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Resumo:

Introducdo: A lesédo renal aguda (LRA) é uma complica-
céo frequente da pneumonia adquirida na comunidade (PAC).
No entanto, a fisiopatologia subjacente ndo esta totalmente
esclarecida. Certos fatores tém-se mostrado associados ao
aumento do risco, embora ainda existam poucos dados dis-
poniveis. O principal objetivo deste estudo era identificar fato-
res associados a LRA na PAC.

Material e Métodos: Estudo retrospetivo em doentes com
PAC confirmada, internados num servico de Medicina Interna
no periodo de 1 ano, apresentando ou ndo LRA a admissao.
Realizada estatistica comparativa entre os doentes sem e com
LRA, regresséao logistica univariada e multivariavel com calculo
de odds ratio (OR), e analise de sobrevivéncia.

Resultados: Foram incluidos 578 doentes, 52,4% do sexo
masculino, com idade média de 81,70+11,54 anos, e 41,3% ti-
nham LRA. A idade média era mais elevada no grupo com LRA
(p<0,001), sem diferencas no sexo. Na analise univariada, va-
rias comorbilidades, farmacos, pressao arterial diastélica (PAD)
e alguns parametros gasométricos mostraram associagao com
a LRA. A analise multivariavel selecionou sete variaveis como
fatores associados independentes: idade (OR 1,027), hiperuri-
cémia (OR 1,990), doenca renal cronica (OR 3,138), diurético
(OR 1,555), estatina (OR 1,805), PAD (OR 0,978) e lactato séri-
co (OR 1,350), permitindo a construgéo de um modelo proba-
bilistico de LRA com especificidade de 81,1%.

Conclusao: Este estudo confirmou achados prévios e
identificou novos fatores associados a LRA, nomeadamente
o lactato sérico. O modelo multivariavel constitui um ponto de
partida na criacdo de verdadeiros indices preditores de LRA
na PAC com aplicabilidade clinica e impacto na abordagem
terapéutica e progndstico.
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Abstract.

Introduction: Acute kidney injury (AKI) is a frequent com-
plication of community-acquired pneumonia (CAP). Nonethe-
less, the underlying pathophysiology is not fully understood.
Certain factors have shown association with increased risk,
but there is still data lacking. The main objective of this study
was to identify factors associated with AKl in CAP,

Methods: We conducted a retrospective study in patients
with confirmed CAR, admitted to an Internal Medicine depart-
ment within a period of 1 year, presenting with or without AKl on
admission. We performed comparative statistics between non-
-AKI and AKI patients, univariate and multivariable logistic re-
gression with odds ratio (OR) calculation, and survival analysis.

Results: This study included 578 patients, of which 52.4%
were male, had a mean age of 81.70+11.54 years, and
41.3% had AKI. The mean age was higher in the AKI group (p
<0.001), with no differences for gender. In the univariate analy-
sis, several comorbidities, drugs, diastolic blood pressure and
some gasometric parameters showed association with AKI.
The multivariable analysis selected seven variables as inde-
pendent associated factors: age (OR 1.027), hyperuricemia
(OR 1.990), chronic kidney disease (OR 3.138), diuretic (OR
1.555), statin (OR 1.805), diastolic blood pressure (OR 0.978)
and serum lactate (OR 1.350), enabling the development of an
AKI probabilistic model with a specificity of 81.1%.

Conclusion: This study confirmed previous findings and
identified new factors associated with AKI, namely serum lac-
tate. The multivariable model represents a starting point for
the creation of true predictive indexes of AKI in CAP with clini-
cal applicability and impact on the therapeutic approach and
pPrognosis.

