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Abstract Context: The impact and prognosis of acute kidney injury (AKI) change considerably depending on the

~ severity, clinical setting, comorbid factors, and also Geographic location.
Aims: To assess the severity and the risk factors of hospital-acquired AKI (HA-AKI) in diabetic and hypertensive
patients.
Settings and Design: A prospective cohort study was conducted in 2019 with 88 hypertensive and diabetic
in hospitalized patients of Distrito Federal.
Materials and Methods: A structured questionnaire and Charlson’s comorbidity index (CCI) were the data
collection instruments.
Statistical Analysis: The data were analyzed using descriptive and inferential methods.
Results: Hypertensive and diabetic patients were older (70 [62-76] years old, P = 0.001), with a body mass
index indicating overweight (26.9 [24.0-31.1] kg/m?, P = 0.01). AKI predominated among the hypertensive
and diabetic patients (30 [52.6%]), and with higher severity stages (Kidney Disease Improving Global Outcomes
2 and 3) (22 [38.6%]). Hypertensive and diabetic patients presented more severity (Charlson >3, P = 0.03),
suffered from kidney injury more frequently (30 [52.6%]), and with more severe stages (kidney injury or
failure) (22 [38.6%]). Heart disease ([odds ratio (OR) 17.94, confidence interval (Cl) 2.23—-144.44|, P = 0.007)
and older age ([OR 1.05, CI 1.01-1.09], P = 0.009) were independent risk factors for predisposition to
kidney injury in patients with hypertension and diabetes.
Conclusions: The hypertensive and diabetic patients were older, with a CCI >3, and evolved to more severe
AKI. Heart disease and older age contributed to HA-AKI. Delays in identifying risk factors may predispose
to more severe impairments. Risk assessments support early identification and can encourage professionals
in directing, decision-making, and care management.
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INTRODUCTION

Kidney complications in the contemporary scenario
are frequently secondary to chronic noncommunicable
diseases (CNCDs), and therefore represent a concern for
public health since, although described as controllable, they
are generally not curable."

The incidence of acute kidney injury (AKI) remains
with an increasing trend affecting up to one out of
five hospitalized adults worldwide. This syndrome is
characterized by a continuum of injury, which requires a
careful clinical history, careful interpretation of laboratory
and imaging tests, review of medical records, and complete
physical examination so that potential changes in renal
functioning®* can be identified and prevented in the
clinical practice before there is loss of excretory renal
function, identified by laboratory tests, such as serum
creatinine.

AKI is a multifactorial syndrome associated with clinical
complications. Diabetes mellitus (DM) and arterial
hypertension are CNCDs with potential risk for renal
impairment and increased mortality, due to microvascular
lesions, even when treated, reflecting the severity of these
diseases, which are generally common in multimorbid
conditions.?!

AKT is characterized by a sudden decrease in the renal
function and by an increase in serum creatinine of at least
0.3 mg/dL in 48 h and a reduction in urinary output
and, when acquired in the hospital environment, it
manifests after 24 h of admission as hospital-acquired
AKI (HA-AKI).M

HA-AKI is predominant in large city centers. Especially
Latin America, followed by Southeast Asia, presents the
highest percentage of AKI in the wotld.¥ In this scenatio,
hemodynamic instability has shown a significant association
with AKI development and progression, generally
due to the severity of the disease and to the patient’s
comorbidities.” ")

The impact and prognosis of AKI vary considerably
depending on severity, clinical setting, comorbid factors,
and also geographic location.I'” Therefore, eatly detection
can attenuate or neutralize the worst outcomes!" and
reduce the severity, duration, and frequency of HA-AKI,
which show to be unfavorable to the patients’ recovery.

The sudden onset and evolutionary severity of AKI in
the hospital setting associated with the deficit in early

recognition and management of HA-AKI, especially in
patients with different comorbidities, generate the need
to identify risk and severity predictors as indicators that
can more precisely contribute for clinical prediction and
individualized guidance of preventive strategies, including
better therapeutic planning.””

Given the above, the objective of this study is to assess
the severity and risk factors of HA-AKI in diabetic and
hypertensive patients.

MATERIALS AND METHODS

Research design and setting

A prospective cohort study was conducted in the one
medical clinic unit of a public and tertiary-care hospital in
the west region of Brasilia-Distrito Federal, Brasil.

