Cancer Management and Research

Dove

ORIGINAL RESEARCH

Heart Rate Variability is an Independent Predictor of
Lymph Node Metastasis in Patients with Cervical

Cancer

Jingfeng Wang ("%

Jian Liu?*
Longfei Gao®
Guanggiao Li'?
Yilin Sun®

Bo Shi'?

'School of Medical Imaging, Bengbu
Medical College, Bengbu, Anhui, 233030,
People’s Republic of China; 2Anhui Key
Laboratory of Computational Medicine
and Intelligent Health, Bengbu Medical
College, Bengbu, Anhui, 233030, People’s
Republic of China; 3Department of
Gynecologic Oncology, First Affiliated
Hospital, Bengbu Medical College,
Bengbu, Anhui, 233004, People’s Republic
of China

*These authors contributed equally to
this work

Correspondence: Bo Shi

School of Medical Imaging, Bengbu
Medical College, Bengbu, Anhui, People’s
Republic of China

Tel +86-18955203003

Email shibo@bbmc.edu.cn

Purpose: Heart rate variability (HRV) has been reported as a useful biomarker for prognostic
factors in a variety of cancers. The purpose of this study was to explore the predictive value of
preoperative HRV for lymph node metastasis (LNM) in patients with cervical cancer (CC).
Patients and Methods: A total of 77 patients with CC were included, including 18 LNM and
59 non-LNM patients. A five-minute resting electrocardiogram (ECG) was collected before
surgery for the analysis of HRV time domain, frequency domain and Poincaré plot parameters
(ie, SDNN, RMSSD, LF, HF, LF/HF, SD1, SD2 and SD2/SD1). Student’s #-tests and logistic
regression were performed to determine the relationship between HRV and LNM.

Results: The LNM group had significantly lower SDNN, LF, and SD2 than the non-LNM
group (all p < 0.05; all Cohen’s d > 0.5). Binary logistic regression analysis indicated that
SDNN, LF and SD2 were still significantly associated with LNM. Specifically, for each 1 ms
decrease in SDNN and SD2 and each 1 logarithmic unit decrease in In (LF), the odds of
LNM increased by 12%, 9%, and 86%, respectively (all p < 0.05).

Conclusion: These findings suggest an association between HRV and CC LNM, and HRV
could be a potential noninvasive biomarker for the prediction of LNM in CC patients.
Keywords: cervical cancer, heart rate variability, lymph node metastasis, autonomic nervous

system

Introduction
Cervical cancer (CC) is a common malignant cancer in women, with an estimated
global incidence of approximately 500,000 new cases and approximately 250,000
deaths per year." Annual new cases of CC in China account for approximately 30%
of cases worldwide.” At present, more than 80% of CC patients in China are mainly
treated with surgery, and the 5-year survival rate exceeds 65%.>” Lymph node
metastasis (LNM) has long been considered an important risk factor and the leading
cause of death from CC.* Studies have shown that the 5-year survival rate of CC
patients declines dramatically from 95% in patients without LNM to 51% in
patients with LNM.> Therefore, the occurrence of LNM in CC patients is a key
factor affecting treatment decisions, especially preoperative adjuvant
chemotherapy.” The early diagnosis of LNM is of great significance for guiding
the personalized treatment of CC patients and improving the prognosis of patients.
Imaging examinations, such as computed tomography (CT), endoscopic ultra-
sound (EUS), magnetic resonance imaging (MRI) and positron emission tomogra-

phy-computed tomography (PET-CT), are common methods for the preoperative
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evaluation of LNM. However, the diagnostic model of
imaging is based on size and morphology, and the sensi-
tivity and specificity of scanning for smaller lymph nodes
are still low.%” Some novel molecular biomarkers, includ-
ing gene expression profiles, transcription factors and pro-
tein expression, have also been used for LNM prediction
in recent years.® ' However, the high cost and compli-
cated technology restrict their clinical application.
Hematological biomarkers (eg, tumor markers and inflam-
matory markers) are also widely used to quantify risk
factors for LNM in various cancers, including CC.'*'
Tumor markers, such as squamous cell carcinoma antigen
(SCC-Ag) and cancer antigen 125 (CA125), and inflam-
matory markers, including the neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR), are
predictors of CC LNM."'*'¢ Nevertheless, these indicators
still have deficiencies in accuracy and consistency, and the
best blood biomarker for predicting prognosis is also con-
troversial. As a result, it is still urgent to establish effective
methods for assessing LNM before surgery.

