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arthritis: a national time-trends study
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Abstract

Aims: To examine the secular trends in the number and rates of in-hospital cardiac and
orthopedic procedures in people with gout and rheumatoid arthritis (RA), and the United
States (US) general population, from 1998 to 2014.

Methods: We examined the frequency of seven common cardiac and orthopedic procedures in
hospitalized people with gout, RA, or the general population using the 1998-2014 US National
Inpatient Sample (NIS). Poisson regression evaluated the differences in frequencies in 1998
versus 2014, between gout and RA, and within each cohort.

Results: Both in-hospital cardiac and orthopedic procedures increased in gout and RA with
time, in contrast with declining cardiac procedures in the general US population. Cardiac
procedures were significantly higher in gout versus RA in 1998 (59% higher) and 2014 (92%
higher). The rate of cardiac procedures increased from 36.6 to 82.8 in gout and from 20.1 to
33.1in RA per 100,000 NIS claims from 1998 to 2014. Orthopedic procedures became more
common than cardiac procedures in gout and RA by 2014. In RA, the cardiac-orthopedic
procedure volume difference was significant in 1998 and 2014. We noted no significant
difference between cardiac versus orthopedic procedures in 1998 in gout, but the difference
was significant in 2014. Orthopedic procedures in gout were significantly lower than RA in
1998 (33% lower), but were significantly higher than RA in 2014 (5% higher).

Conclusion: Increasing in-hospital cardiac procedures in gout and RA contrasting with
declining general US population rates indicated that optimal management of systemic
inflammation and an early diagnosis of gout and RA are needed. The rate of increase in
orthopedic procedures exceeded that in cardiac procedures. A much greater volume and rate
of increase in common in-hospital cardiac and orthopedic procedures in gout compared to RA
indicates that an aggressive approach to treat-to-target in gout is needed to potentially reduce
the associated healthcare burden and cost.
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Plain language summary

Cardiac and orthopedic procedures rising faster for gout compared to rheumatoid arthritis
in the United States

We performed a national US study of the most common cardiac versus orthopedic procedures
from 1998 to 2014. We found that over time, the number and the rate of cardiac procedures
increased in people with gout (2.2-fold higher) or rheumatoid arthritis (1.6-fold higher). This
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U.S. people with these conditions.

Introduction

Cardiac and orthopedic procedures are the com-
monest procedures performed in aging Americans,
accounting for three of the top six procedures for
any hospitalization in the United States (US) in
2014.! In 2014, 10.1million inpatient hospital
stays in the US involved 14.2 million procedures,
with aggregate hospital costs of US $187.1 billion.!
The orthopedic procedures are among the fastest
growing procedures in the US.!

Gout and rheumatoid arthritis (RA) are the first
and the second most common inflammatory
arthritis in adults. Hospitalization rate for gout has
been increasing in the recent years, with a reduc-
tion in people with RA, and, as a result, gout hos-
pitalizations have surpassed RA hospitalizations.?
Systemic inflammation in inflammatory arthritis is
associated with accelerated atherosclerosis and
high cardiovascular disease rates.>* Elective ortho-
pedic procedures, including total joint replace-
ment, are common in RA and gout due to
associated joint involvement. Optimal treatment
and treat-to-target strategies implemented in RA
treatment can reduce systemic inflammation and
potentially improve its downstream effects’; a sim-
ilar impact on gout outcomes is also possible with
a treat-to-target strategy.® The excess cardiovas-
cular disease risk in RA is similar to that in diabe-
tes.” This led to the development of a European
League Against Rheumatism (EULAR) guideline
for cardiovascular risk mitigation in RA in 2009,8
updated in 2015/2016.° Thus, cardiovascular mor-
bidity with RA is well established and well studied.
On the other hand, there is evidence both for and
against the independent association of gout and
hyperuricemia with cardiovascular disease risk.!°

