilage erosion and formation of osteophytes that cause joint
immobility and eventual fusion. Complete rigidity and death occurs at around
6 months of age (116-120). Although the phenotype of the mouse model was
considerably different from that seen in human chondrocalcinosis, the abnormal
articular calcification and the fact that the human homologue of the gene, referred
to as ANKH, was located at the CCAL2 locus made it a viable positional
candidate gene. Furthermore, the gene product of ank functioned to regulate PPi
levels in cells (115).

Mutational analyses of ANKH detected four mutations in the five families
in which linkage to the CCAL2 locus had been confirmed. A heterozygous base
substitution at position -11 of the 5’ untranslated region (UTR) that introduced
a new methionine (ATG) codon was identified in one family (121). In vitro
translation studies and mass determination of the resultant protein by electrospray
ionization mass spectrometry demonstrated that the upstream ATG sequence was
recognized as a new translational start site. In the Argentine and French families,
heterozygous missense mutations were observed in highly conserved amino acids
in the first and second exons, respectively (101,121). Two families with CPPD
disease in the United States have mutations at the same amino acid position as
that observed in the Argentine kindred (122). However, the sequence variants in
the two United States families are transversion mutations, while that in the
Argentine family is a transition mutation. Haplotype analyses of microsatellite
and single nucleotide polymorphic markers in all three families demonstrate that
they are not related, suggesting that the mutations at the same amino acid arose
independently of each other, and that this site may represent a hot spot for
mutations in CPPD disease families (see Table 2 for compilation of ANKH
mutations).

Table 2 ANKH Gene Mutations in Families with Calcium Pyrophosphate Dihydrate
Deposition Disease

Family Amino acid position Type of mutation
British NA INS+4*
French 48 Met < Thr
Argentinean 5 Pro< Leu
U.S. 5 Pro <> Thr
U.s. 5 Pro < Thr

#INS +4: insertion of 4 amino acids at the N-terminus of ANK.
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Ninety-five patients from the United Kingdom with CPPD disease were
studied to evaluate the relevance of mutations in ANKH to idiopathic CPPD
disease (121). One patient, who presented with late-onset CPPD deposition in
several joints, displayed a 3 bp in-frame deletion in exon 12 that eliminated a
glutamic acid at amino acid position 490. This change, like those observed in the
familial mutations, was not observed in any controls. The same change was
observed in the sister and nephew of the patient, although CPPD disease could
not be confirmed in these individuals.

GENETIC HETEROGENEITY IN FAMILIAL CPPD DISEASE

Not all families with CPPD disease are linked to the CCAL1 or CCAL2 loci that
have been identified by linkage analyses. For example, the multi-generation
family previously described (97) failed to exhibit linkage to either locus when
genotyped with markers selected from the two candidate regions, CCAL1 and
CCAL2 (Baldwin C and Williams CJ, unpublished data). These findings suggest
that another uncharacterized locus may be responsible for the familial CPPD
disease phenotype.

ANK AND CPPD DEPOSITION DISEASE

Studies of ank function in cells from the progressive ankylosis mouse and in COS
cells transfected with normal and mutant Ank suggest that the protein may
regulate transport of PPi. Intracellular PPi levels in fibroblasts from mutant mice
were increased about two-fold over that of wild-type controls, and extracellular
levels of PPi were dramatically reduced in fibroblast cultures mice compared to
wild-type controls (115). This observation was consistent with the postulated role
of PPi as a potent inhibitor of hydroxyapatite deposition in cartilage and bone. An
abnormally functioning Ank would fail to inhibit hydroxyapatite deposition and
could conceivably account for the excessive calcification phenotype seen in
ankl/ank mice.

Further experiments showed that fibroblasts from mutant mice could be
restored to normal levels of intracellular and extracellular PPi when transfected
with wild-type (115) and overexpression of wild-type Ank in COS cells resulted
in a dramatic decrease in intracellular PPi levels and a concomitant increase in
extracellular PPi levels. Finally, the decreased levels of intracellular PPi resulting
from over-expression of Ank in COS cells could be restored by the addition of
probenecid, a nonspecific anion transport inhibitor, suggesting that Ank
functioned via an ion channel transport mechanism (see Fig. 3 for proposed
structure and function for Ank/ANK).

In order to evaluate the impact of mutations in ANKH observed in two
families on the function of the gene product, COS cells were transfected with
constructs containing the INS+4 and M48T mutants (121). Interestingly, the
familial mutations did not appreciably change intracellular PPi levels. To explain
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(A) 10 transmembrane helix model
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(B) Proposed impact of mutations in ANKH on the transport of PPi

PPi PPi
PPi4 T PPi 4
HA deposition CPPD deposition
Loss of function Gain of function
resulting from recessive resulting from dominant CPPD
ank/ank mutations disease mutations

Figure 3 Putative structure and function of ANK. (A) The transmembrane prediction
algorithm, TMpredl (123), suggests that ANK, the 492 amino acid gene product of
ANKH, is a multipass transmembrane protein with 10 transmembrane helices. The
positions of mutations in familial calcium pyrophosphate dihydrate deposition (CPPD)
disease, relative to the position of the naturally occurring recessive mutation in the ank/ank
mouse (which occurs at amino acid 440, changing a glutamic acid residue to a stop codon),
are shown. Symbols: ), potential N-glycosylation site; O, potential phosphorylation sites
by protein kinase C or cAMP/cGMP-dependent protein kinase. (B) Proposed impact of
mutations on PPi generation. ANK appears to act as a channel or transporter for the
inorganic anion, PPi. Recessive mutations in the ank/ank mouse produces decrease in
extracellular PPi (115), permitting deposition of hydroxyapatite. It has been postulated that
dominant mutations in humans may lead to excess efflux of PPi, resulting in the deposition
of CPPD crystals. Source: From Refs. 101, 115, 121.
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this result, it was hypothesized that, in contrast to the ank mouse mutant, human
CPPD disease mutations might act as gain-of-function alleles which would
moderately increase extracellular PPi levels over time, leading to subtle
abnormalities that have cumulative impact on articular cartilage homeostasis.

FAMILIAL CONDITIONS INVOLVING BASIC CALCIUM
PHOSPHATE (APATITE) CRYSTALS

There are few reports of the deposition of hydroxyapatite and other basic calcium
phosphate crystals as a heritable disorder in the medical literature, and the earliest
descriptions were of calcific periarthritis in multiple joints of identical twins and in
relatives of a proband presenting with intervertebral disc calcification (124,125).Ina
case where the primary crystal type was determined to be basic calcium phosphate,
the phenotype mainly involved the dorsolumbar spine, with intervertebral disc
calcification primarily in the nucleus polpulsus, as well as the peripheral joints with
periarticular calcific deposits in the hand joints. This phenotype was displayed by a
family in which no affected members showed calcific deposits in the knees, pubic
symphysis, or triangular ligament of the carpus, thus distinguishing the
hydroxyapatite arthropathy in this family from the condition seen in patients with
familial CPPD disease (126). In three members of another family in which
periarthritis of multiple joints was observed, the exclusive crystal type was
octacalcium phosphate, an observation confirmed by Fourier transform infrared
spectrophotometry of an open biopsy of a calcification of a proximal interphalangeal
joint (127). This crystal type often accompanies deposits of carbonate substituted
hydroxyapatite, but the finding of octacalcium phosphate alone in a biopsy specimen
is unique to this family. Another unusual observation in this kindred was the fact that
affected individuals displayed low serum alkaline phosphatase activity, a finding not
seen in other families with basic calcium phosphate arthropathies.

Milwaukee shoulder syndrome is an erosive arthritis of the shoulder
associated with apatite crystal deposition (128). Manifestations of this syndrome
begin with limited shoulder joint mobility and stability accompanied by joint
effusion, and progresses to degenerative changes in the scapula humeral head,
and acromioclavicular joint, and calcification of the rotator cuff. Rotator cuff tear
is common. A family of four members with calcific periarthritis of the shoulder
was described (129).

A more detailed description of a large Italo-Argentine kindred with
Milwaukee shoulder syndrome was recently reported (130). This family
displayed an unusual type of osteoarthritis with secondary intraarticular and
periarticular calcification in numerous joints, including the shoulder in the most
severely affected elderly members and evidence of superior shoulder subluxation
in younger members. Examination of synovial fluid from the shoulders of two
affected family members showed the presence of both hydroxyapatite and
calcium pyrophosphate dihydrate crystals.
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ANALYSES OF GENETIC LINKAGE AND CANDIDATE GENES
IN FAMILIAL BASIC CALCIUM PHOSPHATE ARTHROPATHIES

Studies of the Italo-Argentine kindred described above indicated that the disorder
was inherited in an autosomal dominant manner in this family. While the
phenotype in the family was not consistent enough to warrant a genome-wide
search for linkage to a putative disease-causing locus, it was sufficient for
analysis of potential candidate loci. The loci that were targeted included the
chondrocalcinosis loci on chromosomes 8q and 5p15, and the COL2A1 locus on
chromosome 12q. These loci were definitively excluded in the family. Several
other loci that have been implicated in normal skeletal patterning and cartilage
differentiation, the HOX A,B,C, and D gene cluster and the PAX 1 and 9 genes,
were also analyzed. These loci were either excluded or were uninformative in
terms of their linkage to the disease phenotype of Milwaukee shoulder/subluxa-
tion in the affected kindred (130).

Finally, observations of mineralization defects in the ank mutant mouse
indicated that hydroxyapatite deposition was the crystal type deposited in
articular spaces. Therefore, two other families displaying autosomal dominant
hydroxyapatite deposition disease that have not been reported in the literature but
have been studied by us were screened for mutations in ANKH. No sequence
variants in the coding regions of the ANKH gene were observed in these families
(Kingsley D and Williams CJ, unpublished observations).

CONCLUSIONS

This review has attempted to recapitulate the development of the genetic studies
of the inherited crystal arthropathies. As the above discussion indicates, this is a
very active area of study in which considerable progress has been made,
especially in the last decade. The progress in our understanding of these disorders
is in large part due to the identification of families in which the crystal-associated
arthropathies are inherited in a Mendelian manner, thus permitting the use of
traditional methods of parametric linkage analysis to establish loci that are linked
to the phenotype in these families. Also, the availability of high-throughput
techniques for genotype analyses and candidate gene analysis has significantly
increased the speed with which suitable kindreds can be analyzed. Furthermore,
intriguing animal models presenting with skeletal abnormalities associated with
pathological mineralization have also proved to be an outstanding resource for
providing suggestions of potential candidate genes that may warrant analysis in
families suffering from crystal arthropathies. At this time, there is every reason to
believe that population-based studies of susceptibility genes for the crystal
arthropathies will, likewise, contribute to our understanding of the complexity of
inheritance of these disorders.
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Gout: Presentation, Natural History,
and Associated Conditions

N. Lawrence Edwards

Section of Rheumatology, Department of Medicine, University of Florida
and VA Medical Center, Gainesville, Florida, U.S.A.

INTRODUCTION

Gout is a disease caused by the deposition of monosodium urate monohydrate
crystals in joints and surrounding tissues. Symptomatic crystal deposition
includes attacks of, typically, acute monoarticular arthritis; tophi, which elicit a
chronic inflammatory response causing a destructive arthritis; and urolithiasis.
The natural course of classic gout passes through three stages: asymptomatic
hyperuricemia, acute intermittent gout, and chronic tophaceous or advanced gout
(Fig. 1). The rate of progression from asymptomatic hyperuricemia to chronic
tophaceous gout varies considerably from one person to another and is dependent
on numerous endogenous and exogenous factors. The clinical manifestations of
urate crystal deposition and the natural history of gout are reviewed in this chapter.

STAGES OF CLASSIC GOUT
Asymptomatic Hyperuricemia

Hyperuricemia is a very common biochemical abnormality and can be defined
in terms of physiology, epidemiology, or disease risk. In extracellular fluids at
pH 7.4, 98% of uric acid exists in the form of monosodium urate. The solubility
of monosodium urate (MSU) in human serum (or plasma) reaches saturation at
concentrations of approximately 6.8 mg/d. Serum concentrations greater than this
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Figure 1 The three stages of disease progression in classic gout. The period of
asymptomatic hyperuricemia lasts decades, followed by acute intermittent gout with
painless intercritical periods, which finally leads to chronic tophaceous gout
with progressive and persistent pain and joint destruction.

are therefore supersaturated and considered to be physiologic hyperuricemia (1).
However, it is common for clinical laboratories to define hyperuricemia as a
serum urate level that is greater than two standard deviations above the mean
value in a gender- and age-matched healthy population. This method may provide
normal ranges above 8.1 mg/dL in adult men or 7.2 mg/dL in adult women. This
method, though statistically accurate, is inappropriate for serum urate levels,
because individuals with urates above 6.8 mg/dL (i.e., but within the “normal
range”) are at risk for gout. In fact, gout is exceedingly rare in individuals with
urate levels below 6.8 mg/dL, and the risk of developing gout increases the
higher the serum urate level is above that level (2). The term asymptomatic
hyperuricemia is applied to the state in which the serum urate concentration is
abnormally high but symptoms have not occurred.

In males, adult urate levels are reached during puberty. Serum urate levels
for women run approximately 1 to 2 mg/dL lower than those for men but rise to a
similar level after menopause.

Accordingly, in men, primary hyperuricemia frequently begins at puberty,
whereas in women, it is usually delayed until menopause. Once established,
asymptomatic hyperuricemia frequently lasts a lifetime, but gout may develop in
hyperuricemic individuals at any point. The prevalence of asymptomatic hyper-
uricemia among adult American males has been estimated at 5% to 8%, but even
higher prevalence rates have been reported in Asian-Pacific populations (3,4).
Management of hypertension and congestive heart failure with diuretics and the
epidemic of obesity in this country have expanded an already large population of
individuals with asymptomatic hyperuricemia, particularly among elderly women.
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Few studies have assessed the risks of asymptomatic hyperuricemia. In a
cohort of 2046 initially healthy men followed for 15 years with serial
measurements of serum urate concentrations, the annual incidence of gout was
4.9% for a serum urate of 9 mg/dL or more (2). In contrast, the incidence rate was
only 0.5% for values between 7.0 and 8.9 mg/dL, and 0.1% for values below
7.0 mg/dL. Throughout this prospective study, no evidence existed of renal
deterioration attributable to hyperuricemia. This finding was confirmed by a
study of 4693 subjects enrolled in a hypertension detection and follow-up
program (5). Therapy with thiazide-type diuretics increased both serum urate and
creatinine concentrations. However, lowering urate values with drug therapy did
not influence creatinine values. In addition, the incidence of gouty attacks in
subjects at risk was only 2.7% over a 5-year period. One study concluded that
hyperuricemia is of no clinical importance with respect to renal outcomes until
serum urate levels reach at least 13 mg/dL in men and 10 mg/dL in women, limits
beyond which little information is available (6). Urolithiasis was rare among
previously asymptomatic hyperuricemic individuals, with an annualized
incidence rate of 0.4% compared with 0.9% in gouty patients. In the Framingham
study, gout developed in only 12% of patients with urate levels between 7.0 and
7.9 mg/dL over a period of 14 years (7). Values greater than 9.0 mg/dL had
a sixfold greater predictive value but represented only 20% of the gouty
population.

Acute and Intermittent Gout

The initial episode of acute gout usually follows decades of asymptomatic
hyperuricemia (Fig. 1). Thomas Sydenham, the famous 17th century physician
writing of his personal experiences with gout, eloquently described the initial
hours of an acute attack in the following way:

“He goes to bed and sleeps well, but about Two a Clock in the Morning, is
waked by the Pain, seizing either his great Toe, the Heel, the Calf of the Leg, or
the Ankle; this Pain is like that of dislocated Bones, with the Sense as it were of
Water almost cold, poured upon the Membranes of the part affected, presently
shivering and shaking follow with a feverish Disposition; the Pain is first gentle,
but increased by degrees—till dash towards Night it comes to its height,
accompanying itself neatly according to the Variety of the bones of the Tarsus
and Metatarsus, whose Ligaments it seizes, sometimes resembling a violent
stretching or tearing of those ligaments, sometimes gnawing of a dog, and
sometimes a weight; more over, the Part affected has such a quick and exquisite
Pain, that it is not able to bear the weight of the cloths upon it, nor hard walking in
the Chamber” (8). This classic description captures the exquisite pain frequently
associated with acute gouty arthritis, and it is this clinical picture most commonly
evoked by the term gout.

