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Abstract
Purpose: The objective of this study is to assess the clinical usefulness of lactate as a predictor of 28-day mortality and the relationship between
lactate and 28-day mortality in non-elderly (<65 years) and elderly (≥65 years) sepsis patients who were admitted to an intensive care unit (ICU).

Methods: This retrospective study used the Medical Information Mart for Intensive Care , a publicly available database of ICUs. Prognosis was
evaluated using receiver operating characteristic (ROC) analysis. Univariate and multivariable binary logistic regression models were used to identify
the association lactate with 28-day mortality. We converted continuous variable lactate into a categorical variable based on tri-segment quantile to
explore segmentation effects.

Results: The average age of 2848 patients was 68.01 years old, and about 55.40% of them were male. The overall 28-day mortality was 30.41%, and
the rate in elderly patients was 65.82%. Among non-survivors, the lactate level was signi�cantly greater for the non-elderly than the elderly. Lactate
level was positively associated with risk of 28-day mortality of the non-elderly sepsis patients (p for trend < 0.001), but there was no signi�cant
association between lactate level and 28-day mortality in the elderly group (p for trend = 0.830). The association between lactate and 28-day
mortality for sepsis patients without liver cirrhosis was stronger than for sepsis patients with liver cirrhosis (OR 1.28 vs. OR 1.10, P =0.027).

Conclusion: Increased lactate level is associated with higher 28-day mortality in the non-elderly sepsis patients, but there is no signi�cant
association between the lactate level and 28-day mortality in the elderly group.

Background
The plasma lactate level is an important biomarker that re�ects the oxygen metabolism of tissues. The root cause of septic shock is tissue hypoxia,
and this leads to an increased level of glucose, anaerobic glycolysis, and lactate production [1]. Persistent hyperlactatemia, which suggests that
tissue hypoxia has not been corrected, is associated with adverse outcome. Plasma lactate has been suggested as a biomarker for diagnosis and
prognostic evaluation of sepsis [2]. An elevated level of plasma lactate during sepsis is associated with more severe disease and poor prognosis [3].
Previous studies revealed a relationship between lactate and mortality of patients with sepsis [4,5] and indicated that patients who presented with
lactate>4mmol/L are signi�cantly associated with in-hospital mortality[4]. However, they only focus on the overall population and did not speci�cally
address the relationship between different lactate level and mortality in different age groups. Therefore, this study aims to investigate whether
lactate is independently associated with 28-day mortality and the relationship between lactate and 28-day mortality in non-elderly (<65 years) and
elderly (≥65 years) sepsis patients who were admitted to ICU.

Methods
Data source

The rapid development of medical information resources has made a large number of electronic health records available [6]. Analysis of these
records has been a focus of signi�cant research in medical research and related �elds [7]. The Medical Information Mart for Intensive Care (MIMIC-
), which we used for the present study, is a publicly available database developed by the Laboratory of Computational Physiology at the

Massachusetts Institute of Technology. This database integrates comprehensive clinical data from ICU patients who received care at the Beth Israel
Medical Center from 2001 to 2012. It has de-identi�ed data on demography, vital signs, laboratory tests, medical records, imaging reports, drug use,
and other clinically signi�cant information [8]. Researchers and institutions around the world have published numerous studies based on analysis of
the MIMIC-  database [9-13].

Study population

The MIMIC-  database was used to identify all adults diagnosed with sepsis, severe sepsis, or septic shock with a �rst ICU admission. All included
patients were at least 18 years-old and were hospitalized for at least 24 h. Patients whose initial lactate and chart events were not recorded were
excluded.

The gold standard used for diagnosis of sepsis was the 2001 consensus de�nition [14], which de�nes sepsis as infections consisting of 2 or more
systemic in�ammatory response syndrome (SIRS) criteria (temperature above 38°C or below 36°C, heart rate greater than 90/min, respiratory rate
greater than 20/min or PaCO2 below 32 mmHg, and white blood cell count greater than 12,000 or less than 4000 cells/mL or more than 10% band
forms) [14].

