
Despite significant improvements in the management and 
outcomes of patients with acute myocardial infarction 

(AMI) in the last decades, patients continue to be at increased 
risk for morbidity and mortality and they utilize excessive 
healthcare services, which results in increased healthcare ex-

penditures [1-3]. Multiple studies have shown differences in 
clinical presentation, treatment, and outcomes following AMI, 
according the patient’s ethnicity and sex [4-10]. In Israel, as 
well as in other regions, high prevalence of cardiovascular risk 
factors, often poorly controlled, in Arab populations, women in 
particular, have been reported [7,9,10].

The Negev is a desert and semi-desert region in southern 
Israel, which covers more than half of Israel's territory. Approx-
imately one-quarter of a million Arabs/Bedouins inhabit the 
northern Negev region, accounting for approximately 30% of 
the total population. Almost half of the Bedouins live in sev-
en towns and the rest live in small, rural settlements. A small 
minority still maintain a semi-nomadic lifestyle. Despite the 
geographic proximity, Jews and Bedouins greatly differ in de-
mographic characteristics (the population growth and birth rate 
are higher among Bedouins) and the lifestyle. In addition, previ-
ous studies observed disparities in healthcare accessibility and 
utilization between Bedouins and Jews presenting with AMI in 
southern Israel [7,9]. Most residents of the northern Negev re-
gion use the services of Soroka University Medical Center, a 
1200-bed tertiary medical center serving the metropolitan area 
of Beer Sheva.

The objective of the current study was to evaluate the dis-
parities in healthcare resources utilization and costs throughout 
a decade following a non-fatal AMI according to sex-ethnicity 
(Bedouins vs. Jews) groups in the northern Negev region. 

years old) who were hospitalized at Soroka University Medical 
Center with a first AMI (index admission) between 1 January 
2002 and 31 December 2012. The following exclusion criteria 
were used: died during the index admission or during the first 
follow-up year, were not Israeli citizens, were not insured by 
either Clalit Health Services or Maccabi Health Services (the 
two largest health funds in Israel), or were not defined as ei-
ther Jewish or Arab. The study protocol conformed to the ethics 



guidelines of the 1975 Declaration of Helsinki as reflected in a 
priori approval by the institution's human research committee.

Patients were classified and analyzed according to the fol-
lowing four sex-ethnicity groups: Jewish males (JM), Jewish 
females (JF), Bedouin males (BM), and Bedouin females (BF).

Data were obtained from the computerized medical records at 
the hospital or the health funds. The baseline data obtained 
from the hospital's database included demographic and clinical 
characteristics, clinical workup (e.g., blood tests, echocardiog-
raphy, and coronary angiography), and interventions admin-
istered for the AMI (e.g., percutaneous coronary intervention 
[PCI] or coronary artery bypass grafting [CABG]), as pre-
viously reported by the Soroka Acute Myocardial Infarction 
(SAMI) project [3,11]. AMI diagnosis was based on the Inter-
national Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes: ST-elevation AMI (STEMI) 
410.0*–410.6* and non-ST-elevation AMI (NSTEMI) 410.7*–
410.9*. Grouping of diseases and interventions were based on 
ICD-9-CM discharge codes.

Mortality data were obtained from the hospital’s database 
linked to the Ministry of the Interior Population Registry. The 
costs of the included healthcare services were based on the up-
dated rates published by the Israeli Ministry of Health (https://
www.health.gov.il/English/Topics/finance/Pages/default. 
aspx.). Costs were converted from new Israeli shekel (NIS) to 
the United States dollar (US$) based on currency exchange rates  
(1 NIS = 0.29 US$, 04 January 2020).

Adherence with the following medications was evaluated in 
this study: acetylsalicylic acid (ASA), statins, beta blockers, and 
angiotensin-converting-enzyme (ACEi) inhibitors, or angioten-
sin II receptor blockers (ARBs). The adherence rate was cal-
culated as the rate of issued monthly prescriptions, throughout 
the first year following hospital discharge and calculated con-
sistently with the proportion of days covered (PDC) parameter. 
Adherence (PDC) of 80% or more for all the evaluated medica-
tion groups were classified as full adherence, while the rest were 
considered as non-adherent [12,13]. 

