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Abstract

Rationale & Objective: Dialysis-requiring acute kidney injury (AKI-D) has increased
substantially in the United States. We examined trends in and comorbid conditions associated
with hospitalizations and in-hospital mortality in the setting of AKI-D among people with versus
without diabetes.

Study Design: Cross-sectional study.

Setting & Participants: Nationally representative data from the National Inpatient Sample and
National Health Interview Survey were used to generate 16 cross-sectional samples of US adults
(aged =18 years) between 2000 and 2015.

Exposure: Diabetes, defined using /nternational Classification of Diseases, Ninth Revision,
Clinical Modification (/CD-9-CM) diagnosis codes.

Outcome: AKI-D, defined using /CD-9-CM diagnosis and procedure codes.

Analytical Approach: Annual age-standardized rates of AKI-D and AKI-D mortality were
calculated for adults with and without diabetes, by age and sex. Data were weighted to be
representative of the US noninstitutionalized population. Trends were assessed using join point
regression with annual percent change (A/y) reported.

Results: In adults with diabetes, AKI-D increased between 2000 and 2015 (from 26.4 to 41.1
per 100,000 persons; Aly, 3.3%; P < 0.001), with relative increases greater in younger versus older
adults. In adults without diabetes, AKI-D increased between 2000 and 2009 (from 4.8 to 8.7; Aly,
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6.5%; P < 0.001) and then plateaued. AKI-D mortality significantly declined in people with and
without diabetes. In adults with and without diabetes, the proportion of AKI-D hospitalizations
with liver, rheumatic, and kidney disease comorbid conditions increased between 2000 and 2015,
while the proportion of most cardiovascular comorbid conditions decreased.

Limitations: Lack of laboratory data to corroborate AKI diagnosis; National Inpatient Sample
data are hospital-level rather than person-level data; no data for type of diabetes; residual
unmeasured confounding.

Conclusions: Hospitalization rates for AKI-D have increased considerably while mortality
has decreased in adults with and without diabetes. Hospitalization rates for AKI-D remain
substantially higher in adults with diabetes. Greater AKI risk-factor mitigation is needed,
especially in young adults with diabetes.

Acute kidney injury (AKI) is a common and serious complication requiring hospitalization.!
Patients with the most severe form of AKI—those requiring dialysis (AKI-D)—have higher
rates of adverse outcomes, incidence of kidney failure, in-hospital mortality, and high health
care costs.2=> Worldwide, the incidence of AKI-D has increased significantly in recent
years,8 in large part due to the increasing age of the population and the increasing burden

of acute and chronic medical illnesses.” Despite this, some evidence suggests that mortality
rates associated with AKI-D are declining.8:9

Diabetes is the most common cause of kidney failure, accounting for 46% of all new

cases in the United States,0 and it has also been linked to higher risk for AKI and AKI
mortality.11 In 2017, it was estimated that 425 million adults were living with diabetes, and
this number is expected to reach 629 million by 2045.12 Furthermore, an increasing number
of young adults are being diagnosed with type 2 diabetes, a disease traditionally considered
a problem of middle age,2 exposing them to a longer diabetes duration and increased risk
for developing complications.

Using national US data, we recently reported a significant increase in AKI-D hospitalization
rates among people with and without diabetes between 2000 and 2014, with absolute
increases greater in adults with diabetes.13 In that brief report, we did not explore trends

in AKI-D by age and sex, AKI-D-associated in-hospital mortality, or co-morbid conditions.
Quantifying the burden of AKI-D and comorbid conditions in diabetes by key demographic
subgroups is an important step in the prevention and management of this life-threatening
complication.

Therefore, in this study we examined 3 key questions. (1) What are the current trends in the
annual incidence of AKI-D hospitalizations among adults with versus without diabetes by
age and sex? (2) Do trends in AKI-D-associated in-hospital mortality differ in people with
and without diabetes by age and sex? (3) Which comorbid conditions are associated with the
increase in AKI-D in adults with and without diabetes?
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Methods

Data Sources

We estimated the number of adults 18 years and older with and without diabetes per year
(2000-2015) using the National Health Interview Survey (NHIS). The NHIS is a multistage
probability survey that samples an average of 35,000 adults per year to estimate the health

of the US population, the prevalence and incidence of disease, the extent of disability, and
the use of health care services.1* We defined adults with diabetes as persons who responded
yes to the question “Other than during pregnancy, have you ever been told by a doctor or
other health professional that you have diabetes or sugar diabetes?” Data from the NHIS
were weighted to make estimates representative of the demographic characteristics of the US
civilian noninstitutionalized population.

To estimate the number of AKI-D hospitalizations, AKI-D in-hospital mortality, and
comorbid conditions among AKI-D hospitalizations, we used the National Inpatient Sample
(NIS), the largest all-payer hospital inpatient care database in the United States.1®> The NIS
provides information on primary and secondary diagnoses and procedures, admission and
discharge status, and payments, along with hospital and discharge weights for producing
nationally representative estimates. The NIS is drawn from the states participating in the
Healthcare Cost and Utilization Project, 33 to 46 states with 7 to 8 million unweighted
inpatient records per year.!® The current study was based on hospitalizations from January 1,
2000, through September 30, 2015, during which a person was admitted to the hospital with
AKI-D.

