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Abstract

Background—Individuals on dialysis have a high risk of infection, but risk of infection in earlier 

stages of chronic kidney disease (CKD) has not been comprehensively described.

Study Design—Observational cohort study.

Setting & Participants—9,697 participants (aged 53–75 years) in the Atherosclerosis Risk in 

Communities (ARIC) Study. The participants were followed up from 1996–1998 through 2011.

Predictors—Estimated glomerular filtration rate (eGFR) and urinary albumin-creatinine ratio 

(ACR)

Outcomes—Risk of hospitalization with infection, and death during or within 30-days of 

hospitalization with infection.

Results—During follow-up (median, 13.6 years), there were 2,701 incident hospitalizations with 

infection (incidence rate, 23.6 per 1,000 person-years) and 523 infection-related deaths. In 

multivariable analysis, the HRs of incident hospitalization with infection as compared to eGFR 

≥90 ml/min/1.73 m2 were 2.55 (95% CI, 1.43–4.55), 1.48 (95% CI, 1.28–1.71), and 1.07 (95% CI, 

0.98–1.16) for eGFR 15–29, 30–59, and 60–89 ml/min/1.73 m2, respectively. Corresponding HRs 
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were 3.76 (95% CI, 1.48–9.58), 1.62 (95% CI, 1.20–2.19), and 0.99 (95% CI, 0.80–1.21) for 

infection-related death. Compared to ACR <10 mg/g, the HRs of incident hospitalization with 

infection were 2.30 (95% CI, 1.81–2.91), 1.56 (95% CI, 1.36–1.78), and 1.34 (95% CI, 1.20–1.50) 

for ACR ≥300, 30–299, and 10–29 mg/g, respectively. Corresponding HRs were 3.44 (95% CI, 

2.28–5.19), 1.57 (95% CI, 1.18–2.09), and 1.39 (95% CI, 1.09–1.78) for infection-related death. 

Results were consistent when separately assessing risk for pneumonia, kidney and urinary tract 

infections, blood stream infections, and cellulitis, and when taking into account recurrent episodes 

of infection.

Limitations—Outcome ascertainment relied on diagnostic codes at time of discharge.

Conclusions—Increasing provider awareness of CKD as a risk factor for infection is needed to 

reduce infection-related morbidity and mortality.
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Chronic kidney disease (CKD) is a rapidly growing public health problem. More than 20 

million adults in the United States are estimated to have some level of CKD defined as either 

reduced estimated glomerular filtration rate (eGFR) or elevated urinary albumin-creatinine 

ratio (ACR).1 Numerous studies have shown that together reduced eGFR and albuminuria 

increase risk for cardiovascular disease,2 but they are also known to increase risk for non-

cardiovascular outcomes such as acute kidney injury3 and fracture4 independent of one 

another.

Infection may be another important complication of CKD. Individuals on dialysis have 

remarkably high risk of infection,5 particularly for bloodstream infections, foot infections, 

and pneumonia.6, 7 Increased risk of hospitalization with infection has also been observed 

among individuals with less severely decreased kidney function that does not require 

dialysis8–10 although results vary across types of infection. Of importance, data for the other 

key element of defining and staging CKD, e.g. albuminuria, are sparse in this context. Two 

studies demonstrated that albuminuria is associated with risk for overall infection-related 

and pneumonia-related hospitalizations, but these studies exclusively investigated diabetic 

patients.11, 12 In the general population, one study simultaneously explored the infection risk 

of both eGFR and albuminuria, but that study investigated only mortality related to 

infection.13

Understanding the contributions of eGFR and albuminuria to infection risk will provide 

insights about identifying CKD patients who are at particularly high risk for infectious 

disease and may benefit from preventive approaches (e.g., vaccination). Thus, we evaluated 

the association of eGFR and albuminuria with risk of hospitalization with infection and 

subsequent mortality in a bi-ethnic community-based cohort, the Atherosclerosis Risk in 

Communities (ARIC) study. We also evaluated specific types of infections, including 
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pneumonia, kidney and urinary tract infection, bloodstream infections, and cellulitis, 

separately, as well as the rate of recurrent hospitalizations.

