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Symptom Profile of Patients With Post-COVID-19 Conditions 
and Influencing Factors for Recovery

Norihiro Matsuokaa, c, Takuo Mizutania, Koji Kawakamib

Abstract

Background: The aim of the study was to examine the factors that 
influence the improvement of post-coronavirus disease 2019 (COV-
ID-19) symptoms.

Methods: We investigated the biomarkers and post-COVID-19 
symptoms status of 120 post-COVID-19 symptomatic outpatients (44 
males and 76 females) visiting our hospital. This study was a retro-
spective analysis, so we analyzed the course of symptoms only for 
those who could follow the progress of the symptoms for 12 weeks. 
We analyzed the data including the intake of zinc acetate hydrate.

Results: The main symptoms that remained after 12 weeks were, in 
descending order: taste disorder, olfactory disorder, hair loss, and 
fatigue. Fatigue was improved in all cases treated with zinc acetate 
hydrate 8 weeks later, exhibiting a significant difference from the un-
treated group (P = 0.030). The similar trend was observed even 12 
weeks later, although there was no significant difference (P = 0.060). 
With respect to hair loss, the group treated with zinc acetate hydrate 
showed significant improvements 4, 8, and 12 weeks later, compared 
with the untreated group (P = 0.002, P = 0.002, and P = 0.006).

Conclusion: Zinc acetate hydrate may improve fatigue and hair loss 
as symptoms after contracting COVID-19.

Keywords: COVID-19; SARS-CoV-2; Post-COVID-19 conditions; 
Fatigue; Hair loss; Sequela

Introduction

It has been reported that some patients with coronavirus dis-

ease 2019 (COVID-19) experienced the persistence of such 
symptoms as headache, fatigue, and/or taste/olfactory disorder, 
even after major symptoms were improved and infectivity dis-
appeared under what are called post-COVID-19 conditions [1].

Huang et al reported that 76% of the COVID-19 patients 
experienced at least a persistent symptom 6 months after the 
onset of symptoms, 63% suffered fatigue or muscle weakness, 
and 23% had symptoms of anxiety/depression [2]. The sys-
tematic review of 45 papers reporting results of research in 
9,751 cases by Nasserie et al [3] confirmed the development 
of such symptoms as fatigue or exhaustion (40.0%), shortness 
of breath or dyspnea (36.0%), anosmia (23.6%), taste disorder 
(15.6%), and anxiety and/or depression (14.9%).

Such persistent symptoms varied by state of continua-
tion as well as respective incidence. Tan et al [4] reported that 
74.1% of the patients showing olfactory disorder recovered 
by day 30, while some did not recover even 180 days later 
and that the median period for recovery was 14.9 days. An-
other study reported that fatigue persisted for several weeks 
to months, and fatigue lingered in 10-35% of the patients even 
after 6 months [5].

In Japan, three research teams were formed to investigate 
post-COVID-19 conditions, and the results were reported [6]. 
The more common lingering symptoms were fatigue, breath-
lessness, muscular weakness, and decline in concentration, 
and the rates of persistence in 3 months were 21%, 14%, 12%, 
and 11%, respectively.

On the other hand, there are scarce data on characteristics 
of patients showing or suffering persistent symptoms. There 
is only a poor understanding of post-COVID-19 conditions, 
while risk factors such as being of the female sex, smoking, 
and obesity, and the risk of long-term persistence increase in-
versely with age [7].

We previously reported that the risk of death rose in inpa-
tients with COVID-19 when the serum zinc (Zn) concentration 
at hospitalization was lower than 54 µg/dL [8]. We have pre-
scribed supplement of zinc to the outpatients with post-COV-
ID-19 conditions as necessary. We supposed that zinc acetate 
hydrate was effective in improving symptoms in our patient 
examinations. We did a detailed analysis of the most common 
post-COVID-19 conditions: fatigue, taste disorder, olfactory 
disorder, and hair loss.

After examining the factors affecting recovery from post-
COVID-19 conditions, including zinc acetate hydrate, and un-
derstanding the factors we found in our clinical practice, we 
sought a way to ensure quicker recovery.
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Materials and Methods

Study design

The study was conducted as a single-institutional descriptive 
epidemic study. We employed the opt-out policy for use of the 
existing data. Having gone through a review and obtained an 
approval of the ethics review board on August 3, 2022, we per-
formed the study in accordance with the Declaration of Helsin-
ki and Ethical Guidelines for Medical and Biological Research 
Involving Human Subjects.