AKI-D hospitalizations were defined using the /nternational Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code for AKI (584) and at
least 1 procedure code of hemodialysis (39.95) or peritoneal dialysis (54.98), excluding
chronic renal failure (V45.1, V56.0, V56.31, V56.32, and V56.8). Comorbid conditions
were classified using the Charlson Comorbidity Index, excluding diabetes, defined

using ICD-9-CM diagnosis codes!®17 (Table S1). The Charlson Comorbidity Index was
categorized as follows: low morbidity (score 0-2), moderate morbidity (score 3-5), moderate
to high morbidity (score 6-8), and high morbidity (score =9). In addition, we included
cardiac procedures most likely to be associated with kidney failure, identified using ICD-9-
CM procedure codes that are listed in Table S1. AKI-D, AKI-D mortality, comorbid
conditions, and cardiac procedures were considered to be related to diabetes if the
hospitalization also included a diabetes diagnosis code (ICD-9-CM codes 250, 357.2, and
366.41).

Statistical Analysis

Using NIS and NHIS data, we constructed 16 cross-sectional populations of adults with and
without diabetes per year between 2000 and 2015. Annual rates per 100,000 persons were
estimated as the number of AKI-D hospitalizations with and without diabetes (as determined
from NIS), divided by the number of persons with and without diabetes in the population (as
determined from NHIS) (Fig S1). Age- (grouped into 18-44, 45-64, 65-74, and =75 years)
and sex-specific rates were also estimated by diabetes status. Total and sex-specific rates

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lee Harding et al.

Results

Page 4

were age-standardized using the 2000 US standard population and the age groups listed.
Excess risk between diabetic and nondiabetic populations was estimated as the rate ratio
(RR; age-standardized diabetes rate/age-standardized nondiabetes rate).

Using NIS data, annual in-hospital mortality was estimated as the number of deaths

among patients with AKI-D per 100 persons and age-standardized as described. Co-morbid
conditions among AKI-D hospitalizations are reported as proportion or median, when
appropriate, with 95% confidence interval (CI) or interquartile range reported. The delta
method was used to compute standard errors and 95% Cls for AKI-D rates, proportions, and
RRs, accounting for the weighted design of both the N1S and NHIS.18 Stata, version 14.1
(StataCorp), was used to estimate all rates, RRs, and proportions, as specified.

Join point regression was used to estimate the annual percentage change (A/y) in previously
calculated rates of AKI-D, AKI-D mortality, RRs, and proportion of AKI-D hospitalizations
with comorbid conditions over time.1® The Joinpoint Trend Analysis software uses
permutation tests to identify points at which linear trends change significantly in either
direction or magnitude and calculates the annual percentage change for each time period
identified. A maximum of 2 join points was specified and included an offset of log-person-
years. P< 0.05 was established as statistical significance.

In 2012, the NIS sampling design was changed, which had implications for trend analyses.
Per NIS guidelines, we used NIS-provided trend weights for the years preceding 2012 and

the discharge weights beginning in 2012 to make the discharge outcome consistent with the
new sampling design.20:21

On October 1 2015, ICD-10-CM was implemented in the United States. Therefore, 2015
annual administrative data include both ICD-9-CM (January 1, 2015, to September 30,
2015) and ICD-10-CM (October 1, 2015, to December 31, 2015). Due to the discontinuity
across the 2 coding systems, this study uses ICD-9-CM data in the first 9 months of 2015
only. Therefore, 2015 population data (from NHIS) were weighted by 0.75 to reflect that
only three-quarters of the numerator data were used.22

NHIS is approved by the Research Ethics Review Board of the National Center for Health
Statistics and the US Office of Management and Budget. All NHIS respondents provided
oral consent before participation. The NIS is a publicly available data set, does not contain
direct personal identifiers, and is therefore exempt from review by the Institutional Review
Board of the Centers for Disease Control and Prevention.

AKI-D Incidence

In adults with diabetes, rates of AKI-D increased 55.7% between 2000 and 2015 (from

26.4 to 41.1 per 100,000 persons; Aly, 3.3%; P< 0.001) (Fig 1 and Table 1). Among

adults without diabetes, rates increased 71.8% between 2000 and 2009 (from 4.8 to 8.3 per
100,000 persons; Aly, 6.5%; P< 0.001) and then plateaued. In 2015, rates of hospitalizations
for AKI-D remained almost 5 times as high in adults with diabetes compared with adults
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without diabetes (RR, 5.0; 95% ClI, 4.8-5.1), and this excess risk did not change significantly
between 2000 and 2015 (P=0.3).