In men, the first attacks usually occur between the fourth and sixth
decades of life. In women, age at onset is older and varies with several factors,
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Figure 2 Acute, erythematous swelling of the distal interphalangeal joint suggestive of
acute gouty arthritis.

the most important of which is age at menopause. The onset of a gouty attack is
usually heralded by the rapid development of warmth, swelling, erythema, and
exquisite pain in the affected joint (Fig. 2). Pain escalates from its faintest
twinges to its most intense level over an 8- to 12-hour period. The initial attack
is usually monoarticular and in one-half of patients involves the first meta-
tarsophalangeal joint. Eventually this joint is affected in 90% of individuals with
gout. Other joints that are frequently involved in this early stage are the
midfoot, ankles, heels, and knees and less commonly the wrists, fingers, and
elbows. The intensity of pain is characteristically very severe, but may vary
among subjects. Classically, patients cannot stand even the weight of a bed
sheet, and most find walking difficult or impossible when lower extremity joints
are involved.

Systemic symptoms such as fever, chills, and malaise may accompany
acute gout. Although most patients are afebrile during the acute episode, body
temperatures over 38.5°C can occur. The cutaneous erythema associated with the
gouty attack may extend beyond the involved joint and resemble bacterial
cellulitis. Early in the acute intermittent stage, episodes of acute arthritis are
infrequent and intervals between attacks sometimes last for years.

Trivial episodes of pain (“petite attacks™) lasting only hours and sometimes
recurrent over several years may precede the first dramatic gouty attack.
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The initial attack of gout often occurs with explosive suddenness, typically
awakening the patient or becoming apparent as a foot is placed on the floor upon
arising. The skin over the affected joint soon becomes reddened and warm;
extreme tenderness of the affected joint and periarticular tissues is noted. The
slightest pressure produces exquisite pain. Leukocytosis and elevation of the
erythrocyte sedimentation rate often occur. Without treatment, the signs of
inflammation will spontaneously resolve over a period of 10 to 14 days, and the
skin over the involved joint may desquamate as the episode subsides.

Factors capable of provoking episodes of acute gouty arthritis are those that
cause fluctuation in serum urate levels and include trauma, surgery, alcohol
ingestion, starvation, overindulgence in foods with high purine content, and
ingestion of certain drugs. Interestingly, factors that cause sudden lowering of
serum urate levels are more likely to trigger attacks than those that raise levels.
The precise relationship of these factors to the attacks remains speculative.

On recovery, the patient reenters an asymptomatic phase termed the
intercritical period. Even though the attack may have been incapacitating, with
excruciating pain and swelling, resolution is usually complete, and the patient is
once again well. This freedom from symptoms during the intercritical period is an
important feature of gout in the differential diagnosis of acute monoarticular
arthritis. The course of untreated acute gout is variable. Mild attacks may subside
in several hours or may persist for only a few days and not reach the intensity
described by Sydenham.

A clear and detailed history of an acute arthritic attack followed by a
completely asymptomatic intercritical period before a recurrence is valuable in
pointing toward the diagnosis of gout. During this period, aspiration of a
previously inflamed joint can frequently corroborate the diagnosis of gout (9).
For example, in an untreated gouty population, 36 of 37 synovial fluid aspirates
obtained during intercritical periods yielded urate crystals if the knee aspirated
had been subject to past gouty attacks (10). By comparison, the yield was
only 22% if there was no history of prior acute involvement in the aspirated
knee and was 50% in previously inflamed knees in patients on urate-lowering
medication. Without therapy, most gouty patients will experience a second
episode within two years. In one large series, 62% of patients had recurrences
within the first year, and 78% within 2 years, with only 7% free of recurrences
for 10 years or more (2).

As the disease progresses in the untreated patient, acute attacks occur with
increasing frequency and are often polyarticular, more severe, longer-lasting, and
occasionally associated with a fever (Fig. 1). Although affected joints may
continue to recovery completely, bony erosions may develop. As many as one-
third of patients with late polyarticular attacks reported that their initial attack
was also polyarticular (11). Joints may flare in sequence, in a migratory pattern,
or, as in pseudogout, several neighboring joints may be involved simultaneously
in a cluster attack. Frequently, periarticular sites such as bursae and tendons are
also involved.
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Advanced Gout or Chronic Gouty Arthritis

Eventually, the untreated patient will progress to chronic polyarticular gout
where the pain-free intercritical periods have disappeared This stage of gouty
arthritis usually develops after 10 or more years of acute intermittent gout,
although patients have been reported with tophi as their initial clinical
manifestation (12). The transition from acute intermittent gout to chronic
tophaceous gout occurs when the intercritical periods are no longer free of pain
(Fig. 1). The involved joints are now persistently uncomfortable and swollen,
although the intensity of these symptoms is much less than during acute flares.
Gouty attacks can continue to occur against this painful background, and
without therapy they may recur as often as every few weeks. The amount of
background pain also steadily increases with time if appropriate intervention is
not started. Clinically evident tophi may or may not be detected on physical
examination during the first few years of this stage of gout. However,
periarticular or boney tophi detected by magnetic resonance imaging and
synovial “microtophi” discovered through the arthroscope are often present
early in this stage of gout (13). Polyarticular involvement becomes much more
frequent during this time. With diffuse and symmetric involvement of small
joints in the hand and feet, chronic tophaceous gout can occasionally be
confused with the nodal osteoarthritis of the hand (Fig. 3) or the symmetric
polyarthritis of rheumatoid arthritis.

The subcutaneous tophus is the most characteristic lesion of chronic
gouty arthritis (Fig. 4). Similar appearing nodules are clinically observed in
other rheumatic disorders such as rheumatoid arthritis and multicentric
reticulohistiocytosis and may lead to diagnostic confusion (14,15). Parallels
can be drawn between nodule formation in rheumatoid arthritis and tophus
formation in gout. The nodular aspects of both diseases are generally observed
in the most chronic and severe cases but are not a universal consequence of
the disease process and may appear in patients with clinically unapparent joint

(A) (B)

Figure 3 (A) Hard nodules over the distal interphalangeal joints of the second and third
digits give the appearance of osteoarthritic Heberden’s nodes. (B) After a year of
allopurinol therapy the second distal interphalangeal is much smaller, suggesting that the
nodules on that finger were actually gouty tophi.
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Figure 4 Typical location of gouty tophi over the olecranon process and along the ulnar
surface of the forearm.

disease. However, the subcutaneous collection of monosodium urate crystals is
pathognomonic for gout. Like the chronic destructive arthritis that they are
frequently associated with, tophi may lead to physical disability and pain in
their own right.

Tophaceous gout is often associated with an early age of onset, a long
duration of active (but untreated) disease, frequent attacks, high serum urate
values, and a predilection for upper extremity and polyarticular episodes.
Characteristics of the arthritis include asymmetric, ascending joint involvement
in which chronic inflammation is typical (16). Although ethanol consumption and
diuretic use are frequently associated with gout in this population, suboptimal
management and patient compliance are considered to be major factors in the
progression from monoarticular gout to chronic polyarticular status.

The development of tophaceous deposits of monosodium urate is a function
of the duration and severity of hyperuricemia (17). The identification of tophi with
or before the initial gouty attack, once considered rare in primary gout, has been
documented more frequently in recent years (18-20). In patients without tophi,
the mean serum urate concentration was 9.2 mg/dL. Values of 10 to 11 mg/dL
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were found in subjects with minimal to moderate deposits, and patients with
extensive tophaceous deposits had urate concentrations in excess of 11 mg/dL. In
untreated patients, the interval from the first gouty attack to the beginning of
chronic arthritis or visible tophi is highly variable, ranging from 3 to 42 years,
with an average of 11.6 years (21).

Subcutaneous gouty tophi may be found anywhere over the body but
occur most commonly in the fingers, wrists, ears, knees, olecranon bursa, and
pressure points such as the ulnar aspect of the forearm (Fig. 4) and the Achilles’
tendon (22,23). In patients with nodal osteoarthritis, tophi have a propensity for
forming in Heberden’s nodes (Fig. 3) (24). Tophi may also occur in connective
tissues at other sites, such as renal pyramids, heart valves, and sclerae (25).
Before antihyperuricemic agents were available, as many as 50% of patients with
gout eventually developed clinical or radiographic evidence of tophi. Since the
introduction of allopurinol and the uricosuric agents, the incidence of tophaceous
gout has declined.

Gout at this stage may be confused with rheumatoid arthritis, especially
if tophaceous nodules are mistaken for rheumatoid nodules. On occasion, the
disease may progress from initial podagra to a rheumatoid arthritis-like chronic
deforming arthritis without remissions but with synovial thickening and the early
development of tophi (Fig. 5). Eventually, the untreated patient will progress
to chronic polyarticular gout where the pain-free intercritical periods have
disappeared. Unlike rheumatoid arthritis, in which polyarticular inflammation is
most often synchronous and symmetric, inflamed gouty joints are frequently out
of phase with each other. Another sign of gout is the involvement of the distal
interphalangeal joints of the hands, joints not affected by rheumatoid arthritis
(Fig. 6). Conversely, subcutaneous nodules in patients with “rheumatoid nodu-
losis” are easily confused with tophi (26). Coexistence of gout and rheumatoid
arthritis is rare, however, and the appropriate diagnosis is best established by
demonstrating the presence or absence of urate crystals by aspiration of affected
joints or tophaceous deposits.

LESS CLASSIC PRESENTATIONS OF GOUT
Early-Onset Gout

Between 3% and 6% of patients with gout have symptom onset before the age
of 25. Early-onset gout represents a special subset of patients who generally
have a genetic component, a more accelerated clinical course, and require more
aggressive antihyperuricemic therapy. In large epidemiologic studies of classic
gout, a family history of gout and/or nephrolithiasis is present in 25% to 30% of
cases. In early-onset gout, the incidence of family history of gout is about 80%. In
this younger group, detailed questioning about the kindred over several
generations may yield enough information to suggest a mode of inheritance
(X-linked or autosomal dominant or recessive).
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Figure 5 Advanced gout involving virtually every peripheral joint. This man was
misdiagnosed as having rheumatoid arthritis for nearly 20 years because of the symmetric
destruction of multiple joints.

Like classic gout, early-onset gout may be due to either overproduction
of urate or reduced renal clearance of uric acid. Diseases associated with
overproduction of urate in children and young adults include enzymatic defects
in the purine pathway, glycogen storage diseases, and hematologic disorders
such as hemoglobinopathies and leukemias. The complete deficiency of
hypoxanthine-guanine phosphoribosyl transferase is an X-linked inherited
inborn error or purine metabolism with a characteristic clinical presentation
known as the Lesch-Nyhan syndrome (27,28). In addition to severe neurologic
abnormalities and self-mutilative behavior, these boys develop gout and kidney
stones in their first decade of life if they are not treated early with allopurinol.
The partial deficiency of HGPRT (the Kelley-Seegmiller syndrome) results
in early-onset gout or uric acid nephrolithiasis and is also X-linked in its
inheritance (29). Patients with this syndrome have minor or no neurologic
problems, and the onset of gouty symptoms may not occur until they are in their
second or third decade of life. Similarly, early-onset gout maybe seen in the
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Figure 6 The hands of the patient in Figure 5. The extensive involvement of distal
interphalangeal (DIP) joints, especially on the left hand, is evidence against rheumatoid
arthritis in this patient. The left second DIP lesion was draining chalky urate crystals.

X-linked disorder phosphribosylpyrophosphate synthase overactivity (30).
Glycogen storage disease types I, III, V, and VII are associated with early-
onset gout and are inherited as autosomal recessive diseases (31,32). Sickle
cell disease, beta-thalassemia, and nonlymphocytic leukemias may all be
complicated by gouty arthritis in the young adult years. These disorders are
described in further detail in Chapter 12.

Conditions associated with uric acid underexcretion in young patients
include a specific renal tubular disorder known as familial urate nephropathy (33).
This autosomal dominant disorder causes hyperuricemia from a very young age,
before any evidence of renal insufficiency. The condition may lead to progressive
renal failure and end-stage kidney disease by age 40. Other nephropathies
associated with early-onset gout include polycystic kidney disease, chronic lead
intoxication, medullary cystic disease, and focal tubulointerstitial disease.

Gout and Organ Transplants

Hyperuricemia reportedly develops in 75% to 80% of heart transplant recipients
who routinely take cyclosporine for preventing allograft rejection (34). A slightly
lower frequency (approximately 50%) of kidney and liver transplant recipients
develop hyperuricemia, presumably because lower doses of cyclosporine are
used in these individuals. Whereas in the general population asymptomatic
hyperuricemia progresses to clinical gout in approximately one out of 30 subjects,
cyclosporine-induced hyperuricemia leads to gout in one of six patients (35).
Other differences between primary and cyclosporine-induced gout include
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the marked shortening of the asymptomatic hyperuricemia and acute intermittent
gout stages with the rapid appearance of tophi. The stage of asymptomatic
hyperuricemia lasts for 20 to 30 years in classic gout but is present for only
6 months to 4 years in cyclosporine-induced disease. Similarly, the duration of the
acute intermittent stage is only 1 to 4 years in transplant recipients, whereas it may
last 8 to 15 years in classic gout. Because other medications such as systemic
corticosteroids and azathioprine are being used by organ transplant patients, their
gouty symptoms are frequently less dramatic than those of classic gouty subjects.
There is also the suggestion that corticosteroids may potentiate urate crystal
deposition (36).

Gout in Women

Unlike most other rheumatic conditions, gout is less common in women. In
most large reviews, women account for no more than 5% of all gouty subjects
(37). Ninety percent of women are postmenopausal at the time of their initial
attack. Postmenopausal gout is clinically similar in presentation and course to
classic gout except that the age of onset is later in women than in men (mean
age 60 years in women vs. 49 years in men). Several associated conditions are
much more common in postmenopausal women with gout than in men. Diuretic
use (95%), hypertension (73%), and renal insufficiency (50%) have strong
associations with postmenopausal gout, as does preexisting joint disease such
as osteoarthritis (38). Women who develop gout before menopause have
hypertension and renal insufficiency or are using thiazide diuretics. Similar to
early-onset gout in men, gout in premenopausal women has a strong hereditary
component. The rare woman with premenopausal gout and normal renal
function should be evaluated for the autosomally inherited familial hyperur-
icemia nephropathy or the even more rare non-X-linked inborn errors of purine
metabolism (33,38).

Normouricemic Gout

Gout attacks not infrequently occur in individuals with serum urate levels less
than 6.8 mg/dL. In one study this was observed in half of the attacks (39). The
two most frequent explanations for gout in such individuals are: (1) the patient
doesn’t have gout, or (2) the serum urate is normal at the time measured, but the
patient is actually chronically hyperuricemic. Accordingly, crystal identification
is essential before diagnosing “normouricemic gout.”

Several articular conditions can closely mimic gout, including other
arthropathies caused by other crystals, such as calcium pyrophosphate dihydrate,
basic calcium (apatite), and liquid lipid (40). Other causes of acute mono-
arthropathies such as infection, sarcoidosis, and trauma should also be considered
(41) (and see Chapter 12).

A misunderstanding about the definition of hyperuricemia may also
contribute to the misdiagnosis of “normouricemic” gout. Any sustained serum
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urate level above 6.8 mg/dL provides a permissive environment for urate crystal
formation. For various reasons, patients with acute and chronic gout occasionally
have urate values below this biochemical definition of hyperuricemia. It is, in
fact, rather common for a patient presenting with acute gout to have a normal
serum urate during the episode of severe pain. This finding probably results from
the uricosuric effect of IL-6 released during the acute flare and the increased
glomerular filtration associated with the stress of the painful process (39).
Normalization of serum urate values during acute gouty flares may be more
common in alcoholics than in nondrinkers. Aside from the standard urate-
lowering agents (allopurinol, probenecid, and sulfinpyrazone), other drugs such
as high-dose salicylates (greater than 2 g per 24 hours), corticosteroids, losartan,
fenofibrate, dicumarol, glycerol guaiacholate, and X-ray contrast agents may also
lower serum urate values and lead to the false impression of normouricemic gout.

