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Abstract

Background: Literature on the outcome of acute kidney injury (AKI) in Sjogren’s syndrome (§JS) is quite scanty. Acute
kidney injury has emerged as a significant cause of morbidity and mortality in patients with autoimmune diseases such as
systemic lupus erythematosus.

Objective: To examine the outcome of AKI with and without SJS. To achieve this, we examined the prevalence, mortality,
outcomes, length of stay (LOS), and hospital charges in patients with AKI with SJS compared with patients without SJS from
a National Inpatient Sample (NIS) database in the period 2010 to 2013.

Design: A retrospective cohort study using NIS.

Setting: United States.

Sample: Cohort of 97055 weighted patient discharges with AKI from the NIS.

Measurements: Not applicable.

Methods: Data were retrieved from the NIS for adult patients admitted with a principal diagnosis of AKI between 2010
and 2013, using the respective International Classification of Diseases, Ninth Revision (ICD-9) codes. The study population
divided into 2 groups, with and without Sjogren’s disease. Multivariate and linear regression analysis conducted to adjust for
covariates. We omitted patients with systemic sclerosis and rheumatoid arthritis from the analysis to avoid any discrepancy
as they were not meant to be a primary outcome in our study.

Results: The study population represented 97055 weighted patient discharges with AKI. Analysis revealed AKI patients
with Sjogren’s compared with patients without Sjogren’s had statistically significant lower hyperkalemia rates (adjusted odds
ratio: 0.65, confidence interval: 0.46-0.92; P = .017. There was no statistically significant difference in mortality, LOS, hospital
charges, and other outcomes.

Limitations: Study is not up to date as data are from ICD-9 which are testing data from 2010 to 2013, and data were
obtained through SJS codes, which have their limitations. Also, limitations included lack of data on metabolic acidosis,
hypokalemia, and not including all causes of AKI.

Conclusions: At present, our study is unique as it has examined prevalence, mortality, and outcomes of Sjogren’s in patients
with AKI. Patients with Sjogren’s had significantly lower hyperkalemia during the hospitalization. Further research is needed
to identify the underlying protective mechanisms associated with Sjogren’s that resulted in lower hyperkalemia.

Trial registration: Not applicable.

Abrégé

Contexte: La documentation portant sur les issues de I'insuffisance rénale aigué (IRA) en présence du syndrome de Sjorden
(SS)) est assez peu abondante. L’'IRA apparait comme une cause importante de morbidité et de mortalité chez les patients
atteints de maladies auto-immunes telles que le lupus érythémateux systémique.

Objectifs: Examiner les issues de I'IRA avec ou sans SSJ. Pour ce faire, nous avons consulté la période entre 2010 et 2013
de la base de données National Inpatient Sample (NIS) pour comparer la prévalence, la mortalité, les issues, la durée des
hospitalisations, et les frais d’hospitalisation chez des patients atteints d’IRA avec ou sans SSJ.

Type d’étude: Une étude de cohorte rétrospective utilisant la NIS.

Cadre: Etats-Unis.
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Echantillon: Les congés pondérés de 97 055 patients atteints d’IRA tirés de la NIS.

Mesures: Sans objet.

Méthodologie: Les codes diagnostic CIM-9 ont servi a I'extraction des données de la NIS pour les adultes admis avec un
diagnostic primaire d’IRA entre 2010 et 2013. La population étudiée a été divisée en deux groupes: avec ou sans syndrome
de Sjorden. Des analyses par régression linéaire et multivariée ont été conduites pour corriger les covariables. Pour éviter
les disparités, les patients atteints de sclérose systémique et de polyarthrite rhumatoide ont été exclus de 'analyse puisque
ces affections ne devaient pas constituer un résultat principal de I'étude.

Résultats: La population étudiée était constituée de 97 055 patients atteints d’IRA et ayant obtenu leur congé de I'hépital.
L’analyse a révélé que les patients atteints d’'IRA et du SSJ présentaient des taux d’hyperkaliémie statistiquement plus faibles
(rapport de cotes [RC] corrigé: 0,65; IC a 95 %: 0,46-0,92; p =0,017) que les patients sans SSJ. Aucune différence significative
n'a été observée entre les deux groupes en ce qui concerne la mortalité, la durée du séjour, les frais d’hospitalisation et les
autres résultats.

