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Purpose: Corona Virus Disease 2019 (COVID-19) endangers the health and survival of the elderly. We tried to explore factors 
especially kidney function which affected mortality in elderly hypertensive patients with COVID-19.
Methods: We conducted a retrospective research of 748 COVID-19 elderly patients (≥65 years old) at Zhejiang Hospital. This study 
compared demographic data, laboratory values, comorbidities, treatments, and clinical outcomes of hypertension and non-hypertension 
participants, and subgroup analysis of age and frailty was conducted in the hypertension population. Survival analysis was used to 
determine risk factors for death in elderly patients with COVID-19.
Results: Our study revealed that the elderly hypertensive patients with COVID-19 had higher blood urea nitrogen (BUN), serum uric 
acid (UA), serum creatinine (Scr), lower estimated glomerular filtration rate (eGFR), higher incidence of severity, admission to 
intensive care unit (ICU) and death, and longer in-hospital stay than non-hypertensive patients, which also occurred in the very elderly 
hypertensive patients compared with younger hypertensive patients and frail hypertensive patients compared with no-frail hypertensive 
patients. In addition, the prevalence of acute kidney injury (AKI) was higher in the oldest old hypertensive patients and frail 
hypertensive patients. Multivariate survival analysis indicated that the independent risk factors for death from COVID-19 were age 
≥80 years, heart failure, antiviral therapy, calcium channel blocker (CCB) therapy, mechanical ventilation, AKI, and eGFR<60 mL/min 
per 1.73 m2.
Conclusion: The results of the present study suggested that the elderly hypertensive patients with COVID-19 would have more 
serious kidney injury, more serious disease progression and higher mortality, which also occurred in very elderly and frailty subgroup. 
Kidney dysfunction was closely related to mortality in elderly patients with COVID-19.
Keywords: mortality, kidney dysfunction, frailty, elderly, hypertensive hospitalized patients with COVID-19

Introduction
In late 2019, a highly transmissible and pathogenic coronavirus triggered a pandemic of acute respiratory disease, 
threatening human health and public safety. On February 11, the International Committee on Taxonomy of Viruses 
named the novel coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the World Health 
Organization named the disease “Corona Virus Disease 2019 (COVID-19)”.1 It appears that people of all ages are 
susceptible to SARS-CoV-2 infection, but the clinical presentation varies by age. In general, most young people and 
children have only mild symptoms (non-pneumonia or mild pneumonia) or no symptoms, while elderly men (>60 years) 
with comorbidities are more likely to develop severe respiratory disease that requires hospitalization or even death.2 In 
fact, a large number of studies well demonstrated that the in-hospital death in patients with COVID-19 was associated 
with older age.3–6 As the high mortality of elderly patients compared with other populations, it is necessary to explore the 
risk factors of death of elderly patients with COVID-19.
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Some pre-existing diseases which included lung disease, cardiovascular disease, kidney disease, type 2 diabetes and 
hypertension greatly increased the risk of severe symptoms and death in patients with COVID-19.7–9 Epidemiological 
studies have found that hypertension is the most common comorbidity of patients with COVID-19.7–9 It is estimated that 
the prevalence of hypertension in Chinese patients with COVID-19 is between 15% and 25%. About 49.7% of 
hospitalized patients with COVID-19 in the United States suffer from hypertension.10 Among patients over 65 years 
old, the high comorbidity rate of hospitalized patients with COVID-19 is as high as 69%.11 Hypertension as 
a comorbidity has been found to be associated with an increased risk of serious disease and mortality with SARS- 
CoV-2 infection.8,12 The relationship between COVID-19 and hypertension does not seem surprising, nor does it 
necessarily imply a causal relationship, given the high prevalence of hypertension worldwide.11,13 In some studies, 
hypertension was not an independent factor for the mortality of COVID-19 according to multivariate adjusted analysis, in 
spite of the fact that it was identified as a risk factor through univariate5,14 or bivariate survival analysis.15 Hypertension 
patients are usually accompanied by a variety of comorbidities, such as diabetes, hypertension mediated heart injury and 
other cardiovascular related complications, which increase with age and are associated with COVID-19 severity and 
mortality. Frailty is also a complex age-related clinical disease characterized by a decrease in the physiological capacity 
of multiple organ systems, which increases susceptibility to stressors and increases the risk of adverse consequences.16 

A meta-analysis showed a linear relationship between an increase in clinical frailty scale scores and an increase in 
mortality.17 Therefore, the influence of hypertension on the course of COVID-19 may be affected by the interaction of 
age and other risk factors.11,18,19

Kidney damage ranging from a benign to a malignant represents a frequent event in the course of hypertension.20 The 
function and morphology of the kidney change markedly with age. Those can be observed in the kidneys of the elderly 
including structural changes such as renal vascular changes, glomerulosclerosis, tubular atrophy and interstitial fibrosis, 
as well as functional changes such as a decrease in glomerular filtration rate (GFR) and ultrafiltration coefficient, an 
increase in capillary pressure, changes in renal vasoconstriction and vasodilator sensitivity, and reduced autoregulation, 
and functional reserve. Hypertension as an age-related disease can accelerate these changes and have random deleterious 
effects on the kidneys.21–23 It has been indicated that the prevalence of hypertension in COVID-19 patients with AKI is 
significantly higher than that in non-AKI patients, which suggests that hypertension is related to renal function in patients 
with COVID-19.3,24–26 A recent research reported that frailty was also a risk factor for AKI development in elderly 
patients.27 This study analyzed the differences in kidney function and outcomes of elderly hypertensive patients with 
COVID-19 during hospitalization and carried out a subgroup analysis of age and frailty, followed by the survival analysis 
in order to clarify the risk factors of death in elderly patients.

Materials and Methods
Study Design and Participants
This single-center retrospective study was conducted in Zhejiang Hospital during the COVID-19 pandemic period from 
December, 2022 to January, 2023. All elderly patients (age ≥ 65 years) who tested positive for polymerase-chain reaction 
in nasopharyngeal samples for neocrown pneumonia and received inpatient treatment from December 8, 2022, to 
January 7, 2023, were eligible. Patients with chronic kidney disease, renal insufficiency, uremia, renal failure, and 
hemodialysis status were excluded. Patients were also excluded if they were with duplicate data and missing important 
data. The total sample size depends on the number of cases admitted to our hospital in this study. The study complied 
with the Declaration of Helsinki and was approved by Zhejiang Hospital Ethics Review Committee (2022-31J). 
Participants who took part in screening for geriatric syndrome were given written informed consent before participating 
in the study.

