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Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study

Fei Zhou™, Ting Yu™, Ronghui Du*, Guohui Fan®, Ying Liu*, Zhibo Liu*, Jie Xiang*, Yeming Wang, Bin Song, Xiaoying Gu, Lulu Guan, Yuan Wei,
Hui Li, Xudong Wu, Jiuyang Xu, Shengjin Tu, Yi Zhang, Hua Chen, Bin Cao

Summary

Background Since December, 2019, Wuhan, China, has experienced an outbreak of coronavirus disease 2019
(COVID-19), caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Epidemiological and
clinical characteristics of patients with COVID-19 have been reported but risk factors for mortality and a detailed
clinical course of illness, including viral shedding, have not been well described.

Methods In this retrospective, multicentre cohort study, we included all adult inpatients (=18 years old) with laboratory-
confirmed COVID-19 from Jinyintan Hospital and Wuhan Pulmonary Hospital (Wuhan, China) who had been
discharged or had died by Jan 31, 2020. Demographic, clinical, treatment, and laboratory data, including serial
samples for viral RNA detection, were extracted from electronic medical records and compared between survivors
and non-survivors. We used univariable and multivariable logistic regression methods to explore the risk factors
associated with in-hospital death.
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UnivariableOR pvalue |Multivariable pvalue
(95% 1) OR (95% Cl)
Demographics and clinical characteristics
Age, years™ 114 <0-0001 110 0-0043
(1-09-1-18) (1-03-1-17)
Female sex 0-61 0-15
(vs male) (0-31-1-20)
Currentsmoker 223 0-20
(vs non- (0-65-7-63)
smoker)
Comorbidity present (vs not present)
Chronic 5-40 0-056
obstructive  (0-96-30-40)
lung disease
Coronary 21-40 <0-0001 214 0-48
heart disease  (4-64-9876) (0-26-1779)
Diabetes 2-85 0-0062
(1-35-6-05)
Hypertension  3-05 0-0010
(1-57-5-92)
Respiratory rate, breaths per min
<24 1 (ref)
>24 8-89 <0-0001
(4-34-18-19)
SOFA score 6-14 <0-0001 | 565 <0-0001
28 E %ﬁ%ﬁ\1§3-48—lo~85) (2-61-12-23)
qSOFA score 12-00 <0-0001
(5-06-28-43)
Laboratory findings
White blood cell count, x 10° per L
<4 073 056
(0-26-2-10)
4-10 1 (ref)
>10 6-60 <0-0001
(3-02-14-41)
Lymphocyte 0-02 <0-0001 0-19 013
count, (0-01-0-08) (0-02-1-62)
x 10° per L*
ALT, U/L
<40 1 (ref)
>40 2-87 0-0018
(1-48-5.57)

Univariable OR pvalue

Multivariable pvalue

(95%CI) OR (95% CI)
(Continued from previous column)
Creatinine, pmol/L
<133 1 (ref)
>133 4-39 0-048
(1-01-19-06)
Lactate dehydrogenase, U/L
€245 1 (ref)
>245 4543 0-0002
(6-10-338-44)
Creatine kinase, U/L
<185 1 (ref)
>185 2:56 0-043
(1-03-6-36)
High-sensitivity cardiac troponin |, pg/mL
<28 1 (ref)
>28 80-07 <0-0001
(1034-62036)
D-dimer, pg/mL
<05 1 (ref) 1 (ref)
>05 1-96 0-32 214 0-52
(0-52-7-43) (0-21-21-39)
>1 20-04 <0-0001| 1842 0-0033
(6-52-61-56) (2-64-128-55)
Prothrombin time, s
<16 1 (ref)
216 4-62 0-019
(1-29-16-50)
Serum ferritin, pg/L
<300 1 (ref)
>300 9-10 0-0038
(2-04-40-58)
IL-6, pg/mL* 112 0-0080
(1-03-1-23)
Procalcitonin, 1375 0-011
ng/mL* (1-81-104-40)

OR=0dds ratio. SOFA=Sequential Organ Failure Assessment. QSOFA=Quick SOFA.

ALT=alanine aminotransferase. IL-6=interleukin-6. * Per 1 unit increase.

