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I N TRODUC TION

Sepsis is a life-threatening syndrome characterized by organ 
dysfunction because of infection.1,2 It is estimated that, an-
nually, >10 million patients with sepsis die, and the num-
ber of deaths is increasing.1,3 The association of body mass 
index (BMI) with sepsis-related mortality has also been in-
vestigated. Studies from North America and Europe have 
demonstrated that a higher BMI was associated with lower 

mortality rates, whereas a report from China has indicated 
that while a higher BMI was not associated significantly 
with lower mortality rates, a lower BMI was associated with 
a high risk of mortality.4–7

Although the association between BMI, hypoglycemic 
event rate, and mortality in patients admitted to the inten-
sive care unit (ICU) has been investigated using large in-
ternational clinical databases, the influence of BMI on the 
association of initial hypoglycemia with survival outcomes 
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Abstract
Aim: Hypoglycemia at admission is associated with high mortality in sepsis patients. 
However, the influence of body mass index (BMI) on this association remains un-
known. Therefore, this study assesses the association of hypoglycemia at admission 
with mortality in patients with sepsis according to BMI.
Methods: This was a secondary analysis of a multicenter, prospective cohort study 
of 59 intensive care units in Japan. We included 1184 patients (age ≥16 years) with se-
vere sepsis and excluded those with missing data on glucose level, BMI, or survival at 
discharge. The initial blood glucose level of <70 mg/dL was defined as hypoglycemia. 
Patients were assigned to the hypoglycemia or non-hypoglycemia group as per BMI 
category (<18.5 [low], 18.5–24.9 [normal], and ≥25 [high] kg/m2). The main outcome 
was in-hospital mortality. Multivariate logistic regression models were used to evalu-
ate BMI category-by-hypoglycemia interactions.
Results: Overall, 1103 patients, including 65 with hypoglycemia, were analyzed. In 
the normal BMI group, patients with hypoglycemia had a higher in-hospital mortal-
ity rate (18/38, 47.4%) than those without (119/584, 20.4%). There was a significant 
interaction between normal BMI and hypoglycemia affecting in-hospital mortality; 
however, this effect was not observed for other BMI categories (odds ratio, 2.32; 95% 
confidence interval, 1.05–5.07; p-value for interaction = 0.0476).
Conclusion: The relationship between patients with sepsis and hypoglycemia on ad-
mission may differ according to BMI. Hypoglycemia on admission may be associated 
with high mortality in patients with normal BMI, but not in those with low or high 
BMI.
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among patients with sepsis remains unclear. Compared with 
those of the normal BMI group, the high BMI groups showed 
a reduced hypoglycemic rate, whereas the low BMI group 
showed an increased rate of hypoglycemia. Hypoglycemic 
events were associated with increased mortality in all BMI 
groups8; however, the impact of initial hypoglycemia at ad-
mission was not determined. Previous reports have shown 
an association between hypoglycemia at admission and a 
high mortality rate in patients with sepsis.9–12

Therefore, this study assesses the association between 
hypoglycemia at admission and mortality in patients with 
sepsis according to BMI.

M ETHODS

Design, setting, and participants

This was a retrospective secondary analysis of the Focused 
Outcomes Research in Emergency Care in Acute Respiratory 
Distress Syndrome, Sepsis, and Trauma (FORECAST) study, 
which described the incidence, clinical characteristics, and 
evolving management of sepsis in Japan. The FORECAST 
study was a multicenter, prospective cohort study of sepsis 
patients from 59 ICUs, conducted between January 2016 and 
March 2017.13 The study included patients (age ≥16 years) di-
agnosed with severe sepsis based on the 2003 Sepsis-2 crite-
ria14 because the FORECAST study was planned before the 
announcement of the Sepsis-3 criteria. All the patients were 
admitted to the ICU. Severe sepsis was defined as a diagno-
sis or suspected new-onset infection based on the history of 
present illness, with at least two criteria for systemic inflam-
matory response syndrome15 and one criterion for organ 
dysfunction. Patients with limited data on sustained life care 
or post-cardiopulmonary arrest resuscitation status at the 
time of sepsis diagnosis were excluded.