In a large study, 1.6% of 2145 gouty patients were found to have sustained
normouricemia even after not taking allopurinol or uricosuric agents for
months (42). In most of these cases, hyperuricemia eventually was observed,
although several patients with very mild gouty symptoms remained normour-
icemic over a prolonged period.

Neurologic Complications of Gout

Carpal tunnel syndrome resulting from tophi in the wrists is recognized as a
complication of gout (43). However, other neurologic symptoms attributed to this
disease are rare. Nevertheless, tophi can develop in the axial skeleton, and when
they do, cause dramatic clinical consequences. These include presentations of
acute-onset back pain with fever mimicking an epidural infection, progressive
myelopathy with six weeks of progressive leg weakness later accompanied by
urinary incontinence, and acute paraplegia (44—46). Computed tomography or
magnetic resonance imaging is useful in identifying focal abnormalities in these
settings, but emergent surgical intervention followed by appropriate medical
management is necessary for good outcomes.

CLINICAL ASSOCIATES OF GOUT
Urolithiasis

Uric acid stones account for 5% to 10% of all renal stones in the United States and
Europe, and 40% of renal stones in Israel (47). The overall prevalence of uric acid
stones in adults in the United States is estimated to be 0.01%. However, in a
series of 1258 patients with primary gout and 59 patients with secondary gout, the
prevalence of renal lithiasis was 22% and 42%, respectively (48). More than
80% of calculi in these gouty patients consisted entirely of uric acid, with the
remainder composed of calcium oxalate or calcium phosphate, often with a
central nidus of uric acid. The several-hundred-fold higher incidence of uric acid
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stones in gout patients is accompanied by a 10- to 30-fold increased incidence of
calcium oxalate stones (49). In studies of gouty individuals, higher prevalence
rates of uric acid urolithiasis are associated with increased uric acid excretion.
In gouty patients with daily excretion of more than 1100 mg of uric acid, the
prevalence of stones was 50%, or 4.5 times greater than in patients excreting less
than 300 mg/d (48). Many clinical circumstances result in hyperuricosuria,
including inherited enzymatic defects and hematologic disorders that lead to
accelerated purine biosynthesis, diets high in purine, and administration of
uricosuric drugs (50).

Kidney Disease

Apart from arthritis and tophus formation, renal disease is the most frequently
reported clinical association of hyperuricemia. In addition to promoting
urolithiasis, hyperuricemia may affect the kidney through the deposition of
urate crystals in the renal interstitium, referred to as urate nephropathy, or by the
concentration of uric acid crystals in the collecting tubules, an entity referred
to as uric acid nephropathy. Acute uric acid nephropathy with accompanying
acute renal tubular damage and an obstructive uropathic clinical picture is very
uncommon except in patients with malignancy and hyperuricemia treated
by radiation or chemotherapy, or with inherited enzyme defects resulting in
markedly increased uric acid excretion. In addition to these direct effects of
hyperuricemia, other causes of renal dysfunction, such as hypertension, diabetes
mellitus, alcohol abuse, nephrotoxic drug therapy, and lead nephropathy are also
prevalent in the gouty population. The isolation of hyperuricemia or gout as
primary risk factors for progressive renal disease is thus exceedingly difficult
(2,6,51-53).

Significant impairment of renal function in up to 40% of patients with gout
was reported in two older series of patients, and renal failure was the eventual
cause of death in 18% to 25% of patients (51,53). Recent evaluations, however,
have de-emphasized a primary causal relationship between hyperuricemia/gout
and renal disease and suggest that the incidence of renal disease among gouty
individuals is probably no greater than that in subjects of comparable age with
similar degrees of hypertension, obesity, and primary renal disease (6,52).

Hypertension and Cardiovascular Disease

Interestingly, recent studies support a direct causal effect of hyperuricemia on
endothelial dysfunction in renal arterioles (54,55). This may explain why 25%
to 50% of gouty patients are hypertensive and why 2% to 14% of hypertensive
subjects have gout (56). Since serum urate concentration correlates directly with
peripheral and renal vascular resistance, reduced renal blood flow may account
for the association between hypertension and hyperuricemia. Factors such as
obesity and male gender also link hypertension and hyperuricemia.
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Several recent studies in humans have found that hyperuricemia is an
independent risk factor for cardiovascular disease when controlling for other
associated risk factors using multivariate analysis (57-59). To date, however, the
data are inconclusive with in regards to this issue. This issue is debated further
in Chapter 12.

Obesity, Hyperlipidemia, and the Metabolic Syndrome

Hyperuricemia and gout are highly correlated with body weight for both men and
women, and individuals with gout are commonly overweight compared to the
general population. Obesity may be a common factor linking hyperuricemia,
hypertension, hyperlipidemia, and atherosclerosis. Serum triglycerides are
elevated in 80% of patients with gout. The association between hyperuricemia
and serum cholesterol is controversial, although serum levels of high-density
lipoprotein are generally decreased in patients with gout.

The metabolic syndrome is a constellation of disorders characterized by
insulin-resistant hyperglycemia, hypertriglyceridemia, and obesity. It is
estimated that 23% of the population in the United States meets criteria for the
metabolic syndrome (60). One study found that 86% of gout patients met the
criteria for this syndrome (61). Insulin resistance in the metabolic syndrome leads
to increased circulating level of insulin which leads to increased sodium and urate
reabsorption in the proximal convoluted tubule. This promotes both hypertension
and gout (62). Obesity is another link between the metabolic syndrome and
hyperuricemia. The elevated serum leptin levels in patients with metabolic
syndrome impair urate excretion by the kidney (63).

Gout and Alcohol Consumption

Alcohol is both a predisposing and provocative factor in gout. These relationships
have long been recognized. Over a century ago Garrod wrote, “There is no truth
in medicine better established than the fact that the use of fermented liquors is the
most powerful of all the predisposing causes of gout; nay, so powerful, that it may
be a question whether gout would ever have been known to mankind had such
beverages not been indulged in” (64). Although consumption of all forms of
alcohol is recognized as inducing hyperuricemia, beer appears to be the most
significant contributor among these (65,66). In one a study of 354 patients with
gout, 37% consumed a minimum average daily intake of two pints of beer or two
double whiskies (67). In contrast, in Saudi Arabia, where alcohol consumption is
quite rare, a survey of 487 adults demonstrated the prevalence of hyperuricemia
to be 8.42%, but no cases of gout were found (68).

The chronic use of alcohol promotes hyperuricemia by stimulating de novo
purine biosynthesis (69). In addition “binge drinking” may cause lactic acidosis
which causes sudden increases in the serum urate concentration by blocking the
urinary excretion of uric acid. The changes in serum urate concentrations that
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occur related to alcohol can be dramatic. The administration of alcohol, orally or
intravenously, to normal subjects causes increases in serum urate levels ranging
between 1.0 and 3.0 mg/dL, and the change occurs within three hours.
Conversely, decreases in serum urate levels ranging from 4.0 to 6.5 mg/dL
were observed over 11 days in hospitalized patients who were intoxicated at the
time of admission (70).

Although the increase in serum urate could provoke an acute bout of
arthritis, attacks more commonly accompany the rapid fall in serum urate
concentration that occurs with resolution of the acidosis and restoration of normal
renal uric acid clearance. This practical clinical observation was confirmed by a
study in which alcoholic individuals with a history of gout were hospitalized and
given alcohol until inebriated. This was associated with increased serum urate
concentrations. However, acute gouty arthritis did not develop until hours after
they stopped drinking alcohol and the urate levels returned to or below baseline
levels (71). Curiously, the finding of “normouricemic gout” is more common in
alcoholics (72).

Saturnine Gout

Hyperuricemia and gout are well-recognized complications of chronic lead
intoxication. A poorly defined renal defect appears to be responsible for the
hyperuricemia (73,74). The earliest implication of lead being involved with gout
involved the epidemic of gout that occurred in England in the late 17th century
(75). At that time gout was quite common among the English upper class
compared to Ireland and Scotland. In the latter two countries the diets contained
little meat and the preferred alcoholic beverage was whiskey. In England the
upper class ate copious amounts of meat and organic foods and consumed beer
and port. It is estimated that it was common for the members of this society to
imbibe 200 or more grams of alcohol in the course of an evening. Port had
become a major source of alcohol after 1659 when the parliament passed the
Navigation Act which forbid all imports other than those carried either on
English ships or ships from the product’s country of origin. The Act thereby
prevented the importation of French wine on Dutch ships. As a result, wine in
the diet was replaced by port produced in Portugal and Spain. The port was
implicated as a contribution to gout, not only because of its higher alcohol
content (estimated at 19%), but also because of its high lead content, which is
acquired from sitting in lead-contaminated containers.

The prevalence of lead-intoxicated adults having documented gout, termed
saturnine gout, ranges from 6% to in excess of 50% (76,77). Some patients with
primary gout have increased blood lead levels, compared with age- and sex-
matched controls, despite the absence of a history of overt lead exposure. These
findings suggest that occult chronic lead intoxication may play an etiologic role
in some cases of primary gout.
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INTRODUCTION

This chapter discusses the significance of asymptomatic hyperuricemia and the
current views regarding the need to treat this entity. Various controversies
regarding the possible effects of uric acid are reviewed with reference to
epidemiological, experimental animal, and in vitro studies. Although the
traditional and historical view has been to avoid treating asymptomatic
hyperuricemia, recent studies and a reappraisal of the historical allows one to
question this approach (1). In particular, there is significant experimental
evidence that hyperuricemia may contribute to the development of hypertension,
vascular disease, and to renal disease progression. As a result, there is now a
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critical need to reassess the impact of urate-lowering therapy on various disease
processes in humans.

URIC ACID: BIOCHEMISTRY

Uric acid is a metabolic breakdown product of purines in humans and exists in
blood and synovial fluid in the form of monosodium urate. Urate is produced
from hypoxanthine and xanthine via the action of the enzyme xanthine
dehydrogenase or its isoform, xanthine oxidase (Fig. 1). Oxidants in the form
of superoxide (O, ) are also generated in the xanthine oxidase-mediated reaction.
See Chapter 12 for additional information.

Adenosine, Guanine

Xanthine Oxidase

o,

2
Allopurinol

Xanthine Oxidase o,

2

Uric Acid

Allantoin

Urinary Urinary
excretion excretion

Humans and some Other
other hominoids mammals

Figure 1 Purine metabolism and the production of uric acid in mammals. Purines
(adenosine and guanine) are broken down via hypoxanthine to xanthine and then uric acid
via the enzyme xanthine oxidase. Superoxide (O, ) is generated in the process. The action of
xanthine oxidase can be directly blocked using allopurinol. In most mammals, urate is
further degraded to allantoin via the enzyme uricase (urate oxidase). This step is not possible
in humans and in other higher hominoid species due to mutation of the uricase gene.
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THE URICASE GENE IS MUTATED IN HUMANS
AND IN OTHER HOMINOIDS

In most mammals, urate is further degraded by the hepatic enzyme urate oxidase
(or uricase) to allantoin, which is then freely excreted in the urine (Fig. 1).
In humans, however, urate is generally not further metabolized, and soluble urate
must therefore be excreted by the kidneys or the gastrointestinal tract in the form
of uric acid. This difference between humans and most other mammals has arisen
due to several parallel but distinct mutations that occurred in the uricase gene in
hominoid species during the Miocene Epoch, 5 to 20 million years ago (2).
Consequently, humans, the great apes, and some New World monkeys have
serum urate levels three- to six-fold higher than other mammals, in which values
are less than 2 mg/dL (0.12 mmol/L). In humans, some allantoin is made by the
oxidative degradation of urate, but the amount is not particularly significant (3).

Much speculation exists concerning the likely survival advantage these
mutations might have provided during the Miocene and their possible
maladaptive effect in modern times (2). Since uric acid is an anti-oxidant, it
has been suggested that the mutation in uricase may have occurred to replace the
loss of vitamin C synthesis that had occurred previously (4). Indeed, some have
speculated that the higher levels of urate may account for why primates live
longer than most other mammals. It has also been proposed that these mutations
allowed blood pressure levels to be adequately maintained in evolving hominoids
when climatic conditions became drier, and salt and water were lacking in
prehistoric diets (5). Under this hypothesis, the beneficial effect that
hyperuricemia exerted on blood pressure during the Miocene has become a
maladaptive adaptation in modern times where salt and water intake are no longer
limited (5).

HYPERURICEMIA IN HUMANS: A DEFINITION

In humans, hyperuricemia is typically defined as a serum urate level greater than
6.8 mg/dL (0.4 mmol/L), because, above this concentration, body fluids are
supersaturated with urate. In general, levels are higher in men and in post-
menopausal women, partly because estrogen is uricosuric (6). These values were
originally derived from epidemiological studies whereby 95% of healthy age and
sex matched subjects fell below these limits (7). However, given the gradual rise
in mean serum urates over the last 50 years, a larger percentage of individuals
now qualify as hyperuricemic when statistical analysis is applied.

Studies examining urate solubility in plasma or serum show that saturation
occurs at a concentration of above 6.8 mg/dL at 37°C. Substantially higher
concentrations can be achieved in supersaturated solutions from which crystals
can easily precipitate. Increased temperature and a higher pH are two well-known
factors that increase urate and uric acid solubility (8). In urine at pH 5, saturation
occurs at 15 mg/dL. At a urinary pH of 7, uric acid can remain soluble up to
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a concentration as high as 200 mg/dL (9). Less well-defined factors in both
serum and urine also appear to increase solubility. In urine it appears that urea,
various proteins, and mucopolysaccharides can all help increase solubility
substantially (10).

Serum urate levels can vary significantly based on diet, exercise, and many
other factors (11). Therefore, the percentage of individuals with hyperuricemia
varies based on whether a single or multiple measurements are made.
For example, based on a single determination in the Framingham study, 22%
of males had serum urate levels above 6.0 mg/dL while 4.8% had levels above
7.0 mg/dL. Using repeated measurements over 14 years, this increased to 44%
and 9.3%, respectively (12). There is evidence that mean serum urate levels have
been rising over the last century, as has the frequency of gout (13,14). This may
relate to the increased intake of fatty meats and fructose-containing sweets and
beverages, as both are known to increase serum urate levels (15).

HYPERURICEMIA AND THE RISK OF GOUTY ARTHRITIS,
CALCULI, AND NEPHROPATHY

Prior to the 1980s, urate-lowering agents were often prescribed for patients with
asymptomatic hyperuricemia, particularly when the serum urate levels were
greater than 9.0 mg/dL. This was because early data from the Framingham study
indicated that hyperuricemia was an independent risk factor for coronary artery
disease (1). In addition, prior to the advent of uricosuric agents and allopurinol,
a high percentage of individuals with gout died of renal failure, a complication
attributed to hyperuricemia. It was, therefore, logical to lower the serum urate in
order to prevent heart and kidney disease. Subsequently the Framingham data was
reanalysed and it was concluded that hyperuricemia alone was not an independent
risk factor for coronary heart disease (2) and analyses of large cohorts of gout
patients followed over a long period of time revealed that their renal failure
resulted from uncontrolled hypertension and not hyperuricemia (3). Consequently,
the value of treating asymptomatic hyperuricemia appeared to be minimal, and the
recommendation has been to not use specific urate-lowering agents based on serum
urate levels alone in the absence of clinical gout or calculi (16). It has never been
recommended that asymptomatic hyperuricemia be ignored, however. Its cause
should be determined and any association such as hypertension, obesity,
hyperlipidemia, and alcohol consumption should be addressed. The approach of
not using specific urate-lowering agents in the face of asymptomatic
hyperuricemia has recently been strongly challenged, with various epidemiolo-
gical, experimental animal, and in vitro studies suggesting a role for hyperuricemia
in the pathogenesis of hypertension, cardiovascular disease, and renal disease
progression (1).

