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ABSTRACT

Introduction: This study aimed to explore the
association of serum lactate with clinical out-
comes in elderly patients with sepsis based on
data from the MIMIC-IV database.
Methods: All elderly patients with sepsis
(age C 65 years) were included. Different mod-
els were constructed for exploring the relation-
ships between lactate and 28-day mortality. A
two-segment linear regression model was per-
formed to verify the threshold effects of lactate
on clinical outcomes and smooth curve fitting
was performed.

Results: A total of 4199 elderly patients with
sepsis were included. The 28-day mortality was
32.22% (n = 1395). After adjustment for all
potential cofounders, for each 1 mmol/l incre-
ment in lactate, the odds ratio (OR) of 28-day
mortality was 1.23 (95% CI 1.18–1.28,
P\ 0.0001). Smooth fitting curves indicated a
non-linear positive relationship between lactate
and 28-day mortality. The turning point of
lactate level was 5.7 mmol/l: at B 5.7 mmol/l,
with each 1 mmol/l increment in lactate, the
risk of 28-day mortality increased significantly
(OR 1.32, 95% CI 1.25–1.38, P\ 0.0001); the
significantly positive relationship was still pre-
sent at lactate[ 5.7 mmol/l (OR 1.10, 95% CI
1.04–1.18, P = 0.0019). The area under the ROC
curve (AUC) of lactate was 0.618 (95% CI
0.599–0.635) and the cutoff value of lactate was
2.4 mmol/l with a sensitivity of 0.483 and a
specificity of 0.687.
Conclusion: In elderly patients with sepsis, a
non-linear positive relationship was discovered
between serum lactate and 28-day mortality.
Physicians should be alert to lactate assessment
at admission and pay more attention to those
patients with higher levels of lactate.
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Key Summary Points

Why was the study carried out?

Elderly patients with sepsis were more
likely to have an increased risk of
mortality.

The study aimed to explore the association
of serum lactate with clinical outcomes in
elderly patients with sepsis based on a
large-scale public database in order to aid
in risk stratification of poor prognosis.

What was learned from the study?

In elderly patients with sepsis, for each
1 mmol/l increment in lactate, the OR of
28-day mortality was 1.23 (95% CI
1.18–1.28, P\ 0.0001).

A prognostic value of lactate for prognosis
in elderly patients with sepsis was
identified.

Monitoring lactate level is helpful for
dynamically identifying those patients
with higher risk of worse outcomes.

INTRODUCTION

Lactate is an easily and simply accessible labo-
ratory parameter and could be an objective
biomarker for tissue perfusion, which is superior
to urine output and physical examination [1–3].
Previous studies proved that elevated levels of
lactate indicated lower oxygen supply in tissues
and organs, increased aerobic glycolysis, or
decreased lactate clearance due to liver or kid-
ney dysfunctions [4–6]. Lactate level was uti-
lized for risk-stratifying disease severity and
elevated levels of lactate partly revealed the
poorer prognosis in various diseases [7–9].
Hence, monitoring lactate levels is helpful for
dynamically identifying those patients with a
higher risk of worse outcomes.

The Surviving Sepsis Campaign Guidelines
2016 recommended that fluid resuscitation
should be done until lactate level normalized in
patients with sepsis and higher levels of lactate
[10]. A recent meta-analysis of randomized
controlled trials with 16 studies and 5968
patients with sepsis concluded that lactate-gui-
ded therapy was associated with lower mortality
[11]. As a result of the aging of society, the
number of elderly patients with sepsis has been
increasing significantly [12, 13]. Compared to
young adult patients, elderly patients were
more likely to have comorbidities, chronic dis-
eases, and decreased functional reserve, leading
to an increased risk of mortality [14, 15].

As a result of the significance of serum lactate
in sepsis, our study aimed to explore the asso-
ciation of serum lactate with clinical outcomes
in elderly patients with sepsis based on a large-
scale public database in order to aid in risk
stratification of poor prognosis.

