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Purpose: This study is to investigate the risk prediction of severe or critical events of 
COVID-19 in older adults in China and provide the evidence to support the management of 
older adults with COVID-19.
Materials and Methods: The clinical data of older adults with COVID-19 admitted to the 
Shanghai Public Health Clinical Center during January 20, 2020 to March 16, 2020 were 
collected. The possible risk factors of severe or critical illness were investigated with Cox 
proportional hazards (PH) regression models for univariate and multivariate analyses to 
estimate hazard ratios (HRs) and 95% confidence intervals (CIs). For the prediction indica-
tors, optimum cut-off points were determined by calculating Youden’s index. The efficacy of 
risk prediction of severe or critical illness was examined through the receiver operating 
characteristic (ROC) curve.
Results: A total of 110 older adults with COVID-19 were included, in which 21 (19.1%) 
patients had severe or critical illness of COVID-19. Multivariable regression analysis showed 
that CD4 cells and D-dimer were independent risk factors. D-dimer, CD4 cells, and CD cells/ 
D-dimer ratio with cut-off values of 0.65 (mg/L), 268 (cell/µL) and 431 were in the 
prediction of severe or critical illness of older adults with COVID-19. The AUC value of 
D-dimer, CD4 cells, CD4 cells/D-dimer ratio, the tandem combination and the parallel 
combination to predict severe or critical illness of the older adults with COVID-19 were 
0.703, 0.804, 0.794, 0.812 and 0.694, respectively.
Conclusion: D-dimer and CD4 cells either by themselves or in combination have demon-
strated predictive value in risk stratification as well as established the prognosis of severe or 
critical illness in older adults with COVID-19.
Keywords: COVID-19, SARS-CoV-2, older adults, risk assessment, risk prediction

Introduction
The disease burdens of coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), have been continuously 
increasing.1 To date, there have been over 3.5 million confirmed patients and over 
0.24 million deaths globally according to COVID-19 global data from Johns 
Hopkins University (JHU). Advance age has been reported as a significant predictor 
of morbidity and mortality in patients with COVID-19.2 The mortality of older 
adult patients with COVID-19 is higher than that of young and middle-aged 
patients and older adult patients with COVID-19 are more likely to progress to 
severe disease.2 A recent meta-analysis found that the case-fatality rate (CFR), 
proportion of severe cases and incidents of acute respiratory distress syndrome 
(ARDS) were significantly higher in studies with a high proportion of older adult 

Correspondence: Liang Chen  
Shanghai Public Health Clinical Center, 
Fudan University, Shanghai 201508, 
People’s Republic of China  
Email chenliang65@yeah.net

submit your manuscript | www.dovepress.com Clinical Interventions in Aging 2020:15 2145–2153                                                         2145

http://doi.org/10.2147/CIA.S268156 

DovePress © 2020 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging                                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

C
lin

ic
al

 In
te

rv
en

tio
ns

 in
 A

gi
ng

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-2064-8440
http://orcid.org/0000-0002-6011-5948
mailto:chenliang65@yeah.net
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


patients.3 Furthermore, previous studies showed that older 
adult patients with comorbidities and ARDS are at 
increased risk of death.4,5 Given a large aging population 
worldwide, it is important to understand the characteristics 
and the susceptibility on older adult patients with COVID- 
19. Up to now, there has been few reports on risk assess-
ment of severe or critical illness of COVID-19 in older 
adults.2,5,6 This study aims to provide a comprehensive 
understanding of clinical characteristics of older adult 
patients with COVID-19 and the determinants of 
prognosis.

