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ABSTRACT 

Background: Stroke is the second leading cause of death in adults worldwide. There are 

remarkable geographical variations in the accessibility to emergency medical services (EMS), 

and transport delays have been documented worldwide to affect stroke outcomes significantly. 

Therefore, this study examines whether there are spatial variations in in-hospital mortality 

among suspected stroke patients transferred by EMS and attempts to determine its related factors 

using the auto logistic regression model. 

Methods: In this historical cohort study, suspected stroke patients transferred to Ghaem Hospital 

of Mashhad by the EMS from April 2018 to March 2019 were included. Using emergency 

mission IDs, the baseline EMS data were integrated with the follow-up hospital records.  The 

autologistic regression model was applied to examine the possible geographical variations in in-

hospital mortality and its related factors. All analysis was carried out by SPSS version 16 and R 

4.0.0 at the significant level of 0.05. 

  Results: 1,222 suspected stroke patients were included in this study, and the in-hospital 

mortality rate was 14.2%. Overall in-hospital stroke mortality was related to age, accessibility 

rate of an ambulance, screening time, and length of stay (p<0.05). After stratifying by sex, we 

observed that mortality in men was related to age and length of stay, whereas, in women, 

variables of age, length of stay, accessibility rate of an ambulance, and screening time had a 

significant effect on in-hospital mortality among suspected stroke patients (p<0.05). 

Conclusion: Our results showed considerable geographical variations in in-hospital stroke 

mortality in Mashhad neighborhoods. Also, age- and sex-adjusted results from this study 

highlight the direct association between accessibility rate of an ambulance, screening time and 
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length of stay, and in-hospital stroke mortality. The prognosis of in-hospital stroke mortality 

could be improved by reducing delay time and increasing the EMS access rate. 

Keywords: Suspected stroke, In-hospital mortality, Emergency Medical Services, Autologistic 

model 

 

 

Introduction 

Stroke is a major health problem worldwide, and its burden on community health has been 

increasing over the years (1,2). Stroke is the second leading cause of death and disability in 

adults around the world(3,4). Despite the preventable nature of the disease, two-thirds of all 

stroke deaths occur in developing countries(5–7). In Iran, studies have reported that the overall 

in-hospital mortality is 20.5% (8,9), and in comparison to developed countries, stroke is more 

common, and the mortality rate is higher (10,11). 

Identifying the risk factors for stroke is one of the most important epidemiological aspects of 

preventing stroke and has significantly reduced its incidence in countries and increased life 

expectancy (12). One of the most important factors in stroke patients' survival is timely 

admission and transfer of patients from an Emergency Department to the hospital because stroke 

needs emergency care medicine (13). For every minute of delay in treating ischemic stroke, a 

patient loses typically about 1.9 million brain cells (14). Received intravenous thrombolytic 

therapy within 3 to 4 hours of the onset of symptoms can prevent tissue death and save patients 

(15). While there are two types of general delays (prehospital and hospital) that affect the timing 

of stroke treatment, some studies have shown that prehospital delay is the onset of symptoms 

until the patient arrives at the hospital, which is more important and longer (16). Emergency 

medical services can be associated with a reduction in prehospital delays in stroke treatment 

(16). Another important and influential factor of stroke management is the patient's place of 

residence. Many studies mentioned that neighborhood characteristics and structure might play an 

important role in spreading or preventing disease (17). In the case of stroke, growing evidence 

suggests that neighborhood tissue is associated with post-stroke mortality and regional disparities 

in stroke mortality persist (18–20). For example, people who live in neighborhoods with better 

neighborhood social ties have a lower risk of death (20). Therefore, it is more appropriate to 

incorporates spatial components in usual models.  
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The logistic regression model is an appropriate model for analyzing binary outcome data. 

However, typically, spatial autocorrelation is frequently present in disease occurrences and risk 

factors. It appears that adjacent units in space tend to have more similar values than those 

distributed randomly. Besag et al. introduced an auto logistic regression model considering 

spatial autocorrelation, a special type of ordinary logistic model (21). Previous studies usually 

used an ordinary logistic regression model to determine predictors of in‐hospital mortality after 

stroke, and it seems that there is a lack of evidence to capture the spatial structure of in-hospital 

mortality among these patients (9,22,23). Our study's primary aim was to evaluate the possible 

geographical variations of in-hospital mortality and its determinants among suspected stroke 

patients transferred to Ghaem Hospital of Mashhad in Iran by the EMS using the autologistic 

regression model.  

