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Objective: To assess the length of stay (LoS) variation for COVID-19 inpatients among the four regions of the Southern Business
Unit (SBU).
Methods: This is a comparative retrospective study of the LoS of COVID-19 inpatients in the four regions of the SBU in the KSA.
Data was collected from the Ministry of Health (MoH) in all hospitals in the SBU. Participants were all patients admitted with
confirmed COVID-19 between March 2020 and February 2021. Variables included region (variable of interest), demographics,
comorbidities, and complications. Multilinear regression was performed to control for any factors that might have had an association
with LoS.
Results: The mean LoS of the total sample was 10 days and Bisha (the reference) was 7 days. Compared to Bisha, LoS in Jazan was
34% longer, in Najran 62% longer, and Aseer 40% longer. We observed that other factors also had an association with LoS, compared
to Bisha, compared to the references, Saudi patients had a 15% shorter stay; admission to ICU increased LoS by 57%; patients who
died during hospitalization had a 39% shorter LoS; the complications from COVID-19 of acute kidney injury and ARDS increased
LoS by 22% and 48% respectively.
Conclusion: After statistically controlling for confounders, this study reveals that LoS was significantly impacted by region in the
SBU in the KSA. We recommend that further study be conducted to illuminate the underlying causes of this variation which may be
organizational or structural to ensure high quality of care, access to care, and equity of resources throughout all regions of the SBU in
accordance with the new Model of Care in Vision 2030.
Keywords: COVID-19, length of stay, Southern Business Unit, Health Holding Company, KSA

Introduction
The COVID-19 pandemic caused by the SARS CoV-2 coronavirus began in December 2019 in the city of Wuhan, China.1

This is the seventh coronavirus known to infect humans and it spread rapidly around the world, challenging most of the
health systems of the world.2 By March 2020 the World Health Organization had declared COVID-19 a pandemic and the
world is still in the grips of this pandemic more than two years later.3,4 Globally, according to the World Health Organization
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(WHO), as of July 13, 2021, confirmed cases of COVID-19 had exceeded 186 million with more than four million deaths
while the Kingdom of Saudi Arabia (KSA) experienced confirmed cases of 503,734 with over 8000 deaths.5,6

The COVID-19 pandemic overwhelmed hospital systems globally as they reached maximum capacity and resources.
The exponential growth in infection rates coupled with the need for many patients to stay in hospitals for prolonged
periods, worsened the crisis in the face of shortages of everything from healthcare staff to ventilators.7,8 Financial costs
rose as well, as healthcare systems struggled to deal with the rapid increase in the demand for care.9,10 Vekaria et al
emphasized the need to measure LoS for the COVID-19 pandemic in order to plan for capacity needs for hospital beds in
a test of three statistical models of LoS in the UK to avoid having the system be overwhelmed again in the future.11

Vision 2030 is a long-range plan proposed by the Saudi government to meet future demands for society. One of the
strategies of this plan is the overhaul of the healthcare system which will collapse the present thirteen administrative
healthcare regions into five BUs, among them, the Southern BU which will include the Jazan, Najran, Aseer, and Bisha
regions. The goals of the new Model of Care (MoC) include several strategies that will close any gaps that exist in
accessibility, quality, distribution of resources, prevention, workforce training, technology, primary care access, and
efficiency for all Saudi citizens regardless of their region of residence.12 As the pandemic continues, we must have an
accurate assessment of how the situation unfolded in healthcare by tracking LoS as well as costs to determine what
circumstances should be addressed in light of the new MoC under vision 2030 to build a resilient healthcare system
moving forward.

A great many studies of hospital LoS reporting a vast range of days from 4–53, depending on country and timing,
have been conducted both internationally and domestically over the course of this pandemic.7–9,13,14 A study in the KSA
of cases during a four-month period from mid-March to mid-July 2020 observed a mean LoS of 11.85 days with a range
of 9.3–13.3 days depending on the region.15 Several factors have been identified as having an association with LoS.
Comorbidities have an impact on LoS, ICU admission, and mortality; for example, several international studies observed
increased LoS in patients with uncontrolled DM214,16–18 although one study in Iran did not find DM2 by itself to be
statistically significant in affecting LoS.19 Comorbidities that have been linked to LoS by some investigators are
hypertension (HTN), renal disease, chronic obstructive pulmonary disease (COPD), Type 2 diabetes mellitus (DM2),
liver disease, fever on admission, congestive heart failure (CHF), coronary heart disease, several elevated blood
chemistries, and others.14–16,18,20–22 Advanced age was particularly noted by many studies during the first year of the
COVID-19 pandemic to be a major factor in LoS as were some other demographic characteristics such as sex and socio-
economic status.13,17–19,21,22

