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Abstract

Introduction

The physiological range of different vital signs is dependent on various environmental and

individual factors. There is a strong interdependent relationship between vital signs and

health conditions. Deviations of the physiological range are commonly used for risk assess-

ment in clinical scores, e.g. respiratory rate (RR) and systolic blood pressure (BPsys) in

patients with infections within the quick sequential organ failure assessment (qSOFA)

score. A limited number of studies have evaluated the performance of such scores in

resource-limited health care settings, showing inconsistent results with mostly poor discrimi-

native power. Divergent standard values of vital parameters in different populations, e.g.

could influence the accuracy of various clinical scores.

Methods

This multisite cross-sectional observational study was performed among Ethiopians residing

at various altitudes in the cities of Asella (2400m above sea level (a.s.l.)), Adama (1600m a.

s.l.), and Semara (400m a.s.l.). Volunteers from the local general population were asked to

complete a brief questionnaire and have vital signs measured. Individuals reporting acute or

chronic illness were excluded.

Results

A positive qSOFA score (i.e.�2), indicating severe illness in patients with infection, was

common among the studied population (n = 612). The proportion of participants with a
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positive qSOFA score was significantly higher in Asella (28.1%; 55/196), compared with

Adama, (8.3%; 19/230; p<0.001) and Semara (15.1%; 28/186; p = 0.005). Concerning the

parameters comprised in qSOFA, the thresholds for RR (�22/min) were reached in 60.7%,

34.8%, and 38.2%, and for BPsys (�100 mmHg) in 48.5%, 27.8%, and 36.0% in participants

from Asella, Adama, and Semara, respectively.

Discussion

The high positivity rate of qSOFA score in the studied population without signs of acute

infection may be explained by variations of the physiological range of different vital signs,

possibly related to the altitude of residence. Adaptation of existing scores using local stan-

dard values could be helpful for reliable risk assessment.

Introduction

The normal range of vital signs depends on various environmental and individual factors, and

there is a strong interdependent relationship between vital signs and health condition [1, 2].

Deviations of physiological parameters, including respiratory rate (RR) and blood pressure

(BP), from the normal range are used in several clinical scores, e.g. the qSOFA (quick sequen-

tial organ failure assessment) score. The qSOFA score has been developed as a tool for the

identification of patients who are at greater risk for a poor outcome among patients with sus-

pected infection outside the intensive care unit (ICU) [3]. It uses three criteria, assigning one

point for low systolic blood pressure (BPsys�100 mmHg), high respiratory rate (�22 breaths

per min), or altered mentation (Glasgow coma scale (GCS) <15). Thus, the score ranges from

0 to 3 points and patients with 2 or more qSOFA points are likely to be septic and are at high

risk for an unfavorable outcome [3]. Key advantages of the qSOFA are the easy and universal

availability of the comprised parameters in clinical settings. A limited number of studies evalu-

ating the performance of sepsis scores in low-resource health care settings have shown incon-

sistent results with mostly poor discriminative power and high variability across different

study sites and settings [4–10]. Previous studies conducted elsewhere have mostly found lower

BP, higher resting heart rate (HR) and lower peripheral oxygen saturation (SpO2) in people liv-

ing at high altitudes compared to lowlanders [11–13], although some studies have also docu-

mented a rise in BP with increasing altitude [14, 15].

Divergent physiological ranges of the applied vital signs in different populations could be a

reason for heterogeneity of the performance of vital sign-dependent clinical scores as the

qSOFA score in different populations. A possible cause of such heterogeneities may be attrib-

uted to adaptation mechanisms of the local population to higher altitudes. Thus, we investi-

gated the potential influence of variations within the physiological range of vital signs in the

general healthy population residing at different altitudes in Ethiopia on the performance of the

qSOFA score.

Materials and methods

The study has been approved by the appropriate Ethical Review Committee (ERC) of the Col-

lege of Health Sciences, Arsi University, Asella, Ethiopia (project number: A/CHS/RC/72/18).

All volunteer healthy participants gave verbal consent after study procedures were thoroughly

explained in local language by the study team before data acquisition. The method of verbal
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informed consent was approved by the Ethical Review Board, considering the high rate of illit-

eracy and that no invasive procedures were performed. The data were analyzed anonymously.

