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Abstr act

Background   Hyperglycaemia is associated with worse out-
comes in many settings. However, the association between 
dysglycaemia and adverse outcomes remains debated in 
COVID-19 patients. This study determined the association of 
prehospital blood glucose levels with acute medical unit (in-
tensive care unit or high dependency unit) admission and mor-
tality among COVID-19-infected patients.
Methods   This was a single-centre, retrospective cohort study 
based on patients cared for by the prehospital medical mobile 
unit from a Swiss university hospital between March 2020 and 
April 2021. All adult patients with confirmed or suspected 
COVID-19 infection during the study period were included. 
Data were obtained from the prehospital medical files. The 
main exposure was prehospital blood glucose level. A 
7.8 mmol/L cut-off was used to define high blood glucose level. 
Restricted cubic splines were also used to analyse the exposure 
as a continuous variable. The primary endpoint was acute 
medical unit admission; secondary endpoints were 7-day and 
30-day mortality. Multivariable logistic regressions were per-
formed to compute odds ratios.
Results   A total of 276 patients were included. The mean pre-
hospital blood glucose level was 8.8 mmol/l, and 123 patients 
presented high blood glucose levels. The overall acute medical 
unit admission rate was 31.2 %, with no statistically significant 
difference according to prehospital blood glucose levels. The 
mortality rate was 13.8 % at 7 days and 25 % at 30 days. The 
30-day mortality rate was higher in patients with high prehos-
pital blood glucose levels, with an adjusted odds ratio of 2.5 
(1.3–4.8).
Conclusions   In patients with acute COVID-19 infection, pre-
hospital blood glucose levels do not seem to be associated with 
acute medical unit admission. However, there was an increased 
risk of 30-day mortality in COVID-19 patients who presented 
high prehospital blood glucose levels.
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Introduction
The successive waves of the coronavirus disease 2019 (COVID-19) 
pandemic had variable effects in different parts of the world. While 
lockdowns were usually associated with a decrease in emergency 
department (ED) visits, acute overcrowding was also reported in 
many centres [1]. To limit overcrowding, emergency physicians 
should be able to rapidly identify patients at risk of developing se-
vere forms of COVID-19. Some risk factors are already known and 
include age, male gender and several chronic comorbidities such 
as obesity, hypertension, chronic kidney disease, malignancy, car-
diovascular disease, and diabetes [2–6]. Other clinical and biolog-
ical parameters could also prove relevant and should therefore be 
studied. Among them, blood glucose levels deserve particular at-
tention. Indeed, hyperglycaemia appears to be a marker of sever-
ity in infections and other stress states such as myocardial infarc-
tion or stroke [7, 8]. There is, however, contradicting evidence re-
garding the association between high blood glucose levels and 
severe forms of COVID-19, and the significance of hyperglycaemia 
remains debated in this context [9, 10].

The hypothesis underlying the present study was that high pre-
hospital blood glucose (PBG) levels may serve as a prognostic mark-
er for poor outcomes, including acute medical unit admission and 
mortality among COVID-19-infected patients. Thus, the main ob-
jective of this study was to determine the presence of an associa-
tion between PBG levels and patient disposition and mortality in 
this population.

Methods

Study design and setting
This monocentric retrospective cohort study was designed and re-
ported according to the STrengthening the Reporting of OBserva-
tional studies in Epidemiology (STROBE) Statement guidelines [11]. 
Its protocol was approved by the regional research ethics commit-
tee (CCER – Commission Cantonale d’Ethique de la Recherche sur 
l’être humain, Geneva, Switzerland – Project ID 2021–01463). The 
study, whose structure has already been described, was carried out 
in the prehospital unit of the Geneva University Hospitals (HUG, 
Geneva, Switzerland) [12]. Briefly, medical mobile units called 
SMUR (Service mobile d’urgence et de réanimation, in French) are 
dispatched whenever life-threatening emergencies are identified 
by dispatchers or when paramedics request medical backup. These 
units are not designed to transport patients and are always sent 
out alongside an ambulance staffed by two paramedics. After each 
prehospital intervention, two independent mission reports are 
generated. The first is a handwritten report, which is filled by par-
amedics according to a standardized format. The second is a com-
puterized, semi-structured electronic report. It is completed by the 
prehospital emergency physician and includes structured fields for 
all vital parameters, including blood glucose. These latter reports 
are systematically reviewed by supervisors on a daily basis for 
teaching and quality control purposes.