Materials and Methods
Patients and Definitions
Patients with confirmed COVID-19 diagnosis admitted to 
the Shanghai Public Health Clinical Center from 
January 20, 2020 to March 16, 2020 were included. 
Confirmed cases diagnosis met the following criteria: the 
patients had epidemiological contact history or clinical 
manifestations, and positive nucleic acid of COVID-19 
were confirmed with real-time fluorescence polymerase 
chain reaction (RT-PCR). Severe events of COVID-19 
patients were defined as one of the following conditions: 
shortness of breath with respiratory rate (RR) ≥30 times/ 
min; the oxygen saturation ≤93% at rest; the arterial partial 
oxygen pressure (PaO2)/fraction of inspired oxygen 
(FiO2) ≤ 300mmHg. Critical events of COVID-19 patients 
were defined as one of the following conditions: respira-
tory failure with the need for mechanical ventilation; 
shock; patients with other organ failures should be treated 
in ICU.7 Older adults were defined as aged ≥ 60 years old 
in China. Severe or critical illness were defined as patients 
with COVID-19 who developed severe or critical events 
during hospitalization. The index date was set as the 
first day of hospitalization. The endpoint was the occur-
rence of severe or critical illness during hospitalization. 
The high-risk group was defined as older adults with 
COVID-19 who developed severe or critical events during 
hospitalization, and the control group was defined as older 
adults with COVID-19 who did not develop to severe or 
critical illness during hospitalization. We exclude patients 
who have other infectious complications.

Informed consent of patients was obtained for diagno-
sis, treatment, and their data being used for research. The 
study protocol was approved by the Ethics Committee of 
the Shanghai Public Health Clinical Center, the approval 
letter number of which was YJ-2020-S015-01. This study 

was also conducted in accordance with the Declaration of 
Helsinki.

Study Design and Indicators
A retrospective cohort study design was conducted to 
collect the demographic and clinical data from electronic 
medical record (EMR), including hospital information sys-
tem (HIS), laboratory information system (LIS) and radi-
ology information system (RIS) of the Shanghai Public 
Health Clinical Center. The demographic and clinical data 
included age and sex of the patients, pulmonary lobes 
affected by COVID-19, history of hypertension, diabetes, 
cardiovascular disease; laboratory testing results including 
alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), creatine kinase (CK), lactate dehydrogenase 
(LDH), total bilirubin (TBIL), albumin (ALB), prealbumin 
(PA), total cholesterol (TC), triglyceride (TG), blood urea 
nitrogen (BUN), creatinine (Cr), high-density lipoprotein 
(HDL-C), low-density lipoprotein (LDL-C), activated par-
tial thrombin time (APTT), fibrinogen (Fg), prothrombin 
time (PT), thrombin time (TT), D-dimer (D-D), white 
blood cell (WBC), neutrophil (Neu), lymphocyte (Lym), 
haemoglobin (Hgb), platelet (PLT), and CD4-positive 
T-lymphocytes (CD4, CD4 cells). All the above baseline 
characteristics were collected in the 24 hours after 
admission.

Statistical Analyses
Pearson’s chi-squared test was used for categorical data. 
The Kolmogorov–Smirnov test was used for the normality 
of continuous variables. Data with normal distribution 
were described as mean ± standard deviation. The median 
and interquartile range was used for non-parametric data. 
The difference between case and control groups was tested 
by Mann–Whitney U-test.

The possible risk factors of severe or critical illness 
were investigated with Cox proportional hazards (PH) 
regression models for univariate and multivariate analyses 
to estimate hazard ratios (HRs) and 95% confidence inter-
vals (CIs). PH assumption was verified using Schoenfeld 
residuals. Potential confounders were identified and inves-
tigated in the analysis. For the prediction indicators, an 
optimum cut-off point can be determined by calculating 
Youden’s index. The cut-off point that achieves this max-
imum Youden’s index is referred to as the optimal cut- 
point. Youden Index is the main summary statistic of the 
receiver operating characteristic (ROC) curve used in the 
interpretation and evaluation of an indicator, which defines 
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the maximum potential effectiveness of a diagnostic test. 
The area under curve (AUC) of ROC were compared 
using Delong test. The P value of two-sided less than 
0.05 was considered as statistically significant. SPSS soft-
ware version 16.0 (SPSS Inc. Chicago, IL, USA,) was 
used for statistical analysis of the data.