Data Collection
Clinical data and vital signs were recorded on electronic medical records by clinicians in their daily work. The electronic 
medical records of each patient were reviewed and the following data were collected: age, gender, cigarette smoking, 
alcoholism, comorbidities including hypertension, coronary atherosclerotic heart disease, arrhythmia, heart failure, 
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cerebral infarction, diabetes, chronic obstructive pulmonary disease (COPD), malignancy, Alzheimer’s disease (AD) and 
sleep disorders; treatments during hospitalization including thymalfasin, antiviral therapy (molnupiravir and paxlovid), 
angiotensin receptor blocker (ARB), calcium channel blocker (CCB), statins, anticoagulant drugs (heparin, clopidogrel, 
aspirin, rivaroxaban, dabigatran and warfarin), nutrition supplement (enteral nutrition, parenteral nutrition, and whey 
protein powder), endotracheal intubation and mechanical ventilation; geriatric syndrome including dystrophy, frailty and 
sarcopenia; laboratory parameters including blood urea nitrogen (BUN), serum uric acid (UA), serum creatinine (Scr), 
serum potassium, serum sodium, serum chlorine, estimated glomerular filtration rate (eGFR) and urine tests (proteinuria, 
glycosuria and ketone); time of hospitalization and discharge or death; severe or intensive care unit (ICU) admission.

Definitions
According to the Kidney Disease: Improving Global Output (KDIGO) guidelines, acute kidney injury (AKI) is defined as 
either an increase in serum creatinine from baseline by at least 50% to the highest creatinine level during hospitalization, 
or a 0.3 mg/dL increase in serum creatinine within 48 hours.28 Due to a lack of baseline creatinine levels (defined as the 
average creatinine value from 7 to 365 days prior to hospitalization), the minimum creatinine value during hospitalization 
was used as baseline creatinine. Dystrophy, frailty and sarcopenia were determined through screening for geriatric 
syndrome. Meeting any one of the two criteria is defined as malnutrition, which means that Participants who lost more 
than 3 kg of weight without intentional weight loss or had experienced loss of appetite in the past 3 months. The calf 
circumference of participants was measured and the maximum value was taken; men <34 cm and women <33 cm were 
considered to have sarcopenia, excluding paralysis and edema. Frailty was assessed by the FRAIL scale, which include 
five questions: 1) Do you feel tired? 2) Can you walk a distance of one block (500 meters)? 3) Can you go up 
a staircase? 4) Do you suffer from more than 5 diseases? 5) Have you lost more than 5% of your weight in the past 6 
months? Scale score ≥3 was defined as frailty.

Statistical Analysis
All data in this study were statistically analyzed by SPSS IBM® SPSS Statistics, version 26 or Prism 8 (GraphPad). The 
primary analysis compared the renal function, ICU occupancy, severity, mortality, and length of stay of elderly 
hospitalized patients with COVID-19 during hospitalization. All continuous variables were presented as mean ± SD or 
median (interquartile range [IQR]), while categorical variables were expressed as frequency or percentages (%). The 
normality of distribution of continuous variables was assessed with Kolmogorov–Smirnov’s test. Continuous variables 
conforming to normal distribution were compared by independent t-test, and other numerical variables were compared by 
Mann–Whitney U-test. Distributions of categorical variables were compared using the Chi-square test or Fisher exact 
test. Participants were categorized into AKI and no AKI group according to serum creatinine level during hospitalization 
or eGFR ≥ 60 mL/min per 1.73 m2 or eGFR < 60 mL/min per 1.73 m2 group according to eGFR level during 
hospitalization. Survival curves were plotted by the Kaplan–Meier method in AKI patients and non-AKI patients, as 
well as in eGFR subgroups, using a logarithmic rank test. Multivariate Cox regression analysis was used to analyze the 
correlation between AKI or eGFR and in-hospital death, in which covariates included variables with p-values <0.05 in 
univariate analysis. All statistical tests were 2-sided, and a P value <0.05 was considered statistically significant.

Results
Patients
During the period from December 8, 2022, to January 7, 2023, a total of 1096 elderly patients with COVID-19 were 
admitted to the hospital. Fifty-five patients were excluded due to data duplication. One hundred and seventy-three 
patients were excluded from the present study due to chronic kidney disease (n = 64), renal insufficiency (n = 125), 
uremia (n = 15), renal failure (n = 31), and receiving long-term dialysis (n = 46). One hundred and twenty patients were 
excluded due to missing important data. Eventually, 748 eligible patients were included in the study (Figure 1).

The clinical characteristics of the patients included in the study are shown in Table 1. Median age was 76 (IQR 69– 
85) years, ranging from 65 years to 99 years. Of these, 416 (55.6%) were men, 158 (21.1%) had history of cigarette 
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smoking and 116 (15.5%) had history of alcoholism. The median length of hospital stay was 8 (IQR 4–18) days. 
Hypertension is the most common comorbidity (422, 56.4%), followed by diabetes (199, 26.6%), malignancy (167, 
22.3%), arrhythmia (146, 19.5%), cerebral infarction (146, 19.5%) and coronary atherosclerotic heart disease (136, 

Figure 1 Flowchart of the study.

Table 1 Clinical Characteristics of All Patients

All Patients (n=748)

Age, median (IQR) 76.00 (69.00–85.00)

Male, n (%) 416 (55.6)
Cigarette smoking, n (%) 158 (21.1)

Alcoholism, n (%) 116 (15.5)

Length of stay, median (IQR) 8 (4–18)
Comorbid conditions, n (%)

Hypertension 422 (56.4)

Coronary atherosclerotic heart disease 136 (18.2)
Arrhythmia 146 (19.5)

Heart failure 45 (6.0)
Cerebral infarction 146 (19.5)

Diabetes 199 (26.6)

Chronic obstructive pulmonary disease 54 (7.2)
Malignancy 167 (22.3)

Alzheimer disease 78 (10.4)

Sleep disorders 58 (7.8)
Treatment received during hospitalization

Thymalfasin 58 (7.8)

Antiviral therapy 68 (9.1)
ARB 120 (16.0)

CCB 180 (24.1)

Statins 181 (24.2)
Anticoagulant drugs 273 (36.5)

Nutrition supplement 55 (7.4)

Endotracheal intubation 42 (5.6)
Mechanical ventilation 64 (8.6)

(Continued)
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18.2%). Sixty-three of 590 patients (8.4%) were assessed as malnutrition, 119 of 536 patients (15.9%) were with frailty 
and 233 of 540 patients (31.1%) had sarcopenia. During the hospitalization, these patients were treated with thymalfasin 
(58, 7.8%), antiviral therapy (68, 9.1%), ARB (120, 16.0%), CCB (180, 24.1%), statins (181, 24.2%), anticoagulant 
drugs (273, 36.5%), nutrition supplement (55, 7.4%), endotracheal intubation (42, 5.6%), mechanical ventilation (64, 
8.6%), respectively. The laboratory data of patients are also shown in Table 1. The median admission BUN, Scr, UA, and 
eGFR for these patients were 6.00 (IQR 4.70–7.70) mmol/L, 72.50 (IQR 60.00–88.00) μmol/L, 285.00 (IQR 230.00– 
363.00) μmol/L, and 80.15 (IQR 65.00–89.88) mL/min/1.73 m2. The median values of Peak BUN, Scr and UA for these 

Table 1 (Continued). 

