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Abstract
Depression is an affective disorder that brings an economic and emotional burden to indi-

viduals and society. This study explored the association between the types of physical activity 
and the risk of depression, evaluating racial disparities in physical activity levels among adults. 
Data from the 2015–2018 National Health and Nutrition Examination Survey (NHANES) were 
utilized, encompassing 2,111 adults. Key variables considered were demographics, physical 
activity, and depression, as measured by the Physical Activity Questionnaire and the PHQ‑9 
depression scoring system. Out of the five physical activity categories, vigorous work, moder-
ate work, and walking and cycling activities showed no significant correlation with depression 
risk. In contrast, moderate recreational and vigorous recreational activities appeared to offer 
protective effects against depression. Non-Hispanic black individuals notably benefited from 
moderate recreational activities (p = 0.021) in lowering their depression risk. For Non-Hispanic 
whites, engaging in vigorous recreational (p = 0.004) and moderate recreational (p = 0.002) 
activities were advantageous in depression prevention. Among Mexican Americans and “other 
racial categories”, the five types of physical activities did not significantly reduce depression 
risk. The results suggest that engaging in physical activity can reduce the risk of depression. 
However, the benefits vary among racial groups based on the intensity and type of physical 
activity. These results can help inform mental health professionals when making recommen-
dations to patients from different racial groups. Future research should look at the reasons 
behind the differences among the groups.
Keywords: physical activity, depression, race, NHANES, PHQ‑9

Introduction
Depression, a widespread mental disorder, 

is characterized by persistent sadness and a 

loss of interest in activities previously found 
enjoyable. This condition not only affects indi-
viduals emotionally but also places significant 
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strain on families and society. The econom-
ic implications of depression are profound, 
including direct medical costs, losses from 
workplace disruptions like absenteeism, and 
indirect costs from suicides. In 2018, the eco-
nomic burden of major depressive disorder in 
the U.S. reached an estimated $236 billion, a 
rise of over 35% since 2010 (American Psychi-
atric Association, 2021). While people suffer 
from depression, many are not given proper 
treatment. Data from the National Health and 
Nutrition Examination Survey, a survey re-
search program that aims to assess the health 
and nutritional status of adults and children in 
the United States, provides the opportunity to 
delve deeper into the topic of the relationship 
between physical activity and depression, and 
influence that different racial groups bring to 
the study result.

Depression coexists with various health 
issues, including tuberculosis, cardiovascular 
diseases, and sleep disturbances. Moreover, 
those with depression often contend with 
chronic conditions such as arthritis, heart 
disease, diabetes, stroke, and cancer. While 
depression can cause physical symptoms and 
increase the risk for physical illnesses or con-
ditions, illnesses can in turn trigger depression 
and make the situation worse (Stuart, 2022). 
Data from the National Library of Medicine 
indicate that the prevalence of depression in-
creased from 7.3% in 2015 to 8.6% in 2019, 
suggesting that almost one in 12 U.S. residents 
experience this disorder (Goodwin et al., 2022). 
Research has consistently shown a strong asso-
ciation between depression, increased suicide 
risk, and reduced quality of life (Sakashita & 
Oyama 2019; Dhar & Barton 2016).

When people exercise, hormones called 
endorphins are released and reduce the per-
ception of pain by interacting with neurons 
that respond to pain. Moreover, endorphins 
act as sedatives, which help reduce stress and 
anxiety and improve sleep quality (Bruce, 
2022). Doing physical activities has been 
shown to be helpful in reducing depression 
and making people feel better. The biological 
benefits of physical activity make it a good 
option for people to select when coping with 
their mental issues.

Hallgren et al. carried out a study involv-
ing 24,060 participants that demonstrated 
that replacing sedentary behavior with light 

to moderate-to-vigorous work activity signifi-
cantly reduced the risk of depression (Hall-
gren et al., 2020). An examination of the 
bidirectional relationship between physical 
activity and depression in 611,583 adults en-
dorsed the potential of physical activity as a 
preventive measure against depression (Choi 
et al., 2019). A meta-analysis emphasized the 
mental health benefits of physical activity for 
adults, even when undertaken below the rec-
ommended levels for public health (Pearce 
et al., 2022). Analysis of NHANES data from 
2011–2014 indicated that leisure-time phys-
ical activity was particularly effective in alle-
viating depression among US adults (Ruth-
erford et al., 2022). Furthermore, researcher 
Dina found that the benefits of exercise and 
physical activity on depressive symptoms 
were on par with antidepressant treatments 
(Dinas et al., 2011).

Investigations into the effects of physical 
activity on depression in both adults and ad-
olescents concluded that regular activity con-
siderably reduces depression risk (Bailey et al., 
2018). Dr. Aan Het Rot confirmed the positive 
correlation between physical activity and en-
hanced mental well-being in adults (Aan Het 
Rot et al., 2009). Emerging evidence suggests 
that even minimal amounts of physical activ-
ity can act as a safeguard against depression 
(Teychenne et al., 2008). Research focusing 
on older adults highlighted that various forms 
of exercise, including aerobic, resistance, and 
mind-body exercises, were linked to fewer de-
pressive symptoms (Zhang et al., 2021). Last-
ly, Mumba et al. found that both vigorous and 
moderate recreational physical activities had 
notable effects on depression scores among 
older adults (aged 50 and above) (Mumba et 
al., 2021). It further mentioned the impor-
tance of considering the potential differences 
between various racial groups, which aligns 
with one of the focuses of our study.

While numerous studies have explored 
the impact of physical activity on depression, 
many focus on the effects of physical activity 
on depression, together with other mental dis-
orders and diseases. A few researchers take the 
five physical activity levels as a standard for re-
search and directly study the relationships be-
tween the time of doing physical activities and 
the chance of suffering from depressive symp-
toms. Moreover, there remains a limited body 
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of research examining the differential effects 
across different racial groups in the US. Giv-
en the substantial socio-economic and health 
disparities among these groups, the influence 
of physical activity on depression in the gen-
eral population may not directly apply to spe-
cific racial demographics. Hence, it becomes 
imperative to evaluate how different types of 
physical activity affect depression within each 
racial group.

Methods
Data Collection & Analysis
This research utilized data sourced from 

the National Health and Nutrition Examina-
tion Survey (NHANES), a nationally repre-
sentative cross-sectional survey orchestrated 
by the Centers for Disease Control and Pre-
vention (CDC). NHANES employs a strat-
ified multistage design rooted in random 
sampling techniques. Trained interviewers 
gathered questionnaire data in participants’ 
homes. Meanwhile, the mobile examination 
center (MEC) phlebotomists collected blood 
samples. These samples were subsequently 
refrigerated or frozen and dispatched to lab-
oratories for analysis. Additionally, the MEC 
managed physical examinations. The current 
analysis uses data from the NHANES cycles 
of 2015–2016 and 2017–2018.

Out of the 11,268 participants in the 
NHANES2015–2018 cohort, exclusions were 
made for those under 20 years old (529 par-
ticipants) and those with indeterminable de-
pression statuses (1,066 participants). The 
NHANES review process further omitted 
entries with missing, rejected, or ambiguous 
data on physical activity and sedentary time, 
as well as those reporting over 24 hours, en-
compassing total physical activity time, seden-
tary periods, and sleep duration. Participants 
with absent or rejected covariates were also 
excluded (7,562 in total). Ultimately, a refined 
cohort of 2,111 participants, with comprehen-
sive data on primary outcomes, exposure, and 
relevant variables, was retained for analysis.

Definition of Major Depression 
and Physical Activities

For the purposes of this research, partic-
ipants were classified as having depression 
based on their responses to the PHQ‑9 ques-
tionnaire (Lagerros et al., 2006); specifical-

ly, if they completed all items and achieved a 
threshold score.

Physical activity patterns were ascertained 
using the Global Physical Activity Question-
naire (Lagerros et al., 2009). Physical activi-
ties were delineated into five categories, deter-
mined by participants’ responses:

Vigorous Work Activity: Defined as tasks 
that cause a pronounced increase in breathing 
or heart rate for an extended period. Vigorous 
Recreational Activities: including leisure, fit-
ness, and high-intensity sports that result in 
a significant escalation in respiration or heart 
rate. Moderate Work Activity: Activities char-
acterized by a modest elevation in breathing 
or heart rate. Moderate Recreational Activi-
ties: Activities inducing a light rise in respira-
tory or heart rate for a set duration. Walking 
or Bicycling: Engaging in either of these for 
transportation purposes, such as commuting 
to work, school, or shopping. The reported ac-
tivity durations were aggregated to calculate 
the cumulative physical activity duration. This 
was derived from the multiplication of the fre-
quency and duration of each physical activity 
type reported by participants.

Covariates
Data was collected using a structured 

household questionnaire, capturing gender 
(male, female), age, education level (Less than 
high school, HS grad/GED, Some college/AA, 
College/above), marital status (categorized as 
married or unmarried, with the latter encom-
passing widowed, divorced, separated, never 
married, and cohabiting), race (categories 
included Mexican American, Non-Hispanic 
Black, Non-Hispanic White, and other rac-
es), and employment status from the previous 
week. Smoking history was ascertained with 
the question, “Have you smoked at least 100 
cigarettes in your entire life?” (yes/no). Body 
Mass Index (BMI) was calculated by divid-
ing weight (kg) by the square of height (m2). 
Hypertension status was determined based 
on self-reported diagnosis, antihypertensive 
medication use, or if measured blood pressure 
exceeded specified thresholds (systolic ≥ 140 
mm Hg and/or diastolic ≥ 90 mm Hg).

Statistical Analysis
The baseline characteristics of partici-

pants were categorized by depression status. 
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Descriptive statistical analyses were applied 
to demographic data (such as gender, age, 
education level, race, marital status, and 
employment), behavioral metrics (like total 
physical activity duration), body measure-
ments (specifically, BMI), and medical con-
ditions (such as hypertension and obesity). 
Categorical variables were expressed as fre-
quency (%), and chi-square tests were used for 
non-ordinal categorical variables. Continuous 
variables were presented as mean ± standard 
error, with the Student’s t-test determining 
statistical relevance. Considering the multi-
stage sampling design and oversampling, we 
employed MEC weights in our models, sup-
plemented with variables for primary sam-
pling units (PSUs) and the Masked Variance 
Unit Pseudo-stratum. These weight variables 
enable generalization to the entire civilian 
noninstitutionalized US population. The asso-
ciation between depression risk and physical 
activity was examined through weighted logis-
tic regression models. Odds ratios (ORs) with 
95% confidence intervals (CIs) were provided, 
along with p-values to assess the association’s 

magnitude and significance. Multivariable lo-
gistic regression models, inclusive of demo-
graphics, behaviors, and medical conditions 
as covariates, were devised to adjust for po-
tential confounders. A p-value below .05 was 
deemed statistically significant. All computa-
tions were executed in the R software.

Results
Table 1 shows the sample characteris-

tics of a total of 2111 respondents between 
the years 2015–2018. Overall, depression is 
more common in females (12.9%) than males 
(7.4%, p-value = 0.0097). Participants who 
answered “Yes” to smoking were more likely 
to have major depression than those who did 
not smoke (15.6% vs 4.7%, p-value, 0.0001). 
Major depression was more likely to oc-
cur among participants with normal weight 
(12.7%), without a job or business (13.3%), 
and lowest poverty income ratio (16.3% for 
PIR < 1.3). There were no significant differ-
ences between participants with or without 
depression for hypertension and total phys-
ical activity time.

Table 1. Sample characteristics of demographics, medical 
conditions, and physical activities by depression status

Depression status
No Yes p value

n(%) SE n(%) SE
Hypertension No 1223(91.2) 1.1 124(8.8) 1.1 0.1727

Yes 682(88.4) 1.9 82(11.6) 1.9
Gender male 1268(92.6) 1.8 104(7.4) 1.8 0.0097

Female 637(87.1) 0.9 102(12.9) 0.9
Smoking status No 1044(95.3) 0.8 65(4.7) 0.8 <0.0001

Yes 861(84.3) 1.7 141(15.6) 1.7
Obesity status Normal/under-

weight 818(87.3) 1.6 108(12.7) 1.6 0.0206
Obesity 22(97.1) 3.2 1(2.9) 3.2
Overweight 1065(92.8) 1.1 97(7.2) 1.1

employment Looking for work/
not working 847(86.7) 1.5 131(13.3) 1.5 <0.001
With a job or 
business 1058(92.7) 1.1 75(7.3) 1.1

Poverty level <1.3 623(83.7) 106(16.3) <0.001
1.3~3.5 799(89.7) 78(10.3)
>3.5 483(95.4) 22(4.6)

mean SE mean SE
Physical activity 
time (minutes) 1007.2 39.8 890.9 116 0.358

Note: SE = standard error, poverty level <1.3 = poverty, 13.~3.5 = normal, >3.5 = rich

https://ppublishing.org/edition/the-european-journal-of-biomedical-and-life-scienc
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Table 2 shows the crude (univariable lo-
gistic regression) and adjusted (multiple lo-
gistic regression) models of various physical 
activity types as predictors and depression as 
the outcome. In the crude univariable logistic 
regression model, physical activities such as 
vigorous and moderate work activities were 
not significantly associated with depression 
(OR and 95% CI, 0.95 [0.55,1.58], p-value = 
0.8104 for vigorous work activities; OR and 
95% CI, 1.09[0.76,1.55], p-value = 0.6561 
for vigorous work activities). Similarly, in 
multiple logistic regression models adjusted 
for other covariates, the odds ratios (OR) for 
vigorous (OR = 0.74, 95% CI = [0.42, 1.32], 
p-value = 0.3276) and moderate work ac-
tivities (OR  = 0.98, 95% CI = [0.66, 1.45], 
p-value = 0.9189) were not significantly as-

sociated with depression. Walk or bicycle 
activities were significantly associated with 
depression (p-value = 0.0066), with an OR of 
1.64 (95% CI = [1.18, 2.30]), indicating hav-
ing walk or bicycle activities was associated 
with depression. However, after adjusting 
for other covariates, the association between 
walking or bicycle activities and depression 
was attenuated (OR = 1.37, 95% CI = [0.95, 
1.96], p =0.1072). Vigorous recreational ac-
tivities were significantly associated with de-
pression (OR = 0.46 95% CI = [0.28, 0.75], 
p-value = 0.0041) in the crude model. As in 
the multiple logistic regression models, the 
relationship between depression and vigor-
ous recreational activities is still significant, 
with odds ratios of 0.48 (95% CI [0.31, 0.73], 
and p-value = 0.0037).

