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Background: Lactate is a commonly used biomarker for sepsis, although it has limitations 
in certain cases, suggesting the need for novel biomarkers. We evaluated the diagnostic 
accuracy of plasma renin concentration and renin activity for mortality and kidney out-
comes in patients with sepsis with hypoperfusion or hypotension.

Methods: This was a multicenter, prospective, observational study of 117 patients with 
septic shock treated at three tertiary emergency departments between September 2021 
and October 2022. The accuracy of renin activity, renin, and lactate concentrations in pre-
dicting 28-day mortality, acute kidney injury (AKI), and renal replacement requirement was 
assessed using the area under the ROC curve (AUC) analysis.

Results: The AUCs of initial renin activity, renin, and lactate concentrations for predicting 
28-day mortality were 0.66 (95% confidence interval [CI], 0.55–0.77), 0.63 (95% CI, 
0.52–0.75), and 0.65 (95% CI, 0.53–0.77), respectively, and those at 24 hrs were 0.74 
(95% CI, 0.62–0.86), 0.70 (95% CI, 0.56–0.83), and 0.67 (95% CI, 0.54–0.79). Renin 
concentrations and renin activity outperformed initial lactate concentrations in predicting 
AKI within 14 days. The AUCs of renin and lactate concentrations were 0.71 (95% CI, 
0.61–0.80) and 0.57 (95% CI, 0.46–0.67), respectively (P =0.030). The AUC of renin ac-
tivity (0.70; 95% CI, 0.60–0.80) was also higher than that of lactate concentration 
(P =0.044).

Conclusions: Renin concentration and renin activity show comparable performance to lac-
tate concentration in predicting 28-day mortality in patients with septic shock but superior 
performance in predicting AKI.
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INTRODUCTION

Septic shock is a potentially life-threatening condition character-
ized by decreased tissue perfusion; if not adequately treated, ir-
reversible organ failure can develop [1]. Despite advancements 
in intensive care, sepsis remains associated with considerable 
morbidity and mortality [2-4]. Parameters that can predict tissue 
perfusion status and prognosis are crucial for reducing sepsis-
related mortality [5].

The Third International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3) suggest measuring lactate as an indica-
tor of tissue perfusion and septic shock [6, 7]. Normalization of 
the lactate concentration is an important objective in the treat-
ment of early sepsis [8, 9]. In patients with infection, the lactate 
concentration is indicative of potential complications related to 
sepsis [10], thereby serving as a crucial marker for identifying 
and treating sepsis [6]. However, its performance is limited in 
cases involving aerobic glycolysis, hepatic failure, and the use of 
medications [11-13].

The renin-angiotensin-aldosterone system (RAAS) is activated 
as a physiological mechanism to prevent systemic hypotension 
in the presence of hypovolemia or tissue hypoperfusion [14-16]. 
Renin drives the RAAS and has recently been suggested to serve 
as a predictor in critically ill patients [17-19]. Plasma renin con-
centrations may reflect overall RAAS activation and vasomotor 
tone in patients with sepsis. Increased blood renin concentra-
tion indicate a compensatory response to low blood pressure 
and decreased tissue perfusion. Plasma renin activity (PRA) as-
say and direct renin concentration measurement are used for 
measuring renin. The results of these assays are generally 
equivalent in the absence of renin inhibition; however, when an 
inhibitor is bound to the renin active site, renin activity is inhib-
ited in the activity assay, whereas in the direct renin assay, renin 
recognition is unaffected [20]. Several studies have investigated 
the utility of plasma renin concentrations as a biomarker for tis-
sue perfusion. However, the results have been inconsistent. In a 
study of critically ill patients, renin was identified as a marker for 
intensive care unit (ICU) mortality and tissue perfusion. In an-
other study of patients with septic shock, renin was associated 
with adverse kidney outcomes and the severity of shock [19, 
21]. Studies of patients treated in an ICU revealed that renin 
concentrations were not significantly affected by diurnal varia-
tion, renal replacement therapy (RRT), or the use of medication 
[19, 22].

According to these findings, renin may be a reliable biomarker 
for determining the state of tissue perfusion and may likely be 

particularly useful in patients with sepsis, various types of 
shock, and underlying diseases such as liver disease. However, 
evidence of the usability of renin as a biomarker, particularly in 
the context of sepsis, is limited. Accordingly, we compared the 
diagnostic accuracy of plasma renin concentrations, renin activ-
ity, and lactate concentrations for mortality and kidney out-
comes in patients with septic shock admitted to the emergency 
department (ED) with hypoperfusion.