Methods 

Study area and data sources  

In this historical cohort study, all patients with suspected stroke that EMS transferred to the 

Neurology ward at Ghaem Hospital in Mashhad from March 2018 to March 2019 were 

examined. Mashhad is the second-most populous city in Iran with more than 3.00 million 

inhabitants, based on the 2016 national census of Iran (24). The neurology center of Ghaem 

educational Hospital of Mashhad University of Medical Sciences (MUMS) is a tertiary 

neurological referral center in the east of Iran, and a. All neurology emergency care is supplied at 

this hospital. The data in this study includes two parts: Baseline EMS information (prehospital) 

and Follow-up information (screening and hospital ward information), which were received from 

the EMS system database and HIS unit of Ghaem Hospital in Mashhad, respectively. Integrating 

two datasets was performed by using Emergency mission ID.  

Data Analysis 

In-hospital mortality of suspected stroke patients was defined as the outcome variable. 

Independent variables were delay time (Sec), the response time (minute), transport time 

(minute), distance to the hospital (km), screening time (hour), length of hospital stay, and 

hypertension, as well as age, and gender were considered as confounders. Also, the accessibility 

rate of the ambulance (the number of ambulances per 1 million inhabitants) for each patient was 

obtained (25). 
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Descriptive statistics are used to summarize the basic features of the data. The continuous and 

qualitative variables are summarized as mean ± SD or median (IQR) and frequency (%). 

Comparisons mean of quantitative variables performed by independent T-Test, and the 

association between qualitative variables were assessed using Chi-square test. Local Moran's I 

Statistic was applied to measure the local spatial autocorrelation and clustering tendencies across 

neighborhoods. This statistic provides information related to the location of spatial clusters and 

outliers and the types of spatial correlation (26). We used the autologistic regression model to 

estimate odds ratios (OR) and 95% confidence intervals (CIs) of predictors of in-hospital 

mortality.  

The autologistic regression model has been used widely for modeling spatially correlated binary 

data. Compared to the ordinary logistic model, the autologistic model introduces a spatial 

autocorrelation term, autocovariate, as shown in the following equations. Autocovariates are 

weighting coefficients calculated by Euclidean distance in the form of the dependent variable's 

total weight.  

       

 

 

  

 

Where, i=1,.., 1222, is the index of the patient; Yi is outcome variable corresponding to the ith 

patient, 1 if dead, 0 if alive; pi is the probability of Yi being a die; X1i, . . ., Xmi are the covariates 

corresponding to the ith patient; β0, . . ., βm are the regression coefficients of covariates; γ is the 

regression coefficient of Autocovariatei that is the autocovariate of the ith patient to represent 

spatial correlations effects; ni is the number of neighbors of patient i; wij is the spatial weight 

between patient i and patient j, equal to the inverse of Euclidean distance (dij) between them. 
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Variable Selection and Model Development 

Variable selection is made using backward logistic regression models and recorded the Akaike 

Information Criterion (AIC) of each fitted model (27). First, a full model was built containing all 

variables; to remove or select a variable, this model's AIC value with and without the variable is 

compared; if their difference is not greater than two, that variable is retained in the model. 

Secondly, Moran's I statistic was used to check the spatial autocorrelation of residuals of the 

final ordinary logistic model. Moran's I is an index whose value is in the range from 

approximately -1 to 1. Positive signage indicates positive spatial autocorrelation, while negative 

signage indicates negative spatial autocorrelation—a value of zero representing no spatial 

autocorrelation (28). 

Thirdly, to account for spatial autocorrelation, autocovariate was calculated using the 

autocov_dist function in the ''spdep'' R package (29). The autologistic model was built with 

autocovariate as an additional independent variable in the final ordinal logistic model. Finally, 

residuals of the autologistic model were assessed by Moran's I test to ensure that the inclusion of 

autocovariates led to residual's independence, and there was no spatial autocorrelation. All 

analyses were performed using SPSS version 16 and R statistical software version 4.0.0 at the 

significant level of 0.05. 

