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Background: This study aimed to describe the demographic characteristics and determine the risk factors associated with disease severity and length of hospital and intensive care unit (ICU) stay in a cohort of COVID-19 patients admitted into ICU in Saudi Arabia.

Methods: This was a national, multi-center, retrospective cross-sectional study of all COVID-19 cases admitted into different ICUs in Saudi Arabia between March 2020 and September 202l. Demographic, clinical features, comorbidities, and length of stay (LOS) data were retrieved from the national Health Electronic Surveillance Network (HESN) and Taqassi databases at the Saudi Ministry of Health (MOH) for subsequent analyses. We used multiple linear regression models to determine risk factors associated with critical outcomes (including LOS in ICU) among COVID-19 cases.

Results: A total of 12,436 COVID-19 patients were included in this study, with a mean age of 59.57 ± 18.30 years and 7,679 (62%) were <65 years old. COVID-19 was more common in males (N = 7,686, 61.9%) and Saudi nationals (N = 8,516, 68.5%). The clinical characteristic findings showed that 36.3% of patients required invasive ventilation whilst 65.4% received tracheostomies for ventilation, and 4% were on dialysis. Our analysis revealed that 2,978 (23.9%) patients had one comorbidity, 4,977 (47.4%) had two or more comorbidities, and diabetes (48.2%) was the most prevalent comorbidity, followed by hypertension (44.2%), and chronic cardiovascular disease (10.5%). Thirteen variables emerged as significant predictors of LOS in ICU using multiple linear regression analyses, with invasive ventilation as the strongest predictor of LOS in the ICU (beta = −0.68, p = 0.001) and hospital admission (beta = −0.65, p = 0.001).

Conclusions: COVID-19 continues to affect millions of people around the world, with a mortality rate of about 2–3% of all infected patients. Our analysis revealed that comorbidities such as chronic kidney disease, cardiovascular disease, diabetes, and older age were significant risk factors associated with a poorer prognosis and longer duration of stay in hospitals and ICU.
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INTRODUCTION

The coronavirus disease (COVID-19) pandemic has caused a serious threat and catastrophes worldwide. The first case of COVID-19 in Saudi Arabia was identified on the 2nd of March 2020 by the Ministry of Health (MOH) and, as of January 31st, 2022, there had been 687,264 confirmed cases with COVID-19 and 8,940 deaths (1). Different hospitals within the Kingdom were at maximum capacity due to the high number of patients admitted with COVID-19 and their notable length of stay (LOS). Indeed, Saudi Arabia is considered the most affected country in the Gulf Cooperation Council (GCC) region (2).

Several studies have indicated that the clinical severity of and mortality from COVID-19 are heterogeneous and vary depending on both demographic and clinical characteristics (3). For example, Richardson et al. (4) reported that hypertension, obesity, and diabetes were the most common comorbidities among hospitalized COVID-19 patients in the US. Similarly, in China, older male patients with pre-existing cardiovascular disease, diabetes, asthma, and chronic lung disease had higher mortality rates (5, 6). In Italy and the United Kingdom, however, cardiovascular disease, hypertension, and obesity were associated with a more adverse course of COVID-19 (7, 8).

An additional impact of the COVID-19 pandemic was the increased demand for hospital beds and shortages in healthcare staff and equipment. Indeed, the influx of patients needing hospitalization raised serious concerns regarding the burden of the pandemic on healthcare providers and the healthcare system. Therefore, identifying risk factors associated with increased hospital care demand, such as the type of patients requiring hospitalization and the duration of hospitalization, can be useful for preparedness and decision making (9, 10). However, the LOS of COVID-19 patients differs depending on symptom severity and can also vary between general wards and intensive care units (ICU), where patients may need advanced critical care such as additional oxygen support or mechanical ventilation (9, 11).

There are limited studies on the clinical manifestations and LOS of hospitalized ICU patients with COVID-19 in Saudi Arabia. Knowledge of these factors would help to triage high-risk patients and prioritize ICU admissions. Furthermore, it would help in pandemic control, and minimize the burden on the healthcare system. Therefore, here we assessed the risk factors associated with ICU admission among COVID-19 patients in Saudi Arabia, incorporating demographic characteristics, LOS, comorbidities, and clinical outcomes. In particular, we estimated whether COVID patients' LOS differed between those who were admitted into ICU and hospital admission.



METHODS


Study Design and Setting

This retrospective cross-sectional multi-center cohort study examined the demographic and clinical characteristics of all COVID-19 positive cases admitted into ministry of health (MOH) hospitals across the Kingdom of Saudi Arabia between March 1, 2020, and September 15, 2021. This study has been ethically approved by the Institutional Review Board (IRB) committee from the General Department of Research and Studies (GDRS) at MOH (IRB Log No. 21-108M). Data privacy and confidentiality were maintained throughout the study. Informed consent was waived due to the retrospective and observational nature of the study.