Table 2. Associations Between Individual Types of Physical Activities 
and Depression: Crude and Adjusted Logistic Regression Models

Crude model Adjusted model

Type of PA OR[LCI, UCI] p value OR[LCI, UCI] p value

Vigorous work 0.95 [0.55,1.58] 0.8104 0.74 [0.42, 1.32] 0.3276

Moderate work 1.09[0.76,1.55] 0.6561 0.98[0.66, 1.45] 0.9189

Walk or Bicycle 1.64[1.18, 2.30] 0.0066 1.37[0.95,1.96] 0.1072

Vigorous Recreational 0.46[0.28,0.75] 0.0041 0.48[0.31,0.73] 0.0037

Moderate Recreational 0.39[0.27, 0.58] <.001 0.47[0.32,0.71] 0.0024

Note: OR = odds ratio, LCI = lower confidence intervals, UCI = upper confidence intervals

The subgroup analysis of the association 
between various physical activity types and 
depression by race groups in multiple logistic 
regression models is shown in Table 3. The 
vigorous work activities do not have a significant 
protective effect on depression among 
Mexican-American groups (OR=0.44, 95% = 
= [0.44,1.25], p-value = 0.122). Similarly, 
vigorous work activities influence Non-

Hispanic black (OR = 0.64, 95% = [0.64, 1.85], 
p-value = 0.409), white (OR  = 0.75, 95% = 
= [0.75, 1.48], p-value = 0.413) and other 
races (OR = 0.48, 95% = [0.84, 1.79], p-value = 
= 0.643) group respectively by decreasing 
the possibilities of getting depression. 
However, none of the associations between 
vigorous work activities and depression were 
statistically significant.

Table 3. Associations Between Individual Types of Physical Activities 
and Depression: subgroup analysis by racial groups

Mexican American Black
Type of PA OR[LCI, UCI] p value OR[LCI, UCI] p value

Vigorous Work 0.44[0.44, 1.25] 0.122 0.64[0.64, 1.85] 0.409
Moderate Work 1.46[1.46, 5.24] 0.561 1.21[1.21, 2.47] 0.592
Walk or Bicycle 0.27[0.27, 2.26] 0.225 1.32[1.32, 2.46] 0.384
Vigorous Recreational 1.43[1.43, 5.30] 0.594 0.45[0.45, 1.14] 0.093
Moderate Recreational 1.36[1.36, 4.74] 0.631 0.42[0.42, 0.88] 0.021
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White Other
Type of PA OR[LCI, UCI] p value OR[LCI, UCI] p value

Vigorous Work 0.75[0.75, 1.48] 0.413 0.84[0.84,1.79] 0.643
Moderate Work 0.88[0.88, 1.45] 0.629 1.24[1.24, 2.87] 0.607
Walk or Bicycle 1.65[1.65, 2.77] 0.58 0.76[0.76, 1.97] 0.572
Vigorous Recreational 0.48[0.48, 0.79] 0.004 0.35[0.35, 1.04] 0.059
Moderate Recreational 0.37[0.37, 0.68] 0.002 0.99[0.99, 2.10] 0.975

Note: PA = physical activity, OR = odds ratio, LCI = lower confidence intervals, 
UCI = upper confidence intervals

For moderate work activities, Non-his-
panic white is the only group that shows 
protective effect of moderate work activi-
ties(OR = 0.88, 95% = [0.88, 1.45], p value 
= 0.629). Whereas among Mexican Ameri-
cans (OR = 1.46, 95% = [1.46, 5.24], p-value 
= 0.561), Non-Hispanic blacks (OR  = 1.21, 
95% = [1.21, 2.47], p-value = 0.592) and 
other races(OR  = 1.24, 95% = [1.24, 2.87], 
p-value = 0.607), moderate work activities 
increased the likelihood of getting depres-
sion. However, moderate work activities 
were not a significant factor for depression.

Walking and cycling activities are not 
significantly associated with depression 
in Mexican American(OR  = 0.27, 95% = 
[0.27, 2.26], p-value = 0.225) and Non-his-
panic white(OR = 1.65, 95% = [1.65, 2.77], 
p-value = 0.58). Meanwhile, non-hispanic 
black(OR = 1.32, 95% = [1.32, 2.46], p-value 
= 0.384) and other races(OR = 0.76, 95% = 
[0.76, 1.97], p-value = 0.607) are relatively 
less associated by walking and cycling activi-
ties in depression.

The vigorous recreational activities are 
not significantly associated with depression 
in Mexican Americans (OR  = 1.43, 95% = 
[1.43, 5.30], p-value = 0.594), Non-Hipanic 
Black (OR = 0.45, 95% = [0.45, 1.14], p-val-
ue = 0.093), and Other racial groups(OR  = 
0.35, 95% = [0.35, 1.04], p-value = 0.059). 
However, in the Non-Hispanic White group, 
vigorous recreational activities are signifi-
cantly associated with a lower likelihood of 
having depression (OR = 0.48, 95% = [0.48, 
0.79], p-value = 0.004).

Moderate recreational activities are sig-
nificantly reducing the likelihood of hav-
ing depression among Non-Hispanic White 
(OR  = 0.37, 95% = [0.37, 0.68], p-value 
= 0.002) and Non-Hipanic Black (OR  = 
0.42, 95% = [0.42, 0.88], p-value = 0.021). 

While in Mexican American and other racial 
groups, the associations between moderate 
recreational activities and depression were 
not statistically significant (OR = 1.36, 95% = 
[1.36, 4.74], p-value = 0.631 and OR = 0.99, 
95% = [0.99, 2.10], p-value = 0.975 for Mex-
ican American and Other races respectively).

Discussion
The primary objective of this research was 

to examine the association between various 
forms of physical activity (including vigorous 
work-related activity, vigorous recreational 
activities, moderate work activity, moderate 
recreational activities, and walking/bicycling) 
and the prevalence of depression. In addition, 
considering potential racial disparities in the 
susceptibility to depression, this study delved 
deeper into the moderating effect of race on 
the relationship between the mentioned phys-
ical activities and depression.

To the best of my knowledge, this is the 
first study that studies the variable effects of 
physical activities on different racial groups. 
The findings indicate that specific physical ac-
tivities can either reduce or amplify the risk of 
depression among the four racial groups an-
alyzed. For instance, in Mexican Americans, 
even though the results weren’t statistically 
significant, engaging in vigorous work activi-
ties, as well as walking and bicycling, appears 
to lessen the risk of depression. Conversely, 
moderate, vigorous recreational, and moder-
ate recreational activities may increase their 
predisposition to depression. In contrast, the 
non-Hispanic Black population benefits from 
moderate recreational activities but seems to 
have an increased risk of depression when 
involved in moderate work activities and 
walking or cycling. Non-Hispanic Whites ex-
hibit a markedly reduced risk of depression 
with moderate recreational activities, which 
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appear to act as protective factors. Other ra-
cial groups did not demonstrate a significant 
correlation between any form of physical ac-
tivity and depression. Nonetheless, vigorous 
recreational activities could potentially offer 
protective benefits, although the statistical 
significance is marginal.

My study determined that, among all par-
ticipants, those without depression engaged 
in physical activity for an average of 116.3 
minutes more per week compared to their 
counterparts with depression. This observa-
tion aligns with findings by Pearce et al., sug-
gesting that adults who meet the recommend-
ed physical activity duration are less prone to 
depression (Pearce et al., 2022). Choi et al. 
also explored the bidirectional relationships 
between physical activity and depression in 
adults, reinforcing our conclusion about the 
protective nature of physical activity against 
depression (Choi et al., 2019). Similarly, re-
search by Emily R. Rutherford et al. estab-
lished that individuals engaging in over 150 
minutes of moderate to vigorous work activity 
per week are less likely to experience depres-
sion (Rutherford et al., 2022). Our findings 
also receive backing from a study by Mats 
Hallgren et al. on the relationships between 
various sedentary behaviors, physical activity, 
and depression. This research recommended 
substituting passive sedentary actions with 
mentally active sedentary behaviors or mod-
erate-to-vigorous work activity to diminish 
the risk of depression in adults (Hallgren et 
al., 2020). Concurrently, Marije Aan Het Rot 
et al. emphasized that adhering to the CDC’s 
recommendation of at least 30 minutes of 
moderate-intensity physical activity on most 
days significantly alleviates depressive symp-
toms (Aan Het Rot et al., 2009).

Additionally, a study conducted by Su 
Zhang et al. delved into the connection be-
tween physical activity and depression in 
older adults. They highlighted an inverse re-
lationship between engagement in physical 
activities and the onset of depressive symp-
toms, underscoring the benefits of exercise 
in reducing depression risks for this demo-
graphic (Zhang et al., 2021). Mercy Ngo-
sa Mumba et al. undertook research on the 
same demographic and not only corroborat-
ed our findings but also emphasized that, for 
many older adults, physical activity is a more 

cost-effective approach to mitigating depres-
sion risks than medical treatments. This study 
also suggested potential variations in depres-
sion rates across different racial groups, a key 
focus of our research (Mumba et al., 2021). 
The therapeutic potential of physical activity 
in addressing depression is also grounded in 
science. As Aaron Kandola et al. determined, 
physical activity exerts its antidepressant ef-
fects through various biological and psycho-
social mechanisms within the brain, forging 
a protective shield against depression (Kan-
dola et al., 2019). A similar conclusion was 
drawn in research by Megan Teychenne et al., 
which underscored an inverse correlation be-
tween physical activity and depression (Tey-
chenne et al., 2008). Andreas Ströhle’s study 
resonated with our findings, suggesting that 
physical activities bolster resilience against 
depression in adults (Ströhle, 2009). Intrigu-
ingly, research by A. P. Bailey et al. indicat-
ed that young adults and adolescents with 
depression could benefit significantly from 
physical activity as a primary intervention, 
suggesting its therapeutic potential in allevi-
ating their symptoms (Bailey et al., 2018).

While the aforementioned studies cor-
roborate our findings, emphasizing the bene-
fits of physical activity in reducing depression 
risks for adults, there remains a noticeable 
gap in research addressing the potential dis-
parities across different racial groups. This 
avenue presents an opportunity for research-
ers to delve deeper, seeking to understand 
the nuances of how and why individuals from 
various racial backgrounds might exhibit dif-
fering susceptibilities to depression.

This study boasts several significant 
strengths. Primarily, the analysis is under-
pinned by a robust participant sample. The 
model adjustments ensure the comprehen-
sive inclusion of pertinent covariates, aided 
by an exhaustive survey. The physical activ-
ity questionnaire, validated in prior stud-
ies(Lagerros et al., 2006), astutely differ-
entiates between various types of physical 
activities (Lagerros et al., 2006). Further-
more, our subgroup analysis segmented by 
race/ethnicity offers granular insights into 
how diverse physical activity types might 
uniquely affect different racial groups.

However, the research paper has lim-
itations. Firstly, participants’ self-reporting 

https://ppublishing.org/edition/the-european-journal-of-biomedical-and-life-scienc


The European Journal of Biomedical 
and Life Sciences 2024, No 1–2

ASSOCIATION OF PHYSICAL ACTIVITY WITH DEPRESSION10

Section 1. Clinical medicine

of their physical activities could introduce 
recall errors during questionnaire comple-
tion. Secondly, our depression outcomes, de-
fined by these self-reported questionnaires, 
might be prone to underestimation. This is 
due to potential disparities in participants’ 
interpretation of the questions, which could 
result in imprecise responses and, conse-
quently, skewed final scores. Lastly, inherent 
limitations are tied to the NHANES database, 
which is based on a cross-sectional popula-
tion survey. By design, NHANES can only de-
termine associations between factors, not the 
causative mechanisms underlying them. As a 
result, this study cannot conclusively estab-
lish causality.

Conclusion
Our study investigates the protective role 

of physical activities in mitigating the risk of 
depression among adults. Distinctively, the 
differential impacts of various physical ac-

tivity types on depression risk were evident 
across the four racial groups studied. While 
these insights are promising, the results 
should be approached with prudence due to 
the inherent limitations highlighted. Future 
research, ideally with a more diverse racial 
categorization and a more expansive sample, 
is imperative to comprehensively understand 
the nuanced interplay between race, physical 
activity, and depression risk. Such endeavors 
could inform targeted interventions for spe-
cific racial groups, optimizing both treatment 
and prevention strategies.
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Abstract
Background: Influenza continued to be a significant global health concern in recent 2 

years, leading to significant economic burdens and public health challenges globally. Thus, 
understanding the complex risk factors associated with influenza susceptibility is crucial for 
effective prevention and mitigation strategies.

Objects: Our study evaluated the association of several risk factors with infection related 
to influenza, including socioeconomic, demographic and medical conditions.

Method: We examined data from the National Health and Nutrition Examination Survey 
(NHANES) spanning 5 survey cycles, from 2005 to 2018, to provide a comprehensive assess-
ment of influenza susceptibility factors. Both univariate and multivariate logistic regression 
models were utilized to analyze the relationships between influenza outcomes and various 
factors in the general population. In our model, we also conducted Chi-square test for inde-
pendence to evaluate the interaction between explanatory variables.

Results: In the multivariate logistic regression analysis, the risk of an influenza infection 
varies in different races: Compared to Hispanic, influenza susceptibility is significant within 
Non-Hispanic Black, Non-Hispanic Asian and multiracial groups (OR =1.96, 95% CI [1.5,2.55], 
P value <0.0001 for Non-Hispanic Black, OR = 1.43, 95% CI [1.11,1.84], P value = 0.0064 
for Non-Hispanic Asian and multiracial). While Non-Hispanic White (OR = 1.34, 95% CI 
[0.92,1.97], P value = 0.134) shows no statistical significance associated with influenza. For 
medical conditions, individuals with Chronic Bronchitis or Asthma displayed higher probability 
of flu infection (OR = 1.34, 95% CI [1.01, 1.79], P value = 0.0483 for asthma, and OR = 1.77, 
95% CI [1.14, 2.75], P value = .0137 for chronic bronchitis).

Conclusion: Ethnicity, respiratory diseases (Chronic Bronchitis and Asthma) were asso-
ciated with higher odds of flu infection. We found no interaction between race and respiratory 
illness in their association with influenza. Targeted interventions addressing socioeconomic 
disparities and respiratory health are crucial for reducing the burden of influenza morbidity 
and mortality.
Keywords: influenza, risk factors, racial disparity, respiratory diseases, logistic regression
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Introduction
Influenza, commonly known as the flu, is 

a contagious respiratory illness transmitted 
through airborne droplets during coughing 
or sneezing, or by contact with contaminat-
ed surfaces. It is caused by four main types 
of viruses: influenza A, influenza B, influenza 
C, and influenza D. Influenza A and B are re-
sponsible for seasonal flu outbreaks globally 
(CDC, Burden of Influenza, Centers for Dis-
ease Control and Prevention (2024). For in-
stance, the H1N1 influenza pandemic, caused 
by an influenza A virus, now becomes a regu-
lar human flu virus and continues to circulate 
seasonally worldwide. Treatments of influen-
za include Oseltamivir, also known as Tamiflu, 
which is an antiviral medication against influ-
enza A and B (Flu and Older Adults — NFID, 
Https://Www.Nfid.Org/ (n. d.). 2024), as well 
as humidifiers (Klein S. L., Hodgson A., Rob-
inson D. P.,  2012). Additionally, vaccination 
remains the most effective preventive measure 
against influenza. Given the capacity for flu vi-
ruses to mutate, new vaccines are developed 
annually to target prevalent strains (Fiscella 
K., Dressler R., Meldrum S., Holt K., 2007).