In this secondary analysis, we screened all the patients 
enrolled in the FORECAST study. We excluded those with 
missing data on initial blood glucose level, BMI, or survival 
at discharge. Because data were rarely missing, no assump-
tions were made for such.

The FORECAST study protocol was approved by the 
ethics committees/institutional review boards (IRBs) of all 
the participating institutes in the Japanese Association for 
Acute Medicine Study Group, Japan (IRB number 014-0306, 
Hokkaido University, the representative of FORECAST). 
Data collection was performed as part of routine clinical 
workup without any interventions, and data management 
and statistical analyses were processed anonymously. Hence, 
the need for informed consent was waived by the ethics 
committees/IRBs.

Data collection

Data were compiled by the FORECAST investigators and 
obtained from the FORECAST database. We collected data 

on patient characteristics, admission source, pre-existing co-
morbidities assessed using the Charlson comorbidity index, 
activities of daily living, suspected sites of infection, organ 
dysfunction, sepsis-related severity scores, duration of me-
chanical ventilation and ICU stays, and survival information 
at 28 days post ICU admission and at hospital discharge. The 
Sequential Organ Failure Assessment (SOFA)16 and Acute 
Physiology and Chronic Health Evaluation II (APACHE II) 
scores17 were calculated using physiological and laboratory 
data obtained at the initial examination as part of the rou-
tine medical workup. The blood glucose levels at the time 
of admission were measured using a blood gas analyzer, as 
recommended in the international sepsis guidelines,18 and 
not using a glucometer.

Variable definitions

The patients were divided into three groups based on their in-
itial BMI, according to the definition of the Japan Society for 
the Study of Obesity: <18.5 kg/m2 (low BMI), 18.5–24.9 kg/
m2 (normal BMI), and ≥25 kg/m2 (high BMI).19 The patients 
in each group were further divided into two groups depend-
ing on their initial blood glucose levels: <70 mg/dL (hypo-
glycemia) or ≥70 mg/dL (non-hypoglycemia). Although not 
universally defined, blood glucose levels of <70 mg/dL are 
widely accepted as the definition of hypoglycemia.20 In the 
subgroup analysis, 28-day and in-hospital mortality were as-
sessed in patients with or without diabetes mellitus (DM). 
Septic shock and organ dysfunction were defined using the 
Sepsis-2 criteria.14 The Charlson comorbidity index was clas-
sified into four groups as previously defined: 0 (none), 1–2 
(low), 3–4 (moderate), and ≥5 (high) points.21

Outcome

The primary outcome was in-hospital mortality.

Statistical analyses

Descriptive statistics included counts (proportions) for cat-
egorical variables and medians (interquartile ranges) for 
continuous variables, given that not all variables followed 
a normal distribution. The categorical variables were com-
pared using the χ2 test, and the continuous variables were 
compared using the Mann–Whitney U test between patients 
with initial blood glucose levels of <70 mg/dL and those with 
≥70 mg/dL in each BMI category. To examine the heteroge-
neity of the association of hypoglycemia with in-hospital 
mortality across each BMI category, we performed a mul-
tivariable logistic regression analysis with the interaction 
term between the BMI category and hypoglycemia in each 
BMI category group. In this multivariable logistic regres-
sion analysis, the outcome variable was in-hospital mortal-
ity, and explanatory variables were blood glucose levels of 
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<70 mg/dL or not, age, SOFA score, and Charlson comorbid-
ity index. Statistical significance was defined as p-values of 
<0.05 and statistical analyses were performed using JMP 15 
(SAS Institute).

R E SU LTS

The FORECAST study registered 1184 patients; however, 81 
were excluded because of missing data on their initial blood 
glucose level, BMI, or survival information at hospital dis-
charge. Finally, we analyzed the data of 1103 patients with 
severe sepsis. The patients were divided into three groups ac-
cording to their BMI categories: 223 patients with low BMI, 
622 with normal BMI, and 258 with high BMI. Furthermore, 
patients in each BMI category were divided according to 
hypoglycemia or non-hypoglycemia. Patients in the low 
BMI category were divided as follows: 13/1103 (1% of all 
included patients) with hypoglycemia and 210/1103 (19%) 
with non-hypoglycemia. Patients in other BMI categories 
were divided as follows: 38/1103 (2%) and 584/1103 (53%) 
in the normal BMI category and 14/1103 (1%) and 244/1103 
(22%) in the high BMI category with hypoglycemia and non-
hypoglycemia, respectively (Figure 1).