Results
Baseline Profile of COVID-19 in Older 
Adults
A total of 110 older adults with confirmed COVID-19 
were included in this study, in which 52 were males 
(47.3%). Twenty-one patients (19.1%) were included in 
the high-risk group and 89 patients (80.9%) in the control 
group. The proportion of males, aspartate aminotransfer-
ase, creatine kinase, lactate dehydrogenase, total bilirubin, 
activated partial thrombin time, prothrombin time, creati-
nine, D-dimer, neutrophil count, neutrophil percentage and 
haemoglobin in the high-risk group were higher than those 
in the control group (P<0.05). The level of albumin, pre- 
albumin, lymphocytes and CD4 cells in the high-risk 
group were lower than those in the control group 
(P<0.05). The detailed information is shown in Table 1.

Risk Factors of COVID-19 Severe or 
Critical Illness Events in Older Adults
From the univariate Cox regression analysis, the HR of 
age, sex, CK, LDH, TBIL, ALB, PA, BUN, Cr, D-dimer, 
WBC, Neu count, Neu percentage, Lym, Hgb and CD4 
were significant associated with the outcome (P< 0.05). 
Results from multivariate Cox regression analysis sug-
gested that the level of D-dimer was a risk factor of 
occurrence of severe or critical events while the CD4 
cells count was a protective factor, with HR of 1.577 
(1.072–2.320) and 0.993 (0.986–0.999), respectively. The 
detailed Cox regression results are shown in Table 2.

Predictive Efficacy of D-Dimer, CD4 Cells 
and Their Combination for Severe or 
Critical Illness in Older Adults with 
COVID-19
According to the Youden index maximization principle, 
the cut-off values of D-dimer, CD4 cells and CD4 cells/ 
D-dimer ratio were 0.65 (mg/L), 268 (cell/µL) and 431 for 
the prediction of severe or critical events in older adults 
with COVID-19. In the tandem combination (D-dimer and 

CD4 cells), the D-dimer was higher than 0.65 mg/L and 
the CD4 cells were less than 268 cell/µL. In the parallel 
combination (D-dimer or CD4 cells), the D-dimer was 
higher than 0.65 mg/L, or the CD4 cells were less than 
268 cell/µL. The AUC values of D-dimer, CD4 cells, CD4 
cells/D-dimer ratio, the tandem combination and the par-
allel combination were 0.703, 0.804, 0.794, 0.812, and 
0.694, respectively (P<0.05). Table 3 and Figure 1 show 
the detailed information.

To evaluate the risk prediction efficacy of COVID-19 
in older adults, the sensitivity, specificity, positive predic-
tive value and negative predictive value of D-dimer, CD4 
cells, CD4 cells/D-dimer ratio, tandem combination 
(D-dimer and CD4 cells) and parallel combination 
(D-dimer or CD4 cells) are shown in Table 4 with detailed 
information.

Discussion
SARS-CoV-2 is a member of the coronavirus family, 
which is derived from bats according to gene sequencing. 
It belongs to a de novo independent evolution branch of 
coronavirus, and has high homology with coronavirus 
related to severe acute respiratory syndrome (SARS) and 
coronavirus related to Middle East Respiratory Syndrome 
(MERS).3,8–13 The virus is mainly spread by droplets and 
contact, and there is the possibility of aerosol transmission. 
Patients during the incubation period and asymptomatic 
virus carriers are also infectious.14 As SARS virus, 
through S protein and angiotensin conversion enzyme-Ⅱ- 
receptor, SARS-CoV-2 can be transmitted across species 
or human to human.15–17 Compared with the SARS virus, 
SARS-CoV-2 is less virulent but more infectious.16,17

Several global studies have investigated the character-
istics and risk factors of COVID-19-related symptoms and 
deaths in Italy, Mexico and UK.18–20 Therefore, it is of 
great value to analyze the risk prediction indicators of 
COVID-19 in older adults in China. This study focuses 
on the analysis of risk factors for severe and critical illness 
in older adults with COVID-19 and their practical applica-
tion. In this paper, the regression analysis was used to 
collect COVID-19 keywords from recent literature retrie-
val, and representative indicators were selected for statis-
tical analysis based on clinical experience and practical 
value. To avoid the time difference between baseline data 
and severe or critical events in the course of the disease, 
Cox regression was used for progressive analysis to deter-
mine whether the study parameters were independent 
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influencing factors. The ROC curve was used to deduce 
the warning value of risk factors.