For this multisite cross-sectional observational study, we selected three study sites in Ethiopian

cities at different altitudes. Asella was the study site located at the highest altitude (2400 m a.s.

l.). Second, we aimed for a study site at the lowest possible altitude within the country, inhab-

ited by a population with similar descent. Since Ethiopia is a landlocked country with large

shares of highlands and the areas with the lowest altitude in the country are barren, hostile

deserts where hardly any people live, no inhabited area at sea level was available. Therefore,

Semara, as one of the cities of the country located at the lowest altitude (400 m a.s.l.), was

selected as study site. Third, for comparison at mid-level altitude, the city of Adama (1620 m a.

s.l.) was chosen. In order to investigate comparable populations at the respective study centers

and therefore avoid selection errors, we selected urban centers at the respective altitudes as

study sites. Reliable data on socioeconomic differences between the study sites were not

available.

The study was conducted between December 2018 and March 2019 among adult alert vol-

unteers with a minimum age of 16 years (Fig 1). The selection of volunteers was randomly

made among pedestrians on the street at each study site. Participants were included for mea-

surements during daytime for two subsequent days in order to achieve a sufficiently large sam-

ple size. A mobile medical unit was set up in a tent in a busy area downtown at each of the

study sites and random passers-by were invited to have their vital signs checked and to partici-

pate in our investigation. Apart from the age limit and the residency in the assigned area, no

other initial study eligibility criterion was applied. This approach of random selection of sub-

jects in a busy area of the respective city, populated by local people who pursue their ordinary

activities was chosen in order to achieve inclusion of a representative cross-section of the local

population. The physiological parameters like body temperature (T), BPsys, RR, SpO2 and HR

were measured non-invasively with medical infrared thermometers, photo optic finger clip

pulse oximeters, and aneroid sphygmomanometers. Height and weight were measured from

which body mass index (BMI) was calculated by two trained nurses. Prior to these measure-

ments, the volunteers were asked to come to rest in a designated waiting area for not less than

5 minutes, which is in conformity with official recommendations and international guidelines

[16, 17]. To avoid measurement errors in pulse oximetry, the measurement was performed

only on clean fingers without nail polish. The participants were asked to rest their arm during

the measurement. In addition, data on socio-demographic background, current health condi-

tion, as well as chronic diseases were collected using a standardized questionnaire. In order to

rule out potential influences on vital parameters by medical conditions, participants with acute

or previously known chronic illnesses were excluded a posteriori. The qSOFA was calculated

using the cutoffs of�22/min for RR, and�100 mmHg for (BPsys). Since all participants were

fully conscious and responsive during the study procedures, the GCS, assessing mental alter-

ation, was graded unimpaired (15 points) in all participants. Continuous variables were

expressed as median (interquartile range, IQR). Post-hoc sample size calculation and power

analysis were performed using the approach by Cohen, J. and the R-Package “pwr” [18]. Multi-

group comparisons were done using the Kruskal-Wallis Test or one-way ANOVA. Addition-

ally, pairwise comparisons between group levels at the different study sites were performed

and adjusted for multiple comparisons using the false discovery rate approach. Categorical

variables were compared using either the χ2 test or the Fisher exact test, as appropriate. To

evaluate the association of the place of residency with the qSOFA score, a multiple ordinal

regression model was used and adjusted for other covariates. An alpha of 0.05 was determined

as the cutoff for significance. All statistical analyses were performed using R (version 3.6.3, R

Foundation for Statistical Computing, Vienna, Austria).
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Results

A total of 612 participants were included in the final analysis. Forty-nine Participants (7.4% of

the original study collective) were excluded prior to the final data analysis due to an acute

(0.9%) or previously known chronic illnesses (6.5%), primarily arterial hypertension and lung

diseases, including tuberculosis (see Fig 2). The mean age of included participants was 31.5

±12.8 years and 30.6% of them were female (Table 1). All participants were fully alert and ori-

ented and GCS was graded 15/15.

