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Introduction

　The Japanese society is aging rapidly and the number of 
elderly people requiring daily nursing care is on the rise 1. 
The total population of Japan in 2019 was 126 million, out 

of which 36 million were individuals aged 65 and over (the 
elderly). Thus, the elderly made up 28.4% of the total 
population 2. The number of elderly people living in nursing 
homes is approximately 900,000 in Japan 3. 
 Globally, pneumonia is a significant cause of mortality 
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and morbidity among the elderly 4. It is the most common 
reason for transfer to acute care hospitals in patients living in 
long-term care facilities 5. Nursing home residents admitted 
with pneumonia were identified as the group having the 
greatest influence on mortality 6. Therefore, it is important to 
detect signs of pneumonia early in nursing home residents. 
 Early warning scores (EWSs) are composite scales that 
consider patientsʼ vital signs such as blood pressure and heart 
rate 7. They are often used in the hospital setting to assess 
worsening or improvement in patientsʼ clinical status 7. Recently, 
EWS was also implemented in health management at a nursing 
home 8, 9. EWSs can be calculated by healthcare assistants or 
nursing staff, who can contact an appropriate medical team 
member depending on the patientʼs score with the view of 
treatment escalation as needed10, 11. 
 National Early Warning Score (NEWS) is determined 
using the absolute value of each vital sign10, 12. However, 
vital signs indicate different variations in each individual 13. 
Vital signs such as body temperature, heart rate, and blood 
pressure may change with aging, depending on the health 
status 14. Therefore, we propose the modified early warning 
score (MEWS) developed by us, which uses individual-
specific ranges (evaluated by mean and standard deviation 
[SD], relative measures) instead of the absolute values.　
 The purpose of this study was to compare the usefulness 
between NEWS, which is based on absolute value range, 
and MEWS, which is based on individual-specific ranges, 
and evaluate the effectiveness of MEWS in predicting 
pneumonia hospitalization among nursing home residents. 

Subjects and Methods

Subjects 

 The participants were 252 nursing home residents staying 
from May 1, 2016, to July 31, 2019. The exclusion criteria 
were those who stayed for 35 days or less and those who 
were absent in the vital sign data for 5 days or more; thus, 17 
subjects were excluded. Among those who were hospitalized 
for pneumonia multiple times, the first hospitalization data 
were used for analysis. The study protocols were approved 
by the ethics committee of the Nagasaki University Graduate 
School of Biomedical Sciences (No 18050741-2), and it 
conforms to the provisions of the Declaration of Helsinki. 
Informed consent was obtained with an opt-out policy. We 
displayed our study protocol on the wall at the nursing home. 
Anonymized data from the nursing home residents were 
obtained and analyzed.

Study design

 A retrospective observational study was conducted among 
nursing home residents.

Diagnosis of pneumonia 

 Diagnosis of pneumonia was based on the American 
Thoracic Society guidelines for hospital-acquired, ventilator-
associated and healthcare-associated pneumonia (HAP, VAP 
and HCAP)15.

Vital sign measurements

 Nursing staff measured vital signs (systolic blood pressure, 
heart rate, body temperature, oxygen saturation, and level of 
consciousness) of subjects every morning. Systolic blood 
pressure was measured using an automatic blood pressure 
monitor; heart rate and oxygen saturation were measured 
using a pulse oximeter; and body temperature was measured 
using a thermometer. The vital signs were automatically 
transferred to in the ICT health management system (Anshin-
netTM: Fuyo kaihatsu Co., Ltd., Japan and Fuyo Development 
Co., Ltd., Japan) by FeliCaTM (Sony Group Corporation, Japan).

Calculations of NEWS and MEWS

 Using the ICT health management system mentioned 
above, NEWS and MEWS were calculated according to 
Table 110. Regarding MEWS, since systolic blood pressure, 
heart rate, and body temperature were normally distributed, 
we weighted 0 points for mean ± 2SD, 1 point for mean 
-3SD to -2SD or mean + 2SD to + 3SD, and 2 points for 
mean -3SD> or mean + 3SD <. In contrast, oxygen saturation 
was not normally distributed. According to NEWS10, we 
weighted 0 points when the oxygen saturation was ≥ 96%, 1 
point when 94-95, 2 points when 92-93, and 3 points when 
≤91%. The level of consciousness was 0 points for normal 
and 3 points for abnormal consciousness. In the pneumonia 
group, the mean and SD of each vital sign of the individual 
were calculated for 28 days, from 35 days to 7 days before 
hospitalization (Figure 1A). As shown in Table 1, the point 
at the date of hospitalization was aggregated to derive the 
NEWS and MEWS. In the non-pneumonia group, the mean 
and SD of each vital sign of the individual were calculated 
for 28 days from the start of stay at the nursing home 
(Figure 1B). According to Table 1, the point on the 35th day 
from the start of stay at the nursing home was aggregated 
to derive the NEWS and MEWS.
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Statistical analysis