Similar trends in AKI-D rates were observed in men and women with and without diabetes.
However, absolute rates remained higher in men versus women across all age groups (Table
1 and Fig S2). By age, among adults with diabetes, absolute rates remained highest among
older age groups, though the greatest relative increases were observed in the younger age
groups (18-44 and 45-64 years). In adults without diabetes, most sex-specific age groups
saw an increase in AKI-D between 2000 and 2008/2009, followed by no statistically
significant change, with the greatest relative increases observed in the 45 to 64 and 75

year and older age groups.

AKI-D—-Associated In-Hospital Mortality

In-hospital mortality associated with AKI-D decreased during the study period, from 23.1
per 100 persons to 15.2 in adults with diabetes (Aly, —3.9%; P = 0.01) and from 34.4 to

28.7 in adults without diabetes (Aly, —2.0%; £ < 0.001) (Table 2 and Fig 2). Similar trends
were observed for men and women, though the decline among women with diabetes was not
significant (Table 2 and Fig S3). All age groups experienced a significant decline, excluding
age group 18 to 44 years, with no significant change observed in patients with or without
diabetes.

Comorbid Conditions

Among AKI-D hospitalizations in patients with diabetes, the proportion of hospitalizations
with low to moderate comorbid conditions did not change over time, while the proportion

of high-comorbid hospitalizations increased between 2000 and 2009 (Aly, 4.4%; P=

0.02) and then plateaued (Table 3). In patients without diabetes, the proportion of
hospitalizations with low morbidity decreased between 2000 and 2015 (Aly, —0.8%; P<
0.001), coinciding with an increase in the proportion of high-morbidity hospitalizations (Aly,
1.7%; P=0.007). Patterns of specific comorbid conditions also changed over time. Notably,
among patients with diabetes, the proportion of chronic pulmonary disease, liver disease
(mild and moderate/severe), rheumatic disease, and kidney disease increased. In contrast,
hypertension, myocardial infarction, congestive heart failure, and peripheral vascular disease
declined between 2000 and 2015 (Table 3 and Fig S4). In addition, throughout the period,
the proportion of men increased (from 50.6% to 57.1%; £ < 0.001), and following an initial
period of decline, the proportion of cardiac procedures increased beginning in 2009.

Similar patterns were noted in patients without diabetes with some exceptions: (1) the
proportion of men did not increase, (2) malignancies and hemiplegia or paraplegia increased
and human immunodeficiency virus infection/AIDS declined (compared with no change
among patients with diabetes), and (3) peripheral vascular disease showed no change
(compared with declines in patients with diabetes).

Discussion

In this nationally representative study, we report several key findings in the trends of
AKI-D hospitalization among US adults with and without diabetes. First, absolute rates
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for AKI-D within the hospital setting remain almost 5 times as high in adults with

versus without diabetes, and this excess risk has not improved over time. Second, AKI-D
increased throughout the period in adults with diabetes but increased between 2000 and
2009 and then plateaued in adults without diabetes. Third, relative increases in AKI-D
were greatest in younger versus older adults with diabetes. Fourth, absolute declines in
in-hospital mortality associated with AKI-D were greater in adults with versus without
diabetes. Last, the proportion of AKI-D hospitalizations with liver, rheumatic, and renal
comorbid conditions has increased, while the proportion of most cardiovascular comorbid
conditions has decreased. Collectively, our findings illustrate the clinical and public health
importance of AKI-D in the United States and highlight the opportunity to prevent and
manage its life-threatening complications, particularly among young adults with diabetes.

Our results are consistent with prior studies in the United States showing an increase in
secular trends in the incidence of AKI-D in the general population.13:23-26 Similar increases
have also been shown in general populations in England,2’ Scotland,28 Denmark,2° and
Lithuania.3% There are several possible reasons for the global increases in AKI-D. First,
increasing patient age is a commonly cited reason for the increase in AKI-D.31 However, the
greatest relative increases in AKI-D in this study were observed in younger adults. Further,
increases in age-standardized rates suggest that age cannot explain all of this observed
increase.

Second, increasing awareness of AKI may result in a change in coding practices. However,
procedure codes for AKI-D have superior validity versus codes for non—dialysis-requiring
AKI and are unlikely to be affected by changes in diagnostic coding practice.32

Third, it is possible that the shift in AKI-D may also represent a shift in clinical paradigm
whereby clinicians are more willing to offer dialysis therapy to patients with AKI. However,
parallel increases in both AKI-D and non-dialysis-requiring AKI suggest that this cannot
explain all the observed increases.13

Last, better detection and awareness of AKI may lead to an increase in referral rates of
patients with AKI to nephrologists.3334 At the same time, lack of referral or delayed
referrals may result in an increased incidence of AKI-D because of progression in AKI
stages.33 However, collectively, these reasons fail to explain differential trends in adults with
and without diabetes.

