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Methods
A retrospective chart-review was conducted on all COVID19 admissions from March to September 2020. The
predictive factors were demographics, comorbidities,
signs and symptoms of COVID-19 and laboratory findings
on admission. Descriptive frequency analysis was done for
all independent variables and the Chi-square test was
used to compare differences between groups where
suitable. Univariate and multivariate binary logistic
regression was used to examine the association between
the independent variables and the risk for ICU
hospitalisation.
Results
There were 136 patients with COVID-19 at GPHC during
March to September 2020 and after exclusion, 135
patients were used in the study. There were 72 (53.4%)
patients who required non-ICU care, while 63 (46.6%)
ICU care and average age ± SD (median) was 51 ±16
(n= 49) and 56 ±18 (n= 60), respectively. In the
multivariate regression model, the odds of ICU admission
for those aged 40-65 was 0.14 (p <.01) compared to
those > 65 years. Patients with class 2 and above obesity
had higher odds of ICU admission compared to non-obese
patients OR 11.09 (p= .006). Patients with 2 and 3 or
more comorbidities also had higher odds of ICU admission
compared to those with no comorbidities OR 7.83
(p= .03) and 132 (p <.001), respectively. Patients with
LDH 228-454 U/L and > 454 U/L on admission had higher
odds of ICU admission compared to those with normal
LDH OR 19.88 (p= .001) and 23.32 (p= .001),
respectively. Patients with albumin < 3.50 mg/dL on
admission also had higher odds of ICU admission
compared to those with normal albumin OR 5.78
(p= .005).
Conclusion
Risk factors associated with ICU hospitalisation were
advanced age, obesity, multiple comorbidities, elevated
LDH and low albumin. Protecting the population at risk for
ICU admission and prioritizing them for vaccination is
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recommended to reduce the risk of running out of ICU
capacity.
Keywords: COVID-19, coronavirus, sars-cov-2, ICU,
hospitalisation

INTRODUCTION
The Coronavirus Disease 2019 (COVID-19) pandemic
caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has overwhelmed many
health care systems worldwide, causing significant
morbidity and mortality.1 The first case in Guyana was
recorded in March 2020, and by the end of September,
there had already been 2894 confirmed COVID-19 cases,
many of which required in-hospital and intensive care.
Several studies in Latin America and the Caribbean (LAC)
and internationally have highlighted risk factors for
severe COVID-19, such as advanced age, male sex,
obesity and comorbidities.2–8 However, there are no
studies from Guyana on risk factors for COVID-19
hospitalisation, whether Intensive Care Unit (ICU) or
general admission. At a minimum, the knowledge of risk
factors allows public health authorities to identify highrisk and vulnerable groups so targeted health strategies
can be implemented. It is also important to know factors
which are associated with ICU hospitalisation because
ICU admission indicates severe illness and therefore, ICU
hospitalisation is a proxy for COVID-19 severity.
Moreover, ICU hospitalisation has significant resource
implications, especially in Guyana, which has one of the
lowest Gross Domestic Product (GDP) in South America.9
ICU capacity is limited due to insufficient resources, but
also ICU is needed for other medical conditions, so if
COVID-19 cases take up all available capacity, there is a
broader impact on health for the Guyana population. For
the most part, LAC countries have lower capacity
healthcare systems with fewer hospital beds, fewer
healthcare professionals and weaker disease surveillance
than Organisation for Economic Co-operation and
Development (OECD) countries.10 Therefore, it becomes
imperative for health authorities in Guyana to recognise
trends and patterns with ICU hospitalisation for COVID19. The objective of this study is to determine the risk
factors for ICU hospitalisation among patients with COVID
-19 in Guyana.
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MATERIALS AND METHODS
A cross-sectional study using secondary data analysis was
conducted. Anonymised and de-identified patients’
medical records for COVID-19 patients admitted to
Georgetown Public Hospital Corporation (GPHC) from
March to September 2020 were reviewed.
All identifying data was removed from the patient records
by the medical records department of GPHC. A unique
identifying code was used to identify the patient. This
identifying code was kept in the records department
securely and was not available to the researchers. The
data collected was encrypted and will be securely stored
for five years. The relevant information was then
extracted from the spreadsheet, coded, entered into SPSS
Version 27 for analysis.
The setting for the study was GPHC, Guyana, where the
first case of COVID-19 was diagnosed in March 2020. It is
the largest speciality hospital in Guyana and the only one
managing moderate to severe COVID-19 cases at the
time of study with 12 official COVID-19 ICU beds. The
study population used was all the COVID-19 admissions
to GPHC, Guyana from March to September 2020.