If one disregards the controversial issues surrounding hyperuricemia and its
association with vascular disease, renal disease, and hypertension, what then is
the risk of developing gout at certain serum urate levels? Not too surprisingly, as
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serum urate levels rise, so does the risk of developing gouty arthritis. In a large
French study from the 1970s, the prevalence of gouty arthritis in males with
serum levels between 7.0 and 7.9 mg/dL was 4.7% (17). This rose to 47.6% in
subjects with serum levels greater than 10 mg/dL. Higher rates were found in the
Framingham study with a prevalence of 14.2% in males with serum urate levels
between 7.0 and 7.9 mg/dL, 18.7% for levels between 8.0 and 8.9 mg/dL, and an
impressive 83.3% for urate levels over 9.0 mg/dL (18).

In a similar fashion, the risk of developing renal calculi increases as serum
urate levels rise. With serum urate levels between 7.0 and 7.9 mg/dL, the
prevalence of calculi was 12.7% in males and 7.1% in females. For males, this
rose to 22% and 40% for uric acid levels of between 8.0 and 8.9 mg/dL or greater
than 9.0 mg/dL, respectively (18). In another study, the risk of developing calculi
was about 50% when serum uric acid levels were greater than12 mg/dL (19).

In the absence of stones, the risk of renal injury from asymptomatic
hyperuricemia alone (i.e.,“‘gouty nephropathy”) has generally been considered to
be low (20). In earlier studies on this topic, it was found that subjects with
asymptomatic hyperuricemia frequently developed renal insufficiency, but this
was often in association with hypertension, aging, renal vascular disease, or renal
calculi with pyelonephritis. When these subjects were eliminated from the
analysis, the presence of asymptomatic hyperuricemia was only occasionally
associated with renal disease progression, and this was most frequent when the
serum urate levels were above 10 mg/dL in women or 12 mg/dL in men (20,21).
However, a problem with this type of analysis is that it assumes that
hyperuricemia must act independently of hypertension or renal vascular disease
in order to be nephrotoxic (22). If urate causes renal disease in part by causing
hypertension and/or renal vascular disease, then urate would be considered a
major risk factor for renal disease progression. Indeed, more recent studies do in
fact suggest this very thing—namely that hyperuricemia is a powerful predictor
for the development of hypertension, renal vascular disease, and renal
disease progression.

DIETARY AND PHYSIOLOGICAL FACTORS THAT CAN
INFLUENCE SERUM URATE LEVELS

Serum urate levels vary significantly within humans due to factors that alter its
production and excretion. Increased production of urate may result from a high
purine or protein diet and/or from alcohol consumption; from high cell turnover
(i.e., myeloproliferative disease or polycythemia); or from enzymatic defects
(i.e., increased phosphoribosylpyrophosphate synthetase or deficiency in
hypoxanthine-guanine phosphoribosyltransferase) (Table 1).

Recently there has been renewed attention on the role of fructose-
containing foods in the causation of hyperuricemia. Fructose is rapidly taken up
into hepatocytes where it is phosphorylated to fructose 1-phosphate by
fructokinase. The consequences of the reaction include depletion of ATP and a
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Table 1
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Factors and Medical Conditions Associated with Hyperuricemia

Associated factor/condition

Mechanism

High purine diet

Cell breakdown, tumor lysis
(hematological disorders,
chemotherapy)

Alcohol ingestion

Males/postmenopausal females
Diuretic use

Renal disease
Metabolic syndrome, obesity,
insulin resistance (25)

Increased urate intake
Increased urate production

Increases urate generation and decreases urate
excretion (23)

Estrogen is uricosuric (6)

Volume contraction promotes urate
reabsorption (24)

Decreased GFR increases urate levels

Insulin increases sodium reabsorption and is
linked to urate reabsorption (26)

Increased renal vascular resistance increases
urate reabsorption. Microvascular disease
predisposes to tissue ischemia, leading to
increased urate generation and reduced
excretion (lactate competes with urate
transporter in the proximal tubule) (28)

Hypertension, vascular disease (27)

Abbreviation: GFR, glomerular filtration rate.

rapid increase in urate production. Serum urate levels increase within 30 minutes
of fructose ingestion, and may be sustained if the fructose intake is high (29). The
marked increase in fructose ingestion in recent years is a consequence of the use
of high fructose corn syrup as a major sweetener in sodas and pastries.
Hyperuricemia may also result from decreased renal excretion of uric acid.
A reduction in glomerular filtration rate will increase serum urate levels, in
spite of the significant compensatory increase in gastrointestinal excretion that
occurs under this circumstance (30). More commonly hyperuricemia results
from increased net tubular absorption. Following filtration uric acid undergoes
both reabsorption and secretion in the proximal tubule, a process which is
mediated by a urate/anion exchanger and a voltage-sensitive urate channel. The
urate transporter has been recently identified and is called URAT-1 (31,32).
Several anions, such as lactate and B-hydroxybutyrate, decrease urate secretion
by competitive inhibition of the organic anion exchanger, whereas other
substances, including probenecid and benziodarone, have opposite effects (33).

HYPERURICEMIA IS ASSOCIATED WITH HYPERTENSION,
VASCULAR DISEASE, AND THE “METABOLIC SYNDROME”

Some of the medical factors associated with hyperuricemia are outlined in
Table 1. Hyperuricemia is frequently observed in subjects at increased
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cardiovascular risk (34,35). Obesity, insulin resistance, and dyslipidemia
(“the metabolic syndrome”) are all associated with hyperuricemia. This has
been attributed to the ability of insulin to stimulate sodium reabsorption in the
proximal tubule, an action that is tightly linked to urate reabsorption. Thiazide
diuretics increase serum urate levels by inducing volume contraction, which
stimulates both sodium and urate reabsorption in the proximal tubule. Thiazides
may also compete with urate via the organic anion transport system. Alcohol
intake results in elevated serum urate levels due to both increased generation
(from increased adenine nucleotide turnover) and decreased excretion (due to
lactate blocking tubular transport of urate) (23).

Hyperuricemia is commonly associated with hypertension, and is present
in 25% of untreated hypertensive subjects, in 50% of subjects on diuretics, and
in over 75% of subjects with malignant hypertension (1). The increase in
serum urate levels in these subjects may be due to several mechanisms.
Subjects with hypertension frequently have elevated renal vascular resistance,
which is strongly associated with hyperuricemia in both normotensive and
hypertensive individuals (28). The administration of agents that cause renal
vasoconstriction (such as angiotensin II and norepinephrine) results in an
immediate fall in urinary uric acid excretion (36). The mechanism may be due
to increased sodium reabsorption in the proximal tubule that is linked with
increased urate reabsorption (26). Hypertension can also result in micro-
vascular disease. This can lead to local tissue ischemia, which in turn results in
increased urate levels. In addition to the release of lactate, which stimulates
urate reabsorption in the proximal tubule, ischemia also results in increased
urate synthesis.

Under ischemic conditions, ATP is degraded to adenine and xanthine and
xanthine oxidase activity is induced. The increased availability of substrate
(xanthine) and enzyme (xanthine oxidase) results in increased urate generation as
well as oxidant (O,-) formation. The finding that ischemia results in an increase
in serum urate levels may account for the hyperuricemia that develops in patients
with pre-eclampsia (34,37), systemic hypertension (with microvascular disease)
(27), and congestive heart failure (36,38). The association of hyperuricemia and
vascular injury may explain why serum urate levels are elevated in subjects with
microalbuminuria (39). Other factors may also contribute to why hyperuricemia
is associated with hypertension, including alcohol abuse (23), lead intoxication
(38,40), obesity (25), and diuretic use (24). In contrast, the association of urate
with obesity, insulin resistance, microalbuminuria, and hypertension may also be
epiphenomena sustained by (or associated with) decreased insulin sensitivity.

THE PROGNOSTIC SIGNIFICANCE OF SERUM URATE LEVELS

In humans, serum urate levels have been found to powerfully and independently
predict the development of hypertension (41) and in some studies to have
significant independent prognostic value in cardiovascular disease, cardiac
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failure (42,43), stroke (44), and renal disease (45—47). These various studies
would suggest that urate may have a direct role in the pathogenesis of these
disorders. Data from animal and in vitro studies support the hypothesis that
elevated urate levels are more than simply an “epiphenomenon,” and that
hyperuricemia itself may have harmful effects.

In other epidemiological studies, however, hyperuricemia has not been
clearly shown to be an independent risk factor for cardiovascular and renal
disease after controlling for other risk factors (1). As a consequence, the issue of
whether hyperuricemia is somehow a causal factor in these disease processes has
become extremely controversial.

URIC ACID: BENEFICIAL OR HARMFUL?

Soluble urate appears capable of promoting both antioxidant and pro-oxidant
actions depending on the biochemical environment. Although some believe urate
acts purely as an antioxidant and is therefore vasculoprotective, data exist that
can refute this possibly limited opinion.

Among the antioxidant actions, soluble urate can scavenge superoxide
(O,-), singlet oxygen, hydroxyl radical (OH-), and peroxynitrite (OONO*) as
well as chelate transitional metals (4,48). Urate can also prevent extracellular
superoxide dismutase (SOD3) degradation thereby increasing O, dismutation to
hydrogen peroxide (H,0O,). This decreases the availability of O, -, preventing its
harmful interaction with nitric oxide (NO) (49).

Pro-oxidant effects of urate include an ability to generate aminocarbonyl
radicals that are capable of amplifying the oxidation of liposomes and low-
density lipoprotein (LDL) cholesterol (50,51). These pro-oxidant effects appear
to be more pronounced in the setting of relative deficiency of other water-soluble
antioxidants, such as ascorbic acid (52-54).

Various studies indicate that urate may have direct harmful effects on
endothelium and on vascular smooth muscle cells (55,56). Data from
experimental animal models also suggest that mild elevations in serum urate
levels can contribute to the development of hypertension, vascular disease, and
renal disease progression (5,55,57-60).

URATE MAY BE A USEFUL BIOMARKER

The reluctance to treat asymptomatic hyperuricemia stems partly from the view
that it is simply associated with other disease processes and is of otherwise little
significance (61,62). Cumulative evidence, however, suggests that hyperuricemia
may either in itself be harmful, or that it can act as a “biomarker,” which may be
somehow targeted to allow fine tuning of other disease-modifying treatments
(1,63,64). The “biomarker” effect of hyperuricemia is strongly suggested in
studies which demonstrated that serum urate levels (divided into quartiles)
provide useful prognostic information in subjects with heart failure (43).
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When combined with a very comprehensive seven-parameter heart failure
severity score, uric acid levels independently and powerfully predicted
cardiovascular outcome.

Strong indirect evidence for harmful cardiovascular effects linked to
elevated serum urate levels comes from the LIFE study. Data from this study
indicate that the beneficial effect of losartan (which has uricosuric effects) over
atenolol in terms of cardiovascular outcome was partly related to lower urate
levels in the losartan group (63). Interestingly, a preceding reanalysis of the
Systolic Hypertension in the Elderly Program (SHEP trial) also found that urate
levels helped determine outcome independent of other parameters such as blood
pressure (65). In these studies, patients treated successfully for hypertension
with diuretics, who also had an increase in serum urate levels to greater than
10.0 mg/dL (600 pmol/L) while on treatment, failed to show any benefit in
cardiovascular event rates when compared to placebo.

Despite suggestive data, there are very few studies directly looking at the
effect of treating asymptomatic hyperuricemia in humans. Of note are recent
findings in adolescents with essential hypertension, indicating that mild hyper-
uricemia is surprisingly common (64,66). Lowering urate levels with allopurinol
improved blood pressure control in these individuals, strongly supporting a direct
role for the urate metabolic pathway in the pathogenesis of essential
hypertension. Similar studies will be required in hypertensive adults and in
subjects with ischemic heart disease, cardiac failure, and cerebrovascular disease.

URATE AND ENDOTHELIAL DYSFUNCTION

Cardiovascular disease is commonly associated with endothelial dysfunction,
oxidant generation, and a pro-inflammatory state (37). Oxidants generated via
xanthine oxidase can potentially cause endothelial dysfunction through effects on
NO synthesis and availability. Xanthine oxidase also produces urate, which may
explain why hyperuricemia, oxidant generation, and endothelial dysfunction are
all associated.

The exact role of urate in this setting has been a matter of debate. Some
view urate as being protective due to the anti-oxidant effects described above (4).
Various studies, however, suggest that urate may have directly harmful effects.
While the oxidants produced (superoxide) in the generation of urate by xanthine
oxidase could be harmful to the vasculature, there is also suggestive evidence that
urate itself can have direct adverse effects unrelated to this (57,58,67).

The effect of allopurinol does not allow this issue to be resolved as it blocks
xanthine oxidase-mediated generation of both urate and oxidants. Thus, the
beneficial effects of allopurinol have usually been attributed to “anti-oxidant”
properties rather than to any effect on urate levels per se. These beneficial effects
include a reduction in cardiovascular complications following coronary artery
bypass, and in patients with dilated cardiomyopathy (68—70). Allopurinol has
also been found to correct impaired NO production in patients with hypertension,
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diabetes, and heart failure (67,71,72). Of course, allopurinol also lowers urate
levels, and in some studies, the degree of lowering correlated very strongly with
the improvement in endothelial function (67). Allantoin levels, a measure of
oxygen free radical generation, did not correlate with these improvements or with
the degree of lowering of serum uric acid levels, suggesting a direct role for urate
itself. Similarly, in the animal studies, urate seems to have been the important
factor leading to decreased NO production, vascular changes in the kidney, and
hypertension (57,58).

Despite the studies mentioned above, very recent work does not support a
direct role for urate in causing endothelial dysfunction (73). Urate infused into
the forearms of resting healthy human subjects had no effect and was not
associated with impaired acetylcholine-induced vasodilation or altered endo-
thelial NO release. Subjects with pre-existing increased oxidative stress (i.e.,
heart failure or vascular disease) were not examined. This may be relevant
because urate may have different effects in this setting. Certainly there is
evidence that urate has different biochemical effects in different cellular
environments. In addition to the increased pro-oxidant activity of urate when
ascorbate is low (52), there is also evidence that bicarbonate concentrations can
greatly influence the effect of urate on peroxynitrite-mediated nitration
reactions (74).

EFFECTS OF URATE ON VASCULAR SMOOTH MUSCLE

Soluble urate has been shown to induce vascular smooth muscle cell proliferation
in vitro via a pathway involving increased platelet-derived growth factor-A
(PDGF-A) expression (75). Other studies have confirmed this and also show that
urate-induced vascular smooth muscle cell proliferation is mediated by the
activation or induction of extracellular signal-regulated kinase (ERK), mitogen-
activated protein kinases (MAPK), and cyclooxygenase-2 (COX-2) (5,55).
These various pro-inflammatory effects appear to require entry of urate via an
organic anion transporter (OAT) expressed by the vascular smooth muscle cell
(Fig. 2) (1). Drugs such as probenecid and benzbromarone interfere with entry of
the urate into vascular smooth muscle cells.

Adding further to this pathway and to the potential harmful vascular effects,
physiologic concentrations of crystal-free urate have been found to increase
vascular smooth muscle cell expression of the chemokine monocyte chemoat-
tractant protein-1 (MCP-1) in vitro (56). Various nuclear transcription
factors, COX-2, MAP kinases, and redox alterations were all associated with
this effect. Of note, MCP-1 has been implicated in several studies as a major
contributor to the process of atherogenesis (76-80), raising the possibility that
asymptomatic hyperuricemia could influence vascular disease through this pro-
inflammatory pathway.
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Figure 2 Urate-mediated pro-inflammatory and proliferative effects on vascular smooth
muscle cells. Urate enters vascular smooth muscle cells via an anion exchanger/trans-
porter where it appears to alter intracellular redox, activate mitogen activated protein
kinases (ERK1/2 and p38 MAPK), increase cyclooxygenase-2 (COX-2) expression, and
activate nuclear transcription factors (1,55,56). Downstream of these pathways there is a
resulting increase in the production of platelet-derived growth factor (PDGF) and
monocyte chemoattractant protein-1 (MCP-1). Studies have also demonstrated a role for
the renin—angiotensin system and angiotensin II.

ANIMAL MODELS OF HYPERURICEMIA

Additional evidence suggesting that urate is a mediator of endothelial
dysfunction, vascular disease, and inflammation is derived from various animal
experiments (5,55,57-59,81). Animal models with increased serum urate levels
(increased above the normal level for the animal, but below the physiochemical
saturation level of 6.8 mg/dL) have been generated by feeding rats the uricase
inhibitor oxonic acid (Fig. 3). Intrarenal vascular disease and salt-sensitive
hypertension, in the absence of intrarenal urate crystal deposition, have been
observed in these models (5,55,57-59).