The increasing rates of AKI-D among adults with diabetes seen in this study are consistent
with a recent resurgence of other diabetes-related complications in the United States.3°
Between 2010 and 2015, national statistics have reported increases in lower-extremity
amputations and hyperglycemic crises, while long-term improvements in rates of kidney
failure, acute myocardial infarction, and stroke have stalled.3° Further, the recent increase
in complication rates is occurring in young (aged 18-44 years) and middle-aged (aged
45-64 years) adults; in these individuals, the risk for hyperglycemic crisis, acute myocardial
infarction, stroke, and lower-extremity amputations each increased in excess of 25% during
just 5 years.3% We add to this growing body of literature that increases in AKI-D also
disproportionally affect young adults with diabetes at or around the same time.
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Gregg et al3® offered several key plausible reasons that may explain these trends. First,

the profile of newly identified diabetes cases may be changing. Higher levels of obesity
prevalence, smoking, and poor management of blood pressure and lipid levels are observed
among younger versus older adults with diabetes.36 This combined with chronic kidney
disease may lead to earlier onset of complications such as AKI. Second, decreasing
mortality among those with diabetes is lengthening the average duration of diabetes in the
population and this shift may be affecting the risk for complications.3® Third, there may
be stagnation in preventive care, evidenced by a decline in the proportion of young adults
with diabetes meeting individualized haemoglobin A;, targets.3’ Fourth, the introduction
of high-deductible health care plans may have contributed to reductions in early preventive
care, including nephrologist referral.38 In addition, the increasing cost of insulin and other
diabetes medications could lead to rationing by patients to minimize costs, thus exposing
them to increased risk for complications.3?

On a more positive note, we show that AKI-D-associated in-hospital mortality has
significantly declined between 2000 and 2015, except for those aged 18 to 44 years,

for whom absolute rates are low, and this decline was greater in adults with versus

without diabetes. Declines in AKI-D-associated mortality have been shown in several other
studies.2440.41 Reasons for the decline are not clear, though it is hypothesized that this

may be due to improved dialysis and intensive care unit care, including intensive insulin
therapy, which may benefit patients with diabetes more.#2 In addition, some studies have
suggested an association between earlier nephrology consultation and lower mortality after
AKI.43 Reasons for the higher absolute in-hospital mortality rates among adults without
versus with diabetes are unclear. Previous studies have shown diabetes and hyperglycemia
to be independent risk factors for in-hospital mortality.**4> However, more recent studies
have failed to show such an association.#6:47 It is hypothesized that relative to what was
seen in older studies, diabetes is less of a risk factor for in-hospital mortality because insulin
analogues have mostly replaced human insulins and sliding scales have been abandoned,
changes that have lowered the incidence of hypoglycemia.?’ In addition, in this study we
showed that the proportion of hospitalizations with high severity, according to the Charlson
Comorbidity Index, were consistently higher for adults without versus with diabetes (Table
3), which may also have contributed to the higher absolute in-hospital mortality rates in
adults without diabetes. In addition, NIS data are hospital-level rather than person-level
data. It therefore is possible that the in-hospital mortality among adults with diabetes is
under-estimated because a person with diabetes is more likely to have several readmissions,
which will inflate the denominator.

The results of this study have some implications for public health and health care practice.
First, in this study we show that diabetes confers a 5-fold increased risk for AKI-D. The
increasing prevalence of diabetes can be expected to increase the number of persons with
AKI. Better awareness on the part of health care providers that diabetes is an important
risk factor for AKI may help reduce its occurrence. For example, assessment of diabetes at
hospital admission may assist physicians in better recognizing those at high risk for AKI
who may warrant preventive therapeutic strategies such as closer monitoring of glucose
levels and kidney function. In the intensive care unit setting, the KDIGO (Kidney Disease:
Improving Global Outcomes) guideline recommends target glucose levels of 110 to 149
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mg/dL to reduce AKI incidence without further aggravating mortality.*® Better assessment
of comorbid conditions, in particular liver, renal, rheumatic, and chronic pulmonary
comorbid conditions, may also improve the treatment of underlying conditions and prevent
or mitigate additional damage to the kidneys.

To our knowledge, this is the largest nationally representative study to explore rates of
AKI-D and AKI-D-associated mortality over time in adults with versus without diabetes.
Nonetheless, there are limitations to be considered. First, we lack laboratory data to
corroborate the diagnosis of AKI. However, previous studies have shown high sensitivity
(90.4%) and specificity (93.8%) when using ICD-9-CM to diagnose AKI-D.32 Second, this
analysis is unable to distinguish whether AKI was acquired within the hospital or in a
community setting. In addition, the NIS data represent hospital discharges, not individual
persons and therefore may include multiple hospital stays for some people. Third, all types
of diabetes are included in the current analysis with the assumption that the vast majority
(909%-95%) have type 2.4° In addition, the NHIS does not include undiagnosed diabetes and
thus misclassification may have occurred for a number of patients. Last, we were unable to
adjust for a number of possible confounders, including race or ethnicity, body mass index,
prior chronic kidney disease, smoking, and socioeconomic position.