Keywords: Acute Kidney Injury/diagnosis; Acute Kidney
Injury/etiology; Community-Acquired Infections/complications;
Pneumonia/complications; Prognosis
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Introduction

Community-acquired pneumonia (CAP) is a frequent cause
of hospitalization, particularly in the elderly population, which
has been growing exponentially.’? Several studies have shown
that CAP is associated with significant morbidity and mortality,
both in the short- and long-term.®4 Acute kidney injury (AKI)
can occur as a complication of CAP in at least 18% to 34%
of the patients, even in CAP considered non-severe, having
shown association with a worse prognosis, including greater
severity of pneumonia, length of hospital stay and mortality.’56
Although not yet fully understood, the pathophysiological me-
chanisms underlying the development of AKI in sepsis have
been extensively investigated,”® contrary to the relationship
between AKI and less severe infections without evidence of
sepsis.® In general terms, it has been demonstrated that the
development of AKl is a multifactorial phenomenon, in which
inflammatory and immunological processes may play a key
role.'®7 On the other hand, some factors, including advanced
age, chronic kidney disease (CKD), diabetes, use of diuretics
and statins, have shown association with an increased risk of
developing AKI in the context of CAP, although data available
is scarce and contradictory.®" Early identification of patients
with a higher risk of AKI in CAP allows a more adequate and
timelier preventive and therapeutic approach, with potential
improvement of the prognosis.>®

The main objective of this study was to identify indepen-
dent associated factors for the development of AKI in CAP,
among baseline patient characteristics and gasometric para-
meters. Secondary objectives were to estimate the incidence
and assess the impact of AKI in CAP in terms of length of
hospital stay, in-hospital and post-discharge mortality, and
survival.

Material and Methods

We conducted a retrospective cohort study in patients hos-
pitalized in the Internal Medicine department of Centro Hospita-
lar e Universitario de Coimbra, from November 2018 to October
2019. Patient status, alive or deceased, after discharge was
evaluated until 31t of January 2022. This study was performed
in accordance with the Declaration of Helsinki of the World Me-
dical Association and was approved by the Ethics Committee
of the Centro Hospitalar e Universitario de Coimbra.

Among all patients admitted in the department in the
above-mentioned time period, we included patients with a
definitive diagnosis of pneumonia on admission, according
to the presence of new consolidation or infiltrate on chest
radiograph accompanied by at least two signs or symptoms
of pulmonary infection, including fever, cough, sputum, shor-
tness of breath, chest pain, pulmonary auscultation changes
and low oxygen levels.

Exclusion criteria included hospital-acquired pneumo-
nia, aspiration pneumonitis/pneumonia, pulmonary em-
bolism, end-stage kidney disease, patients under dialysis,

74 Medicina Interna

REVISTA DA SOCIEDADE PORTUGUESA DE MEDICINA INTERNA

immunosuppressive therapy or not treated with antibiotics.
To reduce bias, we also excluded patients with other possi-
ble causes of AKI, mainly other sources of infection, acute or
decompensated chronic heart failure (HF), decompensated
cirrhosis, non-septic shock, as well as intrinsic or postrenal
AKI.

The following variables were obtained: age, sex, de-
pendency for activities of daily living (ADLs), comorbidities,
Charlson Comorbidity Index (CCI), usual medication before
admission, symptoms, vital signs, including blood pressure
(BP), heart rate (HR), temperature, respiratory rate (RR), and
oxygen saturation, pulmonary auscultation findings, basal
and on admission creatinine, urea nitrogen and gasometric
values on admission, length of hospital stay, status at dis-
charge, and survival. AKI was defined and classified using
the Kidney Disease/Improving Global Outcomes (KDIGO) cri-
teria,'? considering the creatinine value on hospital admis-
sion. CAP was classified on admission using validated scores
CURB-65 and Pneumonia Severity Index (PSI) and was de-
fined as non-severe CAP if PSI classes | to lll, or severe if
classes IV and V.°

Outcomes for prognosis evaluation were: in-hospital mor-
tality, 30 day, 6-month and 1-year mortality, and length of
hospital stay. All clinical and laboratory characteristics were
collected from the hospital electronic clinical records and
were anonymously stored.