Many investigators have observed clinical complications arising from COVID-19 infection as factors in LoS. These
complications include acute respiratory distress syndrome (ARDS), multi-organ failure, severe pneumonia, sepsis, acute
kidney or liver injury, and hyperglycemia.13,14,16,18,20,22 A study using LoS to compare how well the USA, Italy, and
Germany handled the pandemic at the beginning showed that the number of days between diagnosis and death varied
significantly between the three countries.23 Ours will be the first study to examine regional differences in factors related
to hospital LoS in the SBU filling a crucial gap in knowledge needed to provide equitable high-quality healthcare across
all four regions of the SBU.

The objective of this study was to assess whether there is any variation in LoS and related factors for COVID-19
inpatients among the four regions of the SBU. As the KSA is moving forward with Vision 2030 and its new MoC, the
business units will become fully responsible to provide equity in the quality of medical care among all regions within the
business unit. This is the first study to analyze the variation in LoS in the SBU. We hypothesized that our study would
observe some degree of variation in LoS among the regions of the SBU. Understanding LoS as a quality indicator will
aid policymakers as they continue the implementation of the new MoC.

Methodology
Design, Participants and Setting
We analyzed the MoH data of 1113 inpatients with confirmed COVID-19 in several public hospitals that had been
designated to care for COVID-19 patients in the southern KSA. Participants were hospitalized patients with COVID-19
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from several hospitals in the Bisha, Jazan, Najran, and Aseer regions of the SBU during the 12 months from March, 2020
to February, 2021. Participants were inpatients with COVID-19 from several hospitals in Bisha, Jazan, Najran, and Aseer
regions of the SBU. The sample included all ages, however, there was very little data on inpatients under age 18 since it
was rare for that age group to be hospitalized for COVID-19. The care of COVID-19 inpatients was universally provided
free of charge for all persons in the KSA at Hospitals assigned by the MoH to treat COVID-19 patients. Patients were
triaged at initial admission by severity as Stage A, B, or C. Stage A includes any patient who was either: (1) a suspicious
case of COVID-19 with mild to moderate symptoms and a high-risk condition, or (2) a PCR confirmed case of COVID-
19 and had mild to moderate symptoms. Stage B includes any patient who was a PCR confirmed case of COVID-19 and
had severe symptoms. Stage C includes any patient who was a PCR confirmed case of COVID-19 and had critical
symptoms.24

Data Source and Measures
The MoH collected data from all hospitals on inpatients with confirmed COVID-19 and our comparative retrospective
study utilized only the data from the southern regions of KSA. Our study included 1113 randomly selected inpatients
with confirmed COVID-19, from several hospitals in the SBU which includes Bisha, Aseer, Jazan, and Najran regions.
The variables included socio-demographics, comorbidities, patient outcomes, and complications arising from
COVID-19.

Statistical Analysis
Data were analyzed and tested in a multi-step process, applying standard statistical methods including, Chi-Square test,
one-way ANOVA, independent sample t-test, and comparative and descriptive statistics. We first compared patient
characteristics among the four regions using descriptive statistics and we then used linear regression to assess the
variation in LoS. To meet the assumption of normal distribution by the statistical models, the LoS data were then
subjected to natural log transformation. To measure the association of other variables with LoS, multivariable linear
regression with forward stepwise selection was performed on demographics, comorbidities, and complications. The
software used for all analyses was Stata version 14. Tests were two-sided and a p-value ≤ 0.05 was statistically
significant. Finally, we tested sensitivity by running five models; the first of which was the entire sample, the second
included all participants except ICU admissions, the third included all participants except those who died in hospital, the
fourth included all participants except ICU admissions and died in hospital, and the fifth included all except transferred
participants. The independent variable of interest was a region of the SBU which is a categorical variable reported as
a percentage and is as follows: 0 = Bisha (Reference), 1 = Jazan, 2 = Najran, and 3 = Aseer. Binary variables included
gender; nationality; comorbidities such as DM2, HTN, obesity, cardiac diseases, immunocompromised, and history of
cancer; COVID-19 complications such as sepsis, bacterial pneumonia, ARDS, arrhythmia, acute kidney injury, hepato-
toxicity, GIT perforation, and multi-organ failure; and inpatient outcomes including death, ICU admission, and referral to
another facility. Continuous variables reported as means and standard deviation included age and length of stay. The
Bisha region, having the most inpatients, was utilized as our reference for all variables.

