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Abstract 
Background: This study aimed to investigate the efficiency of nicotinamide-based supportive therapy for lymphopenia in 
patients with coronavirus disease-2019 (COVID-19).

Methods: Twenty four patients diagnosed with COVID-19 were randomly divided into 2 groups (n = 12) during hospitalization in 
a ratio of 1:1. Based on conventional treatment, the treatment group was administered 100 mg nicotinamide 5 times a day for 2 
days. The control group received routine treatment only. The primary endpoint was the change in the absolute lymphocyte count. 
The secondary endpoints included both in-hospital death and the composite endpoint of aggravation, according to upgraded 
oxygen therapy, improved nursing level, and ward rounds of superior physicians for changes in conditions.

Results: Full blood counts before and after nicotinamide administration were comparable in each group (all P > .05). Before 
and after receiving nicotinamide, mean absolute lymphocyte counts were similar between the two groups ([0.94 ± 0.26] × 109/L 
vs [0.89 ± 0.19] × 109/L, P = .565; [1.15 ± 0.48] × 109/L vs [1.02 ± 0.28] × 109/L, P = .445, respectively). Therefore, there was no 
statistically significant difference in the lymphocyte improvement rate between the two groups (23.08 ± 46.10 vs 16.52 ± 24.10, P 
= .67). There was also no statistically significant difference in the secondary endpoints between the two groups.

Conclusion: Among patients with COVID-19, there was no statistically significant difference in the change of whole blood 
counts and absolute lymphocyte counts before and after intervention in both groups. Therefore, no new evidence has been found 
regarding the effect of niacinamide on lymphopenia in COVID-19 patients.

Abbreviations: ACEI = angiotensin-converting enzyme inhibitors, ADPR = adenosine diphosphate ribose, ARB = angiotensin 
receptor blockers, cADPR = cyclic adenosine phosphate ribose, COPD = chronic obstructive pulmonary disease, COVID-19 
= Coronavirus disease 2019, CRC = colorectal cancer, HIV = human immunodeficiency virus, IFN-γ = interferon-γ, IL-10 = 
interleukin-10, IL-1β = interleukin-1β, IL-6 = interleukin-6, IL-8 = interleukin-8, MCP-1 = monocyte chemoattractant protein-1, 
NAADP = nicotinic acid adenine dinucleotide phosphate NF-κB = nuclear factor-κB, NLR = neutrophil to lymphocyte ratio, NR = 
nicotinamide riboside, PARPs = poly-ADP-ribose polymerases, PBL = peripheral blood lymphocytes, RdRp = RNA-dependent 
RNA polymerase, SARS-CoV-2 = Severe Acute Respiratory Syndrome Coronavirus 2, TNF = tumor necrosis factor, ULN = upper 
limit of normal, WBC = white blood cell counts.
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1. Introduction
The Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) has spread around the world rapidly, with 
high lethality.[1] Several studies have shown that patients 
with coronavirus disease 2019 (COVID-19) in severe con-
ditions may have many abnormal laboratory parameters, 
such as lactate dehydrogenase, D-dimer, C-reactive protein, 
and proinflammatory cytokines.[2–6] Similarly, there is a 
decrease in lymphocyte counts at an early stage in patients 
with COVID-19, especially in severe cases.[4–7] Previous 
studies reported that the percentage of peripheral blood 
lymphocyte count gradually decreased and remained low 
during the devastation of COVID-19.[8] On the contrary, 
the improvement of lymphocyte counts from a low level 
indicates a relatively good prognosis. Therefore, early treat-
ment to improve the lymphocyte counts of patients with 
COVID-19 can theoretically prevent further deterioration 
and decrease the mortality rate, finally improving their 
prognosis.