METHODS

Database, Definition, and Study Cohort

This was a retrospective study based on the
Medical Information Mart for Intensive Care
(MIMIC)-IV database (version 1.0, https://
mimic.mit.edu/iv/), which included the medi-
cal records of all the patients admitted to the
intensive care unit (ICU) in the Beth Israel
Deaconess Medical Center from 2008 to 2019
[16, 17]. To apply for access to the database, the
author (N.D.) passed the Protecting Human
Research Participants exam (No. 32900964).

Elderly patients with sepsis in MIMIC-IV
were enrolled in our research. The diagnosis of
sepsis was confirmed according to the Sepsis-3
definition [18]. When an acute change in
sequential organ failure assessment (SOFA)
score C 2 points resulted from the infection,
sepsis was identified. Inclusion criteria were (1)
age C 65 years old; (2) diagnosis of sepsis in the
database. Exclusion criteria were (1) missing
data of lactate; (2) missing data of individual
variables[ 5%.
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Compliance with Ethics Guidelines

This study was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments. MIMIC-IV is an anonymized
public database. The project was approved by
the institutional review boards of the Mas-
sachusetts Institute of Technology (MIT) and
Beth Israel Deaconess Medical Center (BIDMC)
and was given a waiver of informed consent.

Variables

General characteristics including age, gender,
and comorbidities were extracted. Vital signs
and laboratory variables of each patient in the
24 h after admission were included. Only the
first value of the variable which was recorded in
24 h was utilized for analysis.

The following data were used in our research:
systolic blood pressure (SBP), diastolic blood
pressure (DBP), heart rate (HR), respiratory rate
(RR), anion gap (AG), alanine aminotransferase
(ALT), red blood cell (RBC), white blood cell
(WBC), sodium, creatinine, chloride, total
bilirubin, prothrombin time (PT), international
normalized ratio (INR), urea nitrogen, platelet
(PLT), and glucose. SOFA and acute physiology
and chronic health evaluation (APACHE II)
scores were collected. Variables of clinical out-
comes were extracted and calculated as follows:
days of length of stay (LOS) in ICU and hospital
and 28-day mortality.

Data Extraction and Statistical Analysis

Data was extracted from the MIMIC-IV database
using PgAdmin4 which was applied to run
structure query language (SQL). We used the
software packages R (http://www.R-project.org)
and EmpowerStats (http://wwwempowerstats.
com) for data analysis. Statistically significant
was defined as a P value\0.05.

All elderly patients with sepsis were dis-
tributed into four groups based on the quartiles
of lactate level (Q1, \ 1.5 mmol/l; Q2, 1.5–
2.0 mmol/l; Q3, 2.1–3.0 mmol/l; Q4,
[3.0 mmol/l). Different variables were reported
as follows: (1) continuous variables as medians;

(2) categories variables as percentages or fre-
quencies. Chi-squared test and Mann–Whitney
U test were applied for data analysis.

First, we compared the different variables
between the four groups (Q1–Q4). Second, we
implemented univariate and multivariate anal-
yses to investigate the association of different
variables with 28-day mortality by logistic
regression. We evaluated the odds ratio (OR)
with 95% confidence interval (CI) for each
variable. Third, the following three different
models were constructed to explore the rela-
tionships between lactate and clinical out-
comes: (1) crude model adjusted for none; (2)
model I adjusted for age and gender; (3)
model II adjusted for all potential cofounders.
In addition, lactate as a categorical parameter
based on quartiles (Q1–Q4) and categorial (Q1
(B 2.0 mmol/l), Q2 ([ 2.0, B 4.0 mmol/l), Q3
([4.0 mmol/l)) were analyzed in three models
and the values of p for trend of categorized
lactate in all three different models were statis-
tically calculated. Moreover, Kaplan–Meier
analysis for cumulative hazard in 28-day mor-
tality based on quartiles and categorial groups
were constructed to compare the different
mortality risks between different groups.
Fourth, we compared two models (model A, the
linear model; and model B, the two-segment
non-linear model) for displaying the relation-
ship between lactate and 28-day mortality. The
log-likelihood ratio tests were applied to select
the better one between the two models. When a
P value is less than 0.05, model B is significantly
better than model A. The threshold effects of
lactate on 28-day mortality in model B were
analyzed and smooth fitting curves were gen-
erated by the generalized additive model. If a
non-linear association of lactate and clinical
outcomes was found, the turning point of lac-
tate was confirmed by recursive algorithm.
Finally, the receiver operating characteristic
(ROC) analysis of lactate for predicting 28-day
mortality was performed. The predictive per-
formances including specificity, sensitivity,
cutoff value, positive predictive value (PPV),
and negative predictive value (NPV) were
analyzed.
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RESULTS