Table 3: Risk factors associated with in-hospital death
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* Baron and Kenny

XFRCRAE T A T AR Y
ElY |a,m]=a, + fa+Om

X H AL [ ] Y S 2R
EM |a)=a,+ya

HERN (direct effect): S
B 234N (indirect effect, product method): @y
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Arlinghaus A, Lombardi DA, Willetts JL, et al. A structural equation modelirg- TOdERRRAA
fatigue-related risk factors for occupational injury. Am J Epidemiol. 2012;1 ):597-607.

Occupation

Industry

Education

Race

Paid Hourly

Gender

Weekly Working
Hours

(Hours per Day)

A 4

Injury

Age

BMI

Sad

Nervous

Restless Psychological
g Distress

Hopeless

Effort

Worthless

Figure 1. Structural equation model analyzed by Arlinghaus et al. (1). (BMI, body mass index).
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Nervous C
Restless Psychological
Distress
Hopeless
Effort
Worthless
Figure 1.

Structural equation model analyzed by Arlinghaus et al. (1). (BMI, body mass index).
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feftsis | TR
EM|A=a,C=c)=pf,+ fa+p,'c
E(Y‘A:CZ,M :m,CZC):‘90+¢91a+(92m+94'C

Counterfactual Approach
MR R RPN R EG I HN:
EY|A=a,M =m,C=c)=06,+0a+0,m+0,am+0,'c

4 % g K-V MaxZZ AL F]a
Controled Derect Effect :
CDE(m) = (6, + O,m)(a — a*), [ A3 LI 63=0, CDE = 01(a — a*)
Natural Direct Effect :
NDC = (6, + 0,5, + 0,p,a*+0,5,"'c)(a — a*)
Natural Indirect Effect
NIE = (0,5, + 0, pa)(a — a*)
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* MNERMWAHZFEYL24H, NCausal effect=E(Y1-Y0)

* WERMWANZMEYLD4H, Zexposure-outcomede
SE 2L Ar SIS HY B G AT
e NIREFERRER=E(Y1-Y0]|c), Jconditional causal effect
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CDE (Controlled Direct Effect)

* INRM=m, LLEA=1FA=0Y R FER

* YIm-YOm

- IEME E iR EIm{E, Bl B B P e

- 50, EEERER
m

FFEEAR, NP S EORE AR R

- BZE, COEYERFEEmMIEEAREMmAE

¢ HREBHR=0

o FEIHIR Y & E 40, M=0, CDE(0)=Y1,0-Y0,0=0
o WHDINA S EE EF208F. CDE(20)=Y1,20 — Y0,20 =1

o TTUfEHAEEE, BIE(YIm — Yom)
* Conditional average CDE(m)=E(Y1m —YOm|c)
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Natural Direct Effect (NDE)

 NDEFICDEA[E], &

S =2 EA-OF, MAH

* 43

S AEE, bR

EMIERE_HZEYNESR
* NDE=Y ;010 = Yomo
- {E AR ZFRE, WOl USRI RAEE
E(YIIVIO YOIVIO)
LR 2R il B JH[JE(Y1M0 Yomol €)




| Bt
NIE(Natural Indirect Effect)
c MRH PN TBMSFIEEAML, MO, FEH
BRBEIREAA=L, RENARTEHITLER

* X T2 (group) HUEXRIA:

E=(Y1m1 — Yimo)
- EFEYL AR, NIEH EBEEZ, FE:

E=(Y1m1 = Yimol €)
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Confounding assumptions

* Assumption Al
 exposure-outcome % F & Z+(confounder C1)

* Assumption A2
* mediator-outcome;x g & Z(confounder C2)

* Assumption A3
« Exposure-mediator;% A & Z+(confounder C3)

* Assumption A4

e Mediator-outcomefyjconfounderf~5 & 5& K| =
exposure-outcomef R ZA9{EH
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C: cl: exposure-outcome confounders
c2: mediator-outcome confounders
c3:exposure-mediator confounders




Irl NERFRERRERAR
www.uone-tech.cn

HESZER

= S22 BJMediator-outcome confounder

(no mediator-outcome confounder caused by exposure)
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* .sscinstall paramed

paramed allows continuous, binary or count outcomes, and continuous or binary mediators, and

requires the user to specify an appropriate form for the regression models.