All Patients (n=748)

Geriatric Syndrome, n (%)

Dystrophy 63 (8.4)
Frailty 119 (15.9)

Sarcopenia 233 (31.1)

Kidney function
Admission BUN (mmol/L, IQR) 6.00 (4.70–7.70)

Admission Scr (μmol/L, IQR) 72.50 (60.00–88.00)

Admission UA (μmol/L, IQR) 285.00 (230.00–363.00)
Admission eGFR (mL/min/1.73 m2, IQR) 80.15 (65.00–89.88)

Peak BUN (mmol/L, IQR) 6.60 (5.02–8.80)

Peak Scr (μmol/L, IQR) 76.00 (63.00–95.00)
Peak UA (μmol/L, IQR) 301.00 (243.00–384.00)

Minimum eGFR (mL/min/1.73 m2, IQR) 76.45 (59.80–88.68)

Classification of minimum eGFR
≥90 mL/min per 1.73 m2 159 (21.3)

60–89.9 mL/min per 1.73 m2 402 (53.7)

30–59.9 mL/min per 1.73 m2 148 (19.8)
15–29.9 mL/min per 1.73 m2 25 (3.3)

<15 mL/min per 1.73 m2 14 (1.9)
AKI, n (%) 94 (12.6)

Admission serum potassium (mmol/L) 3.89 (3.58–4.18)

Admission serum sodium (mmol/L) 139.26 (135.57–141.74)
Admission serum chlorine (mmol/L) 104.20 (101.60–106.80)

Admission urine tests

Proteinuria, n (%)
Not measured 151 (20.2)

Negative 502 (67.1)

1+ 59 (7.9)
2+ 36 (4.8)

Glycosuria, n (%)

Not measured 151 (20.2)
Negative 531 (71.0)

1+ 33 (4.4)

2+ 33 (4.4)
Ketone, n (%)

Not measured 151 (20.2)

Negative 558 (74.6)
1+ 31 (4.1)

2+ 8 (1.1)

Abbreviations: IQR, interquartile range; ARB, angiotensin receptor blocker; CCB, 
calcium channel blocker; BUN, blood urea nitrogen; UA, serum uric acid; Scr, serum 
creatinine; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury.
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patients were 6.60 (IQR 5.02–8.80) mmol/L, 76.00 (IQR 63.00–95.00) μmol/L and 301.00 (IQR 243.00–384.00) μmol/L. 
The median value of minimum eGFR was 76.45 (59.80–88.68) mL/min/1.73 m2 and 589 patients (78.7%) had 
a glomerular filtration rate below 90 mL/min/1.73 m2. According to definitions, 94 of 748 patients (12.6%) developed 
AKI during their hospitalization.

Inpatient Characteristics by Hypertension Status
As shown in Table 2, compared with study participants without hypertension, those with hypertension were older 
(median 78 vs 73, p < 0.001) and were more likely to be with frailty (19.2% vs 11.7%, p = 0.018) and had the longer 
length of hospital stay (9(5–23.25) vs 7(4–13), p < 0.001). With the exception of COPD, all pre-existing comorbidities 

Table 2 Inpatient Characteristics by Hypertension Status

Hypertension 
(n=422)

No Hypertension 
(n=326)

P

Age, median (IQR) 78.00 (71.00–87.00) 73.00 (68.00–83.00) <0.001

Male, n (%) 242 (57.3) 174 (53.4) 0.278
Cigarette smoking, n (%) 98 (23.2) 60 (18.4) 0.109

Alcoholism, n (%) 45 (13.8) 71 (16.8) 0.258

Length of stay, median (IQR) 9 (5–23.25) 7 (4–13) <0.001
Comorbid conditions, n (%)

Coronary atherosclerotic heart disease 106 (25.1) 30 (9.2) <0.001

Arrhythmia 108 (25.6) 38 (11.7) <0.001
Heart failure 32 (7.6) 13 (4.0) 0.040

Cerebral infarction 108 (25.6) 38 (11.7) <0.001

Diabetes 139 (32.9) 60 (18.4) <0.001
Chronic obstructive pulmonary disease 37 (8.8) 17 (5.2) 0.063

Malignancy 74 (17.5) 93 (28.5) <0.001

Alzheimer disease 53 (12.6) 25 (7.7) 0.030
Sleep disorders 40 (9.5) 18 (5.5) 0.045

Treatment received during hospitalization

Thymalfasin 35 (8.3) 23 (7.1) 0.530
Antiviral therapy 43 (10.2) 25 (7.7) 0.234

ARB 66 (15.6) 54 (16.6) 0.733

CCB 109 (25.8) 71 (21.8) 0.199
Statins 102 (24.2) 79 (24.2) 0.984

Anticoagulant drugs 159 (37.7) 114 (35.0) 0.445

Nutrition supplement 33 (7.8) 22 (6.7) 0.578
Endotracheal intubation 27 (6.4) 15 (4.6) 0.290

Mechanical ventilation 43 (10.2) 21 (6.4) 0.069

Geriatric Syndrome, n (%)
Dystrophy 31 (7.3) 32 (9.8) 0.446

Frailty 81 (19.2) 38 (11.7) 0.018

Sarcopenia 121 (28.7) 112 (34.4) 0.075
Kidney function

Admission BUN (mmol/L, IQR) 6.29 (4.92–8.00) 5.69 (4.50–7.32) 0.002

Admission Scr (μmol/L, IQR) 75.00 (63.00–91.25) 68.00 (57.00–82.00) <0.001
Admission UA (μmol/L, IQR) 295.00 (233.00–376.25) 274.00 (223.75–340.25) 0.011

Admission eGFR (mL/min/1.73 m2, IQR) 76.45 (62.80–86.63) 85.80 (70.18–92.18) <0.001
Peak BUN (mmol/L, IQR) 7.05 (5.38–9.45) 6.20 (4.79–8.11) <0.001

Peak Scr (μmol/L, IQR) 80.50 (67.00–99.25) 70.50 (58.00–86.00) <0.001

Peak UA (μmol/L, IQR) 319.50 (251.00–397.00) 282.00 (235.00–355.00) <0.001
Minimum eGFR (mL/min/1.73 m2, IQR) 71.95 (54.88–84.63) 83.20 (66.75–91.13) <0.001

(Continued)
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were significantly elevated in patients with hypertension. There was no statistically significant difference in gender, 
smoking status, alcoholism and treatment received during hospitalization.