Despite these treatments, influenza im-
poses a significant worldwide economic bur-
den each year. According to the Centers for 
Disease Control and Prevention (CDC), the 
annual economic cost of seasonal influen-
za in the United States ranges from $11 to 
$18 billion, encompassing direct costs such 
as medical treatment, hospitalizations, and 
medications, as well as indirect costs like lost 
productivity due to missed workdays and 
school absences (CDC, Burden of Influen-
za, Centers for Disease Control and Preven-
tion (2024). Furthermore, influenza stands 
as a challenge to public health, particularly 
impacting vulnerable populations such as 
young children, elderly individuals, and 
those with underlying medical conditions. 
Severe complications including pneumo-
nia, bronchitis, and exacerbation of chronic 
conditions like asthma, diabetes, or chronic 
obstructive pulmonary disease (COPD) can 
arise from influenza infections (Aligne C. A., 
2016).These complications and comorbidity 
can result in hospitalizations and even fatali-
ties. The World Health Organization (WHO) 
estimates that seasonal influenza epidemics 
result in approximately 3–5 million cases of 

severe illness globally each year, with respi-
ratory deaths attributed to flu-related causes 
ranging from 290,000 to 650,000 annually 
(Vaughan E., Tinker T., 2009).

Therefore, a comprehensive understand-
ing of the complex risk factors associated 
with influenza is imperative. Given its rapid 
transmission and potential for severe illness 
and mortality, identifying and studying these 
risk factors is crucial for developing effective 
strategies to mitigate the impact of influen-
za outbreaks and pandemics. This research 
aims to explore a variety of influenza risk 
factors, spanning individual, and societal di-
mensions. Through synthesizing empirical 
evidence on associated risk factors, our goal 
is to provide insights that can inform target-
ed interventions and policy initiatives, there-
by reducing the burden of influenza morbid-
ity and mortality.

Several factors collectively contribute sig-
nificantly to the susceptibility to influenza, 
encompassing demographic variables, socio-
economic status, and underlying health con-
ditions. Previous research has elucidated the 
associations between these factors and flu 
infection. Age and gender are pivotal deter-
minants, with adults aged 65 years and older 
being identified as a high-risk group for de-
veloping severe complications from influenza 
(Flu and Older Adults — NFID, Https://Www.
Nfid.Org/ (n. d.). 2024), while females typical-
ly experience greater morbidity and mortal-
ity during influenza outbreaks and pandem-
ics (Klein S. L., Hodgson A., Robinson D. P., 
2012). In addition, Fiscella’s study highlighted 
racial and ethnic disparities that contribute to 
poorer health outcomes and higher mortali-
ty rates among minority groups (Fiscella K., 
Dressler R., Meldrum S., Holt K., 2007). From 
a socioeconomic perspective, overcrowded liv-
ing conditions serve as a vehicle for respiratory 
infection transmission, including the flu, and 
can exacerbate disease severity (Aligne C. A., 
2016). Low-income communities often experi-
ence worse health conditions and have a high-
er likelihood of premature mortality during 
epidemics (Adler N. E., Newman K., 2002). 
Moreover, individuals with lower educational 
levels tend to exhibit inferior receptiveness to 
precautionary health information (Vaughan E., 
Tinker T., 2009), thereby increasing their sus-
ceptibility to infection during pandemics.
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Furthermore, medical conditions also ac-
count for vulnerability in flu pandemic. On 
one hand, people with regular health care 
had a higher probability of receiving influ-
enza vaccination than those without health 
care coverage, which reduces their vulner-
ability in flu infection (Gurel-Headley M., 
Mamisashvili M., CarlLee S., Reece S., Chap-
man C., Kraleti S., Andersen J. A., Selig J. P., 
Willis D. E., Li J., McElfish P.A. 2023). On 
the other hand, respiratory conditions such 
as chronic bronchitis are associated with flu 
infections (Stark J. E., Heath R. B., Curw-
en M. P., 1965), while individuals with asth-
ma are at a higher risk of having complica-
tions from the flu, such as pneumonia (Flu 
(Influenza), Asthma & Allergy Foundation 
of America (n. d.)). Besides, individuals with 
heart disease are more likely to develop com-
plications from the flu, including pneumo-
nia, bronchitis and lung failure (National 
Health and Nutrition Examination Survey 
(NHANES) — Healthy People 2030).

Building upon the existing research in-
vestigating various risk factors, this study 
addresses a significant gap regarding the in-
fluence of asthma and chronic bronchitis on 
flu risk across different racial groups. Our ap-
proach involves building logistic regression 
models to analyze the relationships between 
flu outcomes and the predictors of asthma, 
chronic bronchitis, and race. Additionally, we 
tested potential interactions between race and 
these respiratory conditions. By synthesizing 
evidence from population-representative data, 
we aspire to provide insights that can guide 
targeted interventions and policy measures 
to alleviate the impact of influenza morbidity 
and mortality. However, there remains a cru-
cial need for further study on the intersection 
of social determinants of health, particularly 
in the context of influenza preparedness, re-
sponse strategies, and post-flu recovery efforts. 
Future research should delve deeper into these 
determinants to develop effective solutions, 
and assist decision-makers and service organi-
zations in addressing the needs of populations 
adversely affected by pandemic influenza.

Methods
2.1. Study population
The National Health and Nutrition Exam-

ination Survey (NHANES) is a cross-sectional, 

population-based health survey of the non-in-
stitutionalized U.S. civilian population con-
ducted by the U. S. National Center for Health 
Statistics (NCHS) of the Centers for Disease 
Control and Prevention (National Health and 
Nutrition Examination Survey (NHANES) — 
Healthy People 2030). The purpose of this 
survey is to evaluate the nutritional status and 
health of adults and children every two years. 
The NHANES program enrolled a nationally 
representative sample of the U.S. population 
every survey cycle and included interviews, 
examinations, and laboratory tests of serum 
and urine samples. We obtained the data from 
NHANES for the years 2005–2008 and 2011–
2018 which span 5 cycles of surveys.

In each NHANES data cycle, each sub-
sample was representative of the complete 
population, and the corresponding weight 
for the subsample was calculated after con-
sidering the additional step of sampling, the 
unequal probability of selection, and the 
non-response rate (Centers for Disease Con-
trol and Prevention, 2017). A total of 71,058 
people participated in the study throughout 
seven cycles, with 39,221 of them aged ≥ 20 
years. Individuals with missing HTN and 
urine OH-PAHs data were not included in 
the final design. Finally, 8951 participants 
of the NHANES2003–2016 were included in 
the final examinations (Supplementary Fig. 
S1). The NHANES representatives gathered 
information about prospective confounders 
using a self-reported questionnaire. Body 
parameters were measured in the Mobile Ex-
amination Center (MEC) by NHANES staff 
who had been trained. The NHANES proce-
dure was approved by the National Center for 
Health Statistics (NCHS) Institutional Re-
view Committee, and signed informed con-
sent forms were acquired.

2.2 Dependent variable
The dependent variable in this study is 

whether an individual has influenza or pneu-
monia during the past 30 days. The question 
is administered to participants as, “Did you 
have flu, pneumonia, or ear infections that 
started during those 30 days?” Participants 
who answered “1” were recorded as «Yes,» 
and “2” as «No.»

2.3 Independent variables
The independent variables in this study 

were selected based on risk factors reported 
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in the literature, and classified into five 
broad categories: 1) demographic i. e. age, 
gender, race (Hispanic, Non-Hispanic Black, 
Non-Hispanic White, and other races); 
2) socioeconomic i. e. education (less than 
high school, High school graduate, College, 
College graduate); 3) Disease: Diabetes, 
Chronic bronchitis, Coronary heart disease; 
and 4) other characteristics i. e. Family size, 
Marital Status (Married, Never Married), 
Routine Healthcare.

2.4 Statistical analysis
The distributions of demographic vari-

ables in total sample and population with and 
without flu were described using the numbers 
of sample (n) and proportions of each catego-
ry (%). The association between the individu-
al variables and outcome were determined by 
weighted Chi Squared tests. In order to de-
termine the odds ratio and 95% confidence 
intervals between independent variables and 
outcome, we conducted univariate and mul-
tiple logistic regression models using gender, 
education, age, marital status, family size, 
diabetes, coronary heart disease, asthma, 
chronic bronchitis. For univariate models, 
only one independent variable was used to fit 
the model, whereas the multivariate logistic 
regression model also included all other co-
variates to adjust for the potential confound-
ing effects. The interaction effects between 
the statistically significant main effects were 
also tested but no significance was found. 
The Chi-squared tests and logistic regression 
models were adjusted to incorporate weight-
ed measures, ensuring that the estimates re-
flected more precise standard errors.

Multivariate logistic regression analy-
sis was used to adjust for the various inde-
pendent variables. Also, we calculated the P 

value, and odds ratios (OR) with their corre-
sponding 95% confidence intervals (CI). A P 
value less than 0.05 was considered as statis-
tical significance. All analyses were conduct-
ed using the R version (Using the R Statisti-
cal Computing Environment to Teach Social 
Statistics Courses).

Results
Table 1 shows the sample characteristics 

of study in total and by whether participants 
have had the flu during the past 30 days. Fac-
tors such as gender, education, age, marital 
status, family number, diabetes and coronary 
heart disease were not significantly associat-
ed with flu. For the race of all participants, 
5.8% were Non-Hispanic White, 10.3% were 
Non-Hispanic Black, 73.7% were Hispanic, 
and 10.2% were other races (Non-Hispanic 
Asian and multiracial). However, the propor-
tions for each race were significantly differ-
ent between participants with and without 
flu (P < .001). For instance, the proportion of 
Non-Hispanic Black in the group with flu was 
about 16.9%, which was significantly higher 
than that in the non-flu group (10%). When 
considering diseases, we found that for all 
the participants, 14.5% people have asthma, 
and 85.5% people don’t have asthma. How-
ever, the proportion of people having asthma 
among people having flu (20.1%) was signifi-
cantly higher (P = .005) than people having 
asthma among people having no flu (14.3%). 
For 13546 participants, 7.5% people report-
ed to have chronic bronchitis. But people 
having chronic bronchitis had a significantly 
larger proportion among people having flu 
(12.8%) than people having no flu (7.3) with 
a P value of 0.016.

Table 1. Sample characteristics in all participants and groups by flu status.

All Flu
Variables n(%) Yes No P value

Cycle 0.814
2005–2006 2422(18.3) 137(21.6) 2285(18.2)
2007–2008 2798(17.3) 123(15.1) 2675(17.4)
2011–2012 1964(15.4) 84(14.7) 1880(15.5)
2013–2014 2267(17.1) 107(18.6) 2160(17.1)
2015–2016 2108(15.9) 101(15.3) 2007(16)
2017–2018 1987(15.9) 76(14.8) 1911(16)
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All Flu
Variables n(%) Yes No P value

Gender 0.313
Male 6476(46.4) 256(43.5) 6220(46.5)

Female 7070(53.6) 372(56.5) 6698(53.5)
Education 0.156

Less than high school 1885(7.1) 114(8.8) 1771(7.1)
College 4108(33.8) 157(31.3) 3951(33.9)

College graduate 5132(45.2) 220(43.2) 4912(45.3)
High school graduate 2421(13.9) 137(16.8) 2284(13.8)

Age 0.086
20–34 1829(14.8) 85(14.7) 1744(14.8)
35–49 3193(28.6) 157(31.2) 3036(28.4)
50–65 4328(33.3) 224(35.7) 4104(33.2)

above 65 4196(23.3) 162(18.3) 4034(23.5)
Poverty income ratio 0.057

<1.3 4635(22.9) 271(28.9) 4364(22.7)
1.3–3.5 3078(34.6) 116(30.9) 2962(34.8)

>3.5 5833(42.4) 241(40.3) 5592(42.5)
Race <0.001

Hispanic 6521(73.7) 223(64) 6298(74.1)
Non-Hispanic Black 2651(10.3) 182(16.9) 2469(10)
Non-Hispanic White 1431(5.8) 77(6.7) 1354(5.7)

Other races 2943(10.2) 146(12.5) 2797(10.1)
Marital Status 0.376

Divorced 2174(15.5) 110(16.8) 2064(15.5)
Married 8916(71.2) 378(68.3) 8538(71.3)

Never Married 1700(9.2) 92(9.6) 1608(9.2)
Other 756(4.1) 48(5.3) 708(4.1)

Family size 0.006
1 2549(16.6) 122(17.4) 2427(16.5)
2 4246(34.5) 148(26.7) 4098(34.8)

3–6 6170(46.1) 325(51.6) 5845(45.8)
>7 581(2.9) 33(4.4) 548(2.9)

Diabetes 0.365
No 11196(86.8) 496(85) 10700(86.9)
Yes 2350(13.2) 132(15) 2218(13.1)

Routine healthcare 0.815
No 1759(12.6) 83(13) 1676(12.6)
Yes 11787(87.4) 545(87) 11242(87.5)

Asthma 0.005
No 11633(85.5) 498(79.9) 11135(85.7)
Yes 1913(14.5) 130(20.1) 1783(14.3)

Chronic Bronchitis 0.016
No 12568(92.5) 560(87.2) 12008(92.7)
Yes 978(7.5) 68(12.8) 910(7.3)
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All Flu
Variables n(%) Yes No P value

Coronary heart disease 0.874
No 12779(95.3) 593(95.4) 12186(95.3)
Yes 767(4.7) 35(4.6) 732(4.7)

Table 2 presents the results of univariate 
logistic regression models examining the re-
lationship between each independent vari-
able and flu occurrence. Among the variables 
analyzed, several were found to be statistical-
ly significant in their association with flu, in-
cluding race, poverty income ratio (PIR), and 
medical conditions related to the respiratory 
system (asthma and chronic bronchitis). Spe-
cifically, a higher poverty income ratio (> 3.5) 
was associated with a lower likelihood of flu 
occurrence (OR=0.74, 95% CI [0.57, 0.97], 
P = .031). For race, Non-Hispanic Black and 
other races (Non-Hispanic Asian and mul-
tiracial) had a higher prevalence of flu com-
pared to Hispanic (OR  =1.96, 95% CI [1.5, 

2.55], P < .001 for Non-Hispanic Black, OR = 
1.43, 95% CI [1.11, 1.84], P = .006 for other 
races, and OR = 1.34, 95% CI [0.92, 1.97], 
P = .134 for Hispanic). Furthermore, asthma 
showed a statistically significant association 
with flu, with a 51% higher probability of flu 
occurrence among individuals with asthma 
compared to those without asthma (95% CI 
[1.19, 1.91], P = .001), and chronic bronchi-
tis was also significantly associated with flu, 
with an 85% higher odds among individuals 
with chronic bronchitis compared to those 
without (OR = 1.85, 95% CI [1.24, 2.75], P 
= .003), indicating a heightened risk of flu 
infection among individuals with this condi-
tion.