Results
Table 1 presents the participant characteristics categorized by region in the SBU. The mean age of the total sample of
1113 was almost 60 years and compared to Bisha (59 yrs) (REF), it was significantly lower (56 yrs) in Jazan and
significantly higher (63 yrs) in Najran while Aseer was the same as the reference (p <0.03). Males represented two-thirds
of overall participants but were significantly higher at three fourths of participants in Jazan and Aseer (p <0.02).
Participants were majority Saudi with statistically significant differences between regions (p =0.001). Pre-existing
medical conditions showed statistically significant differences among regions with Najran and Aseer having significantly
higher rates of DM2 (11% and 9%), HTN (12% and 8%), obesity (20 and 18 fold), cardiac diseases (20% and 2%), and
immunocompromised conditions (2% and 1%) than Bisha (the reference). Jazan had statistically higher rates of obesity
(7 fold), cardiac diseases (3%), and immunocompromised conditions (7%) as the reference but lower or equal rates of
DM2 and HTN.
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Table 2 presents complications of COVID-19 infection and clinical outcomes among the four regions of the SBU.Of the 1113
participants, at admission the majority (62%) presented as stage B, 27%were stage A and 11%were stage C. Compared to Bisha
(REF) with 80% in Stage B and only 5% in Stage C, there were significant differences in the admission status among the other
three regions. Of the total sample, almost two thirds were discharged to homewhile 22% died in hospital and 7%were referred to
other facilities. We observed statistically significant differences between the regions in the discharge status, compared to the 86%
discharge to home of the reference, Jazan experienced 68%, Najran only 45%, and Aseer only 58% (p <0.001). Compared to the

Table 1 Demographic and Clinical Characteristics of COVID-19 Inpatients in the Four Regions of the SBU

Characteristics Total Bisha Jazan Najran Aseer p. value*
N (%) N (%) N (%) N (%) N (%)

Participants 1113(100) 553(50) 100(9) 123(11) 337(17.2)

Age, mean (SD) years 59.62 (17.01) 59 (17.73) 56 (17.25) 63 (18.88) 59 (17.94) 0.029#*

Gender 0.019*

Male 762(68) 358(65) 73(73) 81(66) 250(74)

Female 351(32) 195(35) 27(27) 42(34) 87(26)

Nationality 0.001***

Non-Saudi 303(27) 122(22) 36(36) 43(35) 102(30)

Saudi 810(73) 431(78) 64(64) 80(65) 235(70)

Diabetes 0.001***

No 490(44) 261(47) 56(56) 44(36) 129(38)

Yes 623(56) 292(53) 44(44) 79(64) 208(62)

Hypertension 0.026*

No 601(54) 319(58) 58(58) 57(46) 167(50)

Yes 512(46) 234(42) 42(42) 66(54) 170(50)

Obesity <0.001***

No 1012(91) 545(99) 93(93) 98(80) 276(82)

Yes 101(9) 8(1) 7(7) 25(20) 61(18)

Cardiac Diseases <0.001***

No 966(87) 498(90) 87(87) 86(70) 295(88)

Yes 147(13) 55(10) 13(13) 37(30) 42(12)

Immunocompromised <0.001***

No 1101(99) 553(100) 93(93) 120(98) 335(99)

Yes 12(1) 0(0) 7(7) 3(2) 2(1)

History of cancer 0.366

No 1101(99) 545(99) 100(100) 123(100) 333(98)

Yes 12(1) 8(1) 0(0) 0(0) 4(1)

Notes: Results were offered as frequency (number (n) and percent (%)). Correlation between variables was evaluated using the chi-square test. *Significant difference at p ≤
0.05 and ***significant difference at p ≤ 0.001; #p. value based on one way ANOVA test for continuous variables.
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Table 2 Clinical Course, Outcomes, and Complications of COVID-19 Inpatients in the Four Regions of the SBU

Characteristics Total Bisha Jazan Najran Aseer p. value*
1113(100) 553(50) 100(9) 123(11) 337(17)