Autonomic nervous system (ANS) function is an
important component involved in cancer etiology and is
related to tumor immune

occurrence, progression,

response,  vascular infiltration, and  lymphatic
metastasis.'”'° ANS characterized by heart rate variability
(HRV) has been extensively studied in the prognostic
assessment of cancer.’?! There is growing evidence that
preoperative HRV is closely associated with the pathology
of a variety of malignant tumors. For example, Bijoor et al
analyzed the HRV time domain parameters of patients
with different stages of malignant tumors (head and neck
cancer, gastrointestinal cancer, and gynecological cancer)
and healthy people. The results showed that the root mean
square of successive interval differences (RMSSD) in
tumor patients was significantly lower than that in healthy
people, and the RMSSD in patients with advanced tumors
(stage IIT and IV) was significantly lower than that in
patients with early-stage disease (stage I and II).*
Bettermann et al compared the difference in the HRV
nonlinear index in breast cancer (BC) patients with and
without metastasis and found that metastatic patients had
a significantly lower approximate entropy than nonmeta-
static patients. The results indicated that the variability,
complexity and irregularity of heart rate dynamics in
metastatic patients decreased significantly.®> Arab et al
also studied the relationship between tumor stage and
time and frequency domain HRV parameters in BC

patients. The results showed that the later the tumor

stage is, the more significant the decrease in time domain
parameters (standard deviation of all normal-to-normal
intervals (SDNN) and RMSSD).** In addition, Hu et al
reported that HRV decreased with tumor progression in
patients with gastric cancer (GC) and was related to clin-
ical stage, tumor size, depth of invasion, lymphatic metas-
tasis, and distant metastasis.>>

However, it has yet to be verified whether HRV is linked
to LNM in CC patients. The purpose of this study was to
compare the difference in preoperative HRV between CC
patients with and without LNM. We hypothesized that the
LNM group has a lower HRV than the non-LNM group.
Once confirmed, HRV may play an important role in the
early prediction and prognosis of LNM in CC patients.

Materials and Methods

Subjects

The subjects were 81 patients with CC admitted to the
Department of Gynecology and Oncology, the First
Affiliated Hospital of Bengbu Medical College (Anhui,
China), from November 2020 to April 2021. The inclusion
criteria were as follows: (1) CC diagnosed by pathological
examination; (2) new patients, without surgery, radiother-
apy, or chemotherapy; and (3) met the indications for CC
radical surgery and treated with extensive hysterectomy
and pelvic lymphadenectomy. The exclusion criteria were
as follows: (1) patients during pregnancy; (2) patients with
primary diseases of vital organs (such as the heart, liver,
and kidneys); and (3) patients with other tumors. This
study was approved by the Clinical Medical Research
Ethics Committee of The First Affiliated Hospital of
Bengbu Medical College (Bengbu, Anhui, China) (regis-
tration number: 2021KY010). The experiments were con-
ducted in strict accordance with the ethical standards set
forth in the 1964 Declaration of Helsinki and its later
amendments. All patients were informed of the details of
the study, procedures, risks and potential adverse effects of
the experiment and signed an informed consent form.

Data Collection

A single-lead electrocardiogram (ECG) recorder (version
2.8.0, Healink-R211B, Healink Ltd., Bengbu, China) was
used 1 day prior to surgery to collect ECG data (5 min)
from CC patients while in a supine position. The sampling
rate of the ECG recorder was 400 Hz, and the signal
bandwidth was 0.6-40 Hz. During the test, the subjects
were asked to remain quiet and breathe smoothly. A V6
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lead was employed, and the measuring electrodes were
Ag/AgCl disposable gel ECG electrode sheets (Junkang
Ltd., Shanghai, China). The test environment was kept
quiet, and the temperature was maintained at 23 + 1 °C.

In all patients, the dissected pelvic lymph nodes
included the common iliac, external iliac, internal iliac,
and obturator fossa nodes on both sides. Then, the lymph
nodes were marked and sent to the Pathology Department
for examination. Each lymph node was sectioned and
examined for LNM by routine hematoxylin and eosin
staining. Based on the examination results, the patients
were divided into two groups: the LNM group (n = 18)
and the non-LNM group (n = 59).