Ethics Statement: 

The protocol was approved by the Ethics Committee of NIMAD (IR.NIMAD.REC.1397.078) 

and also MUMS (Code: IR.MUMS.REC.1399.459). Data collection was also accomplished by 

the official authorization from Mashhad University of Medical Sciences (MUMS), Iran (research 

project number: 981153).  It was performed in accordance with the ethical standards of the 

Declaration of Helsinki. Given the retrospective design, the informed consent was waived by the 

Ethics Committee of NIMAD (National Institute for Medical Reseach Development). 

Results 

Description of the population 

One thousand two hundred and twenty-two patients with suspected stroke were included in the 

study which 14.2% (174 patients) died in hospital. A total of 608 (50.2%) were males with a 

mean age of 69.87 ± 13.61 and 608 (49.8%) females with a mean age of 70.14 ± 13.94, 806 
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(67.4%) cases had hypertension. The majority of patients (84.1%) lived inside the city boundary. 

The median length of stay was 3(IQR=6). Nine-hundred forty patients (76.9%) were discharged 

within the first week after admission.  Table 1 summarizes the demographic and EMS calls 

characteristics of suspected stroke patients. There was no significant difference between male 

and female in-hospital mortality (46% vs. 54%, p=0.22). Two hundred ninety-six patients 

(24.2%) were younger than or equal to 60 years, those who died were older (mean age=73.5 vs. 

69.4, p<0.001). The mean delay time of patients who died significantly was longer than patients 

who did not die (p=0.04). The median length of stay in the patients who died during the same 

hospitalization was significantly longer than that of the surviving population (p<0.001). The 

results indicate no significant difference between those who died and those who survived in 

terms of mean response time, transport time, and distance to the hospital (p>0.05). However, the 

accessibility rate of an ambulance was significant (p=0.03). 

Table 1: Demographic and clinical characteristics of suspected stroke patients, Mashhad, 2018 

 
Total 

(n=1222) 

Died 

P-value Yes 

(n=174) 

No 

(n=1048) 

Sex, n (%)     

    Male 614 (50.2) 80 (46.0) 534 (51.0) 
0.22 

    Female  608 (49.8) 94 (54.0) 514 (49.0) 

Age, n (%)     

 ≤60 296 (24.2) 27 (15.5) 269 (25.7) 
0.004 

 >60 926 (75.8) 147 (84.5) 779 (74.3) 

              Age, Mean ± SD 70.5 ± 13.6 73.5 ± 13.7 69.4 ± 13.6 <0.001 

Hypertension, n (%)     

 Yes 806 (67.4) 107 (63.3) 699 (68.1) 0.22 

 No 390 (32.6) 62 (36.7) 328 (31.9) 

Residency, n (%)     

 Urban area 1028 (84.1) 146 (83.9) 882 (84.2) 
0.93 

 Suburbia 194 (15.9) 28 (16.1) 166 (15.8) 

Accessibility rate of an ambulance(per 1 million 

inhabitants) (Mean ± SD) 

27.3 ± 6.7 26.3 ± 7.2 27.7 ± 6.8 0.03 

Delay time (Sec) (Mean ± SD) 37.7 ± 31.0 42.0 ± 37.0 36.9 ± 30.0 0.04 

Response time (Min) (Mean ± SD) 9.0 ± 4.0 9.1 ± 3.9 9.0 ± 4.2 0.8 

Transport time (Min) (Mean ± SD) 21.8 ± 12.2 22.4 ± 14.3 21.7 ± 11.7 0.4 

Screening time (hour) 0.25 ± 0.3 0.3 ± 0.3 0.2 ± 0.1 <0.001 

Distance to hospital (km) (Mean ± SD)  8.1 ± 4.2 8.2 ± 4.9  8.1 ± 4.0 0.9 

Length of stay, median(IQR) 3 (6.0) 6.5 (10.0) 2 (6.0) <0.001 

Length of stay, n (%)     
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 ≤7 940 (76.9) 95 (54.6) 845 (80.6) 
<0.001 

 >7 282 (23.1) 79 (45.4) 203 (19.4) 

Despite the lack of a significant effect of sex on mortality in the univariate analysis, prior 

research indicates that mortality predictors may differ according to sex (10,23,30,31). Table 2 

shows the demographic and clinical features according to mortality stratified by sex. In both 

sexes, age and length of stay were associated with higher mortality (p<0.05). Also, for males, 

distance to a hospital was associated with higher mortality (p=0.03). 

