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Early glycaemic variability increases 28-day mortality and prolongs intensive
care unit stay in critically ill patients with pneumonia
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ABSTRACT
Objective: This study aimed to evaluate the effect of early glycaemic variability (GV) on 28-day
mortality in critically ill patients with pneumonia.
Patients and methods: This single-centre retrospective study included patients admitted to the
intensive care unit (ICU) due to pneumonia between 2018 and 2019. A total of 282 patients
(mean age, 68.6 years) with blood sugar test (BST) results measured more than three times
within 48 h after hospitalization and haemoglobin A1c (HbA1c) levels recorded within 2months
were enrolled. Coefficient of variation (CV) was calculated using the BST values. The effects of
GV on 28-day mortality and prolonged ICU stay (>14days) were also assessed.
Results: The mean age was 60.6 years (male to female ratio, 2.5:1). The 28-day mortality rate
was 31.6% (n¼ 89) and was not different according to the presence of diabetes (DM vs. non-
DM) or HbA1c levels (�7.5 vs. <7.5%; both p> .05). However, the mortality rate was signifi-
cantly higher in patients with high GV (CV � 36%) than in those with low GV (CV < 36%;
37.5 vs. 25.4%, p¼ .028). The risk of mortality in patients with high GV was prominent in the
subgroups with DM or low HbA1c levels. Among the surviving patients (n¼ 193), 44
remained in the ICU for more than 14 days. Compared to low GV, high GV was associated
with a higher rate of prolonged ICU stay, although not statistically significant (27.8 vs. 18.5%,
p¼ .171). After adjusting for the severity of illness and treatment strategy, CV was an inde-
pendent risk factor for 28-day mortality (hazard ratio [HR], 1.01, p¼ .04) and prolonged ICU
stay (odds ratio, 1.02; p¼ .04).
Conclusions: High GV within 48h of ICU admission was associated with an increased 28-day
mortality risk and prolonged ICU stay. Early phase GV should be carefully managed in critically
ill patients with pneumonia.

KEY MESSAGES

� The presence of diabetes or HbA1c alone is insufficient to predict 28-day mortality and pro-
longed ICU stay in critically ill patients with pneumonia.

� High glycaemic variability (GV) within 48 h of ICU admission increases 28-day mortality and
prolongs ICU stay, which is consistent after adjusting for severity of illness and treat-
ment strategy.

� Patients with high GV, especially those with DM or low HbA1c levels (<7.5%) should be more
carefully treated to reduce mortality.
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Introduction

Diabetes mellitus (DM) is a chronic disease characterized
by high blood glucose levels owing to decreased insulin
secretion or function. Diabetes has a high mortality rate
due to complications caused by chronic hyperglycaemia,
including microvascular and macrovascular complications
[1]. Diabetes also has a negative effect on the lungs

because of the abundant vascular and connective tissues

(collagen and elastin) [2]. Particularly, changes in colla-

gen and elastin occur due to the nonenzymatic glycosy-

lation of proteins induced by chronic hyperglycaemia,

resulting in pulmonary complications [3,4]. In fact, previ-

ous studies have shown that patients with DM are vul-

nerable to asthma, chronic obstructive pulmonary
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disease and pneumonia due to decreased lung function
[5]. Furthermore, patients with DM are prone to infec-
tious diseases due to reduced blood flow caused by
microvascular complications [6,7], and related studies
have shown that patients with DM have a poor progno-
sis in community-acquired pneumonia [8].

In addition, recent studies have found that high
glycaemic variability (GV) is also a serious risk factor
for high mortality rates in patients in intensive care
units (ICUs), similar to chronic hyperglycaemia [9–11].
Furthermore, since GV in the early stages of hospital-
ization reflects the physiological response to stress, it
has been suggested as a parameter for predicting
prognosis in acute patients [12,13]. However, studies
on GV have not yet been actively conducted, particu-
larly studies on the association between GV and mor-
tality of pneumonia, a single disease.

Therefore, this study aimed to investigate the rela-
tionship between early GV during the first 48 h and
mortality in patients admitted to the ICU due to pneu-
monia. Moreover, the effects of GV on prolonged ICU
stay were analysed.