Subjects and treatment

We analyzed patients who had been followed up until 12 
weeks after, designating as a population those who had visited 
our outpatient department with post-COVID-19 conditions 
as a main complaint. The study period started on August 1, 
2021 and ended on June 1, 2022. The analysis only included 
the existing data; there were no exclusion criteria. General 
practitioners were in charge of the examination. We confirmed 
the presence or absence of symptoms in patients using a self-
reported check sheet (original sheet) at the time of medical 
interview (Supplementary Material 1, www.jocmr.org). Ac-
cording to World Health Organization, a “post-COVID-19 
condition occurs in individuals with a history of probable or 
confirmed severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection, usually 3 months from the onset of 
COVID-19 with symptoms that last for at least 2 months and 
cannot be explained by an alternative diagnosis.” We analyzed 
all post-morbid symptoms, however, regardless of symptom 
duration. Regarding hair loss, we used a loupe to check the 
condition of the scalp. For patients with hypozincemia, we pre-
scribed 50 mg of zinc acetate hydrate tablets to be taken twice 
a day and continued until the patient healed. (In Japan, doctors 
cannot prescribe zinc acetate hydrate because it is not covered 
by insurance unless it is hypozincemia.)

Data collected

Data collected included: age, sex, presence of post-COVID-19 
conditions (fatigue, dyspnea, cough/sputum, decline in cogni-
tive dysfunction/concentration, headache, diarrhea, taste disor-
der, olfactory disorder, hair loss, and depression), improvement 
of such symptoms in 4, 8, and 12 weeks after the onset; total 
protein, albumin (ALB), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase (ALP), 
γ-glutamyl transpeptidase (γ-GT), cholinesterase (ChE), li-
pase, uric acid, estimated glomerular filtration rate (eGFR), 
triglyceride, low-density lipoprotein (LDL) cholesterol, blood 
glucose, Na, Cl, K, Ca, P, Mg, Zn, Cu (determined as serum 
levels respectively); C-reactive protein (CRP), white blood 
cell (WBC), hemoglobin, platelet (PLT), vitamin B2, vitamin 
B12, free thyroxine (FT4), thyroid-stimulating hormone (TSH) 
(determined as blood levels respectively); use of zinc acetate 

hydrate, use of mecobalamin, use of mecobalamin injections at 
the first visit for post-COVID-19 conditions.

Endpoints

Because of the study design as a descriptive epidemic study, we 
performed an exploratory investigation on the following items 
without using any primary endpoints: 1) Age, sex, and status of 
follow-up of patients with post-COVID-19 conditions; 2) Sta-
tus of improvement of post-COVID-19 conditions 4, 8, and 12 
weeks later (for the followed-up cases only); 3) Relationship 
between the use of zinc acetate hydrate and the status of im-
provement of symptoms in the patients showing fatigue/taste 
disorder/olfactory disorder/hair loss (for the followed-up cases 
only); 4) Factorial analysis of the status of improvement (age, 
sex, treatment, laboratory test values at the first outpatient visit 
(abbreviated below as “first-visit test values”)) in the patients 
showing fatigue/taste disorder/olfactory disorder/hair loss (for 
the followed-up cases only).

Statistical analysis

Summary statistics of patient backgrounds are indicated as 
frequency (n) and percentage (%) or mean ± standard devia-
tion. The patients were grouped into two by use of zinc acetate 
hydrate. Fisher’s exact test was used for comparison in the 
status of improvement of post-COVID-19 conditions. Wald 
Chi-squared test was used for analyzing improvement factors 
for fatigue, taste disorder, olfactory disorder, and hair loss. We 
used the items with P < 0.25 in univariate analysis in the Wald 
Chi-squared test for multivariate analysis. (If there were many 
applicable explanatory variables, only items with P < 0.1 were 
included.) Analysis used R analytics, version 4.0.3 (R Founda-
tion for Statistical Computing, Vienna, Austria [9]). All statis-
tical tests employed the two-tailed significance level of 5%.

Results

The statistical analysis of the study involved 120 cases con-
sisting of 44 males (36.7%) and 76 females (63.3%). Table 1 
shows patient backgrounds of those showing post-COVID-19 
conditions. Numbers of cases showing symptoms (duplicated 
cases included) are 56 cases for fatigue, six for dyspnea, 28 for 
cough/sputum, 10 for decline in cognitive dysfunction/concen-
tration, 35 for headache, 20 for diarrhea, 77 for taste disorder, 
70 for olfactory disorder, 42 for hair loss, and eight for depres-
sion (Table 1). The Zn level was determined as 83.7 ± 17.4 
mg/dL in the outpatients (Table 2), and all 53 cases (44.2%) 
with the levels below 80 mg/dL were found to be users of pre-
scribed zinc acetate hydrate. Looking at the use of the agents 
that can affect improvement of post-COVID-19 conditions, we 
noted that 50 cases used mecobalamin and eight cases took 
mecobalamin injections.

Changes in improvement rates of symptoms are given in 
a chronological order (Fig. 1). Symptoms of dyspnea were im-
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proved in the patients except for a case 4 weeks later, and all 
patients experienced symptomatic improvement 8 weeks later. 
On the other hand, symptoms of cough/sputum remained in 
33.3% of the patients until week 4; 12 weeks later, the symp-
toms were improved in 92.6% of the patients. Diarrhea symp-
toms were improved in 87.5% of the patients 4 weeks later, 
and 93.8% 8 weeks later. Taste disorder persisted in 39.2% 
of the patients 4 weeks after and 20.3% even 12 weeks after. 
Symptoms of olfactory disorder lasted in 41.8% of the patients 
until 4 weeks later and 25.4% until 12 weeks later. Hair loss 
persisted in 41.0% of the patients 4 weeks later and 15.4% 12 
weeks later.