Patient characteristics and clinical outcomes

The patient characteristics are shown in Table  1 (detailed 
characteristics are shown in Table S1). The median patient 
age was 73 (64–81) years, and the median BMI was 21.7 
(19.0–24.7) kg/m2. Of the 1038 patients, 23.3% were diag-
nosed with DM before admission. The proportion of patients 
with pre-existing DM was similar between patients with 
and without hypoglycemia in all the BMI categories. The 

most suspected site of infection was the lungs (31.1%), fol-
lowed by the abdomen (25.7%). The SOFA scores, APACHE 
II scores, and lactate levels tended to be higher in patients 
with hypoglycemia than in those without hypoglycemia in 
all the BMI categories. The clinical outcomes of the patients 
are shown in Table 2 (results of the outcome measures are 
listed in Table S2). In all patients, the in-hospital and 28-day 
mortality rates were 253/1103 (22.9%) and 200/1093 (18.3%), 
respectively, which were higher among those with hypogly-
cemia than in those without hypoglycemia in the normal 
BMI group (18/38 [47.4%] vs. 119/584 [20.4%], p = 0.0001, 
and 16/38 [42.1%] vs. 89/577 [15.4%], p < 0.0001, respec-
tively). However, these rates were similar in the low and 
high BMI groups. In patients without DM in the normal 
BMI group, in-hospital and 28-day mortality were higher 
in patients with hypoglycemia than in those without. In pa-
tients with DM in the normal BMI group, for patients with 
and without hypoglycemia, in-hospital and 28-day mortal-
ity showed similar tendencies, with no significant differ-
ences (Table S3).

Interaction between hypoglycemia and BMI 
category for in-hospital mortality

There was a significant interaction between normal BMI 
and hypoglycemia on in-hospital mortality (odds ratio, 
2.32; 95% confidence interval, 1.05–5.07; p-value for interac-
tion = 0.0476), whereas no similar interaction was found be-
tween low or high BMI and hypoglycemia (age, SOFA score, 
and Charlson comorbidity index were adjusted in the mul-
tivariate logistic regression model) (Figure  2). Overall, hy-
poglycemia was not significantly associated with increased 
mortality (Table S4).

F I G U R E  1   Flowchart of the patient selection process. BMI, body mass index; FORECAST study, Focused Outcomes Research in Emergency Care in 
Acute Respiratory Distress Syndrome, Sepsis, and Trauma study.
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DISCUSSION

In this study, we found that the relationship between patients 
with sepsis and hypoglycemia on admission may differ ac-
cording to BMI, and that hypoglycemia on admission may 
be associated with high mortality in patients with normal 
BMI, but not in those with low or high BMI.

Previous studies showed that hypoglycemia was associ-
ated with a high mortality rate in sepsis patients and those 
who were critically ill.8,10–12 A multicenter observational 
study of sepsis patients in Japan suggested that hypoglyce-
mia was related to increased mortality in patients with sep-
sis.10 However, the BMI category was not adjusted in this 
study and hypoglycemia was not associated with increased 
mortality when adjusted for BMI categories (Table S4).

The secondary analysis of the large databases indicated 
that the BMI category may influence hypoglycemic events; 
low BMI was associated with increased hypoglycemic event 
rate, whereas high BMI was associated with reduced hypo-
glycemic event rate in critically ill patients.8 Therefore, ad-
justing for the BMI category might be needed when assessing 
the impact of hypoglycemia on outcomes. To the best of our 
knowledge, this is the first study to examine the association 
between hypoglycemia at admission and mortality in sepsis 
patients according to BMI categories.