Participants
All patients in whom a COVID-19 infection was suspected (solely 
based on the prehospital physician’s clinical assessment) or confirmed 

(biological evidence of acute infection, such as a polymerase chain 
reaction [PCR] test) and who had been taken care of by a SMUR unit 
between March 2020 and April 2021 were included. Recording 
COVID-19 status in the SMUR prehospital file has been mandatory 
since the first COVID-19 pandemic wave. Patients in whom a 
COVID-19 diagnosis was subsequently not confirmed were exclud-
ed. These patients were identified by merging the prehospital da-
tabase with the COVID-19 institutional database, which included 
only confirmed cases, defined as a positive reverse transcription–
PCR (RT-PCR) testing on a nasopharyngeal swab or lower respira-
tory tract sample or clinically confirmed COVID-19 diagnosis. Pa-
tients transferred from other healthcare facilities were also exclud-
ed, as any glycaemic imbalance would have been treated before 
the arrival of a SMUR unit. Patients who were not transported to 
the HUG, the only public hospital in this region, were also exclud-
ed since their follow-up data was not recorded in the institutional 
database. Finally, patients for whom no PBG value was available 
were also excluded.

Variables, data sources and measurement
The main exposure was the PBG level. This value is routinely col-
lected by paramedics using handheld glucometers, the brand of 
which varies from one emergency medical service (EMS) to anoth-
er. Prehospital blood glucose values were automatically extracted 
from the SMUR prehospital files. If no PBG value could be retrieved 
through this automatic extraction, the handwritten EMS mission 
reports were manually searched by one author (KG). Prehospital 
blood glucose levels were handled as both a categorical and a con-
tinuous value. Categorization was carried out by defining two 
groups (high versus non-high) using a 7.8 mmol/L (140 mg/dL) cut-
off [13]. The primary outcome was acute medical unit admission 
within 48 hours. Intensive care units and high-dependency units 
were considered acute medical units. Secondary outcomes were 
7-day and 30-day mortality. Other variables of interest included 
patient age and sex, previous medical history, prehospital vital 
signs (first values obtained in the field), respiratory management 
on site, ED temperature, ED blood results and ED length of stay.

Apart from the manual search for completing missing PBG val-
ues, all data were electronically extracted from the SMUR database 
or from the institutional COVID-19 database [14]. Medical history 
diagnoses were based on the International Classification of Diseas-
es-10 diagnoses coded in the discharge letters related to the index 
episode and the three previous hospitalisations.

Statistical methods and sample size
Baseline characteristics were described using frequency and per-
centage for categorical variables and mean and standard deviation 
(SD) or median and interquartile range (IQR) for continuous vari-
ables. Comparisons of all variables between the two groups (high 
versus non-high PBG levels) were performed using the Chi-square 
test, Student t-test, or Wilcoxon Mann-Whitney test, as appropri-
ate. Outcomes were tabulated and compared using the same tests. 
Multivariable logistic regression models were used to compute 
odds ratios adjusted for age (continuous, using restricted cubic 
splines), diabetes and hypertension. The crude association between 
PBG levels and acute medical unit admission was graphically rep-
resented using restricted cubic splines with five knots and statistical 
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significance was assessed through the Wald test, testing the null 
hypothesis that all coefficients were equal to zero. Assuming an av-
erage acute medical unit admission rate of 30 %, and about 50 % of 
patients with hyperglycaemia, 256 patients were required to have 
an 80 % chance of detecting, at the 5 % significance level, a 1.8 high-
er risk (22 % versus 38 %) in the high-level group. Statistical analy-
ses were performed under Stata 17 (StataCorp. 2021. Stata Statis-
tical Software: Release 17. College Station, TX: StataCorp LLC), in-
cluding the package mkspline. For all tests, a two-sided p-value 
below 0.05 was considered significant.