Study design

Independent variables (including demographic characteristics, major complications, major infection sites, laboratory data, vital signs, mortality
prediction scores, and 28-day prognosis) were extracted from MIMIC-  via PostgreSQL, a structured query language with Navicat Premium 12.
Baseline features of the patients were recorded within 24h upon �rst admission to ICU. Lactate level was categorized as low, intermediate, or high.
The primary outcome was 28-day mortality.
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Methods of analysis

Continuous variables are expressed as medians and inter-quartile range, and the Mann-Whitney U test was used for comparisons. Categorical
variables are expressed as numbers and percentages, and were compared using the chi-square test or Fisher exact test. Prognosis was evaluated
using receiver operating characteristic (ROC) analysis, and the ability of lactate to predict 28-day mortality was assessed by calculating the area
under the ROC (AUROC). Youden’s index was used to assess the performance of the diagnostic test, and the maximum point of Youden’s index was
used as the cut-off point (sensitivity + speci�city –1).

Univariate and multivariate binary logistic regression were used to identify the association between lactate and 28-day mortality of sepsis patients.
The Hosmer-Lemeshow test was used to evaluate the suitability of the model. The results were shown as ORs (95% CIs). To investigate the
possibility of linearity, we converted continuous variable lactate into a categorical variable based on tri-segment quantile and calculated P values.
Data were analyzed with the use of Empower (R) (www.empowerstats.com; X&Y solutions inc.) and the statistical packages R (The R Foundation;
http://www.r-project.org; version 3.4.3). For all analyses, a P value below 0.05 was considered signi�cant.

Results
Baseline characteristics

There were 46,476 patients who were �rst admitted to the ICU, and 3512 had diagnoses of sepsis (ICD 995.91), severe sepsis (ICD 995.92), or septic
shock (ICD 785.52; Figure 1). After exclusion of 5 patients who were younger than 18 years-old, 309 patients who were discharged from the ICU
within 24 h, 4 patients who did not have chart event data, and 346 patients whose initial lactate levels were not measured, there were 2848 patients.
Among these 2848 patients, 1249 were younger than 65 years and 1599 were 65 years or older.

The average age of 2848 patients was 68.01 years old, and about 55.40% of them were male. The overall 28-day mortality rate was 30.4%, and the
rate in elderly patients was 65.82%. Most patients in the non-elderly and elderly groups were male. The non-elderly patients stayed in ICU for more
days, but the 28-day mortality was signi�cantly greater in the elderly group. The baseline clinical and demographic characteristics of the survivors
were compared to the non-survivors in each age group (Table 1). Analysis indicated the mortality rate increased with age within each age group, and
that time in the ICU had a negative association with survivorship only in the elderly group. The non-survivors had a higher score of SAPSII, SOFA,
LODS, OASIS, and lactate (p<0.001 for all). Analysis of major complications indicated the incidence of liver cirrhosis, chronic renal insu�ciency and
malignancy were signi�cantly greater among non-survivors in each age group. Further analysis (Table 2) showed that the lactate was similar for
elderly and non-elderly survivors (2.20 vs. 2.10 mmol/L, P = 0.062), but was greater in non-elderly non-survivors than elderly non-survivors (3.20 vs.
2.40 mmol/L, P < 0.001).

Predictive values of lactate and some severity scoring systems for 28-day mortality

Table 3 lists the predictive values of lactate and some severity scoring systems in the two age groups for 28-day mortality. Their ROC curves are
shown in Fig.2 and Fig.3. The predictive value of lactate for 28-day mortality was 0.661 for the non-elderly group, and 0.553 for the elderly group.
The predictive performance of QSOFA and SIRS for 28-day mortality increased after lactate was added, but there was no signi�cant difference in the
AUROC values of SAPSII SOFA and LODS before and after lactate addition in the two age groups.

Association of lactate with 28-day mortality for each age group

In our study, there were 296 dead patients in the non-elderly group and 570 dead patients in the elderly group. We developed different models to
examine the independent predicting value of lactate for 28-day mortality and used multivariate analysis to determine the impact of lactate on
mortality in each group. The adjusted ORs (95%CIs) for lactate were 1.16 (1.09-1.23) and 1.03 (0.98-1.08) for 28-day mortality in the non-elderly and
elderly group, respectively.