Databases were linked via personal identification number, 
which was then coded into a study identification number prior 
to further data processing and analysis.

All outcomes were calculated for every year of the follow-up 
and included all-cause mortality throughout the follow-up peri-
od (up to 10 years or the end of 2015). In addition, evaluation of 
healthcare services utilization included hospital services, which 
included length of in-hospital stay (LOS) (all causes and wards) 
and the number of hospital emergency department (ED) visits 
that did not result in hospital admission. Community services 
included the number of primary care and outpatient consulting 

clinic visits as well as other ambulatory services. Moreover, the 
total cost for every patient was calculated as the sum of the costs 
of all consumed services [3]. Utilization of healthcare services 
and costs were evaluated for year preceding the AMI as well.

Statistical analyses were performed using IBM Statistical Pack-
age for the Social Sciences software, version 25 (SPSS, IBM 
Corp, Armonk, NY, USA). Patient baseline characteristics were 
presented as mean and standard deviation (SD) for continuous 
variables and n (%) for the categorical data. In addition, the an-
nual healthcare services utilization and the total cost were pre-
sented as maximum, median, and mean (SD). The comparison 
of the investigated variables between the study groups in the 
univariate level was performed using the Chi-square test and 
analysis of variance (ANOVA) for the baseline characteristics 
and healthcare services utilization. Mortality was compared us-
ing Kaplan-Meier survival approach (log-rank test). The multi-
variate analysis included Cox regression for mortality data and 
generalized estimating equations (GEE) for each investigated 
outcome of healthcare services utilization, for the purpose of 
controlling for repeated measures for each patient. 

For each investigated outcome three models were built:
•  Unadjusted (included the variable of the study group only)
• Partial adjusted 
•  Adjusted for patient baseline characteristics and adherence 

with guideline recommended medical therapy [12]

In these models, the largest group, JM, was the reference 
group. The results were presented as hazard ratio/odds ratio 
(HR/OR) with 95% confidence interval (95%CI). For each test, 
two-sided  < 0.05 was considered significant.

During the study period, 8864 patients were screened. Follow-
ing exclusion of 1179 patients (13.3%) as per exclusion crite-

analyzed in the current study. The four patient groups included 
4364 (56.8%) JM, 2048 (26.6%) JF, 953 (12.4%) BM, and 320 
(4.2%) BF. Baseline characteristics and comparison according 
to the different sex-ethnicity groups are presented in Table 1. JF 
were the oldest followed by BF, JM, and BM.

Most cardiovascular risk factors were significantly more 
prevalent among Jewish patients, particularly JF. However, 
diabetes mellitus and obesity were most prevalent among BF. 
Smoking was more common among men than women with 
highest prevalence in BM. Higher rates of STEMI were ob-
served among men, with the highest being in BM. 

Coronary angiography was performed more frequently in 
men than in women, with the highest rate observed in BM. 





Three vessel or left main coronary artery disease was more 
frequently found among Jewish patients, with the highest rate 
among JM. The rate of PCI was highest among BM while the 
rate of CABG was highest in JM. Throughout the year preced-
ing the AMI utilization of most medical services (except ED 

visits) were highest among JF. The rates of full adherence with 
guideline recommended medical therapy during the first year 
following AMI were 23.3%, 17.5%, 19.5%, and 20.9% for JM, 
JF, BM, and BF, respectively (  < 0.001). 

The follow-up period lasted between one year (365 days) and 
10 years (3652 days) with median follow-up of 2109 days (5.8 
years). During this period 2443/7685 patients died with mor-
tality rate of 31.8% and cumulative mortality of 0.432. Long-
term mortality was significantly different among the study 
groups. The highest cumulative mortality was in the JF group 
and the lowest in the BM group, as compared with JM. Mor-
tality data of the study groups are presented in Table 2, and the 
survival curves are presented in Figure 1. 