Limites: L’étude n’est pas a jour puisque les données sont tirées des codes CIM-9, soit sur des données de 2010 a 2013
obtenues par 'entremise des codes du SS), lesquels ont leurs propres limites. L’étude est également limitée par le manque de
données sur I'acidose métabolique, I'hypokaliémie et par le fait qu’elle n’inclut pas toutes les causes d’IRA.

Conclusion: A ce jour, notre étude est la seule qui ait examiné la prévalence, la mortalité et les issues du syndrome de
Sjorgren chez les patients atteints d’IRA. Les patients atteints du syndrome de Sjogren ont présenté moins d’hyperkaliémie
pendant leur hospitalisation. Des études supplémentaires sont nécessaires pour identifier les mécanismes sous-jacents,
associés au syndrome de Sjogren, ayant entrainé moins d’hyperkaliémie.

Enregistrement de I’essai: Sans objet.
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Introduction On the contrary, acute kidney injury (AKI), which is asso-
ciated with a sudden drop in glomerular filtration rate, leads to
a wide array of complications with significant morbidity and
mortality. Several studies have concluded that AKI is associ-
ated with prolonged length of hospital stay, mortality, and
higher resource utilization.>” Acute kidney injury is well
known to be the primary cause of death in 3% of cases.® The
. ) ) ) . ) . average cost of a single hospital stay due to AKI might cost up
mamfes':tatlons, including peripheral ggur&patby, 1nte’:rst1t1a1 to US$9200 (CAD $12084), and a cost as high as US$4.6
lung disease, and cutaneous vasculitis.'~ Sjogren’s syn- (CAD $6) billion per year’ Acute kidney injury—associated

grglg/e ;i Ia relatﬁlelyffcommf);ldihseasz with a prgxlllalence 0; mortality rate has decreased over the past 2 to 3 decades and is
2377 Itusually affects middle-aged women with reporte inversely correlated with the income of countries and the per-

. o . . )
. 1nvolverqent up 53 A’ of patients w%th'SJS thrpugh dif- centage of gross national product spent on total health care.’
ferent mechanisms including lymphocytic infiltration caus-

ing tubulointerstitial nephritis (TIN), rarely associated with

uveitis (Tinu syndrome) and immune complex-mediated ~Methodology
process causing glomerulonephritis.> Moreover, TIN, both
acute and chronic, is considered as the most common cause
of renal disease in SJS and predisposes to both types 1 and 2 We used the 2010-2013 National Inpatient Sample (NIS) for
renal tubular acidosis (RTA).! this study as our database. The NIS is the largest all-payer

Sjogren’s syndrome (SJS) is a chronic progressive autoim-
mune disease that was first described by Henrik Sjogren in
1933.! Sjogren’s syndrome affects the exocrine glands,
including salivary and lacrimal glands, which results in dry-
ness of the mouth and eyes in more than 90% of the patients.
Nearly one-quarter of patients may present with systemic
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database of inpatient hospital stays in the United States
developed by the Agency for Healthcare Research and
Quality (AHRQ) as part of its Healthcare Cost and Utilization
Project (HCUP). The NIS contains more than 7 million
unweighted hospitalizations per year. Discharge weights
which is automatically generated and provided within the
NIS database was applied. International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
coding used to provide 25 discharge to 30, depending on the
year and 15 procedures on each admission. The NIS dis-
charge records include diagnoses, demographics, proce-
dures, insurance, length of stay, hospital characteristics, and
hospital charges. As the data collected from NIS, no institu-
tional review board approval was required.

Variables and Outcomes

The NIS discharge date from 2010 to 2013 was analyzed in a
retrospective cohort method. We used validated /CD-9 codes
to include adults (=18 years) hospitalized with principal
diagnosis of AKI. Chronic kidney disease was identified with
estimated glomerular filtration rate of less than 60 mL/
min/1.73 m2. We also omitted patients with systemic sclerosis
and rheumatoid arthritis all together from the analysis to
avoid any discrepancy as they were not meant to be a primary
outcome in our study. The appendix depicts the /CD-9 codes
used. Patients’ baseline characteristics are outlined in Table 1.
Charlson comorbidity index was calculated for comorbidi-
ties. Patients with AKI Sjogren’s were compared with patients
without Sjogren’s in characteristics, length of stay (LOS),
hospital charges, pulmonary edema, deep vein thrombosis,
thrombophlebitis, pulmonary embolism, septic shock, and
hyperkalemia. The primary outcome is in hospital mortality.