Data collection was performed through a structured
questionnaire prepared by the researchers consisting of
the variables of interest, namely gender, age, race, weight,
body mass index (BMI), hospitalization time, comorbidities,
creatinine, urea, hemoglobin, serum sodium and potassium,
blood pressure, glomerular filtration rate (GFR), and
patient’s severity as measured by Charlson’s comorbidity
index (CCI).

CCI establishes the severity of the patient’s condition by
adding up the weights from 1 to 6 attributed to 19 clinical
conditions, where 6 indicates more severity and 1 less
severity. This stratification allowed categorizing the patients
according to the score obtained, where those with a score
of one (1) were categorized as ill, of two (2) as moderately
ill, from three (3) to five (5) as severely ill, and of six
(6) as dying."!

Patients aged over 18 years old, with a medical diagnosis
of arterial hypertension and type 2 DM recorded in
an electronic medical chart were included; as well as
those with a hospitalization period of more than 48 h
in one medical clinic with medical wards, and sustained
change in serum creatinine 20.3 mg/dL for at least 48 h
when compared to baseline. The exclusion criteria were
GFR <30 mlL/min/1.73, need for renal replacement
therapy, and performance of surgical procedures.

Baseline creatinine was that obtained during the first
hospitalization week in the medical clinic sector.”l Serum
creatinine was monitored and its parameters were evaluated
according to the recommendations of the Kidney Disease
Improving Global Outcomes (KDIGO) creatinine criteria
for evaluation of the evolutive renal profile and staging of
renal impairment® [Table 1]. The utinary output criteria
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Table 1: Kidney Disease Improving Global Outcomes
classification (creatinine criterion)

Stage Serum creatinine

1 1.5-1.9 times baseline creatinine or >0.3 mg/dL

2 2.0-2.9 times baseline serum creatinine

3 3.0 times baseline or elevation of baseline creatinine

to >4 mg/dl or initiation of RRT or in patients <18 years
old, drop in GFR estimated to <35 ml/min/1.73 m?

RRT: Renal replacement therapy, GFR: Glomerular filtration rate

from the KDIGO classification were not used in this study
due to the scarcity of records regarding urinary volume.

HA-AKI was considered in patients with a persistent
change in serum creatinine after 24 h of hospitalization
in the medical clinic."”

Sample size and sampling procedure

Sample calculation considered 80% power and was
obtained by the formula below:!""!

1 172

2,259 +2,(plgl+ p2g2)* | (1+(n-1)p)
N=2

n(pl- p2)*

Where pl = 0.4 and p2 = 0.65 are the proportion of
patients that had CCI > 3 at two distinct moments of the
follow-up; g1l = 1 — pl; q2 = 1 — p2; p= (pl + p2)/2;
q=1 — p; p = 0.5 is the intraclass correlation; n is the
number of measurements on the same individual; zot = 5%
is the percentile of the normal distribution corresponding
to the significance level; zf is the percentile of the normal
distribution corresponding to the power of the test.

5

The population consisted in hospitalized patients with
systemic arterial hypertension (SAH) and DM. Five
hundred and twelve patients were evaluated from January to
December 2019 and 88 patients were selected. Monitoring
was carried out for 6 months.

Data collection tools and procedure

Identification of the patients with elevated serum creatinine,
through weekly consultations of the electronic medical records
of patients, admitted to the medical clinic and verification of
the renal biochemical profile (serum creatinine and estimated
creatinine clearance by the chronic kidney disease (CKD)
Epidemiology Collaboration - CKD Epi, as recommended by
the KDIGQO, in addition to the collection of the variables of
interest through consultation of the electronic medical record.

The results of the laboratory tests were monitored for
6 months, from the identification of changes in serum
creatinine, to trace the clinical and renal evolutive profile
and the outcome.

At hospital discharge, requests for laboratory tests to
maintain the biochemical dosage of serum creatinine, urea,
sodium, potassium, and hemoglobin in the laboratory of a
basic health unit and control the evolutive profile of the renal
function were handed into the patients or legal guardians.

After hospital discharge, the researcher forwarded alerts via
telephone contacts to remind the patient about the collection
date corresponding to the laboratory tests. Follow-up and
monitoring of the results were carried out by consulting the
patient’s medical record, and the identification of changes
in the laboratory parameters led to referral to the nursing
or medical consultation for follow-up and guidance.