In conclusion, in the United States between 2000 and 2015, hospitalization rates of AKI-D
increased in adults with and without diabetes while AKI-D-associated mortality declined.
However, AKI-D remained substantially higher in adults with versus without diabetes and
this excess risk has not improved over time. Most alarmingly, relative increases in AKI-D
were greatest among young adults with diabetes. Increases in AKI-D may be explained in
part by increases in liver, renal, and rheumatic, but not cardiovascular, comorbid conditions.
This study highlights the need for greater AKI risk factor mitigation above and beyond
traditional cardiovascular prevention and management, especially in young adults with
diabetes.
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Figure 1.
Trends in age-standardized rates of hospitalizations for dialysis-requiring acute kidney

injury (AKI-D) in people with and without diabetes, United States, 2000-2015. *A join
point at which linear trends change in either direction or magnitude.
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Figure 2.
Trends in age-standardized in-hospital mortality associated with dialysis-requiring acute

kidney injury (AKI-D) in people with versus without diabetes, United States 2000-2015.
Abbreviation: CI, confidence interval.

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



Page 14

Lee Harding et al.

VN 100 %.T GT02-000c  (96585)885  (£G9-G€9) vv9 (€6vv'Lv) v'8r (887-99v) L'Ly A Avl-s9
60 %T'0- GT02-600 TO00> %I'L L00Z-000C (r'9-€9) €9 (7'9-€9) v'9 (Svvv) Sy (Geee)ve N
VN 100 %ZZ GT02-000c (T'6€-z8e)98e  (Tzveiv) LTy  (S0e-€62) 662 (662-582) T'6C A Avy9-sy
WN T000> %.C GT02-000C (ST-ST)ST (61-8T) 6T (91-8T) 5T (T1-0T) 0T N
VN 100 %Zv GT02-000¢ (T6T-TLT)T8T  (82z-TT2)6Te (68T-L1)8T  (VST-¥ED) vvl A Avy-gT
UBWOAN
VN 20 %0€- GT0Z-600 TO00> %8S 6002-000c (L'9r-8Sy)eoy  (Le5Les)ees (16€-¢8e) 18  (2'62-7'82) 8'8C N
WN 200 %.T GT02-000z (8¥8-¢¢8)9es  (0€8-L'08)818 (0°99-6'29) ¥'v9  (8'99-€'€9) T°S9 A Ag=
VN 200 %TZ GT0z-000c (0'Se-vve)lve (662€62)96C (2€c-9¢e)6ee (€GT-8%T) T'ST N
VN T000> %Z'€ GT02-000z (6'99-4'G9)2'99  (T¥9-G29)eey (T'6STES) TS (SEr-€Th) vy A Avr-G9
VN T000> %Zv GT02-000¢ (TTT-0TT)OTT  (6°0T-L°0T) 80T (c8-08) 18 8197 LY N
WN T000> %Tv 6002-0002 (15408605 (2€52es)Les (92€-99¢)TLe  (2'82-0°22) 9°L¢ A KAvo-gy
800 %08 ST0Z-CT0Z %0 %6'9- ¢T02-6002 TO00> %EY  6002-0002 (82-22)8¢C (8L LT rzvave (Tz1aTe N
VN T000> %EVv GI02-000z (Ssv-zev)eer  (€8ev'9e)v'ie (e€z-z1e) €2 (22e-6'6T)0TC A Avp-gr
UaIN
600 %67 ST02-¢T0Z €0 %8S- ¢T02-6002 TO00> %S9  6002-0002 (r'8-z8) €8 (z6-06) T'6 (T2-6'9) 0L (6'7-81%) 8¥ N
VN  T000> %EE€ GT02-000¢ (Ter-Tov) TTr (92v-0Tr) 92Ty  (21€-G62) €0€  (v'Le-v'S2) v'9C A
g el
d Av JTesh d A ELLIN d v SLEIN ST0C 010C 500¢ 000c WA
e€ UL ¢ PUBIL el PUBIL (13 %56) suosiad 000'00T 4od erey uoiezi[edsoH 1MV

GT0Z-0002 S31eIS panun xas pue by Ag ‘se1eqeld INOYIA SNSIBA YNAA 81dodad Ul IMY Buliinbay-sisAelq 1oy saley uonezijendsoH ul spusiL

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



Page 15

Lee Harding et al.