Statistical Analysis

Statistical analyses in our study were performed using
STATA 15 (Stata Corp, College Station, Texas). Categorical
variables were stated in percentages, and continuous out-
comes were stated in mean * SD. Chi-square test and
Student ¢ test were used for categorical and continuous vari-
ables, respectively. To compare groups, we conducted logis-
tic regression model for categorical outcomes and linear
regression for continuous outcomes. Statistical significance
was determined based on the P value of <.05. For outcomes,
numeric results reported as mean and binary outcomes
reported as an odds ratio (OR).

Results

Our study sample included 977055 patients from the NIS
database. Patients were all hospitalized with AKI with and
without SJS diagnosis in the period from 2010 to 2013. As
shown in Table 1, we found Sjogren’s cohort to be relatively
younger with a mean age of 65.71 = 14.73 years compared

with 69.18 =16.26 years for the group without Sjogren’s. In
the AKI and Sjogren’s arms, females were the predominant
gender accounting for 89.53% versus 49.79% in AKI with-
out Sjogren’s arm. Regarding ethnicity, white patients con-
stituted the majority, followed by blacks and then Hispanics
with (68.85%, 18.72%, and 7.59%, respectively). Moreover,
secondary in-hospital outcomes analysis reported lower rates
of hyperkalemia complicating AKI admissions with
Sjogren’s as compared with the AKI without Sjogren’s (OR:
0.65; 95% confidence interval [CI]: 0.46-0.92, P = .017,
Table 2). We also found that nearly three-quarters had
Medicare, followed by privately insured patients with the
least number being on Medicaid. More than half of the popu-
lation have received their treatment in a tertiary center hospi-
tal. Charlson index reported more than two-thirds of study
subjects to have 2 or more comorbidities. After adjusting for
patient-level characteristics, the crude and adjusted OR by
logistic regression has shown (Table 3) that in-hospital mor-
tality was not statistically significant between the AKI group
with Sjogren’s versus AKI without Sjogren’s (OR: 1.22; 95%
CI: 0.16-9.01, P = .844). Although statistically insignificant,
higher rates of deep venous thrombosis (DVT), septic shock,
and pulmonary edema were reported in patients with AKI
and SJS. The charges of hospitalization and LOS were found
to be statistically insignificant by the adjusted linear regres-
sion model shown in Table 3.

Discussion

Although previous literature has extensively addressed the
association of AKI with cost and LOS, we are not aware of a
single study with a special emphasis on the outcome of AKI
and SJS. The annual number of inpatient deaths associated
with AKI probably exceeds 40 000.° There were 497 observa-
tion unweighted patients with AKI and SJS in this study, and
a prevalence rate of 0.14% (1385/977055), which is much
lower than the previously reported data. Regarding chronic
renal involvement in SJS, a Chinese study has demonstrated
renal tubular abnormalities prevalence as high as 33.5%
(192/573) in patients with primary SJS.!° In contrast, a study
by Goules has found a lower prevalence of renal involvement
in SJS of only 5%.!! This wide discrepancy might be ascribed
to the higher number of patients in the Chinese study. Also,
we found that hospitalizations complicated by AKI-associated
SJS were more costly US$38867 (CAD $51054) as com-
pared with general AKI hospitalizations without SJS. This
indicates that SJS, as a confounding factor in patients with
AKI, is associated with an increasing burden on annual health
care expenditure. This might be explained by their need for
complicated immunosuppressive regimens.

Furthermore, this is clearly shown by studies of Silver and
Zeng which demonstrated that AKI was associated with an
increase in hospitalization costs of US$7933 (CAD $10420)
(95% CI: US$7608-US$8258) (CAD $9993-CAD $10847)
as well as an increase in LOS of 3.2 (95% CI: 3.2-3.3).7:12
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Table 1. Baseline Characteristics of Patients Hospitalized With Acute Kidney Injury in the United States (Canadian Dollars) in the
Period 2010 to 2013, According to Presence or Absence of Sjogren’s Syndrome.