I e

TEXE EHLE ESTR 0 ESEE
— 4% — 4% Sk

1120 = (count)
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.help paramed
Title
paramed -- causal mediation analysis using parametric regression models
Syntax
paramed varname, avar(varname) mvar(varname) aO(real) al(real) m(real) yreg(string)
mreg(string) [cvars(varlist) nointeraction casecontrol fulloutput c(numlist)
bootstrap reps(integer 1000) level(cilevel) seed(passthru)]

--varname — SR 4F &=the outcome variable.

--avar(varname) — S 52 4* & the treatment (exposure) variable.

--mvar(varname) — F 42 Emediator variable.

--a0(real) - this specifies the natural level of the treatment (exposure).

--al(real) - this specifies the alternative treatment (exposure) level.

--m(real) — B 1T 2 HUE 7K Jthis specifies the level of mediator at which the
controlled direct effect is to be estimated

—-yreg(string) — 3R & Aregression model to be fitted for the outcome variable.
This can be either linear, logistic, loglinear, Poisson or Negative binomial.

-- mreg(string) — A/ 12 Fregression model to be fitted for the mediator variable. This can be

either linear or logistic.
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.paramed y_cont, avar(treat) mvar(m_cont) cvars(varl var2) ///
a0(0) a1(1) m(1) yreg(linear) mreg(linear) nointer

—24. 82641
—2. 864034
. 8381124
—. 2295268
11. 38015

—23. 11816
—2. 423302
1. 125215
. 3740812
15. 17014

y _cont Coef Std. Err
treat -23.97229 . 4352565
m cont —-2.643668 . 1122969
varl . 9816636 . 0731527
var?2 0722772 . 1537972
cons 13. 27515 .9656767
m cont Coef Std. Err
treat . 0485887 . 1228043
varl —. 0349786 . 0206113
var?2 . 9860252 . 0301176

453117 . 2721012

—. 1923961
—. 0754252

. 9269239
—. 0808404

. 28995736
. 0054679
1. 045126
. 9870743



Estimate

cde | —23.972289
nie | —. 12845254
te | —24.100741

Std Err

. 43525651
. 32469969
. 04297198

Irl R EEREERAT
www.uone-tech.cn

0. 000 -24.825391
0.692 -.76486392
0. 000 -25.164966

Interval |

—23. 119186
. 00795885
—23. 036516

cde:controlled direct effect, nie:natural indirect effect, te:total

effect



LYVEGTE, mENETE, FF WMo, B E, bootstrap

.paramed y_cont, avar(treat) mvar(m_bin) cvars(varl var2) ///
a0(0) a1(1) m(1) yreg(linear) mreg(logistic) boot

Irl R EEREERAT
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m bin
“treat X m bin
varl

var?2

—12. 90945
3. 292577
—22. 23864
. 9897736
—-1. 412419
0. 596967

. 0110227
. 0693594
. 1217306
. 0606257
. 1084454
. 8206041

. 0681243
—. 0100659
. 8696374
—4. 242807

. 1576183
. 0263047
. 0971742
. 4044849

[95% Conf. Interval]
-13.91226  —11. 90664
2. 175292 4. 409861
-23.65493  —20. 82235
. 8708045 1. 108743
—1.625228 -1.199611
3. 946651 7.167282
[95% Conf. Intervall]
—. 2408019 . 3770504
—-. 0616221 . 0414903
. 7575781 . 9816968
—-5. 035583  —3.450031
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Estimate Std Err  P>|z|  [95% Conf Intervall

cde | —35.148087 .50975379 0.000 -36.147205 —34. 14897
nde | —23.860326 .71321343 0.000 -—25.258225 -22.462428
nie | —. 32263925 .74640509 0.666 -—1.7855932 1.1403147
mte | —24.182965  4.7226287 0.000 -33.439318 -14.926613
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unification of mediation and interaction
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uilswrvivﬁioiﬂ&ﬁm AR
Stata 3 Mrap <. med4way

* net install med4way,
from("https://raw.githubusercontent.com/anddis/med4
way/master/") replace



*1. Binary outcome, binary mediator

I

. med4way y_bin treat m_bin cvarl cvar2 cvar3, yreg(logistic) mreg(logistic) ///

> a0(0) a1(1) m(0) c(0 0 .)