Patients and methods

Study participants

This retrospective cohort study included 404 patients
admitted to the ICU of Yeungnam University Hospital for
pneumonia between January 2018 and December 2019.
Individuals with pneumonia were selected according to
the Korean Standard Disease Code (KCD-7-based
International Classification of Diseases, 10th revision
(ICD-10); ICD code: J09–J18). Among them, 119 patients
whose blood sugar test (BST) values were not measured
more than three times within 48h of hospitalization
were excluded. In addition, among the remaining
patients, three patients whose HbA1c levels were not
recorded within 2months of hospitalization were
excluded. Eleven patients hospitalized for different peri-
ods were counted as individual cases. Finally, medical
records of 282 patients were retrospectively analysed.
The study protocol was developed in accordance with
the tenets of the Declaration of Helsinki and reviewed
and approved by the Institutional Review Board of
Yeungnam University Hospital (IRB no. 2022-02-011).

Variables

Patient characteristics, laboratory values, radiologic find-
ings, pneumonia pathogens from sputum culture and
treatment strategies were obtained from electronic med-
ical records. Patient characteristics included age, sex, ICU

stay and number of days from death. Disease severity
was assessed using the Acute Physiologic Assessment
and Chronic Health Evaluation (APACHE) II score [14].
Anthropometric and laboratory results included body
mass index (BMI), white blood cell (WBC) count, haemo-
globin (Hb) level, platelet (Plt) count, C-reactive protein
(CRP) level, blood urea nitrogen (BUN) level, creatinine
level, estimated glomerular filtration rate (eGFR) and lac-
tate level. Radiological findings included unilateral pneu-
monia, bilateral pneumonia and multiple ground-glass
opacities. Treatment strategies included invasive mech-
anical ventilation (IMV), continuous renal replacement
therapy (CRRT), extracorporeal membrane oxygen
(ECMO), antibiotics and glucocorticoids.

Assessment of glucose profiles

The presence of diabetes, degree of usual blood glucose
control based on HbA1c level, and acute hyperglycaemia
based on GV were assessed. Diabetes was diagnosed if
HbA1c level was �6.5% or if it was previously diagnosed
by an endocrinologist [15]. The high and low HbA1c lev-
els were classified using a cut-off value of 7.5% [16,17].

We obtained all BST values that were measured
within 48h of admission. GV was measured using the
coefficient of variation (CV) calculated from all available
BST values [18]. CV refers to the value dividing the
standard deviation (SD) of all BST values by the average
of those values. Referring to previous studies, high GV
was defined as a CV � 36% and low GV as a CV < 36%
[19,20]. The equations for the CV and SD are as follows:

SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP ðXi�xÞ2

k � 1

s
, CV ¼ s

x

(Xi ¼ individual observation, x ¼ mean of observa-
tions, k ¼ number of observations) (s ¼ standard devi-
ation, x ¼ mean of observations).

The mean, minimal and maximal glucose levels were
calculated based on all BST values measured within 48h
of hospitalization, regardless of the number of times.

Outcomes

The primary outcome was the 28-day mortality post-
hospitalization. The secondary outcome was pro-
longed ICU stay (>14 days) [21].

Statistical analysis

All analyses were performed using SPSS version 28
(IBM Corp. Armonk, NY). An independent t-test was
used to compare the groups with continuous variables.
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The chi-square test was used to compare categorical
variables. Kaplan–Meier analysis was performed to com-
pare mortality rates between high GV and low GV sub-
groups according to the presence of diabetes and
HbA1c levels � 7.5% and < 7.5%. The factors affecting
28-days mortality and prolonged ICU stay were investi-
gated using Cox proportional regression analysis and
logistic regression analysis, respectively. For the Cox
proportional regression analysis, the time variable was
28days or until death, whichever came first. Statistical
significance was set at a p value < .05.