As to the Kidney function, patients with hypertension were featured by higher levels of BUN (median 6.29 vs 5.69 
mmol/L, p = 0.002), UA (median 295.00 vs 274.00 μmol/L, p = 0.011) and Scr (median 75.00 vs 68.00 μmol/L, p < 
0.001) and lower levels of eGFR (median 76.45 vs 85.80 mL/min/1.73 m2, p < 0.001) on admission. The peak levels of 
BUN (median 7.05 vs 6.20 mmol/L, p < 0.001), UA (median 319.50 vs 282.00 μmol/L, p < 0.001) and Scr (median 80.50 
vs 70.50 μmol/L, p < 0.001) were significantly elevated and the minimum levels of eGFR (median 71.95 vs 83.20 mL/ 
min/1.73m2, p < 0.001) were significantly decreased in patients with hypertension compared with patients without 
hypertension during hospitalization. The proportions of study participants with eGFR ≥ 90 mL/min per 1.73 m2, eGFR 
60–89.9 mL/min per 1.73 m2, eGFR 30–59.9 mL/min per 1.73 m2, eGFR 15–29.9 mL/min per 1.73 m2 and 
eGFR<15 mL/min per 1.73 m2 were 14.7%, 55.2%, 23.5%, 4.7% and 1.9% among those who developed hypertension, 
while the corresponding proportions were 29.8%, 51.8%, 15.0%, 1.5% and 1.8% among those without hypertension, 
respectively.

Clinical Features of Very Elderly Patients with Hypertension
Table 3 shows that among patients with hypertension, the oldest old (≥80 years old) were more likely to suffer from 
comorbidities such as coronary atherosclerotic heart disease (31.4% vs 19.9%, p = 0.007), cerebral infarction (34.0% vs 
18.6%, p < 0.001), diabetes (32.9% vs 18.4%, p < 0.001), COPD (14.7% vs 3.9%, p < 0.001) and AD (24.6% vs 2.6%, 

Table 2 (Continued). 

Hypertension 
(n=422)

No Hypertension 
(n=326)

P

Classification of minimum eGFR
≥90 mL/min per 1.73 m2 62 (14.7) 97 (29.8) <0.001

60–89.9 mL/min per 1.73 m2 233 (55.2) 169 (51.8)

30–59.9 mL/min per 1.73 m2 99 (23.5) 49 (15.0)
15–29.9 mL/min per 1.73 m2 20 (4.7) 5 (1.5)

<15 mL/min per 1.73 m2 8 (1.9) 6 (1.8)

AKI, n (%) 60 (14.2) 34 (10.4) 0.121
Admission serum potassium (mmol/L) 3.84 (3.52–4.18) 3.94 (3.65–4.16) 0.188

Admission serum sodium (mmol/L) 139.21 (135.27–141.80) 139.30 (136.22–146.68) 0.841

Admission serum chlorine (mmol/L) 104.20 (101.35–106.83) 104.20 (101.98–106.80) 0.628
Admission urine tests

Proteinuria, n (%)

Not measured 86 (20.4) 65 (19.0) 0.078
Negative 271 (64.2) 231 (70.9)

1+ 40 (9.5) 19 (5.8)

2+ 25 (5.9) 11 (3.4)
Glycosuria, n (%)

Not measured 86 (20.4) 65 (19.0) 0.459

Negative 295 (69.9) 236 (72.4)
1+ 18 (4.3) 15 (4.6)

2+ 23 (5.5) 10 (3.1)
Ketone, n (%)

Not measured 86 (20.4) 65 (19.0) 0.811

Negative 316 (74.9) 242 (74.2)
1+ 15 (3.6) 16 (4.9)

2+ 5 (1.2) 3 (0.9)

Abbreviations: IQR, interquartile range; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; BUN, blood urea nitrogen; UA, 
serum uric acid; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury.
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Table 3 Clinical Features of Very Elderly Patients with Hypertension

Hypertension with  
Age≥80 (n=191)

Hypertension with  
Age <80 (n=231)

P

Male, n (%) 111 (58.1) 131 (56.7) 0.771

Cigarette smoking, n (%) 35 (18.3) 63 (27.3) 0.030

Alcoholism, n (%) 27 (14.1) 44 (19.0) 0.179
Length of stay, median (IQR) 15 (6–29) 7 (4–13) <0.001

Comorbid conditions, n (%)

Coronary atherosclerotic heart disease 60 (31.4) 46 (19.9) 0.007
Arrhythmia 43 (18.6) 65 (34.0) <0.001

Heart failure 18 (9.4) 14 (6.1) 0.194
Cerebral infarction 65 (34.0) 43 (18.6) <0.001

Diabetes 76 (32.9) 63 (33.0) 0.985

Chronic obstructive pulmonary disease 28 (14.7) 9 (3.9) <0.001
Malignancy 28 (14.7) 46 (19.9) 0.158

Alzheimer disease 47 (24.6) 6 (2.6) <0.001

Sleep disorders 23 (12.0) 17 (7.4) 0.102
Treatment received during hospitalization

Thymalfasin 15 (7.9) 20 (8.7) 0.765

Antiviral therapy 3 (1.6) 8 (3.5) 0.225
ARB 20 (10.5) 23 (10.0) 0.862

CCB 0 0 —

Statins 28 (14.7) 38 (16.5) 0.614
Anticoagulant drugs 65 (34.0) 94 (40.7) 0.160

Nutrition supplement 15 (7.9) 18 (7.8) 0.981

Endotracheal intubation 21 (11.0) 6 (2.6) <0.001
Mechanical ventilation 31 (16.2) 12 (5.2) <0.001

Geriatric Syndrome, n (%)

Dystrophy 13 (6.8) 18 (7.8) 0.830
Frailty 67 (35.1) 14 (6.1) <0.001

Sarcopenia 76 (39.8) 45 (19.5) <0.001

Kidney function
Admission BUN (mmol/L, IQR) 7.10 (5.41–9.62) 5.63 (4.50–7.10) <0.001

Admission Scr (μmol/L, IQR) 76.00 (66.00–95.00) 73.00 (61.00–86.00) 0.003

Admission UA (μmol/L, IQR) 295.00 (229.00–388.00) 295.00 (235.00–372.00) 0.505
Admission eGFR (mL/min/1.73 m2, IQR) 69.90 (57.40–78.30) 84.60 (69.00–91.00) <0.001