The sampling frame used for the study was the list of all
COVID-19 admissions to GPHC from March to September
2020. The inclusion criteria included all adult
patients’ (patients ≥ 18 years old) with Polymerase chain
reaction (PCR) confirmation of COVID-19 from March to
September 2020. The exclusion criteria included patients’
records with a negative COVID-19 PCR and patients’
records with missing or incomplete data.
This study used secondary data in the form of patient
charts which were not publicly available and hence ethical
approval was sought and obtained from the University of
Liverpool Master of Public Health Virtual Programme
Research Ethics Committee, GPHC Research Ethics
Committee and Institutional Review Board (Ministry of
Health, Guyana). Due to the retrospective nature of the
study and the de-identification of the data, written
consent was waived.

Demographics (sex, age and ethnicity), comorbidities
(diabetes mellitus (DM), hypertension (HTN), Obesity (≥
class 2), cardiovascular disease (CVD), chronic kidney
disease (CKD), chronic lung disease, chronic liver disease,
other and number of comorbidities), signs and symptoms
of COVID-19 on admission (fever, shortness of breath,
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cough, fatigue, vomiting, diarrhoea and number of
symptoms), laboratory findings on admission
(haemoglobin, platelet count, white blood cell count,
creatinine, blood urea nitrogen (BUN), aspartate
transaminase (AST), alanine transaminase (ALT), lactate
dehydrogenase (LDH) and albumin) were obtained from
this dataset. Data was also collected on mechanical
ventilation and non-invasive positive-pressure ventilation
(NIPPV) and vasopressor requirement. These
independent variables were chosen from prior studies on
risk factors for severe COVID-19 disease.2-8 The outcome
analysed was ICU hospitalisation which was defined as
any patient on the COVID-19 ward who required ICU care
or intervention including but not limited to high flow nasal
oxygen (HFNO), NIPPV, endotracheal intubation and
mechanical ventilation, tracheostomy and vasopressor
support. The clinicians explicitly decided which patients
were for ICU admission.
Descriptive frequency analysis was done for all
independent variables, and the Chi-square test was used
to compare differences between groups where suitable.
Univariate and multivariate binary logistic regression was
used to examine the association between the
independent variables and the risk for ICU hospitalisation.
The backward stepwise selection process was used to
select independent variables to include in the final
regression model. Additionally, the odds ratio (OR) and
the 95% confidence interval (CI) were stated, and a pvalue of <.05 was considered to be statistically
significant. All statistical analyses were performed on IBM
SPSS Statistics Version 27. Additionally, the assumptions
required to perform binary logistic regression were
considered.11
RESULTS
There was a total of 136 confirmed COVID-19 cases
admitted to the ward at GPHC from 1st March to 30
September 2020, and after the exclusion of one case,
because the record showed that the patient was < 18
years old, 135 patients’ records were used for this study.
There was sufficient data on predictive factors as
evidenced by > 95% of data available for each case. 63
(46.6%) patients required ICU admission, and of those,
23 (36.5%) required endotracheal intubation and
mechanical ventilation, 18 (28.6%) required NIPPV, 2
(3.2%) required tracheostomy and 20 (31.7%) required
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vasopressor support. Also, there were no HFNO machines
in use at the time of study.
The average age ±SD for non-ICU and ICU hospitalisation
was 51 ±16 and 56 ±18, respectively. No statistically
significant ethnic and gender differences were found
between groups. All measured comorbidities (obesity,
DM, CVD and CKD) were statistically higher in the ICU
group, p <.01, as seen in table 1.
There was a statistically significant difference in the
various age categories, p= .02, between ICU and nonICU admissions, however, mean age was not statistically
significant between groups, p= .42. Subgroup analysis for
age showed statistically significant differences regarding
ICU admission for ages 40-65, p= .03 and >65, p= .009.
The comorbidities with statistically significant differences
among non-ICU and ICU hospitalisation were obesity, p
<.001, DM, p <.001, CVD, p= .003, CKD, p <.001.
Subgroup analysis for comorbidities showed statistically
significant differences regarding ICU admission for 0
comorbidity, p= .001and 1 comorbidity, p= .01. The
signs and symptoms with statistically significant
differences among non-ICU and ICU hospitalisation were
cough, p= .02, shortness of breath, p <.001 and fatigue,
p= .004. Also, the laboratory findings on admission with
statistically significant differences among groups were
BUN, p= .004, creatinine, p= .003, LDH, p <.001 and
albumin, p= .003. The key predictors between non-ICU
and ICU hospitalisation were highlighted in Table 1.
The variables chosen for the multivariate logistic
regression were age group, obesity, number of
comorbidities, LDH and albumin. In the final model the
significant variables were age group (OR= .14, p= .005),
class 2 and above obesity (OR= 11.09, p= .006), two
comorbidities (OR= 7.83, p= .03) and three or more
comorbidities (OR= 132.15, p <.001), LDH 228-454 U/L
(OR= 19.88, p= .001), LDH >454 U/L (OR= 23.32,
p= .001) and albumin <3.5 g/dL (OR= 5.78, p= .005). In
the model, the Cox & Snell and Nagelkerke R2 values
were 0.504 and 0.673, respectively and the Hosmer and
Lemeshow test p-value was 0.210 indicating goodness-of-