Results

Participants
Between March 2020 and April 2021, 649 patients met the inclu-
sion criteria, and 276 were finally included (▶Fig. 1). A total of 241 
PBG values were retrieved through electronic extraction. All other 
files were systematically searched and allowed the inclusion of 35 
more values that had not been recorded in the medical prehospi-
tal file.

Descriptive data
Patient characteristics are reported in ▶Table 1. The mean age was 
73 (SD = 16) and 156 (56.5 %) patients were male. The mean PBG 
level was 8.8 mmol/l (SD = 4.6), with a median of 7.5 mmol/l (6.2: 
9.7). Patients excluded for missing PBG values were slightly young-
er than those included and were less likely to have hypertension 
and diabetes. Their outcomes were, however, similar ( ▶Table S1).

Based on the pre-specified 7.8 mmol/L cut-off, 123 (44.6 %, 
123/276) patients had high PBG levels and 153 (55.4 %) had non-
high levels. Compared to patients with high PBG levels, patients with 
non-high PBG levels were younger and had less hypertension and di-
abetes (▶Table 1). There was no evidence of a difference in vital 
signs, except for respiratory rate and oxygen saturation, which were 
higher and lower, respectively, in patients with high PBG levels. There 
was no clinically relevant difference regarding blood values.

Outcome data
Eighty-six (31.2 %) patients were admitted to an acute medical unit. 
Overall, there was no statistically significant difference between 
the high and non-high PBG level groups (▶Table 2), with a crude 
odds ratio (OR) of 1.3 (0.8–2.1) and an adjusted OR of 1.5 (0.8–
2.7). Patients with high PBG levels were, however, more frequent-
ly admitted to intensive care units. ▶Fig. 2 presents the associa-
tion between PBG level and acute medical unit admission and dis-
plays a non-statistically significant trend, with an increase in acute 
medical unit admissions as PBG levels rise.

The mortality rate was 13.8 % at 7 days and 25.0 % at 30 days. 
While there was no difference at 7 days according to PBG levels, pa-
tients with high PBG levels were more likely to die at 30 days than 
patients with non-high levels, with a crude OR of 2.6 (1.5–4.6). 
After adjustment for age, diabetes, and hypertension, the OR was 
2.5 (1.3–4.8). The relationship between PBG levels and 30-day mor-
tality seemed to follow a U-shaped curve, with increased mortality 
rates for hypoglycaemic and hyperglycaemic patients. For the latter, 
a plateau phase seems to be reached after 12 mmol/L (▶Fig. 3).

Discussion
This study shows an important variation in PBG levels among pa-
tients with COVID-19. While no association was found between 
acute medical unit admission and blood glucose levels, 30-day mor-
tality was significantly higher when glycaemia was too high. Too 
low levels of glycaemia seem to impact 30-day mortality as well.

When the pre-specified, literature-based threshold of 
7.8 mmol/L was used [13], the prevalence of high blood glucose 
levels was high among patients with COVID-19. This high preva-
lence is similar to that reported in other studies, even though the 
cut-off used to define high blood glucose levels was not uniform 
[15–17]. In addition, the mean prehospital blood glucose level in 
our study was 8.8 mmol/L, a value consistent with that reported in 
prior studies [15–17]. Patients with high PBG levels were more like-
ly to be admitted to the ICU, but there was no statistically signifi-
cant difference when all acute medical units were considered jointly. 
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Eiligible (n = 649)
Adults patient with suspected or confirmed

COVID infection

•No COVID infection (n = 48)
•Transfer from another healthcare facility

(n = 87)

Excluded (n = 373)

•Not transferred to the Geneva University
  Hospital ED (n = 41)

•No prehospital blood glucose level
measure (n = 197)

Included in the analysis (n = 276)

▶Fig. 1	 Flowchart of patient inclusion.
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This suggests that PBG levels could be particularly useful in discrim-
inating the more severe cases.

