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Abstract
Objective
It is unclear whether attack recurrence rates are similar between acute calcium pyrophosphate (CPP) crystal arthritis
and gout. This study compared the clinical features and recurrence rates of both conditions.

Methods
In this retrospective study, we reviewed 106 patients with acute CPP crystal arthritis (based on the presence of CPP
crystals and/or chondrocalcinosis) and 173 patients with gout (based on the presence of monosodium urate crystals).
We analysed clinical variables and compared them between the two conditions. We identified factors associated with
the recurrence of acute CPP crystal arthritis.

Results
Patients with acute CPP crystal arthritis were older (76.5 vs. 62 years, p<0.001) and female (69.8% vs. 6.9%, p<0.001);
they had a lower body mass index (22.3 vs. 23.7, p=0.002), lower renal insufficiency rate (27 4% vs. 41.6%, p=0.016),
and higher rate of preceding infection (22.6% vs. 11.0%, p=0.009) than those with acute gout. Recurrence rates were
similar between the groups (19.1% vs.22.9%, p=0.562). Use of proton pump inhibitors (PPIs) [hazard ratio (HR),
5.625;95% CI, 1.672-18.925; p=0.005] and warfarin (HR, 7.301; 95% CI, 1.930-27.622; p=0.003) or exposure to
chemotherapy (HR, 5.663; 95% CI, 1.180-27.169; p=0.03) were associated with acute CPP crystal arthritis recurrence.

Conclusion
Acute CPP crystal arthritis was more common than acute gout in older women with preserved renal function. Physicians
should be aware of the association between recurrence and PPI, warfarin, or chemotherapy use in these patients.
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Introduction

Calcium pyrophosphate  deposition
(CPPD) is frequently asymptomatic but
can present as a form of arthritis called
CPPD disease. Clinical phenotypes of
CPPD disease include acute CPP crys-
tal arthritis, CPPD with osteoarthritis,
or chronic CPP crystal inflammatory
arthritis (1). Acute CPP crystal arthritis,
termed as pseudogout, is the most wide-
ly recognised form of CPPD disease (2).
Patients with acute CPP crystal arthri-
tis typically present with acute painful
mono- or oligoarthritis resembling an
acute gout attack.

Acute gout attacks manifest as acute
arthritis episodes with a predilection
for the first metatarsophalangeal (MTP)
joint; followed in order of frequency
by the mid-foot and ankles. In contrast,
acute CPP crystal arthritis typically in-
volves large joints such as the knee or
wrist, with less common involvement of
the hand or shoulder, and only rarely af-
fecting the first MTP joint (3,4). Reports
have shown that patients with acute CPP
crystal arthritis are older than those with
acute gouty arthritis (4, 5). Ultrasound
has been shown to be at least as accurate
as synovial fluid microscopic analysis
and more sensitivity than radiography
for CPPD diagnosis (6). In addition, the
double-contour sign on ultrasound ex-
aminations is a specific finding of gout
(7). Thus, ultrasound may help to diag-
nose acute crystal arthropathy. How-
ever, the clinical features of acute CPP
crystal arthritis are often indistinguish-
able from those of acute gouty arthritis.
Moreover, research has focused on the
differences in the underlying conditions
and predisposing factors between acute
CPP crystal arthritis and acute gouty
arthritis is very limited. Furthermore,
it is unknown whether recurrences are
similarly frequent between the two
conditions. Therefore, in this study, we
compared clinical features of acute CPP
crystal arthritis to those of acute gouty
arthritis and identified clinical factors
associated with the recurrence of acute
CPP crystal arthritis during the follow-
up period.