Table 2. Univariate analyses of flu status and risk factors

Variables OR* LCL** UCL** P value
Cycle

2005–2006 Ref.
2007–2008 0.73 0.44 1.19 0.203
2011–2012 0.8 0.44 1.44 0.453
2013–2014 0.92 0.58 1.45 0.715
2015–2016 0.81 0.49 1.32 0.393
2017–2018 0.78 0.47 1.3 0.335

Gender
Female Ref.

Male 0.89 0.7 1.12 0.314
Education

Less than high 
school

Ref.

College 0.75 0.53 1.06 0.104
College graduate 0.77 0.57 1.04 0.091

High school 
graduate

0.98 0.74 1.3 0.889

Age
20–34 Ref.
35–49 1.1 0.79 1.53 0.558
50–65 1.08 0.75 1.55 0.677

above 65 0.78 0.56 1.09 0.153
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Variables OR* LCL** UCL** P value
poverty income 
ratio

<1.3 Ref.
1.3–3.5 0.7 0.49 1 0.051

>3.5 0.74 0.57 0.97 0.031
Race

Hispanic Ref.
Non-Hispanic 

Black
1.96 1.5 2.55 <0.001

Non-Hispanic 
White

1.34 0.92 1.97 0.134

Other races 1.43 1.11 1.84 0.006
Marital Status

Divorced Ref.
Married 0.88 0.64 1.22 0.448

Never Married 0.96 0.65 1.41 0.841
Other 1.21 0.81 1.79 0.357

Family size
1 Ref.
2 0.73 0.53 1.01 0.06

3–6 1.07 0.79 1.46 0.663
>7 1.47 0.96 2.26 0.081

Diabetes
No Ref.
Yes 1.16 0.85 1.6 0.35

Routine health-
care

No Ref.
Yes 0.96 0.67 1.37 0.813

Asthma
No Ref.
Yes 1.51 1.19 1.91 0.001

Chronic bron-
chitis

No Ref.
Yes 1.85 1.24 2.75 0.003

Coronary heart 
disease

No Ref.
Yes 0.97 0.62 1.5 0.876

* Odds ratio (OR)
* Limits of the 95% confidence interval. Lower confidence limit (LCL) and upper confidence 
limit (UCL)
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Table 3 displays the results of multiple lo-
gistic regression models including all variables 
to adjust for potential confounding effects. 
Variables such as gender, education, age, mar-
ital status, family number, diabetes, routine 
healthcare, and coronary heart disease were 
not significantly associated with flu after ad-
justing for other covariates. However, the ef-
fects of PIR on flu were attenuated after adjust-
ing for all the covariates, indicating the effects 
of this variable might be confounded. Among 
these variables, three variables remained sig-
nificant risk factors for flu in the multivariate 

logistic model: Race, Asthma, Chronic bron-
chitis. Non-Hispanic Black and other race 
(Non-Hispanic Asian, multiracial) were signifi-
cantly associated with higher susceptibility to 
flu compared to Hispanic (OR = 1.94, 95% CI 
[1.44, 2.62], P < .001 for Non-Hispanic Black, 
and OR =1.34, 95% CI [1.05, 1.71], P = .02 for 
Non-Hispanic Asian and multiracial, respec-
tively). Additionally, asthma and chronic bron-
chitis were also independent risk factors of flu 
(OR = 1.34, 95%, CI [1.01, 1.79], P = .048 for 
asthma, and OR = 1.77, 95% CI [1.14, 2.75], P 
= .014 for chronic bronchitis, respectively).

Table 3. Multivariate logistic regression analysis of risk factors associated with influenza

Variables OR LCL UCL P value
Cycle

2005–2006 Ref.
2007–2008 0.71 0.45 1.14 0.16
2011–2012 0.78 0.43 1.4 0.411
2013–2014 0.88 0.56 1.37 0.569
2015–2016 0.77 0.48 1.22 0.268
2017–2018 0.74 0.44 1.24 0.262

Gender
Female Ref.

Male 0.92 0.72 1.19 0.53
Education

Less than high school Ref.
College 0.99 0.69 1.42 0.964

High school graduate 1.18 0.87 1.61 0.342
College graduate 1.02 0.73 1.42 0.912

Age
20–34 Ref.
35–49 1.12 0.81 1.57 0.496
50–65 1.22 0.86 1.75 0.268

above 65 0.91 0.61 1.35 0.628
poverty income ratio

<1.3 Ref.
1.3–3.5 0.91 0.64 1.3 0.603

>3.5 0.89 0.66 1.19 0.437
Race

Hispanic Ref.
Non-Hispanic Black 1.94 1.44 2.62 <0.0001
Non-Hispanic White 1.32 0.9 1.91 0.156

Other races 1.34 1.05 1.71 0.02
Marital Status

Divorced Ref.
Married 0.93 0.68 1.29 0.677

Never Married 1.07 0.7 1.63 0.759
Other 1.05 0.71 1.57 0.801
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Variables OR LCL UCL P value
Family size

1 Ref.
2 0.82 0.6 1.11 0.204

3–6 1.08 0.76 1.53 0.659
>7 1.31 0.83 2.07 0.25

Diabetes
No Ref.
Yes 1.11 0.79 1.55 0.542

Routine healthcare
No Ref.
Yes 1.06 0.73 1.54 0.744

Asthma
No Ref.
Yes 1.34 1.01 1.79 0.048

Chronic bronchitis
No Ref.
Yes 1.77 1.14 2.75 0.014

Coronary heart disease
No Ref.
Yes 1.03 0.63 1.68 0.907

In conclusion, our study identified race, 
asthma, and chronic bronchitis as major in-
dependent predictors of flu. While we also 
tested the interaction among asthma, race, 
and chronic bronchitis, no significant in-
teraction effects were found between any of 
these variables (data not shown).

Discussion
This study investigated the association 

between influenza and various risk factors 
encompassing demographic variables (gen-
der, age, race, family size), socioeconomic 
status indicators (education, marital status, 
access to routine healthcare) and medication 
conditions (diabetes, chronic bronchitis, cor-
onary heart disease, and asthma). We found 
that risk factors including race, chronic bron-
chitis and asthma are significantly associat-
ed with influenza susceptibility. Specifically, 
individuals of Non-Hispanic Black and other 
races (Non-Hispanic Asian and multiracial) 
exhibited a notably higher likelihood of flu 
compared to Hispanics. Other two respira-
tory diseases like asthma and chronic bron-
chitis also showed statistical significance in 
association with flu, displaying an increased 
susceptibility to flu infection.

Whereas some studies exploring the risk 
factors of influenza focused on socioeco-

nomic risk factors (Mamelund S.-E., Shel-
ley-Egan  C., Rogeberg O., 2021; Pandemic 
influenza and socioeconomic disparities: 
Lessons from 1918 Chicago. 2024) or em-
phasized the relationship between respirato-
ry disease and flu (Peteranderl C., Herold S., 
Schmoldt C., 2016), our research examined 
multiple risk factors simultaneously using 
logistic regression models and a large data-
set representing the non-institutionalized US 
population. Notably, contrary to some prior 
studies that linked lower literacy to higher flu 
prevalence (3–1–4–2_dm_high_risk_pop-
ulations.pdf, (n. d.)) our study did not find sig-
nificant differences in flu prevalence based on 
education levels. This discrepancy may stem 
from variations in survey design and demo-
graphic characteristics of the study samples. 
Regarding race, our study’s findings regard-
ing racial disparities in flu infection differed 
from some previous findings. One study of 
the 1918 pandemic indicated smaller racial 
disparities in flu-related mortality (Eier-
mann M., Wrigley-Field E., Feigenbaum J. J., 
Helgertz J., Hernandez E., Boen C. E., 2022)
(and another study highlighted higher hos-
pitalization rates among Blacks and Native 
Americans during the H1N1 pandemic com-
pared to Whites (Quinn S. C., Kumar S., Fre-
imuth V. S., Musa D., Casteneda-Angarita N., 
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Kidwell K., 2011), whereas our study suggest-
ed that Non-Hispanic Black and other races 
(Non-Hispanic Asian and multiracial) shows 
significantly high susceptibility to influenza. 
For socioeconomic conditions, although one 
study found a strong association between in-
come level and probability of having flu (Gas-
kin C. M., Woods D. R., Ghosh S., Watson S., 
Huber L. R., 2023), our regression model did 
not find a direct association between income 
and flu, suggesting a potential confounding 
variable related to race influencing this re-
lationship. Additionally, overcrowding has 
been previously linked to flu transmission 
(Aligne C. A., 2016), however, our model 
showed no association between numbers of 
family members and flu prevalence.

Nevertheless, our research findings 
aligned with prior studies regarding the re-
lationship between medical conditions and 
influenza. One study revealed that asthmat-
ic children suffer from more frequent and 
severe virus-induced illnesses (Olenec J. P., 
Kim W. K., Lee W.-M., Vang F., Pappas T. E., 
Salazar L. E. P., Evans M. D., Bork J., Roberg 
K., Lemanske R. F., Gern J. E., 2010), while 
another study identified asthma as a risk fac-
tor for hospitalization during the influenza 
pandemic (Frontiers | Influenza in Asthmat-
ics: For Better or for Worse? (n. d.). 2024). 
These findings are consistent with the sig-
nificant impact of asthma observed in our 
study. Moreover, research by Stark, Heath, 
and Curwen suggested that chronic bronchitis 
increases susceptibility during flu pandemics 
(Stark J. E., Heath R. B., Curwen M. P., 1965), 
which is in accordance with our model.

Furthermore, our study boasts several 
strengths. Firstly, we conducted a cross-sec-
tional exploration on the multiple risk factors 
of influenza, encompassing socioeconomic, 
demographic, and medical factors, contrib-
uting to a more comprehensive understand-
ing of influenza risk factors. Moreover, our 
data were derived from a large national rep-
resentative database, enhancing the gener-
alizability of our findings to diverse popula-
tions, including minorities. Furthermore, we 
explored potential interaction effects among 
various factors, although no significant in-
teractions were detected among the primary 
risk factors.

However, our study has limitations. On 
one hand, certain factors such as working 
conditions, pregnancy, language, culture 
(linked to ethnicity), disabilities, and oth-
er pre-existing medical conditions were not 
accounted for in our analysis. On the oth-
er hand, as our study is cross-sectional, the 
temporal causality cannot be inferred from 
the analysis in this study.

In brief, our findings revealed varying 
levels of susceptibility to influenza associat-
ed with racial disparities and respiratory dis-
eases. We anticipate that policymakers and 
healthcare professionals will enact precau-
tionary measures to mitigate ethnic dispar-
ities and respiratory-related illness during 
pandemics. Further investigation is warrant-
ed to elucidate the underlying mechanisms, 
including molecular and genetic pathways, 
through which respiratory conditions like 
asthma and COPD influence influenza out-
comes.
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Abstract:
The successful management of lymphoma increasingly hinges on a deep understanding of 

its genomic underpinnings, especially for early detection and targeted treatment strategies. 
The current study focused on the identification and functional categorization of single nu-
cleotide polymorphisms (SNPs) specifically in lymphoma patients. Utilizing whole-genome 
sequencing data sourced from the Sequence Read Archive, we employed a rigorous analytical 
pipeline involving sequence alignment against the Homo sapiens chromosome 4 reference 
genome, followed by indexing, and variant calling. Our investigation led to the discovery of 
1072 SNPs, a significant portion of which remain functionally uncharacterized. Among the 
categorized SNPs, variants were identified that have potential implications for gene regulation, 
splicing, and protein function. Statistical analyses revealed a significant association between 
these SNPs and the lymphoma cohort. Our findings offer nuanced insights into the complex 
genetic landscape of lymphoma and serve as a foundational platform for future research aimed 
at functional characterization and potential clinical applications. These identified SNPs could 
serve as potential biomarkers and contribute to the development of more effective diagnostic 
and therapeutic strategies for lymphoma.
Keywords: Single Nucleotide Polymorphisms (SNPs), Lymphoma, TET2

Introduction
Lymphoma
Lymphoma is a form of cancer that 

originates in the cells of the lymphatic sys-
tem. The disease is categorized into two 
main types: Hodgkin lymphoma (HL) and 

non-Hodgkin lymphoma (NHL). Of the 
two, NHL is one of the most prevalent can-
cers in the United States, accounting for 
approximately 4% of all new cancer cas-
es (“Key Statistics for Non-Hodgkin Lym-
phoma”, 2023). It is characterized by its 
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heterogeneous nature, comprising various 
malignancies that arise from the clonal 
proliferation of B-cell, T-cell, and natural 
killer cell subsets of lymphocytes at differ-
ent stages of maturation. NHL represents 
around 4% of all malignancies and exhib-
its an overall survival rate of approximately 
72% once diagnosed (Jamil, 2023). Like-
wise, the projected incidence of HL in the 
year 2023 is expected to encompass approx-
imately 8,830 novel cases. Although consti-
tuting a relatively modest proportion of all 
newly diagnosed cancer cases, accounting 
for a mere 0.5%, HL bears a distinctive im-
print on mortality rates. Projections indi-
cate an estimated 900 deaths attributed to 
this condition every year, with 540 mortal-
ities among males and 360 among females 
(“Cancer Stat Facts”, 2023).

Stages of Lymphoma
Lymphoma is systematically categorized 

into discrete stages according to the extent of 
its dissemination within the body. These pro-
gressive stages serve as pivotal navigational 
tools for the processes of diagnosis, therapeu-
tic strategizing, and prognostic assessment. 
Stage I lymphoma, delineates a condition in 
which cancer is localized within a confined re-
gion, in situ (see Figure 1). This can manifest 
as either a solitary cancerous lymph node or 
as an occurrence within a specific lymphoid 
organ, such as the thymus, or even within a 
discrete segment of an extra lymphatic organ. 
The malignancy’s reach is strictly constrained 
at this juncture. Transitioning to Stage II 
lymphoma, the scope of disease involvement 
slightly broadens. At this stage, the two lymph 
nodes which are located on the same side of 
the diaphragm may be affected (“What Are 
the Different Stages of Lymphoma”, 2023).