‘pazipsepurls-abe aJe sajes 1oL

q

“apniuBew 10 uoNoaIIP J8yMe Ul 8BUBYD SpUBLY Jeaul| YdIym Ul Jeak ay) sajeatpul,

‘a1dwes jusnedu| [euoleN pue ‘ABAINS MBIAIBIUL U)[eaH [euoneN ‘sonsiels yijesH 1o} 18jus) [euoieN :Ssainos ereq

'S9A ‘A {PBIHIUSPI PUBII PAIYY/PUOIBS OU ‘YN ‘0U ‘N ‘SniIjjaW Sa1aqeIp ‘N [eAISIUl 8UBPISU0D ‘1D ‘Ainful Asupiy aInde ‘M ‘8bueyd [enuue ‘A/v :SUOIBIASIGOY

70 %9T- GT0Z-800Z T000> %E9 8002-000z (T'€2-G22)8¢z (8Gz-2Se)GSe (9Tz-TTo)vTe  (6€T-¥ET) L'ET N
VN 20  %ET GT0Z-000¢ (9/6-965) 995  (§2Lv0.)STL. (079-2'85)86S (L9v-2vy) vy A Kgi=
70 %8T7- GT0Z-600Z TO00> %TL 6002-0002 (2GT-8%T)0GT  (88T-¥87) 98T (E€T-62T) TET (68-5'8) '8 N
AN Jesk d Av Jesap d v Jeap ST02 0102 5002 0002 WA
€ PUAIL el PUIL el PualL (1D %G6) suosaad 000°00T Jed ‘arey uonezijendsoH MY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



Page 16

Lee Harding et al.

GT0Z-0002 S31LIS palun ‘xas pue 3By Ag ‘se1aqel@ INOYMA SNSISA YNAA 3]doad Ut AlifeHoN [eNdSOH-U| paye1oossy—I MY Buliinbay-sisAfeld ut spuai L

Author Manuscript

'S ‘A ‘0U ‘N ‘SniIjjawW salaqeIp ‘NG ‘[eAsalul 8dUspIIU0D ‘1D ‘Aunful Asupiy 81nde I3V ‘abueyd [enuue ‘A/y :SUoeIAIgY

*a1dwies Jusnedu| [euoneN pue ‘ASAING MIIAIBIUL U)[eaH [eUOlBN ‘SONSIEIS U)[eaH 10} 131ua) [eUOHEN :S90In0s eyeq

T000> %9'€- GT02-000C (£02-8'8T) 96T (S¢cz-€Te)6'Te (T'9¢-S'v2) €62  (8'0€-'82) 9°6¢C N
T000> %E9- GT02-0002 (0ET-TTT)0CT  (L01-€6)00T (G6T-89T)T8T (2°€2-¥'6T) €T A Ag=

T000> %T'2- G102-000C (622-TT2)0¢Z (5T2-002)80c (9€2-9'12) 92  (2°€€-T0€) 9°T€E N
T000> %C'9- ST0Z-0002 (89-69) 19  (§TT-00T) L0T  (£'0T-98) 26  (T'22-8'8T)t'0C A Avr-G9

2000  %8T- GT02-000¢ (0'6T-2LT)€8T (6'T2-L'02)€Te (¥'02-6'8T) L'6T (S¥e-cee) €€e N
T000> %8'€- ST0Z-000C (62-19) €L (7'Lv'9) 6'9 (z1-89) 59 (zz1-86) 0'TT A Avo-gy

20  %ST- GT02-0002  (8°01-9'8) L'6 (o6v2)ze  (Ler-gT11)8er  (90T-28)v'6 N
20  %Z'e- ST02-0002 (8'6-67) €L (5592 1Y (8L-L€) 86 (zz1-59) 68 A Avp-8T
dnouo aby

v000  %v'¢— GT02-000c (9¥T-v2T)S€T  (8¥T-¢€T) 0T (09T-0%T) 0'ST  (8'ST-TET) vl N
20  %T'z- GT02-0002  (€T1-TL)E6 (0'8-7's) L'9 (99-6€) €6 (0zt-22) 96 A dlewsd

T000> %9T- GT02-000 (9ST-T¥T)6%T (€ST-TYT)L¥T (€6T-22LT)S8T (0'T2-6'8T) 0°0C N
T000> %¥'S- ST02-000C (TL-Lv)6'S (T9-5¥) €6 (o11-20v6  (09T-0TT) €T A 3leN
g %8s

T000> %02- GT02-000c (20€-9'92) '8z (T'0e-€22) L8 (2'GE-9°TE) v'ee  (8'9€-02€) ¥'vE N

T00 %6'€- ST02-000¢ (#81-0¢n) ¢St (0vT-66) 02T  (L2T1-2TT) LvT  (0'82-2'8T) T'€C A
g el

d A Jeax 102 0102 5002 000z WA

el PUBIL (10 %56) suosiad 0T Jad "e1ey uonezieNdsoH IMY

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



Page 17

Lee Harding et al.

‘pazipsepuels-abe aie sayel 013109ds-Xas pue [e10 FQ

‘apn)ubew Jo uonalIp Jayiie ul aburyd spuay Jeaul] Yolym ul Jeak ayy mmao_uc_m

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



Page 18

Lee Harding et al.