—> Model for the

outcome

ERAREREERRE

www.uone-tech.cn

m bin
_treatXm bin 000
cvarl
cvar?
cvard

—. 2944844
1. 046198
. 9821457
. 1219094
. 1908434
. 0451507

—3. 823604

. 289416

. 2400432
. 3321434
. 1451617

. 108203

. 0065279
. 4667596

[95% Conf. Interv:
—. 8617292 27271
. b757223 1.516
. 3311566 1.633
—. 1626023 4064
—. 1192287 5009
. 0323562 . 0579
-4, 738436  —2.908

. 2400897
. 3107653
—. 0623266

. 0335621
—1 1QQNKX1

. 1477509
. 1491474

. 104374

. 0065424

A9AROR7

v/ P>z
02 0.309
36 0.000
96 0.003
84  0.401
21 0.228
92 0.000
19 0.000
P>z

—. 0494968
. 0184418
—. 8648942

. 0207393
—9 NONA7

. 9296762
. 6030883
—. 209759

. 0463849
—_ 2EEROQ1



Irl R EEREERAT
www.uone-tech.cn

—> 4-way decomposition: delta method

Coef.  Std. Err Z P>z [95% Conf. Interval]

_____________ o
tereri . 933078 2971722 3.14  0.002 . 3506311 1. 515525

ereri cde —. 1102558 . 1088553 —1.01 0.311 —. 3236083 . 1030967
ereri intref . 944044 . 2872328 3.29 0.001 . 3810781 1. 50701
ereri intmed . 062001 . 0437227 1.42 0. 156 —. 0236938 . 1476959
ereri pie . 0372887 . 0244705 1.52 0. 128 —. 0106725 . 0852499

tereri=total excess relative risk; ereri cde=excess relative risk due to
controlled direct effect; ereri intref=excess relative risk due to reference

interaction; ereri intmed=excess relative risk due to mediated interaction;
ereri pie=excess relative risk due to pure indirect effect.



3 Continuous outcome, continuous mediator

Sum

Variable

Sub jectID
FamSize
SocStatus
Encourage
Motivation

CogPerform

Std. Dev.

Irl R EEREERAT
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150. 5
3. 803333
25. 07333
34. 41667
38. 47

86. 74676
1. 620724
3. 625618
1.906613
1. 923912

90. 77333

15. 36997



.med4way CogPerform Encourage Motivation SocStatus FamSize, ///
yreg(linear) mreg(linear) a0(33.91667) a1(34.91667) m(38.47)

—> Model for the outcome
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CogPerform | Coef.  Std. Err. z P>|z| [95% Conf. Interva

mu |
Encourage | . 9679754 . 102095 9.48 0.000 . 1678729 1. 1680
Motivation | . 9973695 . 0893475 11.16  0.000 . 8222517 1. 1724
_EncourageXMotivation 000 | . 0834855 . 0022753 36.69 0.000 . 079026 . 0879
SocStatus | 0121183 .017629 0.69 0.492 —. 0224339 . 04667
FamSize | —-.0247094 .0126186 -1.96 0.050 —-. 0494414 . 00002
“cons | —91.95793  3.082423 -29.83  0.000 -97.99937 —-85.916

sigma2 |

_cons | . 0380791 . 0031091 12.25 0.000 . 0319853

. 04417
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Motivation Coef.  Std. Err z  P>lz] [95% Conf. Intervall
_____________ _|_________________________________________________________________
mu

Encourage .6878576  .0360386  19.09  0.000 .6172232 . 7584921
SocStatus . 1562103 . 0180483 8.66  0.000 . 1208363 . 1915843
FamSize | -.1103726 .0129439  -8.53 0.000  -.1357422  -.085003
_cons 11.2993  .8411747  13.43  0.000 9.650632  12.94798
_____________ _|_________________________________________________________________

sigma?
cons . 0498804 . 0040727  12.25  0.000 . 041898 . 0578628
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—> 4-way decomposition: delta method

| Coef.  Std. Err z  P>lz| [95% Conf. Intervall
_____________ e
te | 6.842126 .1430073  47.84  0.000 6.561837  7.122415

cde |  4.179662 .0469639  89.00  0.000 4.087614  4.271709

intref | -.0287129 .0020085 -14.30 0.000  —. 0326496 —. 0247762
intmed | .0574261 .0033914  16.93  0.000 .0507791 . 0640732

pie | 2.633751 .1423044  18.51  0.000 2.35484  2.912663



help med4way TERAGEEREERAR

Title

med4way — 4-way decomposition using parametric regression models

Syntax
med4way [yvar] avar mvar [cvars] [if] [in], aO(#) al(#) m(#) yreg(string) mreg(string) [ options ]
yvar is the variable name for the outcome. Note that yvar must not be specified when the model for the
outcome is an Accelerated Failure Time or a Cox proportional hazards model. In these cases, you must
stset your data before r eddway.
avar is the variable name for the exposure. If binary, it must be coded as 0/1.