Results

Baseline characteristics of the patients

The baseline clinical characteristics of the patients
(n¼ 282) are summarized in Table 1. The mean age was
60.6 years (male: female ratio, 2.5:1). A total of 160
patients (56.7%) had DM, and they all had type 2 dia-
betes. The patients were treated in the ICU for an average
of 12.4days. The mean number of BST measurements in
282 patients was 8.26 times. The mean APACHE score of
all patients was 25.3. Among all patients, 89 (31.6%) died
within 28days, and their mean survival time was
11.5days. Compared with living patients, deceased
patients were older (67.7±0.9 vs. 70.7±1.05, p¼ .045)
and had higher APACHE score (23.8±0.5 vs. 28.6±0.8,

p< .001). The deceased patients showed lower Hb level
and eGFR and higher CRP, BUN, and lactate levels than
living patients (all p< .05). The presence of diabetes,
HbA1c level, and mean-, minimal-, and maximal-glucose
levels did not differ between living and deceased patients;
however, the CV (39.6±1.8 vs. 46.5±2.6, p¼ .031) and
proportion of high GV (46.6 vs. 60.7%, p¼ .028) was sig-
nificantly higher in patients who died in 28days.

The radiological findings, pathogens, and treatment
for pneumonia are summarized in Table 2. Bilateral pneu-
monia accounted for approximately 98% of both living
and deceased patients. The pathogen-causing pneumonia
was identified in approximately 60% of patients, and the
frequency of isolated pathogens did not differ between
living and deceased patients. Acinetobacter baumannii
was most frequent, followed by Staphylococcus aureus,
Klebsiella pneumoniae, and Pseudomonas aeruginosa.
These pathogens are the major isolates of hospital-
acquired pneumonia in Asia [22]. The treatment strat-
egies (IMV, CRRT, ECMO, antibiotics, and glucocorticoids)
did not differ between the living and deceased patients.

Association of diabetes, HbA1c level, and GV with
28-day mortality

The association between diabetes, HbA1c, and GV and
28-day mortality is presented in Figure 1. The 28-day
mortality rates were not different between patients

Table 1. Baseline characteristics of patients with pneumonia among living and deceased patients.
Living (n¼ 193) Deceased (n¼ 89) p Value

Patient characteristics
Age (years) 67.7 ± 0.9 70.7 ± 1.1 .045
Sex, Male (n, %) 140 (72.5%) 62 (69.7%) .619
ICU stay (days) 13.7 ± 1.8 9.6 ± 0.7 .139
Death days (days) NA 11.5 ± 0.8 NA
APACHE 23.8 ± 0.5 28.6 ± 0.8 <.001

Anthropometrics and Laboratory results
BMI (kg/m2) 23.0 ± 0.3 22.3 ± 0.5 .127
WBC (103 cells/cc3) 13.0 ± 0.6 13.3 ± 0.8 .759
Hb (103 cells/cc3) 10.9 ± 0.2 10.2 ± 0.2 .006
Plt (109 cells/L) 224.9 ± 8.0 211.1 ± 14.6 .373
CRP (mg/dL) 14.6 ± 0.8 18.0 ± 1.1 .013
BUN (mg/dL) 26.1 ± 1.3 38.2 ± 3.1 <.001
CRE (mg/dL) 1.7 ± 0.2 1.9 ± 1.9 .484
eGFR 74.2 ± 3.8 55.4 ± 4.6 .004
Lactate (mmol/L) 2.2 ± 0.1 4.1 ± 0.4 <.001

Glucose profile
Diabetes mellitus (n, %) 109 (56.5%) 51 (57.3%) .896
HbA1c (%) 6.7 ± 0.1 6.6 ± 0.1 .794
High HbA1c (�7.5%) 41 (21.2%) 17 (19.1%) .679
Low HbA1c (<7.5%) 152 (78.7%) 72 (80.9%)
CV 39.6 ± 1.8 46.5 ± 2.6 .031
High GV (CV � 36%) 90 (46.6%) 54 (60.7%) .028
Low GV (CV < 36%) 103 (53.4%) 35 (39.3%)

Mean glucose level (mg/dL) 183.3 ± 4.1 192.6 ± 6.3 .207
Minimal glucose level (mg/dL) 127.3 ± 2.8 124.9 ± 4.9 .650
Maximal glucose level (mg/dL) 249.4 ± 6.6 271.4 ± 9.9 .064

Data are presented as mean ± SD and N (%).
ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; BMI: body mass index; WBC: white
blood cell; Hb: haemoglobin; Plt: platelet; CRP: C-reactive protein; BUN: blood urea nitrogen; CRE: creatinine; eGFR: esti-
mated glomerular filtration rate; HbA1c: haemoglobin A1c; CV: coefficient of variation.
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with and without DM (31.9 and 31.1%, respectively;
p¼ .896) and patients with high and low HbA1c levels
(29.3 and 32.1%, respectively; p¼ .679). However, the
28-day mortality rate was significantly higher in
patients with high GV than in those with low GV (37.5
and 25.4%, respectively; p¼ .028).

