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A B S T R A C T

The coronavirus pandemic was a global health crisis taking away millions of lives worldwide. People diseased
by the virus, differ in the extent of severity of the infection. While it turns out to be fatal for some, for several
others the extent of severity is as ordinary as common cold. These people are reported to have recovered from
the disease without hospitalization and consuming some relevant medicine and home remedies. But people
who have comorbidity like geriatric, high blood pressure, heart and lung problems, diabetes, cancer etc. are at
high risk of developing serious illness from the infection. This study is an application of the Cox proportional
hazard model with an aim to identify the risk factors that affect the recovery time of the COVID-19 patients.
The model is an advanced regression technique that can be utilized to evaluate simultaneously the effect of
several factors on the possibility of instantaneous failure in patients. The paper also uses the Mantel-Haenszel
test (Log-Rank test) to compare if the probability of survival of different treatment procedures or different
groups of patients differ significantly. The information is collected from 129 respondents of Assam, India. The
study identifies that the significant risk factors that prolong the recovery time from COVID-19 are pre-disease,
location, and food habits.
. Introduction

Severe acute respiratory syndrome (SARS) coronavirus (SARS-CoV2)
s a novel virus that was recognized at the end of December 2019
round the globe. It has rapidly spread from Wuhan city of China and
aused a pandemic called ‘‘COVID-19’’ throughout the world because of
ts capacity to spread from human-to-human transmission. It has spread
hrough the large droplets produced during coughing and sneezing by
ymptomatic individuals and may spread from asymptomatic individu-
ls before starting the symptoms. The symptoms involved as per clinical
haracteristics in COVID-19 are fever, dry cough, fatigue, sore throat,
ausea, vomiting, diarrhea, dyspnea, etc. Though no single features
re there to distinguish COVID-19 from other viral infections, it may
evelop pneumonia, pulmonary failure, and death. Overall, the infec-
ion of the disease is characterized by a range of clinical presentations
rom asymptomatic to fatal or severe illness. The solidest forecaster for
OVID-19 severity is the age over 60 years. The adults of any age also
ffected by this disease with underlying certain medical conditions such
s cardiovascular diseases, diabetes, and chronic respiratory diseases,
tc. Sometimes the patients those who immunocompromised are also
t increased risk of severe illness. Moreover, the patients having co-
orbidity like geriatric, high blood pressure, heart and lung problems,
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diabetes, cancer etc. are at high risk of developing serious illness from
the COVID-19 infection and the mortality rate is also higher in this
segment of the patients all over world.

For any contagious disease, whether it is infectious or not, several
factors are always associated with its occurrence, treatment, and re-
covery time. These factors usually control the recovery period and may
be a cause of a prolonged recovery period for the disease. Sometimes
these factors jointly affect the recovery time of the disease and hence
they are termed as risk factors. The risk factors are those variables or
hazards that, if it is found to be present for an individual, will develop
the disease within the individual [1,2]. Owing to the risk factors, an in-
dividual might be more likely to have severe illness than others because
he (or she) has physiognomies or some underlying medical conditions
that increase the risk. Therefore, to recognize it as a risk factor, a
variable must be associated with an increased probability of disease
and must prolong the recovery period of the disease. Furthermore, the
variables that may be risk factors at one life stage may or may not put
an individual at risk at a later stage of development. Hence, the risk
factors can reside with the individual or within the family, community,
or institutions that surround the individual [3]. Sometimes these risk
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factors may be neglected in terms of the disease due to the poor medical
facility, poor treatment facilities, and so on.

The novel coronavirus was a threat to global health creating a crisis
as large to be termed as a pandemic taking away millions of lives across
the globe. It is mostly spread through respiratory droplets when these
are inhaled or ingested by a healthy individual or transferred by hand
from a contaminated surface to his/her eyes, nose, or mouth. There are
also indications that people carrying the virus but without symptoms
are known as asymptomatic and they can transmit the virus to other
people. Though the most common symptoms of COVID-19 are fever,
dry cough, and tiredness usually mild and begin gradually, some people
become infected with only having very mild symptoms. These people
are reported to recover from the disease without requiring hospital
treatment. Also, people who have underlying medical problems like
high blood pressure, heart and lung problems, diabetes, or cancer are
at high risk of developing a serious illness if infected by the virus.
Therefore, the study tries to identify the risk factors in the recovery
time of the COVID-19 patients with mild symptoms. Also, among all the
risk factors what are the factors responsible for the prolonged recovery
time of the disease is examined through survival analysis. Finally, the
combined effect of the significant risk factors in the recovery time of
the patients is studied using Cox’s proportional hazard model.