Stage-during admission <0.001***

Stage A 305(27) 81(15) 39(39) 42(34) 143(42)

Stage B 685(62) 445(80) 47(47) 68(55) 125(37)

Stage C 123(11) 27(5) 14(14) 13(11) 69(21)

Discharge home <0.001***

No 323(29) 80(14) 32(32) 68(55) 143(42)

Yes 790(71) 473(86) 68(68) 55(45) 194(58)

Referred to another facility <0.001***

No 1036(93) 551(99.50) 96(96) 103(84) 286(85)

Yes 77(7) 2(0.50) 4(4) 20(16) 51(15)

Death in hospital <0.001***

No 871(78) 475(86) 74(74) 75(61) 247(73)

Yes 242(22) 78(14) 26(26) 48(39) 90(27)

ICU admission <0.001***

No 605(54) 394(71) 60(60) 42(34) 109(32)

Yes 508(46) 159(29) 40(40) 81(66) 228(68)

Sepsis <0.001***

No 926(83) 499(90) 83(83) 87(71) 257(76)

Yes 187(17) 54(10) 17(17) 36(29) 80(24)

Bacterial pneumonia <0.001***

No 300(27) 14(3) 86(86) 43(34) 157(47)

Yes 813(73) 539(97) 14(14) 80(65) 180(53)

ARDS <0.001***

No 810(73) 467(84) 68(68) 69(56) 206(61)

Yes 303(27) 86(16) 32(32) 54(44) 131(39)

Arrhythmia <0.001***

No 1070(96) 539(97) 95(95) 101(82) 335(99)

Yes 43(4) 14(3) 5(5) 22(18) 2(1)

Acute kidney injury <0.001***

No 972(87) 514(93) 88(88) 97(79) 273(81)

Yes 141(13) 39(7) 12(12) 26(21) 64(19)

(Continued)
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reference’s 14% deaths in hospital, Jazan and Aseer had nearly double the rate at 26% and 27%, respectively, while Najran had
nearly triple the rate at 39% (p<0.001).While the reference referred less than 1% to other facilities, other regions had significantly
higher referral rates. Admission to ICU revealed significant statistical differences between regions in which just under half of the
total sample were admitted to ICU. Compared to the reference at approximately 30%, admission to ICUwas 10% higher in Jazan
andmore than double in Najran and Aseer (p <0.001). There were statistically significant differences among regions in regards to
complications developing from COVID-19 infection. Overall occurrence of sepsis was less than one fifth, bacterial pneumonia
was nearly three fourths, ARDS was just over one fourth, acute kidney injury and multiorgan failure were nearly one seventh,
arrhythmia was only 4%, and hepatotoxicity and GIT perforation were only 1%. Compared to the reference, Najran had two and
a half to six times the rate of all complications except bacterial pneumonia; Aseer had two and a half to five times the rate of
complications except bacterial pneumonia, arrhythmia, hepatotoxicity, and GI perforation; and Jazan had approximately double
the rate of ARDS, arrhythmia, and acute kidney injury; and four times the rate of hepatotoxicity but had lower or the same rates in
all others.

Table 3 presents the mean LoS delineated into four categories, total sample, transferred patients, ICU admissions, and
in-hospital deaths. LoS for the total sample was slightly more than 10 days, for transferred patients just over 13, for ICU
admissions just over 14, and for patients who died in hospital just over 15 making the LoS range for all categories of the
total sample just over 10 to just over 15 days. One-way ANOVA applied to the sample revealed statistically significant
differences in LoS among the regions of the SBU in all categories except LoS for transferred patients. Compared to the
overall LoS in Bisha (reference), overall LoS in Jazan was three days longer, in Najran was nearly eight days longer, and

Table 2 (Continued).

Characteristics Total Bisha Jazan Najran Aseer p. value*
1113(100) 553(50) 100(9) 123(11) 337(17)

Hepatotoxicity <0.001***

No 1098(99) 550(99) 96(96) 119(97) 333(99)

Yes 15(1) 3(1) 4(4) 4(3) 4(1)

GIT perforation 0.009**

No 1107(99) 553(100) 99(99) 120(98) 335(99)

Yes 2(1) 0(0) 1(1) 3(2) 2(1)

Multi-organ failure <0.001***

No 954(86) 522(94) 93(93) 98(80) 241(72)

Yes 159(14) 31(6) 7(7) 25(20) 96(28)

Notes: Results were offered as frequency (number (n) and percent (%)). Correlation between variables was evaluated using the chi-square test. *Significant difference at p ≤ 0.05,
**significant difference at p ≤ 0.01, and ***significant difference at p ≤ 0.001.