We examined the use of pharmacotherapy with zinc ac-
etate hydrate and the status of improvement of symptoms in 
the patients showing fatigue/taste disorder/hearing disorder/
hair loss that were more commonly observed (Fig. 2). Fatigue 
was improved in all cases treated with zinc acetate hydrate 8 
weeks later, exhibiting a significant difference from the un-
treated group (P = 0.030). The similar trend was observed even 
12 weeks later, although there was no significant difference (P 
= 0.060). As for taste disorder and olfactory disorder, no sig-
nificant difference was found in the use of zinc acetate hydrate. 
With respect to hair loss, the group treated with zinc acetate 
hydrate showed significant improvements 4, 8, and 12 weeks 
later, compared with the untreated group (P = 0.002, P = 0.002, 
and P = 0.006).

Tables 3 and 4 summarize univariate analysis results of 
improvement factors of fatigue, taste disorder, hearing dis-
order, and hair loss 12 or 4 weeks later, and Table 5 shows 
multivariate analysis results. None of the patients who used 
zinc acetate hydrate remained symptomatic of fatigue after 12 
weeks, and only one patient remained symptomatic of hair loss 
after 12 weeks. These were not suitable for factorial analysis 
after 12 weeks because it was too biased. We therefore focused 
on remaining symptoms after 4 weeks and performed a mul-
tivariate analysis of the factors. As for hair loss, high potas-
sium levels and treatment with zinc acetate hydrate were found 
to be significant improvement factors. In addition, as a result 

of performing the same analysis by converting to binary val-
ues above and below the median instead of actually measured 
values of potassium, potassium was no longer a significant 
factor (Supplementary Material 2, www.jocmr.org). We also 
performed a multivariate analysis with the same explanatory 
variables for each symptom and found no significant factors 
(Supplementary Material 3, www.jocmr.org).

Discussion

Our study found taste disorder, olfactory disorder, fatigue, and 
hair loss occurred more commonly in our outpatients under-
going treatment of post-COVID-19 conditions (Table 1). It is 
difficult to compare precisely our study to the report [6] by the 
research team of the Ministry of Health, Labour and Welfare 
(MHLW). The subjects of our study were the patients visiting 
us for their experience of post-COVID-19 conditions. They 
might experience more symptoms that interfere with daily 
life than those studied by the MHLW team, which followed 
up patients who had symptoms at the time of discharge from 
hospital. This suggests that more patients may seek medical 
assistance due to taste disorder and/or olfactory disorder than 
for tiredness/fatigue, difficulty breathing, sleep disorder, and/
or decline in cognitive dysfunction/concentration despite the 
lower incidence.

In our study, the number of female patients (63.3%) was 
greater than male (36.7%). Taking into account the results of 
our study and the past research report [7, 10], we surmise that 
women may be prone to such symptoms. These, however, are 
insufficient to ascertain whether there is a gender difference 
and, if so, its cause. A large-scale epidemiological survey will 
be required.

Other researchers reported long-lasting sequelae [11-13]. 
In our study, symptoms remained even 12 weeks after the de-
velopment of post-COVID-19 conditions in some cases. Over 
20% of the patients still suffered from taste disorder and/or ol-
factory disorder (Fig. 2). Such patients would require follow-

Table 1.  Patient Profile and Follow-Up Status in Treatment of Post-COVID-19 Conditions

Item n Male/female Age (years) Hypozince-
mia case

Number of cases fol-
lowed up after 12 weeks

Overall 120 44/76 37.4 ± 12.9 53 (44.2%) 108 (90.0%)
Fatigue 56 19/37 37.6 ± 11.9 24 (42.9%) 49 (87.5%)
Breathlessness 6 4/2 40.3 ± 9.4 3 (50.0%) 6 (100.0%)
Cough/sputum 28 8/20 37.9 ± 13.8 16 (57.1%) 27 (96.4%)
Decline in cognitive dysfunction/concentration 10 4/6 33.6 ± 11.9 5 (50.0%) 8 (80.0%)
Headache 35 9/26 37.3 ± 13.1 14 (40.0%) 30 (85.7%)
Diarrhea 20 4/16 41.1 ± 12.4 10 (50.0%) 16 (80.0%)
Taste disorder 77 24/53 36.7 ± 13.2 36 (46.8%) 74 (96.1%)
Olfactory disorder 70 20/50 36.5 ± 13.4 34 (48.6%) 67 (95.7%)
Hair loss 42 10/32 37.0 ± 14.1 15 (35.7%) 39 (92.9%)
Depression 8 2/6 43.6 ± 10.2 3 (37.5%) 7 (87.5%)

Data are mean ± standard deviation or n (%). COVID-19: coronavirus disease 2019.
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up, including checking for zinc.
We previously reported that inpatients with COVID-19 

showed the higher risk of death when serum Zn level was 
lower than 54 µg/dL at hospitalization [7]. We also focused 
on zinc intake in the study, considering that many researchers 
had reported that COVID-19 patients were likely to have lower 
serum Zn level [14]. In our study, we administered zinc acetate 
hydrate to all of the cases with hypozincemia. That is, the divi-
sion of patients into two groups by use of zinc acetate hydrate 
can correspond to presence of hypozincemia at the start of the 
study. We therefore examined the difference in course of post-
COVID-19 conditions in two groups differentiated by the ad-

ministration of zinc acetate hydrate, since the initial test values 
of Zn were not suitable for factorial analysis. As a result, zinc 
acetate hydrate was found to improve fatigue and hair loss sig-
nificantly (Fig. 2).