Table 2: Univariate analysis of the association between risk factors and in-hospital stroke mortality, 

stratified by sex, Mashhad, 2018 

 Male (n=614) 

P-value 

Female (n=608) 

P-value 
Died  Died  

Yes  

(n=80) 

No 

 (n=534) 

Yes  

(n=94) 

No 

(n=514) 

Age, n (%)       

 ≤60 11 (13.8) 139 (26.0) 
0.02 

16 (17.0) 130 (25.3) 
0.08 

 >60 69 (86.3) 395 (74.0) 78 (83.0) 384 (74.7) 

              Age, Mean ± SD 73.3 ± 13.9 69.4 ± 13.3 0.02 73.7 ± 13.5 69.5 ± 13.6 0.007 

Hypertension, n (%)       

 Yes 44 (57.1) 355 (67.6) 
0.07 

63 (68.5) 344 (68.5) 
0.9 

 No 33 (42.9) 170 (32.4) 29 (31.5) 158 (31.5) 

Residency, n (%)       

 Urban area 68 (85.0) 459 (86.0) 
0.8 

78 (83.0) 423 (82.3) 
0.9 

 Suburbia 12 (15.0) 75 (14.0) 16 (17.0) 91 (17.7) 

Accessibility rate of an ambulance (per 

1 million residencies) (Mean ± SD) 

27.0 ± 6.7 27.5 ± 6.5 0.5 25.9 ± 6.7 27.4 ± 6.9 0.06 

Delay time (Sec) (Mean ± SD) 43.5 ± 45.4 37.6 ± 29.5 0.1 40.7 ± 28.2 36.3 ± 30.0 0.02 

Response time (Min) (Mean ± SD) 9.3 ± 4.4 8.9 ± 4.0 0.5 9.0 ± 4.0 9.1 ± 3.9 0.6 

Transport time (Min) (Mean ± SD) 24.7 ± 15.6 21.6 ± 11.9 0.09 20.4 ± 12.8 21.7 ± 11.5 0.3 

Distance to hospital (km) (Mean ± SD)  6.8 ± 4.0 5.8 ± 3.0 0.03  5.9 ± 2.8  6.3 ± 3.4 0.3 

Screening time (hour)  0.2 ± 0.2 0.2 ± 0.1 0.2 0.2 ± 0.1 0.3 ± 0.4 0.003 

Length of stay, median (IQR) 8 (9.0) 2.0 (6.0) <0.001 6 (11.0) 3 (5.0) 0.001 

Length of stay, n (%)       

 ≤7 36 (45.0) 440 (82.4) 
<0.001 

59 (62.8) 405 (78.8) 
0.001 

 >7 44 (55.0) 94 (17.6) 35 (37.2) 109 (21.2) 

 

Autologistic modeling 



8 

 

Six independent variables were selected in backward AIC variable selection, and the final 

logistic model is included age, sex, accessibility rate of an ambulance (per 1 million), delay time 

(Sec), Screening time (hour), length of stay (day). The Moran's I test indicated a significant 

spatial autocorrelation in the final ordinary logistic model's residuals. This means that models 

incorporating a spatial dependence component should be most appropriate. Autologistic 

regression was applied based on these six significant variables and autocovariate term, which the 

ordinary logistic model computed. The parameters and associated 95% confidence intervals of 

the spatial autologistic model are given in Table 3.  

The autologistic regression model results showed that age (OR=1.03, 95% CI 1.02 to 1.04), 

accessibility rate of an ambulance (OR=0.97, 95% CI 0.95 to 0.99) are significant risk factors 

that are positively related to the occurrence of in‐hospital mortality in suspected strokes. 