Methods
Study population
In this retrospective cohort study, we

reviewed the electronic medical records
of patients diagnosed with acute CPP
crystal arthritis and those diagnosed
with acute gouty arthritis at the Asan
Medical Center, in the Ulsan University
College of Medicine, in Seoul (Korea)
between January 2000 and December
2016. We included data from patients
with acute arthritis who underwent
joint fluid aspiration and who fulfilled
the diagnostic criteria for either gout or
acute CPP crystal arthritis. We exclud-
ed patients <18 years of age. Diagnosis
of acute CPP crystal arthritis was based
on the presence of clinical acute syno-
vitis features and the presence of CPP
crystals on polarising microscopy of
the joint fluid (definite CPPD disease);
the presence of punctate and linear
calcification on radiographs in the af-
fected joints (probable CPPD disease);
or the acute arthritis of the knee, wrist,
shoulder, hip or ankle (possible CPPD
disease) (8). The diagnosis of gout was
made during an acute arthritis attack
based on the presence of needle-shaped
monosodium urate (MSU) crystals in
the joint fluid. We collected the follow-
ing data from medical records: (1) De-
mographic information including age,
gender, and body mass index (BMI, kg/
m?2); (2) Information regarding accom-
panying medical conditions such as hy-
pertension, diabetes mellitus, renal in-
sufficiency (estimated glomerular filtra-
tion rate <60 mL/min/1.73 m? using the
Chronic Kidney Disease Epidemiology
Collaboration equation), coronary ar-
tery disease (CAD), active tuberculosis,
stroke, atrial fibrillation (AF), cancer
and hypothyroidism; (3) Predispos-
ing factors, such as surgery, infection,
trauma, and medication [furosemide,
thiazide, aspirin, warfarin, proton pump
inhibitor (PPI) or chemotherapy, and
use of colchicine or non-steroidal anti-
inflammatory drugs (NSAIDs) after ini-
tial attack]; (4) Number and distribution
of involved joints; and (5) Laboratory
data including white blood cell (WBC)
and neutrophil counts, serum C-reactive
protein (CRP) levels, erythrocyte sedi-
mentation rate (ESR), and serum urate,
corrected calcium and phosphate levels.
We also analysed the results of joint flu-
id analysis, including the WBC counts.
The diagnosis of recurrent acute CPP
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Table I. Comparison of the variables between patients with acute CPP crystal arthritis and
those with acute gouty arthritis.

crystal arthritis was based on clinical
features of acute arthritis with definite,
probable, or possible CPPD disease

. K K Acute CPP crystal Acute gouty p-value
(with or without CPP crystals in the arthritis (n=106) Arthritis (n=173)
joint fluid) (8). The diagnosis of recur-
rent gout attack was made based on the ~ Age [years, median (IQR)] 76.5 (70.8-82.3) 62 (53-71) <0.001
Women 74 (69.8) 12 (6.9) <0.001