Several mechanisms could explain the increased severity and 
mortality in COVID-19 patients who presented high PBG levels. 
Among such mechanisms, innate immunity impairment and de-
creased polymorphonuclear neutrophil cell performance could play 
a major role [18, 19]. Adaptive immunity dysfunction has also been 
observed in relation to hyperglycaemia with delayed T-cell function 
[20]. Overproduction of inflammatory cytokines such as interleu-
kin (IL)-1, IL-6, and tumour necrosis factor-alpha, endothelial dys-
function, elevated oxidative stress and coagulation abnormalities 
inducing a procoagulant state have all also been reported in asso-
ciation with hyperglycaemia. In fact, these biological alterations 
have been shown to be induced by hyperglycaemia in in-vitro mod-
els. In clinical situations, they are associated with more severe out-
comes in septic patients, particularly in those with COVID-19 in-
fection [15, 21]. Furthermore, hyperglycaemic states increase oxi-
dative stress, leading to the amplification of the generation of 
reactive oxygen species and/or reduction of antioxidant defence 
mechanisms that may promote viral replication [22]. In addition, 
the production of reactive oxygen species and viral activation of 
the renin-angiotensin-aldosterone system through the increased 

expression of angiotensin II-induced insulin resistance and vascu-
lar endothelial alteration. This, in turn, generates a vicious circle 
which entertains hyperglycaemia and promotes disseminated in-
travascular coagulation, thromboembolism and cardiovascular 
events, ultimately increasing mortality [23]. Finally, hyperglycae-
mia may aggravate lung damage in acute lung injury, thus promot-
ing the development of acute respiratory distress syndrome [24].

Consistent with the results of this study, several reports have 
revealed that, in septic patients, the association between dysgly-
caemia and adverse outcomes follows a U-shaped curve. In other 
words, patients with either too low and/or too high blood glucose 
levels have worse outcomes than individuals whose blood glucose 
is in the normal/moderate range [4, 25]. However, it remains to be 
elucidated whether the association of dysglycaemia and mortality 
in stress-related conditions such as sepsis or myocardial infarction 
is solely caused by the toxic effects of hyperglycaemia or if hypo- 
and hyperglycaemia are simply a marker of stress and severity of 
the disease. While early insulin administration is strongly recom-
mended in case of stress-induced hyperglycaemia, treatment mo-
dalities and glycaemic control monitoring remain debated [26].

Few prehospital studies have evaluated the impact of blood glu-
cose levels on patient outcomes. Recently, Kreutziger et al. report-

▶Table 1	 Patient characteristics.

All patients 
(N = 276 )

Patients with non-high 
prehospital blood glucose 
value (N = 153)

Patients with high prehospi-
tal blood glucose value 
(N = 123)

p-value

Prehospital blood glucose level 
(mmol/L) – median [IQR] 

7.5 [6.2–9.7] 6.3 [5.5–7.0] 10.0 [8.9–12.6] NA

Age – mean ± SD 73 ± 16 71 ± 17 77 ± 13 0.002

Sex (male) – n ( %) 156 (56.5) 80 (52.3) 76 (61.8) 0.11

Patient history – n ( %) 