The effects of GV on 28-day mortality among all
patients and subgroups of DM, non-DM, high HbA1c
and low HbA1c are shown in Figure 2. Among all
patients, the mortality risk was significantly higher in
those with high GV than in those with low GV (hazard
ratio [HR], 1.687; 95% confidence interval [CI],
1.104–2.577, p¼ .016). In the DM subgroup, high GV
showed an increased mortality risk with statistical

significance (HR, 2.042; 95% CI, 1.144–3.645, p¼ .037),
but not in the non-DM subgroup (p¼ .642). In the
high HbA1c subgroup, there was no significant differ-
ence in mortality risk between the high and low GV
(p¼ .384). Conversely, in the low HbA1c subgroup, the
mortality risk was significantly higher in those with
high GV than in those with low GV (HR, 1.806; 95% CI,
1.119–2.916; p¼ .016).

Association of diabetes, HbA1c level, and GV with
prolonged ICU stay

The association between diabetes, HbA1c, and GV
with prolonged ICU stay among living patients is

Table 2. Radiologic findings, pathogen and treatment of pneumonia among living and
deceased patients.

Living (n¼ 193) Deceased (n¼ 89) p Value

Radiologic findings
Unilateral pneumonia 3 (1.6%) 1 (1.1%) 1.000
Bilateral pneumonia 190 (98.4%) 88 (98.9%) 1.000
Multiple ground-glass opacities 83 (43.0%) 35 (39.3%) .560

Pathogen
Pathogen unknown 81 (42.0%) 33 (37.1%) .514
Pathogen identified 112 (58.0%) 56 (62.9%) –

Gram-positive
Staphylococcus aureus 44 (22.8%) 28 (31.5%) .121

Gram-negative
Acinetobacter baumannii 59 (30.6%) 30 (33.7%) .598
Klebsiella pneumonia 22 (11.4%) 12 (13.5%) .617
Pseudomonas aeruginosa 23 (11.9%) 5 (5.6%) .100
Stenotrophomonas maltophilia 10 (5.2%) 4 (4.5%) .730

Others 10 (5.2%) 8 (9.0%) .224
Treatment

IMV 149 (77.2%) 70 (78.7%) .786
CRRT 16 (17.2%) 12 (13.5%) .175
ECMO 2 (1.0%) 0 (0%) 1.000

Antibiotics 190 (98.4%) 88 (98.9%) 1.000
Glucocorticoid 73 (37.8%) 42 (47.2%) 0.137

IMV: invasive mechanical ventilation; CRRT: continuous renal replacement therapy; ECMO: extracorporeal membrane
oxygenation.

Figure 1. Comparison of 28-day mortality between (a) patients with and without diabetes, (b) patients with high HbA1c levels
(�7.5%) and low HbA1c levels (<7.5%), (c) patients with high GV (CV � 36%) and low GV (CV < 36%). GV: glycaemic variability;
HbA1c: haemoglobin A1c.
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shown in Figure 3. The prevalence of prolonged ICU
stay was not different between patients with and
without diabetes (22.9 and 22.6%, respectively;
p¼ 1.000) or patients with high and low HbA1c levels
(22.0 and 23.0%, respectively; p¼ 1.000). Although ICU
stay was frequently prolonged in patients with high
GV compared to those with low GV, this difference
was not statistically significant (22.8 and 18.4%,
respectively; p¼ .171).

