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Abstract
Background

A single-stranded RNA genome-encapsulated virus known as severe acute respiratory syndrome coronavirus
2 is known to cause severe acute respiratory syndrome in humans. People with diabetes and hypertension
are often more susceptible to developing coronavirus disease 2019 (COVID-19) and experience a
disproportionately higher rate of morbidity and death compared to the general population. The COVID-19
pandemic has become an urgent worldwide issue. Therefore, the main goal of this study is to assess how
diabetes and hypertension, both separately and together, affect clinical outcomes in terms of morbidity and
mortality in patients hospitalized with COVID-19. This study aimed to evaluate the disease outcomes in
hypertensive and diabetic patients hospitalized with COVID-19.

Methodology

This descriptive, cross-sectional study was conducted from June 2022 to November 2022. Using purposive
selective sampling, a total of 90 known hypertensive and diabetic patients with COVID-19 aged 18-90 years
admitted in COVID-19 isolation wards and intensive care units (ICUs) of Mayo Hospital Lahore were
recruited in this study after obtaining informed consent and IRB approval from the Institutional Review
Board of King Edward Medical University, Lahore. Patients who did not provide consent, patients whose
positive polymerase chain reaction reports for COVID-19 were not available, pregnant females, and patients
with other comorbidities were excluded from the study. Data were collected from the COVID-19 isolation
medical wards and ICUs from patient charts containing age, the status of hypertension and diabetes, disease
status, severity, and levels of inflammatory markers, i.e., D-dimers, serum lactate dehydrogenase (LDH),
serum ferritin, C-reactive protein (CRP). Data were analyzed using SPSS version 23 (IBM Corp., Armonk, NY,
USA). Quantitative variables such as age were presented as mean * SD. Qualitative variables such as
hypertension, diabetes, and levels of inflammatory markers were presented as frequency and percentages.

Results

In this study, 90 patients were included, with 51 (57%) females and 39 (43%) males, all of whom were either
hypertensive, diabetic, or both. In total, 70 (78%) patients were admitted to ICUs and 20 (22%) to COVID-19
medical isolation wards. Among 70 ICU patients, 39 (43.3%) were on continuous positive airway
pressure/bilevel positive airway pressure, seven (7.8%) were on ventilators, and 44 (48.8%) were on normal
oxygen masks/non-rebreather masks with high-flow oxygen. Overall, 100% of the patients included in the
study had raised levels of inflammatory markers, low lymphocyte count, and increased neutrophil count. In
total, 84 (93%) patients had severely high and six (7%) patients had moderately high CRP levels. Moreover,
33 (36.7%) patients had severely high and 57 (63.3%) patients had moderately high D-dimer levels. Further,
25 (28%) patients had severely high, 26 (29%) patients had moderately high, and 39 (43.3%) patients had
significantly raised levels of serum ferritin. In total, 21 (23%) patients had severely high, 37 (41%) had
moderately high, and 32 (36%) had significantly raised levels of serum LDH. Among the 90 patients, 65 (73%)
expired and 25 (27%) survived. Of the expired patients, 62 (95%) were admitted to ICUs, and three (5%) were
admitted to wards.

Conclusions

Diabetes and hypertension are strong predictors of COVID-19 severity in terms of morbidity and mortality
due to respiratory deterioration.

Categories: Infectious Disease, Pulmonology, Internal Medicine
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a single-stranded RNA genomic-
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enveloped virus known to cause severe acute respiratory syndrome in humans. Individuals with
hypertension and diabetes mellitus are usually more likely to be affected and experience relatively increased
morbidity and mortality due to COVID-19 compared to the normal population because of multiple factors
including nitric oxide deficiency which is more pronounced in diabetics and hypertensives leading to
respiratory deterioration [1]. Hence, hypertension and diabetes are considered the most prevalent
comorbidities in COVID-19 patients [2].

A study of 191 patients with these comorbidities reported a mortality risk of 2.85-fold for diabetes and 3.05-
fold for hypertension [3]. Similarly, the prevalence of diabetes and hypertension was higher among patients
hospitalized for COVID-19 in intensive care units (ICUs) or in those who died [4].

According to recent studies, hypertension and diabetes have been suggested as the most frequent comorbid
factors in patients with COVID-19 and have been considered independent risk factors in disease outcomes,
such as morbidity and mortality [5].

Hypertension has been reported to occur in two-thirds of diabetes patients [6]. Yet, few studies have
addressed the individual effects of hypertension and diabetes or their combination on the risk of morbidity
and mortality in COVID-19 to date.