Hypertension 130 (47.1) 60 (39.2) 70 (56.9) 0.003

COPD 36 (13.0) 21 (13.7) 15 (12.2) 0.71

Ischemic heart disease 39 (14.1) 16 (10.5) 23 (18.7) 0.051

Diabetes 76 (27.5) 21 (13.7) 55 (44.7)  < 0.001

High cholesterol levels 47 (17.0) 20 (13.1) 27 (22.0) 0.051

Stroke 11 (4.0) 6 (3.9) 5 (4.1) 0.95

Prehospital vital signs 

Heart rate (/min) – mean ± SD 101 ± 25 101 ± 23 102 ± 28 0.80

SBP (mmHg) – mean ± SD 137 ± 31 139 ± 28 135 ± 34 0.35

Respiratory rate (/min) – 
mean ± SD 

30 ± 10 27 ± 10 33 ± 10  < 0.001

Oxygen saturation ( %) – median 
[IQR] 

93 [85–96] 94 [85–97] 91 [85–95] 0.034

Prehospital NIV – n ( %) 27 (9.8) 12 (7.8) 15 (12.2) 0.23

Prehospital intubation – n ( %) 10 (3.6) 5 (3.3) 5 (4.1) 0.72

ED temperature ( °C) – mean (SD) 37.1 ± 0.8 37.1 ± 0.7 37.2 ± 0.8 0.24

ED blood analysis

Haemoglobin (g/l) – median [IQR] 133 [117–146] 136 [119–147] 130 [115–142] 0.044

Leucocytes (G/l) – median [IQR] 9 [7–14 ] 9 [7–13] 9 [7–14] 0.84

C-reactive protein (mg/L) – me-
dian [IQR]

51 [12–125] 36 [9–104] 66 [17–134] 0.15

IQR: interquartile range; SD: standard deviation; COPD: chronic obstructive pulmonary disease; ED: emergency department; NIV: non invasive  
ventilation; SBP: systolic blood pressure.
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ed that both low and high blood glucose levels are common in trau-
matic shock [27]. However, the predictive capacity of dysglycae-
mia in this setting is still unknown. More recently still, Abramson 
et al. reported that prehospital hyperglycaemia is associated with 
worse outcomes after out-of-hospital cardiac arrests [28]. The im-
pact of prehospital dysglycaemia could, however, extend beyond 
the range of specific pathologies. Indeed, a large retrospective ob-
servational study showed the association of the inclusion of blood 
glucose assessment in the National Early Warning Score (NEWS) 
with improved identification of patients at risk of death [29]. In the 
specific context of COVID-19, dysglycaemia may represent a po-
tentially useful prehospital indicator in addition to classic param-
eters such as respiratory (SpO2, respiratory rate) or hemodynamic 

parameters [30, 31]. This could help reduce ED length of stay by 
enabling more efficient patient disposition.

Antidiabetic drugs are also a parameter that can play a role in 
the prognosis of diabetic patients hospitalized with COVID-19. Sev-
eral studies have been interested in this question and a meta-anal-
ysis has shown that in diabetic patients hospitalized with COVID, 
serum glucose transport protein-2 inhibitors taken before the hos-
pitalization are associated with a lower risk of a bad outcome com-
pared to insulin, dipeptidyl peptidase-4 inhibitors or sulfonylurea. 
In addition, taking glucagon-like peptide-1 or metformin also 
seems to be associated with a better outcome [32].

Limitations
This study has several limitations which should be considered when 
interpreting its results. The limited sample size prevented the in-
clusion of additional covariates in our multivariable model and the 
risk of residual confounding cannot be excluded. Among such con-
founders, the effect of in-hospital treatment on mortality would 
have been interesting to study. However, the aforementioned lim-
itation and the fact that this information could not be retrieved pre-
vented this analysis from being performed. In addition, reliable in-
formation regarding oral hypoglycaemic medication was lacking. 
As such drugs are known to be associated with a lower risk of ad-
verse effects than insulin [32], residual confounding cannot be ex-
cluded. Another risk of bias is linked to the important proportion 
of missing blood glucose values, which led to the exclusion of many 
patients. As these patients were clinically different from those in-
cluded in the analysis according to their demographic characteris-
tics, their PBG levels could have been lower, thereby impacting the 
association. In addition, the time elapsed between symptom onset 
and prehospital intervention could not be retrieved, and baseline 
glucose levels could not be obtained. Blood glucose values may 
vary during the course of a COVID-19 infection, especially due to 
the impact of inflammatory cytokines, which may result in cytokine 
storms. In addition, other factors, such as psychological stress, may 
also alter blood glucose levels [33]. Therefore, the PBG values re-
ported in this study do not necessarily reflect baseline glycaemic 
control and some patients with insufficient glycaemic control may 
be part of this cohort. While this is an incontrovertible limitation, 