Lymphopenia is one of the most prominent characteristics of 
COVID-19, in contrast to other viral infections. Although the 
definite mechanism is unclear, recent studies suggested NAD+ 
consumption may be involved in this process.[9] NAD+, known 
as the central catalyst of metabolism, has been shown connected 
to several stages of defense against SARS-CoV-2 infection and 
works like the fuel that supports immune defense. Upon acti-
vation of the innate immune response, poly-ADP-ribose poly-
merases (PARPs) hyperactivated due to virus entry leads to 
NAD+ depletion and cell death.[10] During the adaptive immune 
response, the overexpression of CD38 activity in both CD4+ 
and CD8+ lymphocytes highly correlates with the lack of 
NAD+, which leads to increased proinflammatory cytokines.[11] 
However, few studies have demonstrated the effectiveness of 
niacinamide on lymphopenia in COVID-19 patients. Based 
on the above research results, we intended to explore whether 
replenishing nicotinamide, a precursor of NAD+ can be used as 
supportive therapy for treating lymphopenia in patients with 
COVID-19.

2. Materials and Methods

2.1. Study design

This study was a single-center, randomized, open-label clin-
ical trial designed to examine the effectiveness of nicotin-
amide-based supportive therapy in lymphopenia for patients 
with COVID-19. Patients diagnosed with COVID-19, who were 
admitted to Huo Shen Shan Hospital from March 1, 2020, 
to April 2, 2020, were eligible for participation, as shown in 
Figure  1. Our study was approved by the National Health 
Commission of China, the institutional review board at Huo 
Shen Shan Hospital, and the institutional ethics committee of 
the General Hospital of Northern Theater Command of the 
Chinese People’s Liberation Army, and the study was in accor-
dance with Helsinki Declaration. The trial was registered with 
ClinicalTrials.gov, number NCT04910230. All participants 
provided written informed consent. An independent Data Safety 
Monitoring Board (DSMB) would review the unblinded data 
in each group regularly and make suggestions to the sponsors 
if our study warranted early termination. The authors declared 
our study adhered to the CONSORT guideline.

2.2. Patients

For inclusion criteria in the study, patients aged 18 to 85 who 
were diagnosed with COVID-19 coupled with lymphopenia 
were included in our study. The exclusion criteria included: mild 
or critically ill patients, participation in other clinical trials, 
pregnancy or lactation, ALT/AST > 5 times the upper limit of 
normal (ULN), neutrophils counts <0.5 × 109/L, platelets counts 
<50 × 109/L, patients diagnosed with rheumatoid immune-re-
lated diseases, long-term use of oral immunosuppressive drugs 
or immunomodulatory drugs, hypersensitive reaction to nic-
otinamide or any auxiliary materials, comorbidities including 
active tuberculosis or bacterial or fungal infections, undergone 
an organ transplant, mental disorders. The diagnosis and clas-
sification of COVID-19 were based on the “Guideline for the 
Diagnosis and Treatment of Novel Coronavirus (2019-nCoV) 

Figure 1. Flow diagram of the study. COVID-19 = coronavirus disease 2019.



3

Hu et al. • Medicine (2022) 101:43 www.md-journal.com

infection” published by the National Health Commission of 
China.[12] The mild type was defined as patients with minor 
symptoms but no manifestation of pneumonia on imaging. The 
ordinary type was defined as patients having fever and respira-
tory symptoms with a positive image of pneumonia. The severe 
type was defined as patients with any of the following char-
acteristics: respiratory distress (respiratory rate >30 times per 
minute), oxygen saturation SpO2 ≤ 93%, partial arterial oxygen 
pressure (PaO2)/fraction of inspired oxygen (FiO2) ≤ 300 mm 
Hg. Patients with critically ill were identified if they had one 
of the following features: respiratory failure requiring mechan-
ical ventilation, shock, and organ dysfunction that needs ICU 
admission.