To test the nonlinear trend between lactate and 28-day mortality in septic patients of each age group, we converted the continuous variable of
lactate into a categorical variable according to tri-segment quantile in the models and divided lactate into three levels. Lactate levels in the non-
elderly group were probably consistent with those in the elderly group. We initially used univariate logistic regression analysis to identify variables
related to 28-day mortality. The subsequent multivariate logistic regression analysis, in which patients with low level of lactate were used as the
reference group, indicated increased lactate level was associated with 28-day mortality. A signi�cant trend in higher mortality was observed in
patients with elevated lactate level compared to patients with less level of lactate in the non-elderly group (p < 0.05 for all). Lactate level was
positively associated with risk of death at 28 days in the non-elderly group (p for trend < 0.001), but there was no such correlation in the elderly group
(p for trend = 0.830).

Subgroup Analyses

A strati�ed analysis was conducted by baseline characteristics. In the subgroup analyses, we used sex, ethnicity, �rst care unit, severity scoring
systems, comorbidities and major source of infection as the strati�ed variables to examined the associations between lactate and 28-day mortality
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(Table 5). There was no signi�cant difference in relationship between lactate and risk of 28-day mortality in the elderly group in the subgroup
analyses. We observed signi�cant changes in SAPSII, SOFA, liver cirrhosis and intra-peritoneal infection (p < 0.05 for all) (Fig.4). It was worth
mentioning that we found signi�cant inverse association of liver cirrhosis with 28-day mortality among the non-elderly sepsis patients. The lactate
of the non-elderly patients without liver cirrhosis had a higher risk of 28-day mortality (OR 1.28, p < 0.0001). The association between lactate and 28-
day mortality for sepsis patients without liver cirrhosis was stronger than for sepsis patients with liver cirrhosis in non-elderly group (OR 1.28 vs. OR
1.10, P =0.027 for the interaction lactate* liver cirrhosis for 28-day mortality).

Discussion
In this study, we retrospectively analyzed the clinical characteristics, 28-day mortality rate, and the relationship of plasma lactate level with the
prognosis of sepsis patients in different age groups in the MIMIC-  database. Our results suggested that higher lactate level was associated with
higher 28-day mortality in the non-elderly sepsis patients, but there was no signi�cant association in the elderly group.

The clinical mortality rate of sepsis is now higher than that of myocardial infarction and, except for heart disease, sepsis is the main cause of death
in the ICU [15]. The ultimate cause of death from sepsis is organ dysfunction caused by the patient’s reaction to the infection [16]. Because of their
reduced immune responses and resistance, sepsis more common among the elderly. The prevalence and mortality of severe sepsis have increased
signi�cantly over time [17].

Most of these patients were from an emergency department, so those with high lactate levels were treated soon after admission. This may have
contributed to the lower overall lactate levels in our study than in a previous study [18].

As a product of hypoxia and hypoperfusion, plasma lactate can be used to guide the judgment of �uid resuscitation and curative effect in patients
with sepsis, and it is also an effective predictor of sepsis mortality [19]. Lactate is a well-known predictor of infection and trauma in patients and has
been recognized as a biomarker for risk-strati�cation, especially in sepsis patients. Mikkelsen ME et al. [3] proposed initial serum lactate was
associated with mortality independent of clinically apparent organ dysfunction and shock in patients admitted to the ED with severe sepsis. A
previous study [20] reported that elevated lactate level was associated with poor prognosis for ICU patients after ruptured abdominal aortic
aneurysm repair. 

The elderly patients are more likely than the nonelderly to develop sepsis due to Gram-negative bacteria, especially among patients with pneumonia
and fungal infections. Respiratory tract infections are also more common causes of sepsis in elderly patients [21]. Relative to the non-elderly, we
found that elderly sepsis patients had a higher 28-day mortality rate and that sepsis was more likely to be caused by a respiratory tract infection, in
agreement with previous studies [18, 22]. In contrast, we found that sepsis in non-elderly patients was more likely to be caused by skin and soft
tissue infections.

The major indicators of poor prognosis in elderly sepsis patients are shock, elevated plasma lactate, and organ failure (especially of the respiratory
system or heart) [23]. In addition, previous research indicated that advanced age is an independent risk factor for severe sepsis and death from
sepsis [24]. Our multivariate adjusted logistic regression analysis showed that lactate level was an independent risk factor for 28-day mortality for
non-elderly sepsis patients, but this relationship was not signi�cant for the elderly. This might be a result of blunted in�ammatory responses in the
elderly.