%l'v- ST02-6002 PYYY  6002-0002 (cz-o1) g1 (TzT1ST (cz60) T (82-60)9T A 62 1095 |20
VN %S0  ST0Z-000Z (e8-€9) 2L (8'2-09) 6'9 (8'2-9'9) 69 (6£-6'G) 99 N
VN  %T'0- ST02-000C (0vva)Te (Tsse) ey (esee) ey (1592 9¢ A 8-9 8102s 19D
%e0- ST0z-010z p%O0T  or0z-000z (vEv-SSY)vivr (TOSSOV) €8y (Ziv6en) TSy (Lvr-S68) T2y N
WN  %T'0- GT02-000¢ (6'85-2'¥S) 995 (9'65-€'G8) v'2G  (08G-¥'T9) L'¥S  (V'6G-G'TS) GGG A G-€ 81035 19D
VN p%80-  510z-000z ('ev-2'6€) 9Ty (Lev-00v) LTy (TZp-0€h) 0'Gy  (Z'15-6'Gh) '8y N
WN  %00- GT02-000¢ (cTv-99¢) 68 (06e-LvE)89e (Tev-v9e) L6 (0Ep-L'GE)E6E A 2-0 1095 12D
SUOIIPUOD PIGIOWOD
p%CY  gr0z-6002 PYET  6002-000z (6'ST-8CT)EVT  (42T-26) 20T (9€T-€0T)8TT (6GT-TTIEET N
pHCS  gr0z-6002 A0S 6002-000z (L'ST-Z2T)8€T  (421-58)€0T (6ST-0TT)ZET  (E6T-9ETEIT A sa1npaooud oeIp.eD
o~  (061-02) 01T (08109 0TT (08102 07TT  (0°81-09) 0°0T N
o (0v1-09) 06 (0¥1-06) 0'6 (0'61-0°6) 0'6 (01090 0TT A p ‘uone.np uonezijendsoH
%00  §T02-000 (0'v9-229)€€9 (6€9-v29) 1€y (0V9-6T9) 0'€9  (v'€9-T'T9) €29 N
%T'0  ST02-900¢  %v'0- 9002-000 (T'G9-v+9)6'v9 (0G9-2€9) €¥9 (0G9-v'€9) ¢v9 (L'G9-8€9) L9 A A ‘aby
%00 §T0Z-0002 (0'T9-2'83) T'09 (0°09-G'9S) €85  (9°09-9'95) 9'85  (€'T9-7'9S) 6'85 N
wN p%L0  g10z-000z  (£65-€VS) TLS (S25-0'€5) €65 (0'65-6'8%) 6'TS  (0'WS-T'Lv) 908 A Xas a[e
So1Is1I8oeIRYD
phv LN Jesp sT02 0702 5002 000z NG
qc PuaIL ql PUaIL (1D %56) anfeA

ST0Z-0002 SIS petun ay) ul ‘'sniels sa1eqeld Aq ‘I Bulinbay-sisAeia ynm siusied Jo sonstisloeseyd paliens-awil

Author Manuscript

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



Page 19

Lee Harding et al.

%c0-  ST02-0002 (ret12)Le (Tv-672) v'e (8eve)Te (6'7-6'2) 8°€ N

VN p%SE  510z-0002 (0260 ¥'T (6T-0T)¥'T (72-0T1) 9T (ez-roet A 85e3SIp JMRWNAYY
%60  ST02-0002 (9z-91)0C (25161 (€z-z1) 91 (8251)0C N

VN  %6T- S§T02-0002 (zz01) 9T Ween LT (LzzT) 8T (SevT)Ce A aseaslp Jad|n ondad
%00  ST02-000¢ (67Te-L8T1) 20z (6°02-GLT)T6T (0ve-€02) T2 (STE-vLT) €61 N

VN p%ST  g10z-000z (09z-022)6'€z  (6'G2-TZ2) 662  (9€2-L8T) TTZ  (€02-2°ST) 9'LT A aseasip Areuownd a1uo1yd
%cT  GT02-000C (6T-0T)¥'T r1-L0) 0T (z1-50) 80 (6'1-80) 2T N

VYN  %6'T- GT02-000C (T'1-€0) 90 (6160 ¥'T (#'1-7'0) 8°0 (e'1-z0) S50 A enusweQ
%cT  GT02-000C (6'2-6'5) 8'9 (L'9-z9) 6'G (0sve) Ty (1'8-55) L'9 N

WYN  %€0  GT02-000C (z'2-09) 09 (52-919) 59 (sgee)ey (+'8-0'5) 6'9 A anao
%00  GT0Z-000C (r6-€2) €8 (96-9°2) 58 (z8-09) 0L (z'8-2'5) 8'9 N

vN p%TUT- g10z-000z  (7'11-9'8) 66 (8zT-66)€TT  (ZeT-r8)eor (2'GT-9°0T) LTt A dnd
pPLO= g10z-000z  (e'85-€ve) 29t  (Tle-L€e)v'se  (GTr-028) 268  (6Tv-L'9E) £°6€ N

wN p%€T- g10z-000z (98v-6€V) £y (2Lv-0EV) TSy  (60S-ToW) GLy  (T659TS)¥'SS A 4HD
p¥60-  g10z-000z  (T0T-82) 68  (§TT-€6)€0T  (80T-¥8)96  (ZT1-€8) 96 N