However, screening time is negatively associated with higher in‐hospital mortality. So that, per 

every one hour increase in screening time, the odds ratio of in‐hospital 0.15 decreased (95% CI 

0.03 to 0.58)  (Table 3). 

Different univariate analysis results led us to perform separate predictive models stratified by 

sex. the autologistic regression model revealed that age has a positive association with in-

hospital mortality. Per everyone increase in the age by adjusting for the effects of other variables, 

the odds of in-hospital mortality of suspected stroke patients had 3% (overall and in men) and 

2% (in women) increase. In-hospital mortality decreased with each additional accessibility rate 

of an ambulance, with an odds ratio of 0.97 per unit (95% CI 0.95 to 0.99). However, there was 

no significant association between delay time and stroke mortality (OR=1.003, 95% CI 0.99 to 

1.008). 

Table 3: Risk factors related to in-hospital mortality in suspected stroke patients, autologistic regression 

model overall and stratified by sex  

 Total Sex 

  Men Women 

 OR (95% CI) OR (95% CI) OR (95% CI) 

Sex    

  Male 1.3 (0.92 – 1.84) - - 

  Female  Ref - - 

Age 1.03 (1.02 – 1.04) 1.03 (1.01 – 1.05) 1.02 (1.003 – 1.04) 

Hypertension    

 Yes 1.17 (0.81 – 1.67) 1.35 (0.80 – 2.29) 1.01 (0.60 – 1.65) 
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 No Ref 

Accessibility rate of ambulance 

(per 1 million residency) 

0.97 (0.95 – 0.99) 0.98 (0.94 – 1.02) 0.96 (0.93 – 0.99) 

delay time (Sec)  1.003 (0.99 – 1.008) 1.002 (0.99 – 1.009) 1.003 (0.99 – 1.009) 

Screening time (hour) 0.15 (0.03 – 0.58) 0.44 (0.55 – 1.72) 0.05 (0.004 – 0.47) 

Length of stay 1.03 (1.02 – 1.04) 1.04 (1.02 – 1.06) 1.03 (1.01 – 1.04) 

Autocovariate 5.3 (0.01 – 1474.1) 0.0012 (0.0007 – 0.01) 318 (2.23 – 655) 

 

The Moran's I statistic results showed no spatial autocorrelation in the residuals from the 

autologistic regression model. The autologistic regression model is preferred over the ordinary 

logistic regression model because it could cover spatial autocorrelations in the in-hospital 

mortality of suspected stroke patients. Then, ROC analysis was used for model evaluation. The 

area under the curve (AUC) was obtained as 70.1% (65.0% - 73.5%), indicating the selected 

model's adequate predictive ability.  

Figure 1 maps the estimated values of the autocovariate variable introduced in equation (3). The 

larger values of the autocovariate variable indicate neighborhoods with higher odds of in-hospital 

stroke mortality. We understood that there was a remarkable geographical variation in in-hospital 

stroke mortality in Mashhad neighborhoods, in a way that some neighborhoods in the suburban 

areas and northeastern parts of Mashhad had a higher odds of in-hospital stroke mortality.  

In the north-east of the study area, the difference is more notable due to the socio-economic 

deprivations such as having low-income occupations, lower availability, quality of primary care, 

and less education. Also, other few neighborhoods have high odds of in-hospital mortality, which 

could be due to having more pensioners or pre-retirees and an older population. 
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Figure 1. The spatial distribution of the autocorrelation term: the autocovariate variable in the neighborhood, 

Mashhad 

 

 

 

Discussion 

This study's objective was to investigate possible disparities in in-hospital mortality and its 

determinants among suspected stroke patients transferred by EMS in Mashhad, Iran. This study 

highlighted spatial variations of in-hospital mortality and its important contributing factors 

among suspected stroke patients in the emergency department of Mashhad, Iran.  

In this study, the overall in-hospital stroke mortality rate was 14.2% higher than previous global 

studies (23,32,33). However, it’s lower than the mortality rate in some countries (34) and other 
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Iran areas (8,9,35). The in-hospital stroke mortality rates vary between countries and areas 

related to incidence rate, case fatality rate (36). 