MATERIALS AND METHODS

Study design and population
This was a multicenter, prospective, observational study of pa-
tients with septic shock treated at three tertiary EDs between 
September 2021 and October 2022. The institutional review 
boards of the participating hospitals authorized the study proto-
col (approval No.: 2021-03-180). Written informed consent was 
obtained from all patients or their legal representatives.

The study included patients aged ≥19 yrs suspected of infec-
tion with refractory hypotension despite 20–30 mL/kg of fluid 
resuscitation or hypoperfusion [23].

Hypotension was defined as a systolic blood pressure (SBP) 
<90 mmHg, mean arterial pressure <70 mmHg, or SBP de-
crease from baseline >40 mmHg; hypoperfusion was defined 
as a blood lactate concentration >4 mmol/L. The exclusion cri-
teria were as follows: 1) patients aged <19 yrs, 2) patients with 
limitations on resuscitation, such as a do-not-resuscitate order, 
3) patients with terminal diseases, including cancers and neuro-
logical or hematological disorders, 4) patients with end-stage 
kidney disease who were undergoing hemodialysis or peritoneal 
dialysis, and 5) patients transferred to another hospital within 
24 hrs of study enrollment.

Renin activity, renin concentration and lactate 
measurement
Venous blood specimens for measuring renin activity, renin con-
centration, and lactate were drawn into EDTA tubes at study en-
rollment and 24 hrs later. To measure renin activity and renin 
concentration, blood specimens were centrifuged for 10 min-
utes at 1,168 g. The EDTA-plasma samples were aliquoted into 
three separate tubes for subsequent testing: one designated for 
the assessment of renin activity, another for the determination 
of renin concentration, and a third tube serving as a backup. 
The EDTA-plasma samples were stored at a temperature of 
−20°C and then transported to the central laboratory (GCCL, 
Yongin, Gyeonggi-do, Korea). The plasma renin activity of each 
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patient was determined using liquid chromatography-tandem 
mass spectrometry (Triple Quad 5500 LC-MS/MS system, Sciex, 
Framingham, MA, USA). The reference interval of renin activity is 
0.17 to 5.38 ng/mL/hr. [24] The DRG Renin ELISA Kit (DRG In-
struments GmbH, Marburg, Germany) was used to measure re-
nin concentrations (suggested reference interval: 2.14 to 53.83 
pg/mL) [25]. For lactate concentration measurement, whole 
blood specimens were collected from patients and analyzed on 
GEM Premier 3500 and GEM Premier 5000 blood gas analyzers 
(both Werfen, Bedford, MA). 

Outcome measurements
The primary endpoint was 28-day mortality. Secondary end-
points included acute kidney injury (AKI), in-hospital mortality, 
90-day mortality, RRT requirement, shock reversal interval, ICU 
length of stay (LOS), doses of vasopressor, and maximum se-
quential organ failure assessment (SOFA) score within 24 hrs. 
AKI was defined according to the Kidney Disease: Improving 
Global Outcomes (KDIGO) classification [26]. For the evaluation 
of the KDIGO stage, the baseline creatinine level was derived 
from the lowest value between 1 yr and 24 hrs before ED admis-
sion. If this value was not available, it was estimated according 
to a predefined formula (creatinine =0.74−0.2 (for women)+ 
0.003×age) [27]. Vasopressor dose was defined as the norepi-
nephrine equivalent dose [28]. The shock reversal interval was 
defined as the interval from the onset of shock to the time of va-
sopressor discontinuation for more than 24 hrs.

Sample size calculation
The ratio of the negative rate to the positive rate of 28-day mor-
tality, which was the primary endpoint in this study, was antici-
pated to be 4:1 based on findings in a previous study involving 
patients with nearly identical characteristics [29]. When the ex-
pected area under the ROC curve (AUC) of renin was calculated 
at a level of 0.700, significance level of 0.05, and power of 0.80, 
105 patients were required, including 84 in the negative group 
and 21 in the positive group. Considering a 10% attrition rate, 
116 patients were recruited.