The main purpose of this study is to evaluate the impact of hypertension and diabetes individually and in
combination on clinical outcomes in terms of morbidity and mortality in patients hospitalized with COVID-
19 with systemic review and regression analysis using several indicators such as the mode of admission
(either ICU or wards), type of oxygen source (face masks, mon-rebreather masks (NRMs), continuous
positive airway pressure (CPAP)/bilevel positive airway pressure (BIPAP), ventilators), and number of deaths.

Materials And Methods

Study overview

This descriptive, cross-sectional study was conducted from June 2022 to November 2022. A total of 90
known hypertensive and diabetic patients with COVID-19 aged 18-90 years who were admitted to COVID-19
isolation wards and ICUs of Mayo Hospital Lahore were recruited in this study after obtaining informed
consent and approval from the Institutional Review Board (IRB) of King Edward Medical University, Lahore
(approval number: 48/RC/KEMU). Data were collected from patient charts containing age, hypertension and
diabetes status, disease status, disease severity, and levels of inflammatory markers (D-dimers, serum
lactate dehydrogenase (LDH), serum ferritin, and C-reactive protein (CRP)). Pre-existing diabetes and
hypertension were defined by history, ongoing medications, and medical records. The primary outcome was
defined based on ICU admissions and deaths. Written consent was obtained from each participant or their
attendants before their involvement in the study after obtaining IRB approval.

Inclusion and exclusion criteria

COVID-19-positive patients with diagnosed hypertension and diabetes and 18-90 years of age who were
admitted to COVID-19 isolation wards and ICUs of Mayo Hospital Lahore were recruited in this study after
obtaining informed consent. Patients who did not provide consent, patients whose positive polymerase chain
reaction reports for COVID-19 were not available, pregnant females, and patients with other comorbidities
were excluded.

Sample size calculation

Following purposive selective sampling, 90 patients were included in this cross-sectional study. A sample
size of 90 patients was estimated.

Statistical analysis

Data were analyzed using SPSS version 23 (IBM Corp., Armonk, NY, USA). Quantitative variables such as age
were presented as mean + SD. Qualitative variables such as hypertension, diabetes, and levels of
inflammatory markers were presented as frequency and percentages.

Results

In this study, patients admitted to COVID-19 isolation wards and ICUs were mostly between the ages of 30
and 60 years. A total of 90 patients were included, all of whom were either hypertensive, diabetic, or both.
Of the 59 hypertensive patients, 46 (77.9%) were admitted to ICUs, and 13 (22%) were admitted to wards. Of
the 56 diabetic patients, 44 (78.5%) patients with COVID-19 were admitted to ICUs, and 12 (21.4%) were
being treated in wards.

Of the 90 diabetic/hypertensive patients included in the study, 70 (77.7%) were admitted to ICUs, and 20

(22.2%) were admitted to COVID-19 isolation wards (Figure 7). Among the 70 patients in ICUs, 39 (43.3%)
were on CPAP/BIPAP, seven (7.8%) were on ventilators, and 44 (48.9%) were on normal oxygen masks or
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NRMs, mostly with high-flow oxygen (Table 1, Figure 2).
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FIGURE 1: Ward/intensive care unit (ICU) admissions in diabetic and
hypertensive patients showing disease severity.

Mode of ventilation

Oxygen source Total
Mask BIPAP/CPAP Ventilator
Ward 20 (22.2%) 0 0 20
Ward/ICU
ICU 24 (34.2%) 39 (43.3%) 7(7.8%) 70
Total 44 39 7 90
Percentage 48.9% 43.3% 7.8% 100%

TABLE 1: Ward/ICU: oxygen source cross-tabulation.

ICU = intensive care unit; CPAP = continuous positive airway pressure; BIPAP = bilevel positive airway pressure
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FIGURE 2: Association of diabetes with the type of oxygen source
showing the severity of illness.

CPAP = continuous positive airway pressure; BIPAP = bilevel positive airway pressure

Overall, 100% of the patients admitted to COVID-19 isolation wards and ICUs had raised levels of
inflammatory markers. Of the 90 patients, 84 (93.3%) diabetic/hypertensive patients had severely high levels
of CRP (>10 mg/dL), of whom 67 (79.8%) were admitted to ICUs and 17 (20.2%) to wards, and six (6.7%)
patients had moderately high CRP levels (1-10 mg/dL) and were admitted to COVID-19 isolation wards and
ICUs. A total of 33 (36.7%) patients had severely high levels of D-dimers (>5 ng/mL), of whom 31 (94%) were
admitted to ICUs and two (6%) to wards. Overall, 57 (63.3%) patients had moderately high levels of D-dimers
(0.6 to 5 pg/mL), of whom 39 (68.4%) were admitted to ICUs and 18 (31.6%) to COVID-19 isolation wards
(Table 2).