Methods

Study Population

The ARIC Study is a community-based prospective cohort study with 15,792 participants 

who were aged 45–64 years and enrolled in 1987–1989 (visit 1) from four US communities 

(Forsyth County, NC; Jackson, MS; suburban Minneapolis, MN; and Washington County, 

MD). Short-term follow-up visits were conducted in 1990–1992 (visit 2), 1993–1995 (visit 

3), and 1996–1998 (visit 4). Further details of the ARIC study were described elsewhere.14 

We set visit 4 as baseline because eGFR and albuminuria were simultaneously assessed for 

the first time in the ARIC study at this visit. Of 11,656 individuals who attended visit 4, we 

excluded individuals with a prior hospitalization with infection (as defined later) (n=1,023), 

missing either serum creatinine or cystatin C (n=323), missing albuminuria (n=117), who 

declined informed consent for non-cardiovascular research (n=39), with ethnicities other 

than white or African-American (n=31), with end stage renal disease (ESRD) or eGFR <15 

ml/min/1.73 m2 (n=20), and missing covariates (n=406), leaving 9,697 participants for 

analysis (Figure S1, available as online supplementary material). Written informed consent 

was obtained from all participants, and the institutional review board at each study site 

approved the study (#H.34.99.07.02.A1 at Johns Hopkins University).

Exposures of Interest

Primary exposures of interest were eGFR and ACR. The eGFR was based on the CKD-EPI 

(CKD Epidemiology Collaboration) serum creatinine and cystatin C equation.15 Serum 

creatinine was measured using a modified kinetic Jaffé method, calibrated to the Cleveland 

Clinic laboratory measurements,16 and then standardized to an isotope-dilution mass 

spectrometry–traceable method.17 Serum cystatin C was measured using an enhanced 

immunonephelometric assay (Siemens Healthcare Diagnostics). Urine albumin and 

creatinine were measured by nephelometry and the Jaffé method, respectively. The detection 

threshold was <2 mg/dL for urine albumin and <1 mg/dL for urine creatinine. Participants 

with urine albumin <2 mg/dL were assumed to have 1 mg/dL for the purpose of calculating 

ACR (4,364 participants). There were no participants with urine creatinine <1 mg/dL.

Outcomes of Interest

The primary outcome of interest was first incident hospitalization with infection. Hospital 

discharge records with the International Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-9-CM) codes have been captured through active surveillance for all the 

ARIC study participants. The definitions of infection-related ICD-9 codes were based on the 

analytical methods used in US Renal Data System (USRDS),18 including any pathogen-, 

organ-, or symptom-based diagnoses (Table S1). In addition, the a priori determined four 

most common types of infection19 were separately analyzed, including pneumonia (ICD-9, 

480–486), kidney and urinary tract infections (590, 590.0–4, 597, 598, 599.0, 601, 604, 607, 

and 608), bloodstream infections (038 and 790.7), and cellulitis (681 and 682). Secondary 

outcomes were all hospitalizations with infection including recurrent cases as well as 
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subsequent death during or within 30 days after discharge from hospitalization with 

infection, similar to previous studies.20, 21 Participants who did not develop the primary 

outcome were censored when they died or were lost-to-follow-up or were administratively 

censored on December 31, 2011.

Other Covariates of Interest

All the covariates were assessed at baseline (visit 4, 1996–1998) except for years of 

education, which was assessed at visit 1 (1987–1989). Age, sex, race, smoking status, 

alcohol consumption, and years of education were based on self-reported questionnaires. 

Information about the use of antineoplastic agents and steroids or immunosuppressive agents 

was obtained from the medication records at visit 4. Hypertension was defined as taking an 

antihypertensive drug; systolic blood pressure ≥140 mmHg; or diastolic blood pressure ≥90 

mmHg. Diabetes was defined as a self-reported physician diagnosis of diabetes; taking an 

antidiabetic drug; a fasting glucose ≥126 mg/dL; or a casual glucose ≥200 mg/dL. The 

ICD-9 codes indicating history of cancer (ICD-9, 140–149,150–159, 160–165, 170–175, 

176, 179–189, 190–199, 200–208, 209, 235–238, and 239) and chronic obstructive 

pulmonary disease (490–491, 492, 494, and 496) were retrieved from hospital discharge 

records between visit 1 and visit 4. History of cardiovascular disease including heart failure, 

coronary heart disease, and stroke was determined if there was a self-reported history at visit 

1 or clinical event between visit 1 and visit 4. Data on incident ESRD were obtained by the 

linkage to USRDS.