In these models, activation of the renin-angiotensin system is evident, as is
mild inflammation, and there is an associated decrease in NO synthase expression
(57,58). Lowering serum urate levels with allopurinol or benziodarone reverses
these findings, as does treatment with an angiotensin converting enzyme inhibitor
(57,58). In contrast, treatment with a thiazide diuretic lowers blood pressure but
does not improve urate levels or reverse the intrarenal vascular changes (57,58).
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Figure 3 Rat model of mild hyperuricemia associated with hypertension. Sprague-
Dawley rats that are fed oxonic acid (a uricase inhibitor) develop mild hyperuricemia and
hypertension (57). A characteristic intrarenal vascular lesion develops (afferent
arteriolopathy), which is associated with salt sensitive hypertension (5).

Also of note, in a cyclosporine toxicity model, mild hyperuricaemia exacerbated
the nephrotoxicity (59), whereas in a hyperuricemic remnant kidney model,
lowering the serum urate was markedly renoprotective (55).

SHOULD ASYMPTOMATIC HYPERURICEMIA BE TREATED?

Recent pilot studies in adolescent hypertensive children with otherwise
asymptomatic hyperuricemia suggest a beneficial effect of allopurinol on the
control of blood pressure (64,66). There is also evidence from various
epidemiological, animal, and in vitro studies that lowering serum urate levels
in subjects with increased cardiovascular disease risk, cardiac failure, established
vascular disease, or known renal disease may be of some benefit. Regardless of
these possibilities, it is apparent that serum urate levels serve as a powerful
“biomarker” or independent predictor of prognosis and outcome in renal,
cardiovascular, and cerebrovascular diseases. Whether these outcomes can be
improved by specifically treating the hyperuricemia remains inadequately
resolved and controversial.

For these reasons, the longstanding view that hyperuricemia should not be
treated unless associated with gout or kidney stones remains the current
recommendation (16). It is hoped that well-designed clinical studies will help
resolve this issue in the future and clarify what the approach should be in various
situations associated with asymptomatic hyperuricemia. These studies will need
to determine both the impact on disease outcome of specific treatment aimed at
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lowering urate levels, as well as the value of using urate as a “biomarker” to help
guide other disease-modifying therapies.
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INTRODUCTION

Arthritis associated with articular calcium pyrophosphate dihydrate (CPPD)
crystals was first described in the early 1960s with the discovery of uricase-
resistant crystals in patients with an acute gout-like arthritis (1). Simultaneous
studies describing an unusual form of familial oligoarticular arthritis associated
with articular calcium crystals rapidly confirmed the clinical importance of this
finding (2). The careful work of these astute physician-scientists led to the
description of a whole new disease, now commonly called CPPD crystal
deposition disease. Subsequent work showed that CPPD crystals were found in a
variety of clinical settings and were not exclusive to patients with an acute
monoarticular arthritis. Studies demonstrating the inflammatory nature of these
crystals and their destructive effects on articular tissues provided further support
for their clinical importance (3).

Forty years after its initial clinical description, CPPD deposition disease
remains an underdiagnosed and incompletely understood entity. The heterogen-
eity of the clinical presentations of CPPD deposition disease as well as the
propensity of this arthritis to mimic other conditions is partly responsible for this
phenomenon. In addition, the ability of the average clinical laboratory to identify
CPPD crystals in articular fluids and tissues is often lacking (4,5). Careful clinical
studies of CPPD deposition disease lag far behind the sophisticated laboratory
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studies currently used to approach disease pathogenesis. Yet a review of what is
known about the clinical presentation, natural history, and conditions associated
with CPPD deposition may help direct future work on this disease.

EPIDEMIOLOGY

The incidence and prevalence rates of CPPD deposition are currently unknown.
Cited prevalence rates of 0.9 per 1000 for clinical CPPD deposition disease are
based on data from retrospective single-center hospital-based studies and may
significantly underestimate the true prevalence (6). Most population-based
studies of CPPD crystal deposition rely on radiographic or autopsy diagnoses and
do not consider clinically significant joint disease (7). These studies reveal
prevalence rates between 6% and 34%. Many studies use radiographic
chondrocalcinosis to identify articular CPPD crystals. Chondrocalcinosis is
defined as a finely stippled calcification most typically seen in the articular or
fibrocartilage of the knee, the triangular cartilage of the wrist, or the pubic
symphysis (Fig. 1). The frequency of radiographic chondrocalcinosis in
population-based studies varies from 10% to 27% (7,8). The prevalence of
pathologic chondrocalcinosis in patients over sixty years of age is about 20% at
autopsy (9).

Aging is the major epidemiologic risk factor for CPPD deposition disease.
Rates of radiographic and clinical CPPD disease dramatically increase with age.

Figure 1 Chondrocalcinosis of the knee joints: abundant chondrocalcinosis of the
articular hyaline and fibrocartilage is visible in the joint space in this patient.
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CPPD deposition disease is rare under the age of 60. For example, one study
demonstrated a 7% prevalence of radiographic chondrocalcinosis in subjects
aged 60 to 69 years. Rates rose to 43% in subjects over the age of 80 years (7).

The literature is unclear whether more women (6,7,10—12) or more men (6,13)
have clinically apparent CPPD deposition. The pattern of disease, however, may,
influenced by sex. Acute pseudogout may be more common in men, while a
polyarticular presentation is more common in women (13).

Racial and ethnic predilections for CPPD deposition disease are not well
understood. Several small studies suggest an increased prevalence in one ethnic
group (8,14). However, in general, differences in susceptibility among various
racial groups have not been proven.

CLINICAL PRESENTATION
Overview

Although initially described in the setting of an acute monoarthritis clinically
indistinguishable from gout, articular CPPD crystals are associated with variable
clinical presentations (1). At least five clinical presentations have subsequently
been associated with articular CPPD crystals (Table 1) (10). In addition, CPPD
crystals are recognized in other situations as well. For example, crowned dens
syndrome and tophaceous CPPD crystal deposits presenting as nerve
compression syndromes are rare, but clinically well described (15,16).

The frequency of various clinical patterns of CPPD deposition remains
poorly studied. It has been suggested that 50% of patients with CPPD deposition
disease presented with a pseudo-osteoarthritis—like picture (10). These patients
display a chronic degenerative type of arthritis, affecting joints not typically
involved in primary osteoarthritis and with or without superimposed acute
inflammatory attacks. Approximately a quarter of patients have an oligo- or
mono-articular inflammatory presentation consistent with pseudogout. Others
present with less common patterns including a polyarticular inflammatory
arthritis similar to rheumatoid arthritis in about 5%. A neuropathic joint-like
pattern is seen considerably less frequently. The frequency of asymptomatic
(lanthanic) articular CPPD crystals remains unstudied, but is probably the most

Table 1 Clinical Presentations of Calcium Pyrophosphate Dihydrate Crystal Deposition

Acute monoarticular arthritis (pseudogout or pseudoseptic arthritis)

Polyarticular noninflammatory arthritis (pseudo-osteoarthritis with or without acute
inflammatory flares)

Polyarticular inflammatory arthritis (pseudo-rheumatoid arthritis)

Neuropathic-like joint destruction (pseudo-Charcot joint)

Lanthanic (asymptomatic)
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prevalent form. A recent case collection of 50 patients from Portugal showed a
similar distribution of clinical presentations. Fifty-eight percent of these patients
had an osteoarthritis-like picture, while 16% had monarticular arthritis, and 8%
had a pseudo- rheumatoid presentation (17).

Pseudogout

CPPD crystals were originally described in patients with acute monoarticular
arthritis clinically indistinguishable from gout. This remains perhaps the most
widely clinically recognized presentation of CPPD crystals. Patients with acute
pseudogout typically present with sudden onset of symptoms usually affecting a
single joint. In many cases, several joints are involved (12). Like gout,
pseudogout is an inflammatory process manifest by joint effusions and signs and
symptoms of articular inflammation. Patients typically experience pain, stiffness,
and swelling in the affected joint. Signs include swelling with variable erythema
and warmth. Compared to true gout, pseudogout attacks may take longer to reach
peak intensity, and are often considerably longer lasting than gout attacks.
Symptoms can last 3 to 120 days despite therapy (12). Lightening or fleeting
attacks with brief episodes of pain have been described in affected joints, as have
been described in gout (10). Pseudogout is more common in large than in small
joints. The knee is the most commonly involved joint, followed by the wrist,
ankle, elbow, toe, shoulder, and hip (12).

Pseudo-Osteoarthritis

Most patients with clinically apparent CPPD crystal deposition have an unusually
severe, oddly distributed, degenerative arthritis resembling osteoarthritis. They
present with the gradual onset of joint pain and stiffness, typically involving
knees, shoulders, wrists, spine, elbows, and ankles. Involvement is usually
asymmetric. Half of these patients will have acute attacks superimposed on their
chronic symptoms, and half do not describe any such attacks (10). Symptoms are
rarely self-limiting. The natural history of polyarticular CPPD crystal deposition
is not well described. However, joint involvement is often severe and aggressive
compared to typical osteoarthritis (18).

This type of presentation can be difficult to differentiate from osteoarthritis
and consequently may be significantly under-recognized. In one series, 30% of
patients diagnosed with osteoarthritis had CPPD crystals in their affected joints at
the time of knee replacement (19). Although radiographic findings, including
chondrocalcinosis, may support a diagnosis of CPPD deposition disease, synovial
analysis remains necessary to confirm the diagnosis.

Pseudo-Rheumatoid Arthritis

In a minority of patients, CPPD deposition disease presents as a chronic,
polyarticular inflammatory arthritis. These patients experience subacute attacks
of inflammation which last from one to several months. Involvement of both
small and large joints is common. A generally symmetric pattern may be



Pseudogout 103

observed. Although onset is often subacute, an acute presentation can occur. In
the elderly, this acute polyarticular presentation can be quite dramatic, presenting
with fever, chills, and mental status changes. Often systemic infection is
suspected (20). Elevated levels of circulating interleukin-6, a potent pyrogen,
may be responsible for the systemic manifestations in these patients (21). These
attacks can be self-limited. The natural history of disease in patients with this
type of presentation is not well described.

The polyarticular inflammatory form of CPPD deposition disease can
easily be confused with true rheumatoid arthritis. Further confusion may result
from the observation that about 10% of patients with articular CPPD crystals
have a positive rtheumatoid factor (22). Thus, differentiating between CPPD
deposition disease and rheumatoid arthritis can be particularly challenging. By
chance alone, 1% of patients with CPPD deposition disease would have
rheumatoid arthritis. Patients with primary CPPD deposition have joint
inflammation in multiple joints, but episodes tend not to begin and end
simultaneously. This contrasts with the symmetric polyarticular episodes typical
of rheumatoid arthritis. Beyond finding CPPD crystals in affected joints,
radiographic clues such as abundant osteophytes, bony sclerosis, and of course,
chondrocalcinosis, all support a diagnosis of primary CPPD crystal deposition.
The absence of osteopenia and classic erosions also make a diagnosis of
rheumatoid arthritis less likely.

Pseudo-Neuropathic Joint

Some patients with CPPD deposition disease have a severe destructive
monarthritis similar to that seen in neuropathic joints. This is perhaps the most
controversial of the clinical presentations of CPPD crystal deposition. It was
originally described by McCarty and Hoskins in a study characterizing
radiographic changes in patients with CPPD deposition (23). A case collection
of patients with severe monarticular destructive arthropathy followed (24). These
patients had no neurologic abnormalities, and yet presented with a painful
monoarthritis, associated with dramatic destructive radiographic changes. The
distribution of involvement was quite atypical for osteoarthritis. These patients
may just represent end-stage pseudogout-like CPPD deposition disease, and may
not have a unique entity. The natural history of patients with this type of CPPD
deposition disease is not well described.

Lanthanic

There are clearly some people with radiographic or pathologic evidence of
articular chondrocalcinosis who have no clinically apparent arthritis. This finding
was termed “lanthanic” CPPD deposition by McCarty and is of uncertain
significance (10). These patients have not been rigorously studied to see if they
develop signs and symptoms of clinical arthritis with a greater frequency than the
unaffected population.
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Other Presentations

Unlike monosodium urate crystals, CPPD crystals are not commonly found in
tissues other than cartilage. Even in synovium, CPPD crystals typically form in
areas of chondrometaplasia (25). In rare instances, CPPD crystals occur in the
sclera of the eye (26). Deposits near the mandible or clavicles can mimic gouty
tophi (27). Because of their ability to erode adjacent bones, they can also be
mistaken for neoplastic lesions (28). CPPD crystals in periarticular tissues occur
rarely and can present as a nerve compression syndrome, such a carpal or cubital
tunnel syndrome (16). Spinal ligaments seem peculiarly prone to CPPD crystal
deposition. Affected patients often present with myleopathy (29). Almost one-
fourth of patients undergoing decompressive laminectomy for lumbar spinal
stenosis had CPPD crystal deposits in their ligamenta flava. Clinically, patients
with CPPD crystals had more acute onset of symptoms than those without
crystals (30).

DIAGNOSIS

The diagnosis of CPPD deposition disease is most commonly and accurately
made by identifying CPPD crystals in the synovial fluids of affected joints
using polarizing light microscopy. The identification of CPPD crystals with
polarizing light microscopy requires expertise. Clinical laboratories often miss
CPPD crystals in clinical specimens (4,5). The weak birefringence of CPPD
crystals render them much more difficult to discern than urate crystals. In addition
they can also be quite sparse in number and very small in size. Methods for
definitive crystal identification, such as X-ray diffraction or Fourier transform
infrared spectroscopy, are cumbersome, expensive, and often require extensive
specimen preparation (31). These methods are not commonly used in clinical
practice. Synovial fluid characteristics can vary from inflammatory to non-
inflammatory in CPPD deposition disease and are most useful in ruling out other
diagnoses. In pseudogout patients, synovial fluid may be turbid, watery, or
hemorrhagic. Average white cell counts are approximately 12,000 cells/mm’ in
pseudogout fluids, but may be in the non-inflammatory range in other clinical
presentations (12).

Histologic examination of cartilage or synovial biopsies can also be helpful,
as long as the methods used to prepare the specimens preserve crystals (31). The
presence of chondrocalcinosis on X-rays is certainly supportive of the diagnosis,
but should not be relied on as definitive evidence of CPPD deposition disease.
Rarely, chondrocalcinosis is caused by crystals other than CPPD, such as
dicalcium phosphate dihydrate. Vascular calcification can also be mistaken for
chondrocalcinosis (32). In cases of acute monoarticular arthritis, all patients
should undergo arthrocentesis. This is necessary to rule out infection or gout,
conditions which are clinically indistinguishable from pseudogout.
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Drs. Ryan and McCarty set out diagnostic criteria for CPPD deposition
disease (Table 2) (33). In the absence of CPPD crystals in tissue or fluid samples,
these criteria rely heavily on clinical presentation, and should be used with
caution. For example, the presence of acute or chronic arthritis in joints not
typically involved in osteoarthritis may suggest CPPD deposition disease.
Unusual radiographic features, such as superior cortical erosions on the patella,
large or extensive subchondral cysts, severe radiographic destruction,
osteophytes, tendon calcifications (Achilles, triceps, obturator), and axial skeletal
involvement, can also be used to identify patients that have possible CPPD
arthritis. Although these findings can be suggestive, a definitive diagnosis should
only be made when CPPD crystals can be identified in affected joints.

Precipitating Factors

Flares of CPPD deposition disease have been noted in certain clinical settings.
These include the post-operative period, the days after parathyroidectomy, the
period after a medical illness, and after exposure to certain drugs. Most patients
with CPPD deposition disease have no clear precipitating factors.

Postoperative Pseudogout

Pseudogout is well described in the postoperative period. Almost 10% of patients
with pseudogout have at least one attack in the postoperative period. These
findings are very similar to the statistics with true gout (22). Among hospitalized
patients, 23 of the 31 patients with pseudogout had attacks during the post-
operative period in one study (6). Although it is unlikely that the type of surgery
affects the development of pseudogout, some have noted a high frequency of
orthopedic procedures preceding pseudogout attacks (6). This may simply reflect
the high frequency of orthopedic surgery in the susceptible population.