For details on vital parameters see Table 2 and Fig 3. Interestingly, the majority of vital

parameters differed significantly across the sites (Table 2). The median respiratory rate was

significantly higher in Asella compared with the other sites (22 [IQR 20–24], 20 [IQR 18–22],

and 21 [IQR 19–23] /min in Asella, Adama, and Semara, respectively), whereas the median

systolic blood pressure was lower in participants from Asella (110 [IQR 100–113], 110 [IQR

100–120], and 110 [IQR 100–120] mmHg in Asella, Adama, and Semara respectively). With

Fig 1. Geographical position of the three study sites in Ethiopia. The original map was downloaded from https://www.cia.gov/static/

c383432a1174420f80c37d230bdfc5ee/Ethiopia_Physiography.jpg and modified.

https://doi.org/10.1371/journal.pone.0245496.g001
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regard to the qSOFA, RR threshold was reached in 60.7% (77/196), 34.8% (80/230) and 38.2%

(71/186) in Asella, Adama and Semara, and BP threshold was reached in 48.5% (95/196),

27.8% (64/230) and 36.0% (67/186), respectively. Remarkably, in Asella, at high altitude, the

median RR in the analyzed healthy population reached the qSOFA score threshold (Fig 3). As

presented in Table 3, across all sites 16.7% (102/612) of participants scored 2 points in the

qSOFA score (RR�22 and BPsys�100 mmHg). In particular, the qSOFA score reached 2

points in 28.1% (55/196) of participants in Asella, in 8.3% (19/230) of participants in Adama

and 15.1% (28/186) of participants in Semara (see Fig 4). Notably, the distribution of the

qSOFA score in Asella was significantly different from Adama and Semara (p<0.001, Table 3

and Fig 4). Also, when adjusting for the covariates age, sex and BMI in the multiple ordinal

regression model, Asella as area of residency was significantly associated with an elevated

Fig 2. Flow chart of inclusions and exclusions at the different study sites. A total of 661 participants were recruited.

After screening for any sickness or disease, the remaining participants used for the analysis was 612.

https://doi.org/10.1371/journal.pone.0245496.g002

Table 1. Demographic parameters.

Total (n = 612) Asella (n = 196) Adama (n = 230) Semara (n = 186) p-value (group differences)

Age in years Mean ± SD 31.5 ± 12.7 26.7 ± 10.6 36.0 ± 13.4 31.1 ± 12.1 <0.001

Sex male, n (%) 425 (69.4) 125 (63.8) 148 (64.3) 152 (81.7) <0.001

female, n (%) 187 (30.6) 71 (36.2) 82 (35.7) 34 (18.3)

Ethnicity Oromo, n (%) 293 (47.9) 155 (79.1) 132 (57.4) 6 (3.2) <0.001

Amhara, n (%) 179 (29.2) 21 (10.7) 52 (22.6) 106 (57.0)

Afar, n (%) 58 (9.5) 0 (0) 0 (0) 58 (31.2)

Gurage, n (%) 24 (3.9) 7 (3.6) 17 (7.4) 0 (0)

Tigray, n (%) 14 (2.3) 3 (1.5) 8 (3.5) 3 (1.6)

Wolayita, n (%) 8 (1.3) 0 (0) 2 (0.9) 6 (3.2)

Silete, n (%) 7 (1.1) 4 (2.0) 3 (1.3) 0 (0)

Somali, n (%) 1 (0.2) 0 (0) 0 (0) 1 (0.5)

Other, n (%) 17 (2.8) 2 (1.0) 10 (4.3) (5 (2.7)

not stated, n (%) 11 (1.8) 4 (2.0) (2.6) 1 (0.5)

https://doi.org/10.1371/journal.pone.0245496.t001
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qSOFA score compared to the location Adama (aOR 3.26 [2.20–4.86], p<0.001, Table 4),

whereas no difference between Semara and Adama was observed. Furthermore, male gender

was significantly associated with a lower qSOFA score (p = 0.004).

Discussion

Within the cohort of healthy adult volunteers, the high proportion of individuals reaching the

cutoff for a positive qSOFA score was surprising. The qSOFA score has been developed as an

easy-to-use bedside score in order to quickly identify individuals at risk of a poor outcome

among patients with an infection [19]. In previous studies, positive qSOFA criteria showed a

similar prognostic significance compared with more complex tools as the SOFA, MEDS (Mor-

tality in Emergency Department Sepsis) or APACHE II (Acute Physiology And Chronic

Health Evaluation II) scores [20]. The specificity to predict mortality among patients with an

infection of the qSOFA score in sub-Saharan African cohorts was reported to be 82% (95%

Confidence Interval [CI] 76–88) and 81% (95% CI 78–85) while sensitivity was much lower

(55% [95% CI 23–83] and 44% [95% CI 33–55], respectively) [5, 7].