Peak BUN (mmol/L, IQR) 8.60 (6.10–12.90) 6.20 (4.90–7.89) <0.001

Peak Scr (μmol/L, IQR) 89.00 (73.00–117.00) 76.00 (62.00–92.00) <0.001
Peak UA (μmol/L, IQR) 333.00 (257.00–448.00) 313.00 (249.00–380.00) 0.019

Minimum eGFR (mL/min/1.73 m2, IQR) 61.60 (44.30–74.70) 81.30 (65.20–90.50) <0.001

Classification of minimum eGFR
≥90 mL/min per 1.73 m2 0 62 (26.8) <0.001

60–89.9 mL/min per 1.73 m2 101 (52.9) 132 (57.1)

30–59.9 mL/min per 1.73 m2 65 (34.0) 34 (14.7)
15–29.9 mL/min per 1.73 m2 18 (9.4) 2 (0.9)

<15 mL/min per 1.73 m2 7 (3.7) 1(0.4)

AKI, n (%) 41 (21.5) 19 (8.2) <0.001
Admission serum potassium (mmol/L) 3.91±0.281 3.81±0.214 0.033

Admission serum sodium (mmol/L) 138.65 (134.95–142.27) 139.40 (136.66–141.69) 0.463

Admission serum chlorine (mmol/L) 104.00 (101.50–106.90) 104.60 (101.20–106.80) 0.820
Admission urine tests

(Continued)
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p < 0.001) and were more likely to be with frailty (35.1% vs 6.1%, p < 0.001) and sarcopenia (39.8% vs 19.5%, p < 
0.001). Furthermore, the very elderly (≥80 years old) group contained a higher proportion of patients who required 
mechanical ventilation (16.2% vs 5.2%, p < 0.001) or endotracheal intubation (11.0% vs 2.6%, p < 0.001). All serum 
kidney function laboratory findings were significantly worse except for UA among ≥80-year-old patients with hyperten
sion compared with <80-year-old patients with hypertension on admission. Older participants (≥80 years old) had higher 
levels of peak BUN (median 8.60 vs 6.20 mmol/L, p <0.001), peak Scr (median 89.00 vs 76.00 μmol/L, p < 0.001) and 
peak UA (median 333.00 vs 313.00 μmol/L, p = 0.019) and lower level of minimum eGFR (median 61.60 vs 81.30 mL/ 
min per 1.73 m2, p < 0.001) with all minimum eGFR below normal during hospitalization. Among the oldest old,41 of 
191 (21.5%) developed AKI compared with 19 of 231 (8.2%) in younger patients. Finally, older participants were more 
likely to have a longer hospital stay (median 15 vs 7, p < 0.001).

Clinical Features of Frail Patients with Hypertension
This is shown in Table 4 that frail patients with hypertension were older (median 90 vs 73, p < 0.001) and more likely to 
have history of coronary atherosclerotic heart disease (37.0% vs 21.5%, p = 0.006), arrhythmia (38.3% vs 23.8%, p = 
0.012), cerebral infarction (34.6% vs 21.1%, p = 0.016), COPD (17.3% vs 5.4%, p = 0.001), AD (30.9% vs 5.4%, p < 
0.001) and sleep disorders (14.8% vs 7.2%, p = 0.042) and more likely to receive mechanical ventilation (13.6% vs 4.9%, 
p = 0.010) and have a longer hospital stay (median 27 vs 7, p < 0.001). There were no statistically significant difference 
in kidney function laboratory findings except for BUN (median 7.18 vs 6.00 mmol/L, p = 0.002) between frailty group 
and no-frailty group among patients with hypertension on admission. Frail patients with hypertension had higher levels of 
peak BUN (median 8.63 vs 6.49 mmol/L, p < 0.001), peak Scr (median 89.00 vs 79.00 μmol/L, p =0.008) and peak UA 
(median 358.00 vs 308.00 μmol/L, p = 0.008) and lower level of minimum eGFR (median 63.20 vs 74.50 mL/min per 
1.73 m2, p < 0.001) compared with no-frail patients with hypertension during hospitalization. 24.7% patients in frail 
group developed AKI compared with 9.4% patients in no-frail group. The proportion of participants with proteinuria 
(27.2% vs 9.8%) and ketone (11.1% vs 3.1%) were significantly higher in patients who were frail than those who 
were not.

Table 3 (Continued). 

Hypertension with  
Age≥80 (n=191)

Hypertension with  
Age <80 (n=231)

P

Proteinuria, n (%)
Not measured 42 (22.0) 45 (19.5) 0.016

Negative 109 (57.1) 161 (69.7)

1+ 26 (13.6) 14 (6.1)
2+ 14 (7.3) 11 (4.8)

Glycosuria, n (%)

Not measured 42 (22.0) 44 (19.0) 0.904
Negative 131 (68.6) 164 (71.0)

1+ 8 (4.2) 10 (4.3)

2+ 10 (5.2) 13 (5.6)
Ketone, n (%)

Not measured 42 (22.0) 44 (19.0) 0.057

Negative 136 (71.2) 180 (77.9)
1+ 8 (4.2) 7 (3.0)

2+ 5 (2.6) 0

Abbreviations: IQR, interquartile range; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; BUN, blood urea 
nitrogen; UA, serum uric acid; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury.
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Table 4 Clinical Features of Frail Patients with Hypertension

Hypertension with  
Frailty (n=81)

Hypertension Without  
Frailty (n=223)

P

Age, median (IQR) 90.00 (84.00–94.00) 73.00 (69.00–81.00) <0.001

Male, n (%) 55 (67.9) 120 (53.8) 0.028

Cigarette smoking, n (%) 16 (19.8) 55 (24.7) 0.371
Alcoholism, n (%) 8 (9.9) 42 (18.8) 0.063

Length of stay, median (IQR) 27 (14–30) 7 (5–16) <0.001

Comorbid conditions, n (%)
Coronary atherosclerotic heart disease 30 (37.0) 48 (21.5) 0.006

Arrhythmia 31 (38.3) 53 (23.8) 0.012
Heart failure 8 (9.9) 11 (4.9) 0.115

Cerebral infarction 28 (34.6) 47 (21.1) 0.016

Diabetes 30 (37.0) 70 (31.4) 0.354
Chronic obstructive pulmonary disease 14 (17.3) 12 (5.4) 0.001

Malignancy 12 (14.8) 38 (17.0) 0.644

Alzheimer disease 25 (30.9) 12 (5.4) <0.001
Sleep disorders 12 (14.8) 16 (7.2) 0.042