We were surprised to �nd that the association between lactate and 28-day mortality for sepsis patients without liver cirrhosis was stronger than in
sepsis with liver cirrhosis in non-elderly group. Some patients have high plasma lactate levels due to liver dysfunction leading to lactate removal
dysfunction, but patients with normal or moderate lactate levels may have a higher risk of death[25], the interpretation of serum lactate levels is
often complex. Therefore, a randomized controlled trial is necessary to examine whether liver insu�ciency affects the relationship between lactate
and the risk of death.

There are some limitations in this study. First, the patient information we used for analysis was only from the MIMIC-III database. The results may
have bias, but the advantage of population size in our study may reduce the bias. Second, we could not analyze data from patients excluded due to
missing lactate values. Although this is one of our potential limitations, we think that the characteristic of study with a relatively large number of
patients may reduce the drawback. In addition, we compared the 28-day mortality in patients with lactate and without lactate values. There was no
signi�cant difference between the two groups (p=0.281). Finally, further forward-looking, large sample validation and risk grading studies are
necessary to conduct to �nd more simple and effective prediction methods and achieve targeted interventions to reduce the incidence of death.

Conclusions
A signi�cant trend in higher mortality was observed in patients with elevated lactate levels compared to patients with less level of lactate in the non-
elderly group. Lactate level was positively associated with risk of 28-day mortality of the non-elderly sepsis patients, but there was no signi�cant
association between lactate level and 28-day mortality in the elderly group.
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Abbreviations
ICU: Intensive Care Unit; MIMIC-III: the Medical Information Mart for Intensive Care III; ROC: receiver operating characteristic; AUROC: the area under
the receiver operating characteristic curve; OR: odd ratio; SpO2, peripheral capillary oxygen saturation; MICU, medical intensive care unit; CCU,
coronary care unit; TSICU, trauma surgical intensive care unit; CSRU, cardiac surgery recovery unit; SICU, surgical intensive care unit; SAPSII,
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severity of illness score; QSOFA: quick sepsis related organ failure assessment; SIRS: systemic in�ammatory response syndrome.
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Variable Non-elderly (n=1249) Elderly (n=1599) 9)<0.001* <0.001*
!7

P value

Survivors Non-survivors P value Survivors Non-survivors P value

Age (years) 52.99(43.54-
59.53)

55.89(48.89-
61.17)

<0.001* 78.23(71.77-
84.58)

80.43(72.48-
85.82)

0.009* <0.001*

Sex     0.353     0.354 0.023*

Male 544(57.08%) 178(60.14%)   542(52.67%) 314(55.09%)    

Female 409(42.92%) 118(39.86%)   487(47.33%) 256(44.91%)    

ICU length of stay (d) 4.73(2.43-12.12) 5.03(2.27-10.16) 0.196 3.69(2.09-8.43) 4.48(2.30-9.00) 0.048 <0.001*

Lactate (mmol/L) 2.10(1.40-3.40) 3.20(1.93-5.18) <0.001* 2.20(1.50-3.50) 2.40(1.68-4.00) <0.001* 0.852

Scoring system              

SAPSII 36.00(27.00-
46.00)

53.50(42.00-
64.00)

<0.001* 45.00(37.00-
54.00)

55.00(47.00-
66.00)

<0.001* <0.001*

SOFA 6.00(4.00-9.00) 11.00(7.00-14.00) <0.001* 6.00(4.00-8.00) 8.00(6.00-11.00) <0.001* 0.013*

LODS 4.00(2.00-6.00) 6.00(4.00-8.00) <0.001* 4.00(2.00-5.00) 5.00(3.00-7.00) <0.001* 0.557

OASIS 34.00(27.00-
41.00)

40.00(34.25-
47.00)

<0.001* 37.00(31.00-
43.00)

43.00(37.00-
48.00)

<0.001* <0.001*

QSOFA     <0.001*     <0.001* <0.001*

0 10(1.05%) 3(1.01%)   10(0.97%) 0(0.00%)    

1 144(15.11%) 17(5.74%)   135(13.12%) 49(8.60%)    

2 669(70.20%) 215(72.64%)   661(64.24%) 345(60.52%)    

3 130(13.64%) 61(20.61%)   223(21.67%) 176(30.88%)    

SIRS     0.342     0.001* 0.001*

0 2(0.21%) 0(0.00%)   1(0.10%) 0(0.00%)    

1 27(2.83%) 5(1.69%)   28(2.72%) 8(1.40%)    

2 94(9.86%) 31(10.47%)   156(15.16%) 55(9.65%)    