All study participants were alert pedestrians, were not apparently mentally altered, as

assessed during study procedures, and did not report to suffer from chronic illness. Thus, all

patients were considered to have an unimpaired GCS of 15. The RR was significantly higher

Table 2. Physiological parameters at the different study sites.

Asella, 2400 m a.s.l.

(A)

Adama, 1620 m a.s.l.

(B)

Semara, 400 m a.s.l.

(C)

p-value (group

differences)

p-value (Single group

comparisons)

A|B A|C B|C

Temperature in ˚C, median (IQR) 36.7 (36.5–36.9) 36.5 (36.3–36.8) 36.6 (36.1–37.0) <0.001 <0.001 0.009 0.555

Heart rate in /min, median (IQR) 80 (72–90) 81 (73–90) 83 (74–91) 0.233 0.90 0.21 0.21

Systolic blood pressure in mmHg,

median (IQR)

110 (100–113) 110 (100–120) 110 (100–120) <0.001 <0.001 0.004 0.017

02 saturation in %, median (IQR) 96 (95–97) 97 (96–98) 98 (98–99) <0.001 <0.001 <0.001 <0.001

Respiratory rate in /min, median (IQR) 22 (20–24) 20 (18–22) 21 (19–23) <0.001 <0.001 <0.001 0.022

Body mass index in kg/m2, median (IQR) 21.7 (19.4–23.6) 24.05 (20.8–26.7) 20.6 (18.6–23.1) <0.001 <0.001 0.009 <0.001

BMI: Body Mass Index

https://doi.org/10.1371/journal.pone.0245496.t002

Fig 3. Scatter plots of the vital parameters systolic blood pressure in mmHg (a) and respiratory rate in breaths/min (b)

according to areas of residency. Individual measurements of participants are represented by colored dots, and medians

as horizontal lines of box plots.

https://doi.org/10.1371/journal.pone.0245496.g003
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and the SpO2 significantly lower in Asella, the site situated at the highest altitude a.s.l., whereas

there was no significant difference between the sites at lower altitudes. Although the rate of

positive qSOFA was also remarkably high at those sites, we postulate that the high altitude of

2400 m a.s.l. might contribute to the high rate of unspecific positive qSOFA score values. As it

has been suggested by other authors [5], an adaption of existing scores to various settings

might be necessary to improve the performance. Alternatively, to improve the impaired per-

formance of clinical scores at different altitudes, a constant conversion factor could possibly be

derived from future cohort analyses.

Table 3. Proportions of the qSOFA at the different study sites.

qSOFA-score, n (%) Total (n = 612) Asella (n = 196) (A) Adama (n = 230) (B) Semara (n = 186) (C) p-value (group differences) p-value (Single group

comparisons)

A|B A|C B|C

0 218 (35.6) 37 (18.9) 105 (45.7) 76 (40.9) <0.001 <0.001 <0.001 0.089

1 292 (47.7) 104 (53.1) 106 (46.1) 82 (44.1)

2 102 (16.7) 55 (28.1) 19 (8.3) 28 (15.1)

qSOFA: Quick Sequential Organ Failure Assessment

https://doi.org/10.1371/journal.pone.0245496.t003

Fig 4. Proportions of qSOFA categories according to study site.

https://doi.org/10.1371/journal.pone.0245496.g004
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The finding of a positive qSOFA score in the normal population was mostly common in

Asella, located at 2400 m a.s.l. It has been shown elsewhere, that the qSOFA can be a reliable

predictor of mortality, also in resource-limited settings [6, 21, 22] but perhaps not at extreme

elevations. Our hitherto deviating results can only partly be explained by comparatively high

altitudes in Ethiopia, since also at lower altitude, in Semara at 400 m a.s.l., a positive qSOFA

was frequently found and was present in 15.1% of the local population. However, the median

RR in the normal healthy population at Asella reached the threshold of the qSOFA score and

even though the median BPsys was 110 mmHg at all three sites, there was a significant differ-

ence in the IQR between the three sites, being lowest in participants from Asella. These find-

ings explain the high rate of healthy individuals reaching a positive qSOFA. On the other

hand, body temperature and HR, both parameters not included in the qSOFA score, showed

no or hardly any differences between the study sites at different altitudes.