The proportion of lung insult of COVID-19 in the early 
stage was generally extensive in the older adults, and the 
median of both the risk group and the control group was 5 
lobes, showing no statistically significant difference 
between the two groups. Age and sex were the risk factors 
for COVID-19 severe or critical events in the older adults. 
The complications of hypertension, diabetes and cardio-
vascular disease did not significantly aggravate in the 
severe or critical cases. SARS-CoV-2 is a member of the 
coronavirus family. These imported cases (refers to people 

in other areas of China outside Shanghai who were diag-
nosed as COVID-19 cases when they pass by Shanghai) 
may have milder comorbidities; because the cases with 
severe comorbidities may be less likely to be infected 
due to the limited range of daily communication.

Subsequently, the sample size could be increased to 
stratify the severity and control of complications and 
further verify the risk ratio. However, the number of 
complications in the older adults is more than that in the 
younger population, and the complications of basic dis-
eases in the older adults is significantly correlated with the 
occurrence of end-stage event.2,6 Alanine aminotransferase 

Table 1 Baseline Data of Older Adults with COVID-19

Indicators Control Group Risk Group χ2/Z/t P

Number of cases 89 21
Age (years) 66.00±6.47 71.19±7.83 1.933 0.053

Sex, male (%) 35(39.33) 17(80.95) 11.812 0.001

The onset time (day) 6.31±3.77 6.52±5.56 0.207 0.836
CT pulmonary infiltration number 5.00(2.00–5.00) 5.00(4.00–5.00) 1.639 0.101

Hypertension (n, %) 32(35.96) 8(38.1) 0.034 0.854

Diabetes mellitus (n, %) 17(19.1) 3(14.29) 0.040 0.841
Cardiovascular disease (n, %) 13(14.61) 6(28.57) 1.445 0.229

ALT (U/L) 20.00±11.2 26±10.71 1.485 0.138
AST (U/L) 24.00±11.24 35.76±13.06 2.707 0.007

CK (U/L) 128.8±152.49 235.71±159.57 2.865 0.005

LDH (U/L) 252.13±74.5 384.52±120.11 4.836 <0.001
TBIL (umol/L) 8.30±4.35 12.32±6.22 2.529 0.011

ALB (g/L) 39.2±3.21 35.15±4.44 4.811 <0.001

PA (mg/L) 137.62±55.39 82.53±36.12 4.337 <0.001
TC (mmol/L) 4.13±0.87 4.13±1.23 0.005 0.996

TG (mmol/L) 1.15±0.48 1.01±0.32 0.259 0.796

BUN (mmol/L) 5.44±1.96 8.52±8.68 1.613 0.122
Cr (umol/L) 67.42±24.7 72.33±28.6 2.358 0.018

HDL-C (mmol/L) 1.17±0.3 1.03±0.22 1.984 0.050

LDL-C (mmol/L) 2.82±0.88 2.84±1.19 0.109 0.913
APTT (sec) 39.20±8.91 43.55±7.95 2.095 0.036

Fg (g/L) 4.66±1.19 5.15±1.54 1.574 0.119

PT (sec) 13.30(13.00–13.70) 14.06±1.35 2.072 0.038
TT (sec) 16.78±1.59 17.24±2.01 1.134 0.259

D-D (mg/L) 0.50(0.39–0.93) 0.93(0.62–1.87) 3.225 0.001

WBC (10^9/L) 4.91±1.65 6.83±4.72 1.839 0.080
Neu (10^9/L) 3.36±1.49 5.62±4.64 2.207 0.039

Neu (%) 66.87±10.03 78.11±11.6 4.481 <0.001

Lym (10^9/L) 1.09±0.4 0.84±0.45 2.486 0.014
Hgb (g/L) 129.31±12.23 138.9±15.8 3.049 0.003