Statistical analysis was performed using the software IBM
SPSS version 24. Descriptive statistics of demographic and
clinical variables are presented as absolute and relative fre-
quencies for categorical data, mean and standard deviation
(SD) for normally distributed quantitative variables, or median
and interquartile range (IQR) for non-parametric methodolo-
gy. Baseline demographic patient characteristics as well as
PSI class, CURB-65 and length of hospital stay, with and
without AKI, were compared using the Student’s t-test or
Mann-Whitney U-test, depending on the normality of the dis-
tribution. The chi-square or Fisher’s exact tests were used for
categorical variables.

Variables with potential association with AKI were analyzed
using a univariate logistic regression to calculate their unad-
justed odds ratio (OR). To create a probabilistic model of AKI
in CAP, we ran a multivariable logistic regression using the
forward: Wald method. A Hosmer-Lemeshow test was used
to evaluate the goodness-of-fit and a receiver operating cha-
racteristic (ROC) curve was used to test the discriminative
performance of the model. Univariate logistic regression was
also used to assess the impact of AKI on mortality rates of
CAP. Survival curves were built using the Kaplan-Meier me-
thod and comparison of survival in non-AKI and AKI patients
was achieved with the log-rank test, and the impact of AKlI on
survival was evaluated using a Cox regression. A two-tailed p
value of less than 0.05 was considered statistically significant
and a 95% confidence interval (Cl) was used.



Results

The original sample consisted of 1066 patients with inclu-
sion criteria, of whom 488 were excluded, according to the
previously defined exclusion criteria. A total of 578 patients
were ultimately included.

Patients’ general characteristics on admission

Analyzing the total number of patients, 303 (52.4%) were
male, the mean age was 81.70 + 11.54 years and 200 (34.6%)
were fully dependent for ADLs, with a median Katz Index of
2 (IQR 5). Mean creatinine value on admission was 1.26 =
0.78 mg/dL, ranging between 0.33 and 6.35 mg/dL, with AKI
identified in 41.3% (n = 239) of the patients, of which 195
(81.6%) were KDIGO 1, 37 (15.5%) KDIGO 2, and 7 (2.9%)
KDIGO 3. Mean basal creatinine levels before admission were
0.95 + 0.44, ranging between 0.21 and 2.98 mg/dL. Mean
urea nitrogen on admission was 31.75 + 22.04 mg/dL. CAP
was classified according to the PSI as non-severe CAP in 56
(9.7%) patients and severe in the remaining 522 (90.3%). The
incidence of AKI according to PSI group was 25.0% (n = 14)
in non-severe CAP and 43.1% (n = 225) in severe CAP. The
general characteristics of the patients distributed according
to the absence (non-AKI) or presence of AKI are shown in
Table 1. Using comparative tests between the non-AKI and
AKI groups, statistically significant differences were observed
for age (79.96 + 12.83 vs 84.17 + 8.86, p <0.001), severe
CAP (87.6% vs 94.1%, p = 0.01) and CURB-65 (2.27 + 1.12
vs 2.69 + 1.04, p <0.001).
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hyperuricemia (OR 2.393, 95% Cl 1.426-4.014), HF (OR 1.934,
95% Cl 1.351-2.767), cardiac arrhythmia (OR 1.554, 95% Cl
1.101-2.195), CKD (OR 3.761, 95% CI 2.458-5.756), taking
more than 5 drugs (OR 2.379, 95% CI 1.500-3.774), use of
angiotensin converting enzyme inhibitor (ACEI) (OR 1.780, 95%
Cl1.247-2.540), angiotensin receptor blocker (ARB) (OR 1.580,
95% CI 1.050-2.378), beta-blocker (OR 1.492, 95% CI 1.031-
2.158), diuretic (OR 2.128, 95% Cl 1.516-2.988), statin (OR
2.006, 95% Cl 1.429-2.816), diastolic BP (OR 0.977, 95% ClI
0.964-0.990), serum bicarbonate (OR 0.961, 95% CI 0.924-
0.999) and serum lactate (OR 1.376, 95% Cl 1.129-1.675).