Data Collection

Data were mainly derived from two databases. The first was the Health Electronic Surveillance Network (HESN), an electronic surveillance system launched by the Saudi MOH that provides accurate public health information to healthcare professionals and decision-makers (12). The second system was Taqassi, which is concerned with the investigation of infectious and epidemic diseases. The HESN and Taqassi databases were both utilized as secondary data sources and cover the entire healthcare facilities within Saudi Arabia. Reporting of confirmed COVID-19 cases by these facilities has been mandatory since the start of the pandemic. The routinely collected data from HESN and Taqassi databases included patient demographics (e.g., age, gender, and nationality), hospital diagnoses, ICU status, treatments (including invasive mechanical ventilation and kidney replacement therapy), comorbidity status (having no comorbidity or suffering from one or more of the following: asthma, chronic kidney disease, chronic lung disease, chronic cardiovascular disease, diabetes, hypertension, hemoglobin disorder, or liver disease), and outcomes (including LOS, discharge, re-admission, and/or mortality). The primary outcome of our study was the ICU and hospital LOS in days, whilst the secondary outcomes were the survival status (ICU or hospital admission, recovery, or death).



Study Participants

All adult patients aged 18 years old and/or older who were admitted into the ICU at MOH hospitals with COVID-19 between March 1, 2020 and September 15, 2021, were included in this study. A diagnosis of COVID-19 was confirmed based on a positive test result of quantitative reverse transcription polymerase chain reaction (RT-PCR) performed on nasopharyngeal swabs. Additionally, to confirm COVID-19 diagnosis, only COVID-19 test swabs taken within 14 days prior to and 1 day post-hospital admission were included in the study. Moreover, to obtain a precise estimate of the LOS, hospital admissions for health reasons other than COVID 19 were excluded from the study. In addition, patients under 18 years old, those with multiple ICU entries, or records with missing data and/or data of unidentified IDs were excluded from the study. Study participants were further sub-categorized into survivors (n = 8,210) and non-survivors (n = 4,226). Survivors were defined as recovered ICU patients discharged from hospital or transferred to another ward, whereas non-survivors were defined as patients who died during the study period.



Statistical Analysis

Data were represented using descriptive statistics including frequency and percentage tables, means, and standard deviations (SD). The normality of the data was evaluated using the Kolmogorov–Smirnov test. Moreover, student's t-test and analysis of variance (ANOVA) were used for normally distributed variables between groups, whilst Mann-Whitney U and Kruskal–Wallis tests were conducted for non-normally distributed variables accordingly. The Chi-square test were applied to determine statistically significant differences between ICU COVID-19 status and other categorical variables. The LOS in the ICU and hospital admission were logarithmically transformed prior to all parametric analyses. Multiple linear regression models were performed to examine the impact of age, gender, and different comorbidities on the recovery period, LOS in ICU and hospital admission. In addition, the Charlson Comorbidity Index (CCI) was assessed to predict a 10-year survival rate in patients with comorbidities and was used as a measure of the total comorbidity burden (13). The SPSS v.23 (IBM Statistics, Armonk, NJ) tool was used for statistical data analysis. Statistical significance was determined at a p-value of <0.05.




RESULTS


Baseline Characteristics of the Study Population

A total of 12,436 patients were included in the study, admitted between March 2020 and September 2021. Table 1 represents the baseline demographic and clinical characteristics of the study cohort. The mean age was 59.57 ± 18.30 years, and 2267 patients (18.2%) were more than 75 years old. The gender distribution of our patients was 4,750 (38.2%) females and 7,686 (61.8%) males, and 8,516 (68.5%) were Saudi nationals. The median ICU LOS was 6 days [interquartile range (IQR) 0–398 days] and the average ICU LOS was 9.4 ± 14.3 days, while the median hospital admission LOS was 10 days (IQR 0–403 days) and the average hospital LOS was 13.8 ± 15.9 days. Only 36.3% (n = 4,509) of patients received invasive ventilation, while 65.4% (n = 8,131) were given a tracheostomy for ventilation. Interestingly, only few patients (n = 499; 4%) required renal replacement treatment (dialysis) and 17.4% (n = 2,167) had more than one ICD-10 diagnosis. Precisely, out of the 12,436 COVID-19 ICU patients, 2,978 (23.9%) had one comorbidity while 3,062 (24.6%) had three or more comorbidities simultaneously. Of these 12,436 patients, 4,226 died (34%) at the study endpoint (denoted by non-survivors), whilst 8,210 (66%) recovered or remained in the ICU (denoted by survivors).