Risk factors for 28-day mortality and prolonged
ICU stay

Cox proportional regression and logistic regression
analyses were performed to analyse the factors affect-
ing 28-day mortality and ICU stay (Table 3). Age, sex,
APACHE score, CRP level, eGFR, HbA1c level, CV, mean
glucose level and treatment strategies (IMV, CRRT,
ECMO, antibiotics and glucocorticoids) were consid-
ered as covariates. After adjustment, the APACHE
score (HR, 1.09; 95% CI, 1.05–1.13; p< .001), CRP (HR,
1.02; 95% CI, 1.00–1.04; p¼ .031), and CV (HR, 1.01;
95% CI, 1–1.02; p¼ .04) were significant risk factors,
and IMV (HR, 0.56; 95% CI, 0.31–0.99; p¼ .046) was a
significant protective factor for 28-day mortality. With
respect to prolonged ICU stay, after adjustment, CV

(HR, 1.02; 95% CI, 1.00–1.04; p¼ .04) was the only
risk factor.

Discussion

In this study, we evaluated the effect of GV (based on
a CV of 36%) within the first 48 h on 28-day mortality
and prolonged ICU stay among patients admitted to
the ICU due to pneumonia. The 28-day mortality rate
was significantly higher in patients with a high GV
than in those with a low GV (37.5 vs. 25.4%, p¼ .028).
Particularly, high GV increased the risk of 28-day mor-
tality in patients with DM or low HbA1c levels
(<7.5%). After adjusting for the severity of illness and
treatment strategy, CV was an independent predictive
factor for 28-day mortality and prolonged ICU stay.
Thus, we demonstrated that early phase GV should be
managed in critically ill patients.

Previous studies have shown that intermittent
hyperglycaemia has more harmful effects than chronic
hyperglycaemia in patients with type 2DM [23]. These
effects are related to oxidative stress and endothelial
dysfunction [24,25]. Increased GV activates protein kin-
ase C and adhesion molecules, and oxidative stress
caused by this process induces apoptosis of endothe-
lial cells [26,27]. Moreover, increased reactive oxygen

Figure 2. Kaplan–Meier curve for 28-day survival according to GV among (a) total patients, (b) patients with DM, (c) patients
without DM, (d) patients with high HbA1c level (�7.5%), and (e) patients with low HbA1c level (<7.5%). DM: diabetes mellitus;
HbA1c: haemoglobin A1c; GV: glycaemic variability; CV: coefficient of variation; HR: hazard ratio; CI: confidence interval.

2740 S. H. KIM ET AL.



species in the mitochondrial electron transport chain
cause DNA damage, increase polyadenosyl ribose
phosphate, form nuclear factor-jB and reduce glycer-
aldehyde 3-phosphate dehydrogenase [28]. As a result,
multiple pro-inflammatory pathways are activated,
inducing ischaemia, which leads to angiogenesis [29].

There was no difference in the 28-day mortality and
prolonged ICU stay between patients with and without
DM. This can be explained by the adaptation of patients
with diabetes to chronic hyperglycaemia, resulting in an
increased threshold for stress hyperglycaemia-related
adverse effects [12,30,31]. However, the risk of DM on
the severity and prognosis of respiratory diseases has
been emphasized and therefore should not be underes-
timated [32,33]. In addition, newly discovered hypergly-
caemia is an important marker of in-hospital mortality
rate and longer length of stay than HbA1c level [30,34].
Taken together, the presence of diabetes or HbA1c

alone is insufficient to predict outcomes in critically ill
patients. Therefore, the management of GV should be
considered to achieve a better prognosis.

In patients with high GV, the 28-day mortality risk
was 1.7 times higher than that in those with low GV,
indicating that high GV was an independent risk factor
for 28-day mortality. This is consistent with a recent
study showing that high early GV independently
increased 30-day mortality by 1.6 times in patients with
sepsis [12]. In addition, among patients with diabetes,
high GV doubled the risk of 28-day mortality. The
impact of GV among patients without diabetes was
invalid in our study, but in another study, high GV sig-
nificantly increased mortality among patients without
diabetes or those in the euglycemic range [35,36]. In
the low HbA1c subgroup, the mortality risk in those
with high GV was 1.8 times higher than that in those
with low GV. In this subgroup, both patients without

Figure 3. Comparison of prolonged ICU stay (>14 days) between (a) patients with and without diabetes, (b) patients with high
HbA1c levels (�7.5%) and low HbA1c levels (<7.5%), and (c) patients with high GV (CV �36%) and low GV (CV <36%).
GV: glycaemic variability; HbA1c: haemoglobin A1c; ICU: intensive care unit.