HRV Analysis

The Pan-Tompkins algorithm was used to extract the R-to-
R interval (RRI) time series.”® The artifacts caused by the
extraction algorithm, interference and ectopic heartbeat
were automatically corrected by a time-varying threshold
algorithm.?” Then, HRV time domain, frequency domain
and nonlinear analyses were performed.

The time domain parameters included the SDNN and
RMSSD.*

The frequency domain parameters included the low-
frequency (LF; 0.04-0.15 Hz) power, the high-frequency
(HF; 0.15-0.40 Hz) power, and the ratio of LF power to HF
power (LF/HF). Prior to frequency domain analysis, the RRI
time series was resampled at 4 Hz using cubic spline
The fast Fourier transform (FFT) with
Welch’s periodogram method (with 150 s window width

interpolation.”

and 50% overlapping window) was applied to estimate the
power spectral density of the RRI time series.* The spectrum
was obtained by averaging the spectra of these overlapping
segments to decrease the variance of the FFT spectrum.

Poincaré scatter plots are a commonly used method in
HRV nonlinear analysis; they graphically represent the
correlation between successive RRIs.>' By fitting the
ellipse into the plot, three important indexes are obtained,
namely, the length of the semi-major axis of the ellipse
(SD2), the length of the semi-minor axis of the ellipse
(SD1), and the ratio of the two (SD2/SD1).

The respiratory rate (RR) has an important influence on
HRV. The RR located in the HF band (0.15-0.40 Hz) of
HRYV is the basis of the true response of LF- and HF-
related indexes to autonomic nerves. Conversely, when
the RR is in the LF band or higher than the HF band, it
will lead to a misunderstanding of sympathetic and vagal
nerve activity.*> Therefore, the separation of respiratory

influences from HRV can better evaluate the activity of the
ANS. RR extraction can be achieved by the ECG-derived
respiration method, and we named this variable EDRR.*

The analyses of the above processing steps were per-
formed with Kubios HRV Premium software (version
3.1.0, https://www.kubios.com,KubiosOy,Kuopio,
Finland).**

Statistical Analysis

All data were first subjected to the Shapiro—Wilk normal-
ity test. RMSSD, LF, HF, and LF/HF values were natural
logarithmically transformed prior to further analysis, as
they were right-skewed. The chi-square test and unpaired
Student’s t-tests were used to compare characteristics
between the two groups. HRV parameters were compared
by using unpaired Student’s z-tests. An effect size mea-
sured by Cohen’s d statistic was also reported. The effect

5.3% A logistic regres-

size was considered small if d < 0.
sion model was built to estimate the odds ratio (OR) value
while adjusting for age, BMI, EDRR, mean heart rate
(HR), hypertension, diabetes, and menopausal status. To
avoid collinearity, the HRV parameters were each included
in a separate regression model as a predictor. The
Benjamini-Hochberg procedure was used to control for
the false discovery rate (FDR) across multiple compari-
sons. Statistical significance was considered when FDR-

corrected p < 0.05.

Results
The ECG data of a total of 81 CC patients were collected,
with several patients excluded due to poor ECG quality (n
= 1), ectopic heartbeats > 10% of all beats (n = 1) or
abnormal data extremes (n = 2). The remaining 77 CC
patients (age: 52.1 £ 10.0 years; BMI: 24.4 + 3.0 kg/m?)
were included in this study. Table 1 summarizes the demo-
graphics and HRV parameters of all participants. There
were no significant differences in characteristics, including
age, BMI, EDRR, mean HR, pathological type, tumor size
and invasion depth, between the two groups (Table 2).
Differences in HRV parameters (time domain, frequency
domain and nonlinear parameters) between the two groups
are shown in Figure 1. The effect sizes of the differences are
shown in Figure 2. The results showed that SDNN (Figure 1,
p < 0.0001, Figure 2, d > 0.5), LF (Figure 1, p = 0.003,
Figure 2, d > 0.8), and SD2 (Figure 1, p < 0.0001, Figure 2,
d > 0.5) were significantly decreased in the LNM group
compared with the non-LNM group.
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Table | Demographics and HRV of Cervical Cancer Patients.