fit. There results of univariate and multivariate logistic
regression analysis were highlighted in tables 2 and 3.
DISCUSSION
There was an almost equal proportion of patients with
3

Table 1: Key predictors among COVID-19 patients at GPHC from March to September 2020 by hospitalisation status.
Predictor

Age, average±SD

Non-ICU
Hospitalisation
(N= 72)
51 ±16

ICU
Hospitalisation
(N= 63)
56 ±18

Age group (years), n (%)

P-value

p= .42
p= .02

18-39

18 (54.5)

15 (45.5)

p= .80

40-65

39 (64)

22 (36)

p= .03

> 65*

15 (36.6)

26 (63.4)

p= .009

Obesity, n (%)

Yes

4 (11.8)

30 (88.2)

p= <.001

Diabetes Mellitus, n (%)

Yes

18 (34)

35 (66)

p= <.001

Cardiovascular Disease, n (%)

Yes

5 (23.8)

16 (76.2)

p= .003

Chronic Kidney Disease, n (%)

Yes

1 (6.2)

15 (93.8)

p= <.001

Number of Comorbidities, n (%)

p= <.001
0*

17 (85)

3 (15)

p= .001

1

36 (66.7)

18 (33.3)

p= .012

2

17 (53.1)

15 (46.9)

p= 1.00

≥3

2 (6.9)

27 (93.1)

p= 1.19

Cough, n (%)

Yes

34 (44.7)

42 (55.3)

p= .02

Shortness of Breath, n (%)

Yes

38 (41.8)

53 (58.2)

p= <.001

Fatigue, n (%)

Yes

51 (47.2)

57 (52.8)

p= .004

BUN (mg/dL), n (%)

p= .004
7-18*

41 (64)

23 (36)

p= .56

>18

25 (39)