To our knowledge, there are no studies of time-
trends in US national estimates of cardiac wversus
orthopedic procedures in people with gout com-
pared with people with RA. Our study objective was

was surprising, since during the same time, we noted a decrease in cardiac procedures in the
general U.S. population. The rate of cardiac procedures in gout was 2.5-fold higher than that in
rheumatoid arthritis, 82.8 vs. 33.1 per 100,000 NIS claims in 2014. Interestingly, orthopedic
procedures were more common than cardiac procedures in both gout and RA in all periods.
Also, the difference in the numbers of cardiac vs. orthopedic procedures increased over time in
both gout and RA. Gout outpaced rheumatoid arthritis for both the total number and the rate of
cardiac or orthopedic procedures over time. Therefore, our study provides an understanding of
an increasing procedure burden in gout compared to rheumatoid arthritis, and to the general

to compare time-trends in cardiac and orthopedic
procedures in people with gout versus RA, in refer-
ence to the general population. A better knowledge
of time-trends of cardiac and orthopedic procedures
in gout compared with RA can inform resource allo-
cation. We hypothesized that (1) RA would be asso-
ciated with higher in-hospital annual volume and
rates of both procedures at the beginning and the
end of our study period, but that the gout-RA gap
will narrow over time; (2) the increase in annual vol-
ume of in-hospital orthopedic procedures will be
higher than cardiac procedures in both gout and RA;
and (3) the increase in annual volumes of in-hospital
orthopedic and cardiac procedures in gout or RA
will outpace that in the general US population.

Methods

The data for this analysis comes from the 1998 to
2014 US Nationwide Inpatient Sample (NIS). We
chose 2014 as the last study year, since the coding
system changed from International Classification
of Diseases, ninth revision, clinical modification
(ICD-9-CM) codes in 2014 to ICD-10-CM codes
in 2015. The NIS represents a 20% stratified sam-
ple of all hospital discharges for the United States.
The universe of US community hospitals is divided
into strata using five hospital characteristics: own-
ership/control, bed size, teaching status, urban/
rural location, and the nine US census divisions
(the four census regions were used prior to the
2012 NIS).!! Starting in 2012, a systematic sam-
pling design was used to construct the NIS data-
base with a stratified sample of discharges that was
drawn from all hospitals in the hospital frame.!!
Prior to 2012, the NIS was a stratified probability
sample of hospitals in the frame (included all hos-
pitals in the state inpatient database), with sam-
pling probabilities proportional to the number of
US community hospitals in each stratum.!! The
NIS contains data from >7 million hospital stays
each year (unweighted) and estimates >35 million
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Figure 1. Time-trends in the number of in-hospital cardiac and orthopedic procedures annually in the US general
population during the study period 1998-2014 showing the overall trend (A), orthopedic procedures by sex (B), cardiac
procedures by sex (C), cardiac procedures by age groups (D), and orthopedic procedures by age groups (E). The x-axes
represent the study year and y-axes show the number of annual procedures. Estimates over time are shown with the
line, and the shaded area represents the upper and thw lower 95% Cl. The y-axis scales differ between panels.

Cl, confidence interval; US, United States.

hospitalizations nationally (weighted). The NIS is
drawn from all States participating in Healthcare
Cost and Utilization Project (HCUP), covering
more than 97% of the US population.

Procedure codes (in any position) based upon
Clinical Classification Software (CCS) designa-
tions as provided by the Agency for Healthcare
Research and Quality (AHRQ) were assessed. We
identified the most common 4 orthopedic proce-
dures and 3 cardiac procedures among the top 15
procedures in 2012 in the US,! or the top 10 pro-
cedures with the greatest increase in rate in the US
in 2003-2012.! All the included orthopedic and car-
diac procedures are also expensive to the healthcare
system. We used procedure codes to identify these
procedures — a validated approach!213: percutane-
ous coronary angioplasty (PTCA; procedure code
45), coronary artery bypass graft (CABG; proce-
dure code 44), heart valve procedures (procedure
code 43), knee joint replacement (procedure code
152), total and partial hip joint replacement (pro-
cedure code 153), spinal fusion (procedure code
158), and laminectomy/excision of intervertebral

disc (procedure code 3). We identified gout by the
presence of ICD-9-CM code, 274.xx and RA by
ICD-9-CM code 714.xx,1415 in any diagnosis
position [primary or non-primary (secondary)] —a
validated approach. When multiple occurrences of
a procedure occurred in the same discharge, such
as two procedure codes for knee arthroplasty, only
the first was counted. However, if a cardiac and
orthopedic procedure happened to be in the same
discharge, one of each were counted.