2015 Gout Classification Criteria (7). In

e, : 223 (20.5-25) (n = 93)
order to reduce potential bias, two in-

BMI [kg/m?, median (IQR)] * 23.7 (22-26.7) (n=153) 0.002

. . Comorbidities
v?stlgatgrs independently assessed the Hypertension 57 (538) 76 (43.9) 0.110
diagnosis of recurrent attacks. Diabetes mellitus 29 (27.4) 52 (30.1) 0.630
The Institutional Review Board of Renal insufficiency 29 (274) 72 (41.6) 0.016
Asan Medical Center, Seoul, Korea ap- gAbD o 1 (1) 2(1);)-4) 12 815)) 83;‘6‘
. uberculosis . .
proved th.1s study (IRB no.2017-0854). Stroke 48 13(75) 0205
The requirement for informed consent AF 11 (104) 23 (13.3) 0.470
was waived because of the retrospec- Cancer 29 (274) 35 (20.2) 0.169
tive nature of the study. Hypothyroidism 4 (3.8) 2 (1.2) 0.205
Predisposing factors
Statistical analysis Sufrge;y 12 (112) 25 (14.5) 0454
We compared clinical features between Iﬁ;ﬁﬁzn ﬁ gé 4; IZ 241116)) 8.82491
patients with acute CPP crystal arthri-
. . _ Drug uses
tis and acute gquty arthritis. povaolues Furosemide 10 (9.4) 27 (15.6) 0.140
<0.05 were considered to be statistical- Thiazide 5 (47) 9(52) 0857
ly significant. We used the chi-square Aspirin 13 (12.3) 18 (10.4) 0.631
test and Fisher’s exact test to compare Warfarin ; 241“27)3) }g Egg; gz‘;
. . . PPI 1 . . .
categorical data. For COHtln?OUS Var%- Chemotherapy 8 (1.9 8 (4.6) 0.308
ables, we used the Student’s r-test if
s gl Articular involvement 0.712
the data were normally fhstrlbuted. We Monoarticular 72 (679) 112 (64.7)
analysed corrected calcium values us- Oligoarticular 31 (292) 53 (30.6)
ing the Student’s #-test because they Polyarticular 3 (2.8) 8 (4.6)
were normally distributed. We used the Foot 438 30 (17.3) 0.001
B . ~ Ankle 8 (7.5) 50 (28.9) <0.001
Manp Whitney U test to apalyse other Knee 101 (95.3) 134 (775) <0.001
continuous variables, which showed Wrist 8 (7.5) 13 (7.5) 0.992
non-parametric distributions. We ex- Elbow 4 (3.8) 10 (5.8) 0.456
cluded missing data from the analysis. Hand 328 8 (4.6) 0.542
We performed Cox regression analyses Shoulder 3 (28) 00 0.054
cp X regre y Fever 56 (52.8) 76 (43.9) 0.148
with backward elimination procedures
: : . Joint fluid analysis
to identify risk factors for recurrence WBC [/uL, median (IQR)] 22200 (12,340-47,700) 25,000 (9,600-56.800)  0.810
of acute CPP crystal arthritis. Vari- Neutrophil [/uL, median (IQR)] 19,360 (9.859-43,530) 23,850 (8,186-50.892) 0.426
ables with a p-value <0.2 on univariate
1 P 1 d f 1ti . Blood laboratory data
analyses were selected for multivariate WBC [/pL, median (IQR)] 9,500 (7200-12,000) 9,600 (7,500—11,800) 0.667
analyses. We used the SPSS 20.0 soft- Neutrophil [/uL, median (IQR)] 7,100 (4361-9141) 6,894 (5,178-9,026) 0.805
ware (SPSS, Chicago, IL, USA) for all CRP [mg/dl, median (IQR)]* 9.7 (5.3-16.4) (n=96) 9 (3.7-14.3) 0.153
ol ESR [mm/hr, median (IQR)]* 67 (50-99) (n=79) 64 (34-90.5) (n=129) 0.096
statistical analyses. GFR [ml/min/1.73m2, median (IQR)] 81.2 (57.8-92) 69.6 (36.2-90.9) 0.005
Uric acid [mg/dL, median (IQR)]* 3.9 (2.8-5.3) (n=94) 7.6 (5.6-9.1) <0.001
Results Corrected calcium [mg/dL, mean (SD)I* 9.4 (0.5) (n=94) 9.3 (0.5) 0.104
Comparison between acute Phosphate [mg/dL, median (IQR)]* 2.9 (24-34) (n=58) 3.2 (2.8-3.9) (n=146)  0.001

CPP crystal arthritis and acute

gouty arthritis

In total, we identified 106 patients with
acute CPP crystal arthritis (69 with
definite CPPD disease, 32 with prob-
able CPPD disease, and 5 with possi-
ble CPPD disease) and 173 with acute
gouty arthritis and included their data
in the study. Table I shows the baseline
clinical characteristics and laboratory
findings for patients with acute CPP
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“Missing values were excluded from analysis. CPP: calcium pyrophosphate; IQR: interquartile range;
CAD: coronary artery disease; AF, atrial fibrillation; PPI: proton pump inhibitor; WBC: white blood
cell; ESR: erythrocyte sedimentation rate; GFR: glomerular filtration rate.