Multivariable probabilistic model of aki in cap

Including the statistically significant variables of the uni-
variate analysis, and adding sex and age, a multivariable lo-
gistic regression analysis was performed using the forward:
Wald method, allowing the identification of factors associa-
ted with AKI with statistically significant adjusted ORs (Table
3): age, hyperuricemia, CKD, diuretic, statin, diastolic BP
and serum lactate. Using the respective regression coeffi-
cients, we built a probabilistic model of AKI in CAP (Fig. 1),
with a sensitivi

ty of 52.7% and a specificity of 81.1%, correctly classi-
fying 68.9% of the cases. The Hosmer-Lemeshow test did
not reject the null hypothesis that the predicted values are
close to the actual observed values, with a p value of 0.894.
The ROC curve obtained an area under the curve of 0.728
(95% CI 0.684-0.771).

Table 1: Patients’ general characteristics on admission distributed by non-AKI and AKI group.

578 339 239 ===

Number of patients

Male [n (%)] 303 (52.4)
Age (years, mean+SD) 81.70+11.54
Katz Index [median (IQR)] 2 (5)
Home residence [n (%)] 343 (59.3)
Severe CAP (PSI IV and V) [n (%)] 522 (90.3)
CURB-65 (mean+SD) 2.44+1.10

IQR - interquartile range; SD — standard deviation.

Factors associated with AKI

The univariate logistic regression analysis of the variables
with potential association with AKl is shown in Table 2. The va-
riables with statistically significant unadjusted ORs were: num-
ber of comorbidities (OR 1.137, 95% CI 1.067-1.211), CCl
(OR 1.119, 95% CI 1.103-1.303), arterial hypertension (OR
1.946, 95% Cl 1.375-2.755), dyslipidemia (OR 1.435, 95%
Cl 1.029-2.002), diabetes (OR 1.690, 95% CI 1.188-2.403),

170 (50.1) 133 (55.6) 0.205
79.96+12.83 84.17+8.86 <0.001
2 (6) 2 (5) 0.195
208 (61.4) 135 (56.5) 0.264
297 (87.6) 225 (94.1) 0.010
2.27+1.12 2.69+1.04 <0.001

Outcomes and survival

Global in-hospital mortality rate was 26.6% (n = 154),
with a mean length of hospital stay of 9.85 + 6.91 days.
The median follow-up time after admission was 29.55 (IQR
31.42) months. Mean survival was 24.47 months (95% CI
23.07-25.87), with a 6-month mortality of 29.1%. Comparison
of outcomes and survival in the non-AKI and AKI groups is
shown in Table 4. Although the AKI group presented higher
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Table 2: Variables distributed by non-AKI and AKI group, and univariate logistic regression data.

