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Abstract
Background

Blood glucose (BG) measurement by paramedics for patients with altered mental status is recommended
as pre-hospital care in Japan. Therefore, paramedics prioritise BG measurement over transport to hospital
even in emergency conditions such as hypotension or hypoxaemia. The purpose of this study was to
examine the relationship between BG levels and vital signs, and to evaluate whether vital signs are
effective in determining the necessity of BG measurement in pre-hospital settings.

Methods

We extracted data of patients who had BG measurements performed by paramedics in Kobe City from
April 2015 to March 2019. We retrospectively investigated patient age, sex, presence of hypoglycaemia
(BG level < 50 mg/dL) and vital signs. If a patient did not have hypoglycaemia and was transported to the
Kobe City Medical Centre General Hospital, a �nal diagnosis was obtained. Patients aged below 15 years,
and those with BG measurement errors, missing vital sign data, or a Japan Coma Scale 0 and I-digit
codes were excluded. The χ2 test and Mann-Whitney U test were used for statistical analysis, and P<0.05
was considered statistically signi�cant.

Results

Of the 1,791 patients, 1,242 were eligible for analysis (mean age, 71.9 years; 805 [58%] male).
Hypoglycaemia was observed in 324 patients (26.1%). Of the 918 non-hypoglycaemic patients, 253
(27.6%) were transported to our hospital and stroke was the most common �nal diagnosis (61 patients
[24.1%]). The non-hypoglycaemic group had more elderly patients than the hypoglycaemic group (median
73 vs. 76 years; P < 0.01). A signi�cant difference in each vital sign were noted between hypoglycaemic
and non-hypoglycaemic groups, with body temperature showing the highest difference between groups
(area under the curve, 0.71; 95% con�dence interval [CI], 0.68-0.74). Furthermore, in cases with systolic
blood pressure being over 100 mmHg and body temperature being 38°C or less, it was highly unlikely that
hypoglycaemia caused impaired consciousness (likelihood ratio 0.12 and 0.16; 95% CI 0.05-0.25 and
0.06-0.35, respectively).

Conclusion

When considering pre-hospital hypoglycaemia assessment, vital signs are an effective index. If patients
have signi�cant hypotension or high fever, paramedics should consider immediate transport rather than
BG measurement.

Background
Hypoglycaemia is a condition that must be considered in patients with altered mental status (AMS); it
can be easily diagnosed by measuring blood glucose (BG) levels. In January 2014, Japanese paramedics
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were o�cially permitted to measure BG levels in patients with impaired consciousness. In con�rmed
cases of hypoglycaemia, paramedics are allowed to administer glucose through an intravenous line.
Conversely, hypoglycaemia is not a common condition in pre-hospital settings. Only 1–5% of emergency
transport patients have severe hypoglycaemia that requires immediate treatment [1, 2], and only 5% of
comatose patients had a metabolic cause such as hypoglycaemia [3]. Thus, paramedics often perform
unnecessary BG measurements in patients with AMS because there are no clear criteria for measuring BG
other than the consciousness level. In patients with AMS, paramedics need to consider more critical
medical conditions such as stroke, seizures, and sepsis at the top of differential diagnoses. In such
medical emergencies, BG measurement may be damaging because it delays transport and the time to
appropriate treatment in the hospital.

Although past medical history of diabetes mellitus and neurological examination �ndings provide useful
clinical information to determine whether hypoglycaemia is a potential cause of AMS [1, 4, 5], it is often
di�cult to obtain a detailed medical history and perform physical examination on the �eld, especially for
patients with AMS. Therefore, �ndings of any simple, routine physical examination, such as vital signs,
can be used to safely exclude patients with AMS who do not need BG measurement. This would be a very
useful pre-hospital emergency parameter and may effectively save time for patients who may need early
transport more than BG measurement. Although there have been few studies regarding the changes in
vital signs in hypoglycemic patients [6–8], there have been no studies regarding a correlation between
vital signs and the need for BG measurement in pre-hospital settings. In this study, we examined whether
vital signs are effective indicators for determining the need for BG measurement in patients with AMS in
pre-hospital settings.