Table 3 Mean LoS for Inpatient Clinical Outcomes in the Four Regions in the SBU

Mean LoS Total Bisha Jazan Najran Aseer p. value*

Total sample 10.13 7.20 10.41 15.00 13.00 <0.0001#***

Transferred patients 13.36 7.50 19.75 9.75 14.50 0.15

ICU admissions 14.38 11.90 12.81 17.16 15.36 <0.0001#***

In-hospital deaths 15.43 13.00 11.11 19.62 16.51 0.0004***

Notes: #p. value based on one Way ANOVA test for continuous variables *significant difference at p ≤ 0.05, and ***significant difference at p ≤ 0.001.
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in Aseer was nearly six days longer (p <0.0001). Compared to the ICU LoS in the reference region, ICU LoS in Jazan
was one day longer, in Najran was more than five days longer, and in Aseer was almost four days longer (p <0.0001).
Compared to the LoS for hospital deaths in the reference region, LoS in Jazan was more than one day shorter, in Najran
was more than six days longer, and in Aseer was more than three days longer (p ≤0.0004).

Table 4 presents results from themultiple linear regression analysis of the factors associated with the length of stay in the four
regions of the SBU.Compared to patients admitted inBisha, and controlling for chronic diseases and complications, the estimated
averageLoS for inpatients admitted in all three of the other regions are significantly longer; 34% in Jazan, 62% inNajran, and 40%
in Aseer (p value ≤ 0.001). Other variables having a significant association with longer LoS (compared to reference) were
nationality in which compared to Non-Saudi patients’ Saudi patients had a 15% shorter LoS, admission to ICUwhich had a 57%
longer LoS (p value ≤ 0.005), and death during admission with a 39% shorter LoS (p <0.001). COVID-19 complications having
a statistically significant association with LoS were Acute Kidney Injury with 22% longer LoS (p ≤0.01), and ARDSwith a 48%
longer LoS (p <0.0001).

Table 4 Multiple Linear Regression Analysis of the Factors Associated with the Length of Stay in the Four Regions of the SBU

Characteristics Coefficients p-value 95% CI

Lower Upper

Regions (Bisha =REF)

Jazan 0.34 0.001*** 0.139 0.553

Najran 0.62 0.000*** 0.447 0.794

Aseer 0.40 0.000 *** 0.253 0.548

Age (years) −0.001 0.374 −0.004 0.001

Female (male =REF) 0.081 0.102 −0.016 0.118

Saudi (non-Saudi=REF) −0.15 0.003** −0.26 −0.052

Admitted to ICU 0.57 0.000*** 0.543 0.703

Died during admission −0.39 0.000*** −0.599 −0.186

Patient referred to other
hospital

−0.21 0.03* −0.410 −0.019

Diabetes 0.03 0.48 −0.064 0.137

Obesity −0.06 0.44 −0.228 0.100

Hypertension 0.08 0.11 −0.020 0.193

Pulmonary diseases −0.03 0.72 −0.202 0.140

Cardiac diseases −0.07 0.28 −0.217 0.062

History of cancer −0.16 0.45 −0.57 0.257

Immunocompromised 0.02 0.92 −0.406 0.44

Bacterial pneumonia −0.06 0.36 −0.216 0.079

Sepsis 0.12 0.12 −0.037 0.294

Multi Org. Fail −0.08 0.39 −0.274 0.108

Acute kidney injury 0.22 0.01** 0.045 0.399

ARDS 0.48 0.000*** 0.309 0.664

Notes: *Significant difference at p ≤ 0.05, **significant difference at p ≤ 0.01, and ***significant difference at p ≤ 0.00.
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Table 5 presents a sensitivity analysis to perform an in-depth investigation into the differentials in LoS in all four regions of the
SBU. Compared to Bisha (reference), all other regions had significantly longer LoS (p-value ≤ (p <0.001) for all of the models).
Because the results are similar, we can conclude that the patient subsets are unlikely to bias the results obtained from using the
entire sample.