Tow (1=570) | NowAKI(1=339) | AKI(n=209) |  OR(0IoSW

No of comorbidities (mean+SD) 6.43+2.72 6.04+2.63 6.97+2.77 1.137 (1.067-1.211) <0.001
CCI (mean+SD) 5.90+2.13 5.58+1.97 6.36+2.25 1.119 (1.103-1.303) <0.001
Arterial hypertension [n (%)] 346 (59.9) 181 (53.4) 165 (69.0) 1.946 (1.375-2.755) <0.001
Dyslipidemia [n (%)] 296 (51.2) 161 (47.5) 135 (56.5) 1.435 (1.029-2.002) 0.033
Diabetes [n (%)] 188 (32.5) 94 (27.7) 94 (39.3) 1.690 (1.188-2.403) 0.003
Hyperuricemia [n (%)] 68 (11.8) 27 (8.0) 41 (17.2) 2.393 (1.426-4.014) 0.001
Heart failure [n (%)] 177 (30.6) 84 (24.8) 93 (38.9) 1.934 (1.351-2.767) <0.001
Cardiac arrythmia [n (%)] 205 (35.5) 106 (31.3) 99 (41.4) 1.554 (1.101-2.195) 0.012
Chronic kidney disease [n (%)] 120 (20.8) 40 (11.8) 80 (33.5) 3.761 (2.458-5.756) <0.001
COPD [n (%)] 118 (20.4) 66 (19.5) 52 (21.8) 1.150 (0.765-1.730) 0.502
Thyroid disease [n (%)] 63 (10.9) 36 (10.6) 27 (11.9) 1.072 (0.632-1.819) 0.797
Cerebrovascular disease [n (%)] 217 (37.5) 131 (38.6) 86 (36.0) 0.892 (0.633-1.258) 0.516
Chronic liver disease [n (%)] 35 (6.1) 21(6.2) 14 (5.9) 0.942 (0.469-1.893) 0.867
Malignancy [n (%)] 97 (16.8) 53 (15.6) 44 (18.4) 1.218 (0.785-1.889) 0.380
More than 5 drugs [n (%)] 456 (78.9) 249 (73.5) 207 (86.6) 2.379 (1.500-3.774) <0.001
ACEI [n (%)] 184 (31.9) 90 (26.5) 94 (39.9) 1.780 (1.247-2.540) 0.001
ARB [n (%)] 117 (20.2) 58 (17.1) 59 (24.7) 1.580 (1.050-2.378) 0.028
Beta-blocker [n (%)] 159 (27.5) 82 (24.2) 77 (32.2) 1.492 (1.031-2.158) 0.034
Diuretic [n (%)] 273 (47.2) 134 (39.5) 139 (58.2) 2.128 (1.516-2.988) <0.001
Statin [n (%)] 254 (43.9) 125 (36.9) 129 (54.0) 2.006 (1.429-2.816) <0.001
Cough [n (%)] 314 (564.3) 179 (62.8) 135 (56.5) 1.153 (0.826-1.609) 0.402
Sputum [n (%)] 252 (43.6) 150 (44.2) 102 (42.7) 0.933 (0.668-1.304) 0.685
Dyspnea [n (%)] 404 (69.9) 239 (70.5) 165 (69.0) 0.924 (0.644-1.325) 0.666
Fever [n (%)] 239 (41.3) 139 (41.0) 100 (41.8) 1.025 (0.732-1.434) 0.887
Chest pain [n (%)] 72 (12.5) 39 (11.5) 33 (13.8) 1.228 (0.748-2.018) 0.417
SRD [n (%)] 94 (16.39) 54 (15.9) 40 (16.7) 1.057 (0.676-1.653) 0.808
Altered consciousness [n (%)] 250 (43.3) 145 (42.8) 105 (43.9) 1.0483 (0.747-1.457) 0.805
Changes in lung sounds [n (%)] 532 (92.0) 310 (91.4) 222 (92.9) 1.253 (0.662-2.372) 0.488
Systolic BP [mmHg, median (IQR)] 123 (33) 126.5 (31) 121 (35) 0.993 (0.986-1.001) 0.051
Diastolic BP [mmHg, median (IQR)] 66 (17) 68 (13.8) 63 (18) 0.977 (0.964-0.990) <0.001
HR (bpm, mean+SD) 88.00+20.30 89.80+19.46 84.84+21.38 0.992 (0.984-1.001) 0.064
02 Saturation [%, median (IQR)] 93 (5) 92 (6) 92 (6) 0.992 (0.960-1.025) 0.613
Temperature (°C, mean+SD) 37.49+3.94 37.58+3.80 37.24+1.08 0.949 (0.855-1.054) 0.332
Increased RR [n (%)] 215 (37.2) 131 (38.6) 84 (35.1) 0.909 (0.641-1.289) 0.592
Respiratory failure [n (%)] 452 (78.2) 266 (78.5) 186 (77.8) 0.937 (0.627-1.400) 0.750
Arterial pH [median (IQR)] 7.44 (0.08) 7.44(0.07) 7.44 (0.09) 0.884 (0.084-9.305) 0.918
PaO2 [mmHg, [median (IQR)] 62 (18.20) 61.5 (18.65) 63.2 (18.95) 1.004 (0.996-1.012) 0.352
Pa02/FiO2 ratio [median (IQR)] 266.7 (91.1) 271.2 (83.2) 259.8 (90.2) 1.000 (0.997-1.002) 0.674
PaCO2 [mmHg, median (IQR)] 36.7 (10.4) 37.2 (10.0) 36.2 (11.6) 0.984 (0.967-1.001) 0.062
Bicarbonate [mmol/L, median (IQR)] 24.6 (5.50) 25 (4.45) 24.4 (5.85) 0.961 (0.924-0.999) 0.045
Lactate [mmol/L, median (IQR)] 1.30 (0.90) 1.18 (0.79) 1.47 (0.89) 1.376 (1.129-1.675) 0.002