Healthcare resources utilization and costs throughout the 
follow-up period after AMI according to the study group are 
presented in Table 2. A statistically significant difference was 
observed among the study groups in utilization of all investi-
gated healthcare services and costs. LOS, number of primary 
clinics, and consultant visits were higher in females compared 
with males and highest in JF. Ambulatory visits were higher 
among Jews than Bedouin, with the highest rate among JF. ED 
visits were highest among BF followed by JF. Healthcare ex-
penditure was highest among JF followed by BF, JM, and BM. 



The relative risk for long-term mortality was significantly high-
er in the JF group and significantly lower in the BM group, as 
compared with JM [Table 3, Model A]. However, following ad-
justment for age and other potential confounders [Table 3, Mod-
els B and C] these differences significantly attenuated with only 
mildly elevated mortality risk among JF compared with JM and 
similar risk in the other groups.

The models for the outcomes of healthcare services utiliza-
tion [Table 3, Models A (separate model for each outcome)], 
have shown that LOS was higher in JF and BF, and lower 
in BM, whereas the number of ED visits and was higher in 
BF compared with JM. Utilization of community healthcare 
services was lower in BM compared to JM. Multivariate anal-
ysis adjusted for potential confounders [Table 3, Models B 
and C] showed significantly higher risk of hospital healthcare 
services utilization for Bedouin: prolonged LOS for BF and 

increased number of ED visits for BM and BF, as compared 
with JM. However, utilization of most community healthcare 
services (number of ambulatory and consultant visits) was 
lower in Bedouin. No statistically significant differences in 
number of primary clinic visits were observed between the 
study groups. Annual total cost was higher among BF com-
pared with JM.

The current study, with a populated compiled from a large 
southern Israeli tertiary medical center and community data, 
evaluated the disparities in healthcare resources utilization and 
costs throughout a decade following a non-fatal AMI according 
to sex-ethnicity groups. 

We found significant differences in patient characteristics, 
presentation, in-hospital management, and post discharge ad-



herence with medical therapy according to the investigated 
sex-ethnicity groups. In addition, utilization of hospital health-
care services (LOS and ED visits) as well as total costs, were 
higher among Bedouin, particularly BF, whereas utilization of 
community services were lower in these groups.

The observed differences in baseline characteristics, partic-
ularly female AMI patients being older than men with higher 
rate of cardiovascular risk factors, specifically very high prev-
alence of diabetes mellitus and obesity among BF are consis-
tent with previous reports [7,10]. Increased rate of smoking in 
men, especially BM, was previously observed as well, as was 
the higher rate of STEMI in this population [7,9,10,14,15]. 
Consistent with our observation, reduced revascularization 
rates among women and minorities patients have been well 
described in previous reports [16,17]. The improved long-term 
survival observed in males, BM in particular, were attributed 
to the younger age at presentation and the other differences in 
baseline characteristics (increased rate of STEMI and smok-
ing paradox) [14]. It should, however, be noted that following 
adjustment to potential confounders highest risk for mortality 
was found in JF.

There is a paucity of data on long-term healthcare resources  
utilization and costs for patients surviving one year or more af-
ter AMI, and even less data dealing with differences according 
to sex and ethnicity. The finding of increased healthcare services 
utilization and costs following AMI, despite a general trend of 
decline, following the first post-AMI year is consistent with pre-
vious reports and reflects the long-term excessive risk for morbid-
ity and mortality in these patients [1,3,18,19]. The novel and the 
most prominent finding of the current study in this context is the 
significantly increased utilization of hospital healthcare services 
and costs yet decreased utilization of community healthcare ser-
vices (ambulatory and consultant visits) among BF throughout a  
decade of follow-up and adjusted to potential confounders. 