Statistical Analysis

Baseline characteristics were compared across eGFR and ACR categories using Student’s t-

tests, analysis of variance (ANOVA) tests, and chi-square tests. Crude incidence rate and its 

95% confidence interval (CI) was estimated using Poisson regression models. Hazard ratios 

(HRs) were assessed using Cox proportional hazards models across four categories of eGFR 

(≥90 [reference], 60–89, 30–59, and 15–29 ml/min/1.73 m2) and ACR (<10 [reference], 10–

29, 30–299, and ≥300 mg/g). Models were adjusted for age, sex, race, body mass index 

(BMI), smoking status, alcohol consumption, education level, use of antineoplastic agents 

and steroids, hypertension, diabetes, history of cancer and chronic obstructive pulmonary 

disease, prior heart failure, prior coronary disease, and prior stroke, and ACR for the 

analysis of eGFR, and eGFR for the analysis of ACR. Interaction between eGFR and ACR 

categories was assessed by contrasting models with and without their production terms using 

the log-likelihood test.

To provide implications on the current CKD staging system in the KDIGO (Kidney Disease: 

Improving Global Outcomes) guidelines,22 we subsequently quantified the risk of 

hospitalization with infection in cross-categories of eGFR and ACR. For this part of the 

analysis, those with eGFR <30 ml/min/1.73 m2 were grouped together for obtaining a 

reliable estimate.

Potential effect modifications of kidney function and albuminuria with the subgroups by 

baseline age (< versus ≥ 65 years), sex (male versus female), race (whites versus African 

Americans), diabetes (yes versus no), and prior cardiovascular disease (yes versus no) were 
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assessed by comparing two models with and without the interaction term using likelihood 

ratio tests. To obtain reliable estimates in each subgroup, we dichotomized CKD measures, 

eGFR 15–59 versus ≥60 ml/min/1.73 m2 and ACR <30 vs. ≥30 mg/g.

Several sensitivity analyses were performed. First, we assessed the risk if we censored at 

incident ESRD. Second, we restricted the outcome to hospitalizations with infectious 

diseases as the primary diagnosis (i.e., the first position). Third, we excluded individuals 

with ACR ≥2,000 mg/g, potentially indicating nephrotic syndrome.23 Fourth, we analyzed 

the data when glomerular filtration rate (GFR) was estimated using only creatinine by the 

CKD-EPI creatinine equation.24

Finally, we explored the analysis incorporating recurrent hospitalization with infections. For 

this, we ran negative binomial regression models to account for overdispersion based on the 

Poisson distribution. A two-sided p-value less than 0.05 was considered statistically 

significant. All statistical analyses were performed using STATA version 13 (StataCorp LP, 

Collage Station, TX).

Results

Baseline Characteristics

At baseline, the mean age of the study population was 63±6 (standard deviation) years; 

5,478 (56%) of the study cohort were female, and 2,145 (22%) were African-Americans. 

Baseline characteristics stratified by eGFR categories are shown in Table 1. Lower eGFR 

was associated with older age, black race, higher BMI, fewer years of education, and higher 

prevalence of hypertension, diabetes, prior heart failure, coronary heart disease, and stroke. 

Similar patterns were observed when stratifying by ACR categories (Table S2).

Incident All-Type Hospitalization With Infection

During a median follow-up of 13.6 years, 2,701 (28%) had incident hospitalization with 

infection, with a crude incidence rate of 23.6 (95% confidence interval [CI], 22.8–24.6) per 

1,000 person-years. In crude analysis, lower eGFR and higher ACR were associated with 

high risk for incident hospitalization with infection. Crude incidence rates (per 1,000 person-

years) were 19.3 (95% CI, 18.1–20.5) for eGFR ≥90 ml/min/1.73 m2 and 20.9 (95% CI, 

20.0–21.8) for ACR <10 mg/g but were 92.7 (95% CI, 52.7–163.3) for eGFR 15–29 ml/min/

1.73 m2 and 82.5 (95% CI, 66.4–102.6) for ACR ≥300 mg/g (Table 2). These associations 

were stronger than those for hospitalizations without infection (Table S3).