Methods

Study design and population
We performed a retrospective study based on data extracted from the Kobe City Fire Department (KCFD)
database. Our study population included patients with AMS for whom paramedics performed BG
measurements from April 2015 to March 2019. This study was approved by the ethics board of the Kobe
City Medical Centre General Hospital.

Paramedics performed BG measurements according to the protocol shown in Table 1. We collected the
following data: age, sex, Japan Coma Scale (JCS), presence of hypoglycaemia (de�ned by KCFD as < 
50 mg/dL), vital signs (systolic blood pressure [sBP], heart rate [HR], respiratory rate [RR], oxygen
saturation by pulse oximetry [SpO2] and body temperature [BT]). We excluded patients under 15 years of
age with BG measurement errors or missing data for any vital sign and JCS. We also excluded patients
who had BG measurements taken despite their conscious levels outside the BG measurement protocol
(for example, JCS 0, I-digit code). In Japan, JCS is used as a scale for evaluating patient consciousness
(level 9) and is also used in BG measurement protocols for paramedics. JCS comprises four categories: 0
and -, - and -digit code corresponding to ‘alert and orientated’, ‘awake without stimulation but
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disoriented’, ‘awake with stimulation’ (return to previous state after cessation of stimulation) and
‘unarousable by any painful stimulation’, respectively. Each code has three subcategories: 1, 2 and 3 in
the I-digit code; 10, 20 and 30 in the -digit code; and 100, 200 and 300 in the -digit code (Table 1).

Table 1. Kobe City Fire Department blood glucose measurement criteria and Japan Coma

Blood glucose measurement protocol

Patients who satisfy both of the following two conditions:

1.      Recognised impaired consciousness (as a guide ≧ Japan Coma Scale* -10)

2.      There is an advantage in identifying consciousness disorders and selecting a hospital by
performing blood glucose measurement

However, if subarachnoid haemorrhage is strongly suspected (and pain stimulation due to skin
puncture for blood glucose measurement is considered inappropriate for the patient), it is excluded.

 

Level Grade

Alert 0

The patient is awake without any stimuli, and:  I-digit code

      - almost fully conscious 1

      - unable to recognise time, place, and person 2

      - unable to recall name or date of birth 3

The patient can be aroused and then revert to previous state after ending stimuli  II-digit code

     - easily with a normal call  10

     - with a loud voice or by shaking shoulders 20

     - only with repeated painful stimuli and calls 30

The patient cannot be aroused with any painful stimuli, and: III-digit code

      - responds with movements to avoid the stimuli 100

      - responds with slight movements including a decerebrate and decorticate posture 200

      - fails to respond 300

Outcome
The primary outcome of this study was that it showed the effectiveness of each vital sign as a
hypoglycaemia predictor in AMS patients.

Statistical analysis
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We compared the differences in vital signs between the hypoglycaemic and non-hypoglycaemic groups.
The χ2 and Mann-Whitney U tests were used, and a P-value higher than 0.05 was considered signi�cant.
The effectiveness of each vital sign in predicting hypoglycaemia was analysed using receiver operating
characteristic (ROC) curves, and the area under a curve (AUC) was calculated to estimate diagnostic
accuracy. The sensitivity, speci�city and stratum-speci�c likelihood ratio (SSLR) were then calculated to
examine the cut-off value of each vital sign. Statistical analysis was performed using JMP version 12
(SAS Institute Inc).

Results
During the study period, the paramedics performed BG measurements on 1791 patients; of these, 431
patients were excluded (three patients under 15 years of age, two patients with errors in BG level
measurements, and 426 patients with missing vital signs or JCS data). From these 1,360 patients, we
excluded 118 patients because they had BG measurements outside the protocol (15 patients with a JCS
0-digit code, and 119 patients with JCS -digit code). Thus, 1242 patients were included in our �nal cohort
(Figure 1).

In total, 324 patients (26.1%) had hypoglycaemia. Table 2 shows patient characteristics according to the
presence or absence of hypoglycaemia. Compared with non-hypoglycaemic patients, hypoglycaemic
patients were signi�cantly younger (median age 73 years [interquartile range (IQR), 62–82] vs. 76 years
[IQR, 65–84]; P< 0.01).