 Continuous variables were described as mean (SD) or 
median (interquartile range [IQR]) and were compared using 
the t-test or Mann-Whitney U-test. Receiver operating 
characteristic analysis and the area under the curve (AUC) 
were used to evaluate the predictive value of NEWS and 
MEWS using individual-specific ranges for pneumonia 
hospitalization. The cutoff value for MEWS using individual-
specific ranges was determined using the Youden index 

(sensitivity + specificity – 1). Statistical significance was set 
at p < 0.05. Data were analyzed using SAS software (version 
9.4; SAS Institute, Cary, NC, USA). 

Results 

 Table 2 summarizes the basic characteristics of the study 
participants. Of the 235 subjects analyzed (mean age, 85.8 
± 8.2 years; 75 men and 160 women), those who were 

Table 1. National Early Warning Score (NEWS) and Modified Early Warning Score (MEWS) using individual-specific range (SD) chart

NEWS 3 2 1 0 1 2 3

Oxygen Saturations (%)
Temperature (°C)
Systolic BP†(mmHg)
Heart Rate (bpm‡)
Level of Consciousness

≤ 91
≤ 35.0
≤ 90
≤ 40

92-93

91-100

94-95
35.1-36.0
101-110
41-50

≥ 96
36.1-38.0
111-219
51-90

A§

38.1-39.0

91-110

≥ 39.1

111-130
≥ 220
≥ 131

V§, P§, or U§

MEWS 3 2 1 0 1 2 3

Oxygen Saturations (%)
Temperature (°C)
Systolic BP†(mmHg)
Heart Rate (bpm‡)
Level of Consciousness

≤ 91 92-93
<-3SD
<-3SD
<-3SD

94-95
-3SD ≤ ,<-2SD
-3SD ≤ ,<-2SD
-3SD ≤ ,<-2SD

≥ 96
± 2SD
± 2SD
± 2SD

A§

2SD<, ≤ 3SD
2SD<, ≤ 3SD
2SD<, ≤ 3SD

3SD<
3SD<
3SD<

V§, P§, or U§

†BP: blood pressure 
‡bpm: beats per minute
§A, V, P & U: alert, verbal, pain & unresponsive

Figure 1. In the pneumonia group, the mean and standard deviation (SD) of each vital sign of 
the individual were calculated for 28 days, from 35 days to 7 days before hospitalization (A). 
According to Table 1, the point at the date of hospitalization was aggregated to derive the National 
Early Warning Score (NEWS) and Modified Early Warning Score (MEWS). In the non-pneumonia 
group, the mean and SD of each vital sign of the individual were calculated for 28 days from the 
start of stay at the nursing home (B).

 
 

Figure 1 
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hospitalized for pneumonia were defined as the pneumonia 
group (n=62), and the others were defined as the non-
pneumonia group (n=173). The mean age was not significantly 
different between the pneumonia and non-pneumonia groups. 
The median (interquartile range [IQR]) of MEWS using 
individual-specific ranges in the pneumonia group was 5 (3-8), 
which was greater than that in the non-pneumonia group.

 The AUC for predicting pneumonia hospitalization was 
0.80 (95% confidence interval [CI], 0.72-0.88) for NEWS and 
0.92 (95%CI, 0.87-0.97) for MEWS using individual-specific 
ranges (Figure 2). The AUC of MEWS using individual-
specific ranges was significantly greater than that of NEWS 
(p<0.0001). 
 Sensitivity, specificity, positive predictive value, and negative 

Table 2. Characteristics of study participants (n=235)

Total (n=235) Pneumonia (n=62) Non-Pneumonia (n=173) p-value

Age　

Men/Women

NEWS§
MEWS¶

Mean ± SD†
85.8 ± 8.2

n (%)
75 (31.9)/160(68.1)

Median (IQR‡)
2 (1-3)
0 (0-2)

Mean ± SD†
85.8± 7.4

n (%)
27(43.5)/35(56.5)

Median (IQR‡)
4 (2-6)
5 (3-8)

Mean ± SD†
85.8 ± 8.5

n (%)
48 (27.7)/125(72.3)

Median (IQR‡)
1 (1-2)
0 (0-1)

0.999

0.022

<0.001
<0.001

†SD: standard deviation
‡IQR: interquartile range
§NEWS: National Early Warning Score
¶MEWS: Modified Early Warning Score

Figure 2. The area under curve (AUC) for predicting for pneumonia hospitalization was 0.80 (95% 
confidence interval [CI], 0.72-0.88) for National Early Warning Score (NEWS) and 0.92 (95%CI, 
0.87-0.97) for Modified Early Warning Score (MEWS) using individual-specific ranges. The AUC 
of MEWS using individual-specific ranges was significantly greater than that of NEWS (p<0.0001).