Multivariable Cox proportional hazards analyses revealed that reduced eGFR and elevated 

ACR were both associated with high incidence of hospitalization with infection in a graded 

fashion, independently of each other and potential confounders (Table 2). As compared to 

eGFR ≥90 ml/min/1.73 m2, adjusted HR of infection was 2.5-fold greater in severely 

reduced eGFR of 15–29 ml/min/1.73 m2 (HR, 2.55; 95% CI, 1.43–4.55) and 50% higher in 

moderately reduced eGFR of 30–59 ml/min/1.73 m2 (HR, 1.48; 95% CI, 1.28–1.71; Table 

2). As compared to normal albuminuria (ACR <10 mg/g), ACR ≥300 mg/g and ACR 30–299 

mg/g demonstrated 2.3-fold and 1.6-fold higher risk for incident hospitalization with 

infection (HRs of 2.30 [95% CI, 1.81–2.91] and 1.56 [95% CI, 1.36–1.78], respectively). 
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Mild albuminuria (ACR, 10–29 mg/g) also demonstrated a significant association (HR, 1.34; 

95% CI, 1.20–1.50). There was no significant interaction between eGFR and ACR 

categories (P for interaction = 0.3).

When the infection risk was assessed in the context of the KDIGO risk classification system 

based on cross-categories of GFR and ACR,22 lower eGFR and higher ACR demonstrated 

independent and multiplicative contributions (Figure 1). Participants with eGFR 15–29 

ml/min/1.73 m2 showed ~3.5 fold higher risk of infection comparing to those with eGFR 

≥90 ml/min/1.73 m2 plus ACR <30 mg/g. Of note, some categories with less severely 

decreased kidney function demonstrated similar or even greater risk when albuminuria is 

elevated (HRs of 5.37 [95% CI, 3.15–9.15] in eGFR 30–44 ml/min/1.73 m2 when ACR 

≥300 mg/g and 2.92 [95% CI, 1.86–4.59] when ACR 30–299 mg/g). Of note, some cross-

categories had 2-to 2.5-fold increased risk of hospitalizations with infection (i.e., eGFR 45–

59 ml/min/1.73 m2 plus ACR ≥30 mg/g and eGFR 60–89 ml/min/1.73 m2 plus ACR ≥300 

mg/g).

In sensitivity analysis, no significant interaction was observed by age (<65 versus ≥65 

years), gender (male versus female), the status of diabetes, smoking (never versus current/

former smoker), and prior CVD for both eGFR and ACR. The association of reduced eGFR 

with risk for infection was stronger in African-Americans than in whites (HR for eGFR <60 

versus ≥60 ml/min/1.73 m2 of 1.75 [95% CI, 1.32–2.31] versus 1.50 [95% CI, 1.30–1.73], 

respectively; p-for-interaction, 0.04), but no significant interaction by race was observed for 

ACR (Figure S2). The association did not change when censoring incident ESRD cases 

(table a of Item S1). The associations were much the same when restricting to the cases with 

primary diagnosis of infection (table b of Item S1). Excluding individuals with ACR ≥2,000 

mg/g did not change the associations (table c of Item S1). Finally, when GFR was estimated 

using a creatinine based equation,24 the associations were much the same (table d of Item 
S1).

Type-Specific Incident Hospitalization With Infections

Assessing incidence of four types of infection known a priori to be common, pneumonia was 

the most frequent type of incident hospitalization with infection (1,116 cases), followed by 

kidney and urinary tract infections (1,030 cases), bloodstream infections (612 cases), and 

cellulitis (413 cases). Reduced eGFR and elevated ACR were independently associated with 

increased risk for all of these types of infection (Figure 2). Bloodstream infections 

demonstrated the highest HR for both eGFR 15–29 ml/min/1.73 m2 (HR, 3.15; 95% CI, 

1.32–7.52) and ACR ≥300 mg/g (HR, 3.71; 95% CI, 2.54–5.41). Of note, all three categories 

of mild, moderate, and severe albuminuria showed significant associations in any type of 

infection.

