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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 International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) diagnosis codes.

Outcome: AKI-D, defined using ICD-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 (Δ/y) reported.

Results: In adults with diabetes, AKI-D increased between 2000 and 2015 (from 26.4 to 41.1 

per 100,000 persons; Δ/y, 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; Δ/y, 
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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.1 

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.2–5 Worldwide, the incidence of AKI-D has increased significantly in recent 

years,6 in large part due to the increasing age of the population and the increasing burden 

of acute and chronic medical illnesses.7 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,10 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,12 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.14 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.15 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.15 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 International 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 codes16,17 (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 
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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% CIs for AKI-D rates, proportions, and 

RRs, accounting for the weighted design of both the NIS 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 (Δ/y) in previously 

calculated rates of AKI-D, AKI-D mortality, RRs, and proportion of AKI-D hospitalizations 

with comorbid conditions over time.19 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.

Results

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; Δ/y, 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; Δ/y, 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% CI, 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 (Δ/y, −3.9%; P = 0.01) and from 34.4 to 

28.7 in adults without diabetes (Δ/y, −2.0%; P < 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 (Δ/y, 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 (Δ/y, −0.8%; P < 

0.001), coinciding with an increase in the proportion of high-morbidity hospitalizations (Δ/y, 

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%; P < 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,27 Scotland,28 Denmark,29 and 

Lithuania.30 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.33,34 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.35 

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.35 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.35 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 al35 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.35 Third, there may 

be stagnation in preventive care, evidenced by a decline in the proportion of young adults 

with diabetes meeting individualized haemoglobin A1c targets.37 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.39

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.24,40,41 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.42 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.44,45 However, more recent studies 

have failed to show such an association.46,47 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.47 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.48 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 

(90%-95%) have type 2.49 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.

Lee Harding et al. Page 12

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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.
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