Variables Without Sjogren’s With Sjogren’s Total P value
No. of observations, weighted 975670 1385 977055
Age, mean (SD) 69.18 (16.26) 65.71 (14.73) .001
Female no., % 485785 (49.79%) 1240 (89.53%) 487025 (49.85%) <.0001
Race/ethnicity, % .0001
White 641430 (68.84%) 1065 (81.61%) 642495 (68.85%)
Black 174550 (18.73%) 130 (9.96%) 174680 (18.72%)
Hispanic 70765 (7.59%) 50 (3.83%) 70815 (7.59%)
Asian/Pacific islander 18345 (1.97%) 15 (1.15%) 18360 (1.97%)
Native American 5535 (0.59%) 20 (1.53%) 5555 (0.6%)
Other 21190 (2.27%) 25 (1.92%) 21215 (2.27%)
Charlson index, % 0lé
0 149815 (15.36%) 160 (11.55%) 149975 (15.35%)
| 133545 (13.69%) 200 (14.44%) 133745 (13.69%)
2 184035 (18.86%) 355 (25.63%) 184390 (18.87%)
3 or more 508275 (52.09%) 670 (48.38%) 508945 (52.09%)
Median household income, %
I'st quartile 312955 (32.75%) 355 (26.01%) 313310 (32.74%) .0009
US$1-US$38999
(CAD $1-CAD $51228)
2nd quartile 250915 (26.25%) 300 (21.98%) 251215 (26.25%)
US$39000-US$47 999
(CAD $51229-CAD $63050)
3rd quartile 219635 (22.98%) 355 (26.01%) 219990 (22.99%)
US$48000-US$62 999
(CAD $63051-CAD $82753)
4th quartile 172205 (18.02%) 355 (26.01%) 172560 (18.03%)
US$63 000 and more
(CAD $82753 and more)
Hospital bed size, % 224
Small 135865 (13.93%) 150 (10.83%) 136015 (13.92%)
Medium 263970 (27.06%) 355 (25.63%) 264325 (27.05%)
Large 575835 (59.02%) 880 (63.54%) 576715 (59.03%)
Insurance, % .0001
Medicare 684435 (72.1%) 965 (72.01%) 685400 (72.1%)
Medicaid 84710 (8.92%) 60 (4.48%) 84770 (8.92%)
Private 142630 (15.02%) 300 (22.39%) 142930 (15.04%)
Self pay 37520 (3.95%) 15 (1.12%) 37535 (3.95%)
Hospital region, % .154
Northeast 177595 (18.2%) 185 (13.36%) 177780 (18.2%)
Midwest 226090 (23.17%) 350 (25.27%) 226440 (23.18%)
South 413475 (42.38%) 585 (42.24%) 414060 (42.38%)
West 158510 (16.25%) 265 (19.13%) 158775 (16.25%)
Teaching status, % 636
Teaching 450810 (46.21%) 660 (47.65%) 451470 (46.21%)
Nonteaching 524860 (53.79%) 725 (52.35%) 525585 (53.79%)
Chronic kidney disease, % 310810 (31.86%) 430 (31.05%) 311240 (31.85%) 777

This is also in keeping with a study published by Chertow
et al'3 who has reported the mean cost of hospitalization to
range between US$4900 (CAD $6436) (adjusted) and
US$8900 (CAD $11690) (unadjusted). In this particular
study, serum creatinine was used as a parameter to diagnose
AKI'"® These higher adjusted estimates may reflect

application of multivariable models, which did not adjust for
several significant determinants of cost, including several
procedures and hospital-level variables. Moreover, another
study at the same academic center in 2010, and after adjust-
ing for several procedures, has found AKI to be associated
with a rise in cost US$7082 (CAD $9302) and 2.8-day
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Table 2. Crude and Adjusted Odds Ratio of In-Hospital Mortality and Clinical Outcomes of Patients Hospitalized With Acute Kidney
Injury in the United States in the Period 2010 to 2013, According to Presence of Sjogren’s Syndrome by Logistic Regression Model.