mvar is the wvariable name for the mediator. If binary, it must be coded as 0/1.

cvars are the variable names for the covariates to be included in the model for the outcome and for the

mediator.
options Description
* a0(#) referent exposure level
* al(#) actual exposure level
* m(F) level of the mediator at which to compute the 4-way decomposition
* yreg(string) form of the regression model for the outcome
* mreg(string) form of the regression model for the mediator
c(string) values of the covariates cvars at which to compute the 4-way decomposition
yregoptions (string) pass options to the regression model for the outcome
mregoptions (string) rass options to the regression model for the mediator
casecontrol treat the data as coming from a case-control study
fulloutput compute also the proportion of the Total Effect attributable to its 4

components and the proportions attributable to mediation, interaction,
and either mediation or interaction or both
nodeltamethod suppress the calculation of the standard errors using the delta method




tabstat Encourage Motivation
stats Encour e Motiva n

I
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* Linear regression model for the outcome; Linear regression model for
* the mediator; Delta method standard errors.

% Note: aO=mean (Encourage)-0.5; m=mean (Motivation)

.med4way CogPerform Encourage Motivation SocStatus FamSize, ///
yreg(linear) mreg(linear) a0(33.91667) a1(34.91667) m(38.47)

—> Summary
Outcome (yvar): CogPerform
Exposure  (avar): Encourage
Mediator  (mvar): Motivation
Covariates (cvars): SocStatus FamSize

Model for the outcome (yreg): linear
Model for the mediator (mreg): linear

Referent exposure level (a0):
Actual exposure level  (al):

Mediator level for the decomposition (m):

Fixed values of the covariates (c):

33. 91667
34. 91667
38. 47

25.07 3.803



—> Model for the outcome II] %aﬁﬁﬁﬁy?eﬁcﬁﬁaﬁ

CogPerform | Coef. Std. Err. 7 P>z [95% Conf. Intervall]

mu |
Encourage | . 9679754 . 102095 9.48 0.000 . 1678729 1. 168078
Motivation | . 9973695 . 0893475 11.16 0. 000 . 8222517 1. 172487
_EncourageXMotivation 000 | . 0834855 . 0022753 36.69  0.000 . 079026 . 087945
SocStatus | . 0121183 . 017629 0.69 0.492 —-. 0224339 . 0466705
FamSize | -.0247094 .0126186 -1.96  0.050 —-. 0494414 . 0000225
“cons | -91.95793 3.082423 -29.83 0.000 -97.99937 —-8b.91649

sigma? |
_cons | . 0380791 . 0031091 12.25 0.000 . 0319853 . 0441729
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—> Model for the mediator

Motivation | Coef.  Std. Err. Z P>z [95% Conf. Intervall]
R __+ —
mu |

Encourage | . 6878576 . 0360386 19.09 0.000 . 6172232 . 1584921
SocStatus | . 1562103 . 0180483 8.66 0.000 . 1208363 . 1915843
FamSize | -.1103726 .0129439 -8.53  0.000 —. 1357422 —. 085003
_cons | 11.2993  .8411747 13.43  0.000 9. 650632 12. 94798
R __+ —
sigma? |

_cons | . 0498804 . 0040727 12.25 0.000 . 041898 . 0578628

—> 4-way decomposition: delta method
| Coef.  Std. Err. Z P>|z [95% Conf. Interval]
te | 6. 842126 . 1430073 47.84  0.000 6. b61837 7.122415
cde | 4.179662 .0469639 89.00 0.000 4. 087614 4.271709
intref | -.0287129 .0020085 -14.30 0.000 —. 0326496  —. 0247762
intmed | . 0574261 . 0033914 16.93  0.000 . 0507791 . 0640732
pie | 2. 633751 . 1423044 18. 51 0. 000 2. 35484 2.912663

te=total effect; cde=controlled direct effect;
intmed=mediated interaction; pie=pure indirect effect.

intref=reference interaction;