Figure 1. Stages of Lymphoma. This diagram illustrates the four stages of 
Lymphoma, detailing the progression and spread of the disease. Stage I shows localized 
involvement of a single lymph node region, while Stage II involves two or more lymph 
node regions on the same side of the diaphragm. In Stage III, cancer spreads to lymph 
node regions on both sides of the diaphragm, and Stage IV indicates the disseminated 
involvement of one or more extra lymphatic organs or tissues (“NHL Staging”, n. d.)

Alternatively, the disease may traverse 
from one lymph node to an adjoining or-
gan. Though the propagation surpasses that 
of Stage I, it continues to be largely circum-

scribed within a single side of the diaphragm. 
Progressing to Stage III, an amplified dis-
semination pattern emerges. This disease of-
ten infiltrates multiple lymph nodes distrib-
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uted both above and below the diaphragm, 
with potential engagement of the spleen. The 
spanning of both sides of the diaphragm re-
flects an escalated systemic presence of the 
disease. Ultimately, Stage IV denotes the ut-
most progression of lymphoma, signaling ex-
tensive metastasis. The malignancy breaches 
the confines of the lymphatic system, infil-
trating distant organs scattered throughout 
the body. This may encompass two or more 
remote organs, such as the liver or lungs. 
The pervasive and systemic nature of the dis-
ease’s dispersion in Stage IV underscores its 
substantial impact, frequently necessitating 
comprehensive and multifaceted therapeutic 
interventions (“What Are the Different Stag-
es of Lymphoma”, 2023).

Treatments
Treatment for lymphoma may include 

radiation, chemotherapy, or a combination 
of both. It may also include immunothera-
py or other new treatments. The treatment 
that is best for patients will depend on many 
factors, such as the type of lymphoma the 
patients have. Hodgkin lymphoma is also 
called Hodgkin’s disease. It may be treated 
with chemotherapy, a combination of che-
motherapy and radiation, immunotherapy, 
stem cell transplantation, or other treat-
ments. Many treatment options are now 
available for non-Hodgkin lymphoma. These 
include traditional chemotherapy, targeted 
drugs, and novel therapies that are available 
only through clinical trials. Patients with ag-
gressive B cell non-Hodgkin lymphoma is 
often treated with R-CHOP chemotherapy, 
consisting of cyclophosphamide, doxorubi-
cin, vincristine, prednisone, and rituximab, 
with alternatives considered for potential 
heart damage. T-Cell NHL, such as T-lym-
phoblastic lymphoma/leukemia, involves 
intensive chemotherapy and may include 
intrathecal chemotherapy, maintenance 
therapy, or stem cell transplant, with close 
monitoring for complications such as tumor 
lysis syndrome (“R-CHOP”, 2022; “Treating 
Non-Hodgkin Lymphoma”, 2023). For indi-
viduals with HIV infections, who face an el-
evated risk of aggressive NHL, the prognosis 
has improved significantly, particularly with 
the use of highly active antiretroviral therapy 
(HAART). HAART enables better tolerance 

to chemotherapy and immunotherapy and 
has somewhat alleviated challenges related 
to low blood cell counts, allowing for the ad-
ministration of full doses of chemotherapy. 
Despite this progress, caution is exercised 
in chemotherapy for HIV-infected patients 
with lymphoma, and blood counts are close-
ly monitored. The interaction between HIV 
infection and lymphoma prognosis remains 
complex, with modern anti-HIV therapy con-
tributing to improved outcomes (“Treating 
Non-Hodgkin Lymphoma”, 2023).

Immunotherapy has emerged as a vital 
treatment modality for both B-cell and T-cell 
NHL. In B-cell lymphomas, monoclonal an-
tibodies targeting the CD20 antigen, such 
as rituximab (Rituxan), obinutuzumab (Ga-
zyva), ofatumumab (Arzerra), and ibritum-
omab tiuxetan (Zevalin), have been proven 
effective. Their administration, typically via 
intravenous infusion, requires careful mon-
itoring for side effects ranging from mild in-
fusion-related reactions to more severe man-
ifestations like skin conditions and blood 
cell count anomalies (Halim & Maher, 2020; 
“Treating Non-Hodgkin Lymphoma”, 2023). 
Assessment for prior hepatitis B infection 
and vigilance for post-treatment infections 
are also imperative. For T-cell lymphomas, 
innovative immunotherapeutic agents such 
as T-cell engaging bispecific antibodies (e. g., 
mosunetuzumab (Lunsumio), epcoritamab 
(Epkinly), glofitamab (Columvi)) have been 
developed. These antibodies simultaneously 
target the CD3 protein on T cells and specific 
antigens on lymphoma cells, enhancing the 
immune response against the cancer. Moni-
toring for potential complications, including 
cytokine release syndrome and neurological 
issues, is essential, and the treatment ap-
proach must be tailored to the specific lym-
phoma type and the patient’s overall health 
(“Treating Non-Hodgkin Lymphoma”, 2023).

Chemotherapy is a cornerstone in lym-
phoma treatment, employing various drug 
categories such as alkylating agents to dam-
age DNA, corticosteroids to reduce inflam-
mation, platinum drugs to inhibit DNA rep-
lication, purine analogs to disrupt DNA and 
RNA, anti-metabolites to impede cell growth, 
anthracyclines to intercalate DNA, and other 
drugs to interfere with cell division. Standard 
regimens may be supplemented with immu-
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notherapy drugs to target specific cancer cells, 
enhancing efficacy (“Treating Non-Hodgkin 
Lymphoma”, 2023). Targeted drug therapies 
have also been developed, aiming to inhibit 
specific cellular processes. Proteasome inhib-
itors block enzyme complexes within cells to 
control cell division, while histone deacetyl-
ase (HDAC) inhibitors modulate gene activi-
ty. BTK inhibitors can target specific proteins 
involved in B-cell lymphoma cell growth and 
survival. These targeted therapies, adminis-
tered through various routes such as intra-
venous infusion or oral capsules, present a 
sophisticated approach for treating specific 
NHL types, especially when standard treat-
ments are insufficient (“Treating Non-Hod-
gkin Lymphoma”, 2023).

Single Nucleotide Polymorphisms
Single Nucleotide Polymorphisms (SNPs) 

constitute a fundamental form of genetic 
variation among individuals, characterized 
by alterations at a singular nucleotide posi-
tion within the genomic DNA sequence. With 
a prevalence that exceeds 1% across the hu-
man genome, SNPs occur approximately once 
in every 1000 base pairs and significantly 
contribute to the genetic diversity observed 
among distinct human populations (“Single 
Nucleotide Polymorphisms”, n. d.; “What are 
single nucleotide polymorphisms”, 2022). 
SNPs may manifest as either transitions (pu-
rine to purine or pyrimidine to pyrimidine) or 
transversions (purine to pyrimidine or vice 
versa), and their effects can range from being 
silent (synonymous), leading to no change in 
amino acid sequence, to causing changes in 
amino acid composition. The biological rami-
fications of SNPs extend to various key genetic 
processes, such as modulation of promoter ac-
tivity, alteration of messenger RNA (mRNA) 
stability, and influence on subcellular local-
ization. As a result, SNPs have the potential to 
precipitate various pathological conditions by 
affecting gene expression or function, thereby 
underscoring their significance in both nor-
mal physiological variation and disease sus-
ceptibility (Degtyareva et al., 2021; “What are 
single nucleotide polymorphisms”, 2022).

Investigating the intricate link between 
SNPs and cancer, particularly in the context 
of lymphoma, reveals that SNPs within pro-
moter regions can prompt alterations in the 

number of methylation loci, consequently 
impacting gene expression and elevating the 
risk of cancer. Beyond methylation dynamics, 
promoter region SNPs exert their influence 
through promoter activity modulation, tran-
scription-factor binding, and histone modifi-
cations, inclusive of DNA methylation (Deng 
et al., 2017; Jiraskova et al., 2019). Notably, 
SNPs can also exert effects on exonal regions, 
where they possess the capacity to suppress 
gene transcription and translation, thereby 
perturbing cancer susceptibility. SNPs oc-
curring within genes associated with DNA 
mismatch repair, cell cycle regulation, me-
tabolism, and immunity further contribute to 
genetic susceptibility to cancer. Understand-
ing these multifaceted relationships between 
SNPs and cancer is pivotal for unraveling the 
intricacies of cancer etiology and pathogene-
sis (Deng et al., 2017; Jiraskova et al., 2019).

The utilization of SNPs as potential 
markers for early lymphoma diagnosis offers 
promising avenues in cancer diagnostics. By 
leveraging SNP markers and arrays, compre-
hensive genome screening at a global scale 
may enable the identification of chromosom-
al anomalies encompassing copy number 
variants, DNA amplifications, deletions, and 
loss of heterozygosity. In contrast to earlier 
technologies such as cytogenetics or gene 
candidate approaches, which demonstrat-
ed limited sensitivity, the utilization of SNP 
markers can present a robust alternative. 
Genetic aberrations, including copy number 
variations (CNVs) and translocations, have 
been established to exhibit distinct associa-
tions with specific human cancers, notably 
prevalent in hematological malignancies 
such as lymphomas (Shahrabi et al., 2020; 
Etebari et al., 2015). The potential to estab-
lish specific markers for such cases holds the 
key to identifying early manifestations of 
respective cancers. Notably, the expedience 
and cost-effectiveness of SNP microarrays 
facilitate rapid and comprehensive investi-
gations, thereby enabling the unveiling of 
genetic anomalies implicated in oncogenesis. 
Recent applications of SNP arrays encompass 
genome-wide screening, fostering enhanced 
correlations between genetic patterns and 
phenotypes, encompassing disease etiolo-
gy. This underscores the pivotal role of SNP 
arrays in unraveling the intricate landscape 
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of cancer genetics and their potential contri-
bution to early cancer diagnosis (Shahrabi et 
al., 2020; Etebari et al., 2015).

Genetics
The TET2 gene, situated at chromo-

some 4 position 4q24 with accession num-
ber NM_001127208.3 (NCBI, 2023), has 
emerged as a central topic of investigation in 
contemporary molecular biology. Responsible 
for encoding a protein with complex and elu-
sive functionality, this gene has piqued the sci-
entific community’s interest due to its poten-
tial involvement in transcription regulation, 
the initial phase of protein synthesis. Its role is 
particularly prominent in hematopoietic stem 
cell differentiation, a process that encompass-
es the formation of vital blood cell types, such 
as erythrocytes (red blood cells), leukocytes 
(white blood cells), and thrombocytes (plate-
lets) (“Tet2 Gene: Medlineplus Genetics.”, 
2014; Shastry, 2009). In addition to these func-
tions, the TET2 protein has been identified as 
possessing tumor-suppressive properties, act-

ing to inhibit abnormal cellular proliferation, 
thus aligning it with the characteristics of es-
tablished tumor suppressor proteins.

Within this context, Figure 2 serves to 
provide a comprehensive visual depiction of 
the proposed mechanism of action of TET2, 
offering a tangible and illustrative insight 
into its functional role within cellular pro-
cesses. This figure illustrates the impact of 
TET2 and RHOA mutations on the body, 
showing a complex interaction that leads to 
enhanced self-renewal and proliferation of 
hematopoietic stem/progenitor cells. This 
cooperative effect suppresses CD8+ T cell 
differentiation while favoring CD4+ T cells 
and T follicular helper (Tfh) cells, leading to 
aberrant activation and transformation of 
Tfh cells. ICOS plays a critical role through 
specific pathways, including the ICOS-PI3K-
mTOR signaling pathway and AKT activa-
tion, contributing to Tfh lineage differentia-
tion and the transformation characteristics 
of angioimmunoblastic T-cell lymphoma 
(AITL) (Phillip, 2022; Hu, et al., 2022).

Figure 2. TET2 and RHOA Mutation Impact on T Cell Development 
and AITL. TET2 loss and RHOA G17V mutations synergistically enhance HSPC 

self-renewal and proliferation. They also suppress CD8+ T cell differentiation, 
favoring CD4+ T cells and leading to Tfh cell expansion. ICOS plays a co-
stimulatory role via the ICOS-PI3K-mTOR and ICOS-PI3K-AKT-FOXO1 

pathways, essential for Tfh cell differentiation and AITL progression
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Gene’s Implication in Lymphoma
The Tet2 gene is characterized by a prev-

alent mutational occurrence across a diverse 
array of hematopoietic malignancies, includ-
ing both myeloid and lymphoid cancers, as 
well as various solid tumor types (“Tet2”, 
2017; Jiang, 2020). Within the realm of can-
cer cells and specific immune cell subsets 
such as T cells, B cells, and macrophages, 
Tet2 assumes an essential role in the epi-
genetic modification of DNA. This process 
is a vital aspect governing gene regulatory 
mechanisms and can influence the activity of 
genes within malignant cells and certain im-
mune cell populations. Notably, the epigene-
tic modifications known as 5hmC and 5mC. 
5mC is the methylation of the fifth position 
of the pyrimidine ring of cytosine. 5hmC 
is a product of 5mC demethylation by the 
Ten-Eleven Translocation family proteins. 
5hmC was found to regulate many cellular 
and developmental processes, including the 
pluripotency of embryonic stem cells, neuron 
development, and tumorigenesis in mam-
mals (Shi et al., 2017). 5hmC and 5mC are 
orchestrated by Tet2, and are consistently 
present under both physiological and patho-
logical circumstances (Jiang, 2020).

In the context of hematological neo-
plasms, the impairment or abrogation of Tet2 
function primarily leads to the abnormal pro-
duction of 5mC, thus disrupting the epigen-
etic landscape. This perturbation is strongly 
associated with the progression of solid tu-
mors, with frequent Tet2 mutations being a 
hallmark feature of hematopoietic malignan-
cies (Cong, 2021; Jiang 2020) Experimental 
evidence from murine models has revealed 
that disruption of Tet2, or concurrent dis-
ruption of both Tet2 and Tet3, precipitates 
the spread of myeloid or lymphoid cell pop-
ulations, culminating in the formation of ag-
gressive tumor (Jiang, 2020). These insights 
emphasize the critical role of Tet2 in shaping 
the pathogenesis of both hematopoietic and 
solid cancers, thereby illuminating potential 
avenues for therapeutic interventions.