Statistical analysis
Baseline characteristics of the study groups according to sur-
vival status are reported as median values and interquartile 
ranges for continuous variables and as numbers and percent-
ages for categorical variables. Parameters were compared using 
Wilcoxon rank-sum tests for continuous variables and chi-
squared tests for categorical variables. Correlations between 

plasma renin concentrations and quantitative variables were 
determined using Spearman’s rank correlation. The prognostic 
accuracy of lactate, renin concentration, and renin activity as 
predictors of mortality, AKI, and RRT requirement was deter-
mined based on AUCs. AKI was defined as a KDIGO score of 2 
or 3. Optimal cutoffs of lactate, renin concentration, and renin 
activity were calculated based on the Youden index. The AUCs of 
lactate, renin concentration, and renin activity were compared 
using a nonparametric method for ROC curves. A two-tailed P-
value <0.05 was considered to indicate a statistically significant 
difference. All analyses were conducted using Stata 17.0 (Stata 
Corp., College Station, TX, USA).

RESULTS

Baseline characteristics
During the study period, 137 patients were screened. Fourteen 
patients were excluded for general reasons such as lack of con-
sent or a do-not-resuscitate order. Six patients were additionally 
excluded because their blood specimens were unsuitable for 
analysis. Finally, 117 patients were included in the analysis 
(Supplemental Data Fig. S1). The in-hospital mortality, 28-day 
mortality, and 90-day mortality rates were 28.2% (33/117), 
23.1% (27/117), and 37.6% (44/117), respectively. The base-
line characteristics according to 28-day mortality are presented 
in Table 1. The most prevalent infection source was the gastroin-
testinal tract, followed by the lungs and urinary tract (38.2%, 
36.4%, and 35.1%, respectively). In non-survivors, the lungs 
were the most common infection source (non-survivors vs. survi-
vors, 72.2% vs. 25.4%, P <0.001), whereas, in survivors, the 
hepatobiliary system was the most common infection source 
(survivors vs. non-survivors, 31.0% vs. 6.3%, P =0.045). Blood 
culture tests revealed the presence of bacteria in 51.3% of total 
patients (N=60), with no significant difference between the two 
groups in this regard (48.9% vs. 59.3%, P =0.344) or in the fre-
quency of vasopressor usage (94.4% vs. 96.3%, P =0.702).

Prognostic accuracy of lactate, renin concentration, and 
renin activity in predicting mortality
Table 2 shows the renin activity, renin concentration, and lactate 
concentrations at the time of enrollment and 24 hrs later. At the 
time of enrollment, blood specimens were collected from all par-
ticipating patients, and after 24 hrs, specimens were collected 
from 94 patients. Lactate, renin concentration, and renin activity 
differed significantly between survivors and non-survivors, irre-
spective of the collection time.
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Table 1. Baseline characteristics of the patients*

Characteristics Total (N=117) Survivors (N=90) Non-survivors (N=27) P

Age, yrs 67.5 (59.9–75.4) 66.7 (59.6–74.9) 68.8 (61.0–80.1) 0.201

Male, N (%) 74 (63.3) 53 (58.9) 21 (77.8) 0.074

Preexisting conditions, N (%)

    Hypertension 44 (40.7) 35 (42.2) 9 (36.0) 0.582

    Diabetes 41 (39.8) 28 (35.0) 13 (56.5) 0.063

    Chronic heart disease 16 (16.3) 12 (15.6) 4 (19.1) 0.703

    Chronic lung disease 5 (5.2) 2 (2.7) 3 (14.3) 0.034

    CVA 11 (11.1) 9 (11.5) 2 (9.5) 0.794

    Chronic kidney disease 6 (6.1) 5 (6.5) 1 (4.8) 0.769

    Chronic liver disease 13 (13.4) 9 (11.8) 4 (19.1) 0.391

    Metastatic cancer 49 (50.0) 39 (51.3) 10 (45.5) 0.628

Infection source, N (%)

    Lungs 28 (36.4) 15 (25.4) 13 (72.2) <0.001

    Urinary tract 26 (35.1) 21 (37.5) 5 (27.8) 0.452

    Gastrointestinal 29 (38.2) 22 (36.7) 7 (43.8) 0.604

    Hepatobiliary 19 (25.7) 18 (31.0) 1 (6.3) 0.045

    Others 21 (18.0) 17 (18.9) 4 (14.8) 0.629

Blood culture-positive, N (%) 60 (51.3) 44 (48.9) 16 (59.3) 0.344

Vasoactive drug, N (%) 111 (94.9) 85 (94.4) 26 (96.3) 0.702

RRT, N (%) 22 (18.8) 14 (15.6) 8 (29.6) 0.101

APACHE II score† 25 (19–29) 24 (18–28) 32 (24–37) <0.001

Maximal SOFA at 24 hrs 9 (6–12) 8 (6–11) 12 (9–15) <0.001

Data are shown as median with interquartile range or N (%).
*Patients were grouped based on 28-day mortality.
†The APACHE II score was the highest within 24 hrs after patients’ admission to the emergency department.
Abbreviations: CVA, cerebrovascular accident; RRT, renal replacement therapy; APACHE, acute physiology and chronic health evaluation; SOFA, sequential or-
gan failure assessment.