One study reported that patients with sepsis with hy-
poglycemia at admission are at risk of high mortality in all 
BMI groups.10 Meanwhile, we found that only patients with 
sepsis with hypoglycemia and normal BMI were associated 
with high mortality. The reason low and high BMIs were not 

associated with worse mortality in patients with hypoglyce-
mia remains to be determined. Adipose tissue and lipopro-
teins are related to BMI,22 and the amount of adipose tissue 
and lipoproteins is possibly related to the robustness of the 
host defense system.23,24 Therefore, the amount may affect 
the host defense of patients with sepsis and hypoglycemia. 
High BMI with plenty of adipose tissue and lipoproteins and 
low BMI with a low amount of adipose tissue and lipoproteins 
may be associated with robust and relatively vulnerable host 
defensive potentials, respectively.25 Although hypoglycemia 
has been shown to be associated with high mortality and dis-
ease severity in patients with sepsis, disease severity may not 
significantly influence mortality in patients with low or high 
BMI showing different defense potentials. Further studies 
are warranted to elucidate the biological response of adipose 
tissue and lipoproteins to hypoglycemia in patients with sep-
sis. Further studies are warranted to elucidate the biological 
reaction of adipose tissue and lipoproteins to hypoglycemia 
in patients with sepsis.

Limitations

This study has some limitations. First, because these data 
were collected before the Sepsis-3 criteria were published, 
the definition of sepsis used in this study differed from the 
latest definition. Second, the number of patients with hypo-
glycemia was too small to be assessed with sufficient statisti-
cal power. Third, all participants were Japanese; therefore, 
generalizability might be limited to East Asians. Fourth, 

F I G U R E  2   Interaction between body mass index (BMI) category and hypoglycemia for in-hospital mortality. Row 1: odds ratios of hypoglycemia 
for in-hospital mortality in patients with low body mass index (BMI). Row 2: odds ratios of hypoglycemia for in-hospital mortality in patients with 
normal and high BMI. Row 3: odds ratios of hypoglycemia for in-hospital mortality in patients with normal BMI. Row 4: odds ratios of hypoglycemia for 
in-hospital mortality in patients with low and high BMI. Row 5: odds ratios of hypoglycemia for in-hospital mortality in patients with high BMI. Row 6: 
odds ratios of hypoglycemia for in-hospital mortality in patients with low and normal BMI. Row 7: odds ratios of hypoglycemia for in-hospital mortality 
in all patients. The odds ratios and 95% confidence intervals (CIs) were obtained using a multivariable logistic regression model. Squares indicate odds 
ratios. Horizontal bars indicate 95% CIs. The dotted vertical line indicates the odds ratio of hypoglycemia for in-hospital mortality in all patients. Rows 
1 and 2, 3 and 4, and 5 and 6 show the interaction between patients in a BMI group and the others. In rows 3 and 4, the interaction was significant 
(p-value for interaction = 0.0476) between odds ratios 2.32 (1.05–5.07) for in-hospital mortality of hypoglycemia in patients with normal BMI and odds 
ratios 0.61 (0.18–1.67) for in-hospital mortality of hypoglycemia in patients with low and high BMI. In rows 1 and 2, and 5 and 6, the interactions were 
not significant. These results indicate that hypoglycemia was associated with increased in-hospital mortality in only the normal BMI group. Low BMI, 
<18.5 kg/m2; normal BMI, 18.5–24.9 kg/m2; high BMI, ≥25 kg/m2.
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only a few explanatory variables in the multivariate analy-
sis were considered because not many patients died. Fifth, 
whether mortality in patients with hypoglycemia was af-
fected by DM treatment (insulin or antidiabetic drugs) be-
fore admission was not elucidated because the database did 
not include information on DM treatment. However, in pa-
tients either with or without DM in the normal BMI group, 
mortality in patients with hypoglycemia was high compared 
with those without hypoglycemia. Therefore, the influence 
of DM treatment on mortality may not be significant.

CONCLUSION

Our findings suggest that the relationship between patients 
with sepsis and hypoglycemia on admission may differ ac-
cording to BMI, and that hypoglycemia on admission is as-
sociated with high mortality in patients with normal BMI, 
but not in those with low or high BMI. The presence of 
hypoglycemia in patients with sepsis, especially those with 
normal BMI, may warrant increased attention on admis-
sion. Our findings remain to be confirmed in larger cohort 
studies.
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