Overall All-Type Hospitalization With Infection Including Recurrent Cases

Of 2,701 individuals with incident hospitalization with infection, 1,146 individuals had more 

than one (range, 2–16) hospitalization with infection (event rate, 44.5 [95% CI, 41.5–45.6] 

per 1,000 person-years). Recurrent infections were more common among participants with 

lower eGFR (8.9%, 11.5%, 22.5%, and 42.1% in those with eGFR ≥90, 60–89, 30–59, and 
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15–29 ml/min/1.73 m2, respectively; Table 3). Similar trends were observed for higher ACR 

(9.5%, 15.1%, 19.7%, and 36.1% in those with ACR <10, 10–29, 30–299, and ≥300 mg/g, 

respectively). These patterns remained consistent after adjusting for potential confounders 

(event rate ratios of 1.10 [95% CI, 1.00–1.22], 1.57 [95% CI 1.31–1.89], and 1.61 [95% CI, 

0.70–3.70] for eGFR 60–89, 30–59, and 15–29 ml/min/1.73 m2, respectively, as compared 

to eGFR ≥90 ml/min/1.73 m2; and of 1.40 [95% CI, 1.23–1.60], 1.67 [95% CI, 1.41–1.97], 

and 3.12 [95% CI, 2.26–4.31] for ACR 10–29 mg/g, 30–299, and ≥300 mg/g, respectively, 

as compared to ACR <10 mg/g; Table 3).

Mortality Risk Related to Hospitalization With Infection

There were 523 deaths during or within 30 days of hospitalization with infection, including 

81 deaths during hospitalization with infection and 442 deaths within 30 days after 

discharge. Reduced eGFR and elevated ACR were independently associated with higher risk 

for infection-related death (HRs of 0.99 [95% CI, 0.80–1.21], 1.62 [95% CI, 1.20–2.19], 

3.76 [95% CI, 1.48–9.58] for eGFR 60–89, 30–59, and 15–29 ml/min/1.73 m2, respectively, 

as compared to eGFR ≥90 ml/min/1.73 m2; and of 1.39 [95% CI, 1.09–1.78], 1.57 [95% CI, 

1.18–2.09], 3.44 [95% CI, 2.28–5.19] for ACR 10–29, 30–299, and ≥300 mg/g, respectively, 

as compared to ACR <10 mg/g; Table 4).

Discussion

In this community-based bi-ethnic cohort of nearly 10,000 middle-aged and older 

individuals with follow-up for up to 15 years, reduced eGFR and elevated ACR were 

associated with higher risk for hospitalization with infection and subsequent mortality. The 

associations were independent of each other and of confounders, and were present even at 

mild to moderate stages of reduced eGFR and elevated ACR. An independent association of 

reduced eGFR and elevated ACR was consistently observed in risk for pneumonia, kidney 

and urinary tract infections, bloodstream infections, and cellulitis. The present study 

highlighted the high burden of hospitalization with infection and subsequent outcome in 

broad spectrum of CKD.

The results in the present study were consistent with the previous findings in terms of overall 

relationship between reduced kidney function and infection,8–10, 12, 13 but had several 

unique aspects. First, the use of the creatinine and cystatin C equation, which is considered 

the best estimate for GFR, allowed us to better quantify the risk of infection across clinical 

categories of eGFR. Second, despite somewhat conflicting results in the previous 

studies,8, 10 we observed consistent associations between reduced eGFR and the risk for all 

major infection types including pneumonia, kidney and urinary tract infections, bloodstream 

infections, and cellulitis, suggesting broad implications of reduced eGFR in the 

pathophysiology of infectious diseases. Finally, we confirmed the consistent association of 

reduced eGFR across incident and recurrent hospitalizations as well as subsequent mortality 

related to infection in a single study population.

Our study is to our knowledge the first to demonstrate a clear graded association between 

albuminuria and infection-related outcomes. The association was significant even at mild 

albuminuria (ACR, 10–29 mg/g), a category currently not considered as clinically abnormal, 
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and was consistent for four major types of infection. A previous study using data from the 

Third National Health and Nutrition Examination Survey (NHANES III) explored the 

association of albuminuria with infection in the general population. However, this study had 

only data on mortality due to infections, thus limiting power.13 Indeed, with ACR <30 mg/g 

as a reference, moderate ACR 30–299 mg/g did not show a significant relationship to 

infection mortality.13 In addition, two studies of patients with diabetes mellitus reported the 

association of albuminuria with hospitalization with infection.11, 12 However, by design, 

they could not distinguish whether albuminuria itself was a risk factor or whether it was a 

surrogate for severity of diabetes.