The hemodynamics and laboratory reference parameters
followed the protocol of the health secretariat of
Distrito federal, namely mean arterial pressure (MAP)
altered when =60 or 2100 mmHg, diastolic blood
pressure = 80—-89 mmHg, serum creatinine from 0.8 to
1.4 mg/dL, and hemoglobin from 13.0 to 17.0 g/dL."}

Data analyses

The descriptive analysis was performed by calculating the
summary (mean and median) and dispersion (standard
deviation and 25-75 percentiles) measures. For qualitative
variables (categorical), frequency distribution was
calculated. The normality of the study was tested by
the Kolmogorov—Smirnov test and then, nonparametric
tests were applied, such as the Mann—Whitney test for
continuous variables and the Chi-square and Fisher’s
tests for categorical variables. Sensitivity analyses were
performed to exclude missing values but, as no statistically
significant changes were identified, it was decided not to
exclude any observation. For the multivariate analysis, the
backward method was adopted through logistic regression
for the selection of the variables with the calculation of the
odds ratio (OR) and the respective 95% confidence interval
(95% CI). For the statistical analyses, a two-tailed P < 0.05
was considered as evidence of statistical significance.

Ethical consideration

This study was approved by the Research Ethics
Committee of the Health Sciences Teaching and
Research Foundation/State Health Secretariat, CAAE:
51576215.8.0000.5553, according to Resolution 466/2012.

RESULTS

A total of 88 patients were followed, predominantly male
45 (51.1%), older adults (64 * 14 years old), brown-skinned
20 (22.7%), single 12 (13.6%) with a BMI indicating
overweight (26.8 £ 7.5 kg/m?), high severity in at least
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18 (20.5%) justified by CCI = 6, and hospitalized in a
nonintensive care clinic. The majority was on spontaneous
ventilation (ambient air), 49 (55.7%), and 23 (26.1%) on
oxygen therapy by tracheostomy.

The median hospitalization time was predominantly
prolonged, around 35 days. Type 2 DM and SAH affected
more than half of the patients (# = 57; 64.8%), 32 (36.4%)
were affected by respiratory diseases, and 26 (29.5%), by
heart diseases. It is noteworthy that pathologies such as
SAH and DM affected the oldest individuals (70 [62-76]
years old, P = 0.001) and those who were overweight (26.9
[24.0-31.1] kg/m?, P = 0.01).

Hospital discharge was the main clinical outcome
(58; 65.9%). Mortality during hospitalization affected
15 (17.0%) patients and, after discharge, it affected
20 (22.7%) patients. In most of the patients, 72 (81.8%),
antibiotic therapy was administered at a ratio of 2.5+ 1.2
per patient. Diuretics were commonly administered
medications, with the loop being proportionally superior,
66 (75.0%), to potassium sparing, 25 (28.4%). The use of
antibiotics (46 [80.7%, P = 0.7]) and diuretics (45 [78.9%,
P = 0.0]) was more frequent in patients with SAH and
DM, although with no statistical significance [Table 2].

HA-AKI, as well as more severe AKI (KDIGO 2
or 3-kidney injury and failure), predominated in
hypertensive and diabetic patients, with 18 (58.1%) and
22 (38.6%), respectively. Patients with DM and SAH had
lower baseline creatinine clearance when compared to the
group without these pathologies, 62 (47-85) mL/min
versus 87 (57-103) mIL./min; P = 0.052, as well as more
altered MAP, 46 (82.1%) versus 17 (60.7%); P = 0.04.
The group with SAH and type 2 DM showed a
significant predisposition to heart diseases (P < 0.001)

and liver disease (P = 0.001), as well greater severity by
CCI >3 (P = 0.03) [Table 3].

Heart disecase was an independent risk factor in patients
with SAH and type 2 DM and was shown to increase
approximately 18 times the chance of HA-AKI (OR 17.94,
CI 2.23-144.44), P = 0.007. Older age also showed to
be a predictor, although with less intensity (OR 1.05, 1C
1.01-1.09), P = 0.009 [Table 4].