We compared the annual estimates for in-hospital
cardiac and orthopedic procedures over the study
period for the general population, overall and by
sex and age. We compared them in people with
gout and RA. We calculated the 95% confidence
intervals (CI) for the annual in-hospital proce-
dures for each year. Poisson regression was used
to evaluate differences in frequencies of in-hospital
cardiac or orthopedic procedures between gout
and RA, and, within each cohort,!® comparing the
counts in 1998-2014. We also compared the
respective procedure rates per 100,000 hospitali-
zations in various subgroups and over time.
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Figure 2. Time-trends in the number of in-hospital cardiac and orthopedic procedures annually from 1998 to
2014 in people with gout or RA during the study period showing the overall trends. The x-axes represent the
study year and y-axes show the number of annual procedures. Estimates over time are shown with the line and
the shaded area represents the upper and the lower 95% CI. The y-axes scales differ between panels b and c.

Cl, confidence interval; RA, rheumatoid arthritis.

Results

Overall in-hospital cardiac versus orthopedic
procedure time-trends in the general US population
The annual volume and rate per 100,000 NIS
claims for in-hospital cardiac procedure decreased
and orthopedic procedure increased from 1998 to
2014, with an accelerating divergence since 2003
(Figure la; Appendix 1). The total NIS claims

were 33.9million in 1998 and 35.3million in
2014, that is, relatively stable over time (Appendix
1), which indicated that the time-trends in annual
procedure volumes would be consistent with time-
trends in rates per 100,000 NIS claims over time.
Men accounted for the majority of in-hospital car-
diac procedures, while women accounted for the
majority of overall orthopedic procedures (Figure
1b—c). The majority of cardiac or orthopedic
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procedures were performed in people 5079 years
old (Figure 1d-e; green and salmon colors). The
rate of cardiac procedures per 100,000 NIS claims
decreased from 2977 in 1998 to 2292 in 2014; the
rate of orthopedic procedures increased from
3609 in 1998 to 6160 in 2014 (Appendix 1).

Gout versus RA: time-trends in cardiac versus
orthopedic procedures

In-hospital cardiac versus orthopedic procedure vol-
ume over time. Both in-hospital cardiac and ortho-
pedic procedures increased in gout and RA over
time; orthopedic procedures were more common in
both. In RA, the difference between the number of
in-hospital cardiac and orthopedic procedures was
significant in 1998 and 2014 (Figure 2). In people
with gout, there was no significant difference in the
numbers of in-hospital cardiac versus in-hospital
orthopedic procedures in 1998, but there was a sig-
nificant difference in 2014 (Figure 2).

In-hospital procedures in gout versus RA. The in-
hospital cardiac procedures were significantly higher
in gout versus RA for in both 1998 (59% higher)
and 2014 (92% higher) (Figure 2), and the gout-
RA gap increased significantly from 1998 to 2014.
In-hospital orthopedic procedures in gout were
slightly lower than RA in 1998 (33% lower), caught
up with those of RA in 2005, and were higher than
RA in 2014 (5% higher; Figure 2); none of the dif-
ferences were statistically significant.

Total hospitalizations and increase in procedure
rates in gout versus RA. The total number of all
gout and RA hospitalizations (regardless of proce-
dures) increased from 1998 to 2014 (Appendix 2).
The rate of all gout and RA hospitalizations per
100,000 NIS claims increased 3.3-fold for gout and
2.0-fold for RA (Appendix 3; primary or secondary
diagnosis). The corresponding increase in the in-
hospital annual cardiac and orthopedic procedure
rates per 100,000 NIS claims in two populations
from 1998 to 2014 and the respective annual rates
in 1998 and 2014 were as follows: (1) gout, 2.3-fold
for cardiac (1998, 36.6 to 2014, 82.8) and 5.1-fold
for orthopedic (34.2 to 174.6); and (2) RA, 1.6-
fold for cardiac (20.1 to 33.1) and 2.4-fold for
orthopedic (70.2 to 170.8), respectively (Appendix
3; primary or secondary diagnosis).