Table 2. Characteristics of the patients
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 Hypoglycaemia Non-hypoglycaemia P-value

N 324 918  

Male n, (%) 191 (59.0) 529 (57.6) 0.69

Age, median (IQR1) 73 (62-82) 76 (65-84) *<0.01

sBP2 (mmHg), median (IQR) 150 (129-170) 136 (110-164) *<0.01

HR3 (/min), median (IQR) 80 (70-91.3) 82 (70-100) *0.03

RR4 (/min), median (IQR) 20 (18-20) 20 (18-24) *0.03

SpO2
5 (%), median (IQR) 96 (95-98) 96 (93-98) *<0.01

BT6 (℃), median (IQR) 36 (35.5-36.4) 36.5 (36.0-37.0) *<0.01

JCS7 n, (%)      

   II-digit code 198 (61.1) 597 (65.0) 0.21

   III-digit code 126 (38.9) 321 (35.0) 0.21

 1interquartile range; 2systolic blood pressure; 3heart rate; 4respiratory rate; 5oxygen saturation by
pulse oximetry; 6body temperature; 7Japan coma scale;

*a P-value more than 0.05 is statistically signi�cant

Examination of vital signs of hypoglycaemia and non-hypoglycaemia patients

There were signi�cant differences in all vital signs between the two groups, and the distribution of each
vital sign is shown in Figure 2. The ROC curves of these vital signs to predict hypoglycaemia in AMS
 patients are shown in Figure 3. The AUCs for each vital sign were calculated, and were 0.61 (95% CI:
0.58–0.64) for sBP, 0.54 (95% CI: 0.51–0.57) for HR, 0.54 (95% CI: 0.51–0.58) for RR, 0.57 (95% CI: 0.54–
0.61) for SpO2, and 0.71 (95% CI: 0.68–0.74) for BT. The sensitivity, speci�city and SSLR of each
strati�ed vital sign are shown in Table 3. When sBP was more than 100 mmHg or BT was 38°C or less,
the likelihood ratio (LR) was 0.12 (95% CI: 0.05–0.25) and 0.15 (95% CI: 0.06–0.35), respectively.

Details of non-hypoglycaemic patients

Overall, 253 non-hypoglycaemic patients had a �nal diagnosis recorded (Table 4). Stroke was the most
common diagnosis (24.1%) and other emergency medical conditions including poisoning (12.3%),
infectious diseases (10.7%) and seizure (9.9%) comprised more than half the cases. Nine patients (3.6%)
were diagnosed with hypoglycaemia as the �nal cause, even though their BG level at their pre-hospital
assessment was greater than 50 mg/dL.
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Table 3. Stratum-speci�c sensitivity, speci�city, and likelihood ration of each vital sign
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  Number of patients      

Strata Hypoglycaemia Non-hypoglycaemia Sensitivity Speci�city LR1 (95% CI)

sBP2 (mmHg)

<100 6 146 0.98 0.16 0.15 (0.05-0.25)

100-119 36 161 0.87 0.34 0.63 (0.45-0.88)

120-139 79 176 0.63 0.53 1.27 (1.00-1.60)

140-159 81 166 0.34 0.34 1.38 (1.06-1.74)

160-179 65 142 0.18 0.18 1.30 (0.99-1.68)

≧180 57 127 0.00 1.00 1.27 (0.95-1.68)

HR3 (/min)      

<60 18 64 0.94 0.07 0.80 (0.48-1.31)

60-79 125 322 0.56 0.42 1.10 (0.93-1.29)

80-99 132 294 0.15 0.74 1.28 (1.08-1.49)

100-119 37 150 0.04 0.9 0.70 (0.50-0.97)

120-139 10 69 0.01 0.98 0.41 (0.22-0.77)

≧140 2 19 0.00 1.00 0.30 (0.08-1.14)

RR4 (/min)      

<10 0 3 1.00 0.00 0.00 (0.00-3.61)

10-19 134 350 0.59 0.39 1.08 (0.92-1.26)

20-29 164 446 0.08 0.87 1.04 (0.92-1.18)

≧30 26 119 0.00 1.00 0.62 (0.41-0.92)