The ordinary regression model assumes that the dependent and explanatory variables' 

relationship is a stationary spatial process. The advantage of this study compared to existing 

studies is to account for spatial correlations in modeling. The autologistic regression model is a 

spatial model that considers the spatial residual autocorrelation effect in the model and reduces 

the contribution of the residual significantly by introducing a spatial autocorrelation variable. We 

The autologistic regression model revealed that the most relevant independent factor associated 

with in-hospital stroke mortality were age, length of stay in overall cases, in men and women, 

accessibility rate of an ambulance, screening time. The autocovariate in men and women was 

significant and showed higher odds of mortality in the suburb and northeastern areas. Several 

factors may have contributed to this result; for example, northeastern neighborhoods of Mashhad 

have a very high population density but low health facilities. In other words, in Mashhad, the 

focus of health centers is in the city's central neighborhoods, and these areas of the city have 

higher access to health services, and the surrounding areas have lower access to health services 

(37,38). Therefore, health policymakers should pay attention to inequalities in healthcare 

resources' spatial distribution. Another reason for the higher probability of mortality in suburbs 

and northeastern areas is socio-economic deprivations. In Mashhad, the neighborhoods are not 

evenly distributed in terms of socio-economic status. There are clusters of urban poverty that 

have focused in the eastern part and marginal neighborhoods in Mashhad (39). 

In this study, most stroke patients (75.8%) were aged older than 60. our findings indicate that age 

represents an important independent factor of death so that overall, each additional year is 

associated with a 3% relative increase in in-hospital stroke mortality. Studies indicated an 

increased probability of in-hospital stroke mortality is associated with increasing age (40–42). 

The average length of stay was 6.52 days, and 23.1% of patients hospitalized more than one 

week also, the mean length of stay in the patients who died during the hospitalization was longer 

than other patients. The model results indicated that in-hospital mortality was associated with 

longer length of stay, and for everyday increase length of stay, the odds of in-hospital mortality 

3% increased. Previous studies show a strong positive correlation between in-hospital stroke 

mortality and long length of stay (8,23,43). 

In 2018 mean accessibility rate of an ambulance in Mashhad city was 27 (per 1 million 

inhabitants) (25). Our findings indicate the accessibility rate of an ambulance is negatively 
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associated with in-hospital mortality. With an increase in the accessibility rate of an ambulance, 

the odds of in-hospital stroke mortality decrease. Previous studies have shown more access to 

EMS increased the likelihood of therapy with rt-PA and decreased visiting time by an emergency 

physician, time to CT, and visiting time by a neurologist (44–46). Our results revealed that 

EMS's access rate in the suburban areas was lower than in central urban areas due to the huge 

aggregation of EMS stations in central areas. Patients in suburban areas with stroke were less 

likely to receive timely therapy and had higher in-hospital mortality than central areas (47). 

Therefore, health policymakers should pay attention to EMS stations' balanced distribution, 

especially in areas with high gaps and low EMS access rates. 

Our study has some limitations. First, we only integrated data obtained from the EMS system 

database of City Emergency Management Center with patient medical records in the Ghaem 

Hospital. Patients who came to the hospital by personal vehicle were not considered. Second, our 

study was based on data acquired in a year and may differ from in-hospital stroke mortality 

patterns in multi-year data-based studies. 

Conclusion 

In Mashhad, the odds of in-hospital stroke mortality in the city's suburbs were higher than in 

central neighborhoods. Results autologistic regression model highlighted the direct association 

between age, accessibility rate of an ambulance, screening time and length of stay, and in-

hospital stroke mortality. Our results also showed disparities in access rate to EMS in Mashhad, 

and the prognosis of in-hospital stroke mortality could be improved by reducing delay time and 

increasing the access rate to EMS. These findings might help researchers and local health 

policymakers reduce health services disparities and in-hospital stroke mortality. 
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Figure 1

The spatial distribution of the autocorrelation term: the autocovariate variable in the neighborhood,
Mashhad Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal



status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.