Table 2. Comparison of renin activity, renin concentration, and lactate levels for 28-day mortality and AKI development

Variables
28-day mortality AKI development

Total (N=117) Survivors (N=90) Non-survivors (N=27) P No AKI (N=59) AKI (N=58) P

Renin activity, ng/mL/hr*

    Initial (N=117) 2.4 (0.8–8.2) 2.1 (0.6–6.0) 5.3 (1.7–13.5) 0.012 1.7 (0.5–3.6) 5.7 (1.8–12.0) <0.001

    At 24 hrs (N=94) 1.5 (0.4–5.9) 1.1 (0.3–4.0) 6.5 (1.4–16.0) 0.001 1.0 (0.3–2.6) 3.3 (0.8–9.6) 0.006

Renin concentration, pg/mL*

    Initial (N=117) 25.6 (8.2–101.7) 19.7 (7.6–90.6) 50.5 (19.6–146.5) 0.034 16.4 (6.9–32.2) 73.8 (15.8–154.5) <0.001

    At 24 hrs (N=101) 14.2 (4.5–68.1) 12.0 (4.0–38.9) 63.7 (11.0–273.8) 0.006 7.9 (4.0–28.2) 27.7 (7.6–107.3) 0.001

Lactate concentration, mmol/L*

    Initial (N=117) 4.5 (2.6–6.8) 4.3 (2.5–6.4) 5.5 (3.4–9.8) 0.019 4.1 (2.5–6.1) 4.6 (3.0–7.2) 0.213

    At 24 hrs (N=95) 2.2 (1.5–3.8) 2.1 (1.4–3.3) 2.5 (2.1–8.6) 0.009 1.8 (1.3–2.6) 2.3 (1.8–5.2) 0.002

*Reported as median values and interquartile ranges.
Abbreviation: AKI, acute kidney injury.
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The AUCs of lactate, renin concentration, and renin activity for 
predicting 28-day mortality are shown in Fig. 1A and 1B. The 
AUCs of initial renin activity, renin concentration, and lactate 
concentrations for predicting 28-day mortality were 0.66 (95% 
confidence interval [CI], 0.55–0.77), 0.63 (95% CI, 0.52–0.75), 
and 0.65 (95% CI, 0.53–0.77), respectively. At 24 hrs, they were 
0.74 (95% CI, 0.62–0.86), 0.70 (95% CI, 0.56–0.83), and 0.67 
(95% CI, 0.54–0.79), respectively. The accuracy of prognosis 
tended to improve after 24 hrs, with no significant difference 
among the three markers (all P >0.05). The AUCs for predicting 
90-day mortality and in-hospital mortality are shown in Supple-
mental Data Fig. S2.

The optimal cutoff values of renin activity, concentration, and 

lactate concentrations for predicting 28-day mortality were 2.7 
ng/mL/hr, 34.3 pg/mL, and 5.2 mmol/L, respectively, at the 
time of enrollment, and 2.4 ng/mL/hr, 51.0 pg/mL, and 2.1 
mmol/L, respectively, at 24 hrs (Table 3). At the time of study 
enrollment, the 28-day mortality rate was 30.8% when renin 
concentration was above and lactate concentration below the 
cutoff point, whereas it was 31.8% when renin concentration 
was below and lactate concentration above the cutoff point. At 
24 hrs, the 28-day mortality rate was 30.0% when renin concen-
tration was above and lactate concentration below the cutoff 
point, whereas it was 16.1% when renin concentration was be-
low and lactate concentration above the cutoff point (Supple-
mental Data Table S1). Kaplan–Meier survival curves based on 
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Fig. 1. ROCs for 28-day mortality and kidney outcomes of renin activity, renin concentration and lactate. Initial (A) and 24hrs (B) AUCs of 
each biomarker for 28-day mortality, initial AUCs of for AKI (C) and RRT (D). “Initial” denotes the time of study enrollment, whereas “24hr” 
denotes the time point 24 hrs after the first measurement.
Abbreviations: ROC, receiver operating characteristic; AUC, area under the receiver operating characteristic curve; AKI, acute kidney injury; RRT, renal replace-
ment therapy.
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the cutoff values of all biomarkers are shown in Fig. 2A–2C. We 
observed a notable disparity in mortality for all biomarkers when 
comparing cases above and below the cutoff points.