2.3. Randomization and treatment

Eligible patients with ordinary or severe COVID-19 were 
recruited for participation when the first occurrence of the 
absolute lymphocyte level was under the 1.1 × 109/L (normal 
range: 1.1–3.2 × 109/L) during hospitalization. Enrolled partici-
pants were randomly assigned (1:1) into the intervention group 
receiving nicotinamide treatment or the control group with only 
routine treatments. A random number table and opaque, sealed 
envelopes marked with the sequence number were used to con-
duct the randomization. The treatment group received 100 mg of 
nicotinamide (Shanghai Xinyi Pharmaceutical Co. Ltd.) 5 times 
a day for 2 days. The routine treatment was performed in accor-
dance with the Guidelines for The Diagnosis and Treatment of 
Novel Coronavirus (2019- nCoV) Infection by The National 
Health Commission (trial version 6), which mainly included 
symptomatic supportive care, antiviral treatment, oxygen ther-
apy, and respiratory support. The routine treatments in the 
intervention and control groups were prescribed at physicians’ 
discretion.

2.4. Data collection and clinical assessment

Baseline characteristics, including the demographic description, 
diagnosis, comorbidities, and medication, were collected via the 
electronic medical record system. Blood tests were done before 
and 48 hours after intervention in all participants. The whole 
blood counts in both groups were assessed before and 48 hours 
after treatment. As a result, we would have absolute lymphocyte 
counts before and after the intervention, both in the 2 groups. 
Meanwhile, we would compare the changes of absolute changes 
in lymphocyte counts and lymphocyte improvement rates 
between the 2 groups. Moreover, the secondary endpoints were 
recorded accordingly to compare the incidence of events in the 
2 groups.

2.5. Endpoints

The primary endpoint was the change of absolute lymphocyte 
counts between the baseline and the 48-hour blood tests. The 
secondary endpoints included in-hospital death and the compos-
ite endpoint of upgraded oxygen therapy, improvement of nurs-
ing level, and ward rounds of superior physicians for changes 
in conditions. The upgraded oxygen therapy was defined as the 
upgrading of general high-volume oxygen intake from oxygen 
intake, ventilator use from high-volume oxygen intake, or trans-
ference to the intensive care unit from ventilator use. All adverse 
events would be documented and evaluated by an independent 
committee.

2.6. Sample size and statistical analysis

We defined the minimum improvement rate as the increase of 
lymphocytes by more than 40% per 24 hours. Assuming the 
mean change of lymphocyte counts in the treatment group and 

the control group was 0.7 and 0.5, respectively, then a total of 
24 patients were needed with the power of 80%, with the 5% 
probability of type I error (α = 0.05).

Continuous variables are expressed as mean ± SD and are 
compared using the independent t test. Categorical variables are 
represented by numbers (percentages) and are compared using 
the chi-square test or Fisher exact test. A 2-sided P value <.05 
was considered significant. All statistical analyses were per-
formed using SPSS version 22.0.

3. Results

3.1. Baseline characteristics

From March 1, 2020 to April 2, 2020, a total of 24 patients with 
the first occurrence of the absolute lymphocyte level <1.1 × 109/L 
during hospitalization were randomized to the intervention 
group, receiving the routine treatments plus niacinamide, and 
the control group, receiving routine treatments alone in a ratio 
of 1:1 (Fig. 1). The age of participants in our study ranged from 
46 to 91 years old, with the mean age of 69.1 ± 11.8 years old. 
The mean age in the treatment and control groups was 69 ± 12 
and 70 ± 12 years old, respectively (P = .928, Table 1). In our 
study, 11 participants (45.83%) were male, with 7 participants 
(58.3%) in the treatment group and 4 participants (33.3%) in 
the control group (P = .219, Table 1). Three patients (25%) in 
the treatment group and two patients (16.7%) in the control 
group were diagnosed as the ordinary type, with no statistical 
significance between the 2 groups (P = .253, Table  1). Other 
baseline characteristics were comparable with no statistical 
significance between the two groups (P > .05), as is shown in 
Table 1.