ACEI - angiotensin converting enzyme inhibitor; AKI — acute kidney injury; ARB — angiotensin receptor blocker; BP — blood pressure; CCl — Charlson Comorbidity Index;
Cl - confidence interval; COPD — chronic obstructive pulmonary disease; FiO2 — fraction of inspired oxygen; HR — heart rate; IQR — interquartile range; OR — odds ratio;
PaCO2 - partial pressure of carbon dioxide; PaO2 — partial pressure of oxygen; RR — respiratory rate; SD — standard deviation; SRD — signs of respiratory distress.
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exp(-2.249 + 0.026xAge + 0.688xHU + 1.144xCKD + 0.441xDiu + 0.591xStat — 0.022xDBP + 0.300xLact)

P(AKI) =

1 + exp(-2.249 + 0.026xAge + 0.688xHU + 1.144xCKD + 0.441xDiu + 0.591xStat — 0.022xDBP + 0.300xLact)

Figure 1: Multivariable probabilistic model of AKI in CAP.

P — probability; exp — exponential; HU — hyperuricemia; CKD — chronic kidney disease; Diu — diuretic; Stat — statin; DBP — diastolic blood pressure; Lact — lactate.

Table 3: Independent factors associated with AKI obtained in the multivariable logistic regression.

0.026
Hyperuricemia 0.688
Chronic kidney disease 1.144
Diuretic 0.441
Statin 0.591
Diastolic BP -0.022
Lactate 0.300

BP — blood pressure; Cl — confidence interval; OR — odds ratio.

mortality, there were no statistically significant differences.
Univariate logistic regression to assess impact of AKI on
mortality did not obtain significant OR: in-hospital mortality
OR 1.088 (95% CI 0.749-1.581, p = 0.657); 30-day mortality
OR 1.106 (95% CI1 0.712-1.720, p = 0.653); 6-month mortality
OR 1.054 (95% CI 0.733-1.517, p = 0.776); 1-year mortality
OR 1.091 (95% CI 0.773-1.541, p = 0.619). Fig. 2 shows the
survival curves in months for the non-AKI and AKI groups.

1.027 1.006-1.047 0.011
1.990 1.092-3.626 0.025
3.138 1.934-5.092 <0.001
1.655 1.046-2.310 0.029
1.805 1.220-2.671 0.003
0.978 0.963-0.993 0.004
1.350 1.090-1.671 0.006

Survival was marginally lower in the AKI group, with a non-
significant p value in the log-rank test (p = 0.294) and in the
Cox regression (p = 0.329, hazard ratio 1.127, 95% CI 0.887-
1.431). Adjusting according to the PSI group, the log-rank test
continues to obtain p values greater than 0.05 (p = 0.858 and
p = 0.598, for non-severe and severe CAP, respectively). In
the group of patients with AKI, there were no differences in
survival by KDIGO class (p = 0.370).
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Figure 2: Survival curves of the non-AKI and AKI groups.
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Table 4: Outcomes and survival distributed by non-AKI and AKI group.