2. Review of literature

An individual with the existence of risk factors that are severe
needs intensive care or hospitalization. Thus, identifying the risk factors
for COVID-19 is indispensable because it can help one to take neces-
sary precautions as and when they get infected by the virus. Several
studies have already been performed by researchers across the world
in this regard. Schleicher et al. [4] studied a case of a patient with
COVID-19 infection, progressive pneumonia, development of a hyper
inflammatory state, and cytokine release syndrome (CRS) who was
successfully treated with steroids and tocilizumab. An observational
study on Clinical course and outcomes of critically ill patients with
SARS-CoV-2 pneumonia in Wuhan, China has been studied by Yang
et al. [5]. Yuen et al. [6] have studied some most important research
questions concerning virus transmission, asymptomatic and presymp-
tomatic virus shedding, diagnosis, treatment, vaccine development,
the origin of the virus, and viral pathogenesis. Hampshire et al. [7]
has studied the cognitive deficits in people who have recovered from
COVID-19 analyzing 81,337 individuals. A study with the principle
purpose to discuss the COVID-19 disease beginning from virology,
epidemiology and continuing with clinical manifestations, diagnosis,
its complications and to finish with available therapeutic options has
been performed by Ozdemir [8]. Norouzi et al. [9] have studied the
complications related to COVID-19 disease relevant to diabetes and
tried to focus on the present data and growing concepts surround-
ing SARS-CoV-2 infections in T2DM patients. Ugwueze [10] has also
studied the link and clinical implications between the COVID-19 and
diabetes mellitus. While Brosnahan [11] studied the effects of severe
acute respiratory syndrome coronavirus-2 infection on different parts of
the respiratory system, clues to understanding the underlying biology
of respiratory disease. A study on the influence of a COVID-19 vaccine’s
effectiveness and safety profile on vaccination acceptance was done
by Kaplan et al. [12]. Nalbandian et al. [13] performed a discussion
on relevant considerations for the multidisciplinary care of COVID-
19 survivors and propose a framework for the identification of those
at high risk for post-acute COVID-19 and their coordinated manage-
ment through dedicated COVID-19 clinics. A study on analysis of sex
hormones and menstruation in COVID-19 women of child-bearing age
has been done by Li et al. [14]. Chodaket et al. [15] analyzed the
current state of knowledge about SARS-CoV-2 as well as its potential
connection with food as a source of pathogen and infection. Mahmud
et al. [16] studied the incidence, association, and risk factors associated
with the development of the post-COVID-19 syndrome. A study on
2

the effect of information about COVID-19 vaccine effectiveness and
side effects on behavioral intentions was studied by Kerr et al. [17].
Augustin et al. [18] studied a longitudinal, prospective analysis of
health consequences in patients who initially presented with no or
minor symptoms of severe acute respiratory syndrome coronavirus type
2 (SARS-CoV2) infection.