CRP (mg/dL) D-dimer (ug/mL) Serum ferritin (ng/mL) Serum LDH (U/L)
Mode of admission
1-10 >10 Total 0.6-5 >5 Total 250-500 500-1,000 >1,000 Total 250-500 500-1,000 >1,000 Total

Ward 3 17 20 18 2 20 15 3 2 20 15 3 2 20
ICU 3 67 70 39 31 70 24 23 23 70 17 34 19 70
Total 6 84 90 57 33 90 39 26 25 90 32 37 21 90

TABLE 2: Ward/ICU: inflammatory markers cross-tabulation.

ICU = intensive care unit; CRP = C-reactive protein; LDH = lactate dehydrogenase

Among diabetic and hypertensive patients admitted with COVID-19, 25 (27.8%) had severely high levels of
serum ferritin (>1,000 ng/mL), of whom 23 (92%) were admitted to ICUs and two (8%) to wards; 26 (28.9%)
patients had moderately high levels of serum ferritin (500-1,000 ng/mL), of whom 23 (88.5%) were admitted
to ICUs and three (11.5%) to wards, while 24 (61.5%) of the ICU patients and 15 (38.5%) of the ward patients
had significantly raised serum ferritin levels (250-500 ng/mL). Regarding serum LDH levels, 21 (23.3%)
patients had severely high levels of LDH (>1,000 U/L), of whom 19 (90.5%) were being treated in ICUs and
two (9.5%) in wards. A total of 34 (92%) out of 37 (41.1%) patients with moderately high levels of LDH (500-
1,000 U/L) were present in ICUs, and three (8%) were present in wards. Finally, 17 (53%) patients in ICUs and
15 (47%) patients in wards had significantly raised levels of serum LDH (250-500 U/L) (Table 2).
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Mode of admission
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Of the 90 patients with hypertension or diabetes, 27 (30%) were being given antivirals. i.e., remdesivir, and
11 (12%) patients were being given an immunosuppressant, i.e., tocilizumab, while almost all of the patients
were receiving steroids in the form of intravenous dexamethasone (Table 3).

Antivirals Immunosuppressants Mortality

Total Total Total
Yes No Yes No Expired Survived
1 19 20 0 20 20 3 17 20
26 44 70 11 59 70 62 8 70
27 63 90 1 79 90 65 25 90
30% 70% 100% 12% 88% 100% 72.2% 27.8 100%

TABLE 3: Effect of antivirals and immunosuppressants on mortality.

Among the 90 patients, 65 (72.2%) expired and 25 (27.8%) survived (Figure 5).
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FIGURE 3: Mortality in diabetic and hypertensive patients.

Of the expired patients, 62 (95.3%) were admitted to ICUs, and three (4.6%) were admitted to wards. The
mortality in our study was found to be associated with diabetes (odds ratio (OR) = 1.2; 95% confidence
interval (CI) = 1.28-1.48) and hypertension (OR = 1.1; 95% CI = 1.24-1.44).

Discussion

This recent breakout of the novel COVID-19, as well as its rapid global expansion, poses a global health
threat [7]. However, the factors that influence severity and mortality have not been well investigated.
Identifying major risk factors and applying appropriate treatment measures can help save many lives. The
majority of prior research has identified comorbidities such as hypertension and diabetes mellitus as high-
risk factors and provided information on the implications of these pre-existing diseases on the severity of
COVID-19 for physicians to identify the main risk factors for a severe outcome of the disease [8]. Only in-
patients were included in our study. The following findings may be obtained by focusing on the
comorbidities linked with COVID-19 severity and utilizing in-hospital all-cause death as an endpoint.

First, having a prior diagnosis of hypertension raised the risk of mortality in COVID-19 patients who needed
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hospitalization by almost 20%, regardless of age or other cardiovascular comorbidities. Our findings
corroborate the fact that old adults are more likely to exhibit worse illness presentations with COVID-19-
positive tests and require hospital admission compared to younger individuals, which is supported by a great
majority of investigations [9,10].