Prognostic accuracy of lactate, renin concentration, and 
renin activity for kidney outcomes
Within 14 days of study enrollment, 58 of 117 patients attained 
a KDIGO score of 2 or 3. RRT was required in 22 of 117 pa-
tients. The prognostic accuracy of lactate, renin concentration, 
and renin activity for AKI is shown in Fig. 1C. Compared to lac-
tate concentration, renin concentration and renin activity were 
more accurate in predicting the likelihood of AKI within 14 days 
of study enrollment (renin concentration vs. lactate concentra-
tions, 0.71, 95% CI, 0.61–0.80, vs. 0.57, 95% CI, 0.46–0.67, 
P =0.030) (renin activity vs. lactate concentrations, 0.70, 95% 
CI, 0.60–0.80, vs. 0.57, 95% CI, 0.46–0.67, P =0.044). There 
was no significant difference in the ability of the three biomark-
ers to predict RRT (Fig. 1D). The optimal cutoff values of renin 
activity, renin concentration, and lactate concentrations for pre-
dicting AKI are shown in Supplemental Data Table S2.

Relationships between lactate, renin concentration, renin 
activity, and various variables
There was no correlation between mean arterial pressure mea-
sured at study enrollment and ICU LOS, and all three biomarkers 
were correlated with maximum SOFA score and vasopressor 
dose within 24 hrs. Renin concentration and renin activity were 
associated with the interval to shock reversal, whereas lactate 
concentration was not (Table 4).

DISCUSSION

Renin concentrations and renin activity were comparable to lac-
tate concentrations for predicting 28-day mortality in patients 
with septic shock but outperformed lactate concentrations in 
predicting AKI. Renin concentrations and renin activity were cor-
related with maximum SOFA score within 24 hrs, maximum va-
sopressor dose within 24 hrs, and the interval to shock reversal. 
These findings support previous findings of renin concentrations 
being comparable to lactate concentrations as a biomarker of 
tissue hypoperfusion in critically ill patients and indicate that it 
is associated with poor kidney outcomes and shock severity [17, 

Table 3. Performance of optimal cutoff values of renin activity, renin concentration, and lactate for 28-day mortality and AKI

Groups AUC Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

For 28-day mortality

    Initial

        Renin activity (≥2.7 ng/mL/hr) 0.67 (0.57–0.77) 70.4 (49.8–86.2) 63.3 (52.5–73.2) 36.5 (23.6–51.0) 87.7 (77.2–94.5)

        Renin concentrations  (≥34.3 pg/mL) 0.64 (0.54–0.75) 63.0 (42.4–80.6) 65.6 (54.8–75.3) 35.4 (22.2–50.5) 85.5 (75–92.8)

        Lactate concentrations (≥5.2 mmol/L) 0.64 (0.54–0.75) 59.3 (38.3–77.6) 68.9 (58.3–78.2) 36.4 (22.4–52.2) 84.9 (74.6–92.2)

    At 24 hrs

        Renin activity (≥2.4 ng/mL/hr) 0.69 (0.57–0.80) 70.0 (45.7–88.1) 67.6 (55.7–78.0) 36.8 (21.8–54.0) 89.3 (78.1–96.0)

        Renin concentrations (≥51.0 pg/mL) 0.70 (0.58–0.82) 60.0 (36.1–80.9) 80.0 (69.2–88.4) 44.4 (25.5–64.7) 88.2 (78.1–94.8)

        Lactate concentrations (≥2.1 mmol/L) 0.66 (0.55–0.76) 81.0 (58.1–94.6) 50.0 (38.6–61.4) 29.8 (18.4–43.4) 90.9 (78.3–97.5)

For AKI

    Initial

        Renin activity (≥2.7 ng/mL/hr) 0.69 (0.61–0.77) 55.2 (41.5–68.3) 83.1 (71.0–91.6) 76.2 (60.5–87.9) 65.3 (53.5–76.0)