VN p%9C- qr0z-000c (664298  (221-96)80T  (#11-08)96  (€9T-LOT)EET A IN
p%0C=  610z-0002  (L'TT-€6)¥0T  (8TT-'6) 90T (£€T-60T) 8TT (99T-2'2T) 9¥T N

%p'T- GT02-6002 P%CL~  600z-000z  (9'0T-8°2) T'6 (z11-28)86  (T21-G2D) L¥T  (L'T2-2'9T) 88T A NLH
VN p%LT  g10z-000z (Y1) L€ (8€-92) T (Tr82) ve (Le-02)82 N
phv Je3A phv Je3A ST0C 0102 5002 000z WQ

q¢ PUsIL qT PUsIL (1D %56) an[eA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



Page 20

Lee Harding et al.

00>
S0°0 Qb

‘unys 4o wsejdoau jJueubijew amoxm_u

“apniuBew 10 UonaIIP JayMS Ul aBUBYD SpUBLY Jeaul| YoIym Ul Jeak ay) saredlpul

q

'S1D %SG6 aJe sasaylualed ul sanjea {(ueipaw) uoireinp uonezijendsoy pue (ueaw) abe 1dadxs ‘suonuodoid se paliodal ale Smn_m

*g1dwes Jusiedu| [eUOIEN PUE SONSIEIS Y|eaH J0j J8JUSD [BUONEN :$82N0S Bleq

'S9A ‘A ‘aseasip Jenasen [esayduad ‘QAd (PALIIUBPI PUSLY PJIYY/PU0IAS OU ‘YN ‘0U ‘N ‘UORIIejul [eIpsed0AW ‘|IA ‘uoisuadadAy ‘NLH ‘snJiA Aduarolapounwiwi uewny ‘AJH ‘Snijjaw
S9180RIP ‘NG [eAIBIUI BOUSPILIUOI ‘D ‘Binjie) Leay aalsabuod ‘4HD Xapul ANpIgIoWwoD UoseyD ‘|00 ‘aseasip Jejnasenolqalad ‘aAg) Ainfur Asupiy ainde ‘I3 ‘abueyd [enuue ‘A/y :SUOIRINBIQQY

p%LS= 610z-0002 (8T-0T)ET (e2zz1)eT (Te-6T)¥'e (s7-92) v'e N
VN  %T'T- ST02-0002 (6'0-2°0) ¥'0 (80-z0)v'0 (T'1-€0) 90 (z1-z0) 50 A SAIV/IAIH
%60  GT0Z-000C (L50v) 87 (ov-ce)6e (r'5-8€)Gv (S92 ve N
VN  %TT  ST02-0002 (cz0T)ST rzen Lt (Lze1 6T (re-z1)0C A Jowny pijos dnelsels |
p%60  gr0z-000z  (LE€T-ZTN¥ZT  (GTT-26)€0T (9€1-90T) 02T  (0ZT-T%6) S0T N
VN  %v0  ST02-000z  (T'9-TH)0S (6'9-1'9) 09 (8'6-'e) 5¥ (51-zv) 95 A oRouUbIfEN
p%0T  g10z-000z  (8'65-6'G5) 826 (8'29-G'8S) 209  (6'2G-€'€S) 965 (L'IG-T'SK) v'8y N
%G'0- GT02-800z A%ST  800z-000z (5'8.-G'v2)99. (0T8-92)€6L (€920 vEL  (6'89-G'T9) £'€9 A aseasip Aaupry
pVL  gr0z-000z (€2-€T)8T (Tze1) LT (TTv0) 20 (r'1-50) 6°0 N
VN  %.T  ST02-000C (9T-90) 0T (81-60) €T (01-20) ¥'0 (0z-90) 0T A eifis|desed Jo e1fa|diwaH
p%Y'S  ¢r0z-000z  (26-0°2) 08 (rs-z9) et (TsTe) 0 (s T1e) o N
9SeaSIP J9AI| 819A3S 10 81eIBPOIA
VN p%8E  g10z-000z (5602 LC (9e-€2) 62 (0e€T) 02 (zez1)0C A
P%EE  g10z-000z  (8'6T-6'9T) €8T (£2T-0VT)9GT  (OVT-0TD) ¥l (92T-56) 0'TT N
VN p%Ce  g10z-000z  (68-£9)GL (1'8-99) 92 (8229 ¥'9 (e1zv) 95 A aseasip Janl] plIIN
pfv JedA phv Jesp 102 0102 5002 000z WA
qc PUaIL ql PUSIL (1D %56) anfeA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 April 08.

Am J Kidney Dis. Author manuscript



Page 21

Lee Harding et al.

"paINquISIP A|EWIOU 10U 8Je BJep 8SNeIaq Passasse 10U puall seaurt,

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2024 April 08.



	Abstract
	Methods
	Data Sources
	Statistical Analysis

	Results
	AKI-D Incidence
	AKI-D–Associated In-Hospital Mortality
	Comorbid Conditions

	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