For 844 patients from Italy with SARS-Cov-2 infection, a study by
Sormani et al. [19] found that increased risk of severe COVID-19 in
individuals treated with ocrelizumab or rituximab while compared to
untreated people. A multi-country study was performed by Simpson-
Yap et al. [20] with 2340 SARS-Cov-2 infection patients and they
found that with rituximab and ocrelizumab, risk of hospitalization,
ICU admission and ventilator increases. Another study based on cross-
sectional survey conducted in Iran by Safavi et al. [21] for 712 patients
found that enactment of anti-CD20 therapies effective for the people
having fever, cough and shortness of breath. A study performed in
Poland by Czarnowska et al. [22] which was relatively small and in-
cludes only 396 COVID-19 patients found that patients on ocrelizumab
had a higher risk of hospitalization. An overview of factors that are
possibly influencing the sharp increase of the COVID-19 outbreak in
Northern Italy was performed by Goumenou et al. [23]. In case of
obese adults, a high significant correlation between unhealthy eating
patterns or uncontrolled eating management and immune deficiency
reported by Smethers and Rolls [24]. In similar direction, Wu et al. [25]
established the correlation between obesity-induced immune deficiency
and COVID-19 adverse outcomes. In case of vulnerable populations, a
study performed by Bornstein et al. [26] found that obesity, increases
food intake, and nutrient imbalance affect immune deficiency in a
bidirectional way. However, in a retrospective study with 1488 patients
by O’Brien et al. [27] found that patients in US with lower body
mass index were associated with higher mortality in COVID-19 as
compared obese patients. Petrakis et al. [28] tried to examine the
obesity as a risk factor for increased COVID-19 prevalence, severity and
lethality. According to Sanyaolu et al. [29] diabetic individuals have
higher morbidity, mortality and hospitalization and ICU admission.
Moreover, cancer patients are more likely to get infected in COVID-19
due to immunocompromised status instigated by radiotherapy, hor-
monal therapy, and surgery etc. [30]. As per the study performed
by Derosa et al. [31] age is more important for the patients those
who infected in COVID-19 than cancer. It is because pediatric cancer
patients show relative resistance to COVID-19 infection. With an anal-
ysis of 637 patients Li et al. [32] revealed that 30% of cases have a
high risk of cardiovascular ailments for COVID-19 infection and 50%
cases have a high prevalence of diabetes and high blood pressure.
Though mild heart injury persistent cardiovascular damage is basic
illness associated with COVID-19 infection but a retrospective study by
Shi et al. [33] with 1009 COVID-19 patients found that 14.9% of the
patients suffered from hypertension. Further Zhou et al. [34] reported
with 72 314 COVID-19 patients 10.5% death rate among the people
with cardiovascular damage and also found that patients with coronary
artery disease as well as hypertension are more prone to SARS-CoV-2
infection. However, adolescents with COVID-19 seem to have tolerant
symptoms of COVID-19 than adults as adolescents’ immune systems
are more capable of responding to novel germs than the adults. This
capability is diminished with the advancement of age in patients with
70 years old and they even may be ineffective [35]. As per the study
Chen et al. [36] the African heritage adolescents especially develop
gastrointestinal indications and Kawasaki disease shock syndrome due
to COVID-19.

In COVID-19 patients, cardiac injury is exposed in multiple ways.
The contamination in the cardiovascular system of the patients is more
vulnerable to heart attack. It has occurred when due to lack of oxygen
supply to various organs of the human body [37]. During fever and
inflammation for COVID-19 patients, since infection is contained in the
lung initially so stress level increases and due to the characteristics of
inflammatory pathway it leads to damage to the cardiac muscle and
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heart failure [38]. Impact of COVID-19 can also be seen in the patients
who is suffering from hypertension. Lippi et al. [39] demonstrated a
2.5-fold more risk of lethality in COVID-19 with high blood pressure.
Based on the data collected from several cardiological societies [40]
found that use of drugs like ACE inhibitors and ARB in chronically
elevated blood pressure in COVID-19 hospitalized patients. Spudich
and Nath [41] proposed that younger people with mild disease could
develop acute COVID-19 and long COVID neuropsychiatric syndrome.
A systemic review and meta-analysis indicated that there are 2.5
times higher risk of severe infection among subjects with pre-existing
stroke [42]. According to the study by Ruan et al. [43] where 179
subjects were diagnosed with SARS-Cov-2 pneumonia, prior cardiovas-
cular difficulties significantly boosted mortality. To assess the evidence
on SARS-CoV2 infection and COVID-19 in relation to deficiency and
supplementation of vitamin D, D’Ecclesiis et al. [44] performed a
systematic review and meta-analysis based on the data up to April
2021. A review study was conducted by Peng et al. [45] to examine the
role of hypertension on the severity of COVID-19. Liu et al. [46] studied
the adverse cardiovascular effects of anti-COVID-19 drugs through the
review of the relative therapeutic efficacy. The crucial role of the nose
on COVID-19 was discussed by Gamerra et al. [47]. A systematic review
was performed by Matias et al. [48] based on metabolic syndrome and
COVID-19 which interferes in greater severity and mortality through
several factors.

Some of the research mentioned above is to identify the risk factors
for COVID-19 disease, but these studies include children and adults
with severe illness resulting in hospitalization and the Intensive Care
Unit (ICU). So far, to the best of our exploration, none of the studies
in the existing literature tried to examine the characteristics of individ-
uals between symptomatic and asymptomatic patients with COVID-19.
Furthermore, another gap has been identified, to study how individuals
who experienced severe illness with COVID-19 are different from a mild
illness. Therefore, this study has especially focused on individuals who
had met mild illness and were not admitted to the ICU or the hospital.