        Renin concentrations (≥34.3 pg/mL) 0.72 (0.64–0.80) 62.1 (48.4–74.5) 81.4 (69.1–90.3) 76.6 (62.0–87.7) 68.6 (56.4–79.1)

        Lactate concentrations (≥5.2 mmol/L) 0.56 (0.47–0.65) 46.6 (33.3–60.1) 66.1 (52.6–77.9) 57.4 (42.2–71.7) 55.7 (43.3–67.6)

    At 24 hrs

        Renin activity (≥2.4 ng/mL/hr) 0.65 (0.56–0.74) 50.0 (35.2–64.8) 80.4 (66.1–90.6) 72.7 (54.5–86.7) 60.7 (47.3–72.9)

        Renin concentrations (≥51.0 pg/mL) 0.68 (0.59–0.78) 70.8 (55.9–83.0) 66.0 (50.7–79.1) 68.0 (53.3–80.5) 68.9 (53.4–81.8)

        Lactate concentrations (≥2.1 mmol/L) 0.63 (0.54–0.73) 66.0 (51.2–78.8) 60.8 (46.1–74.2) 62.3 (47.9–75.2) 64.6 (49.5–77.8)

Abbreviations: AKI, acute kidney injury; AUC, area under the receiver operating characteristic curve; CI, confidence interval; PPV, positive predictive value; 
NPV, negative predictive value.
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19, 21, 22]. Jeyaraju, et al. [30] reported no significant differ-
ence between renin and lactate concentrations in predicting 
mortality in critically ill patients; however, renin concentrations 
have potential advantages over lactate levels owing to their ki-
netic properties. Doerschug, et al. [31] evaluated the microvas-
cular regulation of Ras activation and organ dysfunction in pa-
tients with sepsis. In their study, PRA remained elevated even 
after macrovascular resuscitation reached the clinical endpoint 
in severe sepsis, and Ras activation was associated with micro-
vascular dysfunction and organ failure. These associations sug-
gest that sepsis stimulates the contribution of Ras to microvas-
cular perfusion heterogeneity and that perfusion heterogeneity 
may contribute to organ failure. The diminished response to en-
dogenous angiotensin II in sepsis-induced vasoplegia may be re-
lated to abnormal Ras activation, which promotes a beneficial 
proinflammatory antibacterial response [31]. In a study that 

measured plasma renin concentrations in patients in a random-
ized clinical trial that evaluated the effect of angiotensin II on 
patients with vasodilatory shock who did not respond to vaso-
pressor treatment, plasma renin concentrations were signifi-
cantly lower in patients who received angiotensin II therapy than 
in those who received a placebo. Additionally, angiotensin II 
therapy substantially decreased mortality in patients with high 
renin concentrations [18, 32]. This suggests that renin concen-
trations can serve as a biomarker for individual vasopressor 
therapy in septic shock.

The predictive accuracy of a biomarker is influenced by the 
timing of its assessment or the patient’s response to treatment. 
In the present study, the optimal value for the initial lactate con-
centration was 5.4 mmol/L, whereas, at 24 hrs, it decreased to 
2.1 mmol/L. This supports the results of a previous study that 
reported normalization of lactate within 24 hrs to be a stronger 
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Fig. 2. Kaplan–Meier survival curves based on the cutoff values of renin activity (A), renin concentration (B) and lactate (C). 
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predictor of survival than lactate clearance [33]. In contrast, the 
optimal cutoff points of renin concentration and renin activity 
showed no substantial change or a slight increase over time. 
Renin concentration and renin activity cutoff falls within the ref-
erence interval. This might be attributed to the comparatively 
high negative predictive value (NPV) of the cutoff point and the 
relatively low positive predictive value (PPV). Furthermore, this 
implies that other reference intervals might need to be taken 
consideration when using the renin test as a prognostic indica-
tor for sepsis patients, rather than for its overall purpose. Fur-
ther research is required to ascertain whether alterations in re-
nin concentration over time may be a useful prognostic factor.