Discussion
To our knowledge this is the first study of regional differences in COVID-19 LoS among the four regions of the SBU.
This cross-sectional retrospective study investigated the LoS for 1113 inpatients with confirmed COVID-19 admitted to

Table 5 Sensitivity Analysis Models Predicting the COVID-19 Inpatient LoS in the Four Regions of the SBU

Characteristics p-value Coefficient 95% CI

Lower Upper

Model 1- Univariate analysis (N=1087)

Regions (Bisha =REF)

Jazan 0.001*** 0.34 0.139 0.553

Najran 0.000*** 0.62 0.447 0.794

Aseer 0.000*** 0.40 0.253 0.548

Model 2 (Patients admitted to the ICU were excluded) (N=594)

Regions (Bisha =REF)

Jazans 0.000*** 0.55 0.348 0.761

Najran 0.000*** 0.82 0.554 1.088

Aseer 0.000*** 0.35 0.191 0.522

Model 3 (Excluded patients who died during admission) (N=849)

Regions (Bisha =REF)

Jazan 0.000*** 0.59 0.421 0.771

Najran 0.000*** 0.71 0.522 0.895

Aseer 0.000*** 0.50 0.369 0.616

Model 4 (Excluded patients who died or were admitted to the ICU) (N=582)

Regions (Bisha =REF)

Jazan 0.000*** 0.60 0.391 0.813

Najran 0.000*** 0.84 0.566 1.11

Aseer 0.000*** 0.35 0.191 0.52

Model 5 (Excluded patients who were transferred to other hospitals) (N=1011)

Regions (Bisha =REF)

Jazan 0.000*** 0.40 0.208 0.530

Najran 0.000*** 0.66 0.489 0.821

Aseer 0.000*** 0.46 0.348 0.583

Note: ***Significant difference at p ≤ 0.00.
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several hospitals within the four regions of the SBU over the one-year period of March, 2020 to February, 2021. We used
parameters of demographics, comorbidities, and complications of COVID-19 as factors to assess whether there were
differences in LoS among the four regions which includes Bisha, Jazan, Najran, and Aseer.

After adjusting for known demographic and disease severity characteristics that may have affected the LoS among
patients with COVID-19 our study revealed a mean LoS for the total sample of just over 10 days which is shorter than
that observed by most international studies,7,9,13 but similar to a recent study of all regions in the KSA.15 Linear
regression analysis revealed a statistically significant association between region and LoS and compared to Bisha
(reference) at just over seven days, Jazan had just over 10 days (34% longer), Najran had 15 days (62% longer) and
Aseer had 13 days (40% longer) (Tables 3 and 4).

Overall LoS for ICU admissions was just over 14 days and Bisha (reference) had a shorter ICU LoS at just under 12
days, while compared to the reference, the remaining three regions had statistically significant prolonged ICU LoS with
Jazan at almost 13 days, Najran at just over 17 days, and Aseer at just over 15 days (Table 3). Our findings for prolonged
LoS in ICU admissions aligns with the findings of other scholars.15,18,22 We found statistically significant differences and
prolonged LoS among patients who died in hospital with the overall sample experiencing just over 15 days and Bisha
with almost 13 days (Table 3). Compared to the reference, hospital deaths in Jazan had a significantly shorter LoS at just
over 11 days while Najran and Aseer had a significantly longer LoS at just under 20 and 17 days, respectively (Table 3).

Additionally, linear regression showed a statistically significant association between some other variables and LoS
compared to the references including nationality with a 15% shorter LoS for Saudi patients compared to non-Saudi
patients, admission to ICU had a 57% longer LoS (p value ≤ 0.005), and death during admission had a 39% shorter LoS,
in spite of two regions being significantly longer. COVID-19 complications having a statistically significant association
with LoS were Acute Kidney Injury with 22% prolonged LoS, and ARDS with a 48% prolonged LoS (Table 4).
Comorbidities did not have a statistically significant relationship to LoS.

Our statistical model ruled out other factors that might potentially explain the LoS regional variation by controlling
for the confounding variables of demographic and clinical characteristics of our participants. Our results confirm that the
primary factor associated with SBU regional variations in LoS is the difference in each region’s quality of healthcare
since the aforementioned confounders do not account for it statistically. Our findings are consistent with other studies that
found variations in quality of care between and within many countries,15,24–26 however, a study of a young cohort in
a Texas healthcare system did not find variation based on the patient’s location.27