3 342(35.89%) 99(33.45%)   399(38.78%) 224(39.30%)    

4 488(51.21%) 161(54.39%)   445(43.24%) 283(49.65%)    

Ethnicity     0.531     0.009* <0.001*

White 650(68.21%) 201(67.91%)   819(79.59%) 428(75.09%)    

Black 109(11.44%) 28(9.46%)   75(7.29%) 28(4.91%)    

Asian 34(3.57%) 6(2.03%)   33(3.21%) 17(2.98%)    

Hispanic 50(5.25%) 8(2.70%)   20(1.94%) 9(1.58%)    

Other or unknown 110(11.54%) 53(17.91%)   82(7.97%) 88(15.44%)    

First care unit     0.194     0.741 0.02*

MICU 642(67.37%) 210(70.94%)   739(71.82%) 398(69.82%)    

CCU 64(6.72%) 20(6.76%)   70(6.80%) 61(10.70%)    

TSICU 66(6.92%) 21(7.09%)   74(7.19%) 40(7.02%)    

CSRU 25(2.62%) 6(2.03%)   30(2.92%) 20(3.51%)    

SICU 156(16.37%) 39(13.18%)   116(11.27%) 51(8.95%)    

Admission type     0.487     0.287 0.071

Emergency 894(93.81%) 281(94.93%)   979(95.14%) 549(96.32%)    
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Elective 41(4.30%) 9(3.04%)   39(3.79%) 13(2.28%)    

Urgent 18(1.89%) 6(2.03%)   11(1.07%) 8(1.40%)    

Initial vital signs              

Heart rate (beats/min) 96.61(84.67-
109.36)

98.58(86.72-
112.71)

0.031* 87.00(75.81-
98.77)

90.85(77.46-
105.41)

<0.001* <0.001*

Mean blood pressure
(mmHg)

74.18(69.43-
80.44)

72.31(66.19-
78.57)

<0.001* 71.03(66.02-
76.90)

69.13(64.48-
74.30)

<0.001* <0.001*

Respiratory rate
(breaths/min)

20.98(17.94-
24.21)

22.25(19.10-
26.11)

<0.001* 20.47(17.79-
23.49)

21.39(18.38-
25.06)

<0.001* 0.013*

Body temperature (°C) 37.18(36.67-
37.75)

36.76(36.22-
37.37)

<0.001* 36.79(36.35-
37.29)

36.65(36.16-
37.14)

<0.001* <0.001*

SpO2 (%) 97.21(95.88-
98.48)

96.59(95.01-
98.19)

<0.001* 97.30(95.96-
98.50)

97.04(95.22-
98.51)

0.004 0.143

Major comorbidities              

Hypertension 388(40.71%) 112(37.84%) 0.378 642(62.39%) 340(59.65%) 0.281 <0.001*

Liver cirrhosis 88(9.23%) 108(36.49%) <0.001* 37(3.60%) 40(7.02%) 0.002* <0.001*

Congestive heart failure 168(17.63%) 60(20.27%) 0.304 436(42.37%) 252(44.21%) 0.477 <0.001*

Chronic renal insu�ciency 520(54.56%) 216(72.97%) <0.001* 656(63.75%) 421(73.86%) <0.001* <0.001*

Cerebrovascular disease 67(7.03%) 22(7.43%) 0.814 96(9.33%) 63(11.05%) 0.270 0.008*

Diabetes mellitus 253(26.55%) 74(25.00) 0.597 355(34.50%) 199(34.91%) 0.868 <0.001*

Malignancy 82(8.60%) 67(22.64%) <0.001* 103(10.01%) 125(21.93%) <0.001* 0.069

Major source of infection              

Respiratory tract 281(29.49%) 83(28.04%) 0.633 335(32.56%) 202(35.44%) 0.243 0.011*

Urinary tract 44(4.62%) 0(0%) <0.001* 40(3.89%) 9(1.58%) 0.01* 0.495

Skin and soft tissue 120(12.59%) 19(6.42%) 0.003* 86(8.36%) 28(4.91%) 0.01* <0.001*

Intra-abdomen 149(15.63%) 58(19.59%) 0.11 186(18.08%) 75(13.16%) 0.011* 0.858

28-day mortality 296(23.70%) 570(35.65%) <0.001*

*P<0.05

SAPSII, simpli�ed acute physiology score II; SOFA, sequential organ failure assessment; LODS: logistic organ dysfunction system; OASIS: oxford
acute severity of illness score; QSOFA: quick sepsis related organ failure assessment; SIRS: systemic in�ammatory response syndrome; MICU,
medical intensive care unit; CCU, coronary care unit; TSICU, trauma surgical intensive care unit; CSRU, cardiac surgery recovery unit; SICU, surgical
intensive care unit; SpO2, peripheral capillary oxygen saturation.