Past research reported that zinc deficiency was closely 
related to these long-term effects of COVID-19 fatigue, taste 
disorder and olfactory disorder [14]. It was previously reported 
that the mean recuperative period was significantly shorter in 
patients treated with zinc sulfate than patients without using 
zinc sulfate [15], the low zinc status caused taste disorder [16], 
and zinc products improved taste disorder [17-19]. Our study, 
however, did not find treatment with zinc acetate hydrate a 

Table 2.  The First-Visit Test Values in All Patients

Item n Mean ± SD Ref.
AST (U/L) 117 22.2 ± 8.6 10 - 40
ALT (U/L) 117 23.1 ± 19.7 5 - 40
ALP (U/L) 117 67.3 ± 28.9 38 - 113
ChE (U/L) 117 332.9 ± 71.6 M: 242 - 495, F: 200 - 459
γ-GT (U/L) 117 33.9 ± 62.4 M: ≤ 70, F: ≤ 30
TP (g/dL) 117 7.21 ± 0.46 6.7 - 8.3
ALB (g/dL) 117 4.42 ± 0.38 3.8 - 5.2
CRP (mg/dL) 117 0.180 ± 0.663 ≤ 0.14
WBC (/µL) 116 6458 ± 1516 M: 3,900 - 9,800, F: 3,500 - 9,100
Hb (g/dL) 117 13.87 ± 1.63 M: 13.5 - 17.6, F: 11.3 - 15.2
PLT (× 104/µL) 117 24.53 ± 5.96 M: 13.1 - 36.2, F: 13.0 - 36.9
LIP (U/L) 116 32.3 ± 22.4 13 - 55
TG (mg/dL) 117 111.3 ± 77.6 50 - 149
LDL-C (mg/dL) 117 113.3 ± 30.3 70 - 139
UA (mg/dL) 117 5.00 ± 1.42 M: 3.7 - 7.0, F: 2.5 - 7.0
Na (mEq/L) 117 140.8 ± 1.9 136 - 147
Cl (mEq/L) 117 101.9 ± 2.4 98 - 109
K (mEq/L) 117 4.23 ± 0.49 3.6 - 5.0
Ca (mg/dL) 117 9.11 ± 0.41 8.5 - 10.2
P (mg/dL) 117 3.16 ± 0.56 2.4 - 4.3
Mg (mg/dL) 117 2.28 ± 0.17 1.8 - 2.6
Zn (µg/dL) 112 83.7 ± 17.4 80 - 130
Cu (µg/dL) 117 105.9 ± 22.2 68 - 128
eGFR (mL/min/1.73 m2) 101 88.18 ± 19.36
BG (mg/dL) 118 98.3 ± 27.3 70 - 109
VB2 (ng/mL) 93 96.68 ± 17.13 66.1 - 111.4
VB12 (pg/mL) 94 351.2 ± 198.3 180 - 914
FT4 (ng/dL) 84 1.28 ± 0.17 0.75 - 1.45
TSH (µU/mL) 83 1.72 ± 0.97 0.61 - 4.23

Ref.: reference value; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; ChE: cholinesterase; γ-GT: 
γ-glutamyl transpeptidase; TP: total protein; ALB: albumin; CRP: C-reactive protein; WBC: white blood cell; Hb: hemoglobin; PLT: platelet; LIP: lipase; 
TG: triglyceride; LDL-C: low-density lipoprotein cholesterol; UA: uric acid; Na: sodium; Cl: chlorine; K: potassium; Ca: calcium; P: phosphorus; Mg: 
magnesium; Zn: zinc; Cu: copper; eGFR: estimated glomerular filtration rate; BG: blood glucose; VB2: vitamin B2, VB12: vitamin B12; FT4: free 
thyroxine; TSH: thyroid-stimulating hormone; SD: standard deviation.
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predictor for improvement of taste disorder and olfactory dis-
order. Organs of taste and olfactories are sensory organs. Some 
people, like wine stewards, have well-developed senses, while 
others do not. There is a study reporting that olfactory stimula-
tion and other training may help restore olfactory sense [20]. 
Zinc supplementation alone may not be effective enough for 
improvement. On the other hand, it may have been easier for 
patients to perceive improvement of fatigue under the use of 
zinc supplementation because, unlike abnormalities in local 
sensory organs, the symptom may have caused fewer indi-

vidual differences in recovery. For improvement of hair loss 
as well, improvement may have been perceived more easily 
than taste and olfactory sense because physicians assessed the 
symptom objectively, that is, without having to refer to pa-
tients’ feelings.