Variables Values

N (Female) 77

Age (years) 52.1 £ 10.0
BMI (kg/m?) 244 %30
EDRR (Hz) 0.3 £0.1
Mean HR (bpm) 728 + 88
Hypertension (yes/no) 5/72
Diabetes (yes/no) 3/74
Menopausal status (yes/no) 47/30

Lymph node metastasis (yes/no) 18/59

SDNN (ms) 276 = 11.1
RMSSD (ms) 28 £ 0.6

LF (ms?) 46 +08

HF (ms?) 46 % 1.1
LF/HF 0.009 + 1.034
SDI (ms) 13.0+£7.6
SD2 (ms) 365 + 146
SD2/SDI 3.339 + 1.445

Note: Values are expressed as the number of patients or mean * standard deviation.
Abbreviations: N, number of individuals; BMI, body mass index; EDRR, ECG-
derived respiration rate; bpm, beats per minute; HR, heart rate; SDNN, standard
deviation of all normal-to-normal intervals; RMSSD, root mean square of successive
interval differences; LF, low-frequency power; HF, high-frequency power; LF/HF,
ratio of low-frequency power to high-frequency power; SD, standard deviation.

Table 2 Characteristics of the Patients According to LNM
Status.

Variables Non-LNM (n=59) | LNM (n=18) | p
Age (years) 511 £97 552+ 102 0.130
BMI (kg/m?) 244 £ 30 246 + 2.8 0.745
Mean HR (bpm) | 72.6 + 8.9 736 £ 86 0.693
EDRR (Hz) 0.271 + 0.055 0.275 £ 0.069 | 0.764
Pathological type

SCC 49 10 0.550
Non-SCC 16 2

Tumor size (cm)

<4cm 43 10 0.165
24 cm 16 8

Invasion depth

<23 36 7 0.098
= 2/3 23 I

Note: Values are expressed as the number of patients or mean * standard deviation.
Abbreviations: BMI, body mass index; EDRR, ECG-derived respiration rate; HR,
heart rate; bpm, beats per minute; SCC, squamous cell carcinoma.

Binary logistic regression analysis indicated that
SDNN, LF and SD2 were still significantly associated
with LNM. Specifically, for each 1 ms decrease in
SDNN and SD2 and each 1 logarithmic unit decrease
in In (LF), the odds of LNM increased by 12%, 9%,

and 86%, respectively [all FDR-corrected p < 0.05;
Table 3]. The association was independent of potential
confounding factors, including age, BMI, EDRR, mean
HR, hypertension, diabetes, and menopausal status.

Discussion

In this study, we compared the HRV time domain,
frequency domain, and Poincaré scatter plot-based non-
linear parameters of CC patients with and without
LNM. As expected, the results showed that the HRV
parameters (SDNN, LF and SD2) of the LNM group
were significantly decreased compared with those of
the non-LNM group. Importantly, this link was not
associated with confounding factors such as age,
BMI, EDRR, resting HR, hypertension, diabetes or
menopausal status.

In previous studies, some tumor pathological factors,
including clinical stage, tumor size, lymphatic vascular
space invasion (LVSI), depth of stromal invasion (DSI)
and parametrial involvement (PI), have been reported as
predictors of LNM in CC.>**° For example, Fagotti et al
found that CC patients with tumor diameter > 20 mm had
a higher risk of LNM.?” Gulseren et al demonstrated that
LVSI (OR =11.3, p <0.001) and tumor size > 2 cm (OR =
3.2, p = 0.005) were independent predictors of pelvic
lymph node involvement.*® Nanthamongkolkul et al eval-
uated 496 patients with early cervical cancer (stages 1A2-
IB1) and showed that DSI (p = 0.010) and PI (p = 0.005)
were significantly and independently associated with
LNM.*® However, these predictors are evident only after
surgery or with the help of imaging examinations. Clinical
studies have demonstrated that HRV is a potential non-
invasive diagnostic tool for autonomic dysfunction and is
widely used for the evaluation of prognosis in cancer
patients.?%>!