crystal arthritis and acute gouty arthri-
tis. The mean age of the patients with
acute CPP crystal arthritis was higher
than that for patients with acute gouty
arthritis (76.5; IQR, 70.8-82.3 vs. 62;
IQR, 53-71; p<0.001). In addition, pa-
tients with acute CPP crystal arthritis

were predominantly women and had a
lower mean BMI than those with acute
gouty arthritis. We found no significant
differences in the presence of comor-
bidities, including hypertension, diabe-
tes mellitus, CAD, tuberculosis, stroke,
AF, cancer, or hypothyroidism, between

Clinical and Experimental Rheumatology 2019
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Table II. Outcomes of acute CPP crystal arthritis and acute gouty arthritis.

Acute CPP crystal Acute gouty  p-value

arthritis arthritis

(n=94) (n=70)
Follow-up duration [weeks, median (IQR)] 46 (16-95.5) 50 (9.5-134) 0.868
Time to recurrence [weeks, median (IQR)] 17.5 (9.8-35.8) 7 (5.3-46) 0.207
Recurrence rate 18 (19.1) 16 (22.9) 0.562

CPP: calcium pyrophosphate; IQR: interquartile range.

Table III. Univariate analysis of variables associated with recurrence of acute CPP crystal

arthritis.

HR 95% CI p-value
Age 0.781 0.625-0.975 0.029
BMI* (n = 82) 0919 0.793-1.065 0.261
Women 0.636 0.235-1.724 0.374
Hypertension 0.601 0.235-1.534 0.287
Diabetes mellitus 0.895 0.318-2.516 0.833
Renal insufficiency 1.05 0.302-3.657 0.938
Stroke 0.045 0-335.380 0.496
Hypothyroidism 0.048 0-18445.403 0.643
Cancer 0910 0.296-2.801 0.869
History of joint replacement 0.037 0-28.486 0.332
History of intra-articular injection 0.476 0.061-3.722 0.479
Use of warfarin 4.706 1.348-16.424 0.015
Use of PPI 3.740 1.204-11.615 0.023
Use of furosemide 1.396 0.459-4.246 0.557
Use of thiazide 0.048 0-40869.318 0.709
Use of bisphosphonate 1.668 0.221-12.613 0.620
Use of aspirin 0.784 0.179-3.438 0.746
Chemotherapy 3.367 0.757-14.981 0.111
Use of colchicine 1.741 0.396-7.648 0.463
Use of NSAIDs 1.128 0.442-2.881 0.801

*Missing value was excluded form analysis. CPP: calcium pyrophosphate; HR: hazard ratio; PPI:
proton pump inhibitor; NSAIDs: non-steroidal anti-inflammatory drugs.

Table I'V. Multivariate analysis of variables associated with recurrence of acute CPP crystal

arthritis.

HR 95% CI p-value
PPI 5.625 1.672-18.925 0.005
Chemotherapy 5.663 1.180-27.169 0.030
Warfarin 7.301 1.930-27.622 0.003

HR: hazard ratio; PPIL: proton pump inhibitor.

the two groups. However, patients with
acute CPP crystal arthritis were less
likely to have renal insufficiency than
those with acute gouty arthritis (29/106,
274% vs. 72/173, 41.6%; p=0.016). In
addition, the frequency of preceding
infection was significantly higher in
patients with acute CPP crystal arthritis
than in those with acute gouty arthri-
tis (24/106, 22.6% vs. 19/173, 11.0%;
p=0.009). Although the number of af-
fected joints was not different, the af-
fected sites were remarkably different
between the two groups. The knee joint
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was more frequently involved in acute
CPP crystal arthritis than in acute gouty
arthritis. In contrast, foot and/or ankle
joint involvement was more frequently
observed in patients with acute gouty
arthritis. We found that the leukocyte
counts in the joint fluid and blood and
serum CRP and ESR levels were not
significantly different. The uric acid
and phosphate levels in the blood were
significantly lower in patients with
acute CPP crystal arthritis than in those
with acute gouty arthritis.