3. Objectives of the study

On this backdrop through the literature survey, a few risk factors for
COVID-19 patients are identified for the study and they are gender, age,
location, vaccination status, pre-disease condition, place of treatment,
and food habits. These risk factors are found to be relevant where the
study is being conducted. Based on these risk factors, the study tries to
examine the effect of these risk factors on the recovery time of COVID-
19 patients with mild illness. Though there are a few cross-sectional
studies based on COVID-19 patients but in contrast, most of the studies
conducted by the researchers discussed in literature review are based
on clinical study. These clinical studies have used standard medical
procedures to identify the responsible factors like hypertension, heart
disease, etc. However, we are using survival analysis to identify the
risk factors in time to recovery of mild affected COVID-19 patients
through cross-sectional survey. The use of survival analysis to identify
the risk factors through cross-sectional data is the novelty as well as
originality of this research. Consequently, the following three objectives
are specified.

(a) To examine the case control risk factors that lead to COVID-19
infection.

(b) To identify the risk factors that may prolong the recovery time
of COVID-19 patients.

(c) To study the impact of risk factors on the recovery time of
COVID-19 patients.
 H

3

4. Data collection

For this case control study, the relevant data have been collected
from different places of Assam (a province in the north-eastern part
of India). It has occupied an area of 78,438 square kilometers with a
population density of 397 people/square kilometers. For data collec-
tion, a structured questionnaire is prepared and it has been validated
and modified through a pilot survey from 30 patients who got affected
by COVID-19 but recovered from the disease. The convenient sampling
technique is used to collect the data in the pilot survey. Thereafter,
the prepared structured questionnaire is being sent to 225 patients
through email and finally, only 129 questionnaires were received from
the mild infectious COVID-19 patients of Assam. The time-period of
data collection is from 09 May 2021 to 27 October, 2021. It should
also be noted that formal consent had been taken from each patient
before the data collection.

5. Methodology

The study considered the recovery time of a patient from COVID-19
as the survival time. Suppose, 𝑇 denotes the recovery times (survival
times) of the patients suffering from COVID-19. Then the survivorship
function, denoted by 𝑆(𝑡), is defined as the probability that an individ-
ual takes to recover from the COVID-19 more than time 𝑡, i.e., suffers
up to time 𝑡, and is given by,

𝑆(𝑡) = 𝑃 (An individual takes time more than time 𝑡 to recover)
= 𝑃 (𝑇 > 𝑡)

(1)

he specific difficulties relating to survival analysis arise largely from
he fact that only some individuals have experienced the event and,
ubsequently, survival times will be unknown for a subset of the study
roup. For example, collecting information about the recovery times
f the COVID patients, some patients may still suffer from the disease.
he exact recovery (survival) times of these patients are unknown. As
uch, these are censored observations or censored times. When the data
ontains no censored observations, the set of survival times is complete.
ere we are using complete data (i.e. no censored observation) with the

ecovery time of the patients from the COVID-19. In practice, if there
re no censored observations, the survivorship function is estimated as
he proportion of patients recover after time 𝑡 is

̂(𝑡) =
Number of patients recovering after time 𝑡

Total number of patients (2)

5.1. The association of factors with COVID-19 infection

In the study, we have included three treatment-related factors 𝑣𝑖𝑧.
accination status (vaccinated or non-vaccinated), place of treatment
Home isolation or COVID care Center/Hospital/Nursing Home), and
re-disease condition (i.e. whether any illness already exists due to
iabetes, blood pressure, etc.), and four demographic factors 𝑣𝑖𝑧. Gen-
er (Male/Female), Age (in years), Location (Rural/Urban), and Food
abits (Vegetarian/Non-vegetarian) on the recovery time of the COVID-
9 disease. To examine the association of the above-mentioned factors
ith COVID-19, two non-parametric tests are being used as per their

elevance 𝑣𝑖𝑧. Mann–Whitney 𝑈 Test and Kendall’s 𝜏.

.2. Comparison of recovery times for different risk factors

Suppose 𝑆1(𝑡) and 𝑆2(𝑡) be the recovery functions under two differ-
nt levels (i.e. symptomatic and asymptomatic) of a factor. To test the
ull hypothesis that the two levels of the factor have the same recovery
unction, i.e.,

0 ∶ 𝑆1(𝑡) = 𝑆2(𝑡)

e have used the non-parametric Log-Rank test also called the Mantel-

aenszel test [49]. In this test, the number of recoveries and the
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Fig. 1. Recovery curves based on survival functions for risk factors Gender and Age.
a

ℎ

w
b
𝑥
c
o
n
s

𝑙

o

𝑙

o

𝑙

Table 1
A (2 × 2) contingency table for risk levels and recovery status.