Table 1. Demographic and clinical characteristics of COVID-19 cases in ICU.
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Differences Between Survivors and Non-survivors

Remarkably, there were significant differences in the demographic and clinical characteristics between survivors and non-survivors (Table 1). For example, patients who were younger were more likely to survive compared to older patients (aged 19–44, 22.9% vs. more than 75 years old, 13.8%), contrasting with non-survivors who were mostly elderly (aged 19–44, 10.4% vs. more than 75 years old, 26.9%) (p-value = 0.001). Notably, whilst only 19.2% (n = 1,580) of survivors received invasive mechanical ventilation, the majority of non-survivors (n = 2,929; 69.3%) received it, whereby 2,845 (67.3%) were administered endotracheal tube ventilation and 1,381 (32.7%) received tracheostomy (p-value < 0.001). Moreover, non-survivors were more frequently treated with renal replacement therapy (dialysis) (n = 296; 59.3%) than survivors (n = 203; 40.7%; p-value < 0.001). It is worth mentioning, however, that non-survivors experienced a significantly longer LOS compared with survivors, with a median LOS in ICU of 11 vs. 3 days (p-value = 0.001) and median total hospital LOS of 14 vs. 8 days (p-value = 0.001), respectively. Furthermore, 1,355 (32%) of non-survivors experienced three or more comorbidities compared with only 1,707 (20.8%) of survivors. Interestingly, the median CCI score was higher in the non-survivor (2, IQR 1–4) compared with the survivor group (1, IQR 0–2). In particular, 17.8% of non-survivors had a CCI score of more than 2 points, contrasting with 10.7% of the survivors (Table 1), potentially reflecting the severity of disease and associated comorbidities in the non-survivor group.



Associations Between Demographic Variables and LOS

To determine the frequency of comorbidities observed in our COVID-19 ICU patients, diabetes was the most common comorbidity at presentation (48.2%; n = 5,995), followed by hypertension (44.2%; n = 5,501), aged 65 or older (27.0%, n = 3,469), and chronic cardiovascular disease (10.5%; n = 1,311) (Figure 1A). Remarkably, Figure 1B revealed that survivors and non-survivors differed significantly in terms of their comorbidities. However, to determine which comorbidities were associated with a significantly longer length of ICU and hospital stay, patients with hemoglobin disorders had the highest average LOS in ICU (14.1 ± 19.2 days), followed by those with severe obesity (10.4 ± 14.7 days) and diabetes (10.1 ± 15.4 days). Similarly, patients with hemoglobin disorder also had the highest average hospital LOS (21.5 ± 19.9 days) followed by severe obesity (15.3 ± 15.8 days) and liver disease (15.2 ± 13.4 days) (Figure 2).
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FIGURE 1. Frequency distribution of comorbidities of COVID-19 ICU patients and comparison between survivors and non-survivors. (A) Overall frequency distribution of comorbidities of COVID-19 ICU patients. (B) Comparison of comorbidities between survivors and non-survivors. *p-value significant at <0.05.
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FIGURE 2. Length of ICU and hospital stay of COVID-19 patients in days by comorbidity. *p-value significant at <0.05.


One-way ANOVA analysis was then conducted to further explore associations between the number of comorbidities and LOS in ICU and hospital admission. Table 2 demonstrates that COVID-19 patients with two or more comorbidities had significantly longer LOS in ICU (10.0 ± 15.4 days) and hospital admission (14.4 ± 16.8 days) compared with patients with only one comorbidity (p-value = 0.001).


Table 2. One-way ANOVA analysis of COVID-19 patients' length of stay in ICU and hospital admission in days by number of comorbidities.
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Finally, we investigated the risk factors and predictors of LOS in ICU and hospital admission, adjusting for demographics, clinical characteristics, and comorbidities using a multiple linear regression model. Preliminary analyses were conducted to ensure no violations of normality, linearity, and multicollinearity (Supplementary Figure 1). The total variance explained by the model in LOS in ICU and demographic characteristics was 12.3%, F(20, 9, 621) = 67.24, p-value < 0.001. In the final model of LOS in ICU, thirteen variables emerged as significant predictors of LOS in ICU as shown in Table 3. These were age, invasive ventilation, the type of ventilation (tracheostomy and/or endotracheal tube), renal replacement therapy, diagnosis of ICD-10, ICU status (survivors and non-survivors), chronic kidney disease, chronic lung disease, cardiovascular disease, diabetes, hemoglobin disorder, number of comorbidities and CCI (p-value < 0.05). In contrast, the total variance explained by the model of LOS in hospital admission was 13.3%, F(20, 9, 728) = 74.41, p-value 0.001. Compared with LOS in ICU, twelve predictors were associated with LOS in hospital admission (Table 3). These include age, invasive ventilation, the type of ventilation (tracheostomy and endotracheal tube), renal replacement therapy, diagnosis of ICD-10, ICU status (survivors and non-survivors), asthma, diabetes, hypertension, hemoglobin disorder, number of comorbidities and CCI (p-value < 0.05). Of note, invasive ventilation constituted the strongest predictor of LOS in ICU (beta = −0.68, 95% CI −0.66 to 0.53, p-value = 0.001), and hospital admission (beta = −0.65, 95% CI −0.60 to 0.48, p-value = 0.001) (Table 3).