PLT (10^9/L) 172.22±63.83 171.1±69.87 0.072 0.943

CD4 (cell/µL) 483.91±232.93 210.05±160.33 5.101 <0.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; LDH, lactate dehydrogenase; TBIL, total bilirubin; ALB, albumin; PA, 
prealbumin; TC, total cholesterol; TG, triglyceride; BUN, blood urea nitrogen; Cr, creatinine; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; APTT, 
activated partial thrombin time; Fg, fibrinogen; PT, prothrombin time; TT, thrombin time; D-D, D-dimer; WBC, white blood cell; Neu, neutrophil; Lym, lymphocyte; Hgb, 
haemoglobin; PLT, platelet; CD4, CD4 cells, CD4-positive T-lymphocytes.
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and aspartate aminotransferase had no effect on severe or 
critical events in older adults with COVID-19, which was 
consistent with earlier reports.21 Early indicators such as 
creatine kinase, lactate dehydrogenase, bilirubin, urea, 
creatinine, albumin, prealbumin, white blood cells, neutro-
phils and hemoglobin were related factors influencing the 
severe or critical events of COVID-19 in older adults, 
rather than independent factors. It could be related to the 
basic metabolism, characteristics of infection, host immu-
nity, or combinations of basic diseases and starting point 
set by the research in the older adults.

In this study, CD4 cells were independent factors affect-
ing severe or critical events of COVID-19 in the older adults. 
Previous studies of SARS have also confirmed a decrease in 
the absolute count of CD4 cells, with characteristic changes 
throughout the pathogenesis, which is consistent with the 
characteristics of coronavirus family infection. Recent stu-
dies have reported that SARS-CoV-2 infection can induce 
decreased CD4 cells.4,22–24 Compared with the survival 
group, the absolute count level of CD4 cells count in the 
death group of viral pneumonia was significantly reduced, 
suggesting that a large number of T cells were activated and 

Table 2 Analysis of Risk Events Indicators in the Older Adults with COVID-19

Indicators Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age (years) 1.105(1.037–1.176) 0.002* 1.051(0.955–1.156) 0.309

Gender, male (%) 5.425(1.824–16.138) 0.002* 2.305(0.530–10.018) 0.265
The onset time (day) 1.019(0.916–1.133) 0.728

CT pulmonary infiltration number 1.408(0.963–2.058) 0.078

Hypertension (%) 1.093(0.453–2.638) 0.843
Diabetes mellitus (%) 0.743(0.219–2.522) 0.634

Cardiovascular disease (%) 2.12.(0.822–5.469) 0.120

ALT (U/L) 1.007(0.981–1.033) 0.609
AST (U/L) 1.018(0.998–1.039) 0.082

CK (U/L) 1.002(1.000–1.003) 0.007* 1.001(0.998–1.004) 0.479

LDH (U/L) 1.008(1.005–1.011) 0.000* 1.002(0.996–1.009) 0.536
TBIL (umol/L) 1.090(1.027–1.156) 0.005* 0.989(0.902–1.085) 0.814

ALB (g/L) 0.817(0.751–0.889) <0.001* 0.978(0.802–1.193) 0.827

PA (mg/L) 0.973(0.959–0.986) <0.001* 0.987(0.968–1.007) 0.209
TC (mmol/L) 0.989(0.621–1.573) 0.989

TG (mmol/L) 1.357(0.732–2.518) 0.332

BUN (mmol/L) 1.091(1.039–1.145) <0.001* 0.999(0.766–1.303) 0.994
Cr (umol/L) 1.009(1.004–1.015) 0.001* 0.998(0.968–1.029) 0.909

HDL-C (mmol/L) 0.189(0.033–1.063) 0.059

LDL-C (mmol/L) 1.011(0.632–1.616) 0.965
APTT (sec) 1.019(0.988–1.050) 0.230

Fg (g/L) 1.244(0.931–1.663) 0.140

PT (sec) 1.159(0.960–1.398) 0.125
TT (sec) 1.120(0.912–1.376) 0.280

D-D (mg/L) 1.217(1.108–1.336) <0.001* 1.577(1.072–2.320) 0.021#

WBC (10^9/L) 1.206(1.090–1.335) <0.001* 6.406(0.700–58.603) 0.100

Neu (10^9/L) 1.229(1.116–1.352) <0.001* 0.095(0.007–1.232) 0.072

Neu (%) 1.099(1.053–1.148) <0.001* 1.077(0.950–1.222) 0.247
Lym (10^9/L) 0.209(0.059–0.735) 0.015* 2.309(0.349–15.273) 0.385