Level 1 Level 2 Total

Recovered 𝑟1𝑖 𝑟2𝑖 𝑟1𝑖 + 𝑟2𝑖 = 𝑟𝑖
Not recovered 𝑛1𝑖 − 𝑟1𝑖 𝑛2𝑖 − 𝑟2𝑖 𝑛1𝑖 + 𝑛2𝑖 − 𝑟1𝑖 − 𝑟2𝑖 = 𝑛𝑖 − 𝑟𝑖

𝑛1𝑖 𝑛2𝑖 𝑛𝑖

number of patients at risk at each distinct time is observed in a 2 × 2
ontingency table. That is, for the 𝑖th recovery time 𝑡(𝑖), we may
onstruct a 2 × 2 contingency table showing the numbers at risk (𝑛1𝑖
nd 𝑛2𝑖 for the two levels of the factor) and the number of recoveries (𝑟1𝑖

and 𝑟2𝑖, respectively). Thus, for the 𝑖th recovery time, we have obtained
Table 1.

Suppose that the number of recoveries in the two levels of the factor
is independent. Then, for fixed values of 𝑟𝑖, 𝑛𝑖, 𝑛1𝑖 and 𝑛2𝑖, the random
variable 𝑅𝑖, denoting the entry in the (1, 1) cell of the 2 × 2 table has
hypergeometric distribution with conditional p.m.f.

𝑃 (𝑅𝑖 = 𝑟1𝑖∕𝑛1𝑖, 𝑛2𝑖, 𝑟𝑖) =

(𝑛1𝑖
𝑟1𝑖

)(𝑛2𝑖
𝑟2𝑖

)

(𝑛𝑖
𝑟𝑖

) ; 𝑖 = 1, 2,… , 𝑘 (3)

he mean and the variance of the distribution are

𝑖 = 𝐸(𝑅𝑖) =
𝑛1𝑖𝑟𝑖
𝑛𝑖

and 𝑉𝑖 = 𝑉 𝑎𝑟(𝑅𝑖) =
𝑛1𝑖𝑛2𝑖(𝑟𝑖 − 𝑛𝑖)
𝑛2𝑖 (𝑛𝑖 − 1)

; 𝑖 = 1, 2,… , 𝑘

ombining the information from each 2 × 2 table for each 𝑡𝑖 we can
efine a statistic 𝑅 as,

=
𝑘
∑

𝑖=1
(𝑅𝑖 − 𝐸𝑖) (4)

hich gives an overall measure of the deviation of the observed values
f 𝑅𝑖 from their expected values. Since 𝐸(𝑅𝑖) = 𝐸𝑖, therefore the
tatistic 𝑅 has to mean zero, i.e., 𝐸(𝑅) = 0. Also, since the recoveries are
ndependent of each other, the variance of 𝑅 is the sum of the variances
f 𝑅𝑖, i.e.,

𝑎𝑟(𝑅) =
𝑘
∑

𝑖=1
𝑉𝑖 (5)

hen, by the large sample property, the variable,

=
𝑅 − 𝐸(𝑅)
√

𝑉 𝑎𝑟(𝑅)
(6)

s approximately normal, i.e., 𝑈 ∼ 𝑁(0, 1). Thus, the test statistic

2 =
[𝑅 − 𝐸(𝑅)]2 (7)
𝑉 𝑎𝑟(𝑅)

4

summarize the extent to which the observed recovery times in the
two levels of the factor deviate from those expected under the null
hypothesis of no differences. Under 𝐻0, the test statistic will have an
asymptotic chi-squared distribution with one degree of freedom (Cox,
1972). Thus, to test the hypothesis that the two levels of a factor have
the same survivor function, we can carry out a Chi-square test, using
the statistic 𝑈2, defined in (4), and this test is known as the Log-Rank
test or Mantel-Haenszel test.