We did not use results for fatigue for factorial analysis 12 
weeks after because 8 weeks after, all of the cases recovered 
from the symptom in the group treated with zinc acetate hy-
drate. As a reference, we performed a factorial analysis on the 
improvement after 4 weeks, but zinc acetate hydrate was not a 

Figure 1. Improvement status of post-COVID-19 conditions. COVID-19: coronavirus disease 2019.
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significant factor. In addition, although there were items that 
were significant factors in univariate analysis, there were none 
that were significant factors in multivariate analysis. It was 
suggested that the improvement effect of zinc acetate hydrate 
may not be obtained in 4 weeks, but it may be effective in 8 
weeks or more. Fatigue can develop due to metabolic change 
induced by zinc deficiency [21]. A study reported that zinc 
supplementation helped improve fatigue [22].

Our study suggests that zinc supplementation may im-
prove hair loss that had been developed after COVID-19. Pre-
vious studies had reported that zinc deficiency led to hair loss 
[23-25]. Zinc supplementation, therefore, may be a useful op-
tion in future treatment of post-COVID-19 conditions.

It has been confirmed that in COVID-19 patients, zinc 
reduces angiotensin converting enzyme-2 (ACE-2) receptor 
expression and inhibits RNA-dependent RNA polymerase of 
SARS-CoV-2 to prevent SARS-CoV-2 from invading in cells 

[26]. Zinc prevents cytokine storm occurring after invasion of 
SARS-CoV-2 in cells through its anti-inflammatory activity 
[26].

There are many different factors of zinc deficiency [27]. 
In addition to geographical, social and nutritional factors, 
one of the other factors is a consequence of viral infection. 
As zinc supplementation may drastically decrease natural im-
munity and adaptive antiviral immunity [28, 29], early sup-
plementation would be preferable before it becomes a vicious 
spiral.

In addition, multivariate analysis of hair loss improvement 
factors after 4 weeks showed that the measured value of potas-
sium was one of the factors, but it became insignificant when 
replaced with an explanatory variable divided into two by the 
median value. From this we deduced that the influence of out-
liers was large. Also, even in multivariate analysis at 4 weeks, 
the odds ratio of using zinc acetate hydrate is quite high. It is 

Figure 2. The use of zinc acetate hydrate and improvement status of post-COVID-19 conditions after 12 weeks. *P < 0.05, com-
parison with use of zinc acetate hydrate. Fisher’s exact test. COVID-19: coronavirus disease 2019.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org122

Factors of Persistence of Post-COVID-19 Conditions J Clin Med Res. 2023;15(2):116-126

Ta
bl

e 
3.

  A
na

ly
si

s 
R

es
ul

ts
 o

f I
m

pr
ov

em
en

t F
ac

to
rs

 A
fte

r 1
2 

W
ee

ks
 fo

r P
os

t-C
O

VI
D

-1
9 

C
on

di
tio

ns

It
em

Fa
tig

ue
Ta

st
e 

di
so

rd
er

O
lfa

ct
or

y 
di

so
rd

er
H

ai
r 

lo
ss

O
R

95
%

 C
I

P
O

R
95

%
 C

I
P

O
R

95
%

 C
I

P
O

R
95

%
 C

I
P

U
se

 o
f z

in
c 

ac
et

at
e 

hy
dr

at
e

-
0 

- I
nf

-
1.

10
0.

36
 - 

3.
44

0.
86

3
1.

22
0.

41
 - 

3.
67

0.
72

5
14

.0
0

1.
58

 - 
12

4.
00

0.
01

8*
Se

x 
(m

al
e:

 1
; f

em
al

e:
 0

)
0.

28
0.

04
 - 

1.
87

0.
18

9
0.

95
0.

29
 - 

3.
17

0.
93

3
0.

71
0.

22
 - 

2.
30

0.
57

1
0.

54
0.

12
 - 

2.
47

0.
42

4
A

ge
 (y

ea
rs

)
0.

98
0.

91
 - 

1.
06

0.
69

2
0.

97
0.

93
 - 

1.
02

0.
23

9
1.

00
0.

96
 - 

1.
04

0.
95

0
1.

02
0.

97
 - 

1.
07

0.
53

4
A

ST
 (U

/L
)

1.
15

0.
89

 - 
1.

48
0.

29
9

0.
97

0.
91

 - 
1.

04
0.

38
2

0.
99

0.
92

 - 
1.

06
0.

72
4

0.
98

0.
90

 - 
1.

07
0.

67
8

A
LT

 (U
/L

)
1.

03
0.

93
 - 

1.
14

0.
56

9
0.

99
0.

96
 - 

1.
02

0.
55

2
0.

99
0.

96
 - 

1.
02

0.
40

0
0.

98
0.

95
 - 

1.
02

0.
32

8
A

LP
 (U

/L
)

0.
99

0.
97

 - 
1.