During the follow-up period, data were

available for 94 of the 106 (88.7%) pa-
tients with acute CPP crystal arthritis
and for 70 of the 173 (40.5%) patients
with acute gouty arthritis (Table II). We
excluded patients who were initiated on
-urate lowering therapy because of its
potential effect on the outcome of this
study, including acute attack recurrenc-
es. The median follow-up durations
were 46 weeks (IQR, 16-95.5) and 50
weeks (IQR, 9.5-134) in patients with
acute CPP crystal arthritis and acute
gouty arthritis, respectively. Recur-
rences occurred in 18 patients (19.1%)
with acute CPP crystal arthritis and in
16 (22.9%) with acute gouty arthritis.
This result was not significantly differ-
ent between the two groups (p=0.562).

Clinical factors associated with acute
CPP crystal arthritis recurrence

We performed Cox regression analysis
to evaluate the clinical factors related to
acute CPP crystal arthritis recurrence
(Tables III and IV). Univariate analysis
revealed that age, PPI use, and warfa-
rin use were significantly associated
with the development of recurrent acute
CPP crystal arthritis (Table IIT). Based
on the results of the univariate analy-
sis, the variables that had p<0.2 were
adjusted for our multivariate analysis.
Multivariate analysis showed that PPI
use [hazard ratio (HR), 5.625; 95% CI,
1.672-18.925; p=0.005] or warfarin
use (HR,7.301; 95% CI, 1.930-27.622;
p=0.003) were associated with the risk
of subsequent acute CPP crystal arthri-
tis recurrence. In addition, exposure to
chemotherapy resulted in a higher risk
acute CPP crystal arthritis recurrence
(HR, 5.663; 95% CI, 1.180-27.169;
p=0.03) (Table IV).

Discussion

In this study, patients with acute CPP
crystal arthritis were predominantly
older women, had lower BMIs, and
had a lower rate of renal insufficiency
than those with acute gouty arthritis.
In addition, the rate of preceding in-
fection was significantly higher in pa-
tients with acute CPP crystal arthritis
than in those with acute gouty arthritis;
but inflammation, assessed by WBC
counts in the blood and joint fluid, and
the recurrence rate of acute CPP crys-
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tal arthritis were similar between both
conditions. Moreover, we identified
that PPI or warfarin use and exposure
to chemotherapy were associated with
acute CPP crystal arthritis recurrence.
Patients with acute CPP crystal arthritis
have been reported to be approximately
10 years older than those with acute
gouty arthritis, and the female to male
ratio of acute CPP crystal arthritis has
been reported to be 75:25 (4). In our
study, patients with acute CPP crys-
tal arthritis were 14.5 years older than
those with acute gouty arthritis and the
female to male ratio was 70:30. In addi-
tion, we found that patients with acute
CPP crystal arthritis had a lower inci-
dence of renal insufficiency and lower
serum uric acid levels than those with
acute gouty arthritis. This finding is
consistent with previous reports that
higher uric acid levels are associated
with a rapid decline in glomerular fil-
tration rate and that renal impairment is
associated with gout (9, 10). Interest-
ingly, preceding infections were more
frequently observed in patients with
acute CPP crystal arthritis than in those
with acute gouty arthritis (Table I). In-
fections observed in patients with acute
CPP crystal arthritis include pneumo-
nia (7/24, 29.5%), cholangitis (4/24,
16.7%), bacteraemia (4/24, 16.7%),
acute pyelonephritis (3/24, 12.5%),
vertebral osteomyelitis (2/24, 8.3%),
cellulitis (2/24, 8.3%), herpes zoster
virus infection (1/24, 4%), and infected
prosthetic joint (1/24, 4%). Transient
hypomagnesaemia associated with a
critically ill status and/or antibiotic use
may be the mechanisms through which
preceding infections trigger acute CPP
crystal arthritis (11, 12).