Our results suggest that renin not only exhibits prognostic per-
formance comparable to that of lactate, a widely used bio-
marker, but also has advantages over lactate and can serve as 
an early indicator of AKI. Our results are informative because we 
compared the effectiveness of both existing renin measurement 
methods to the currently used biomarker lactate in patients with 
septic shock. The majority of previous studies evaluating renin 
as a biomarker were conducted in critically ill patients [18, 19, 
22, 30]. A previous study evaluating renin as a biomarker for 

septic shock had a small sample size [19].
Thirteen (13.4%) of our patients had chronic liver disease, 

which can hinder accurate interpretation of lactate concentra-
tions. Lactate concentrations in patients with liver failure are af-
fected by several factors, including hyperammonemia. This con-
dition can hinder the activity of crucial metabolic enzymes such 
as alpha-ketoglutarate dehydrogenase, leading to a metabolic 
shift toward anaerobic glycolysis. Additionally, it can affect the 
Cori cycle in the liver [11-13]. However, in an observational study 
targeting patients with septic shock and hepatic dysfunction, 
lactate concentrations were significantly associated with in-hos-
pital mortality, even in cases with hepatic dysfunction [34]. In 
another study, lactate clearance in the first 6 or 24 hrs was sig-
nificantly associated with hospital mortality in patients with he-
patic dysfunction [35]. Given the consistent importance of lac-
tate as a biomarker, even in cases of chronic liver disease, we 
did not exclude these patients from our study.

Neutrophil gelatinase-associated lipocalin is a notable bio-
marker of AKI and is related to the expression of endothelial cell 
adhesion molecules during sepsis, AKI development, and the 
concentrations of inflammatory indicators such as interleukin 
(IL)-6 and IL-10 [36, 37]. Nevertheless, its limited ability to pre-
dict clinical outcomes such as death has hindered its wide-
spread use in clinical practice [38-40]. In addition, various in-
flammatory biomarkers, including procalcitonin and C-reactive 
protein, can be used to evaluate sepsis and have been used as 
tissue perfusion markers during initial resuscitation. Therefore, 
renin may be an alternative biomarker for tissue perfusion in 
septic shock. Additionally, it may offer potential advantages in 
predicting AKI.

Renin concentrations and renin activity performed equally 
well. When predicting the prognosis of patients with sepsis and 
the likelihood of AKI, plasma renin concentrations may be mea-
sured in addition to lactate concentrations. Our findings indicate 
that serial evaluation is more important for performance im-
provement than a single measurement. As an ED-based study, 
this study stands apart from previous studies. According to our 
findings, it may be possible to use renin starting in EDs.

This study had certain limitations. First, the sample size was 
limited. Second, we excluded patients with end-stage kidney dis-
ease and sepsis in the study patients was relatively severe; 
therefore, our findings cannot be generalized to all patients with 
sepsis. Third, specimens at 24 hrs were not collected from all 
patients. Fourth, we did not assess the performance of renin 
concentrations in guiding targeted vasopressor use. Fifth, we 
did not consider the use of medications such as angiotensin-

Table 4. Correlation analysis of lactate, renin activity, and renin con-
centration with various variables

Variables Correlation coefficient P

Renin activity

    MAP –0.01 0.900

    SOFA 0.38 <0.001

    Vasoactive drug dose 0.28 0.002

    ICU LOS 0.07 0.558

    Time to shock reversal 0.32 0.002

Renin concentration

    MAP 0.04 0.639

    SOFA 0.40 <0.001

    Vasoactive drug dose 0.24 0.012

    ICU LOS 0.11 0.345

    Time to shock reversal 0.34 0.001

Lactate concentration

    MAP 0.06 0.500

    SOFA 0.37 <0.001

    Vasoactive drug dose 0.34 <0.001

    ICU LOS –0.06 0.643

    Time to shock reversal 0.13 0.214

Abbreviations: MAP, mean arterial pressure; SOFA, sequential organ failure 
assessment; ICU LOS, intensive care unit length of stay.
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converting enzyme inhibitors (ACEIs) or angiotensin receptor 
blockers (ARBs), which may have affected renin concentrations. 
However, considering previous research findings suggesting that 
renin concentrations are not significantly affected by medica-
tions such as ACEIs and ARBs, the administration of such medi-
cations may not substantially affect the diagnostic precision of 
renin concentrations and renin activity [19]. Further studies fo-
cusing on patients taking such medications and with a sufficient 
sample size are needed.

Despite these limitations, our findings suggest that renin con-
centrations and renin activity show comparable performance to 
lactate concentrations in predicting 28-day mortality in patients 
with septic shock but superior performance in predicting AKI. 
Renin is a potential biomarker for predicting mortality and AKI in 
patients with septic shock.

SUPPLEMENTARY MATERIALS

Supplementary materials can be found via https://doi.
org/10.3343/alm.2023.0425
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