01
0.

48
2

0.
97

0.
94

 - 
1.

00
0.

06
5

0.
98

0.
95

 - 
1.

01
0.

17
2

1.
00

0.
95

 - 
1.

04
0.

82
2

C
hE

 (U
/L

)
1.

00
0.

99
 - 

1.
02

0.
83

8
1.

00
0.

99
 - 

1.
01

0.
51

4
1.

00
0.

99
 - 

1.
00

0.
30

0
0.

99
0.

98
 - 

1.
00

0.
18

5
γ-

G
T 

(U
/L

)
1.

09
0.

91
 - 

1.
30

0.
36

8
1.

00
0.

98
 - 

1.
01

0.
78

3
1.

00
0.

98
 - 

1.
02

0.
73

8
0.

99
0.

97
 - 

1.
02

0.
46

9
TP

 (g
/d

L)
0.

26
0.

01
 - 

4.
71

0.
36

4
2.

81
0.

84
 - 

9.
44

0.
09

5
2.

22
0.

72
 - 

6.
83

0.
16

6
1.

00
0.

20
 - 

4.
97

1.
00

0
A

LB
 (g

/d
L)

0.
23

0.
01

 - 
6.

36
0.

38
8

4.
22

0.
60

 - 
29

.7
0

0.
14

8
2.

25
0.

43
 - 

11
.9

0
0.

33
8

1.
37

0.
29

 - 
6.

47
0.

69
1

C
R

P 
(m

g/
dL

)
1.

98
0.

01
 - 

57
7.

00
0.

81
3

1.
10

0.
05

 - 
25

.9
0

0.
95

3
1.

32
0.

06
 - 

27
.7

0
0.

85
7

2.
02

0.
17

 - 
23

.7
0

0.
57

5
W

B
C

 (/
µL

)
1.

00
1.

00
 - 

1.
00

0.
53

9
1.

00
1.

00
 - 

1.
00

0.
88

5
1.

00
1.

00
 - 

1.
00

0.
66

7
1.

00
1.

00
 - 

1.
00

0.
49

5
H

b 
(g

/d
L)

0.
40

0.
16

 - 
1.

01
0.

05
3

0.
95

0.
64

 - 
1.

40
0.

78
1

0.
82

0.
57

 - 
1.

17
0.

26
8

0.
77

0.
47

 - 
1.

24
0.

27
8

PL
T 

(×
 1

04 /µ
L)

1.
08

0.
90

 - 
1.

31
0.

39
4

0.
92

0.
84

 - 
1.

01
0.

07
6

0.
93

0.
85

 - 
1.

01
0.

09
1

0.
97

0.
88

 - 
1.

07
0.

53
9

LI
P 

(U
/L

)
1.

05
0.

94
 - 

1.
17

0.
42

5
1.

01
0.

98
 - 

1.
05

0.
50

6
1.

01
0.

98
 - 

1.
04

0.
58

9
1.

01
0.

97
 - 

1.
07

0.
57

8
TG

 (m
g/

dL
)

1.
01

0.
99

 - 
1.

03
0.

43
9

1.
00

0.
99

 - 
1.

01
0.

84
2

1.
00

0.
99

 - 
1.

00
0.

64
8

1.
00

0.
99

 - 
1.

01
0.

80
1

LD
L-

C
 (m

g/
dL

)
1.

00
0.

96
 - 

1.
03

0.
83

1
0.

99
0.

97
 - 

1.
01

0.
31

9
0.

99
0.

97
 - 

1.
00

0.
14

8
0.

99
0.

97
 - 

1.
01

0.
38

1
U

A
 (m

g/
dL

)
1.

06
0.

49
 - 

2.
31

0.
87

7
0.

98
0.

65
 - 

1.
48

0.
93

5
0.

83
0.

56
 - 

1.
21

0.
32

6
0.

77
0.

50
 - 

1.
19

0.
23

5
N

a 
(m

Eq
/L

)
0.

67
0.

38
 - 

1.
17

0.
16

1
1.

04
0.

76
 - 

1.
42

0.
79

9
0.

92
0.

66
 - 

1.
28

0.
62

3
0.

97
0.

64
 - 

1.
47

0.
88

7
C

l (
m

Eq
/L

)
0.

98
0.

51
 - 

1.
87

0.
95

5
1.

09
0.

90
 - 

1.
31

0.
39

8
1.

18
0.

93
 - 

1.
50

0.
16

9
1.

23
0.

81
 - 

1.
86

0.
33

5
K

 (m
Eq

/L
)

0.
22

0.
02

 - 
2.

00
0.

17
9

1.
06

0.
31

 - 
3.

64
0.

92
9

1.
53

0.
45

 - 
5.

29
0.

49
8

3.
22

0.
45

 - 
22

.8
0

0.
24

2
C

a 
(m

g/
dL

)
0.

33
0.

02
 - 

5.
74

0.
44

5
1.

85
0.

48
 - 

7.
19

0.
37

4
0.

73
0.