Pseudogout After Parathyroidectomy

Attacks of acute pseudogout often occur after parathyroidectomy, presumably
related to fluxes of serum calcium levels (6,34). Most reported cases occurred in
the setting of iatrogenic post-operative hypoparathyroidism. This observation
spawned theories about crystal shedding precipitating inflammation when

Table 2 Proposed Criteria for the Diagnosis of Calcium Pyrophosphate Dihydrate
Crystal Deposition Disease

Definite: CPPD crystals are demonstrated in tissues or synovial fluid by definitive means,
such as X-ray diffraction, or if crystals compatible with CPPD are demonstrated by
compensated light microscopy and typical calcifications are seen on roentgenograms

Probable: Only one of the above criteria is met

Abbreviation: CPPD, calcium pyrophosphate dihydrate.
Source: From Ref. 33.
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circulating calcium levels were suddenly lowered (6). This is similar to the way in
which sudden changes in serum urate levels could precipitate attacks of true gout.
However, pseudogout attacks often continued to occur as calcium levels return to
normal. Furthermore, radiographic chondrocalcinosis was not improved by
resolution of hypercalcemia (6).

Pseudogout After Medical Ilness

Pseudogout can also be precipitated by serious medical illness. Vascular diseases
such as cerebrovascular accidents and myocardial infarctions seem particularly
common. Because these are such common major illnesses in the elderly
population, causation would be difficult to prove.

Drug-Induced Pseudogout

Several case reports suggest the possibility that intra-articular sodium
hyaluronate preparations can cause acute attacks of pseudogout (35,36).
Pamidronate and GM-CSF have also been reported to precipitate pseudogout
flares (37,38).

CLASSIFICATION OF CPPD DEPOSITION DISEASE

McCarty originally divided clinical CPPD disease patients into three
catagories, loosely based on etiology (Table 3) (10). These included hereditary
(familial) CPPD deposition disease, sporadic (or idiopathic) CPPD deposition
disease, and CPPD deposition disease associated with metabolic conditions.
Others have proposed similar schema (39). Most cases of CPPD deposition
disease are sporadic, and the pathogenesis in these cases remains unknown.

Hereditary CPPD Deposition Disease

The true frequency of familial CPPD deposition disease among CPPD deposition
disease cases is difficult to determine. The late onset phenotype of this condition, in
combination with its high rate of clinical mimics, renders familial CPPD
deposition disease particularly challenging to study (40). Despite this, the
literature describes numerous kindreds with multiple family members affected by
CPPD deposition disease. Among others, families of French-Canadian, Swedish,
English, and Dutch descent have been characterized (40). Most of the reported
families display autosomal dominant inheritance with no sex-linkage, but
phenotypes can vary widely (32). Some families show evidence of CPPD crystal

Table 3 Etiologic Classification of Calcium Pyrophosphate Dihydrate Crystal
Deposition Disease

Sporadic
Hereditary
Associated with another condition
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formation which clearly predates the clinical appearance of arthritis (41). Some
have associated neurologic findings such as febrile seizures (42). Others have basic
calcium phosphate crystals as well as CPPD crystals in affected joints (43). This
clinical heterogeneity suggests the presence of a variety of genetic abnormalities in
these kindreds. Indeed, several different chromosomal loci have been implicated in
familial CPPD deposition disease. The CCAL1 locus on chromosome 8q was the
first locus to be described (44). Identification of the CCAL2 locus on chromosome
5p and abnormalities of the type II procollagen gene quickly followed (45). The
identity of the involved genes on chromosome 8q remains unknown. However, the
5p locus has recently been reported to be the site of the ANK gene (46). ANKH is a
transmembrane protein responsible for transporting inorganic pyrophosphate to
the extracellular space (46). Pyrophosphate is the anionic component of CPPD
crystals and high extracellular levels promote CPPD crystal formation (47).
Mutations in the ANKH gene are felt to alter pyrophosphate metabolism and to
favor CPPD crystal formation in some affected families (40). Further discussion
of the genetics of CPPD deposition is in Chapter 3 and CPPD biochemistry is
in Chapter 13.

Associated Conditions

Articular CPPD crystal deposition is linked to a heterogeneous group of metabolic
conditions (Table 4). Some of these associations are well established, but many are
poorly supported by clinical data (48). Ideally, for an association to be important,
an increased prevalence of severe and premature CPPD deposition disease should
occur in affected patients. A plausible explanation as to causality makes a true
association even more attractive. Fairly good clinical evidence supports an
association of CPPD crystal deposition with aging, osteoarthritis, prior injury,
hyperparathyroidism, hemochromatosis, gout, hypophosphatasia, and hypomag-
nesemia. Rare metabolic conditions, such as ochronosis, Wilson’s disease, and
acromegaly, may be associated with a higher rate of CPPD deposition, but lack
good clinical data to support a true association. Weaker associations exist with
common conditions including diabetes and hypothyroidism. Case reports of
CPPD deposition in the setting of very rare conditions warrant further study.
In general, patients with newly diagnosed CPPD deposition disease should be
screened for associated conditions with a serum calcium, magnesium and
phosphorus, alkaline phosphatase, ferritin, iron, and total iron binding capacity.

Age

Age is the strongest known risk factor for CPPD deposition disease (9). This
disease is rare in patients under the age of 60, and rates double with each decade
thereafter (7). Important changes in aging articular cartilage may predispose to
CPPD deposition (49). Repeated minor injuries that accumulate with age may
also cause damage to cartilage and permit CPPD crystal formation.
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Table 4 Conditions Associated with Calcium Pyrophosphate Dihydrate Crystal
Deposition Disease

Strongly associated
Age
Osteoarthritis
Injury
Gout
Hyperparathyroidism
Hemochromatosis
Hypophosphatasia
Hypomagnesemia

Weakly associated
Hypothyroidism

Not associated
Diabetes

Potentially associated
Wilson’s disease
Acromegaly
Hyaluronidase deficiency
X-linked hypophosphatemic rickets
Familial hypocalciuric hypercalcemia
Ochronosis

Osteoarthritis

Osteoarthritis frequently coexists with CPPD crystal deposition, occurring in
40% to 70% of patients (48,50). Osteoarthritis has a complex relationship
with CPPD deposition. It remains unclear whether CPPD deposition disease is
a clinical variant of osteoarthritis, a marker of severe disease, or a separate entity
altogether (51). However, there is good evidence to suggest that radiographic
chondrocalcinosis is a risk factor for osteoarthritis (52). A recent population-
based study from Nottingham reinforced this association (53). Because CPPD
crystals can initiate or perpetuate cartilage damage, it is unlikely that they are
innocent bystanders in osteoarthritis (54). Moreover, because CPPD crystals are
associated with an uniquely distributed arthritis, they are probably not simply
markers of cartilage damaged by osteoarthritis.

Injury

Local joint damage, particularly meniscal injury in the knee, often antedates
clinically apparent CPPD deposition disease (55-57). This association is
strengthened by the premature appearance of CPPD crystals in these individuals
and the localization of the crystals to previously damaged areas. The concept
that cartilage damage leads to or permits CPPD crystal formation in otherwise
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unmineralized cartilage matrix is an attractive one. It links CPPD crystal
formation to inflammatory and non-inflammatory conditions causing damage as
well as to the repetitive minor injuries that accumulate with age.

Gout

CPPD crystal deposition disease has been linked with both gout and hyperuricemia
through small case collections (48). One controlled study confirmed a small
but significant increase in the risk for chondrocalcinosis among patients with
hyperuricemia and acute arthritis compared to controls (58). It is possible that
one type of crystal can serve to nucleate another. Equally plausible, however, is
the theory that joint damage from repeated gout attacks can promote CPPD
crystal formation.

Hyperparathyroidism

Hyperparathyroidism was one of the first syndromes to be associated with CPPD
crystal deposition. This association has withstood the test of time, despite a lack
of good studies. It also has the advantage of a plausible causative link, as high
calcium levels in hyperparathyroid patients may directly or indirectly participate
in CPPD crystal formation. In addition, parathyroid hormone has important
effects in cartilage which may facilitate crystal formation (59). Although most
data suggesting a connection is in a case report format, a few controlled studies
confirm an increase in premature and severe chondrocalcinosis in the setting of
hyperparathyroidism (60,61). Importantly, an increased risk for pseudogout was
also observed in this population (61). A simple connection between high
parathyroid hormone levels or high calcium levels and CPPD crystal deposition
disease is refuted by the clinical course of hyperparathyroid patients. They
typically continue to have clinical evidence of articular CPPD crystal deposition
for years after resolution of their clinical hyperparathyroidism.

Hemochromatosis

Hemochromatosis is another of the better-established metabolic conditions
associated with CPPD deposition disease. It is estimated that as many as 50% of
patients with hemochromatosis have clinical CPPD deposition disease (62,63).
These patients tend to be younger at age of presentation than those with sporadic
CPPD disease. Arthritis may be the presenting feature of hemochromatosis (64).
Intriguing studies suggested a role for iron in CPPD crystal deposition (65). Recent
reports of increased levels of circulating PTH in patients with hemochromatosis
support an additional theory of pathogenesis (66). Interestingly, the course of
arthritis does not appear to be improved by correcting iron overload with
phlebotomy (62).
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Hypophophatasia

Hypophosphatasia is a rare group of syndromes resulting from congenital
alkaline phosphatase deficiency (67). These have clearly been associated with
premature and severe CPPD deposition disease (68). There is also some evidence
to suggest an increased prevalence of clinical CPPD deposition disease in
heterozygotes with this condition (69). A clear causal connection stems from the
ability of alkaline phosphatase to act as a pyrophosphatase and to degrade CPPD
crystals (70,71).

Hypomagnesemia

Hypomagnesemia is strongly associated with an increased risk of CPPD
crystal deposition (48). In this setting the disease has a premature onset and is
severe. Magnesium is a cofactor for many pyrophosphatases (72,73). Therefore,
a deficiency of magnesium might limit the activities of these enzymes and result
in pyrophosphate accumulation and subsequent CPPD crystal formation. Bartter’s
syndrome has been associated with chondrocalcinosis (74,75). Recent data
suggest that the Gitelman’s variant of Barrter’s syndrome is the variant most
frequently associated with low serum magnesium levels. Most cases of
chondrocalcinosis reported in Bartter’s syndrome patients likely had the
Gittelman’s variant (76). Other causes of chronic hypomagnesemia have also
been associated with chondrocalcinosis. For example, renal magnesium wasting
can occur in familial forms (77,78). In many cases, magnesium supplementation
seems to improve the arthritis in patients with hypomagnesemia, but this has not
been rigorously studied (79). Diuretic use might predispose to chondrocalcinosis
through a shared association with hypomagnesemia (48). Nevertheless, there is
little additional evidence that hypomagnesemia contributes significantly to the
pathogenesis of sporadic CPPD (80,81).

Hypothyroidism

A link between hypothyroidism and chondrocalcinosis persists in our clinical
consciousness despite the lack of good evidence to support a true association
between these conditions. For example, three studies looking for an increased rate
of chondrocalcinosis in patients with hypothyroidism compared to appropriate
controls showed no statistically significant association between chondrocalcinosis
and hypothyroidism (82-84). However, when these smaller studies were combined
and a meta-analysis done, the relative risk for chondrocalcinosis in hypothyroidism
was 1.94 (CI 1.06-9.72) (48). Thus a significant but small link between the
two conditions is possible but of uncertain clinical significance. An etiologic
connection remains unclear.
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Diabetes Mellitus

Diabetes is often cited as a risk factor for CPPD deposition disease. However,
there is no evidence suggesting a true association between these common age-
related conditions (48).

Wilson’s Disease

The association between Wilson’s disease and CPPD deposition disease remains
speculative. One series of 22 patients found three with radiographic
chondrocalcinosis (85). The association is based on case reports which lack
even morphologic identification of crystals. Further studies are necessary to
confirm any association with this relatively rare condition.

Acromegaly

An association between acromegaly and CPPD deposition disease is often cited,
but remains poorly supported. A handful of case reports and case series comment
on the presence of chondrocalcinosis in acromegalic patients (86,87). However,
only two out of 314 patients had documented chondrocalcinosis in one combined
study (48). Whether this is a true association remains unclear.

Other Associated Conditions

There are numerous case reports of CPPD deposition disease occurring in the
setting of a variety of rare conditions. These conditions, including hylauronidase
deficiency (88), X-linked hypophosphatemic rickets (89), and familial
hypocalciuric hypercalcemia (90), are so rare that it is impossible to determine
if true associations exist. Pseudogout has been reported in peripheral joints in
patients with ochronosis (50). However, other changes in cartilage in ochronotic
patients can make chondrocalcinosis difficult to identify, and good evidence for a
true association is lacking.

CONCLUSIONS

It has been forty years since the original descriptions of arthritis associated
with CPPD crystals. Although we have learned a great deal about the clinical
manifestations of these crystals, major clinical questions remain. The hetero-
geneous clinical presentation of articular CPPD crystals and the multitude of
seemingly unrelated metabolic conditions associated with their presence suggest
that many factors are involved in their pathogenesis. Additional careful clinical
studies of CPPD deposition disease may contribute to the development of specific
therapies for this common condition.
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INTRODUCTION

Basic calcium phosphate (BCP) deposition disease encompasses clinical
syndromes caused by pathologic deposits of a variety of crystalline mineral
including octacalcium phosphate, tricalcium phosphate, and most often carbonate-
substituted apatite. If sufficient mineral deposits are present they can be detected
radiographically, but not specifically identified. Methods for specific identifica-
tion are detailed in Chapter 10, and include X-ray diffraction, Fourier transform
infrared spectroscopy, transmission and scanning electron microscopy with
energy dispersive analysis, and atomic force microscopy. These methods have
variable degrees of specificity and require varying quantities of mineral for
precise characterization.

Clinical manifestations of BCP deposition disease can be acute as in acute
calcific tendinitis or periarthritis or can be chronic as in Milwaukee shoulder
syndrome. Pathologic deposition of these crystals leads to multiple clinical
manifestations that can be categorized into four groups: sporadic or aging,
hereditary, disease-associated, and drug-associated deposition diseases.

SPORADIC OR IDIOPATHIC BCP CRYSTAL
DEPOSITION DISEASE

Sporadic or idiopathic BCP deposition diseases include Milwaukee shoulder
syndrome, calcific periarthritis, osteoarthritis, mixed crystal deposition disease,
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diffuse idiopathic skeletal hyperostosis (DISH), and calcification of common
posterior cervical ligament (1).

Non-Inflammatory Arthropathy

Perhaps the best analyzed clinical expression of BCP deposition is a non-
inflammatory arthropathy. The term Milwaukee shoulder syndrome was given to
this condition involving the shoulder and was first described in a group of patients
exhibiting large effusions in unstable shoulders (2). This clinical presentation
was identical to that previously described as cuff tear arthropathy (3). Analysis
of patients, synovial fluids, radiographs, and surgical specimens offers insights
into pathogenesis of a basically non-inflammatory yet destructive arthropathy.
Subsequently it was recognized that the destructive effects related to BCP crystal
deposition were not limited to the shoulder, but could occur in any peripheral
joint. For example, “Philadelphia fingers” is used to describe erosive destructive
arthropathy due to BCP crystals in the finger joints.

The original cohort of patients with Milwaukee shoulder syndrome were
recognized by their large non-inflammatory joint effusions and remarkable
glenohumeral instability (4). The unifying feature of these patients was the
presence of synovial fluid BCP crystals as assessed by ('*C) ethane-1-hydroxy-1,
1-diphosphonate (EHDP) binding. Repetitive joint aspirate specimens consist-
ently contained BCP. Coexistent calcium pyrophosphate dihydrate (CPPD) crys-
tals were found in one-half of fluids. Similar non-inflammatory but destructive
arthritis affected the knees of many patients with Milwaukee shoulder syndrome.
As in the shoulders, BCP and often CPPD crystals were seen in knee fluids. At the
time of shoulder arthrotomy, dissolution of articular cartilage, rotator cuff, and
long head of the biceps tendon was apparent. Realizing that proteases would be
necessary to digest the thick collagenous articular cartilage and tendons, inves-
tigators measured protease activity in fluids. Collagenolytic and proteolytic
activities were measurable in most instances (5,6). Subsequent studies, reviewed
in Chapter 17, detail mechanisms by which calcium-containing crystals can
produce synovial lining proliferation seen in Milwaukee shoulder syndrome as
well as synthesis and release of collagenases and neutral proteases.