Proportion of total hospitalizations in gout versus
RA that were cardiac versus orthopedic proce-
dures. Of all hospitalizations with cardiac/ortho-
pedic procedures, the proportion of people with

each as primary or secondary diagnosis increased
from 1998 to 2014: (1) in-hospital cardiac proce-
dures: 1.2-3.6% with gout; 0.7-1.4% with RA;
and (2) in-hospital orthopedic procedures: 0.9—
2.8% with gout; 1.9-2.8% with RA (Appendix 4).
The mean age increased minimally from 1998 to
2014: (1) in-hospital cardiac procedures: gout,
66.7-68.9 years; RA, 66.4—68.1years; (2) in-hos-
pital orthopedic procedures: gout, 68.8—67.8 years;
RA, 64.5-65.1years (Appendix 5).

Discussion

Our study is among the first to compare the
national time-trends in these procedures for gout
versus RA, and to compare time-trends in these
diseases to that of the general US population,
using a national representative database. Arthritis
and musculoskeletal diseases are the most com-
mon reasons for disability in Americans,!” making
this an important study question.

In contrast to declining absolute numbers of in-
hospital cardiac procedures nationally in the US
from 1998 to 2014, we found increasing numbers
of in-hospital cardiac procedures in both gout and
RA. Chronic systemic inflammation, oxidative
stress, and increased prevalence of traditional cor-
onary artery disease (CAD) risk factors are shared
by both gout and RA,3* which likely contributed to
worsening cardiac morbidity in these conditions,
while it improved in the general population. This
procedure increase in gout over the 17-year study
period may be partially attributable to an increas-
ing prevalence of gout in the US,!8 a high medical
comorbidity load in people with gout,!® and/or a
2- to 3-fold increase in the burden of several medi-
cal comorbidities (diabetes, renal disease, hyper-
lipidemia, morbid obesity) in people with gout
over time.2% A lower threshold for the diagnosis of
cardiovascular disease in people with gout or RA
due to increased awareness over time may have
also contributed. Since 2009, more diagnoses
codes were also allowed in the NIS, that is, up to
15 codes could be listed before 2009 and up to 25
afterwards. If surgeons were more likely to record
gout or RA after 2009, this may be partially respon-
sible for the increase noted after 2009; however, all
trends we noted were already evident prior to
2009, so this is unlikely to account for a substantial
variability in time-trends. This contrast in in-hos-
pital cardiac procedures rates between general
population versus gout and RA calls for the devel-
opment and implementation of preventive and
treatment programs for cardiovascular disease in
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gout and RA. The US population increased from
276.1million in 1998 to 320.1million in 2014
according to the US census bureau,?!:22 that is,
16% over a 17-year period. This population
increase does not explain an almost doubling of
orthopedic procedures or 20% reduction in car-
diac procedures.

While the reasons cited above might explain the
increase in cardiac procedures in gout or RA versus
the general population, they cannot explain the
time-trend procedure volume differences between
gout and RA. Gout was associated with a higher
number of cardiac procedures than RA in 1998
and 2014. We also found a sustained significant
separation between gout and RA during the entire
study period, and a significant increase in the gout-
RA cardiac procedure difference over time. We
were surprised that the annual volume of cardiac
procedures in gout exceeded those in RA, both in
1998 and 2014, despite a much greater recognition
of increased cardiovascular disease risk in RA com-
pared with gout.”%2324 This was contrary to our
main hypothesis. Rates of cardiac procedures per
100,000 NIS claims increased 2.3-fold for gout
(36.6-82.8) wversus 1.6-fold for RA (20.1-33.1)
from 1998 to 2014, supporting one of our hypoth-
eses. A supportive finding was an observation of an
increasing proportion of people within all in-hospi-
tal cardiac procedures over the study period that
had a diagnosis of gout or RA, although this should
be interpreted with caution due to the lack of con-
current population-based data on disease inci-
dence/prevalence in the US in the same period. In
a similar period of 1994-2007, the incidence of RA
increased by 2.5% per year from 1995 to 2007 in
women but not in men, and age- and sex-adjusted
prevalence increased from 0.62% in 1995 to0 0.72%
in 200525 the incidence of gout doubled from
66.6/100,000 in 1989-1992 to 136.7/100,000
general population in 2009-2010.20