There are several potential mechanisms linking between CKD and infection. In patients with 

advanced CKD, uremic toxins impair the function of T-lymphocyte and antigen-presenting 

cells,25 which play important roles in both cellular and humoral immunity. Similarly, 

oxidative stress in CKD disrupts the function of inflammatory cytokines, and may impair 

response during initial development of an infection.26 The mechanism by which albuminuria 

increases risk of infection is less clear. Endothelial dysfunction, which is believed to 

underlie albuminuria,27 may play an important role. For example, degraded endothelial 

glycocalyx leads to the disruption of neutrophil adhesion.28 Further investigations are 

warranted to explore whether and how pathophysiological conditions leading to albuminuria 

interfere with the immune system.

The present study has several clinical and research implications. Infection prevention 

programs (e.g., vaccination and preventive procedures for healthcare-acquired infections) 

usually feature patients on dialysis and individuals with severely decreased kidney function 

(eGFR <30 ml/min/1.73 m2).29–32 Currently, albuminuria is not taken into account in this 

context. Thus, our results suggest that these programs could be expanded to include persons 

with less severely decreased kidney function, including those with elevated albuminuria. 

Future studies are required to evaluate whether such an approach indeed improves the 

outcomes and is cost-effective. Also, given the robustness of the albuminuria-infection 

relationship, it would be interesting to assess whether interventions reducing albuminuria 

(e.g., renin-angiotensin system inhibitors) can modify the risk of infection.

The present study has certain limitations. First, we did not capture mild cases of infection 

that were treated solely in an outpatient setting. However, hospitalizations with infection are 

likely the most costly and morbid.19 Second, our outcome ascertainments based on ICD-9 

codes could overestimate the incidence of infection as compared to the estimate made by 

adjudication with chart review.33 Nonetheless, the associations were consistent when we 

restricted to cases with the primary diagnosis of infectious diseases. Third, individuals with 

CKD might be monitored more closely than those without CKD. This could result in an 

ascertainment bias whereby patients with CKD could be more likely to be hospitalized with 

an infection. However, infections often present as an acute constellation of symptoms and 

signs, and thus are probably less prone to ascertainment bias relative to some other chronic 

conditions such as depression and cognitive dysfunction. Also, we note that the associations 

with CKD measures were stronger for hospitalizations with infection than those without, 

further supporting a unique link between CKD and infection. Fourth, our study population 

was restricted to participants aged 53–75 years, and thus extrapolation of our results to 
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populations outside of this age range must be done carefully. Finally, as with all 

observational studies, we could not exclude the possibility of residual confounding. For 

example, we did not have information on cause of kidney disease (e.g., glomerulonephritis).

In conclusion, among community-dwelling middle-aged and older adults in the United 

States, reduced eGFR and elevated ACR were independently associated with increased risk 

for hospitalization with infection and subsequent mortality, even at their mild to moderate 

stages. The associations were consistent in pneumonia, kidney and urinary tract infections, 

bloodstream infections, and cellulitis. Although the risk and prevention of infection are often 

discussed for those with severely reduced eGFR, our results suggest their relevance in less 

severe stages of reduced eGFR as well as among people with CKD manifested solely by 

elevated ACR.
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Figure 1. Adjusted hazard ratio of hospitalization with infection by eGFR and ACR categories
Abbreviations: GFR, glomerular filtration rate; ACR, albumin-creatinine ratio. Green: low 

risk; yellow: moderately increased risk; orange: high risk; red, very high risk. For each 

category, hazard ratio and its 95% confidence interval were presented in the first row, and n= 

denotes number of events and number of individuals in the second row. The model was 

adjusted for age, race, sex, body mass index, smoking status, alcohol consumption, 

education level, use of antineoplastic agents and steroids, hypertension, diabetes, history of 

cancer, chronic obstructive pulmonary disease, prior heart failure, prior coronary disease, 

and prior stroke.