General Description of the Cohort
of Elderly Patients with Sepsis

A total of 4199 patients with a median age of
76 years were included in our research (Supple-
mentary Fig. 1 and Table 1). The 28-day mor-
tality was 32.22% (n = 1395). The numbers of
men and women was 2289 (54.51%) and 1910
(45.49%), respectively. The median days of LOS
in ICU and hospital were 3.78 and 9.53,
respectively.

In Table 1, the whole cohort is divided into
four groups based on the quartiles of lactate
level: Q1 (\ 1.5 mmol/l, n = 1019), Q2 (1.5–-
2.0 mmol/l, n = 1016), Q3 (2.1–3.0 mmol/l,
n = 1063), and Q4 ([3.0 mmol/l, n = 1101).
Different clinical and laboratory variables were
compared between the four groups. The 28-day
mortalities in the Q1–Q4 groups were as fol-
lows: 23.65% (n = 241), 28.54% (n = 290),
32.46% (n = 345), and 47.14% (n = 519),
respectively (P\0.001).

Univariate and Multivariate Analyses
of Variables for 28-Day Mortality

Table 2 summarizes the univariate and multi-
variate analyses of variables for 28-day mortality
in elderly patients with sepsis. Multivariate
analysis showed that age (P\0.0001), renal
disease (P = 0.0001), HR (P = 0.0025), creatinine
(P\0.0001), urea nitrogen (P\ 0.0001), and
lactate (P\ 0.0001) were significantly associ-
ated with 28-day mortality in elderly patients
with sepsis.

Relationship Between Lactate and 28-Day
Mortality

Table 3 summarizes the three models, namely
crude model, model I, and model II, that were
constructed to explore the association between
lactate and 28-day mortality. In model II after
adjustment for all potential cofounders, for
each 1 mmol/l increment in lactate, the OR of

28-day mortality was 1.23 (95% CI 1.18–1.28,
P\ 0.0001). Categorial variables including
Q1–Q4 based on quartiles of lactate were com-
pared in the three models. In the Q4 group
(lactate[3 mmol/l), the risk of 28-day mortal-
ity in model II increased the most: OR 2.52
(95% CI 2.03–3.13, P\0.0001). The values of P
for trend in the three models were statistically
significant (all P\0.0001).

Moreover, we divided the cohort into three
group based on cutoff values of lactate
(2.0 mmol/l and 4.0 mmol/l): Q1 (B 2.0 mmol/
l, n = 2166), Q2 ([ 2.0, B 4.0 mmol/l,
n = 1378), and Q3 ([ 4.0 mmol/l, n = 655).
Compared to the Q1 group, the risk of 28-day
mortality in model II significantly increased the
most in the Q3 group: OR 3.05 (95% CI
2.46–3.79, P\ 0.0001).

Figure 1 shows the Kaplan–Meier analysis for
cumulative hazard in 28-day mortality. Fig-
ure 1a shows that on the basis of the quartiles of
lactate level, the risk of 28-day mortality was the
highest in the Q4 group ([ 3.0 mmol/l)
(P\0.001). Figure 1b revealed that compared
to the Q1 group (B 2.0 mmol/l), the risk of
28-day mortality was the highest in the Q3
group ([4.0 mmol/l) (P\0.001).