A more rapid increase in the prevalence of gout
versus RA in the general US population,!8:26 and a
greater increase in all gout versus all RA hospitali-
zations in our study (3.3-fold for gout and 2.0-fold
for RA from 1998 to 2014) may have contributed
partially to these trends. Despite chronic systemic
inflammation in both gout and RA, other specific
mechanisms increasing CAD risk might differ
between gout and RA.3* Significant advances in
discovery of new therapeutics for RA and the
implementation of a treat-to-target approach in
RA contrast with poor management of gout, might
partially explain increasing differences in cardiac

procedures between gout and RA over time.>627
These time-trends in cardiac and orthopedic pro-
cedures might partially explain the previously
described differences in the overall hospitalization
rates between gout and RA,? since hospitalizations
with procedures accounted for almost half of all
hospitalizations.!

Another interesting finding was that orthopedic
procedures in people with gout were significantly
lower than RA in 1998 by 33%, but surpassed
those in RA in 2014 by 5%. Our study puts gout
as the number one concomitant inflammatory
arthritis condition ahead of RA in people under-
going orthopedic procedures — a novel finding.
Most of these orthopedic procedures are mostly
elective. Our findings have potential implications
for future healthcare resources allocation by policy
makers. Reasons may be similar to those postu-
lated for gap in cardiac procedures. A contributor
to higher rates of orthopedic procedure might be
the overall increasing surgery volume for these
procedures in the general US population,?® as
confirmed in our study as well. This would explain
increasing rates in both gout and RA, but not the
narrowing of the difference between gout and RA.
The allowance for listing 25 diagnoses since 2009
compared with 15 prior to 2009 might also par-
tially explain increasing rates of gout diagnosis.

The 3.3-fold increase in all gout hospitalizations
in the US from 1998 to 2014 in our study extends
the previous findings of an increase in all gout
hospitalizations over time, including a 2-fold
increase in the US from 1994 to 2011 and a 2-fold
increase in Canada from 2000 to 2011.2:2°

Study limitations were that NIS counts dis-
charges, not people, therefore all analyses have
hospitalization as the unit of measure. Longitudinal
studies (readmission; longer-term outcomes) are
not possible given the nature of the data.
Simultaneous bilateral arthroplasties (<3% knee
and <1% hip arthroplasties), though a very small
proportion, are coded with a single procedure
code, and therefore can not be distinguished from
unilateral procedures. NIS does not include mili-
tary or Veterans Affairs hospitals. We limited the
data to 2014 to avoid secular trends in procedure
coding due to the transition from ICD-9-CM/
procedure coding system (PCS) to ICD-10-CM/
PCS codes in October 2015; 1998 was chosen as
the first study year due to addition of new/change
of variables that were consistent after this year.3°
Study strengths include our use of a generalizable

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

JA Singh and J Cleveland

sample, and a large sample size, which leads to
robust estimates. NIS does not allow longitudinal
data analyses. Therefore, the risk of revision hip
or knee arthroplasty cannot be assessed, neither
was this our study focus.

In conclusion, in contrast to a decreasing in-
hospital cardiac procedure frequency in the gen-
eral population, it continued to increase in people
with gout and RA from 1998 to 2014. Rates of
cardiac and orthopedic procedures per 100,000
NIS hospitalizations increased in both gout and
RA, and the relative increase was more in gout
compared with RA. Our study substantiates the
comparative burden of the most common and
expensive in-hospital cardiac and orthopedic pro-
cedures in the United States in people with gout
compared with RA, two of the most common
rheumatic diseases, with higher burden in gout for
both procedures in 2014. The widening gap in
cardiac procedures between gout and RA and
crossing over for orthopedic procedures over time
indicates that optimal treatment and treat-to-tar-
get implemented in RA treatment may need to be
implemented in gout to improve disease outcomes
and associated morbidity and resource burden.>:6
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