Through a synthesis of current research, 
this paper aims to provide a targeted exam-
ination of the TET2 gene, focusing specifi-
cally on the association of SNPs that may be 
found not only on TET2 but the entirety of 
chromosome 4 and their potential connec-

tion to lymphoma. Given the complexity and 
crucial nature of this gene, the present study 
underscores the need for an extensive analy-
sis to decipher the underlying relationships 
between the TET2 gene’s variations and the 
onset or progression of lymphoma. This re-
search may pave the way for novel therapeu-
tic interventions and contribute valuable in-
sights into personalized medicine strategies.

Methods
In the current study, we undertook an 

analysis of sequence reads obtained from 
lymphoma patients and control subjects to 
identify genomic variants and meticulous-
ly examine their potential implications. The 
reference genome for Homo sapiens chromo-
some 4, accessed from Ensembl (Release 104) 
(Cunningham et al., 2021), was utilized as a 
benchmark for accurate alignment and in-
terpretation of genomic alterations detected 
in our study. Our analytical pipeline incorpo-
rated the selection of Sequence Read Archive 
(SRA) sequences based on library construc-
tion strategy and experimental design. SRA 
files were obtained using the fastq-dump util-
ity of the SRA Toolkit v2.10.7 (NCBI, 2021), 
with subsequent analyses performed via the 
command-line interface. An initial assess-
ment of sequence read quality was conduct-
ed using FastQC (v0.11.9) (Andrews, 2010), 
and sequence trimming was performed using 
Trimmomatic (v0.39) (Bolger et al., 2014), 
focusing on regions with compromised base 
quality (Phred score < 33). This process im-
proved the overall sequence data quality by 
removing low-quality bases.

Sequence alignment to the reference hu-
man genome and indexing of the reads were 
achieved using Bowtie2 (v2.4.2) (Langmead 
& Salzberg, 2012). The resultant Sequence 
Alignment/Map (SAM) file was converted to 
a Binary Alignment/Map (BAM) file using 
SAMtools (v1.11) (Li et al., 2009). Coverage 
depth at each genomic position was deter-
mined through the SAMtools ‘depth’ com-
mand, identifying regions likely to contain 
genetic variants. SNPs were identified using 
the binary variant call format (BCF) utili-
ties from the SAMtools suite. The generat-
ed BCF file underwent stringent filtering via 
BCFTools (v1.11), retaining only high-con-
fidence variants. These SNPs were further 
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validated by comparing them to a reference 
dataset of SNPs from a healthy population 
using the Pandas library in Python. This 
approach allowed us to focus on lympho-
ma-specific genomic alterations.

Statistical analyses assessed the asso-
ciation between identified variants in the 
lymphoma and control cohorts, employing 
Chi-square tests for categorical variables eval-
uation. Contingency tables, constructed from 
the CSV file, exhibited subject counts with or 
without specific variants across both cohorts. 
The Python SciPy library was used to calcu-
late the chi-square statistic and correspond-
ing p-value, revealing a significant association 
(p < 0.05) between the identified variants and 
the lymphoma cohort. We further linked SNP 
accession numbers to their genomic conse-
quences using a Python script we developed. 
SNP accession numbers were extracted from 
the SAMtools-generated BCF file, and the En-
sembl REST API provided pertinent informa-
tion regarding each SNP, including genomic 
location and allelic configuration. The parsed 
JSON responses facilitated data extraction, 
subsequently merged with genomic conse-
quences and stored in a CSV file for further 
analysis. Our Python script allowed efficient 

information extraction and reduced manual 
error risk. All scripts used in this study are 
publicly available on our GitHub repository 
(https://github.com/crisprmax/SNP-identi-
fier-Python), including comprehensive docu-
mentation and guidelines.

Results
In our endeavor to unravel the genet-

ic heterogeneity and discern the functional 
roles of SNPs within the genome of a lym-
phoma clinical cohort, Figure 3 (referenced 
below) stands as a critical juncture in our 
investigative journey. This figure offers an 
overview, capturing both the distribution and 
the functional categories of the SNPs identi-
fied in our study. We analyzed a total of 1,072 
SNPs, categorizing them based on their pre-
sumed functional roles. Intriguingly, a sig-
nificant proportion of these variants have 
yet to be functionally characterized, posing 
an exciting avenue for future research. To 
maintain the integrity of the graphical rep-
resentation, these uncharacterized variants 
were intentionally omitted, thereby enabling 
a more discernible visualization of the less 
abundant, but potentially functionally signif-
icant, variant categories.

Figure 3. Different Variant Effects on Lymphoma Clinical Cohort. 
This figure illustrates the distribution and functional categorization of 

SNPs found within a clinical cohort of lymphoma patients. A total of 1072 
SNPs were analyzed, with the majority remaining uncharacterized
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Within the dataset of characterized SNPs, 
multiple functional categories were rep-
resented, highlighting the diverse genetic 
landscape of the lymphoma clinical cohort 
(Table 1). Specifically, 156 SNPs were classi-
fied as non-coding transcript exon variants, 
indicating variations in regions that are tran-
scribed but do not encode proteins. A further 
147 SNPs were identified as intron variants, 
which could potentially influence splicing 
mechanisms. Additionally, 71 SNPs were 
categorized as intergenic variants, implicat-
ing regions between genes. The dataset also 
included 60 downstream and 40 upstream 
gene variants, suggesting a potential impact 
on the regulation of adjacent genes. Notably, 
8 SNPs were found in regulatory regions and 

an additional 4 in transcription factor bind-
ing sites, emphasizing their likely role in gene 
regulation. Four SNPs were located within 
the 3’ untranslated region (UTR), pointing 
to potential post-transcriptional regulatory 
effects. Lastly, the analysis unveiled a small 
number of functionally impactful SNPs: a sin-
gle splice donor variant with potential impli-
cations for splicing processes, one missense 
variant that could alter protein function, and 
a lone synonymous variant with minimal im-
pact on protein structure or function. These 
comprehensive insights underscore the di-
versity of SNPs present within the genome of 
the unknown organism, emphasizing poten-
tial functional repercussions that necessitate 
further exploration.

Table 1. Categorization and Descriptions of SNP Effects in 
Lymphoma Clinical Cohort. This table enumerates the various types 

of SNPs identified within a clinical cohort of lymphoma patients, alongside 
brief descriptions outlining their potential functional implications

SNP Effects Description
Non-coding Transcript Exon Variants Variations in regions that are transcribed but 

do not encode proteins.
Intron Variants Potential influence on splicing mechanisms.
Intergenic Variants Implicating regions between genes.
Downstream Gene Variants Potential impact on the regulation of adjacent 

genes.
Upstream Gene Variants Potential impact on the regulation of adjacent 

genes.
Regulatory Region Variants Likely role in gene regulation.
Transcription Factor Binding Site Variants Likely role in gene regulation.
3’ Untranslated Region (UTR) Variants Potential post-transcriptional regulatory effects.
Splice Donor Variant Potential implications for splicing processes.
Missense Variants Could alter protein function.
Synonymous Variant Minimal impact on protein structure or function.

To better elucidate the complexities of 
these data, we employed a Manhattan Plot 
(Figure 4). Our aim was to provide an over-
view of both the spatial arrangement and 
presumptive functional significance of SNPs 
in our clinical cohort. The x-axis of the plot 
arranges the SNPs according to their respec-
tive genomic coordinates on chromosome 
4, offering a seamless view of their genomic 
distribution. Conversely, the y-axis demar-
cates the precise base pair positions for each 
individual SNP within this chromosome, 

thus enriching our comprehension of their 
genomic context. Each data point on the 
plot represents a unique SNP, with its y-axis 
placement signifying its specific base pair lo-
cation on chromosome 4. To further enhance 
interpretability, we incorporated a color-cod-
ing scheme based on a scale that quantifies 
SNP Effect values. This chromatic stratifi-
cation serves to spotlight SNPs that warrant 
particular attention, especially those with po-
tential functional or regulatory roles.
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Figure 4. Manhattan Plot of SNP Significance in Lymphoma Patients. 
This plot provides an intricate overview of the spatial distribution and potential 

functional implications of SNPs specific to lymphoma patients. Each point populating 
the plot represents an individual SNP, with its vertical placement serving as a proxy 

for its base pair position on chromosome 4. When applicable, the coloration of 
each point is governed by a color scale that corresponds to its SNP Effect value

Our study provides an analytical frame-
work for the investigation of SNPs within 
a lymphoma clinical cohort. By using ad-
vanced visualization techniques, such as 
the Manhattan Plot, we have been able to 
delineate the spatial distribution and in-
fer potential functional roles of these ge-
netic variants. The color-coding system 
employed significantly aids in identifying 
SNPs with potential functional or regu-
latory implications, serving as a roadmap 
for targeted genomic studies in the future. 
Our findings not only enhance the current 
understanding of the genetic landscape in 
lymphoma but also pave the way for more 
in-depth explorations that could have clin-
ical relevance.

Discussion:
The TET2 gene has been intricately linked 

to epigenetic modifications, cellular differen-
tiation, and tumor suppression, signifying its 
critical role in hematopoiesis and cancer de-
velopment. While we did not discover SNPs 
directly within TET2, the genetic variants 
that were identified in this study still offer 
insights into the broader genetic landscape 
associated with lymphoma patients. These 
variants can potentially serve as markers for 
early diagnosis and contribute to the devel-
opment of personalized medicine strategies, 
which could have a significant impact on pa-
tient outcomes.

The prevalence of lymphoma, particular-
ly NHL, stands as a significant contributor 
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to cancer-related morbidity and mortality, 
underscoring the urgent need for continued 
research efforts aimed at improving diagnos-
tic tools, treatment modalities, and patient 
outcomes. The staging process of lymphoma, 
illustrated in Figure 1, further highlights the 
progressive nature of the disease and empha-
sizes the critical importance of early detection 
and intervention. Complementing this, the 
role of immunotherapy and targeted therapies 
in lymphoma treatment is elucidated. The po-
tential of monoclonal antibodies and innova-
tive immunotherapeutic agents is particularly 
noteworthy. These advancements in treatment 
strategies not only hold promise for enhancing 
patient responses but also for reducing ad-
verse effects, thereby reinforcing the necessity 
of further research and clinical trials.

The systematic investigation of SNPs in 
our study offers a nuanced understanding of 
the genetic heterogeneity underlying lympho-
ma. Figure 3 serves as a cornerstone, provid-
ing an exhaustive overview of the potential 
functional implications of these genetic vari-
ants. The notable prevalence of «unknown» 
variants amplifies the imperative for contin-
ued research to elucidate their specific roles 
and consequences in the pathogenesis of 
lymphoma. Complementing this, the method-
ological rigor of our study stands as a testa-
ment to the robustness of our SNP analysis. 
Leveraging advanced bioinformatics tools and 
publicly available datasets, we have employed 
meticulous alignment, sequence trimming, 
and variant calling processes. This ensures 
not only the accuracy of our findings but also 
the reliability of the SNPs identified, thereby 
laying a solid foundation for future research in 
this critical area of lymphoma genetics.

Conclusion:
Our study aimed to identify and catego-

rize SNPs in lymphoma patients. Utilizing a 
robust and comprehensive analytical pipe-
line that integrated multiple bioinformatics 
tools and statistical methods, we were able 
to identify several lymphoma-specific SNPs 
of particular interest. A notable finding is 
the identification of 1072 SNPs, the major-
ity of which remain uncharacterized. These 
«unknown» SNPs present an intriguing area 
for future research, particularly in under-
standing their functional roles and potential 
involvement in lymphoma. Our study also 
revealed a substantial number of categorized 
SNPs, including 156 non-coding transcript 
exon variants, 147 intron variants, and 71 in-
tergenic variants. These variants have poten-
tial implications for gene splicing, regulation, 
and even intergenic interactions.

Importantly, we also identified variants 
that are likely to have more immediate func-
tional implications. These include 60 down-
stream and 40 upstream gene variants that 
may influence the regulation of neighbor-
ing genes, 8 regulatory region variants, and 
4 transcription factor binding site variants 
that suggest potential regulatory roles. This 
investigation serves as an intricate tapestry 
of the SNP landscape in lymphoma, woven 
together through a rigorous analytical frame-
work. Our findings not only offer a nuanced 
insight into the intricate genetic landscape 
associated with lymphoma but also serve as a 
foundational platform for future research en-
deavors focused on the functional interpreta-
tion and potential therapeutic applications of 
these genetic variants in the clinical manage-
ment of the disease.
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Abstract
As bioproduction, especially microbial production, of substances became spotlighted, at-

tention has been raised on developing tools to combat the unpredictable cellular synthetic 
activities that are often posed by the microbial cell factories. Fine-tuning tools, as one way to 
ameliorate cell factories for production, have become popular and effective for improving bio-
synthesis processes by achieving relatively stable regulatory purposes. In this study, a tunable 
expression system was created and utilized to control the level of expression of five single genes 
in the non-model bacteria Halomonas bluephagenesis, a member of Halomonas spp. and a 
sustainable and low-cost bioengineering and biomanufacturing platform for “next-generation 
industrial biotechnology” (NGIB). To better visualize results of the inducible flux regulation of 
this multiple inducible expression system which is designed to control five genes simultaneous-
ly, chromoprotein single genes were expressed and regulated through various combinations of 
induction concentration. The results demonstrated the system’s ability to regulate expression 
of multiple individual genes at the same time. The intensely visible chromoprotein production 
of varied colors and the colorful bacteria paintings from the visual results also proved the vi-
ability of this system in Halomonas bluephagenesis, the utilization of which contributes to a 
more cost-effective and waste-reducing solution to resource waste and cost issues of current 
industrial biotechnology. Overall, this study reveals the feasibility of the desirable tuning sys-
tem for efficacious expression regulation of target genes and allows for further exploration 
and metabolic flux optimization in the bioproduction of other substances to allow more stable 
bioproduction processes in synthetic biology.
Keywords: Chromoproteins, Halomonas bluephagenesis, Next generation industrial 
biotechnology, Metabolic flux engineering, Synthetic Biology

Introduction
Many elements of our nature present 

fascinating and multitudinous colors, and 
marine coral reefs being a significant one 
of them in adding hues to the oceans. Cor-

al reefs derive their colors from both fluo-
rescent proteins (FPs) and chromoproteins 
(CPs) which are homologous to the green 
fluorescent protein (GFP) (1). Thanks to 
their macroscopic luminescence properties, 
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chromoproteins absorb visible ambient light 
and give off strong colors visible to the naked 
eye (2). Therefore, CPs play crucial parts as 
biomarkers in finding food contaminants, 
landmines and biowarfare agents, and bio-
sensors were adapted. They are also popu-
lar being used as dye or paint replacements 
for artistic creations in BioArt, While FPs 
are broadly utilized in in vivo bioimaging of 
molecules, live cells, organelles, and manu-
factured compounds, CPs, as a subset of the 
fluorescent protein family, are also used for 
bioimaging purposes and have advantages 
over FPs such as its ability to be detected 
in an instrument-free way (3–4). Whereas 
the detection of FPs usually require fluoro-
meters, flow cytometers, or ultraviolet light 
(UV) lamps which can result in issues such 
as background fluorescence, photobleach-
ing, and UV damage of the sample (2). The 
utilization of CPs leaves out these possible 
concerns that FP imaging can raise and the 
necessity of expensive lab equipment, mak-
ing CPs attractive for a wide range of ap-
plications such as visual detection of gene 
expression without equipment in synthet-
ic biology development and industrialized 
biomanufacturing where costs, production 
resources and required experimental pro-
ficiency of labor are major considerations 
(2, 5). Therefore, CPs are selected as visual 
identifiers of bioproduction in this study.