 

Table 2. Lactate levels in survivors and non-survivors of the two age groups.

Variable Survivors(n=1982) Non-survivors(n=866)

Non-elderly(n=953) Elderly(n=1029) P value Non-elderly(n=296) Elderly(n=570) P value

Lactate (mmol/L) 2.10(1.40-3.40) 2.20(1.50-3.50) 0.062 3.20(1.92-5.18) 2.40(1.68-4.00) <0.001*

*P<0.05

 

Table 3. AUC of lactate and some scoring systems for predicting 28-day mortality.
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 Non-elderly Elderly

AUC (95%CI) Sensitivity Speci�city Youden's
index

P value AUC (95%CI) Sensitivity Speci�city Youden's
index

P
value

SAPSII 0.797(0.769-
0.824)

0.710 0.739 0.448 0.424 0.704(0.678-
0.730)

0.775 0.539 0.315 0.587

SAPSII*LAC 0.800(0.773-
0.827)

0.784 0.675 0.459 0.705(0.679-
0.731)

0.756 0.566 0.322

SOFA 0.761(0.730-
0.792)

0.588 0.796 0.384 0.157 0.657(0.629-
0.685)

0.663 0.579 0.242 0.616

SOFA*LAC 0.767(0.736-
0.798)

0.628 0.787 0.415 0.658(0.630-
0.686)

0.602 0.645 0.247

LODS 0.723(0.690-
0.755)

0.737 0.619 0.356 0.057 0.651(0.623-
0.679)

0.460 0.754 0.214 0.057

LODS*LAC 0.737(0.705-
0.769)

0.689 0.665 0.355 0.657(0.629-
0.685)

0.507 0.729 0.236

OASIS 0.696(0.663-
0.729)

0.750 0.531 0.281 0.012* 0.683(0.656-
0.709)

0.744 0.513 0.257 0.431

OASIS*LAC 0.717(0.683-
0.750)

0.710 0.602 0.312 0.685(0.659-
0.712)

0.723 0.548 0.271

QSOFA 0.569(0.533-
0.606)

0.932 0.162 0.094 <0.001* 0.561(0.532-
0.591)

0.309 0.783 0.092 0.003*

QSOFA*LAC 0.668(0.633-
0.704)

0.757 0.503 0.259 0.591(0.561-
0.620)

0.442 0.710 0.153

SIRS 0.516(0.479-
0.554)

0.544 0.488 0.032 <0.001* 0.546(0.517-
0.575)

0.890 0.180 0.069 0.038*

SIRS*LAC 0.661(0.626-
0.697)

0.723 0.523 0.246 0.569(0.540-
0.598)

0.861 0.236 0.098

Lactate 0.661(0.626-
0.697)

0.723 0.523 0.246  0.553(0.523-
0.582)

0.204 0.880 0.083  

*P<0.05

 

Table 4. Relationship between lactate and 28-day mortality in different models.
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 Non-adjusted Adjusted I Adjusted II

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

Non-elderly            

Lactate (mmol/L) 1.28(1.21-1.35) <0.001* 1.29(1.22-1.37) <0.001* 1.16(1.09-1.23) <0.001*

Lactate level            

0.30-1.60 1.00   1.00   1.00  

1.70-3.10 1.75(1.21-2.53) 0.003* 1.76(1.21-2.55) 0.003* 1.50(1.00-2.25) 0.048*

3.20-24.70 3.40(2.41-4.82) <0.001* 3.53(2.48-5.02) <0.001* 2.07(1.40-3.06) <0.001*

p for trend 1.86(1.57-2.20) <0.001* 1.89(1.59-2.25) <0.001* 1.43(1.18-1.73) <0.001*

Elderly            

Lactate (mmol/L) 1.11(1.06-1.17) <0.001* 1.12(1.06-1.17) <0.001* 1.03(0.98-1.08) 0.290

Lactate level            

0.30-1.70 1.00   1.00   1.00  

1.80-3.00 1.22(0.94-1.57) 0.130 1.24(0.96-1.61) 0.099 1.15(0.87-1.51) 0.324

3.10-17.40 1.47(1.14-1.89) 0.003* 1.50(1.16-1.94) 0.002* 1.03(0.78-1.36) 0.815

p for trend 1.21(1.07-1.37) 0.003* 1.23(1.08-1.39) 0.002* 1.02(0.89-1.16) 0.830

*P<0.05

Non-adjusted model adjust for: None

Adjust I model adjust for: age; gender; ethnicity.