18
 - 

3.
01

0.
66

6
3.

66
0.

41
 - 

32
.5

0
0.

24
5

P 
(m

g/
dL

)
1.

06
0.

15
 - 

7.
34

0.
95

3
0.

67
0.

26
 - 

1.
72

0.
40

8
0.

61
0.

23
 - 

1.
58

0.
30

6
0.

95
0.

32
 - 

2.
79

0.
92

7
M

g 
(m

g/
dL

)
0.

71
0 

- 9
02

.0
0

0.
92

5
0.

60
0.

03
 - 

13
.1

0
0.

74
8

0.
23

0.
01

 - 
4.

43
0.

33
0

1.
17

0.
02

 - 
79

.1
0

0.
94

3
Zn

 (µ
g/

dL
)

0.
98

0.
95

 - 
1.

01
0.

25
9

1.
01

0.
96

 - 
1.

05
0.

70
6

0.
97

0.
93

 - 
1.

01
0.

13
7

0.
94

0.
89

 - 
1.

00
0.

04
3*

C
u 

(µ
g/

dL
)

1.
07

0.
99

 - 
1.

15
0.

08
9

1.
00

0.
98

 - 
1.

03
0.

84
5

1.
00

0.
98

 - 
1.

03
0.

98
2

1.
00

0.
96

 - 
1.

03
0.

80
6

eG
FR

 (m
L/

m
in

/1
.7

3 
m

2 )
1.

03
0.

96
 - 

1.
11

0.
35

6
1.

02
0.

98
 - 

1.
06

0.
36

4
1.

01
0.

98
 - 

1.
05

0.
40

0
1.

01
0.

96
 - 

1.
07

0.
63

0
B

G
 (m

g/
dL

)
1.

00
0.

96
 - 

1.
04

0.
93

1
1.

01
0.

99
 - 

1.
04

0.
41

7
1.

00
0.

98
 - 

1.
02

0.
96

1
1.

00
0.

95
 - 

1.
05

0.
95

9

*P
 <

 0
.0

5 
W

al
d’

s 
C

hi
-s

qu
ar

ed
 te

st
. T

he
 c

al
cu

la
tio

n 
w

as
 n

ot
 p

er
m

itt
ed

 fo
r f

at
ig

ue
 s

in
ce

 th
e 

sy
m

pt
om

 w
as

 im
pr

ov
ed

 in
 a

ll 
of

 th
e 

ca
se

s 
of

 th
e 

gr
ou

p 
tre

at
ed

 w
ith

 z
in

c 
ac

et
at

e 
hy

dr
at

e.
 A

ST
: 

as
pa

rta
te

 a
m

in
ot

ra
ns

fe
ra

se
; A

LT
: a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

; A
LP

: a
lk

al
in

e 
ph

os
ph

at
as

e;
 C

hE
: c

ho
lin

es
te

ra
se

; γ
-G

T:
 γ

-g
lu

ta
m

yl
 tr

an
sp

ep
tid

as
e;

 T
P:

 to
ta

l p
ro

te
in

; A
LB

: a
lb

um
in

; C
R

P:
 

C
-re

ac
tiv

e 
pr

ot
ei

n;
 W

BC
: w

hi
te

 b
lo

od
 c

el
l; 

H
b:

 h
em

og
lo

bi
n;

 P
LT

: p
la

te
le

t; 
LI

P:
 li

pa
se

; T
G

: t
rig

ly
ce

rid
e;

 L
D

L-
C

: l
ow

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l; 

U
A:

 u
ric

 a
ci

d;
 N

a:
 s

od
iu

m
; C

l: 
ch

lo
rin

e;
 

K:
 p

ot
as

si
um

; C
a:

 c
al

ci
um

; P
: p

ho
sp

ho
ru

s;
 M

g:
 m

ag
ne

si
um

; Z
n:

 z
in

c;
 C

u:
 c

op
pe

r; 
eG

FR
: e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
; B

G
: b

lo
od

 g
lu

co
se

.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org 123

Matsuoka et al J Clin Med Res. 2023;15(2):116-126

hoped that reports from studies based on more cases will be 
published in the future.

Limitations to the study

As a single-institutional descriptive epidemic study, our study 
only involved the patients having persistent post-COVID-19 
conditions, excluding those who did not. We were unable 
to calculate the sample size and follow up patients who had 
stopped visiting us. Additionally, we prescribed zinc acetate 
hydrate, but we could not rigorously check its adherence sta-
tus. We did not use internationally standardized quality of life 

(QOL) indices for assessing improvement of post-COVID-19 
conditions in cases where patient self-assessment was partly 
employed. We cannot mention the course of test values be-
cause our factorial analysis only employed initial test results. 
We cannot describe the effects of zinc on improvement as we 
can for first-visit test values of zinc and the course of changes 
because we administered zinc acetate hydrate to all of cases of 
hypozincemia showing Zn values less than 80 mg/dL, and we 
were not allowed to determine zinc levels every time.