Leukocyte counts in the joint fluid have
not been found to differ between pa-
tients with acute CPP crystal arthritis
and those with acute gouty arthritis, but
serum CRP levels have been shown to
be significantly higher in the patients
with acute CPP crystal arthritis than
those with gouty arthritis( 5). Our find-
ings, however, showed that inflamma-
tory activity assessed by the presence
of fever and elevated serum CRP, ESR
levels, and WBC counts in the blood or
joint fluid, was not significantly differ-
ent between the patients with acute CPP
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crystal arthritis and those with acute
gouty arthritis. The production of IL-
1 and IL-6 by monocytes and/or syn-
oviocytes in response to the presence of
MSU and CPP crystals has been found
to be comparable (13, 14). These find-
ings may explain the similar inflamma-
tory activities in both groups of patients.
Recurrent acute CPP crystal arthritis
can lead to severe joint destruction and
can progress rapidly (15). Studies have
shown that hyperparathyroidism, osteo-
arthritis, osteoporosis, and hypomagne-
semia are risk factors for CPPD (16).
However, the factors associated with
acute CPP crystal arthritis recurrences
remain unclear. In our study, the use of
PPI and the exposure to chemotherapy
were associated with acute CPP crystal
arthritis recurrence. Because CPP dep-
osition is facilitated by hypomagnesae-
mia, and PPI and chemotherapy have
both been linked to hypomagnesaemia
(17-19), hypomagnesaemia may ex-
plain the risk of acute CPP crystal ar-
thritis after exposure to PPI or chemo-
therapy.

At the same time, we identified war-
farin use to be a risk factor for acute
CPP crystal arthritis recurrence (Table
IV; HR, 7.301; 95% CI, 1.930-27.622;
p=0.003). Vitamin K-dependent pro-
teins, such as the matrix Gla protein
(MGP), function as inhibitors of extra-
cellular matrix mineralisation (20). War-
farin prevents the activation of MGP in
vascular smooth muscle cells, inducing
vascular calcification. In addition, vas-
cular and soft tissue calcifications have
been associated with chondrocalcino-
sis (21). And, the incidence of extra-
articular calcifications is increased in
patients with CPPD disease (22). Thus,
although the exact mechanisms are yet
to be determined, warfarin-induced cal-
cification may be responsible for the
increased risk of acute CPP crystal ar-
thritis recurrence.

We are aware of the limitations of our
study. First, although ultrasound exami-
nation can help in the diagnosis of acute
CPP crystal arthritis by confirming typi-
cal CPP crystal deposition findings in
articular hyaline cartilage or fibrocar-
tilage (6), the patients in our study did
not undergo ultrasound examinations.
Second, we determined acute CPP crys-

tal arthritis recurrences retrospectively,
based on medical records. Thus, we
cannot exclude the possibility of unde-
tected acute CPP crystal arthritis recur-
rences in the event that the patients did
not visit the clinic. Third, our data sets
had some missing data; but these miss-
ing data were largely pertaining to labo-
ratory test results (CRP, ESR, uric acid,
corrected calcium and phosphate) at ini-
tial attack and, therefore, do not affect
acute CPP arthritis recurrence. Finally,
only a small number of patients using
warfarin or PPI, or undergoing chemo-
therapy were included in our analysis.
Thus, further studies with larger num-
bers of subjects are required to confirm
our findings.

In all, our results show that of the pa-
tients with acute CPP crystal arthritis are
mostly older women with lower BMIs
than the patients with gout. In addition,
patients with acute CPP crystal arthritis
usually have preserved renal function
and a higher rate of preceding infections
than patients with acute gouty arthritis.
The recurrence rates for both the con-
ditions are similar. And, the use of PPI
and warfarin and chemotherapy are as-
sociated with subsequent risk of recur-
rence in patients with acute CPP crystal
arthritis. Thus, careful follow-up should
be considered for this group of patients.
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