3.2. Comparison in laboratory tests

The median time for patients from hospitalization to enroll-
ment into our study was 1 (1–3.75) days. Before treatment, 
the overall lymphocyte counts in our study were (0.91 ± 0.22) 
× 109/L with (0.94 ± 0.26) × 109/L in the treatment group and 
(0.89 ± 0.19) × 109/L in the control group. There was no statis-
tical significance between the two groups (P = .565, Table 2). 
Other laboratory parameters, such as leukocyte counts, abso-
lute monocyte counts, absolute lymphocyte counts, and abso-
lute eosinophilic cell counts before and after receiving the 
intervention, were all comparable in the two groups (P > .05), 
as shown in Table 3.

3.3. Study endpoint

Based on routine treatments, patients in the intervention group 
additionally received niacinamide. For the primary endpoint, the 
lymphocyte counts after intervention in the treatment or con-
trol group were (1.15 ± 0.48) × 109/L and (1.02 ± 0.28) × 109/L, 
respectively. The difference was not statistically significant 
between the 2 groups (P = .445, Table 2). Moreover, although 
the lymphocyte improvement rate in the treatment group was 
higher than the control group (mean ± SD for the treatment 
group: 23.08 ± 46.10%; control group: 16.52% ± 24.10%, P 
= .67), there was no statistically significant difference between 
the 2 groups (P > .05), as is shown in Table 2. For the secondary 
endpoints, no patient died in the hospital within 48 hours after 
treatment, and there was no statistically significant difference in 
the composite endpoint of aggravation between the two groups 
(P > .05).

4. Discussion
In the present study, the efficiency of nicotinamide on peripheral 
blood lymphocyte decline in COVID-19 patients was analyzed. 
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Among patients with COVID-19, although the lymphocyte 
improvement rate was higher in the nicotinamide group, there 
was no significant difference in either the absolute change of 
lymphocyte counts or the elevation rate of lymphocytes between 
the intervention group with nicotinamide and the control group 
with only routine treatments. Besides, other laboratory parame-
ters before and after receiving the intervention were also compa-
rable in the two groups. As a result, we found no evidence that 
niacinamide may impose an effect on lymphopenia in patients 
with COVID-19.

Patients with severe or critically severe COVID-19 often 
have significantly increased white blood cell (WBC) counts, 
neutrophil to lymphocyte ratio (NLR), D-dimer, and fibrino-
gen levels but have decreased lymphocyte and platelet.[3–6] As 
a result, these biomarkers are recommended as indicators of 
the severity of COVID-19 patients.[5] Among these biomark-
ers, the decrease in lymphocyte counts is highly related to the 
progression of COVID-19.[13] Fu et al[6] showed that the lym-
phocyte counts were higher in the mild group compared with 
the severe group (1.42 ± 0.66 vs 0.97 ± 0.33, P = .009), showing 

Table 1

Baseline characteristics of patients in both groups.

 Treatment (n = 12) Control (n = 12) χ2/t P 

Men 7 (58.3) 4 (33.3) 1.510 .219
Age (yrs) 69 ± 12 70 ± 12 0.136 .928
Admission respiratory rate 23.9 ± 3.7 23.3 ± 1.7 -0.500 .622
Admission heart rate 91.0 ± 10.0 86.5 ± 13.8 -0.914 .370
Diagnosis     
  Moderate, % 3 (25.0) 2 (16.7) 0.253 .615
  Severe, % 9 (75.0) 10 (83.3) 0.253 .615
Hypertension 2 (16.7) 6 (50.0) 3.0 .083
Coronary heart disease 0 (0.0) 2 (16.7) 2.182 .140
Diabetes 1 (8.3) 3 (25.0) 1.200 .273
Cerebrovascular disease 0 (0.0) 2 (16.7) 2.182 .140
Liver dysfunction 0 (0.0) 2 (16.7) 2.182 .140
Renal insufficiency 1 (8.3) 0 (0.0) 1.043 .307
COPD 0 (0.0) 0 (0.0) – –
Antiviral drug, % 12 (100.0) 12 (100.0) – –
ACEI/ARB, % 0 (0.0) 1 (8.3) 1.043 .307
Calcium antagonist, % 1 (8.3) 1 (8.3) 0.000 1.000
Hypoglycemic drugs, % 1 (8.3) 2 (16.7) 0.381 .537

Continuous variables are presented as mean + SD; categorical variables are expressed by numbers (percentages).
ACEI = angiotensin-converting enzyme inhibitors, ARB = angiotensin receptor blockers, COPD = chronic obstructive pulmonary disease. 