The syndrome has a predilection for elderly women. Women outnumber
men with a ratio of approximately four to one. Symptoms include chronic pain
worsened by activity and nocturnal pain, especially when lying on the affected
side. The pain can be severe enough to occur at rest. Painless swelling, however,
is also encountered (7). As expected with lysis of the rotator cuff and the long head
of biceps tendon, active range of motion is severely limited. Often, both shoulders
are affected. However, passive motion is preserved and instability is often
apparent. Effusions vary in size with aspirates yielding 5 to 200 mL. Crepitus can
be obvious. Intra-articular bleeding can result in joint rupture and dissection of
bloody synovial fluid into the anterior chest wall and upper arm resulting in the
quarter panel sign (8). Rarely, Milwaukee shoulder syndrome is complicated by



Basic Calcium Phosphate (Apatite) Deposition Disease 119

the development of a draining sinus from the severely swollen joints (7).
Predisposing factors include trauma and overuse, such as with use of crutches.

Synovial fluids are non-inflammatory with white cell count usually less
than 1,000 per mm®. Fluids predictably contain only BCP crystals, while some
fluids also contain CPPD crystals.

Radiographic features reveal upward subluxation of the humeral head,
degeneration of the glenohumeral joint, and soft tissue calcification (Fig. 1).
Osteophyte formation may not be prominent despite severe degenerative and
destructive changes. Pseudoarticulation between humeral head and coracoacro-
mial vault caused by the displaced humeral head may result in acromial stress
fracture and severe erosion of the anterior portion of acromion, distal end of
clavicle, and coracoid process. Collapse of the humeral head completes the
syndrome (3). In the knee, narrowing of the lateral femorotibial space is typical,
followed by collapse of articular surfaces, fragmentation, and valgus deformity.

Acute Inflammatory Arthritis

Acute arthritis induced by BCP crystals in the absence of osteoarthritis manifests
similarly to an acute gout or pseudogout attack but is a much less common

Figure 1 AP view of the left shoulder shows cephalad migration of the humeral head,
remodeling of the superior humeral head and overlying acromion and clavicle, osteophyte
formation, subchondral sclerosis, and minor cystic formation in a patient with Milwaukee
shoulder syndrome.
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condition. Symptoms begin with pain, swelling, and erythema in metacarpopha-
langeal, metatarsophalangeal, proximal, and distal interphalangeal joints in
relatively young persons (9). Synovial fluids from these joints may contain high
white cell counts as well as BCP crystals. Radiographs of joints are normal during
initial attacks, but BCP crystal-induced acute arthritis predicts later development
of erosive osteoarthritis (10). Acute arthritis in the costovertebral joint has also
been reported and presumably is due to the release of crystals deposited adjacent
to intervertebral disk (11). BCP release is also occasionally responsible for an
acute flare in osteoarthritic joint. Acute arthritis and periarthritis infrequently
occur in individuals with tumoral calcinosis, chronic renal failure, heterotopic
calcification due to neurologic catastrophes, connective tissue diseases, synovial
osteochondromatosis, and epiphyseal dysplasia (1).

Acute Calcific Periarthritis

Acute calcific periarthritis is an acute inflammatory process in periarticular
tendons, ligaments, and bursae as a result of deposition of BCP crystals, mainly
carbonate-substituted apatite (12). Women are affected three to four times more
commonly than men. Acute calcific periarthritis presents with warmth, erythema,
swelling, and pain in a localized area which lasts from a few days to a few weeks.
Occasionally, it is accompanied by low-grade fever (usually below 38°C),
elevated acute phase reactants, and low-grade leukocytosis (13). The most
common sites to be involved are around the shoulders and hips. Less common
sites include fingers, toes, wrists, elbows, and ankles (13,14). Rarely the
temporomandibular joint is affected (15). When arising in the first metatarso-
phalangeal joint, this entity resembles acute gouty arthritis, hence the term
“hydroxyapatite pseudopodagra” (16—18). Careful physical examination usually
reveals relative preservation of normal passive range of motion unless the process
results in rupture of tendons (19) or adhesive periarthritis.

Most patients with calcific periarthritis are middle-aged to elderly, with the
exception of hydroxyapatite pseudopodagra that mostly affects young women
(20). Recurrent periarthritis or simultaneous involvement in multiple sites
suggests an associated systemic disease such as hypoparathyroidism, surgically
treated primary hyperparathyroidism, connective tissue diseases, or others as
described below. These presentations may be seen in one-third to two-thirds of
individuals (21).

Periarticular calcification, often asymptomatic, is common in the fifth to
seventh decades of life (21). Deposits vary in size, shape, and location.
Radiographically, the initial calcifications appear cloud-like, but later become
denser, homogeneous, and better-delineated. Use of special views and bright light
may be necessary to visualize small deposits. The size of deposits does not
predict or correlate with symptoms. Symptoms occur when deposits interfere
with motion or expand into adjacent soft tissue. Deposits may differ in
appearance depending on their phase. For example, in the asymptomatic phase
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in the shoulder, calcific deposits are commonly confined to the supraspinatus
tendon. When symptoms such as pain or restricted motion are present, the
calcifications may remain unchanged or have enlarged and raise the floor of
the subdeltoid bursa. However, calcification may not be observed radio-
graphically at the time of symptoms. After an acute attack, the deposit may
remain, fade, or totally disappear, then recur at a later date. Dissolution of
extracellular crystals is due to increased blood flow and intracellularly results
after they are phagocytosed into the acidic phagolysosome. Even large
calcification can completely disappear within 7 days (13).

Deposits may spread under or into the bursa. In some instances, the deposit
may involve bone and be seen as an intraosseous calcified cyst. BCP crystals can
deposit almost anywhere in the body. Frequent sites of calcification identified
radiographically include the insertion of the supraspinatus on the promontory of
the greater tuberosity, the attachment of the infraspinatus and teres minor on the
greater tuberosity, the attachment of the subscapularis on the lesser tuberosity,
the long head of the bicipital tendon in the bicipital grove and along the humeral
shaft, the short head of the biceps near the coracoid process, within the flexor
carpi ulnaris tendon, the insertions of the gluteus into the greater trochanter, and
near the first metatarsophalangeal joint (21). Calcification of the longus colli
muscle is usually located anterior to C1 and C2 vertebral bodies. Cortical erosion
may accompany mineral deposits adjacent to the bone diaphysis (22).

The differential diagnoses of acute periarthritis includes infection of soft
tissue and joints, acute gouty attack, and pseudogout. Rarely, peri- and intra-
articular inflammation may coexist with septic arthritis (23). In rare instances of
deposits in the longus colli muscle, patients may present with odynophagia and
mimic a retropharyngeal abscess (24,25). Within the carpal tunnel, the deposits
result in inflammation and median nerve compression causing carpal tunnel
syndrome (26,27). CPPD deposition can also occur in tendons, but that tends
to cause more elongated appearing calcifications as compared to the tumor-like
or cloud-like densities in BCP deposition. Chondrocalcinosis is unusual in
periarticular BCP deposition disease.

Osteoarthritis and BCP Crystal Deposition

BCP crystals are present in synovial fluids in a large subset of patients with
osteoarthritis. Half of articular cartilages with advanced osteoarthritis contained
hydroxyapatite-type crystals (28). Studies of synovial fluids from osteoarthritic
knee joints reveal apatite crystals in approximately 30% to 60%, and such fluids
more often contain both BCP and CPPD crystals than either species alone (29-32).
The presence of BCP correlates with more severe radiographic joint degeneration
and at times is associated with neuropathic-like arthropathy on X-ray (21). More-
over, the progression of degenerative arthritis in BCP-containing joints can be very
rapid. For example, protrusio acetabuli or lysis of the femoral head can develop
within one year. However, BCP crystals are often overlooked in synovial fluids
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because they are small and lack birefringence. Degeneration in BCP-containing
osteoarthritic knees typically involves the lateral and patellofemoral compart-
ments, while primary osteoarthritis unassociated with crystals usually involves the
medial and patellofemoral compartments (21). The existence of BCP crystals in
small joints of the hands is a possible predictor of erosive osteoarthritis (10).

Diffuse Idiopathic Skeletal Hyperostosis

DISH, or Forrestier’s disease, is an ossifying skeletal disorder involving spinal and
extraspinal sites. DISH predominates in men and the elderly. Depending on the
criteria used, the prevalence ranges between 2.6% and 28% in individuals over age
39 years (33). In older age groups men and women are equally affected. DISH
is more common in Caucasians than in Asians. It is generally diagnosed by the
presence of flowing ossification along the anterolateral aspect of at least four
consecutive vertebral bodies, due to ossification of the anterior longitudinal
ligament, and large bridging osteophytes. This is most commonly seen between
the seventh to the eleventh thoracic vertebrae and between the first and the third
lumbar vertebrae (34). Clinically, DISH is often asymptomatic or presents as
spinal stiffness and moderate degree of limitation of motion (35). Back pain is mild
or absent despite the significant calcium deposition. In the cervical spine, large
ossification can result in dysphagia, hoarseness, dyspnea, stridor, and difficult
intubation (36). DISH accounts for up to 10.5% of individuals with dysphagia over
the age of 59 years. Ossification of the posterior longitudinal ligament, which
occurs in high percentage of patients, can be severe enough to cause spinal
stenosis. Ossification of a long segment of the spine increases the risk of
spinal fracture from hyperextension even after minor trauma (37,38). Cervical
myelopathy can also result from pseudoarthrosis between the first and second
cervical vertebrae and from anterior atlantoaxial subluxation (36).

Compared to osteoarthritis of the spine, in DISH the intervertebral discs
are normal or only slightly decreased in height, and neither vacuum phenomenon
nor marginal sclerosis of the vertebra are observed. Radiolucent lines, which
correspond to anterolateral disc extension sandwiched between ossified mass
superiorly and inferiorly, can be observed anterior to the vertebrae on lateral
films. Radiolucent lines may also be seen on lateral films in the unossified areas
between the anterior borders of the vertebrae and the deposited bone (34). DISH
usually evolves over a period of several years (39).

In extraspinal sites, large enthesophytes, whiskering bone proliferation,
and ligament calcification are observed. Enthesophytes usually develop at sites
of ligament or tendon attachments such as the calcaneus, the olecranon process,
and the patella. Sacrotuberous and iliolumbar ligament calcification are found.
Calcaneal involvement may be associated with heel pain and Achilles tendinitis.
Thoracic outlet syndrome is a rare complication of DISH. In keeping with the
ossifying nature of DISH, affected patients have a five-fold increase in risk of
developing heterotopic ossification after total hip arthroplasty (40).
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The cause of DISH is unknown. An association between DISH and
hyperglycemia is controversial. The prevalence in patients with diabetes is higher
than healthy subjects, but the association is lost when adjusted to body mass
index (35,41,42). Patients treated with synthetic retinoic acid also develop
skeletal disorder similar to DISH. Rarely, hypoparathyroidism causes flowing
ossification anterior to the vertebral bodies similar to that seen in DISH (43).

Calcification of the Spine and Intervertebral Disks

Idiopathic calcification of the spinal ligaments and disks is common in the
elderly. It can be asymptomatic or can present with signs and symptoms of cord
compression, especially in the cervical region. Ossification of the posterior
longitudinal ligaments, a condition common in the Japanese, and calcification of
the ligamentum flavum can cause cervical myelopathy (44). Less severe
manifestations are radiculopathy and neck pain. Both BCP and CPPD crystals
may be found in such deposits (45,46). The lesions are easily visualized on
plain radiographs of the spine and are demonstrated clearly with CT scanning.
A murine disease model, which exhibits a phenotype similar to human
ossification of posterior longitudinal ligaments, has been analyzed and found to
result from deficiency of an ectoenzyme that generates inorganic pyrophosphate,
an inhibitor of BCP formation. These so-called tiptoe-walking mice suffer from
myelopathy (47).

Calcification in the disks is usually localized to one or two disks and
involves the anulus fibrosus, nucleus pulposus, and cartilaginous end plates. The
clusters of BCP crystals appear globular in shape, are usually seen in the mid-
thoracic and upper lumbar levels, and are commonly seen in association with
degenerative disease of the spine.

Mixed Crystal Deposition Disease

Synovial fluids often contain both BCP and CPPD crystals. This indicates mixed
crystal deposition disease, which is probably more common than deposition
disease arising from either CPPD or BCP crystals alone. Mixed crystal deposi-
tion disease can be recognized radiographically when chondrocalcinosis is
present in multiple sites in conjunction with extensive calcification in joint
capsules or dense homogeneous deposits in tendons (21). Mixed crystal
deposition disease is associated with severe degenerative arthritis (30,48).

HEREDITARY BCP CRYSTAL DISEASE

Hereditary BCP deposition disease has been reported in multiple forms of
manifestations from many countries around the world. The manifestations
include calcific bursitis, tendinitis, and arthritis; enthesopathy in X-linked
hypophosphatemia; idiopathic tumoral calcinosis; Milwaukee shoulder
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syndrome and other forms of destructive shoulder arthropathy; fibrodysplasia
ossificans progressiva; and idiopathic infantile arterial calcification (1).

Idiopathic Tumoral Calcinosis

Idiopathic tumoral calcinosis, also termed lipocalcinosis granulomatosis, is a rare
syndrome characterized by the presence of irregular calcifying masses in
periarticular soft tissue. The condition usually affects young patients of African
descent, although it has occurred in other ethnic groups as well. Patients who
present at an older age may represent a form fruste of the disease. Although these
tumor-like masses are observed around the shoulders, hips, and elbows, they do
not limit motion (49,50). These masses can be unifocal or multifocal.
Complications include skin ulceration with secondary infection, draining sinus,
cachexia, and amyloidosis (49). Compression of nerve roots, spinal cord, and
peripheral nerves is not uncommon (51,52).

A proportion of patients have high serum phosphate levels as well as
metabolic derangements involving calcium, alkaline phosphatase, 25-hydroxy-
vitamin D, and parathyroid hormone. Some patients have affected siblings,
suggesting this is a hereditary disease (53). The hyperphosphatemic subset
of tumoral calcinosis is transmitted by autosomal recessive inheritance and is
the result of mutation in the gene GALNT3, which encodes a glycosyl transferase
(54). This gene has been mapped to chromosome 2q24-q31. Genetic
abnormalities in the normophosphatemic subset have not been identified.

Fibrodysplasia Ossificans Progressiva

Fibrodysplasia ossificans progressiva, or myositis ossificans progressiva, is
a rare hereditary disorder manifesting in childhood. It is characterized by
extensive ectopic calcification in striated muscles, fascia, aponeuroses, and
fibrous structures related to muscles, especially paraspinal muscles (49). This
condition is transmitted as an autosomal dominant trait with incomplete
penetrance. The course of disease is one of exacerbations and remissions. The
onset begins at 4 to 5 years of age (range 1 to 16 years) with inflammation
followed by calcification over weeks. At times the calcification follows local
trauma, surgery, injection, venipuncture, and dental treatment (55-57). Acute
lesions may or may not be associated with inflammation and do not always
progress to ossification. During remission, visible and palpable soft tissue
masses, especially on the back of head and neck, may develop and are
associated with progressive stiffness (58). Remission can last many years.
Smooth muscle, heart, diaphragm, tongue, and sphincters are spared (56).
Massive periarticular ossification can lead to severe disability by limiting joint
motion and causing joint contractures in the lower extremities. About one-fourth
of patients have a synostosis between the humerus and chest wall which leads to
superior subluxation of the humeral head (59). Entire muscles may be replaced
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by new bone formation causing marked limitations of movement. Movement of
the cervical spine may be abolished entirely by ankylosis of the cervical spine and
pseudoexostoses arising from the occiput. Pain may be caused by pseudoex-
ostoses on the long bones and calcaneus. Diagnostically helpful features found in
the majority of individuals include bilateral microdactyly of the first metatarsal
bones and proximal phalanges as well as hallux valgus. Deafness is common.
Complications include nerve compression, limited chest wall capacity,
dependence on diaphragmatic breathing, and respiratory tract infection (60,61).
A fall can cause serious injury and worsen functional limitation. Sixty-seven
percent of falls lead to exacerbation of calcification (62). Fatal outcomes result
from respiratory failure and inanition from calcification in muscles of mastication.
Despite the possible debilitating and fatal course of the disorder, prolonged
survival is not rare and patients can live into their eighth decade (61-63).
Laboratory findings include elevated serum alkaline phosphatase levels, but no
abnormalities in calcium or phosphorus metabolism have been identified.
The differential diagnosis includes ankylosing spondylitis, idiopathic tumoral
calcinosis, and causes of metastatic calcification due to disorders of calcium and
phosphorus metabolism.