Treatment received during hospitalization

Thymalfasin 10 (12.3) 20 (9.0) 0.383
Antiviral therapy 12 (14.8) 20 (9.0) 0.142

ARB 11 (13.6) 42 (18.8) 0.286

CCB 20 (24.7) 65 (29.1) 0.444
Statins 16 (19.8) 65 (29.1) 0.101

Anticoagulant drugs 28 (34.6) 96 (43.0) 0.183

Nutrition supplement 10 (12.3) 17 (7.6) 0.201
Endotracheal intubation 8 (9.9) 9 (4.0) 0.050

Mechanical ventilation 11 (13.6) 11 (4.9) 0.010

Kidney function
Admission BUN (mmol/L, IQR) 7.18 (5.52–9.60) 6.00 (4.70–7.30) 0.002

Admission Scr (μmol/L, IQR) 73.00 (60.50–90.50) 75.00 (64.00–89.00) 0.408

Admission UA (μmol/L, IQR) 297.00 (247.50–384.50) 294.00 (239.00–372.00) 0.466
Admission eGFR (mL/min/1.73 m2, IQR) 75.20 (62.70–83.10) 78.50 (63.30–88.50) 0.077

Peak BUN (mmol/L, IQR) 8.63 (6.74–14.23) 6.49 (5.20–8.80) <0.001

Peak Scr (μmol/L, IQR) 89.00 (69.50–113.00) 79.00 (66.00–93.00) 0.008
Peak UA (μmol/L, IQR) 358.00 (267.50–449.50) 308.00 (254.00–383.00) 0.008

Minimum eGFR (mL/min/1.73 m2, IQR) 63.20 (45.40–77.10) 74.50 (60.20–87.20) <0.001

Classification of minimum eGFR
≥90 mL/min per 1.73 m2 4 (4.9) 39 (17.5) 0.003

60–89.9 mL/min per 1.73 m2 43 (53.1) 129 (57.8)

30–59.9 mL/min per 1.73 m2 27 (33.3) 50 (22.4)
15–29.9 mL/min per 1.73 m2 5 (6.2) 3 (1.3)

<15 mL/min per 1.73 m2 2 (2.5) 2 (0.9)

AKI, n (%) 20 (24.7) 21 (9.4) 0.001
Admission serum potassium (mmol/L) 4.06 (3.60–4.36) 3.83 (3.52–4.13) 0.051

Admission serum sodium (mmol/L) 138.22 (134.67–141.91) 139.40 (136.51–141.76) 0.158

Admission serum chlorine (mmol/L) 102.90 (99.45–105.45) 104.60 (102.00–106.90) 0.628
Admission urine tests

Proteinuria, n (%)

Not measured 15 (18.5) 40 (17.9) <0.001
Negative 44 (54.3) 161 (72.2)

1+ 14 (17.3) 19 (8.5)

2+ 8 (9.9) 3 (1.3)

(Continued)
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Outcomes of Elderly Patients with COVID-19
As shown in Table 5, among the 748 patients, 189 became severely ill (25.3%), 59 were admitted to the ICU (7.9%), and 
39 died (5.2%). Compared with those without hypertension, patients with hypertension, high incidence of severe illness 
(28.2% vs 21.5%, p = 0.036), higher ICU admission rate (9.7% vs 5.5%, p = 0.035) and higher in-hospital mortality 
(6.9% vs 3.1%, p = 0.020). In the elderly population with hypertension, very elderly participants were more likely to be 
admitted to the ICU (15.7% vs 4.8%, p < 0.001), develop severe illness (42.9% vs 16.0%, p < 0.001) or death (13.6% vs 
1.3%, p < 0.001). The proportion of participants with severe illness (48.1% vs 14.8%, p < 0.001), admission to ICU 
(12.3% vs 2.2%, p = 0.001), and death (14.8% vs 1.3%, p < 0.001) during hospital stay were significantly higher in 
patients who were frail than those who were not.

Kidney Function and Mortality
Kaplan–Meier analysis revealed a higher in-hospital death for patients with eGFR<60 mL/min per 1.73 m2 and for those 
developing AKI during hospital stay (Figure 2). Table 6 displays the results of Cox regression for in-hospital mortality. 
By univariate analysis, age ≥80 years (HR = 5.275, p < 0.001), heart failure (HR = 3.637, p = 0.002), antiviral therapy 
(HR = 2.397, p = 0.038), CCB treatment (HR = 2.056, p = 0.030), endotracheal intubation (HR = 9.659, p < 0.001), 
mechanical ventilation (HR = 13.200, p < 0.001), AKI (HR = 6.805, p < 0.001) and eGFR < 60 mL/min per 1.73 m2 (HR 
= 6.559, p < 0.001) were predictors of in-hospital death. As there is a correlation between Scr and eGFR, we constructed 
two multivariate Cox regression models, one including AKI and the other including eGFR. Multivariate Cox regression 
analysis including eGFR indicated that heart failure (HR = 2.801, p = 0.017), antiviral therapy (HR = 3.322, p = 0.006), 
CCB therapy (HR = 2.087, p = 0.034), mechanical ventilation (HR = 10.871, p <0.001), and eGFR < 60 mL/min per 
1.73 m2 (HR = 3.625, p = 0.001) were independent predictors of in-hospital mortality. Independent predictors, by another 

Table 4 (Continued). 

Hypertension with  
Frailty (n=81)

Hypertension Without  
Frailty (n=223)

P

Glycosuria, n (%)
Not measured 15 (18.5) 40 (17.9) 0.363

Negative 56 (69.1) 169 (75.8)

1+ 4 (4.9) 5 (2.2)
2+ 6 (7.4) 9 (4.0)

Ketone, n (%)

Not measured 15 (18.5) 40 (17.9) 0.020
Negative 57 (70.4) 176 (78.9)

1+ 5 (6.2) 6 (2.7)

2+ 4 (4.9) 1 (0.4)

Abbreviations: IQR, interquartile range; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; BUN, blood urea nitrogen; 
UA, serum uric acid; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury.