Ishigami et al. Page 14

Am J Kidney Dis. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Adjusted relative hazards for hospitalization with infection stratified by the types of 
infection
(A) eGFR; and (B) ACR. The model was adjusted for age, race, sex, body mass index, 

smoking status, alcohol consumption, education level, use of antineoplastic agents and 

steroids, history of hypertension, diabetes, cancer, chronic obstructive pulmonary disease, 

prior heart failure, prior coronary disease, and prior stroke, and the ACR categories for the 

analysis of eGFR and the eGFR categories for the analysis of ACR. The squares represent 

the point estimate of relative hazard, and the horizontal lines indicate corresponding 95% 

confidence intervals. Abbreviations: eGFR, estimated glomerular filtration rate; ACR, 

albumin-creatinine ratio; HR, hazard ratio; CI, confidence interval.
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Table 2

Crude incident rate and adjusted relative hazard for hospitalization with infection

Category Person-year No. of events Crude IR per 1000 person-y (95%CI) Adjusted HR (95% CI)
*

eGFR

 ≥90 ml/min/1.73 m2 (n=4164) 51206 987 19.28 (18.11–20.52) 1.00 (reference)

 60–89 ml/min/1.73 m2 (n=4922) 57231 1428 24.95 (23.69–26.28) 1.07 (0.98–1.16)

 30–59 ml/min/1.73 m2 (n=592) 5671 274 48.32 (42.92–54.39) 1.48 (1.28–1.71)

 15–29 ml/min/1.73 m2 (n=19) 129 12 92.74 (52.67–163.30) 2.55 (1.43–4.55)

ACR

 <10 mg/g (n=7821) 94764 1977 20.86 (19.96–21.80) 1.00 (reference)

 10–29 mg/g (n=1131) 12483 383 30.68 (27.76–33.91) 1.34 (1.20–1.50)

 30–299 mg/g (n=609) 6008 260 43.27 (38.32–48.87) 1.56 (1.36–1.78)

 ≥300 mg/g (n=136) 982 81 82.52 (66.37–102.59) 2.30 (1.81–2.91)

a
Abbreviations: eGFR, estimated glomerular filtration rate; ACR, albumin-creatinine ratio; CI, confidence interval; IR, incidence rate; HR, hazard 

ratio.

*
The model was adjusted for age, race, sex, body mass index, smoking status, alcohol consumption, education level, use of antineoplastic agents 

and steroids, hypertension, diabetes, history of cancer, chronic obstructive pulmonary disease, prior heart failure, prior coronary disease, prior 
stroke, and the ACR categories for the analysis of eGFR and the eGFR categories for the analysis of ACR.
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Table 4

Risk for infection-related death according to eGFR and ACR categories

Category Person-y No. of events Mortality rate per 1000 person-y (95% CI) Adjusted HR (95% CI)*

eGFR

 ≥90 ml/min/1.73 m2 (n=4164) 55866 170 3.04 (2.62–3.54) 1.00 (reference)

 60–89 ml/min/1.73 m2 (n=4922) 64053 274 4.28 (3.80–4.82) 0.99 (0.80–1.21)

 30–59 ml/min/1.73 m2 (n=592) 6659 74 11.11 (8.85–13.96) 1.62 (1.20–2.19)

 15–29 ml/min/1.73 m2 (n=19) 167 5 29.93 (12.46–71.91) 3.76 (1.48–9.58)

ACR

 <10 mg/g (n=7821) 104215 353 3.39 (3.05–3.76) 1.00 (reference)

 10–29 mg/g (n=1131) 14121 80 5.67 (4.55–7.05) 1.39 (1.09–1.78)

 30–299 mg/g (n=609) 7106 60 8.44 (6.56–10.88) 1.57 (1.18–2.09)

 ≥300 mg/g (n=136) 1303 30 23.03 (16.10–32.94) 3.44 (2.28–5.19)

Abbreviations: eGFR, estimated glomerular filtration rate; HR, hazard ratio; ACR, albumin-creatinine ratio; CI, confidence interval.

*
The model was adjusted for age, race, sex, body mass index, smoking status, alcohol consumption, education level, use of antineoplastic agents 

and steroids, hypertension, diabetes, history of cancer, chronic obstructive pulmonary disease, prior heart failure, prior coronary disease, prior 
stroke, and the ACR categories for the analysis of eGFR and the eGFR categories for the analysis of ACR.
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