In our study, we found a strong positive association between diabetes mellitus, hypertension, and COVID-19
severity and mortality. Our results suggest an overall prevalence of diabetes at 78% and hypertension at
78.5% for ICU admissions. Our results also show a mortality of 72%, highlighting that these comorbidities
are associated with an increased risk for ICU admission and mortality. The mortality in our study was found
to be associated with diabetes (OR = 1.2; 95% CI = 1.28-1.48) and hypertension (OR = 1.1; 95% CI = 1.24-
1.44).

Hypertension was shown to be prevalent in 26% to 30% of COVID-19 patients in early reports [10]. Pranata
et al. [11] conducted a meta-analysis involving 6,560 participants from 30 papers published in PubMed and
other databases to identify a connection between hypertension and COVID-19 severity and mortality.
Hypertension was linked to an increased risk of death (relative risk (RR) = 2.21 (1.74, 2.81), p < 0.001) and
COVID-19 severity (RR = 2.04 (1.69, 2.47), p < 0.001) [11].

Kumar et al. [12] found an OR of 2.75 (95% CI = 2.09 to 3.62) for the relationship between diabetes and
severity and an OR of 1.90 (95% CI = 1.37 to 2.64) for diabetes and mortality [12]. Another recent meta-
analysis that included approximately 30 studies (16,003 and 6,452 patients, respectively) aimed to
investigate the relationship between solely diabetes and COVID-19 severity and mortality. According to the

research, diabetes was linked to mortality (RR = 2.12 (1.44, 3.11), p 0.001; 2= 72%) and the severity of
COVID-19 infection (RR = 2.45 (1.79, 3.35), p 0.001; I% = 45%) [13].

The association between hypertension, diabetes, and worse COVID-19 infection outcomes might be
attributable to the greater prevalence of comorbidities and the individuals’ older age. Hypertension was not
shown to be an independent factor influencing COVID-19 outcomes in an Italian cross-sectional
investigation [14].

This study has several limitations. The effects of diabetes and hypertension cannot be attributed only to
these exposures as individuals may have had other comorbidities such as renal disease, coronary heart
disease, or respiratory distress syndrome as well. Second, the majority of the investigations were conducted
entirely in China. Additional data will become accessible as the disease expands throughout the world,
allowing researchers to see if comparable conclusions apply to other groups. Third, multiple disorders
typically coexist in the same people, and it is possible that one of them increases the risk assigned to the
others. Finally, we were unable to analyze the interaction of age, obesity, glycemic control, and type of
diabetes because of the limited literature available [15,16].

Nonetheless, our study has notable strengths as well, including a large number of participants, the inclusion
of certain demographic and biochemical values such as age, blood pressure, glycemic record, duration in
hospital, and several biochemical inflammatory markers such as CRP, D-dimers, LDH, and serum ferritin.
Taking all of these factors into account, our findings support the relevance of diabetes and hypertension to
COVID-19 severity and mortality.

This data would be useful not just for future systematic studies but also for frontline doctors to identify the
COVID-19 risks that their patients face. Patient characteristics, subtypes of hypertension or diabetes, length
of disease, drugs taken, and disease control indicators should all be reported in future studies of COVID-19
patients with diabetes or hypertension [3]. Because of the wide range of definitions of COVID-19 severity,
we advocate utilizing the ICU admission rate as a more objective approach to determining severity until a
uniform definition of COVID-19 severity is accepted.

Chronic disorders such as diabetes and hypertension have been linked to a poor prognosis in studies [17,18].
To combat the expanding burden of the COVID-19 pandemic, it is required to improve medical certification
of causes of death across nations as well as develop an analytical process for standard minimum data
reporting [19].

Conclusions

Our results revealed that diabetes and hypertension are strongly associated with poor disease outcomes for
COVID-19. Hence, these diseases are strong predictors of COVID-19 severity and are associated with higher
risk in terms of morbidity and mortality due to respiratory deterioration. The notable strengths of our study
include the thorough clinical characterization of patients with the use of several biochemical inflammatory
markers. Patients with these diseases face a higher risk of poor outcomes compared with those without
these comorbidities. This also markedly reinforces the clinical message that diabetes and hypertension are
significant prognostic indicators for unfavorable outcomes during COVID-19. Hence, these two are the
objectives that must be aggressively tackled in the management of COVID-19.
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Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board, King Edward Medical University, Lahore issued approval 48/RC/KEMU. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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