Idiopathic Infantile Arterial Calcification

Idiopathic infantile arterial calcification is a rare and fatal disorder characterized
by pathologic calcification and intimal proliferation of medium-sized and large
arteries in infants. Calcium deposits, mainly calcium hydroxyapatite, are
found near the internal elastic lamina and in the tunica media. The disease is
associated with mutations in the gene ENPPI (ectonucleotide pyropho-
sphatase/phosphodiesterasel) which encodes for the enzyme plasma cell
membrane glycoprotein-1 (an important inhibitor of bone mineralization)
(64,65). This results in low levels of pyrophosphate, an inhibitor of calcification,
in plasma and urine (66,67). The disease manifests with cardiovascular
compromise, cardiac failure, and systemic hypertension occurring in utero, at
birth, or shortly thereafter. Calcification in abdominal viscera, brain, thyroid
gland, periarticular tissues, and soft tissues may be present (68—70). Calcified
vessels may not be apparent radiographically when cardiac symptoms develop
(66). Normal values of serum calcium, phosphorus, parathyroid hormone, and
vitamin D are expected. Affected infants usually die in the first 6 months of life
of severe cardiac failure and myocardial infarction. However, a rare case of
spontaneous disappearance of calcification with long-term survival and a case
of late presentation at 33 months of age have been reported (69-71).

Other Hereditary Hydroxyapatie Deposition Diseases

Reports of familial cases of BCP deposition disease suggest that genetic risks may
play a pathogenetic role. The phenotype found in these families is heterogeneous.
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In one family, five members were affected with different manifestations, namely
multiple intervertebral disk calcification, arthritis, and degenerative changes
of small joints of the hands, shoulders periarthritis, and periarticular calcific
deposits (72). BCP crystals in the deposits were confirmed. A relationship with
HLA antigen was not found. In another report of Italo-Argentinian kindred
with 75 affected members from five generations, osteoarthritis, chondrocalcinosis,
and Milwaukee shoulder syndrome were observed and were probably transmitted
as an autosomal dominant inheritance (73). Incomplete Milwaukee shoulder
syndrome was strikingly detected radiographically in seven members aged less
than 53 years. Both BCP and CPPD crystals were identified in synovial fluids from
two cases. Again, none of the genetic risks tested showed a positive correlation.
Recurrent calcific periarthritis in multiple sites has been reported in identical
twins in the United States (74). In another family, recurrent calcific periarthritis
was diagnosed in a 47-year-old proband who had two relatives with asymptomatic
periarticular calcific deposits (75). Low serum levels of alkaline phosphatase
has been observed in some patients with familial calcific periarthritis (76-79).
Multiple crystal deposition disease, manifesting with calcific periarthritis, gout
and chondrocalcinosis, has been reported in four members of a single family (80).

SYSTEMIC DISEASES ASSOCIATED WITH
BCP CRYSTAL DEPOSITION

BCP crystal deposition disease frequently arises in patients with comorbidities
such as renal failure, connective tissue diseases, hypercalcemia, trauma, and
neurologic injuries. Occasionally, it is the presenting manifestation of the
underlying disorder.

End Stage Renal Disease

In patients with chronic renal failure, calcification may be observed in multiple
sites including soft tissue, subcutaneous tissue and periarticular tissue as well as
in blood vessels, viscera, cornea, and conjunctiva. Infrequently, crystal deposits
are found in the intervertebral disks and in articular tissues (1). Release of these
crystals may lead to periarthritis or acute arthritis (15). The term “tumoral
calcinosis” has been used widely to describe large periarticular calcific deposits
associated with chronic renal failure and other conditions. After hemodialysis
and peritoneal dialysis, calcification typically continues to progress, although
resolution of calcification can occur (43). A positive calcium balance induced
by the use of calcium-containing phosphate binders and high calcium dialysate
may worsen calcification (81). Calcification is less frequent with better control of
calcium x phosphate product by means of phosphate binders, increasing dialysis
frequency, and renal transplantation. Sometimes calcific deposits resolve after
parathyroidectomy (82). Vitamin D should be used cautiously to prevent hyper-
vitaminosis D, which aggravates calcification (83).



Basic Calcium Phosphate (Apatite) Deposition Disease 127

Connective Tissue Diseases

BCP crystals are found deposited in the subcutaneous tissues in patients with a
variety of connective tissue diseases with no evidence of abnormal calcium or
phosphorus metabolism. The most common example is in patients with juvenile
dermatomyositis. Risk factors for calcification in dermatomyositis are delayed
treatment, suboptimal steroid therapy, and unresponsiveness to steroid therapy
(84). In limited or late-stage diffuse systemic sclerosis, calcification is observed
in 36% of patients (85) and is typically present in the skin or subcutaneous tissue
on the flexor side of terminal phalanges, in the digital pads and periarticular
tissues of the hands, the extensor surface of the forearms, the olecranon bursae,
prepatellar areas, buttocks, cervical synovial articulations, and thoracic and
lumbar spine (85,86). Acute calcific periarthritis may follow subcutaneous or
bursal deposits (20,87). Resolution of the deposit after an acute attack is
incomplete and less frequent than is the norm for idiopathic calcific periarthritis.
Secondary complications include skin ulcers, drainage of paste-like material, and
infection. Calcinosis and periarticular and intra-articular calcification has also
been reported in systemic lupus erythematosus (88,89), mixed connective tissue
disease (90), and rheumatoid arthritis (91). In these diseases, calcification in the
cervical area can be extensive, involving multiple levels and resulting in
osteolysis and erosion of adjacent bone and joints (92).

Hypercalcemia

Hypercalcemic metastatic calcification arises in patients with hyperparathyroid-
ism, hypervitaminosis D, sarcoidosis, metastatic cancer, plasma cell myeloma,
and leukemia (93). Calcification is noted in various organs including stomach,
lung, arterial walls, skin, and eyes. It may improve after treatment of the
hypercalcemia. Occasionally, calcific deposits enlarge, forming a subcutaneous
mass or tumoral calcinosis. If large, these deposits may erode bones (94).
Calcifications in primary hyperparathyroidism can be composed of CPPD
crystals as well as BCP crystals.

Myositis Ossificans Traumatica

This condition is characterized by localized soft tissue ossification (myositis
ossificans circumscripta) typically in soft tissues and large muscles in the upper
arms and thighs (95). Trauma precedes this type of heterotopic ossification in
60% to 75% of patients, who are usually young adults (93). In the remainder the
trauma was probably quite minor or simply not remembered. Patients present with
mass-like lesions that can mimic soft tissue tumor, sometimes in conjunction
with limitation of motion. Signs of local inflammation and low-grade fever may be
noted. If the lesions are around the joint, they may mimic acute gout (96). Lesions
in the head and neck are rare (97). Myositis ossificans is also an uncommon
complication of neurologic catastrophes such as prolonged coma, head trauma,
anoxic brain injury, paraplegia and hemiplegia from stroke and spinal cord injury
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(1,98,99). Sixteen percent to 53% of patients developed this condition one to four
months after spinal cord injury (100). In this particular situation, the hip joints are
most frequently involved. Other sites include knees, shoulders, elbows, and spine.
The condition is seldom reported in lumbosacral and conus-cauda areas lesions
which do not limit ambulation. In 2% to 30% of patients, decreased range of
motion is present, while only about 3% of ossification results in severe limitation of
movement and ankylosis (101). When myositis ossificans develops in the absence
of trauma, it is named pseudomalignant osseous tumor of soft tissue.

Serum alkaline phosphatase is elevated in some patients during the early
phase of bone formation (101). Two major radiographic findings in myositis
ossificans are a peripheral rim of calcification and ossification surrounding a
lucent center, and a radiolucent band separating myositis ossificans from its
adjacent bone, both of which correlate the pathological findings and are clearly
demonstrated by CT scans (93).

DRUG-RELATED BCP CRYSTAL DEPOSITION

A number of medications have been associated with BCP crystal deposition.
Intravenous calcium gluconate injection causes calcinosis cutis in neonates at site
of extravasation (102,103). Intra-articular injection of corticosteroid infrequently
causes calcification in soft tissue (104,105). Rarely, calcification arises locally in
the area of long-term subcutaneous injection such as insulin injection in insulin-
dependent diabetes (106,107). In these latter cases, calcification is restricted to
the skin. Synthetic retinoid therapy, such as etretinate and isotretinoin at low and
high doses, has also been implicated in extraspinal tendon and ligament
calcification, spinal hyperostosis, and DISH (108,109). Milk-alkali syndrome
also may cause soft tissue calcification (110).

CONCLUSION

BCP crystal deposition leads to a variety of clinical manifestations in the
musculoskeletal system with acute or insidious onset, local or systemic
presentation, and variable prognosis. Treatment of symptomatic BCP crystal
deposition is mainly symptomatic. Formulation of successful prophylaxis or
treatments will require a better understanding of the processes involved in
BCP deposition.
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Differential Diagnosis of Monarthritis

Kevin D. Deane and Sterling G. West

Division of Rheumatology, University of Colorado Health Sciences Center,
Denver, Colorado, U.S.A.

INTRODUCTION

Pain in one joint area may occur due to a problem with the joint (arthritis, internal
derangement), from adjacent bone (fracture, tumor, osteomyelitis), or from
surrounding soft tissues (ligament, bursa, tendon, muscle, or nerve). Arthritis
generally causes diffuse joint pain which is aggravated by movement. The
presence of an effusion and limitation of active and passive range of motion in all
planes strongly supports an intra-articular process, although these findings may
also result from a problem in the adjacent bone. Alternatively, a juxta-articular
bone or soft tissue problem usually has localized pain and limitation of active
range of motion in only one plane with preserved passive motion.

The purpose of this chapter is to discuss the diagnostic approach and
differential diagnosis of acute and chronic monoarticular arthritis. Although
almost any cause of arthritis including those that are traditionally polyarticular
(e.g., rheumatoid arthritis) may begin as a monarthritis, there are a relatively
limited number that commonly present as arthritis of a single joint (Table 1).

The causes of monarthritis can be divided into two groups: inflammatory
and noninflammatory disorders. Of the various causes, infectious arthritis,
crystal-induced arthritis, and traumatic arthritis are the most important for the
evaluating physician to rule out initially since these conditions require an urgent
diagnosis with differing and aggressive therapies (1,2).

DIAGNOSTIC APPROACH
History

The history and physical examination are helpful in narrowing the differential
diagnosis in a patient presenting with monarthritis. The initial evaluation should
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Table 1 Causes of Monarthritis

Deane and West

Acute (<4 wk)

Chronic (>4 wk)

Inflammatory

Infection

Bacterial

Viral

Brucella

Lyme disease”

Fungi (candida)®

Whipple’s disease®
Crystalline

Gout

Pseudogout®

Basic calcium phosphate

Calcium oxalate
Autoimmune

Rheumatoid arthritis (adult, juvenile)

Systemic lupus erythmatosis

Seronegative spondyloarthropathies®

Palindromic rheumatism

Still’s disease

Rheumatic fever

Relapsing polychondritis
Intestinal disease®

Crohn’s disease

Ulcerative colitis

Intestinal bypass

Pancreatic fat necrosis
Other

Sarcoidosis®

Hereditary periodic fever syndromes

Non-inflammatory

Trauma
Internal derangement™®
Fracture”
Prosthetic loosening®
Hemoglobinopathies™”
Transient osteoporosis
Hemarthrosis
Osteonecrosis®

Inflammatory

Infection
Fungi
Mycobacteria
Lyme disease®
Whipple’s disease®
Osteomyelitis
Parasites/spirochetes (syphilis)

Autoimmune
Rheumatoid arthritis® (adult, juvenile)
Seronegative spondyloarthritis®
Behcet’s disease

Other
Sarcoidosis®
Foreign body (plant thorn, sea

urchin spine)
Non-inflammatory

Tumors
Pigmented villonodular synovitis®
Metastatic tumors
Osteogenic sarcoma
Synovioma
Osteoid osteoma
Osteochondroma

Paraneoplastic syndromes
Amyloidosis

Metabolic conditions
Hemachromatosis
Wilson’s disease
Gaucher’s disease

Other
Osteoarthritis
Hypertrophic osteoarthropathy
Legg-Calve-Perthes disease
Slipped capital femoral epiphysis
Neuropathic arthropathy

“May be acute or chronic.
®Frequently hemorrhagic.

focus on the time course of the joint symptoms and whether or not inflammatory
signs are present. Diffuse pain at rest and with normal use, prolonged stiffness
which is worse in the morning or after inactivity (gelling), and the presence of
swelling with an effusion, warmth, erythema, and limited range of motion are all

characteristics of an inflammatory arthritis.
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The acute onset of inflammatory symptoms and signs which rapidly reach
peak intensity within hours to a few days always requires immediate evaluation to
rule out an infectious or crystalline arthritis. If symptoms acutely occur following
an injury then traumatic arthritis, internal derangement (meniscal tear or
ligamentous injury), or intraarticular fracture with hemarthrosis should be
considered. In patients with a known polyarticular arthritis (i.e., rheumatoid
arthritis) who develop an acutely inflamed joint out of proportion to their other
joint disease, an infection (and rarely crystal-induced arthritis) must be urgently
excluded (3,4). Likewise, infection and hardware loosening should be considered
in patients with pain and swelling in a prosthetic joint.

A history of previous episodes of an intensely painful inflammatory
monoarticular arthritis that resolves spontaneously in a few days suggests a non-
infectious cause such as crystalline arthritis or palindromic rheumatism. If the
skin overlying the inflamed joint desquamates following the attack, a crystal-
induced arthritis is the most likely diagnosis (5).

Patients with more prolonged symptoms (greater than 4 weeks) can be a
diagnostic challenge. Chronic inflammatory monoarticular arthritic symptoms
are seen in patients with an infectious arthritis due to slow-growing organisms
(fungal, mycobacterial), foreign body synovitis due to penetrating trauma, or an
autoimmune process such as a seronegative spondyloarthropathy or pauciarti-
cular juvenile idiopathic arthritis (1,2). As noted above, virtually any cause of a
polyarticular inflammatory arthritis may start as a monarthritis.

Chronic monarthritis lacking characteristic signs of inflammation is typical
of osteoarthritis and internal derangements where symptoms wax and wane
depending on joint use. Notably, knee osteoarthritis may on occasion present with
a tense and warm effusion that does not wane. Locking of the joint is common
with an internal derangement (torn meniscus, loose bodies). Important but less
common causes of locking such as synovial or bony tumors should also be
considered.

The sex, age, and ethnicity of the patient may help to narrow the differential
in a patient with monarthritis. Pauciarticular juvenile idiopathic arthritis can
present as a monarthritis, frequently associated with a chronic uveitis, most
commonly in a young girl under the age of 5 (6). In slightly older children,
slipped capital femoral epiphysis or Legg-Calve-Perthes disease are common
causes of hip pain. Caucasian males under the age of 40 are more likely to
develop a seronegative spondyloarthropathy. Young, sexually active individuals
are most at risk to develop gonococcal septic arthritis. Males over the age of 25 to
30 of any ethnicity, but particularly South Pacific Islanders and Asians, are the
most likely to develop gout, whereas premenopausal females rarely develop this
disorder unless they have an underlying metabolic disorder (5,7). Individuals
older than 55 to 60 years are the most common group to develop
chondrocalcinosis and pseudogout (8). Family history ma