Variables Crude OR (95% ClI) P value Adjusted OR (95% ClI) P value
In-patient mortality (Cl) 0.68 (0.3-1.52) 352 1.22 (0.16-9.01) .84
Pulmonary edema 2.1 (0.29-15.09) 458 1.95 (0.25-14.74) Sl
Hyperkalemia 0.61 (0.44-0.84) .003 0.65 (0.46-0.92) 017
Septic shock(Cl) 3.15 (1.18-8.41) .021 2.49 (0.79-7.77) A
Deep venous thrombosis /thrombophlebitis (Cl) 1.92 (1.05-3.49) .032 1.76 (0.91-3.41) .09
PE (CI) 1.03 (0.14-7.42) 971 1.16 (0.15-8.6) .87

Note. OR = odds ratio; Cl = confidence interval; PE = pulmonary embolism.

Table 3. Adjusted Linear Regression Model of Length of Stay and Hospital Charges (in US$) of Patients Hospitalized With Acute
Kidney Injury in the United States in the Period 2010 to 2013, According to Presence or Absence of Sjogren’s Syndrome.

Variable Without Sjogren’s With Sjogren’s P value
Length of stay (SD) 5.24 (=5.61) 5.77 (=5.4) .108
Charges 34903 38867 21

increase in LOS.” However, this study was unable to adjust
for hospital-level variables because of its limitation as a sin-
gle-center design. Fischer et al'* was able to adjust for hospi-
tal teaching as well as the inclusion of 23 community
hospitals, with demonstration of more AKI in patients with
SJS when hospitalized in community hospitals compared
with university centers, 52.35%, and 47.65%, respectively.
Also, patients with AKI were more prone to more extended
intensive care units as well as overall hospital stay.'®

Moreover, the explanation of increased reporting of septic
shock, DVT, and pulmonary edema is most likely multifacto-
rial, and it is beyond the scope of this article to go into details.
Although hyperkalemia is a common finding with severe
AKI, our study has found less prevalence of hyperkalemia in
AKI with SJS, and this is quite fascinating. This might be
explained by the previous predisposition of a patient with
SJS to chronic proximal and distal RTA. In contrast, hyper-
kalemia is uncommon in SJS, with RTA type 4 being quite an
unusual finding.'®

At present, our study is unique as it has examined out-
comes, LOS, and hospitalization in AKI and SJS. However,
it has a few limitations as a case-control study, which could
be summarized as follows:

Data were obtained through SJS codes, which have their
limitations. The SJS diagnosis might be flawed with errors
and inaccuracy of information available on admission as
well as details missed by health care providers. Study is not
up to date as data are from ICD-9 which are testing data from
2010 to 2013. Also, not all causes of AKI are included.

A particular risk factor or situation when retrieved by SJS
codes cannot be substantiated independently. In addition,
unbundling and upcoding can lead to a significant potential
source of error.!”

Conclusions

Even with these limitations, database studies are still useful
to study uncommon diseases like SJS. Prospective studies
are urgently needed to unravel the relationship between AKI
and SJS, which might have a direct impact on health care
expenditure. In-hospital mortality, charges of hospitaliza-
tion, and LOS were not statistically significant between the
AKI groups with Sjogren’s versus AKI without Sjogren’s.
Lower rates of hyperkalemia were a significant finding in
patients with Sjogren’s, which needs to be examined in fur-
ther studies.

Appendix

ICD-9 Codes Used to Identify Diagnoses.

Diagnosis or procedure ICD-9 codes
Acute kidney injury 584.9

Sjogren’s syndrome 710.2

End-stage renal disease 585.6

Chronic kidney disease 585.3, 585.4, 585.5
Scleroderma 701.0

Systemic sclerosis 701.1

Rheumatoid arthritis 714.0,714.3

5184

451.1,451.11,451.19, 451.2,
451.8,451.81, 451.83, 451.84,
451.89, 451.9, 453.2, 453.8, 453.9

Pulmonary edema
Deep venous thrombosis/
thrombophlebitis

Septic shock 785.52
Hyperkalemia 276.7
Pulmonary embolism 415.1, 415.19

Note. ICD-9 = International Classification of Diseases, Ninth Revision.
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