Non-linear Relationship Between Lactate
and 28-Day Mortality

Two different models, namely the linear model
(model A) and the two-segment non-linear
model (model B), were constructed and ana-
lyzed as summarized in Table 4. Comparing the
two models, the P value was \0.001 and
model B was the better one for indicating the
relationship. The turning point of lactate level
was 5.7 mmol/l. At lactate level B 5.7 mmol/l,
with each 1 mmol/l increment in lactate, the
risk of 28-day mortality increased significantly
(OR 1.32, 95% CI 1.25–1.38, P\0.0001). The
significantly positive relationship remained at
lactate[ 5.7 mmol/l (OR 1.10, 95% CI
1.04–1.18, P = 0.0019). Smooth curve fitting
was performed to indicate the relationship
between lactate and 28-day mortality (Fig. 2).
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Table 2 Univariate and multivariate analyses of variables for 28-day mortality

Variables Univariate analysis (OR, 95% CI, P) Multivariate analysis (OR, 95% CI, P)

Age (years) 1.02 (1.01, 1.03),\ 0.0001 1.02 (1.01, 1.03),\ 0.0001

Gender

Male Ref Ref

Female 1.09 (0.96, 1.24), 0.1784 1.13 (0.98, 1.31), 0.0802

Renal disease

No Ref Ref

Yes 1.77 (1.28, 2.43), 0.0005 2.12 (1.45, 3.12), 0.0001

CAD

No Ref Ref

Yes 1.13 (0.94, 1.37), 0.2054 1.15 (0.93, 1.41), 0.1924

Diabetes

No Ref Ref

Yes 0.69 (0.45, 1.04), 0.0791 0.65 (0.41, 1.03), 0.0640

Hypertension

No Ref Ref

Yes 0.87 (0.75, 1.01), 0.0632 0.94 (0.80, 1.12), 0.4904

HR (beats/min) 1.01 (1.00, 1.01),\ 0.0001 1.01 (1.00, 1.01), 0.0025

DBP (mmHg) 1.00 (0.99, 1.00), 0.2376 1.00 (1.00, 1.01), 0.4910

SBP (mmHg) 0.99 (0.99, 1.00),\ 0.0001 1.00 (0.99, 1.00), 0.0907

RR (beats/min) 1.02 (1.01, 1.03),\ 0.0001 1.01 (1.00, 1.02), 0.0654

ALT (IU/L) 1.00 (1.00, 1.00),\ 0.0001 1.00 (1.00, 1.00), 0.5175

AG (mmol/l) 1.06 (1.04, 1.07),\ 0.0001 0.98 (0.96, 1.00), 0.0998

Total bilirubin (mg/dl) 1.04 (1.02, 1.07), 0.0002 0.99 (0.96, 1.01), 0.3133

Chloride (mmol/l) 0.98 (0.98, 0.99),\ 0.0001 0.99 (0.97, 1.00), 0.0817

Sodium (mmol/l) 0.99 (0.98, 0.99), 0.0002 1.00 (0.98, 1.01), 0.8403

Creatinine (mg/dl) 1.11 (1.07, 1.16),\ 0.0001 0.84 (0.77, 0.91),\ 0.0001

PT (s) 1.01 (1.01, 1.02),\ 0.0001 1.00 (0.99, 1.01), 0.7970

RBC (9 1012/l) 0.91 (0.84, 0.99), 0.0377 0.99 (0.90, 1.09), 0.9045

WBC (9 109/l) 1.00 (1.00, 1.01), 0.8210 0.99 (0.99, 1.00), 0.0771

INR 1.13 (1.08, 1.19),\ 0.0001 1.00 (0.88, 1.14), 0.9602

Urea nitrogen (mg/dl) 1.01 (1.01, 1.01),\ 0.0001 1.01 (1.01, 1.02),\ 0.0001

PLT (9 109/l) 1.00 (1.00, 1.00),\ 0.0001 1.00 (1.00, 1.00), 0.8455

Glucose (mg/dl) 1.00 (1.00, 1.00), 0.7607 1.00 (1.00, 1.00), 0.0778
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Table 2 continued

Variables Univariate analysis (OR, 95% CI, P) Multivariate analysis (OR, 95% CI, P)

Lactate (mmol/l) 1.23 (1.19, 1.27),\ 0.0001 1.21 (1.16, 1.26),\ 0.0001

ALT alanine aminotransferase, CAD coronary artery disease, SBP systolic blood pressure, DBP diastolic blood pressure, HR
heart rate, RR respiratory rate, WBC white blood cells, PLT platelet, RBC red blood cells, PT prothrombin time, AG anion
gap, INR international normalized ratio, OR odds ratio, CI confidential interval