DISCUSSION

The findings showed that the hypertensive and diabetic
patients who evolved with HA-AKI after hospitalization
in a nonintensive setting presented greater severity
as measured by CCI >3, P = 0.03, in addition to
multimorbidity such as heart diseases (P < 0.001), liver
diseases (P = 0.001), and overweight (P = 0.01). More
severe renal impairment (KDIGO 2 or 3) was also found
in the group with SAH and DM. AKI is a pathology
generally associated with a high morbidity burden and
consequent increase in costs and mortality;"” it can
even cause permanent changes in the renal function and
development of CKD.!

The hypertensive and diabetic patients with HA-AKI
remained hospitalized for a long period, with a median
of 38 days, which is consistent with the findings among
the 1,285,045 participants from eight cohort studies of
a meta-analysis.””! Even the GFR of the hypertensive
and diabetic group was lower, 62 (47-85) mL/min when
compared to the group without hypertension and diabetes,
87 (57-103) mL/min, P = 0.052.

In this context, regardless of the origin of the disease
or the patient’s geographical location, given the absence

Table 2: Relationship of patients with and without a history of arterial hypertension and diabetes mellitus with the clinical

variables. Brasilia, Brazil, 2019

Variables Patients without SAH and DM (n=31) Patients with SAH and DM (n=57) P
n (%) Median (25-75) n (%) Median (25-75)
Demographic
Age (years old) 55 (43-68) 70 (62-76) 0.001
Male gender 19 (61.3) 26 (45.6) 0.2
BMI (kg/m?) 23.8(20.7-26.7) 26.9 (24.0-31.1) 0.01
White race 3(25.0) 7 (25.9) 0.9
Antibiotic
Use of ATB 26 (83.9) 46 (80.7) 0.7
Number of ATB 2 (2-3) 3(1-4) 0.2
Diuretics
Use of diuretic 23 (74.2) 45 (78.9) 0.6
Loop diuretic 22 (71.0) 44 (77.2) 0.5
Potassium sparing 8 (25.8) 17 (29.8) 0.7
Thiazides 3(9.7) 6 (10.5) 0.9

Chi-square test, Mann—Whitney test, Fisher’s exact test. SAH: Systemic arterial hypertension, DM: Diabetes mellitus, BMI: Body mass index, ATB:

Antibiotic
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Table 3: Relationship of patients with and without arterial hypertension and diabetes mellitus with variables related to

severity. Brasilia, Brazil, 2019

Patients without SAH and DM (n=31) Patients with SAH and DM (n=57) P
n (%) Median (25-75) n (%) Median (25-75)

Scores

CCI>3 10 (32.3) 32 (56.1) 0.03

Mechanical ventilation

Use of TCT 7 (22.6) 16 (28.1) 0.6
Oxygen therapy

0, mask 4 (12.9) 5(8.8) 0.7

Laboratory variables

Hemoglobin (g/dL) 10.4 (8.7-11.9) 10.8 (9.6-12.7) 0.2
Hemodynamics

Altered MAP 17 (60.7) 46 (82.1) 0.04
Comorbidities

Respiratory 9(29.0) 23 (40.4) 0.3

Heart disease 1(3.2) 25 (43.9) <0.001

Hepatopathy 11 (35.5) 4(7.0) 0.001
Others

KDIGO 2 or 3 (kidney injury or failure) 11(35.5) 22 (38.6) 0.8

HA-AKI 18 (58.1) 30 (52.6) 0.6
Baseline CrCl (mL/min) 87 (57-103) 62 (47-85) 0.052

Death 3(9.7) 12 (21.8) 0.1

Death after medical clinic 13 (43.3) 23 (41.8) 0.9

Blood transfusion 3(10.0) 8 (14.0) 0.7

Days of hospitalization (days) 33 (18-75) 38 (22-60) 0.9

Chi-square test, Mann—\Whitney test, Fisher’s exact test. CCI: Charlson’s comorbidity index, TCT: Tracheostomy, 0,: Oxygen, MAP: Mean arterial
pressure, CrCl: Creatinine clearance, Ha-AKI: Hospital-acquired acute kidney injury, KDIGO: Kidney Disease Improving Global Outcomes

Table 4: Multivariate analysis of risk factors for diabetic and
hypertensive patients with hospital-acquired acute kidney
injury. Brasilia, Brazil, 2019

Variables Coefficients P OR 95% CI (OR)

Lower Upper
Age 0.050 0.009 1.05 1.01 1.09
Heart disease 2.887 0.007 17.94 2.23 144.44
Constant -2.982 0.013 0.05

Chi-square=27.44, degrees of freedom of the model=2, P<0.001,
n=88. OR: 0dds ratio, CI: Confidence interval

of a successful pharmacological therapy to treat AKI,
early identification of at-risk patients is fundamental to
preventing the progression of AKI to CKD, characterized
by the irreversible loss of nephrons.!