SpO2
5 (%)      

<90 22 118 0.93 0.13 0.53 (0.34-0.81)

90-93 39 130 0.81 0.27 0.85 (0.61-1.18)

94-97 152 436 0.34 0.75 0.99 (0.86-1.12)

≧98 111 234 0.00 1.00 1.34 (1.11-1.61)

BT6 (℃)          

<35.0 36 36 0.89 0.04 2.83 (1.82-4.40)
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35.0-35.9 112 146 0.54 0.20 2.17 (1.76-2.67)

36.0-36.9 153 489 0.07 0.73 0.89 (0.78-1.01)

37.0-37.9 18 151 0.02 0.90 0.34 (0.21-0.54)

≧38.0 5 96 0.00 1.00 0.15 (0.06-0.35)

 1likelihood ratio; 2systolic blood pressure; 3heart rate; 4respiratory rate; 5oxygen saturation by pulse
oximetry; 6body temperture

 

Table 4. Final diagnosis of non-hypoglycaemic patients transferred to the Kobe City Medical Centre
General Hospital

Final diagnosis n, (%)

Hypoglycaemia 9 (3.6)

Stroke 61 (24.1)

Toxin 31 (12.3)

Infection 27 (10.7)

Seizure 25 (9.9)

Syncope 21 (8.3)

Metabolic & electrolyte (other than hypoglycaemia) 15 (5.9)

Psychiatry 12 (4.7)

Traumatic brain injury 11 (4.3)

Unknown 17 (6.7)

Other causes 24 (9.5)

     Hypothermia or heat illness 10 (41.7)

     Acute heart failure 4 (16.7)

     Acute aortic dissection 3 (12.5)

     Dehydration 3 (12.5)

     Gastrointestinal bleeding 2 (8.3)

     CO2 narcosis 1 (4.2)

     Hypertensive encephalopathy 1 (4.2)
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Discussion
This retrospective study examined the effectiveness of vital signs to predict hypoglycaemia in patients
presenting with AMS to avoid unnecessary BG measurements by paramedics attending emergency
medical conditions in pre-hospital settings. In this study, there were statistically signi�cant differences in
all vital signs between non-hypoglycaemic and hypoglycaemic patients. Among the vital signs evaluated,
sBP and BT may be effective in predicting hypoglycaemia, and AUC indicated that BT could be the most
useful vital sign for differentiating between hypoglycaemic and non-hypoglycaemic episodes.

In our study, the hypoglycaemic group had more abnormal vital signs than the non-hypoglycaemic group.
Wide variability in bioprotective responses can occur in hypoglycaemia. Such variabilities include but not
limited to decreased insulin secretion, increased glucagon, epinephrine, and norepinephrine secretion
associated with the activation of the sympathetic-adrenal function system. These responses occur early
in the course of low BG levels and cause an increase in sBP, RR and HR [6–8]. Our study �ndings were
consistent with these previous studies, and the hypoglycaemic group tended to have increased sBP, RR
and HR compared to the non-hypoglycaemic group. In terms of the association between hypoglycaemia
and BT, we found that the higher the BT, the lower the likelihood of hypoglycaemia. There have been
reports that hypoglycaemia is associated with hypothermia [9], which appeared to be induced by glucose
de�ciency in the cells of the hypothalamic centre regulating BT [10].

Among these vital sign changes, sBP and BT may be the most useful indicators for predicting
hypoglycaemia in our study. When sBP was less than 100 mmHg and BT was more than 38 °C, the LRs
of hypoglycaemia were very low (0.12 and 0.15, respectively). This �nding is supported by previous
studies. Ikeda et al. reported that high sBP was associated with brain lesions accounting for impaired
consciousness observed in patients with AMS [11], and higher BT was associated with infectious
diseases such as sepsis in other studies [12, 13].

Although early detection and treatment of hypoglycaemia are important, previous studies have found that
BG measurement prolongs the �eld time of emergency services by 2–5 minutes in Japan [14, 15]. This
delay can be fatal and may be damaging in patients with impaired consciousness with other critical
conditions such as stroke or sepsis as found in our study. Therefore, it is ideal to avoid unnecessary BG
measurement in these patients and transfer them to the hospital as early as possible.