Adjust II model adjust for: age; gender; �rst care unit; SAPSII.

 

 

Table 5. Subgroup analysis of the association between lactate and 28-day mortality in the two age groups.
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Subgroup Non-elderly Subgroup Elderly

Number OR(95% CI) p for
interaction

Number OR(95% CI) p for
interaction

Sex     0.775 Sex     0.102

Male 722 1.27 (1.19-
1.36)

  Male 856 1.15 (1.08-
1.22)

 

Female 527 1.29 (1.17-
1.42)

  Female 743 1.06 (0.98-
1.14)

 

Ethnicity     0.317 Ethnicity     0.278

White 851 1.32 (1.22-
1.42)

  White 1247 1.09 (1.03-
1.15)

 

Black 137 1.25 (1.07-
1.46)

  Black 103 1.24 (1.02-
1.51)

 

Asian 40 1.34 (1.01-
1.76)

  Asian 50 1.13 (0.88-
1.46)

 

Hispanic 58 1.72 (1.14-
2.60)

  Hispanic 29 1.42 (0.98-
2.06)

 

Other or unknown 163 1.18 (1.05-
1.33)

  Other or unknown 170 1.20 (1.04-
1.40)

 

First care unit     0.141 First care unit     0.485

MICU 852 1.30 (1.22-
1.40)

  MICU 1137 1.09 (1.03-
1.15)

 

CCU 84 1.29 (1.04-
1.60)

  CCU 131 1.16 (1.00-
1.34)

 

TSICU 87 1.03 (0.85-
1.25)

  TSICU 114 1.18 (0.98-
1.42)

 

CSRU 31 0.83 (0.33-
2.06)

  CSRU 50 1.07 (0.86-
1.34)

 

SICU 195 1.34 (1.16-
1.56)

  SICU 167 1.24 (1.06-
1.46)

 

Admission type     0.762 Admission type     0.858

Emergency 1175 1.27 (1.20,
1.35)

  Emergency 1528 1.11 (1.06,
1.17)

 

Elective 50 1.39 (0.93,
2.08)

  Elective 52 1.17 (0.91,
1.52)

 

Urgent 24 1.44 (0.94,
2.19)

  Urgent 19 1.21 (0.78,
1.86)

 

SAPSII     0.020* SAPSII     0.276

11.00-28.00 295 1.52 (1.03-
2.25)

  12.00-39.00 391 0.94 (0.77-
1.14)

 

29.00-38.00 299 0.99 (0.82-
1.20)

  40.00-48.00 389 0.99 (0.88-
1.11)

 

39.00-51.00 337 1.09 (0.99-
1.20)

  49.00-58.00 415 1.11 (1.01-
1.22)

 

52.00-107.00 318 1.27 (1.15-
1.40)

  59.00-110.00 404 1.05 (0.97-
1.13)

 

SOFA     0.024* SOFA     0.054

0.00-3.00 226 1.85 (1.28-
2.68)

  0.00-3.00 261 1.09 (0.93-
1.29)

 

4.00-6.00 347 0.99 (0.82-
1.19)

  4.00-6.00 527 0.94 (0.83-
1.06)

 

7.00-9.00 308 1.18 (1.05-
1.32)

  7.00-8.00 321 1.04 (0.93-
1.15)
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10.00-21.00 368 1.17 (1.09-
1.27)

  9.00-21.00 490 1.13 (1.05-
1.21)

 

QSOFA     0.621 QSOFA     0.470

0 13 0.88 (0.32,
2.39)

  0 10 1.00 (0.00,
inf.)