Itis noteworthy that the acute kidney disease in the majority
group of hypertensive and diabetic patients persisted
predominantly during the 6-month follow-up period, which
configures progression to CKD. According to the KDIGO
classification, CKD is defined as an abnormality of the
renal structure or function, represented by the change in
serum creatinine and GFR, present for a period longer
than 3 months.”!

Advanced age and heart diseases showed to be independent
risk factors for HA-AKI in hypertensive and diabetic
patients and therefore increased the chance of this
syndrome occurring in the hospital setting (OR 1.05, CI
1.01-1.09), P = 0.009 and (OR 17.94, CI 2.23-144.44),
P = 0.007, respectively. In addition to revealing at-risk

patients, these findings reinforce the need to monitor serum
creatinine and/or urinary output as predictive measures for
AKI. A careful assessment of volume and hemodynamics
in these patients can represent a differential to achieving
renal recovery.!

The incidence of AKI is increasing in individuals of
different ages; however, in older adults, the greater
predisposition can be related to frequent multimorbidity
and renal senility.**! In the current study, the age of
the patients with SAH and DM, especially, was 70 years
old, of which 52.6% developed HA-AKI, with a median
creatinine clearance of 62 mL/min. Consequently,
mortality presented more incidence in this group when
compared to the group without SAH and DM (21.8%
vs. 9.7%). Deterioration of the renal function during
hospitalization can be corroborated by different factors,
such as advanced age, use of medications, cardiac
function, and infection, in addition to underlying diseases
such as SAH and DM.P

In addition to aging, overweight (P = 0.01) has also been
identified among hypertensive and diabetic patients with
HA-AKI. They are both recognized as indicators for
HA-AKI, as they exert an influence on diabetes control and
on the precise assessment of renal function. Heart diseases
stood out for increasing approximately 18 times the chances
of AKI. Heart failure, for example, is characteristically a
disease of advanced age and its decompensation, as well as
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of other heart diseases, can trigger hemodynamic changes
and reduce blood supply to the renal tissue, causing AKI.

Targeted recognition of the predictors of HA-AKI by the
multidisciplinary health team can improve the effectiveness
of the treatment of underlying diseases and prevent
or mitigate additional renal problems in the patients,
particularly among those hospitalized or undergoing
long-term treatments.*)

In relation to the clinical outcome in the nonintensive
setting, a number of studies point to the association of
comorbidities with HA-AKI as a reason for the increased
mortality risk.?**" The results of this study reveal that
most of the patients were discharged (65.9%) and that
17.0% evolved to death. Even so, the more severe stages
of HA-AKI identified especially among the diabetic and
hypertensive patients, characterized by the more expressive
predominance of KDIGO 2 or 3, greater number of
comorbidities, use of antibiotics, and altered MAP, allows
highlighting the importance of preventive measures, such
as serial creatinine dosage in at-risk patients to avoid or
mitigate the repercussions of this syndrome in the health
system and to support early diagnosis.*

The limitations of this study include its unicentric
approach and its reduced sample size, which can impair the
generalization of the results. The absence and inaccuracy
of urinary volume records was also a condition that limited
the assessment of the renal function’s evolution process.

CONCLUSION

Hypertensive and diabetic patients in a nonintensive setting
presented more severity in relation to the other patients, as
they evolved to KDIGO 2 and 3 HA-AKI more frequently.
The independent predictors for nonintensive HA-AKI
in diabetic and hypertensive patients were age and heart
disease, but heart disease significantly increased the chance
of HA-AKI in a nonintensive environment.

Delays in identifying risk factors may predispose to more
severe impairments. Risk assessments support early
identification and can encourage professionals in directing,
decision-making, and care management.
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