39 (61)

p= .70

<7

6 (85.7)

1 (14.3)

p= .005

Creatinine (mg/dL), n (%)

p= .003
0.4-1.4*

55 (61.8)

34 (38.2)

p= .65

> 1.4

16 (35.6)

29 (64.4)

p= .51

< 0.4

1 (100)

0 (0)

p= <.001

LDH (U/L), n (%)

p= <.001
103-227*

26 (83.9)

5 (16.1)

p= .05

228-454

32 (53.3)

28 (46.7)

p= .92

> 454

12 (42.9)

26 (57.1)

p= <.001

Not available

2 (33.3)

4 (66.7)

p= 1.69

Albumin (g/dL), n (%)

p= .003
3.5-5.3*

33 (70.2)

14 (29.8)

p= .61

< 3.5

25 (38.5)

40 (61.5)

p= <.07

Not available

14 (60.9)

9 (39.1)

p= 1.88

*Baseline comparative group
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ICU and non-ICU hospitalisation, 63 (46.6%) and 72
(53.4%), respectively and 23 patients (36.5%) in the
ICU required mechanical ventilation due to respiratory
failure. It is consistent with the high rates of acute
hypoxemic respiratory failure which usually requires ICU
admission as seen in many patients with COVID-19
globally.12 Additionally, there was a significantly higher
proportion of several comorbidities seen in ICU vs nonICU hospitalisation including DM (56% vs 25%) (p
<.001), obesity (≥ class 2) (48% vs 6%) (p <.001), CVD
(25% vs 7%) (p= .003) and CKD (24% vs 0.4%) (p
<.001). This is consistent with evidence that shows that

patients with comorbidities are at higher risk of ending
up with deteriorating outcomes of COVID-19 disease,
particularly respiratory failure.13–16
In the multivariate regression model, the odds of ICU
admission for those aged 40-65 was .14 (p <.01)
compared to those > 65 years. However, 41% of ICU
hospitalisation were in the > 65 age group, which is
consistent with other studies that confirm that elderly
COVID-19 patients are more at risk for severe
disease.2,5,7 Picon et al. and Soares et al. also identified
other risk factors for COVID-19 hospitalisation in Brazil

Table 2: Univariate analysis of significant risk factors associated with ICU hospitalisation due to COVID-19 at
GPHC from March to September 2020.
Predictor
Age group (years)
(vs. > 65)
Obesity (≥ class 2)
(vs. No)
Diabetes Mellitus
(vs. No)
Cardiovascular Disease
(vs. No)
Chronic Kidney Disease
(vs. No)
Number of Comorbidities
(vs. 0)
Cough
(vs. No)
Shortness of Breath
(vs. No)
Fatigue
(vs. No)

P-value
p <.001

Univariate OR (95% CI), P-value
18-39

0.481 (0.189-1.224), p= .12

40-65

0.325 (0.143-0.741), p= .007
15.45 (5.02-47.51), p <.001

p <.001

Yes

p <.001

Yes

3.75 (1.80-7.77), p <.001

p= .003

Yes

4.56 (1.56-13.31), p= .005

p= .005

Yes

22.18 (2.83-173.58), p= .003

1

2.83 (0.733-10.94), p= .13

2

5.00 (1.22-20.48), p= .02

≥3

76.50 (11.56-506.02), p <.001

p= .01

Yes

2.23 (1.11-4.49), p= .02

p <.001

Yes

4.74 (2.09-10.75), p <.001

p= .002

Yes

3.91 (1.46-10.45), p= .007

> 18

2.78 (1.35-5.69), p= .005

<7

.29 (.03-2.62), p= .27

> 1.4

2.93 (1.39-6.17), p= .005

< 0.4

.00 (.00), p= 1.00

228-454

4.55 (1.54-13.44), p= .006

> 454

11.26 (3.47-36.53), p <.001

Not available

10.40 (1.48-72.99), p= .01

< 3.5

3.77 (1.69-8.39), p= .001

Not available

1.51 (0.53-4.30), p= .43

p <.001

BUN (mg/dL)
(vs. 7-18)