Table 2

Absolute lymphocyte counts before and after receiving niacinamide.

Group Before (*109/L) After (*109/L) P Lymphocyte improvement rate, % 

Treatment 0.94 ± 0.26 1.15 ± 0.48 .098 23.08 ± 46.10
Control 0.89 ± 0.19 1.02 ± 0.28 .056 16.52 ± 24.10
P 0.565 0.445  0.67

Continuous variables are presented as mean + SD

Table 3

Comparison of full blood counts before and after niacinamide taking.

 Normal range 

Treatment (n = 12) Control (n = 12)

Before After P Before After P 

Leukocyte counts (*109/L) 3.5–9.5 5.50 ± 1.89 5.33 ± 1.55 .710 5.41 ± 1.77 5.03 ± 1.36 .484
Absolute monocyte counts (*109/L) 0.1–0.6 0.41 ± 0.16 0.38 ± 0.12 .270 0.38 ± 0.10 0.37 ± 0.09 .832
Absolute lymphocyte counts (*109/L) 1.1–3.2 0.94 ± 0.26 1.15 ± 0.48 .098 0.89 ± 0.19 1.02 ± 0.28 .056
Absolute eosinophilic cell counts (*109/L) 0.02–0.52 0.10 ± 0.04 0.10 ± 0.08 .487 0.08 ± 0.06 0.10 ± 0.06 .200
Absolute basophilic cell counts (*109/L) 0–0.06 0.03 ± 0.01 0.03 ± 0.02 .820 0.02 ± 0.01 0.02 ± 0.01 .339
Absolute neutrophils counts (*109/L) 1.8–6.3 3.80 ± 1.74 3.75 ± 1.58 .904 3.92 ± 1.86 3.51 ± 1.15 .364
Monocytes percentage, % 3–10 7.43 ± 1.49 7.53 ± 2.83 .887 7.45 ± 2.57 7.46 ± 1.74 .989
Lymphocyte percentage, % 20–50 23.56 ± 10.25 21.13 ± 9.77 .273 20.18 ± 7.83 23.18 ± 7.46 .079
Eosinophilic cell percentage, % 0.4–8 1.87 ± 0.69 1.75 ± 1.03 .734 1.62 ± 1.20 2.06 ± 1.11 .200
Basophilic cell percentage, % 0–1 0.63 ± 0.42 0.56 ± 0.37 .597 0.35 ± 0.21 0.42 ± 0.23 .339
Neutrophil percentage, % 40–75 66.52 ± 10.31 68.87 ± 10.69 .433 70.40 ± 9.63 66.88 ± 8.45 .148
Red blood cell counts (*1012/L) 3.8–5.1 14.10 ± 25.45 15.64 ± 25.80 .492 17.06 ± 20.39 8.29 ± 11.33 .371
Platelet counts (*109/L) 125–350 195.83 ± 80.79 185.58 ± 77.31 .127 167.17 ± 62.15 167.75 ± 55.90 .860
Hemoglobin (g/L) 115–150 109.42 ± 14.43 107.25 ± 18.18 .552 108.00 ± 15.11 99.58 ± 31.63 .417
C-reactive protein (mg/L) 0–4 14.10 ± 25.45 15.64 ± 25.80 .760 17.06 ± 20.39 8.23 ± 11.33 .160