Length of hospital stay* 9.85+6.91
In-hospital mortality [n (%)] 154 (26.6)
30-day mortality [n (%)] 97 (16.8)
6-month mortality [n (%)] 168 (29.1)
1-year mortality [n (%)] 206 (35.6)

Overall survival® 24.47 (23.07-25.87)

Survival - non-severe PSI groupt 35.20 (32.40-38.00)

Survival - severe PSI group® 23.31 (21.83-24.80)

SD — standard deviation
*(days, mean+SD); t[months, mean (95% ClI)]

Discussion

AKl is a relatively frequent complication of CAP, regardless
of its severity or the presence of sepsis, having an important
impact on short- and long-term prognosis.’>¢ However, the
underlying mechanisms are not fully understood, nor are the
factors or individuals potentially at risk.>%'" To the best of our
knowledge, this is the first study to assess the incidence, im-
pact and factors associated with AKI in Portuguese patients
hospitalized for CAP. In this study, 41.3% of the patients ad-
mitted for CAP had AKI on admission, a higher incidence than
previously reported.’5%0 As expected, since these patients
required hospitalization, the majority (90.3%) had a PSI class
IV or V, with an incidence of AKI of 43.1% in this group. In
the non-severe CAP group (PSI | to Ill), AKI was identified in
25.0% of the patients, a lower percentage than described in
other studies.®

From another point of view, there was a higher percentage
of patients with PSI IV or V, as well as a higher mean value
of CURB-65 in the group with AKI (o = 0.01 and p <0.001,
respectively), which may be due, on the one hand, to the fact
that the severity scores include urea nitrogen, but, on the
other hand, to the fact that the mechanisms underlying seve-
re pneumonia may contribute to the development of AKI and
vice versa, in a process of synergistic interaction between the
lung and the kidney."81018 Although there is still scarcity of
data available, some clinical and demographic characteristics
have been identified as possible factors associated with AKI,
including male gender and advanced age.®'®'* In this study,
although the male gender represented a higher percentage in
the AKI group versus in the non-AKI, this difference was not
statistically significant. On the contrary, the mean age was sta-
tistically significantly higher in the AKI group (79.96 + 12.83 vs
84.17 + 8.86, p <0.001).

Regarding comorbidities and drugs, previous studies
have not obtained entirely concordant results, but diabetes,
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9.70+6.52 10.08+7.42 0.521
88 (26.0) 66 (27.6) 0.703
55 (16.2) 42 (17.6) 0.735
97 (28.6) 71(29.7) 0.781
118 (34.8) 88 (36.9) 0.659
24.95 (23.13-26.78)  23.74 (21.56-25.92) 0.294
35.12 (31.90-38.35)  33.02 (27.85-38.19) 0.858
2350 (21.53-25.48)  23.01 (20.76-25.27) 0.598

hypertension, HF and the use of ACEls or ARBs were the
factors most consistently identified.”®%%* |In our univariate
logistic analysis, hypertension, dyslipidemia, diabetes, hype-
ruricemia, HF, cardiac arrhythmia, CKD, use of ACEls, ARBs,
diuretics, beta-blockers and statins were associated with AKI
with statistically significant unadjusted ORs. Furthermore, the
number of comorbidities, the CCI and taking more than 5
drugs showed the same significant association with AKI, con-
tributing to the evidence that this is a multifactorial process
that may depend not only on a specific comorbidity, but on
the constellation and interaction of the patient’s previous pa-
thologies.