Although controlling for other confounding factors leaves the region as the primary factor in LoS variation, a pattern
has emerged of how these regional differences manifest. We observed several differences in the distribution of the
known risk factors for the development of more serious COVID-19. Advanced age is a well-documented factor and we
observed that the participants in Najran were significantly older than the other regions (Table 1).28,29 Our observation
that Najran and Aseer had the most associated risk factors including sociodemographic, comorbidities, complications,
and clinical outcomes for increased severity of COVID-19 while Bisha had the lowest may provide a partial explanation
for Najran and Aseer having the longest LoS and Bisha having the shortest LoS consistent with studies showing an
association between pre-existing conditions such as HTN, obesity, and DM2 and the severity of disease.15,24,30–37

National studies have also documented the association of complications of COVID-19 and severity of disease such as
LoS and outcomes.15,24,30 Our study revealed that the complications of sepsis, ARDS, Arrhythmia, and acute kidney
injury that led to prolonged LoS were highest in Najran and 2nd highest in Aseer, while the order was reversed in
multiorgan failure (Table 2). By comparison, Bisha and Jazan were lower in overall complications. Likewise, clinical
outcomes were observed to be significantly worse in Najran and Aseer. Mortality rates in descending order were Najran,
Aseer, Jazan, and Bisha (Table 2); ICU admission rates in descending order were Aseer, Najran, Jazan, and Bisha. These
factors that represent quality of care are linked to LoS and demonstrate the true impact of regional variations in quality
of healthcare. There may be many other factors outside the scope of this study that impacted LoS in these regions such as
a delay in seeking medical care, a delay in diagnosis, such as a study in Dakar which showed38 structural differences, or
differences in peak infection times. Although the government of the KSA standardized protocols and provided resources
to all of the KSA according to the recommendations of the WHO and the Centers for Disease Control in Atlanta, GA,
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USA; and also provided free care to all, there may still have been some lag in availability of resources depending on
peak infection rates.

LoS is a quality indicator for utilization and outcome and is impacted by variables at many levels including patient,
facility, and system.39 Further studies should be conducted to look more deeply into the reasons for increased
comorbidities, complications, and worse outcomes in Najran and Aseer. Future studies should investigate other clinical
and severity outcomes among regions such as variations in mortality rate, ICU admission rate, complication rate, and
others among regions of the SBU and other business units. Studies are needed as well to examine structural, process,
resource, and patient level variables affecting health care quality. Additional research is needed to ascertain methods to
estimate LoS for planning purposes for future pandemics such as that undertaken in England for COVID-19 in which
modeling of three methods explored the difference between the methods using both local and national data.11 Finally,
based on our findings, we recommend that factors such as equitable resource distribution and other structural issues be
strengthened to improve the quality of healthcare in all of the four regions of the SBU to meet the standards of the new
MoC in Vision 2030.

Strengths
This retrospective study has a high degree of validity as it examines data from real inpatient cases for a period of one year
which included the varying peak for each region. This was a multi-center study that included COVID-19 inpatients from
eight hospitals making it relatively comprehensive and generalizable and will be a useful study for others to use to examine
LoS in other settings. The sensitivity analyses for all models that we conducted provide strength to our observations as they
all arrived at the same results. Our results are based on patient data rich confounders which we tested to verify the impact of
these factors. All regions followed the same treatment protocols and guidelines, therefore, the difference in LoS must be
explained by other factors between the regions such as care provision, resources, or infrastructure.

Limitations
We recognize that this study also contains some limitations including a cross-sectional design which admits the possibility of
bias. Although we have many variables included in our study, there are many others outside our scope such as pre-existing
infrastructural differences between the regions and other hospital circumstances we have not accounted for that may have
impacted both the severity of COVID-19 and LoS. In spite of these limitations, we believe this is an important study to assess
preparedness for transformation to the new MoC and to measure progress during this transformation.

Conclusions
This is the first study of LoS for COVID-19 inpatients in the four regions of the SBU that examined the data gathered
over the entire first year of the pandemic. We found statistically significant variation among the regions using Bisha as
a reference. Using linear regression and adjusting for demographic and clinical factors we observed that compared to
Bisha (reference), LoS was 32% longer in Jazan, 64% longer in Najran, and 40% longer in Aseer (Table 4). Having
controlled for them, other factors such as demographic characteristics, comorbidities, and complications did not explain
these differences. Future studies should be directed at the level of clinical decision making and organizational protocols
at the micro level as well as at regional structural factors and policies at the macro level to ascertain the underlying
causes in these variations in LoS among the four regions of the SBU.
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