 
 

Figure 2
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predictive value among selected cutoffs (2-6) in MEWS for 
pneumonia hospitalization are shown in Table 3. When the 
cutoff values were set to 2, 3, 4, 5, and 6 in MEWS, the 
Youden Index was 0.70, 0.75, 0.66, 0.54, and 0.40, respectively. 
When 3 was used as a cutoff value in MEWS, the Youden 
Index was the best value; the sensitivity, specificity, positive 
predictive value, and negative predictive value were 0.77, 
0.97, 0.91, and 0.92, respectively. 

Discussion 

 This is the first study to evaluate the usefulness of MEWS 
using individual-specific ranges for pneumonia hospitalization 
among nursing home residents. We showed that the AUC of 
MEWS using individual-specific ranges was significantly 
greater than that of NEWS, indicating that it is a good tool. 
The sensitivity was 0.77 and the specificity was 0.97 at three 
or more MEWS, indicating good performance. Our MEWS 
system using individual-specific ranges may be able to identify 
nursing home residents requiring treatment for pneumonia 
significantly earlier.
 The elderly often do not have subjective symptoms, and it 
is possible that health care professionals find it difficult to 
communicate with the elderly. On the other hand, vital signs 

are objective measures. The clinical deterioration of patients 
hospitalized in general wards is often preceded by worsening 
vital signs16. If identified early and acted upon quickly, it is 
conjectured that further deterioration can be prevented. The 
EWS system may be useful for early detection of deteriorating 
health conditions among nursing home residents.
 NEWS was developed and validated in hospital wards to 
detect patients with increased risk of ICU admission, cardiac 
arrest, and in-hospital death within 24h and used worldwide17, 18. 
Recently, Barker et al.8 reported that the use of NEWS in 
care homes appears to be feasible, and that care home staff ʼs 
concerns about residents were associated with a higher NEWS 
(worsening condition). Identifying acute illness among older 
adults in care homes can be difficult, and opportunities to 
initiate appropriate care may be missed if the illness is not 
promptly recognized 8. Therefore, the use of an EWS system 
in nursing homes is highly recommended. 
 The individual-specific (reference) range for calculating 
MEWS may change depending on the measurement period 
of vital sign. For example, age, air temperature, antihypertensive 
or medications that affect the autonomic nerves may change 
blood pressure and/or heart rate. MEWS changes as the 
reference range changes. Care must be taken when setting 
the calculation period for the reference range.
 This study has several limitations. First, this was a retro-

Table 3. Validity results for selected cutoff values with regard to pneumonia

Pneumonia (n=62) Non-Pneumonia (n=173)

Cutoff value: score 2
positive
negative

49 (79.0)
13 (21.0)

15 (8.7)
158 (91.3)

sensitivity: 0.79  specificity: 0.91  positive predictive value: 0.77  negative predictive value: 0.92

Cutoff value: score 3
positive
negative

48 (77.4)
14 (22.6)

5 (2.9)
168 (97.1)

sensitivity: 0.77  specificity: 0.97  positive predictive value: 0.91  negative predictive value: 0.92

Cutoff value: score 4
positive
negative

41 (66.1)
21 (33.9)

1 (0.6)
172 (99.4)

sensitivity: 0.66  specificity: 0.99  positive predictive value: 0.98  negative predictive value: 0.89

Cutoff value: score 5
positive
negative

34 (54.8)
28 (45.2)

1 (0.6)
172 (99.4)

sensitivity: 0.55  specificity: 0.99  positive predictive value: 0.97  negative predictive value: 0.86

Cutoff value: score 6
positive
negative

25 (40.3)
37 (59.7)

0 (0)
173 (100)

sensitivity: 0.40  specificity: 1.00  positive predictive value: 1.00  negative predictive value: 0.82
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spective observational study on hospitalization for pneumonia 
in only one target nursing home. Therefore, our results cannot 
be extrapolated to other nursing home residents. Further 
prospective studies to evaluate the validity of our MEWS 
system (using individual-specific ranges) in the context of 
several different diseases apart from pneumonia are needed 
in large-scale nursing homes. Second, the respiratory rate 
was included in a previously published EWS system17-19, but 
it was not available in this study. 

Conclusion 

 The MEWS system using individual-specific ranges showed 
good performance in predicting hospitalization for pneumonia 
among nursing home residents. We propose that our MEWS 
system should be applied as a standard practice in an acute 
setting, since it can serve as a simple but effective means of 
alerting less experienced staff to illness severity20.
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