In contrast, symptomatology on admission did not show
any association, not even altered state of consciousness,
which could potentially be associated with dehydration, a we-
lI-known mechanism of development of AKI. Among the vital
signs, only diastolic BP on admission was inversely associa-
ted with the development of AKI, with systolic BP showing
the same tendency, which can reflect the role of hemodyna-
mic changes in this process. On the other hand, one study
identified acute respiratory failure as an independent risk fac-
tor for AKI in CAP."® Based on this assumption, we extended
the analysis to other gasometric parameters in arterial blood,
considering they are valuable indicators of the lung-kidney in-
teraction in acid-base balance, and are easily accessible on
patient admission, often even before any laboratory work re-
sult. In our sample, neither the presence of respiratory failure
nor the partial pressure of oxygen/fraction of inspired oxygen
ratio showed association with AKI, but the serum levels of bi-
carbonate and lactate proved to be potential factors associa-
ted with AKI, the first intrinsically linked to renal function, and
the latter a possible hemodynamic marker.

The multivariable logistic regression of the factors identified
in the univariate analysis selected age, hyperuricemia, CKD,
diuretics, statins, diastolic BP (inverse correlation) and serum



lactate as independent factors associated with AKI. Of note,
and as far as the authors are aware, hyperuricemia, diasto-
lic BP and serum lactate had not been assessed in previous
studies in the specific context of CAP, revealing that there is
still a wide range of factors and mechanisms that need to be
investigated. Unsurprisingly, CKD is the variable most strongly
associated with AKI, having an adjusted OR of 3.138 (95% ClI
1.984-5.092). Hyperuricemia also showed substantial asso-
ciation since its presence increased the odds of AKI by a fac-
tor of almost 2 (OR 1.990 with a 95% CI of 1.092-3.626). On
the other hand, age and diastolic BP showed a poor associa-
tion, presenting an OR of nearly 1. Based on the results of the
multivariable analysis, we built a probabilistic model to calcu-
late the probability of a patient presenting AKI in the context of
CAP. Despite having a relatively low sensitivity, the specificity
of the model is greater than 80%, and the area under the ROC
curve and the Hosmer-Lemeshow test confirmed its adequa-
cy. In addition, this model incorporates a balanced range of
variables, by including a demographic characteristic, previous
pathologies, drugs, as well as a vital sign and a gasometric
parameter. Therefore, this model can be the starting point for
the development of internally and externally validated predicti-
ve indexes applicable in clinical practice, allowing a fast and ti-
mely screening of patients at risk of AKI, who may need closer
monitoring of the renal function, as well as the implementation
of preventive strategies for the development of AKI.

Finally, unlike what is reported in the literature that the
presence of AKI correlates with poor prognosis, 56919 in this
study, despite presenting a higher mortality, with OR and Ha-
zard Ratio values slightly greater than 1, the development of
AKI did not have a statistically significant impact on the length
of hospital stay, prognosis and survival, which may be due not
only to the fact that most AKI patients were KDIGO 1, but also
to a prompt and effective approach by the medical teams.

The main limitation of this study is its retrospective cross-
-sectional nature, allowing only the identification of asso-
ciations, but not causal relationships or true risk factors.
Additionally, in order to reduce potential confounders asso-
ciated with hospitalization, only creatinine on admission was
evaluated, thus, the development of AKI during the hospital
stay was not assessed. On the other hand, we included a rela-
tively high number of patients, enabling a multivariable logistic
analysis with statistical value.

Conclusion

This is the first study performed in a sample of Portugue-
se patients that confirms that AKI is common in patients with
CAP, occurring in a higher percentage than previously repor-
ted, as well as in PSI classes | to lll, a population that is often
not included.*®

Furthermore, it reinforces the importance of comorbidities
and previous medications as factors associated with the de-
velopment of AKI. On the other hand, symptomatology did not
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correlate with this process, even altered state of conscious-
ness that could be associated with dehydration, proving that
there are other underlying pathophysiological mechanisms. In
turn, apart from respiratory failure, the analysis of gasome-
tric parameters has not been previously performed in other
studies, and we identified serum lactate as an independent
associated factor. The multivariable logistic regression model
represents a breakthrough in the development of true predic-
tive indexes of AKI in CAP with applicability in clinical practice
and impact on the therapeutic approach and prognosis.
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