Hgb (g/L) 1.057(1.020–1.095) 0.002* 1.015(0.967–1.065) 0.556

PLT (10^9/L) 1.000(0.993–1.007) 0.999
CD4 (cell/µL) 0.993(0.989–0.996) <0.001* 0.993(0.986–0.999) 0.023#

Notes: *In the univariate analysis, P<0.05 was considered as statistically significant, therefore the variates should be considered to include in the multivariate analysis. #In the 
multivariate analysis, P<0.05 was considered as statistically significant. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; LDH, lactate dehydrogenase; TBIL, total bilirubin; ALB, albumin; PA, 
prealbumin; TC, total cholesterol; TG, triglyceride; BUN, blood urea nitrogen; Cr, creatinine; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; APTT, 
activated partial thrombin time; Fg, fibrinogen; PT, prothrombin time; TT, thrombin time; D-D, D-dimer; WBC, white blood cell; Neu, neutrophil; Lym, lymphocyte; Hgb, 
haemoglobin; PLT, platelet; CD4, CD4 cells, CD4-positive T-lymphocytes.
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depleted during the antiviral process. All of the above sup-
ported the study results of CD4 cells; and CD4 cell count of < 
268 cell/µL had a significant predictive effect on the occur-
rence of severe or critical COVID-19 events in the older 
adults, with high sensitivity (81.0%) and negative predictive 
value (94.7%).

As for the lymphocyte count, there was significant differ-
ences in the univariate analysis, but no significant differences 
in the multivariate analysis. Lymphocyte count was prelimina-
rily determined to be a risk factor associated with COVID-19 
severe or critical events in the older adults, rather than an 
independent factor. Recently, SARS-CoV-2 pneumonia has 
been reported to have a significant decrease in lymphocytes 
in the whole population;16,17 SARS-CoV-2 may act on lym-
phocytes via ACE2 receptor, causing lymphocytopenia or 
induce lymphocytopenia by TNF, interleukin-6, and other pro- 

inflammatory cytokines,25–27 which is also characteristic of 
coronavirus infection of immune cells. In this study, lympho-
cytes were indeed low in the older adults, with a lower value of 
0.84±0.45 (10^9/L) in the risk group, but a normal range of 
1.2–3.5 (10^9/L). However, the early count of lymphocytes 
was not an independent factor affecting severe or critical 
events, which might be related to the characteristics of the 
older adults. But, studies have suggested that the dynamic 
expression of lymphocyte percentage can predict the severity 
of COVID-19.28 Later cases could be added, and lymphocyte 
counts at different stages were used to evaluate the severity of 
COVID-19 and verify whether there was a statistical 
difference.

D-dimer was also an independent factor affecting 
severe or critical events of COVID-19 in the older adults. 
In terms of this indicator, recent studies have reported that 
the significant increase of D-dimer is associated with the 
poor prognosis of severe coronavirus pneumonia.29,30 The 
death cases of COVID-19 had significant increase of 
plasma D-dimer.30 Moreover, in adults with community- 
acquired pneumonia, increased plasma D-dimer was asso-
ciated with increased inflammatory response, admission to 
intensive care and 30-day mortality, and was superior to 
C-reactive protein and procalcitonin in predicting admis-
sion to intensive care and 30-day mortality.29 All of the 
above reflected the value of D-dimer and supported that 
the increase of D-dimer was an independent factor affect-
ing the severe or critical events of COVID-19 in the older 
adults. Similarly, the severe or critical events of 
D-dimer>0.65 mg/L in older adults with COVID-19 were 
also evaluated by ROC curve with high predictive efficacy, 
showing high sensitivity (81.0%) and negative predictive 
value (93.0%), respectively.

In order to consider the effects of SARS-CoV-2 on immu-
nity and coagulation in older adult patients, we can combine 
D-dimer level and CD4 cells count in conjunction to evaluate 
the occurrence of severe or critical events. The combination of 
the two had high inferential efficiency on the occurrence of risk 
events in the older adults with COVID-19. There were respec-
tive significant contributions on the evaluation index, with high 
sensitivity (90.5%), specificity (91.0%), positive predictive 
value (65.2%) or negative predictive value (95.6%).