 

1 161 1.16 (0.93,
1.44)

  1 184 1.00 (0.85,
1.18)

 

2 884 1.27 (1.19,
1.35)

  2 1006 1.14 (1.07,
1.21)

 

3 191 1.33 (1.16,
1.52)

  3 399 1.09 (0.99,
1.19)

 

               

SIRS     0.432 SIRS     0.049*

0 2 1.00 (0.00-
Inf)

  0 1 0.00 (0.00-
inf.)

 

1 32 0.70 (0.28-
1.75)

  1 36 1.65 (0.99-
2.77)

 

2 125 1.20 (0.98-
1.46)

  2 211 1.30 (1.09-
1.55)

 

3 441 1.35 (1.21-
1.50)

  3 623 1.05 (0.96-
1.14)

 

4 649 1.27 (1.18-
1.36)

  4 728 1.10 (1.04-
1.17)

 

Major comorbidities              

Hypertension     0.699 Hypertension     0.257

No 749 1.29 (1.20-
1.39)

  No 617 1.08 (1.01-
1.16)

 

Yes 500 1.26 (1.16-
1.37)

  Yes 982 1.14 (1.07-
1.22)

 

Liver cirrhosis     0.027* Liver cirrhosis     0.874

No 1053 1.28 (1.19-
1.36)

  No 1522 1.11 (1.06-
1.16)

 

Yes 196 1.10 (0.99-
1.22)

  Yes 77 1.12 (0.95-
1.33)

 

Congestive heart failure     0.246 Congestive heart failure     0.087

No 1021 1.30 (1.22-
1.38)

  No 911 1.15 (1.09-
1.23)

 

Yes 228 1.19 (1.04-
1.36)

  Yes 688 1.06 (0.99-
1.14)

 

Chronic renal
insu�ciency

    0.361 Chronic renal
insu�ciency

    0.266

No 513 1.32 (1.18-
1.47)

  No 522 1.05 (0.95-
1.16)

 

Yes 736 1.24 (1.16-
1.32)

  Yes 1077 1.12 (1.06-
1.18)

 

Cerebrovascular
disease

    0.786 Cerebrovascular
disease

    0.645

No 1160 1.28 (1.21,
1.36)

  No 1440 1.12 (1.06,
1.17)

 

Yes 89 1.24 (1.00,
1.54)

  Yes 159 1.08 (0.93,
1.25)

 

Diabetes mellitus     0.584 Diabetes mellitus     0.825
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No 922 1.29 (1.21-
1.38)

  No 1045 1.12 (1.06-
1.18)

 

Yes 327 1.25 (1.12-
1.38)

  Yes 554 1.11 (1.02-
1.20)

 

Malignancy     0.584 Malignancy     0.600

No 1100 1.26 (1.18-
1.34)

  No 1371 1.10 (1.05-
1.16)

 

Yes 149 1.32 (1.13-
1.53)

  Yes 228 1.14 (1.01-
1.29)

 

Major source of
infection

      Major source of
infection

     

Respiratory tract     0.088 Respiratory tract     0.036*

No 885 1.32 (1.23-
1.41)

  No 1062 1.16 (1.09-
1.22)

 

Yes 364 1.18 (1.05-
1.31)

  Yes 537 1.04 (0.95-
1.13)

 

Urinary tract     1.000 Urinary tract     0.844

No 1205 1.27 (1.20,
1.34)

  No 1550 1.12 (1.06,
1.17)

 

Yes 44 1.00 (0.00,
inf.)

  Yes 49 1.07 (0.70,
1.64)

 

Skin and soft tissue     0.109 Skin and soft tissue     0.966

No 1110 1.29 (1.22-
1.37)

  No 1485 1.11 (1.06-
1.17)

 

Yes 139 1.06 (0.84-
1.35)

  Yes 114 1.12 (0.94-
1.33)

 

Intra-abdomen     0.003* Intra-abdomen     0.656

No 1042 1.22 (1.15-
1.30)

  No 1338 1.12 (1.06-
1.18)

 

Yes 207 1.54 (1.33-
1.79)

 Yes 261 1.08 (0.95-
1.23)

 

*P<0.05

 

Figures
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Figure 1

Patient disposition.

Figure 2

Receiver operating characteristic curves for predicting 28-day mortality in non-elderly patients.
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Figure 3

Receiver operating characteristic curves for predicting 28-day mortality in elderly patients.

Figure 4
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Subgroup analysis of the association between lactate and 28-day mortality in non-elderly patients.