Continuous variables are presented as mean + SD.
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the association between the illness severity and the lympho-
cyte counts. Moreover, the peripheral lymphocyte subset alter-
ation also showed the characteristics of progression of the 
severe disease. The CD4 + T cells, CD8 + T cells, B cells, and 
NK cells all showed a significant reduction in the patients with 
severe COVID-19 compared to patients with ordinary or mild 
type,[1,7,14] and all these cells were gradually decreased as the dis-
ease progressed gradually. Some studies, therefore, showed the 
CD4 + T cells, CD8 + T cells, and the CD4+/CD8 + ratios were 
the independent predictors for the severity of COVID-19.[1,14] 
Besides, the percentage of interferon-γ (IFN-γ) producing CD8 
+ T cells and IFN-γ producing CD4 + T cells both increased in 
severe COVID-19 patients, which indicated the severity of the 
disease was associated with the hyperfunction of CD4 + T cells 
and CD8 + T cells, and the cytokines played a pivotal role in the 
progression of the disease.[15]

As described earlier, the reduction of peripheral T cells and 
their subsets, as unique characteristics of COVID-19 patients, 
is closely related to the severity and prognosis of the disease, 
which has been repeatedly confirmed in clinical observation and 
autopsy pathological reports. Similar to SARS-CoV and SARS-
CoV-2 infections, lymphopenia in acute COVID-19 patients 
may be associated with lymphocyte infiltration and sequestra-
tion in specific target organs, like lungs.[16,17] However, in the 
later stages of COVID-19 disease, lymphopenia is mainly medi-
ated by hyper inflammation and cytokine release.[18] Therefore, 
we presumed that lymphopenia in COVID-19 patients might 
be principally related to the cytokine storm. Cytokine storm 
refers to an excessive immune response triggered by a sharp 
increase in proinflammatory cytokines, resulting in an abnormal 
immune response.[19,20] By analyzing the clinical characteristics 
of COVID-19 patients, we found that their serum proinflam-
matory cytokines significantly increased, which indicated the 
existence of a cytokine storm and predicted the severity of 
COVID-19.[4,5,21,22] A study including 138 hospitalized COVID-
19 patients suggested that the death of COVID-19 patients 
might be related to the cytokine storm induced by the virus.[23] 
Liu et al[22] also revealed that the severity of lymphocytopenia 
and proinflammatory cytokine storms were higher in patients 
with severe COVID-19 than in patients without severe COVID-
19 and highly correlated with the severity of the disease. 

Furthermore, the biopsy samples analysis of 19 patients with 
COVID-19 undergoing autopsy showed abnormal host immune 
response and inflammatory cytokine storm as well as mono-
nuclear inflammatory lymphocytes in the biopsy specimen. 
Fu et al[24] thought that the pathogenic T cells and inflamma-
tory monocytes could enter the pulmonary circulation in great 
quantities, resulting in cytokine storm in patients with severe 
or critically severe illnesses. The cytokine storm will gradually 
increase the alveolar exudate, hamper the alveolar gas exchange, 
and finally increase mortality in patients with severe disease. 
Previous studies also showed that the reduction of the inflam-
matory cytokine storm opposed lymphopenia.[25] RECOVERY 
study,[26] the largest RCT study which explored the therapeutic 
effect of tocilizumab (interleukin-6 inhibitors) on patients with 
COVID-19, demonstrated a significant benefit in 28-day mortal-
ity after the intervention. These results confirmed the promising 
application of modulating and stabilizing cytokine storms for 
COVID-19 treatment.