A limited specificity of the score in the studied population has already been described in

previous studies conducted in countries with limited resources in Sub-Saharan Africa [5, 10,

23, 24] and may be partially explained by deviations of the standard values of different vital

signs like RR or BPsys although optimal thresholds remain uncertain. Our results support pre-

vious findings questioning the accurate applicability of the qSOFA not only in resource-lim-

ited settings, but also in more developed settings [8, 25, 26]. With a high proportion of positive

qSOFA criteria in a normal population, the score fails to serve as specific tool for the identifica-

tion of septic patients at risk for adverse outcomes.

Our findings might be limited due to the fact that our data was recorded as a single cross-

sectional assessment and do not reflect physiological variation of the parameters within indi-

viduals. Nevertheless, also vital parameters used to calculate sepsis scores are usually assessed

once at a certain time point in clinical settings. The analysis of multiple individuals within our

cohort reduces the risk for selection bias. Since all study procedures were performed using vol-

unteers, the results could be influenced by volunteer bias. However, since the sampling meth-

ods did not differ between the study sites, this bias cannot explain the apparent differences

between the different study groups. No extrinsic motivation in form of any compensation was

offered for participants. The conducted post-hoc power analysis indicated a sufficiently large

group size to test the study objective.

Participants reporting any form of chronic disease were excluded from further analysis to

rule out the possibility of changes in vital signs caused by illness. However, Patel et al. were

able to show that self-reporting leads to limitations in the reliability of chronic disease detec-

tion [27]. Thus, among the participants classified as healthy in this study, there may have been

Table 4. Factors associated with the qSOFA at the different study sites.

qSOFA

Covariates aOR 95% CI p-value

Age in years 0.99 (0.98–1.01) 0.247

Female 1

Male 0.61 (0.43–0.86) 0.004

BMI in kg/m2 0.98 (0.94–1.02) 0.295

Adama 1

Asella 3.26 (2.20–4.86) <0.001

Samara 1.32 (0.89–1.96) 0.171

qSOFA: Quick Sequential Organ Failure Assessment, aOR: adjusted Odds Ratios, CI: Confidence Interval, BMI: Body

Mass Index

https://doi.org/10.1371/journal.pone.0245496.t004
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individuals potentially suffering from a chronic disease. Since this limitation applies equally to

all study centers, no distortion of the study results in the comparison of the study centers is to

be expected.

The European Society of Cardiology, the American Heart Association and others suggest

having a patient rest for 5 minutes before measuring BP [16, 17, 28]. This approach was fol-

lowed during our study. However, there are other data which indicate that a longer resting

time of 10 or even 25 minutes might be necessary for reliable stabilization of BP [29, 30]. To

circumvent a resulting error, no volunteers apparently exhausted by physical activity were

included and the same procedure was followed at all study sites.

Also, the differences among demographic parameters such as age, gender and BMI between

the study sites have to be considered as possible limitation of the study, but for this very reason

the ordinal regression model was adjusted using these parameters and it was shown that Asella

as place of residence is associated with a higher probability of a false positive qSOFA score,

regardless of age, gender and BMI. Possibly, this finding could also be confounded by different

socio-economic and environmental conditions (e.g. climate, air pollution) at the three study

sites with Adama as a metropolis, Asella as a major district town and Semara as rather remote

city. The varying BMI at the different study populations could reflect the respective economic

strength and might be interpreted as an indication of different lifestyles of the population at

the study sites. However, this assumption is based on personal observations and reliable data

to support this hypothesis are insufficient.

Conclusion

Our study indicates that the applicability of the qSOFA score or other clinical scores based on

examination of the vital signs BP and RR may be adversely affected by shifts in the range of

normal values of the vital signs, e.g. as an adaptation mechanism for altitude. As it has previ-

ously been suggested by the international Sepsis-3 Task force, the qSOFA needs further investi-

gation and validation especially in resource-limited health care settings [19]. High altitude

might potentially be a relevant factor, since large populations of around 389 million people live

in altitudes above 1.500 m, especially in Mexico, South America, the South-Central Asian

Highlands, and Eastern Africa (Kenya, Ethiopia) [31]. Adaption of scores based on physiologi-

cal parameters, as the qSOFA, according to local variances could improve the performance of

these scores.
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