Table 5 Outcomes of Elderly Patients with COVID-19

All Patients 
(n=748)

Hypertension 
(n=422)

No 
Hypertension 

(n=326)

P Hypertension

Age≥80 
(n=191)

Age<80 
(n=231)

P Frailty 
(n=81)

No-Frailty 
(n=223)

P

Severe 189 (25.3) 119 (28.2) 70 (21.5) 0.036 82 (42.9) 37 (16.0) <0.001 39 (48.1) 33 (14.8) <0.001

ICU 
admission

59 (7.9) 41 (9.7) 18 (5.5) 0.035 30 (15.7) 11 (4.8) <0.001 10 (12.3) 5 (2.2) 0.001

Death 39 (5.2) 29 (6.9) 10 (3.1) 0.020 26 (13.6) 3 (1.3) <0.001 12 (14.8) 3 (1.3) <0.001

Abbreviation: ICU, intensive care unit.
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multivariate Cox analysis included age ≥80 years (HR = 3.110, p = 0.013), heart failure (HR = 2.534, p = 0.033), CCB 
treatment (HR = 2.719, p = 0.004), mechanical ventilation (HR = 7.780, p < 0.001) and AKI (HR = 2.347, p = 0.033).

Discussion
This is a retrospective study of elderly patients with COVID-19. The prevalence of AKI in the present study was 12.7%, 
and the proportion of patients with eGFR <60 mL/min per 1.73 m2 was 25%. Compared with non-hypertensive patients, 
hypertensive patients had more pronounced kidney dysfunction and a higher proportion of patients with eGFR <60 mL/ 

Figure 2 Kaplan–Meier survival curves for mortality during hospitalization with the effect of AKI (A) or eGFR<60 mL/min per 1.73 m2 (B). 
Abbreviations: AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.

Table 6 Multivariable Cox Regression Analysis on the Risk Factors Associated with Death in Older Patients with COVID-19

Factors Univariate Analysis Multivariate Analysis

HR (95% CI) p value eGFR<60 mL/min per 1.73 m2 AKI

HR (95% CI) p value HR (95% CI) p value

Age≥80 years 5.275 (2.187–12.725) <0.001 3.110 (1.270–7.616) 0.013

Hypertension 1.781 (0.864–3.672) 0.118

Coronary atherosclerotic heart disease 1.810 (0.923–3.549) 0.084

Arrhythmia 1.429 (0.716–2.850) 0.311

Heart failure 3.637 (1.503–3.800) 0.002 2.801 (1.205–6.511) 0.017 2.534 (1.076–5.967) 0.033

Cerebral infarction 1.034 (0.510–2.096) 0.926

Diabetes 0.591 (0.271–1.290) 0.186

Chronic obstructive pulmonary disease 1.653 (0.644–4.245) 0.296

Malignancy 1.647 (0.850–3.189) 0.139

Alzheimer disease 0.422 (0.147–1.210) 0.108

Sleep disorders 1.211 (0.428–3.430) 0.719

Thymalfasin 1.823 (0.756–4.396) 0.181

Antiviral therapy 2.397 (1.048–5.482) 0.038 3.322 (1.401–7.875) 0.006

ARB 1.144 (0.476–2.748) 0.764

CCB 2.056 (1.070–3.947) 0.030 2.087 (1.057–4.120) 0.034 2.719 (1.371–5.393) 0.004

Statins 1.072 (0.505–2.276) 0.856

Anticoagulant drugs 1.333 (0.699–2.543) 0.383

Nutrition supplement 1.509 (0.535–4.257) 0.437

Endotracheal intubation 9.659 (5.037–18.524) <0.001

Mechanical ventilation 13.200 (6.902–25.245) <0.001 10.871 (5.484–21.546) <0.001 7.780 (3.690–16.403) <0.001

Dystrophy 0.968 (0.293–3.197) 0.958

Frailty 1.843 (0.862–3.942) 0.115

Sarcopenia 0.888 (0.401–1.966) 0.770

AKI 6.805 (3.472–13.339) <0.001 2.347 (1.074–5.133) 0.033

eGFR<60 mL/min per 1.73 m2 6.559 (3.173–13.556) <0.001 3.625 (1.696–7.749) 0.001

Abbreviations: ARB, angiotensin receptor blocker; CCB, calcium channel blocker; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury.
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min per 1.73 m2 after SARS-CoV-2 infection, but there was no difference in the prevalence of AKI. In the hypertensive 
population, kidney function was more abnormal after SARS-CoV-2 infection in patients aged ≥80 years and in patients 
with frailty than in controls, with a significantly higher prevalence of AKI and a significantly higher proportion of 
patients with eGFR <60 mL/min per 1.73 m2. On the other hand, the overall mortality rate of COVID-19 was 5.2%. 
Factors associated with a higher risk of death included age ≥80 years, heart failure, antiviral therapy, CCB therapy, 
mechanical ventilation, AKI, and eGFR <60 mL/min per 1.73 m2.

Hypertension is the most common comorbidity in patients with COVID-19, and its association with the more severe 
course of COVID-19 and COVID-19-related deaths remains controversial. Early reports suggested that the prevalence of 
hypertension in patients with severe COVID-19 was significantly higher than that in patients without severe COVID- 
19,29,30 which also occurred in patients admitted to ICU31 and died of COVID-19.5 Similar results were obtained in our 
study that the prevalence of severity, admission to ICU, and death in the hypertensive group are significantly higher than 
those in the non-hypertensive group. Abdalla et al proposed that the increased risk of hospitalization of hypertensive 
patients with COVID-19 was due to the poor cholesterol output of macrophages caused by ATP Binding Cassette 
Subfamily G Member 1 depletion and the inflammatory effects of advanced glycation end product--bovine serum 
albumin.32 However, further multivariable analysis revealed that hypertension is not an independent risk factor for 
death in elderly patients with COVID-19. Our findings were supported by a prospective multi-center observational cohort 
study which reported that hypertension alone does not increase the mortality rate of COVID-19 or the hospitalization risk 
of patients receiving treatment.33 Nevertheless, a previous meta-analysis came to an inconsistent conclusion: those 
combined with hypertension had a significantly higher risk of in-hospital deaths, admission to ICU, and need for invasive 
ventilation among COVID-19 patients.34 In addition, older age and other potential risk factors are mostly observed in 
patients with hypertension. Subgroup analyses were performed considering that the association could be confounded by 
age and other comorbidities. It can be found that among patients with hypertension, the oldest old and frail patients had 
a more severe course of COVID-19 and higher mortality. The further survival analysis indicated that age and heart failure 
were important risk factors for the increased in-hospital mortality of COVID-19. In Japan, the mortality in patients aged 
70–79 years and ≥80 years was 6.8% and 14.8%, respectively, higher than that in all age groups which was 2.6%.18 