p= .006

Creatinine (mg/dL)
(vs. 0.4-1.4)

p= .01

LDH (U/L)
(vs. 103-227)

p= .001

Albumin (g/dL)
(vs. 3.5-5.3)

p= .004
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Table 3: Final model multivariate analysis of risk factors associated with ICU hospitalisation due to COVID-19 at
GPHC from March to September 2020
Final Predictor

P-value

Multivariate OR (95% CI), P-value

Age group (years)
(vs. > 65)

p= .01

18-39

.74 (.18-2.98), p= .68

40-65

.14 (.37-.55), p= .005

Obesity (≥ class 2)
(vs. No)
Number of Comorbidities
(vs. 0)

p <.001

Yes

11.09 (1.98-62.06), p= .006

p= .002

1

2.73 (.48-15.31), p= .25

2

7.83 (1.20-50.97), p= .03

≥3

132.15 (9.49-1839.47), p <.001

228-454

19.88 (3.31-119.11), p= .001

> 454

23.32 (3.78-143.79), p= .001

Not available

4.78 (.28-80.54), p= .27

< 3.5

5.78 (1.68-19.81), p= .005

Not available

1.52 (.23-10.05), p= .65

LDH (U/L)
(vs. 103-227)

Albumin (g/dL)
(vs. 3.5-5.3)

p= .005

p= .01

and included male gender and the presence of
comorbidities.5,7 These findings are similar to those
obtained from this study, and while male gender was not
identified as a statistically significant risk (p= .68) factor
for ICU hospitalisation in Guyana, > 60% of all
admissions were male.
The proportion of comorbidities seen in the ICU and nonICU settings are consentient with other studies in the
LAC region.5–7 In the multivariate regression model the
odds of ICU admission for patients with class 2 and
above obesity had higher odds of ICU admission
compared to non-obese patients OR 11.09 (p= .006).
Obesity is of particular concern because it is linked to
reduced immune function and decreases lung capacity
which makes ventilation on a background of COVID-19
problematic.17–19 The number of comorbidities among
COVID-19 patients were directly proportional to ICU
hospitalisation. Patients with 2 and 3 or more
comorbidities also had higher odds of ICU admission
compared to those with no comorbidities OR 7.83
(p= .03) and 132 (p <.001) respectively. Patients who
have multiple comorbidities may have a compromised
immune system and these underlying conditions adds
more stress to the body which makes them more
susceptible to COVID-19.13 It, therefore, underscores the
risk of severe COVID-19 disease among patients with
multiple pre-existing conditions.
CMJ | Published online on October 6, 2021

Acosta et al. and Valenzuela identified hypertension,
obesity and older age as risk factors for severe COVID19 in Peru.2,20 While obesity and older age were also
identified in this study, hypertension was not, and it may
be due to lower rates of hypertension (42%) among the
study population. Yomayusa et al. also identified patients
at an advanced age with pre-existing comorbidities, in
particular cardiovascular disease, hypertension and
diabetes mellitus have a significant risk of progression to
severe disease.15 Other than obesity (≥ class 2), no
other single comorbidity was identified as a stand-alone
risk factor for ICU hospitalisation in Guyana, but the
number of comorbidities was inversely proportion to
severe COVID-19 disease.
Rodriguez et al. found that increased body mass index
(BMI), C-reactive protein (CRP) and SpO2/FIO2 ratio on
admission were significantly associated with the need for
ICU care among COVID-19 patients.6 While this study
also found that increased BMI was associated with
severe COVID-19 disease, CRP and SpO2/FIO2 ratio were
not assessed because it was not readily available for
most patients in the study sample. Patients with elevated
LDH (228-454 U/L) and two times the upper limit (> 454
U/L) had higher odds of ICU admission compared to
those with normal LDH OR 19.88 (p= .001) and 23.32
(p= .001) respectively, while patients with albumin levels
below the lower limit (< 3.5 mg/dL also had higher odds
6