Table 3. Risk factors for 28-day mortality and prolonged ICU stay (>14 days).
28-day mortalitya Prolonged ICU stayb

Adj. HR (95% CI) Adj. p value Adj. OR (95% CI) Adj. p value

Age 1.01 (0.99–1.03) .278 1 (0.97–1.03) .808
Sex : female vs. male 1.06 (0.66–1.70) .813 0.92 (0.41–2.08) .845
APACHE 1.09 (1.05–1.13) <.001 0.95 (0.9–1) .071
CRP 1.02 (1.00–1.04) .031 0.97 (0.93–1) .089
eGFR 1.00 (0.99–1.00) .489 1 (0.99–1) .283
HbA1c 0.93 (0.78–1.12) .472 0.71 (0.5–1) .052
CV 1.01 (1.00–1.02) .04 1.02 (1–1.04) .04
Mean glucose level 1.00 (0.99–1.00) .138 1 (0.99–1.01) .716
IMV 0.56 (0.31, 0.99) .046 1.41 (0.57–3.48) .46
CRRT 2.09 (0.99–4.42) .053 0.24 (0.04–1.52) .13
ECMO 0 (0, inf) .994 3.01 (0.1–92.34) .528
Antibiotics 1.02 (0.14, 7.51) .985 0.6 (0.05–7.76) .696
Glucocorticoid 1.52 (0.98-2.34) .061 1.07 (0.5–2.26) .865
aCox regression analysis.
blogistic regression analysis was conducted.
HR: hazard ratio; OR: odds ratio; CI: confidence interval; APACHE: Acute Physiology and Chronic Health Evaluation; CRP:
C-reactive protein; eGFR: estimated glomerular filtration rate; HbA1c: haemoglobin A1c; CV: coefficient of variation; IMV: inva-
sive mechanical ventilation; CRRT: continuous renal replacement therapy; ECMO: extracorporeal membrane oxygenation.
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diabetes and those with well-controlled diabetes were
included. The reason for this difference is unclear, but it
is presumed that patients with high HbA1c levels are
resistant to cellular and microvascular complications, as
they are exposed to long-term uncontrolled hypergly-
caemia [30,37,38]. These findings imply that high GV is
associated with death in patients admitted to the ICU
due to pneumonia, and patients with high GV, espe-
cially those with low HbA1c levels irrespective of dia-
betes, might be more carefully treated.

This study had some limitations. First, we retrospect-
ively analysed patients admitted to the ICU at a single
centre. Therefore, this may be a limitation when general-
izing the results of this study to other nationalities or
races. Second, since GV was measured using all available
BST results instead of continuous glucose monitoring
(CGM), there is a limitation compared to the accuracy of
GV using CGM [39,40]; moreover, BST measurements
were not conducted the same number of times.
Therefore, it should be noted that somewhat inaccurate
GV may have been used in the study. Third, conducting
research with more patients is expected to lead to new
and meaningful results. Fourth, this study did not investi-
gate the usual drug use history of patients, such as insu-
lin, oral hypoglycaemic agents and statins. Lastly, various
treatments, including nutritional supply and insulin may
have affected GV [41]. Despite these limitations, this
study had some strengths. This study not only showed
the effect of GV on 28-day mortality and prolonged ICU
stay in critically ill patients with pneumonia, but also
evaluated its effect among diabetes, non-diabetes, high
HbA1c level and low HbA1c level subgroups. We sug-
gest that a high GV can be deleterious, especially in
patients with diabetes or low HbA1c levels. As pneumo-
nia is one of the most common single diseases leading
to hospitalization of patients in the ICU [42], these find-
ings could be usefully applied in clinical practice. The
association of GV and lung function is still unclear; there-
fore, further studies are needed to identify the effect of
GV on various respiratory diseases.

Conclusions

Early GV is a useful predictor of 28-day mortality and
prolonged ICU stay. Strategies to reduce GV may
increase favourable outcomes when treating critically
ill patients with pneumonia.
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