Evaluating the known risk factors for hypoglycaemia, such as history of diabetes mellitus and renal
dysfunction, is useful to predict it [16–18], though impaired consciousness makes it di�cult to obtain
clinical information from patients. Vital signs represent important information that can be obtained over
a short period of time even in patients with impaired consciousness, and the results of our study
indicated that certain changes in vital signs such as sBP < 100 mmHg or BT ≥ 38 °C may help
paramedics to make decisions to not to perform BG measurement and avoid prolonged pre-hospital care.
In this study, nine patients in the non-hypoglycaemic group were diagnosed hypoglycaemia. The BG
levels of eight patients in pre-hospital settings were 50–65 mg/dL, This indicated an undeniable
possibility of hypoglycaemia. One patient was found at the history interview to have been administered
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oral glucose by a family member before the paramedic performed BG measurement. Based on these
results, it may be necessary to discuss the validity of the hypoglycaemia criterion hypoglycaemia as less
than 50 mg/dl. In contrast, these nine patients did not show vital signs (sBP < 100 mmHg, BT ≥ 38 °C)
that would indicate that the cause of AMS is likely to be non-hypoglycaemic, and we believe that the
validity of the results of this study will not change signi�cantly.

Limitations
This study has several limitations. First, the number of patients with AMS who did not receive BG
measurements, despite satisfying the criteria for the BG measurement protocol, was highly dependent on
the paramedics’ choice on whether to perform a BG measurement. It could not have been determined
which patients were transported to the hospital without BG measurement. Because brain injuries such as
stroke are considered an emergency and are less likely to be associated with hypoglycaemia [5], BG
measurement may not have been performed if the paramedics suspected such diseases. Patients with
brain injury often develop fever and hypertension [11, 19], and the results of our study would not have
been signi�cantly different from the present results even if they had been monitored. Second, in this
study, the possibility of hypoglycaemia may not have been adequately assessed by the paramedics with
regard to patient background including past medical history and medications, which may have in�uenced
the decision to perform BG measurement. Further, there was a bias in patient selection, though we think
that this is a practical consequence of paramedical �eld activities. Finally, the �nal diagnosis other than
hypoglycaemia was recorded only for those patients transported to a single institution, and the possibility
of comorbidities other than hypoglycaemia was not su�ciently examined. Thus, further investigations,
including enrolling cases from other institutions, is necessary.

Conclusion
In distinguishing hypoglycaemia from non-hypoglycaemia in pre-hospital settings, high fever and low
sBP were more effective than other vital signs. In particular, when BT was ≥ 38 °C or sBP was < 
100 mmHg, the possibility of hypoglycaemia was very low, and paramedics should consider early
transport rather than BG measurements.

Abbreviations
BG
blood glucose
AMS
Altered Mental Status
JCS
Japan Coma Scale
BT
body temperature
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sBP
systolic blood pressure
HR
heart rate
RR
respiratory rate
SpO2

oxygen saturation by pulse oximetry
KCFD
Kobe City Fire Department
ROC
receiver operating characteristic
AUC
area under the curve
CI
con�dence interval
LR
likelihood ratio
SSLR
stratum-speci�c likelihood ratio
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Figures
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Figure 1

Study �ow chart Of the 1791 patients, the data of 253 non-hypoglycaemic eligible patients is �nally
analysed to determine if vital signs could predict hypoglycaemia in pre-hospital settings in patients with
altered mental status.
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Figure 2

The distribution of each vital signs depending on the presence of hypoglycaemia When systolic blood
pressure was less than 100 mmHg and body temperature is more than 38°C, the presence of
hypoglycaemia is unlikely. sBP: systolic blood pressure; HR: heart rate; RR: respiratory rate; SpO2: oxygen
saturation by pulse oximetry; BT: body temperature
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Figure 3

Receiver operating characteristic curve for each vital sign The sensitivity and speci�city of each vital sign
to predict hypoglycaemia was evaluated. sBP: systolic blood pressure; HR: heart rate; RR: respiratory rate;
SpO2: oxygen saturation by pulse oximetry [SpO2]; BT: body temperature