Several explanations could be suggested to explain our find-
ings. Women with an AMI are more likely to have an atypical 
presentation, seek medical attention later and to be diagnosed  
later, not to be taken care by cardiologists and suffer complica-
tions which effect and increase long-term outcomes and health 
care utilization [7,19]. The latter seems to be more pronounced in 
Bedouin females who also suffer from significant under-diagno-
sis, under-recording and insufficient treatment of cardiovascular 
risk factors [20]. At discharge and after, women and Bedouin are 
less likely to receive evidence-based, guideline-recommended 
medical therapy, targeted for control of risk factors and associated 
with improved long-term outcomes following an AMI. 

Furthermore, somewhat reduced adherence with such therapy, 
in females and apparently in Bedouin, was observed in the current 
and in previous studies [10,12,21]. In addition, lifestyle changes 
such as smoking cessation counseling and physical activity rec-
ommendations are less likely to be met by women and minorities 
[22]. Moreover, female patients are more likely to be discharged 

to a nursing facility following AMI, which could reflect a greater 
debilitative state following the AMI and be associated with in-
creased healthcare resources utilization and costs [23].

Although throughout the last decades, the Bedouin popu-
lation underwent significant changes that included urbaniza-
tion, modernization, improvement in infrastructure, and socio-
economic and educational status resulting in improved health 
awareness and accessibility, yet these trends seem to have a 
decreased impact on Bedouin females [7].

The finding of increased number of ED visits by Bedouin 
following AMI, particularly BF, is consistent with increased 
age-adjusted ED visits of all causes in this population, reported 
elsewhere [24], and is attributed to the unique socioeconomic 
characteristics, increased morbidity, and reduced availability of 
primary care for Bedouin, especially semi-nomadic Bedouin. 
Moreover, transportation as well as physical and social expo-
sure in BF remains a concern further effecting reduced highly 
specialized primary care and increased ED visits; hence, possi-
bly hospitalizations as well [25]. Furthermore, previous studies 
have shown that lower individual income levels, which gener-
ally characterizes the Bedouin population compared to the local 
Jewish population, were associated with worse survival with 
the burden of public healthcare resource use displaced towards 
urgent hospitalizations and frequent ED visits, as opposed to 
ambulatory-based care [25].

Several limitations of the current study should be mentioned. 
First, the study is retrospective and included patients from only 
one hospital and only one region of the country. Second, healthy 
survivor bias could cause bias in the current study. Third, car-
diovascular related services and costs were not differentiated 
from non-cardiovascular related healthcare utilization and ex-
penditure. Fourth, costs calculations did not account for out 
of pocket expenses (e.g., private consultations or procedures), 
thus the reported estimates underestimate true costs. Fifth, the 
estimation of hospitalization costs in our country are based on 
average costs rather than specific costs representing actual ex-
penditure for a specific patient, hence expenditure could be un-
derestimated for some patients. Sixth, only patients insured by 
the two largest health funds were included in the current study, 
which may introduce some bias. However, since the vast ma-
jority (82.5%) of patients were insured by these health funds, 
we do not believe the potential bias, if it exists, significantly 
affected the main findings.

We found significant sex-ethnicity associated disparities in 
patient characteristics, presentation, and outcomes throughout 
a decade in one-year survivors of AMI. Furthermore, utilization 
of hospital-associated healthcare services (in-hospital stay and 
ED visits) as well as total costs, were higher among Bedouin, 



particularly BF, whereas utilization of ambulatory services were 
lower in these groups. Further evaluation as well as sex-ethnicity 
sensitive programs are necessary to evaluate and attenuate the 
observed disparities.

Fungi are an important component of the human-associated 
microbiota that help to modulate immune responses 
and maintain microbial homeostasis. However, fungal 
infections, which are caused by the loss of homeostatic 
fungal growth or infection with pathogenic fungi, are 
an increasing burden and can be life-threatening. In a 
perspective, Kong and Segre discussed the emerging 

understanding of the homeostatic role of fungi in host 
immunology and microbiota ecology. They also discuss 
fungal infections and the approaches available to treat 
them, an unmet need that requires more research.