Table 3 Relationship between lactate and 28-day mortality

Exposure Crude model (OR, 95% CI,
P)

Model I (OR, 95% CI,
P)

Model II (OR, 95% CI,
P)

28-day mortality

Lactate (per 1 mmol/l

increment)

1.23 (1.19, 1.27),\ 0.0001 1.23 (1.19, 1.27),

\ 0.0001

1.23 (1.18,

1.28),\ 0.0001

Lactate (mmol/l) quartiles

Q1 (\ 1.5 mmol/l, n = 1019) Ref Ref Ref

Q2 (1.5–2.0 mmol/l,

n = 1016)

1.29 (1.06, 1.57), 0.0121 1.28 (1.05, 1.57), 0.0142 1.29 (1.05, 1.59), 0.0152

Q3 (2.1–3.0 mmol/l,

n = 1063)

1.55 (1.28, 1.88),\ 0.0001 1.51 (1.24, 1.83),

\ 0.0001

1.42 (1.16, 1.75), 0.0009

Q4 ([ 3.0 mmol/l, n = 1101) 2.88 (2.39, 3.47),\ 0.0001 2.85 (2.36, 3.43),

\ 0.0001

2.52 (2.03, 3.13),

\ 0.0001

P for trend \ 0.0001 \ 0.0001 \ 0.0001

Lactate (mmol/l) categorial

Q1 (B 2 mmol/l, n = 2166) Ref Ref Ref

Q2 ([ 2, B 4 mmol/l,

n = 1378)

1.36 (1.17, 1.58),\ 0.0001 1.33 (1.14, 1.54), 0.0002 1.24 (1.06, 1.46), 0.0073

Q3 ([ 4 mmol/l, n = 655) 3.45 (2.88, 4.14),\ 0.0001 3.45 (2.87, 4.13),

\ 0.0001

3.05 (2.46, 3.79),

\ 0.0001

P for trend \ 0.0001 \ 0.0001 \ 0.0001

Crude model adjusted for none; model I adjusted for age and gender; model II adjusted for age, gender, HR, SBP, DBP, RR,
AG, ALT, total bilirubin, chloride, creatinine, PLT, PT, INR, RBC, urea nitrogen, WBC, sodium, glucose, renal disease,
CAD, diabetes, and hypertension
ALT alanine aminotransferase, CAD coronary artery disease, SBP systolic blood pressure, DBP diastolic blood pressure, HR
heart rate, RR respiratory rate, WBC white blood cells, PLT platelet, RBC red blood cells, PT prothrombin time, AG anion
gap, INR international normalized ratio, OR odds ratio, CI confidential interval
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Fig. 1 Kaplan–Meier analysis for 28-day survival proba-
bility in elderly patients with sepsis. a Groups based on
quartiles of lactate level (Q1,\ 1.5 mmol/l; Q2, 1.5–
2.0 mmol/l; Q3, 2.1–3.0 mmol/l; Q4,[ 3.0 mmol/l).

b Groups based on category of lactate level
(Q1, B 2.0 mmol/l; Q2,[ 2.0 and B 4.0 mmol/l;
Q3,[ 4.0 mmol/l)
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Predictive Performance of Lactate for 28-
Day Mortality

Table 5 and Supplementary Fig. 2 summarize
the predictive performance of lactate. The area
under the ROC curve (AUC) of lactate was 0.618
(95% CI 0.599–0.635) and the cutoff value of
lactate was 2.4 mmol/l with a sensitivity of
0.483 and a specificity of 0.687.

DISCUSSION

In this study, we found a non-linear positive
relationship between lactate and 28-day mor-
tality in elderly patients with sepsis. In addition,
a prognostic value of lactate was identified. To
the best of our knowledge, this was the first
study to explore the association of serum lactate
with clinical outcomes in elderly patients with
sepsis based on MIMIC-IV.