We would like to establish therapies by accumulating data 
on long-term outcomes in the patients with lingering symp-
toms and data on effects of drugs and continuously examining 
the factors affecting post-COVID-19 conditions.

Table 4.  Analysis Results of Improvement Factors After 4 Weeks for Post-COVID-19 Conditions

Item
Fatigue Hair loss

OR 95% CI P OR 95% CI P
Use of zinc acetate hydrate 2.22 0.50 - 9.85 0.295 10.40 2.31 - 47.30 0.002*
Sex (male: 1; female: 0) 0.39 0.09 - 1.63 0.198 2.16 0.48 - 9.77 0.318
Age (years) 0.95 0.89 - 1.01 0.112 0.99 0.95 - 1.04 0.694
AST (U/L) 1.04 0.91 - 1.20 0.569 1.05 0.96 - 1.14 0.330
ALT (U/L) 1.03 0.96 - 1.10 0.421 1.00 0.97 - 1.04 0.841
ALP (U/L) 0.99 0.98 - 1.01 0.444 0.99 0.95 - 1.04 0.758
ChE (U/L) 1.00 0.99 - 1.01 0.916 1.00 0.99 - 1.01 0.890
γ-GT (U/L) 1.00 0.96 - 1.04 0.913 1.00 0.98 - 1.03 0.818
TP (g/dL) 1.81 0.33 - 9.95 0.492 0.30 0.06 - 1.56 0.150
ALB (g/dL) 1.41 0.18 - 10.90 0.745 2.51 0.47 - 13.50 0.283
CRP (mg/dL) 352.00 0 - 45,900,000 0.329 2.85 0.33 - 24.80 0.344
WBC (/µL) 1.00 1.00 - 1.00 0.393 1.00 1.00 - 1.00 0.050
Hb (g/dL) 0.52 0.27 - 1.01 0.052 1.22 0.78 - 1.94 0.386
PLT (× 104/µL) 1.14 0.98 - 1.32 0.084 0.93 0.84 - 1.03 0.188
LIP (U/L) 1.02 0.97 - 1.07 0.465 1.01 0.97 - 1.06 0.630
TG (mg/dL) 1.02 1.00 - 1.04 0.088 1.00 0.99 - 1.01 0.681
LDL-C (mg/dL) 1.00 0.98 - 1.03 0.836 1.00 0.98 - 1.02 0.683
UA (mg/dL) 1.09 0.63 - 1.89 0.768 1.06 0.70 - 1.59 0.792
Na (mEq/L) 0.64 0.42 - 0.99 0.045* 1.01 0.68 - 1.50 0.967
Cl (mEq/L) 0.65 0.39 - 1.08 0.096 1.05 0.71 - 1.55 0.826
K (mEq/L) 0.58 0.13 - 2.64 0.478 4.56 0.58 - 36.10 0.150
Ca (mg/dL) 0.96 0.15 - 6.25 0.968 1.41 0.21 - 9.48 0.724
P (mg/dL) 2.73 0.57 - 13.20 0.210 1.32 0.47 - 3.72 0.606
Mg (mg/dL) 65.80 0.18 - 24,000 0.164 0.17 0.00 - 11.50 0.412
Zn (µg/dL) 1.00 0.96 - 1.03 0.766 0.96 0.91 - 1.02 0.162
Cu (µg/dL) 1.06 1.01 - 1.13 0.026* 0.97 0.93 - 1.01 0.106
eGFR (mL/min/1.73 m2) 1.06 1.01 - 1.13 0.033* 1.01 0.96 - 1.05 0.791
BG (mg/dL) 0.99 0.96 - 1.02 0.431 1.02 0.97 - 1.07 0.399

*P < 0.05 Wald’s Chi-squared test. AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; ChE: cholinester-
ase; γ-GT: γ-glutamyl transpeptidase; TP: total protein; ALB: albumin; CRP: C-reactive protein; WBC: white blood cell; Hb: hemoglobin; PLT: platelet; 
LIP: lipase; TG: triglyceride; LDL-C: low-density lipoprotein cholesterol; UA: uric acid; Na: sodium; Cl: chlorine; K: potassium; Ca: calcium; P: phos-
phorus; Mg: magnesium; Zn: zinc; Cu: copper; eGFR: estimated glomerular filtration rate; BG: blood glucose; CI: confidence interval.
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Conclusions

In our outpatients currently under treatment of post-COVID-19 
conditions, we found olfactory disorder, taste disorder, hair 
loss, and fatigue still prevalent even 12 weeks after develop-
ment. Zinc acetate hydrate improved fatigue and hair loss. Our 
results suggest that zinc acetate hydrate may be a useful treat-
ment for fatigue and hair loss developed as post-COVID-19 
conditions.

Supplementary Material

Suppl 1. A self-reported check sheet (original sheet) at the 
time of medical interview.

Suppl 2. Multivariate analysis results for improvement factors 
of hair loss 4 weeks later (other patterns).
Suppl 3. Multivariate analysis results for improvement factors 
of symptoms 4 or 12 weeks later (other patterns).
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  Cu 1.06 0.97 - 1.16 0.216
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