5.3. Impact of risk factors on the recovery time of the COVID-19 patients

The Cox model is a semi-parametric regression model that defines
the hazard function ℎ(𝑡,𝒙) by a set of 𝑝 covariates 𝒙∕ = (𝑥1, 𝑥2,… , 𝑥𝑝)
s

(𝑡,𝒙) = ℎ0(𝑡)𝑒
𝛽1𝑥1+𝛽2𝑥2+⋯+𝛽𝑝𝑥𝑝 = ℎ0(𝑡)𝑒𝜷

∕𝒙 (8)

here 𝑡 represents the survival time. The term ℎ0(𝑡) is called the
aseline hazard. It corresponds to the value of the hazard if all the
𝑖 are equal to zero, i.e., without any influence of covariates. The
oefficients 𝜷∕ = (𝛽1, 𝛽2,… , 𝛽𝑝) measure the impact (i.e., the effect size)
f covariates. The logarithm of the hazard ratio in Eq. (8) gives the
umerical estimates of the regression coefficients 𝛽𝑖 rather than in the
hape of ℎ(𝑡,𝒙)

𝑜𝑔ℎ(𝑡,𝒙) = 𝑙𝑜𝑔ℎ0(𝑡) + 𝜷∕𝒙

r

𝑜𝑔
ℎ(𝑡,𝒙)
ℎ0(𝑡)

= 𝜷∕𝒙 =
𝑝
∑

𝑖=1
𝛽𝑖𝑥𝑖

r

𝑜𝑔(𝐻𝑅0) = 𝑙𝑜𝑔(
Group Hazard

Baseline hazard ) =
𝑝
∑

𝑖=1
𝛽𝑖𝑥𝑖 (9)

which is a linear function of the covariates 𝑥1, 𝑥2,… , 𝑥𝑝.

6. Results and discussion

Based on the methodology discussed above, using Eq. (2) several
survivorship functions are depicted under various risk factors 𝑣𝑖𝑧. Gen-
der, Age, Location, Vaccination Status, Pre-disease Condition, Place of
Treatments, and Food Habits. A simple comparison of survival functions
can be achieved by drawing graphs of the estimated survivorship func-
tions. Figs. 1–4 gives the survival curves for the risk factors included
in the study.

After portraying survival functions, the study has tried to identify
the factors that are associated with the patients using the Mann–
Whitney 𝑈 test and Kendall’s 𝜏. The results of the tests are presented in
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Fig. 2. Recovery curves based on survival functions for risk factors Location and Vaccination Status.
Fig. 3. Recovery curves based on survival functions for risk factors Pre-disease Condition and Place of Treatment.
able 2. Among all the risk factors considered in the study, only three
isk factors are found to be significantly associated with the patients
aving COVID-19 infections. These three factors are Pre-disease Condi-
ions, Location and Food habit which is also evident from Table 2 as the
-values corresponding to these factors are less than 0.05 (significant at
%). Moreover, an almost equal proportion of patients of both genders
s included in the sample (male: 49.6%, female: 50.4%). It is seen
hat the mean recovery time for both genders is almost equal, (male:
6.3 days, female: 16.0 days). Regarding age which was not found to
e statistically significant, at the time of infection, 38.8% of patients
re below age 30 years; 40.3% are of age 30–50 years, and 20.9% of
atients are of age 50 years or more.

Interestingly the risk factor vaccination status which is usually
onsidered to be most indispensable to dispose of COVID-19 infection is
ot statistically significant. Also, at the time of infection, only 13.2% of
atients were vaccinated. The median recovery time for the vaccinated
nd non-vaccinated patients are respectively 14 days and 15 days,
hich is not statistically significant. This might be because the gap
etween the day of vaccination and the study period is so close that
he effect of vaccination was yet to blossom to its full potential. Again,
lmost two-thirds of the patients preferred home isolation (Home isola-
ion: 65.1%, COVID care center/hospital: 34.9%). The median recovery
ime for patients preferring home isolation is 15 days, and that taking
reatment in COVID care Center/Hospital/Nursing Home is also 15
ays.
5

Fig. 4. Recovery curves based on survival function for risk factor Food Habit.

From Fig. 3 of the recovery curves, patients having pre-disease
conditions have a longer recovery time than those are not having any
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Table 2
Association of Risk factors with COVID-19 Infection.