Lactate level is associated with mortality in
sepsis, which should be evaluated within 1 h
after admission [18]. Much evidence was accu-
mulated clarifying that there is a significant
prognostic value of lactate in sepsis [19–21].
One study in adult sepsis showed that for pre-
dicting mortality, the cutoff value of lactate was

1.6 mmol/l with a sensitivity of 79.59% and a
specificity of 32.10% [22]. In pediatric sepsis,
initial lactate level[ 2 mmol/l was significantly
related to 30-day mortality (OR 3.26, 95% CI
1.16–9.16) [23]. In addition, lactate level
[2 mmol/l was also able to provide sufficient
sensitivity for predicting mortality in elderly
sepsis admitted to the emergency department
[24], a result which was partly consistent with
ours. One large retrospective study found that
lactate C 4 mmol/l was associated not only with
short-term outcomes but also with 1-year mor-
tality in sepsis (OR 1.80, 95% CI 1.40–2.60) [25].
Recent machine learning research on elderly
sepsis demonstrated that lactate level was one of
most important variables in the prognostic
model [26].

Our study showed that after adjustment for
all potential cofounders, for each 1 mmol/l
increment in lactate, the OR of 28-day mortality
was 1.23 (95% CI 1.18–1.28, P\ 0.0001).
Kaplan–Meier analysis for cumulative hazard in
28-day mortality also indicated that the higher
the level of lactate was, the higher the risk of
28-day mortality in elderly patients with sepsis
was. Elevated level of lactate caused by sepsis
could be explained with several mechanisms.
Sepsis usually leads to adrenergic stimulation,

Table 4 Comparison between linear and non-linear models

Number (%) OR (95% CI), P value

Model A: The linear model 4199 (100%) 1.23 (1.18, 1.28),\ 0.0001

Model B: Two-segment non-linear model

The turning point of lactate (mmol/l)

B 5.7 (slope 1, left side) 3875 (92.28%) 1.32 (1.25, 1.38),\ 0.0001

[ 5.7 (slope 2, right side) 324 (7.72%) 1.10 (1.04, 1.18), 0.0019

Slope 2 to slope 1 0.84 (0.76, 0.92), 0.0003

Predicted at 5.7 0.15 (- 0.03, 0.33)

P for the log-likelihood ratio test \ 0.001

Model adjusted for age, gender, HR, SBP, DBP, RR, AG, ALT, total bilirubin, chloride, creatinine, PLT, PT, INR, RBC,
urea nitrogen, WBC, sodium, glucose, renal disease, CAD, diabetes, and hypertension
ALT alanine aminotransferase, CAD coronary artery disease, SBP systolic blood pressure, DBP diastolic blood pressure, HR
heart rate, RR respiratory rate, WBC white blood cells, PLT platelet, RBC red blood cells, PT prothrombin time, AG anion
gap, INR international normalized ratio, OR odds ratio, CI confidential interval
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which results in activation of some enzymes
and acceleration of glycolysis tissues, resulting
in excess production of lactate [27]. Moreover,
mitochondrial function, which normally con-
verts lactate into energy, is impaired by sepsis,
potentially causes lactate accumulation and
hyperlactatemia [28]. Inflammatory response
can activate immune cells, which is another
source of lactate in sepsis [29].

The strength of the present study is that the
results could enable physicians to perform risk
stratification for elderly patients with sepsis
based on the different lactate levels. However,
some limitations also should be discussed. First,
as a result of the lack of some data, some factors
including interventions and drugs which might

affect the prognosis were not enrolled for the
study. Second, this was a retrospective study
from a US public database. Bias could not be
avoided and the generalizability of our conclu-
sion might not be suitable for patients in other
countries or regions.

CONCLUSION

In elderly patients with sepsis, a non-linear
positive relationship was discovered between
serum lactate and 28-day mortality. Physicians
should be alert to lactate assessment at admis-
sion and pay more attention to those patients
with higher levels of lactate.

Fig. 2 Smooth fitting curves showed a non-linear relationship between lactate level and 28-day mortality in elderly patients
with sepsis

Table 5 Predictive performance of lactate for 28-day mortality

Variable AUC 95% CI lower 95% CI upper Cutoff value Specificity Sensitivity PPV NPV

Lactate (mmol/l) 0.618 0.599 0.635 2.4 0.687 0.483 0.435 0.728

AUC area under the ROC curve, CI confidential interval, PPV positive predictive value, NPV negative predictive value
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