In modern days, most CPs require ex-
pression in bacteria such as Escherichia coli 
(2). While such model bacteria have been 
extensively used for recombinant protein 
production (6), relatively fewer efforts have 
been made to explore the tuning of multiple 
inducible genes in other engineered and im-
proved non-model bacteria like Halomonas 
bluephagenesis. Although various attempts 
have been made to explore intense produc-
tion of novel CPs and general bioengineer-
ing tools in model bacteria like E. coli (Bao 
et al., 2020; Meyer et al., 2019; Pang et al., 
2020), bioprocesses in these bacteria often 
necessitates the use of stainless steel biore-
actors, strict sterilization, and costly sepa-
ration procedures and practiced engineers 
who are able to perform the processes under 
sterile conditions, often diminishing com-
petitiveness of resultant industrial biotech-
nology products (Chen & Jiang, 2018). On 

the other hand, Halomonas bluephagenesis, 
an extremophilic non-model halophile pos-
sessing tolerations for high salt and pH con-
dition, has been continuously engineered 
and improved in the last few decades as a 
chassis (Ye & Chen, 2021). Its strong growth 
rate under high salt and pH levels enables 
efficacious biosynthesis and fermentation 
processes under non-sterile conditions (Tan 
et al., 2011), particularly characterized in 
the Next Generation Industrial Biotech-
nology (NGIB), greatly reducing the diffi-
culties led by microbial contamination, the 
consumption and possible waste of energy 
and freshwater resources for sterilization, 
slow growth of production organisms, and 
the expensive separation, which are existing 
issues of current industrial biotechnology 
(CIB) that does not make it more competi-
tive in contrast to the chemical engineering 
industry (Chen & Jiang, 2018). Thus the 
use of Halomonas as a biological chassis 
can raise the cost-effectiveness of produc-
tion and contribute to the sustainable and 
low-consumption development of synthetic 
biology research in the long run (Yu  et al., 
2019). Therefore, it is crucial to create and 
establish tools for efficacious control and 
tuning of biosynthesis in this previously 
scarcely explored non-model bacteria, Ha-
lomonas bluephagenesis.

Research objective
This study aimed to explore the feasibil-

ity of inducible production regulation sys-
tems in this non-model chassis bacteria H. 
bluephagenesis by constructing and testing 
an induction system containing multiple 
inducible operons that enables the simulta-
neous regulations of the expression of five 
independent chromoprotein genes, and us-
ing the direct visualization of the color and 
intensity resulted from the targeted chro-
moprotein genes’ expressions as indication 
of its level of throughput controlled by the 
system. The hypothesis is that by changing 
the concentration of inducers added to in-
duce each of the five genes encoding for CPs, 
the color intensity of the produced will vary, 
suggesting the successful fine-tuning of the 
gene expressions of multiple genes in H. 
bluephagenesis.
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Materials and methods
Plasmid Design
For the purpose of this study, the plas-

mid ‘CP’ was constructed by Gibson As-
sembly. The plasmid holds inducible oper-
ons with promoters, terminators, the five 
corresponding open-source chromoprotein 

genes, spisPink, fwYellow, amajLime, amil-
CP, and gfasPurple, as target sequences 
expressing distinct colors of pink, yellow, 
green, blue, and purple under the induction 
with corresponding inducers IPTG, OHC14, 
OC6, arabinose, and vanillic acid, respec-
tively.

Figure 1. Schematic plasmid design illustration of the inducible chromoprotein expression 
flux regulation pathways. Characterization of constitutive promoters, insulators, ribosomal 

binding sites (RBS), and genes of interest (GOI), and terminator, presented in order from 
left to right, for the five independently regulated pathways, each labeled in a different color

Figure 2. Vector design illustration of the plasmid ‘CP’
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Plasmid Transformation and Cell 
Proliferation

The plasmid ‘CP’ was transformed into 
the chemically competent E. coli cells of 
strain s17–1. The E. coli s17–1 cells holding 
the CP plasmid and the chassis H. bluepha-
genesis strain TDR2 cells were incubated at 
37  °C and 200 rpm in a 20mL LB medium 
of 10g/L NaCl concentration and in a 20mL 
LB medium of 60g/L NaCl added with 20µL 
chloramphenicol antibiotic, respectively. The 
conjugated E. coli cells with the designed 
plasmid were grown in a 20mL LB liquid 
medium at 37 °C with the addition of 10g/L 
NaCl and 20μL liquid chloramphenicol anti-
biotic. The halomonas strain was grown in a 
20mL LB medium with 60g/L NaCl at 37 °C 
for 12 hours with no additional antibiotic.

Conjugation of the CP Plasmid into 
H. bluephagenesis TD cells

The two bacteria cultures of H. bluepha-
genesis TDR2 and E. coli s17–1 harboring 
plasmid CP, respectively, are then centri-
fuged at 5000 rpm and the liquid superna-
tant was discarded. The precipitations from 
both tubes were mixed and added into 50 µL 
of LB liquid medium of 10g/L NaCl concen-
tration. The mixture is then dropped on a pe-
tri dish and grown at 37 °C for 8–12 hours 
to allow conjugation of CP plasmid into the 
TDR2 cells.

Afterwards, recombinant H. bluephagen-
esis TDCP cells harboring the CP plasmid 
were scrubbed up and evenly spread on three 
separate agar plates. In order to purify the 
remaining bacteria mixture and to sift out 
the E. coli cells and halomonas cells that do 
not contain the designed plasmid, the bac-
teria culture that we suppose contains the 
designed plasmid were evenly spread on the 
three petri dishes with agar-solidified LB me-
dium with 60g/L NaCl and chloramphenicol 

addition. The bacteria on these agar plates 
were grown at 37 °C for 48 hours.

Monoclonal purification and Con-
jugation Verification

The monoclonals grown on agar plate 
were then picked up using sterile wooden 
toothpicks and purified on agar plates with 
chloramphenicol and of 60g/L NaCl concen-
tration using the streaking method and incu-
bated at 37 °C. Each clone was numbered on 
the petri dish to make sure that we use the 
clones of correct DNA length for verification 
and induction later performed in this study.

In order to verify that the monoclonal 
cells were successfully conjugated, PCR was 
performed to amplify the recombinant TDCP 
cells and a gel electrophoresis was done to vi-
sualize the size of the target conjugated TD 
DNA. The clone bands showing lengths of 
about 6000 bp, the desired DNA length of the 
conjugated TD cells, indicate the presence of 
successful conjugation of CP plasmid with 
TDR2 cells.

Pipette tips were used to transfer such 
clones from the agar plates into the wells of a 
96-wells deep-well plate. In each well, the pi-
pette tip attaching the TDCP cells were put into 
1mL LB medium of 60g/L NaCl concentration 
with chloramphenicol antibiotic added.

Chromoprotein (CP) Induction in 
TD cells for novel colors and microbi-
al paintings

The recombinant H. bluephagenesis 
TDCP cells were induced to produce chromo-
proteins in three 96-wells deep-well plates. 
On each plate, 32 wells were designed to hold 
different multiple protein combinations (Ta-
ble 1) and the other 15 wells show single 
protein induction for the five proteins, each 
at induced three different inducer concentra-
tions (Table 2). The rest of the wells were 
left empty.

Table 1. 32 combinations generated from the following inducer concentrations: 
10, 0 mg/L IPTG, 10–6, 0M OHC14, 10–6, 0 M OC6, 10–3, 0M Ara (Arabinose), 
10–5, 0 M Van (Vanillic acid). Each cell in the bolded perimeters of this table 

corresponds to one of the 32 wells where combined expression of colors occur

IPTG = 10 mg /L
OHC14 10–6 M OHC14 0M

1 2 3 4

A
OC6 10–6M OC6 10–6M OC6 10–6M OC6 10–6M
Ara 10–3M Ara 0M Ara 10–3M Ara 0M
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IPTG = 10 mg /L
OHC14 10–6 M OHC14 0M

1 2 3 4
Van 10–4M Van 10–4M Van 10–4M Van 10–4M

B
OC6 10–6M OC6 10–6M OC6 10–6M OC6 10–6M
Ara 10–3M Ara 0M Ara 10–3M Ara 0M

Van 0M Van 0M Van 0M Van 0M

C
OC6 0M OC6 0M OC6 0M OC6 0M

Ara 10–3M Ara 0M Ara 10–3M Ara 0M
Van 10–4M Van 10–4M Van 10–4M Van 10–4M

D
OC6 0M OC6 0M OC6 0M OC6 0M

Ara 10–3M Ara 0M Ara 10–3M Ara 0M
Van 0M Van 0M Van 0M Van 0M

IPTG=0mg /L
OHC14 10–6M OHC14 0M

1 2 3 4

E
OC6 10–6M OC6 10–6M OC6 10–6M OC6 10–6M
Ara 10–3M Ara 0M Ara 10–3M Ara 0M
Van 10–4M Van 10–4M Van 10–4M Van 10–4M

F
OC6 10–6M OC6 10–6M OC6 10–6M OC6 10–6M
Ara 10–3M Ara 0M Ara 10–3M Ara 0M

Van 0M Van 0M Van 0M Van 0M

G
OC6 0M OC6 0M OC6 0M OC6 0M

Ara 10–3M Ara 0M Ara 10–3M Ara 0M
Van 10–4M Van 10–4M Van 10–4M Van 10–4M

H
OC6 0M OC6 0M OC6 0M OC6 0M

Ara 10–3M Ara 0M Ara 10–3M Ara 0M
Van 0M Van 0M Van 0M Van 0M

Table 2. Three different inducer concentrations each added to induce each 
of the five individual CPs. Each shaded cell in the table corresponds to each 

of the 15 wells designed for individual chromoprotein expression

Chromopro-
tein name

Inducer Concentration (inducer/ddH2O)

spisPink IPTG 10 mg/L 5 mg/L 0 mg/L
fwYellow OHC14 10–6M 10–8M 0M
amajLime OC6 10–6M 10–8M 0M
amilCP Arabinose 10–3M 10–5M 0M
gfasPurple Vanillic acid 10–4M 10–5M 0M

In each well, the induction mix was pre-
pared by adding 1mL LB medium of 60 g/L 
NaCl concentration, 5µL liquid medium con-
taining recombinant TDCP cells, each induc-
er solution of different concentrations, and 
chloramphenicol antibiotic to see the effects 
of the simultaneous induction of multiple 
colors that result in 32 mixed colors in total 
(Figure 4).

The deep-well plates were put into a mi-
cro-perforated plate thermostated oscillator 
and incubated at 37 °C and 1000rpm. After 
48 hours, the plates were centrifuged for 
15 minutes at 4700 rpm. The liquid superna-
tants were discarded and TDCP cells present-
ing visible colors as a result of chromoprotein 
expression were precipitated at the bottom of 
each well. Pictures were taken from the bot-
tom-view of the deep-well plates to gain a vi-
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sual of the level of production of chromopro-
teins centrifuged at the bottom of wells.

Several colors were chosen for microbi-
al paintings imitating the starry sky, flow-
ers, and Chinese landscape painting on agar 
plates. Because the area where colors should 
cover vary in sizes, the appropriate amount 
of inducer needed to bring out these colors 
at desired intensities were calculated by ap-
proximating the volume of solidified LB me-
dium with 60g/L NaCl carried in sections of 
the agar plate and the corresponding volume 
of inducer. The calculated amounts of each 
inducer needed were spread on plain agar 
plates first, then TDCP bacteria mediums 
were evenly spread in designated areas after 
the inducer solutions were fully absorbed. 
The cells were grown at 37 °C.

Cell lysis and Protein Concentra-
tion Measurement

To further investigate the effects of the 
constructed induction system, the cells in the 
15 wells of each deep-well plate that contains 
single chromoprotein induction were lysed 
and the proteins were extracted to measure 
the group protein concentration generat-
ed. The lysis solution includes 500µL 0.1M 
EDTA, 500µL 100X protease inhibitor cock-
tail for bacterial cell extracts, 1mL 50mg/
mL lysozyme, and 50mL Beyo Lytic™ Bacte-
rial Active Protein Extraction Reagent. 1mL 
of the lysis solution was added to the TDCP 

cells in wells where only the genes of one 
chromoprotein were induced in order to see 
the effect of different inducer concentrations 
on the color intensity produced. The lysate 
solution and cell mixture were centrifuged 
at 25 °C and 4700 rpm for 20 minutes after 
being incubated at 37 °C and 1000 rpm for 
10 minutes. 2µL of the protein precipitate 
from each well selected was measured using 
the Scopes method in the Nanodrop A280 
program with baseline correction of 340 nm. 
The protein concentrations were recorded 
and analyzed by calculating the percentage 
differences in group protein concentrations 
between the samples in which different levels 
of inducer were added.

Results and discussion
Overall, the direct visualization of the 

visibly and intensely colored recombinant 
H. bluephagenesis TDCP cells suggests that 
the constructed tunable expression system 
was successful in regulating the expression 
of multiple genes in this non-model chassis 
bacteria.

This induction tuning system construct-
ed for multiple inducible expressions in this 
non-model bacteria produced vibrantly-col-
ored bacteria after induction, resulting in the 
successful expression regulation of five chro-
moproteins in combinations and individual-
ly, as shown in the figures below.

Figure 3. Matrix of recombinant H. bluephagenesis TDCP in 
which each of the five chromoproteins were induced individually 

and induced by three distinct concentrations of inducer
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While the wells with 0M inducer concen-
tration acted as negative controls of no chro-
moprotein production, it is observed that the 
product cells present a general increase in col-
or intensities along with the increase in con-
centration of the separately added inducers 
(Figure 3). This visualization directly sug-
gests that the production of chromoproteins is 
regulated by the induction system as hypoth-
esized, demonstrating the effectiveness of the 
systems in controlling the relative degree to 
which each of the genes are independently ex-
pressed. It is also observed, however, that the 
results of the OC6-induced expression stands 

as an exception to this trend. It is worth notic-
ing that the observed color intensity and the 
measured group protein concentration of the 
amajLime gene induced by OC6 both show 
a lower chromoprotein production under a 
higher-concentration (10–8 M) inducer induc-
tion than that under lower-concentration (10–

8 M) inducer induction (Figure 3). One pos-
sible explanation for this low production of 
amajLime chromoprotein that resulted from 
a relatively high-level induction with OC6 
inducer is metabolic burden, a longstanding 
issue in engineered recombinant cells in bio-
technology.