Risk factors Status No. of cases Percent Mean Recovery
time (MRT)

SDa of MRT Median recovery
time

Test statistic 𝑝-value

Vaccination status Vaccinated 17 13.2% 17.1 9.0 14 Mann–Whitney
𝑈 = 927.0

0.861
Not vaccinated 112 86.8% 16.0 7.9 15

Gender Male 64 49.6% 16.3 8.2 15 Mann–Whitney
𝑈 = 2046.0

0.874
Female 65 50.4% 16.0 7.9 15

Age
<30 50 38.8% 15.4 7.4 15 Kendall’s

𝜏 = 0.055

0.375
30–50 52 40.3% 16.6 8.8 14
≥50 27 20.9% 16.5 7.9 15

Pre-disease No 106 82.2% 15.1 7.5 14 Mann–Whitney
𝑈 = 748.0

0.004
Yes 23 17.8% 20.7 8.9 20

Location Rural 86 66.7% 14.7 7.5 14 Mann–Whitney
𝑈 = 1261.5

0.003
Urban 43 33.3% 18.8 8.4 20

Treatment place Home 84 65.1% 15.7 7.2 15 Mann–Whitney
𝑈 = 1834

0.781
Hospital 45 34.9% 16.8 9.4 15

Food habit Veg 41 31.8% 20.0 9.3 20 Mann–Whitney
𝑈 = 1136.5

0.001
Non-veg 88 68.2% 14.3 6.6 14

aSD = Standard Deviation.
Table 3
Impact of various factors on the recovery time.

Factors 𝛽 SEa of 𝛽 𝑒𝛽 CIa of 𝑒𝛽 𝑧 𝑃 (𝑍 > |𝑧|)

Location −0.622 0.390 0.537 [0.249, 1.153] −1.594 0.111
Pre-disease −1.088 0.474 0.337 [0.133, 0.853] −2.296 0.022∗

Food Habits 0.562 0.257 1.754 [1.059, 2.905] 2.183 0.029∗

Location & Pre-disease 1.078 0.548 2.940 [1.005, 8.605] 1.969 0.049∗

Location & Food −0.005 0.443 0.995 [0.418, 2.369] −0.011 0.991
Pre-disease & Food 0.563 0.524 1.756 [0.628, 4.908] 1.074 0.283

Likelihood ratio test = 26.29 on 6 df, 𝑝 < 0.001
Wald test = 24.03 on 6 df, 𝑝 < 0.001
Score (Log-Rank) test = 25.59 on 6 df, 𝑝 < 0.001

aSE = Standard Error; CI = Confidence Interval.
pre-disease condition. The median recovery time for patients with pre-
disease is 20 days and no pre-disease is only 14 days. It is because
the various pre-disease conditions stance different risks for patients
who have suffered COVID-19. The list of such alarming pre-diseases is
Diabetes, Cardiovascular disease, Chronic Lung Disease, Hypertension,
Obesity, Metabolic disease, etc. The pre-existence of these diseases
increases the risk of hospitalization, ICU admission, and even death.
Location is another significant risk factor. Patients in urban areas have
comparatively longer recovery periods (𝑐𝑓 . Fig. 2). One of the key
advantages for the patients staying in rural areas is lack of pollution
and easier to maintain physical distancing. Usually, urban areas are
more contaminated in terms of air and soil compared to rural areas
and because of lack of space physical distancing is difficult to maintain.
Again, food habit is another significant risk factor, vegetarians have a
longer recovery time than non-vegetarians. The median recovery time
for vegetarian and non-vegetarian patients is 20 days and 14 days
respectively.

From Table 2, the set of covariates that are influencing the recovery
time is pre-disease, location, and food habits. Thus, to examine the
combined effect of these covariates on the recovery time of the COVID-
19 patients, Cox’s Proportional Hazard Model [50] is used. The model
evaluates simultaneously the effect of several covariates on survival
(i.e. recovery time), which can be sophisticatedly adapted in the present
context. Table 3 gives the 𝑝-values (𝑃𝑟(𝑍 > |𝑧|)) along with the coeffi-
cients (𝛽) and its standard errors (SE), exponentiation of coefficients
(𝑒𝛽) and its confidence intervals (CI), and critical values (𝑧) of the
proportional hazard model.

The 𝑝-values for all three tests 𝑣𝑖𝑧. likelihood ratio test, Wald test,
and Score test are significant, indicates that the model is significant,
and hence, the omnibus null hypothesis that all of the 𝛽’s are 0 is re-

jected. So, we could infer that there is an overall significant relationship

6

between these sets of covariates and recovery time. From the output in
the multivariate Cox analysis, the two covariates Pre-disease and Food
Habits are significant factors (𝑝 < 0.05), but the location is found to be
an insignificant factor (𝑝 > 0.05). However, interestingly the interaction
between Location and Pre-disease is found to be significant.