Table 3. Multiple linear regression analyses for the length of stay in ICU and hospital admissions adjusted for demographic variables, clinical characteristics, and comorbidities.
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DISCUSSION

This national, multi-center, retrospective study provides an in-depth description of the demographic and clinical characteristics of ICU patients with COVID-19 in Saudi Arabia and highlights the risk factors associated with increased LOS in ICU and hospital admission. Identifying these predictors may help provide appropriate medical interventions and improvements in clinical care to enhance outcomes for our COVID-19 patients.

In this large sample of 12,436 critically ill patients with COVID-19, we reported a high mortality rate of ~34% at the study endpoint. This outcome is consistent with recent studies conducted in the United Kingdom and Italy, which found that 38–46% of 3,988 and 12,133 patients admitted into the ICU, respectively, died from COVID-19 (8, 14). The mean age of our patients was 59.6 years, similar to studies carried out in the United States and Italy (4, 8). We also found that males were more affected by COVID-19 than females and were more likely to need mechanical ventilation, akin to findings from previous studies in other countries (15–19). Interestingly, ~22.9% (n = 2,835) of our cohort had two or more comorbidities, mirroring Saudi studies by Alsofayan et al. (3) and Khan et al. (20) which reported a similar rate (20.1–29%). Most importantly, our findings revealed that diabetes was the most prevalent comorbidity (48.2%) followed by hypertension (44.2%) and older age (27.9%). Indeed, older age, diabetes, and kidney disease have a negative impact on innate immunity and are considered risk factors associated with mortality from COVID-19, warranting extra vigilance and care of this vulnerable patient population (21).

In our study, non-survivors experienced a significantly longer LOS in ICU compared with survivors (11 vs. 3 days), consistent with previous findings from China showing that the average LOS in hospital was 11 and 21 days in ICU (22). In a US study, LOS was 5 days for non-severe cases and 15 days for severe cases requiring ICU admission (23). An important observation from our study was that having two or more comorbidities increased the risk of hospitalization and LOS in ICU and hospital admission. In particular, patients with hemoglobin disorder and severe obesity had a significantly longer LOS in ICU and hospital admission compared with other comorbidities or having a single comorbidity. These findings highlight the impact of comorbidities on COVID-19 severity, in line with previously published studies (21, 24–26), and indicate that the number of comorbidities may influence prognosis and COVID-19-related LOS in ICU and hospital admissions. Moreover, the association between certain comorbidities and poor outcomes may be partly due to their effect on immunity. For example, in hemoglobin disorders, anemia may cause pulmonary capillary leak syndrome, resulting in acute respiratory distress syndrome (ARDS) (27, 28). Indeed, a hematological disorder together with other comorbidities such as cardiovascular and respiratory diseases should be taken into consideration with extra care because of the higher mortality associated with these conditions (29). Such action may lessen potential complications that may arise to COVID-19 ICU patients.

This study, however, has some limitations. First, due to the retrospective nature of the data collection, only variables that were routinely collected were included in the study, including clinical data retrieved from the patients' medical records, and so certain laboratory and radiological findings were not investigated. Second, the impact of different treatment modalities on clinical outcomes and LOS was not studied. Nevertheless, this retrospective national study provides new insights into the clinical characteristics and outcomes of hospitalized patients with COVID-19 across the Kingdom, which will be useful for mapping the illness, risk-stratifying patients, and directing effective public health measures and policies. Further research is needed to clarify if the LOS differs between COVID-19 vaccinated and unvaccinated ICU cases. We therefore recommend further investigation into the relative survival of COVID-19 and its variations by vaccination status.

In conclusion, this large study of hospitalized patients with COVID-19 in Saudi Arabia examined risk factors that could contribute to longer LOS in ICU, severe outcomes, and death. Our findings revealed that having two or more comorbidities (diabetes, hypertension, older age (65 years and above), hemoglobin disorder, chronic kidney disease, and cardiovascular diseases) contributed to a poorer prognosis and a longer length of stay in ICU and hospitals. We believe our results will help decision-makers implement regulations to prognosticate COVID-19 patients, thereby mitigating against the burden of COVID-19 on the healthcare system, and prioritizing the management of patients with comorbidities to protect this vulnerable patient population.
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296 (59.3)
3,939 (32.9)
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