Figure 4. Matrix of tuned recombinant H. bluephagenesis TDCP with 
expressed chromoprotein induced by 10, 0 mg/L IPTG, 10–6, 0M OHC14, 10–6, 

0 M OC6, 10–3, 0M Ara (Arabinose), 10–5, 0 M Van (Vanillic acid), resulting 
in 32 colors of combination on each of the three deep-well plates

In the visual results of inductions in the 
deep-well plates and agar plates (Figure 4), 
it is also shown that the mixed induction of 
the CPs in each well produced a well-blend-
ed mix of colors that complies with the com-
mon-sense resultant colors of mixing col-
ored pigments. The various mixed colors 
presented proves the successful activation 
of multiple CP gene expressions simultane-
ously, further establishing the induction sys-
tem’s effect in regulating gene expression in 
H. bluephagenesis. Furthermore, the colors 

produced on the agar plates are the same col-
ors desired by researchers, who selected and 
used the corresponding inducer concentra-
tions that, in liquid culture in the deep well 
plates, produced those specific desired colors 
as reference. The successful production of 
colored proteins on the agar plates proves the 
recombinant cells’ consistency in responding 
to the different inducers and their respective 
varying concentrations in both liquid and 
solid culture (Figure 4 and Figure 5).
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Figure 5. Cell paintings as results of chromoprotein expression in H. bluephagenesis 
on agar plates with different inducers concentrations in select parts of the 

plate that made shapes with various colors constituting the paintings

In summary, the results described above 
lead to the conclusions of 1) a trend showing 
the general increased in color intensity re-
sulted from the augmentation of inducer con-
centration thus the successful fine-tuning of 
chromoprotein expression flux, and 2) the fea-
sibility of the induction systems in expression 
of multiple chromoprotein genes at the same 
time and in producing various mixed colors. 
Overall, the fine-tuning of genes for biosyn-
thesis of substances like chromoproteins in 
the extremophilic but previously seldomly in-
vestigated non-model halophile H. bluepha-
genesis were made possible in this study.

The fine and precise simultaneous reg-
ulation of multiple gene expressions in the 
extremophilic halophile H. bluephagenesis 
bacteria consequently widens the door for 
future biological exploration of the behaviors 
and capabilities of this non-model bacteria. 
This study, thus, endows the prospect of us-
ing this bacteria for controllable bioproduc-
tion of other products other than chromo-
proteins, shedding light on further research 
in possible recombinant protein production 
in this bacteria for medical, industrial, or 
academic applications. Most importantly, 
the possibility successful application of this 
non-model bacteria as chassis for recombi-
nant engineering, which is explored in this 
study, would have significant contribution to 
the sustainability of prospective scientific re-

search with this bacteria, especially in terms 
of saving laboratory consumables and water 
and energy resources, allowed by its extrem-
ophilic and environmental toleration charac-
teristics and its needlessness and unnecessi-
ty for sterile experimental conditions (Ye  & 
Chen, 2021).

Besides its applications in biological re-
search, the bacteria has been proven useful in 
producing producing colorful agar paintings 
that allow for countless number of colors that 
can be produced by the inducing multiple 
chromoprotein genes simultaneously for the 
artistic community (Liljeruhm et al., 2018), 
as combinations of inducer concentrations 
are shown to be able to produce novel mix-
tures of colors made up of combinations of 
chromoproteins.

Conclusion
This study successfully constructed and 

tested an induction system of five inde-
pendently inducible genes by demonstrating 
and proving the hypothesis that the induc-
tion of this newly designed tunable expres-
sion system in the non-model extremophilic 
bacteria chassis H. bluephagenesis is viable 
and concentration-dependent, as shown in 
the resulting levels of chromoprotein pro-
duction. Thus, a new inducible flux control 
system feasible is provided for this previously 
scarcely explored but valuable and environ-
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mentally beneficial bacteria for synthetic bi-
ology research.

Future Direction
This experiment can be improved, on one 

hand, by inserting epitope tag genes, which 
were absent in the design of this study, onto 
the target plasmid so that the resultant chro-
moproteins can be purified and separated 
from the bacteria’s group protein, for easier 
and precise quantification of the chromopro-
teins than the naked eye can distinguish. The 
quantification data can then be used to more 
accurately compare protein concentrations 
caused by each specific concentration of in-
ducers, allowing for clearer determinations 
of flux yield as a result of various levels of 
induction. Although group protein measure-
ments were done in this study, they were not 

accurate indicators of chromoproteins alone; 
thus, it is important to extract single proteins 
to determine the exact effects the tuning sys-
tem has on bioproduction for future efforts.

In addition, future expansions on the 
success of these induction systems can be 
explored to regulate and hopefully optimize 
the flux of the bioproduction of other sub-
stances other than chromoproteins. Along 
with the benefits of reducing sterilization 
cost and waste, allowed by its extremophil-
ic characteristics, investigating production 
using chassis could be a significant step in 
achieving the goals of Next Generation In-
dustrial Biotechnology (NGIB) and a more 
sustainable and environmentally friendly fu-
ture of biological research (Chen et al., 2022; 
Liljeruhm et al., 2018).
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Abstract
The aim of the study was to assess the immunity of vaccinated children against hepatitis 

B. Vaccinated children have a high level of protection against hepatitis B, which confirms the 
importance of vaccination in the prevention of infectious diseases among children. Further 
research will deepen our understanding of the effectiveness of vaccination and its role in en-
suring public health.
Keywords: viral hepatitis B, gender differences, immunity, vaccine

Introduction
Infectious liver infections are a serious 

global public health problem, having a sig-
nificant negative impact on the health of the 
population and the health system as a whole 
(Nelson N. P. et al,. 2016).

Hepatitis B is caused by the hepatitis B 
virus (HBV), which affects the liver, causes 
inflammation and death of its cells. HBV in-
fection can be acute or chronic, and the se-
verity of the disease varies from asymptom-
atic (no symptoms) to severe.

According to statistics provided by the 
World Health Organization (WHO), 820 
thousand people die every year from com-
plications caused by viral hepatitis B. Of this 
number, more than 650 thousand are associ-

ated with the development of cirrhosis or he-
patocellular carcinoma, and approximately 
130 thousand cases are associated with acute 
viral hepatitis (Nаyаgаm S. et al,. 2016 and 
Wang H. et al,. 2018). In the world today, 296 
million people are infected with chronic viral 
hepatitis, while 1.5 million new cases are in-
fected annually. Mortality from hepatocellu-
lar carcinoma ranks third among oncological 
diseases in the world (Sung H et al,. 2020).

The vaccine contains a modified hepati-
tis B virus surface antigen (HBsAg), which is 
artificially created using a special yeast cul-
ture. This antigen cannot cause disease, but 
the human immune system perceives it as a 
pathogen and reacts by producing protective 
antibodies (AHBs).
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The protective efficacy of hepatitis B vac-
cination is associated with the induction of 
anti-HBs antibodies, but also includes stim-
ulation of T cell memory.3 The level of an-
ti-HBs equal to 10 mMU per ml, determined 
1–3 months after the last dose of the initial 
course of vaccinations, is considered as a re-
liable marker of protection against infection.

Method
A thorough study of 280 blood samples 

using enzyme immunoassay was conducted 
at the Republican Center for Epidemiology, 
Microbiology, Infectious and Parasitic Dis-
eases. Various methods have been used for 
this purpose, including clinical, diagnostic 
and statistical approaches. In Tashkent, the 
capital of Uzbekistan, 280 children aged 0 
to 8 years were tested for hepatitis B antigen 
and a special enzyme immunoassay. The first 
screening of the film in Russian was dedi-
cated to 280 films, including «Express Test» 
and «Concise Translation». Let’s do it with a 
brief analysis. It was very important to draw 
attention to HBs. The main group consisted 
of children who had been vaccinated against 
hepatitis B and who had vaccination data, 
after which an additional statistical analysis 
was carried out.

For the rapid distribution of HBsAg, a 
test system «COMBINED RAPID TEST for 
HBs» was created by the American manu-
facturer Aria (CTK Biotech, Inc., publication 
date 2025–01–29). After the proclamation of 
the Republic of Belarus, a concise analytical 
center was created to create an antigen using 

the v – HBS antigen test system in Vectohep 
from vector-the best.

To measure the level of protection against 
hepatitis B, enzyme immunoassay (ELISA) 
was used using the Vector-Best reagent kit, 
whose certification complies with ISO 13485 
and is valid until May 12, 2024, to detect the 
concentration of antibodies to HBs. The blood 
for the study was delivered to the laboratory in 
a specialized refrigerated container, and then 
the serum was stored at –20  °C. Before the 
rapid analysis and enzyme immunoassay for 
antigens and antibodies, the serum was left to 
approach room temperature for 60 minutes.

Results
As part of the laboratory study, the blood 

of 280 children from birth to 8 years old 
from Tashkent was analyzed. 280 serum tests 
were performed for the presence of HBs an-
tigen (using the express method and ELISA). 
Next, we tested these samples for antibodies 
to HBs through enzyme immunoassay. The 
main group for analysis included children 
who had been vaccinated against hepatitis 
B, and due to the availability of vaccination 
cards, we conducted an additional statistical 
analysis of these cards.

According to the results of our study, it 
was revealed that 21 children (7.5%) did 
not have vaccination documents, 15 chil-
dren (5.4%) were vaccinated once, 7 children 
(2.5%) received two vaccinations, 28 chil-
dren (10%) went through three vaccinations, 
and the vast majority, 209 children (74.6%), 
were vaccinated four times.

Table 1. Percentage of children surveyed by gender

categories abs. % 95% DI
gender boys 145 518 458–578

girls 135 482 422–542

Note. total N=280

There were more boys in the study group 
(52%, or 145 young participants) compared 
to girls (48%, or 135 participants) (Table 1).

During the analysis of children with the 
absence of HBs antigen for antibodies to it, 
it was revealed that antibodies are present in 
62% of the tested, which is 280 people.

Table 2. Data analysis of vaccination cards for children (taking vaccines)

categories abs. % 95% DI
no vaccination card 21 75 47–112
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categories abs. % 95% DI
received 1 vaccine 15 54 30–87
received 2 vaccine 7 25 10–51
received 3 vaccine 25 89 59–129
received 4 vaccine 212 757 703–806

Note. total N=280

Hepatitis B virus in vaccines accounts for 
100% of the total amount of emlangan, 3 and 

91.5% of the total number of vaccines taken 
(Table 2).

Table 3. Distribution of the presence of antibodies to the HBs an-
tigen and the antigen itself among the studied children.

gender Anti-HBs antitelo positive Anti-HBs antitelo negative
boys 94 (65%) 49 (34%)
girls 74 (55%) 56 (41%)

Note. total N=280

Gender-based data indicate a higher level 
of immunity among boys compared to girls 
(Table 3).

Additionally, in the remaining sera with-
out HBs antigen, a quantitative analysis was 
performed for the presence of antibodies to 
Hbsag by enzyme immunoassay, which af-
fected 273 samples.

Of the remaining 273 children who par-
ticipated in our study, all were vaccinated 
against hepatitis B, and then tested for anti-
bodies to the HBs antigen. Antibodies to HBs 
were found in 47% of children who received 
1 vaccine, in 86% of children who received 2 
vaccines, in 81% of children who received 3 
vaccines, in 60% of children who received 4 
vaccines, and in 57% of children for whom 
there was no information about vaccination. 

This indicates that not all children have an 
immune response to the antigen, but most 
vaccinated children still have an immune re-
sponse.

When analyzing the immune status of 
children participating in the study, it was 
found that 74% of children under the age of 
one year, 67% of children aged 1 year, 56% of 
children aged 2 years, 76% of children aged 
3 years, 55% of children aged 4 years, 40% 
of children aged 5 years old, 62% of children 
aged 6 years, 50% of children aged 7 years 
had antibodies to the anti-HBs antigen. 
From this it can be concluded that most chil-
dren aged 0 to 3 years have a stable immune 
status, which begins to weaken from the age 
of 4, however, there are cases of maintaining 
immunity without loss of effectiveness.

Table 4.Detection of anti HBS titration in children’s blood serum

AntiHBS titre abs % 95% DI
<10 MMU/ml 105 375 318–435
10–100 MMU/ml 131 468 408–528
100–200 MMU/ml 17 61 36–95
200–300 MMU/ml 12 43 22–74
300–400 MMU/ml 12 43 22–74
400 MMU/ml < 3 11 02–31

Note. total N=280

When evaluating the titers of antibod-
ies to HBs in the blood of 37.5% (105) chil-
dren, it was found that the titers of anti-
bodies to HBs did not exceed 10 MMU/ml, 

in children 46.8% (131) titers of 10–100 
MMU/ml, in 15.7% (44) children titers 
above 100 MMU/ml were detected, in in-
cluding 100–200 MMU/ml in 6.1% (17 out 
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of 12) children and 4.3% (12) children, anti-
body titers of 200–300 MMU/ml, 300–400 
MMU/ml were detected in the blood/4.3% 

(12) and 1.1% (3) of children had antibod-
ies in amounts exceeding 400 MMU/ml 
(Table 4).

Figure 1. Determination of AntiHBs for children’s age (%)

Note. total N=280

The assumption of the detection of anti-
HBs in relation to the age of children (Figure 
1.) showed that the percentage of detection of 
antibodies decreases as children age. In 75% 
of children under one year of age, we can see 
that by the age of 7 this figure was 43%.

Discussion
The conducted study did not find positive 

results for the viral hepatitis B antigen, which 
is proof of the effectiveness of the immunity 
acquired as a result of vaccination. It is im-
portant to note that over time, this immunity 
may begin to weaken due to lack of contact 

with the antigen. This underlines the need 
for regular monitoring of the condition and, 
if necessary, additional vaccination to main-
tain the protective functions of the body.

It is important to understand that the 
immunity acquired as a result of vaccina-
tion is an essential element for protecting 
the body from viruses and diseases. How-
ever, like any system, it needs support and 
care. Regular monitoring and monitoring of 
the state of immunity will help to identify 
possible problems in a timely manner and 
take the necessary measures to eliminate 
them.
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