The 𝑝-value for Pre-disease is 0.022, with a hazard ratio, 𝐻𝑅 =
𝑒𝛽 = 0.337, indicating that the risk of recovery decreases by a factor
of 0.337 for the patients having pre-disease conditions if we hold the
other covariates constant. That means the recovery time of the patients
having pre-disease condition decreases by (0.337 × 100 − 100 =) 66.3%
compared to those without any pre-disease condition. This may be
due to the fact that medical practitioners (i.e. doctors, nurses, etc.)
are taking special care for those people who are having pre-existing
diseases like diabetes, high blood pressure, sugar, etc. and also for these
people specific guidelines are there for COVID-19 treatment. However,
there is no specific guidelines for the patients those who have no pre-
disease condition. Again, the 𝑝-value for food habits is 0.029, indicating
a significant relationship between food habits and risk of recovery.
The vegetarians experience a higher recovery time with an increased
hazard by a factor of 1.754 over the non-vegetarian patients. This
implies that compared to non-vegetarian patients there is an increase
in hazard ratio by 75.4% in the case of vegetarian patients. Moreover,
the significant interaction between location and pre-disease condition
(𝑝 = 0.049) signifies that residing in urban areas with having pre-disease
conditions is not advantageous with increased hazard by three (2.94 ∼
3) times over the patients residing in rural areas with none of the pre-
disease conditions. That means urban patients with pre-existing disease
need longer recovery time in comparison to the patients residing in
rural areas. As air pollution is more in the urban areas compared to
rural locations so breathing problems are more acute in urban areas as

COVID-19 directly affects human lungs.
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7. Conclusion and future scope of the study

The purpose of the current study is to identify the factors that
influence the recovery time of the COVID-19 patients with mild symp-
toms using survival analysis. Here time to recovery of the patient
from COVID-19 is the variable of interest. As the recovery time of pa-
tients are not normally distributed so non-parametric tests like Mann–
Whitney’s 𝑈 test (when only two patient groups are to be compared)
and Kendall’s 𝜏 (for more than two patient groups) were compared.
The empirical survival curves of the various patient groups are visu-
alized and compared graphically and also their significant difference
were tested using Mantel-Haenszel test. The study identifies that the
significant risk factors that prolong the recovery time are Pre-disease,
Location, and Food habits. Furthermore, the combined effect of the
significant risk factors in the recovery time of the patients is studied
using 𝐶𝑜𝑥’𝑠 Regression. The overall findings of the statistical exercise
are that the urban patients with pre-disease have the highest recovery
time. The vegetarian patients and those living in urban areas also
take more time to recover compared to their non-vegetarian and rural
counterparts respectively. Other factors or their interaction effects like
gender, age and place of treatment are insignificant as per the analysis.

Most studies on the pandemic are based on results from clinical
trials. Such studies are basically focused on- to what extent the medical
parameters of human body are influenced by COVID-19 infection [51–
53]. Some other works focused on the extent in which precautions
were followed by people in order to keep them safe from the said
infection [54] or to identify the group of people who are more vul-
nerable to the infection. However, the current paper is focused on the
time to recovery of COVID-19 patients and the factors that influence
the speed of recovery. The study is based on information collection
from the patients. The result of our study could not be compared to
other studies because in the existing body of literature, the address of
recovery time and its determinants were not addressed. However, some
of the findings of our study are in keeping with the popular believes
encompassing the COVID-19 like- living in rural area (allows natural
physical distancing between people), having comorbidity (increases the
severity of the infection), taking protein rich food i.e. non-vegetarian
food helps in building resistance against the virus. Here also, we found
that such factors affect the rate of recovery from corona infection.

One interesting and unexpected finding of the analysis is that the
status of vaccination does not influence the time to recovery. But, at
the time of data collection, when the third surge of the Corona virus
is on the rampage it is seen that the rate of infection is very rapid but
the severity of the virus is minimized to the level of common cold and
cough. But the same has not been reflected in the current study. The
researchers presume that this might be because the gap between the
day of vaccination and the day of data collection in case of most of the
subjects are so close that the effect of vaccination was yet to blossom
to its full potential. The researchers feel that such studies need to be
repeated at a future date to recheck the influence of vaccination.
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