of ICU admission compared to those with normal
albumin OR 5.78 (p= .005). It is consistent with several
studies that focused on laboratory parameters among
COVID-19 patients.21–23 Elevated LDH is associated with
a hyperinflammatory state and hypoalbuminemia is
associated with organ dysfunction, both of which are
linked to the pathophysiology of severe COVID-19
disease.24 These parameters can be used in clinical
practice to guide treatment and ICU hospitalisation.

relatively small sample size (n=135) used in the study
might have overstated the results and applied undue
significance to one or more of the risk factors identified,
however this was higher than the minimum sample size
calculated and all cases during the study period. Another
limitation was that the results were obtained from a
single hospital setting (GPHC, Guyana) and may have
restricted the generalizability of the findings, but this was
the only hospital with the outcome measure of interest.

Additionally, no clinical manifestations were included in
the final model, which indicates that symptom profiles of
COVID-19 patients on admission were not a reliable
predictor of ICU hospitalisation in Guyana. However,
shortness of breath (p <.001) was found to be strongly
associated with ICU hospitalisation. The COVID-19 virus
can rapidly infect the lungs and causes a triggered
inflammatory immune response which affects gas
exchange and ultimately makes it difficult to breathe.25

The wider relevance of the findings for public health is
that it provides much needed data on the impact of the
novel coronavirus in Guyana and the LAC region. It also
identifies patients who are vulnerable and at high risk for
severe disease and poor outcomes. The findings,
therefore, can be used to improve public health strategy
for example 1) protecting persons who are vulnerable to
severe COVID-19 disease can be implemented e.g.,
elderly, those with multiple comorbidities and those with
obesity, 2) the identified vulnerable groups can be
prioritised for vaccination when the COVID-19 vaccine
becomes available in Guyana and the LAC and 3) the
findings allow for planning and resource allocation for
COVID-19 patients who require ICU care.

The method used was a cross-sectional study design
using secondary data analysis, and one of its main
strengths is the ability to infer associations between
predictive factors (risk factors) and a specific outcome
(ICU hospitalisation) using the odds ratio generated after
statistical analysis.26 A cross-sectional study was
appropriate because it was carried out at one point in
time and focused on the outcome and characteristics
associated with it.27 Another strength of using the crosssectional study design was that it was relatively fast and
inexpensive to perform because the patients’ medical
records were made available for review. Also, since
whole population sampling was used, the results were
considered representative of Guyana’s population.
Another strength of the study is that none of the
assumptions for logistic regression were violated.28
However, since the data was collected from one time
period, it was difficult to analyse developmental trends
such as serial symptom profiles and laboratory
parameters after admission. Another limitation to the
cross-sectional study design was that even though
correlations between risk factors and ICU hospitalisation
were made, it was difficult to determine causal
relationships. An alternative study method is cohort
study which is more adept to determining the causal
relationship between predictive factors and outcome by
following patients over a more extended time.29
However, a limitation of the findings was that the
CMJ | Published online on October 6, 2021

There is a need for further research on the risk factors
for hospitalisation among COVID-19 patients in the LAC
so correlations can be made within the region. Moreover,
a cohort study design is recommended to determine
causal relationships between predictive factors and nonICU or ICU hospitalisation.
CONCLUSION
The major risk factors associated with ICU hospitalisation
among COVID-19 patients at GPHC, Guyana were
advanced age, obesity, multiple comorbidities, elevated
LDH and low albumin levels. These patient factors and
laboratory parameters can be used to guide clinical and
public health practice during the pandemic. Protecting
the population at risk for ICU admission and prioritizing
them for vaccination is recommended to reduce the risk
of running out of ICU capacity.
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