SDNN and SD2 have been shown to be highly corre-
lated in computational methods and research outcomes,
both reflecting the overall variability and relating to the
combination of sympathetic and vagal functions.*'**
Based on the complexity theory, in healthy bodies, the
two branches of the ANS (ie, the sympathetic nerve and
the vagus nerve) interact with each other and are in
a state of dynamic equilibrium.** This physiological self-
regulation (ie, autonomic balance) equips the body with
strong stability and the ability to adapt to different envir-
onments. The decrease in overall HRV in cancer patients
indicates the impairment of complexity, stability and
adaptability, as well as the loss of autonomic nerve
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Figure | Group differences in HRV parameters between non-LNM and LNM.
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Figure 2 Effect size of differences in SDNN, LF and SD2 between the non-LNM
and LNM groups.

balance, and predicts poor survival and prognosis in
patients.** ¢ In CC patients, the LNM group had lower
SDNN and SD2, which is consistent with the findings of
previous studies showing that tumor progression leads to
a decrease in HRV.

Catecholamines released from the sympathetic nervous
system (SNS) can activate -adrenergic receptors on tumor
cells, which regulate gene expression by activating multiple
intracellular signal transduction pathways, thereby enhan-
cing tumor angiogenesis and promoting tumor invasion and
metastasis.*’ In previous studies, LF was related to SNS
activity.® For example, Pagani et al found that sympathetic
nerve activation can result in increased LF in dogs, and
bilateral sympathetic stellectomy can lead to decreased
LE.*® If explained from this perspective, sympathetic activity
in LNM patients will manifest as an increase in LF, which is
clearly contrary to the findings of this study. In fact, other
researchers have not observed that sympathetic activation,
such as exercise or adrenergic agonists, can cause an increase
in LE.**° Consequently, LF may not necessarily represent
only sympathetic activity. Currently, the interpretation of LF
remains controversial. In recent reports, LF was found to
predominantly reflect the autonomic nerve activity regulated
by the baroreceptor reflex.’’*>* The vagus nerve is the main
channel through which afferent nerve signals (including
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Table 3 Results from Logistic Regression Models (Adjusted for Age, BMI, EDRR, Resting Mean HR, Hypertension, Diabetes, and

Menopausal Status).

Variables OR (95% Cl) p Rank Q p<Q?
LF 0.238 (0.133, 0.707) 0.007 [ 0.0167 TRUE
SDNN 0.880 (0.789, 0.980) 0.020 2 0.0333 TRUE
sD2 0.908 (0.837, 0.985) 0.020 3 0.05 TRUE

Notes: Q: the Benjamini-Hochberg critical value [= (rank/number of tests) x FDR]. TRUE for P < Q indicates statistical significance after correcting for the FDR.
Abbreviations: OR, odds ratio; Cl, confidence interval; SDNN, standard deviation of all normal-to-normal intervals; LF, low-frequency power; SD, standard deviation.

baroreceptor reflex signals) from the heart and other visceral
organs are transmitted to the brain.>* Therefore, the decrease
in LF may indicate vagus nerve damage and changes in
autonomic nerve function. Lin et al analyzed HRV in meta-
static and nonmetastatic cancer patients (head and neck can-
cer, lung cancer and BC). Similar to our results, the authors
found that LF and total power (TP) were significantly lower
in metastatic patients than in nonmetastatic patients.>*
Furthermore, due to the complexity of LF, the complex non-
linear interaction between sympathetic and vagus nerve
activity, and confounding by respiration and resting HR, it
is difficult to discern the physiological basis of LF/HF.>
Therefore, LF/HF cannot accurately evaluate the sympa-
thetic-vagal balance. This may also be the reason why we
did not find a difference in LF/HF between the two groups in
our study.

The ANS, particularly the vagus nerve, is closely
related to the tumorigenesis and development of
tumors.'® The vagus nerve can modulate and decelerate
tumor progression by inhibiting oxidative stress, inflam-
mation and excessive sympathetic activity.”*>® The possi-
ble causal relationship between vagus nerve activity and
reduced tumor progression has been confirmed in human
and animal studies. For instance, Erin et al showed that
tumor-bearing animals with vagotomy had more metas-
tases, while anti-inflammatory drugs (CNI-1493) that acti-
vate vagus nerves can reduce metastasis in tumor-bearing
mice.””®" In patients with multiple types of cancers, such
as BC, GC, liver cancer and pancreatic cancer, low vagal
nerve activity measured by HRV significantly predicted
shorter survival, higher tumor markers and worse
prognosis.®'** Therefore, the difference in HRV between
the LNM and non-LNM groups could be caused by dif-
ferent vagus activities. RMSSD, HF and SD1 are all used
to evaluate the modulation of the vagus nerve.** However,
in our study, there were no significant differences in
RMSSD, HF or SD1 between the two groups. The possible
reasons are as follows. On the one hand, age, BMI, EDRR,