▶Table 2	 Patient outcomes.

All 
patients 
(N = 276 )

Patients 
with 
non-high 
prehospital 
blood 
glucose 
value 
(N = 153)

Patients 
with high 
prehospital 
blood 
glucose 
value 
(N = 123)

p-value

Primary outcome admission

Acute 
medical 
unit – n 
( %) 

86 (31.2) 44 (28.8) 42 (34.1) 0.34

Intensive 
care unit

41 (14.9) 16 (10.5) 25 (20.3) 0.022

High-
depend-
ency unit 
only

45 (16.3) 28 (18.3) 17 (13.8) 0.32

Secondary outcomes 

7-day 
mortality 
– n ( %) 

38 (13.8) 16 (10.5) 22 (17.9) 0.075

30-day 
mortality 
– n ( %) 

69 (25.0) 26 (17.0) 43 (35.0)  < 0.001

Prehospital glucose level (mmol/l)
0 5 10 15 20 25 30 35 40

100 % 100

80 % 80

60 % 60

40 % 40

20 % 20

0 % 0

Wald Chi2 = 3.05 (p = 0.55)Ac
ut

e 
m

ed
ic

al
 u

ni
t a

dm
is

sio
n

Fr
eq

ue
nc

y

▶Fig. 2	 Association between prehospital blood glucose level and 
acute medical unit admission.
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▶Fig. 3	 Association between prehospital blood glucose level and 
30-day mortality.
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the patients evaluated by a SMUR unit were all considered critical-
ly ill either by emergency medical communication centres dispatch-
ers or by paramedics who requested an on-site reinforcement. Such 
patients are often unable to provide information regarding their 
baseline glycaemic control and this study, therefore, reflects actu-
al prehospital conditions. Furthermore, even though the time 
elapsed since symptom onset could not be reported, it has been 
shown that aggravation was predictably happening after 7 days in 
most patients [34]. Therefore, it is likely that most patients report-
ed in the current study were taken care of approximately 7 days 
after the onset of symptoms. Finally, the generalisation to other 
systems could be limited. Indeed, many hospitals adapted their 
acute medical unit admission criteria during the COVID-19 pan-
demic waves, and these criteria differed from one hospital to an-
other. As with many others, the prehospital system from which data 
was obtained is also specific, and this could add to the generalisa-
tion issue. Nevertheless, some strengths should also be acknowl-
edged. The main strength resides in the use of restricted cubic 
splines, which helped avoid the loss of information that could have 
arisen from the binarization of continuous variables. This allowed 
the observation of a non-linear association which might help future 
researchers in this field.

Prospective studies should now be conducted to confirm wheth-
er PBG levels can be used as a self-standing prognostic marker 
among individuals with COVID-19 infection. In addition, while a 
target glucose level of 7.8–10.0 mmol/L is recommended in criti-
cal patients, there is no recommendation currently available for the 
specific prehospital setting [35]. Future studies assessing different 
targets of glycaemia with insulin management could be useful to 
evaluate the potential benefit of prehospital insulin administration, 
in particular among COVID-19-infected patients.

Conclusion
In patients with acute COVID-19 infection, PBG levels do not seem 
to be associated with acute medical unit admission. However, an 
increased risk of 30-day mortality was found in COVID-19 patients 
who presented high PBG levels.
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