Based on the results of this study and the close correlation 
between autoimmune disorders and coagulation abnormal-
ities and thrombosis events in patients,31 we propose 
a hypothesis: CD4 cells and D-dimer may trigger in the 
progression of the older adults with COVID-19; SARS- 
CoV-2 may act on CD4 cells through ACE2 receptor, and 

Table 3 Risk Prediction of D-Dimer, CD4 Cells and Their 
Combination in Older Adults with COVID-19

Cut-off AUC 95% CI P

D-dimer① 0.65 mg/L 0.703 0.585–0.820 0.004

CD4② 268 cell/µL 0.804 0.695–0.912 <0.001

CD4/D-dimer 431 0.794 0.690–0.897 <0.001
Tandem 

combination

① and ② 0.812 0.692–0.932 <0.001

Parallel combination ① or ② 0.694 0.583–0.805 0.006

Notes: ① the level of D-dimer; ② CD4 cells count, the CD4-positive 
T-lymphocytes count; CD4/D-dimer, ratio of the CD4 cells count to the D-dimer 
level; Tandem combination, the level of D-dimer > 0.65mg/L and the CD4 cells 
count < 268 cell/µL; Parallel combination, the level of D-dimer > 0.65mg/L, or the 
CD4 cells count < 268 cell/µL.
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Figure 1 AUC curve of D-dimer, CD4 cells and their combination in the risk 
prediction of severe or critical illness in the older adult with COVID-19. 
Abbreviations: D-dimer, the level of D-dimer>0.65mg/L; CD4 cells, the CD4- 
positive T-lymphocytes count < 268 cell/µL; CD4/D-dimer, the ratio of the CD4 
cells count to the D-dimer level < 431; Tandem combination, the level of D-dimer > 
0.65mg/L and the CD4 cells count < 268 cell/µL; Parallel combination, the level of 
D-dimer > 0.65mg/L, or the CD4 cells count < 268 cell/µL.
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cause CD4 cells count reduction. Immune dysregulation and 
inflammatory response can increase the level of D-dimer and 
decrease CD4 cells. In the early stage of the disease, when 
the number of CD4 cells count decreases to a certain number 
and the D-dimer increase to a certain level, the risk event 
trend of COVID-19 will be continuously affected. To elim-
inate the bias, we exclude patients who have other infectious 
complications, which might greatly influence the CD4 cell 
count and D-dimer level. Therefore, the immune dysregula-
tion, cytokine disorder and multi-organ damage can be con-
tinuously induced in the state of low cellular immunity and 
high coagulation to a certain extent, leading to the severe or 
critical events of COVID-19.

The highlight of this study was the older adults with 
COVID-19 as the research object, because the older adult 
population has its own characteristics with risk factors of 
severe or critical events.2,4,6 It was found that D-dimer and 
CD4 cells were independent factors affecting the severe or 
critical events of COVID-19 in the older adults, and the 
indicators had important clinical application value. 
However, the proportion of comorbidities and their prog-
nostic analysis were significantly different from the other 
studies,5,6 which would be related to the fact that the 
samples of this study were all imported domestic cases 
and regional prevention and control policies. The advan-
tage of this study lay in the in-depth analysis of all the 
research data; the independent influencing factors of 
COVID-19 risk events in the older adults were identified, 
and the application value was evaluated.

This study has several limitations. First, the sample size 
of the older adults with COVID-19 was not large. Second, we 
did not collect the follow-up testing of D-dimer and CD4 
cells to analyse the dynamic of the testing results, which will 
help to better determine the associations between the two 
parameters and the severity of COVID-19.

Conclusions and Implications
COVID-19 risk factors in older adults have their own 
characteristics. The decrease of CD4 cells count and the 
increase of D-dimer level in the early stage of the disease 
are independent influencing factors for the occurrence of 
severe or critical events. The application of D-dimer, CD4 
cells and their combination have important risk prediction 
efficacy for the severe or critical illness of the older adults 
with COVID-19.
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