A large prospective observational cohort study in the UK reported that increasing age is a strong predictor of in-hospital 
mortality, and the hazard ratio for death compared to younger subjects age <50 years old escalated from 2.63 (95% CI 
2.06–3.35) in patients aged between 50 and 59 years and to 11.09 (95% CI 8.93–13.77) in patients of at least 80 years 
old.35 Although our study did not find frailty as an independent risk factor, Sara et al reported that the frailty level was the 
strongest prognostic factor for death in patients aged 65 years or older.36 Several studies indicated that frailty was 
strongly associated with adverse outcomes and outperformed age as a predictor in patients with COVID-19 so that its 
detection should not be neglected.37,38 Overall, mortality is predicted by age and the presence of other comorbidities, 
whereas hypertension has no significant intervention on COVID-19 lethality, which was consistent with previous 
studies.35,39,40

The main finding of this study is that the renal dysfunction in the COVID-19 hypertensive group and its subgroups 
was more severe compared with the control group, which was independently associated with COVID-19 in-hospital 
mortality. Although the lungs are considered the site of replication of SARS-CoV-2, infected patients often report other 
symptoms and multiple-organ failure, indicating involvement in the gastrointestinal tract, heart, cardiovascular system, 
kidneys, and other organs.41 After lung infection, the virus may accumulate in the kidneys through blood and cause 
damage to resident kidney cells.4 It has been confirmed that SARS-CoV2 has robust replication ability in human kidney 
cell lines (293T)42 and human kidney organoid models.43 Indeed, microscopic analyses of renal tissue revealed the 
accumulation of viral RNA in the tubules, accompanied by tubular isometric vacuolation and formation of double- 
membrane vesicles containing vacuoles, resulting in moderate to severe renal tubular injury.44,45 The incidence of renal 
abnormalities in patients with covid-19 pneumonia is high, with a sizeable fraction of patients presenting with 
proteinuria, hematuria, increased serum creatinine (Scr) and blood urea nitrogen (BUN).4,46 Cheng et al reported that 
the prevalence of kidney disease and the development of AKI during hospitalization in patients with COVID-19 are very 
high, which were related to the in-hospital mortality.4 There are many factors that contribute to renal dysfunction in 
patients with COVID-19, among which hypertension, age and frailty have been found to be risk factors for renal function 
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impairment in patients with COVID-19.24,27 Kidney disease has also been proved to be an important risk factor for 
mortality in elderly patients with COVID-19. A retrospective investigation of hospitalized older patients with confirmed 
COVID-19 at Zhongnan Hospital of Wuhan University at the beginning of 2020 reported that the proportion of patients 
at least 65 years old with an elevated baseline serum creatinine was 21.8% compared with 8.8% in younger patients, and 
elevated baseline serum creatinine levels are associated with mortality in elderly patients with COVID-19.47 Yan et al 
conducted a retrospective observational cohort study of elderly patients in a large tertiary nursing university hospital in 
Wuhan, China, and led to a similar conclusion: the incidence of AKI in elderly patients with COVID-19 is 13%, higher 
than that of COVID-19 in the general population and AKI is associated with a high risk of death.48

The mechanism of kidney injury in COVID-19 patients is still unclear, among which SARS-CoV-2 direct infection of 
renal tissue is the most comprehensive mechanism (Figure 3). SARS-CoV-2 binds to sensitive cells expressing ACE2 after 
contacting with the airway surface and has potential toxic effects on type II alveolar epithelial cells, leading to lung injury and 
acute respiratory failure. However, ACE2 is not only expressed in the lungs but also in the liver, spleen, brain, intestine, and 
heart, with the highest expression in the kidneys, cardiovascular system, and gas gut system.45,49 Human tissue RNA 
sequencing data show that the expression level of angiotensin-converting enzyme 2 (ACE2) in the urinary organs (kidneys), 
which mainly widely expressed in renal tubular is nearly 100 times higher than that in the respiratory organs (lungs).4,45 In 
addition, transmembrane protease serine 2 (TMPRSS2) and cathepsin L (cat L), two facilitators of SARS coronavirus type 2 
infection, were highly expressed in multiple cell types of the kidney.50 Therefore, the virus has a strong affinity for the 
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Figure 3 The possible mechanistic pathway of acute renal injury in hypertensive patients with COVID-19. 
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ACE, angiotensin-converting enzyme; ACEI, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin receptor blocker; cat L, cathepsin L; TMPRSS2, transmembrane protease serine 2.
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kidney, mainly leading to acute tubular injury, while the glomerulus remaining intact, except for mild glomerulosclerosis 
found in some cases of coexisting disease, which suggests that other diseases such as hypertension and diabetic nephropathy 
may have been involved.45 ACE2 represents a key enzyme component of the renin angiotensin aldosterone system (RAAS), 
and commonly used antihypertensive drugs, such as angiotensin-converting enzyme inhibitor (ACEI) and ARB, were 
reported to induce upregulation of ACE2 membrane expression, increasing the chances of virus entry into organs.18 

An RNA sequencing study targeting 436 patients indicated that the expression of ACE2 increased with age in both the 
lungs and kidneys of humans, which increase the risk of SARS-CoV-2 infection.51 Aging-related structural and functional 
changes also contribute to AKI in the aging kidney.22 These all provide a good explanation for the causes of renal function 
damage in hypertension and elderly COVID-19 patients. Other possible mechanisms of kidney injury include microvascular 
dysfunction caused by endothelial injury, as well as the potential role of cytokine storms in AKI immunopathology. Renal 
injury in the acute phase of COVID-19 is closely related to the longitudinal decline of renal function and the post acute 
state.25 Therefore, it is necessary to pay close attention to the kidney function during and after hospitalization.

There were some limitations to our study. First, the incidence of AKI might not be accurate because baseline 
creatinine values were missing and replaced with minimum creatinine values, and urine volume data were missing from 
medical records and not collected to define AKI. Secondly, due to our complete reliance on electronic health information 
systems as data sources, which are with missing data as some patients did not undergo certain tests, so there might be 
other potential confounding factors that were not included. Finally, this is a single-center study, and a larger cohort of 
medical centers is needed to ensure its generalizability.

Conclusion
Kidney dysfunction is very common in hospitalized hypertensive elderly patients with COVID-19, which is more 
prominent in the elderly aged ≥80 years and the frail population, and is associated with higher in-hospital mortality. 
Therefore, early detection and treatment of renal dysfunction in elderly patients with COVID-19 is necessary to reduce 
mortality and achieve better prognosis.

Abbreviations
BUN, blood urea nitrogen; UA, serum uric acid; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; ICU, 
intensive care unit; AKI, acute kidney injury; CCB, calcium channel blocker; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2; COPD, chronic obstructive pulmonary disease; AD, Alzheimer disease; ARB, angiotensin 
receptor blocker; IQR, interquartile range; ACE, angiotensin-converting enzyme; ACEI, angiotensin-converting enzyme 
inhibitor; cat L, cathepsin L; TMPRSS2, transmembrane protease serine 2.
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