mean HR, pathological type, tumor size and invasion
depth were not significantly different between the LNM
group and the non-LNM group. The two groups showed
high homogeneity. On the other hand, many factors, such
as disease duration, cognitive performance, mental state
and medication, will affect the measurement of HRYV,
especially measurements reflecting short-term variability
and cardiac vagus modulation (RMSSD, HF and SD1).
The predictive ability of these HRV parameters may be
weakened or even absorbed by the above clinical risk
factors. In contrast, nonlinear analysis is more sensitive
to subtle changes in cardiovascular system dynamics and
can reflect the complexity and nonlinear characteristics of
autonomic nervous activity in the human heart. It is
a promising tool for evaluating the changes in HRV in
different physiological and pathological states.®>°’

CC LNM is a complex process involving the interac-
tion of multiple factors, such as immune function, inflam-
matory response and tumor microenvironment (TME).
Impaired immune cell function, abnormal expression of
immune factors and dysregulation of the immune system
are important causes of CC LNM.®® Furthermore, regula-
tory T cells (Tregs) can inhibit the activity of antitumor
cytotoxic T cells, induce immune tolerance to tumors, and
promote tumor cell metastasis.®® Inflammatory cytokines
(IL-1, IL-6, IL-8 and tumor necrosis factor-a) and the
TME
metastasis.””’! Matrix metalloproteinases (MMPs) in the

also play an important role in tumor
TME can degrade various protein components of the extra-
cellular matrix (ECM), rebuild the ECM, destroy the tissue
barrier, and mediate the metastasis of tumor cells.”> ANS
can influence tumor LNM by modulating these factors.
Specifically, the sympathetic nerve can inhibit antitumor
immunity, induce tumor-promoting inflammation, potenti-
ate angiogenesis or lymphangiogenesis in tumor tissue,
and enhance the activity of MMPs, thus promoting tumor
LNM.”*7® The vagus nerve exerts a suppressive effect on

LNM by inhibiting the activity of Tregs, enhancing the
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efficiency of antitumor cytotoxic T cells and the choliner-
gic anti-inflammatory pathway.”””® Based on the above
discussion, regarding the physiological and pathological
mechanisms, patients with LNM will have autonomic
imbalance and decreased vagus activity and will present
with a decrease in HRV. In this study, a negative correla-
tion between HRV and LNM was further confirmed, sug-
gesting that vagus nerve damage is closely related to LNM
and cancer progression, but its specific mechanism still
needs in-depth research.

In the CC International Federation of Gynecology and
Obstetrics (FIGO) staging system, LNM is an important
indicator when evaluating the prognosis of CC. Our study
found that lower HRV might potentially indicate LNM and
increased severity in CC patients. Therefore, during the
treatment of CC, whether HRV can be activated by bio-
feedback (breathing, exercise, music, etc.) to improve the
prognosis of patients with CC is worth investigating in
future studies.®*®?

In recent years, radiomics methods based on artificial
intelligence technology have been widely studied and
applied in the prediction and prognosis of cancer.
Radiomics extracts high-dimensional imaging features
from medical images and can be used to predict LNM in
many types of cancers, such as CC, BC and colon
cancer.**® If HRV parameters can be introduced into
a radiomics model as a characteristic parameter, it is
possible to achieve better prediction results, which is
worthy of further exploration.

Conclusion

In conclusion, CC patients with LNM had lower HRV
parameters (SDNN, LF and SD2) than those without
LNM. The results of this study suggest that HRV could
be a potential noninvasive biomarker for the prediction of
LNM in CC patients. Combined with deep learning tech-
nology, HRV is expected to become a potential tool to
of CC patients.
However, several limitations also existed in this study.

guide the personalized treatment
Firstly, the sample size is relatively small and a larger
sample size is required. Secondly, the effects of treatment,
nutrition, psychology factors on HRV are not considered.
Finally, the cross-sectional nature of the current study
limits our ability to predict the long-term results of HRV
parameters. The above questions deserve further study
after expanding the sample size and considering more

confounding factors.
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