Previous studies have found that the increase of many cyto-
kines, such as interleukin-6 (IL-6), interleukin-10 (IL-10), tumor 
necrosis factor (TNF) -2, IFN-γ was the leading cause of cyto-
kine storm in vivo.[21,22,27,28] As a critical factor of inflamma-
tion triggering, IL-6 can be highly expressed in patients with 
COVID-19, which is associated with a decrease in the lympho-
cyte counts, inflammation caused by cytokine storm, and sever-
ity of disease.[23,28,29] So the target drug that inhibits IL-6 may 
theoretically block the cytokine storm.[29–31]NAD+, derived from 
niacinamide, modulate the cytokine action, regulate the intercel-
lular adhesion molecules, block degranulation of mast cells and 
inhibit protease release from leukocytes.[32] Moreover, NAD + 
is a substrate of PARP, which will act as an inflammatory med-
itator via the activation of nuclear factor-κB (NF-κB).[32] So the 
nicotinamide usefully blocks the cytokine storm by modulating 
inflammatory factors, including interleukin-1β (IL-1β), IL-6, 
interleukin-8 (IL-8), IL-10, monocyte chemoattractant protein 
(MCP-1), and TNF-α.[33] Recently, some hypotheses have been 
put forward that CD38 and CD38-mediated NAD + metabo-
lism plays a central role in altered immunometabolism resulting 
from COVID-19 infection. The CD38/NAD + axis may become 
a promising therapeutic target that allows niacinamide ther-
apy to have a brilliant future (Fig.  2).[34] Furthermore, recent 

Figure 2. The immune response in patients with COVID-19. ADPR = adenosine diphosphate ribose, cADPR = cyclic adenosine phosphate ribose, COVID-19 
= coronavirus disease 2019; NAADP = nicotinic acid adenine dinucleotide phosphate, NF-κB = nuclear factor-κB, PARPs = poly-ADP-ribose polymerases, 
SARS-CoV-2 = Severe Acute Respiratory Syndrome Coronavirus 2.



6

Hu et al. • Medicine (2022) 101:43 Medicine

studies have shown that nicotinamide riboside (NR), the pre-
cursor of nicotinamide, has close structural similarity to the 
proven RNA-dependent RNA polymerase (RdRp) inhibitors 
which inhibit the proliferation of the viruses.[35] Network phar-
macology-based and computational analyses also showed that 
niacin could help treat colorectal cancer (CRC) patients infected 
with COVID-19 through enhancement of immunologic func-
tions, inhibition of inflammatory factors, and regulation of cel-
lular microenvironment.[36] These studies further confirmed the 
therapeutic effect of nicotinamide in patients with COVID-19. 
Previous studies have demonstrated that nicotinamide reduced 
the apoptosis of peripheral blood lymphocytes (PBL) in patients 
with human immunodeficiency virus (HIV) by protecting mito-
chondria from the damage of TNF-alpha and reactive oxygen 
species, which are mainly induced by cytokine.[37,38] Likewise, 
the replenishment of nicotinamide theoretically prevented the 
absolute counts of lymphocytes from decreasing in patients with 
COVID-19. However, whether the nicotinamide-based support-
ive therapy also increases the lymphocyte counts of patients 
with COVID-19 remains unclear.

In our study, the absolute lymphocyte counts didn’t increase 
significantly at 48h after intervention in both the treatment and 
control groups. The reason may be that the cytokines leading 
to the reduction of lymphocytes could not be instantly blocked 
by niacinamide, and there are still other underlying mecha-
nisms in the progression of the disease besides cytokine storm. 
Unfortunately, our study could not evaluate the long-term effect 
of nicotinamide on lymphopenia for the limited resource during 
the pandemic. We hope that the therapeutic effect of long-term, 
even after discharge, administration of niacinamide could be 
confirmed by more large-scale clinical studies in the future.

4.1. Study limitations

This study has several limitations. Firstly, our study enrolled 
24 COVID-19 patients, covering a small portion of the pop-
ulation. Although the sample size was calculated in our study 
to meet our demand, there are still few patients who should 
be enrolled. Secondly, we only compared the outcomes between 
the two groups at 48 hour after intervention and did not eval-
uate the long-term effect of nicotinamide on lymphopenia for 
the resource shortage during the pandemic. Moreover, our study 
adopted the laboratory parameter as our primary endpoint 
rather than a hard endpoint such as death, primarily because of 
the inconvenience of eligible patients enrolled.

5. Conclusions
In our present study, changes in absolute lymphocyte counts 
between the niacinamide group and the control group were not 
significantly different. Therefore, there is currently no evidence 
in the present study supporting the effect of niacinamide on 
lymphopenia in patients with COVID-19.
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