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Abstract

Objectives: To evaluate associations among Lp(a), ApoAl, ApoB100 and ApoE status between adult normal control subjects (NCs) and
Cholelithiasis i.e. gallstone disease (GD) patients (Pts) preoperatively (I°) and postoperatively (11°) with laparoscopic cholecystectomy.

Patients and Methods: Adult Pts (N= 55, Gender: 10 males, 45 females; Age range: 25-65 years, mean age + SD: 45.5 + 12.2 years) with GD
and 40 NCs (Gender: 16 males, 24 females; Age range: 28-60 years; Mean age + SD: 42.5+10.5 years) were included the case-control prospective
interventional studies. The patients with GD were diagnosed according to standard clinical and laboratory criteria. Analysis of lipid profile (TG, TC,
HDL-C, LDL-C), Lp(a), ApoA1l, ApoB100, ApoE, Mucin1 and CETP status in serum of NCs and Pts (I1°, 11°) and Pts bile (I°) were made by standard
clinical laboratory methods using research/diagnostic kits from reputed companies. Advanced statistical analyses were made by SPSS programme
- version 26 to obtain information for associations among Lp(a), ApoA1, ApoB100 and ApoE status in NCs and Pts.

Results: Regarding associations among Lp(a) status between NCs, Pts (1°) and Pts (11°), significant Pearson corrections were obtained for Pts-
Lp(a) (I")) vs Pts-Lp(a) (1I°) (r=0.851, P=0.000), and Pts-Lp(a)(Bile-I1°). About associations for ApoA1 levels between NCs and Pts, no significant
correlations were noted among the groups compared (P>0.05). Associations for ApoB100 levels between NCs and Pts showed significant Pearson
correlation between NCs-ApoB100 (I°) vs Pts-ApoB100 (I°) (r=0.430, P=0.022). No significant Pearson correlations were obtained for ApoE levels
in any of the groups compared (P>0.05). Associations among Lp(a) status and ApoA1 levels between NCs, Pts (1°) and Pts (I11°) showed no significant
correlations among any of the groups compared (P>0.05). Associations (correlations) among Lp(a) status and ApoB100 between NCs, Pts (I°) and
(11°) indicated significant correlations between Pts- ApoB100 (11°) and Pts-Lp(a) (Bile-1°) (r=0.381, P=0.05) and between NC-Lp(a) (I°)) and Pts-
ApoB100 (11°) (r=0.358, P=0.05). Finally, significant Pearson correlation was obtained for NC-Lp(a) (10) vs Pts-ApoE (11°) (r=-0.447, P=0.050) and
other correlations were not significant (P>0.05).

Conclusions: The findings on associations among the parameters between NCs and Pts (I° 1I°) suggested their involvements in the
aetiopathogenesis of the disease. They were discussed in the light of recent knowledge for altered Lp(a) and Apolipoproteins status and molecular
events in the pathogenesis of GD.
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Introduction

Cholelithiasis i.e. gallstone disease (GD) is one of the common
gastrointestinal disorders prevalent in about 10-15% of adults in
the developing countries. Cholecystectomy, i.e. surgical removal of
the gallbladder and gallstones, is the treatment of choice currently.
Studies over many years ago showed that more than 50% of patients
with gallstone would have lipid disorder. The disease mechanism
i.e. pathogenesis of cholesterol gallstone is widely accepted as
an altered lipid metabolism, because of which there is a relative
increase in the cholesterol levels compared to other lipids secreted
by the liver into the bile [1-3]. Association between gallstones and
altered lipid profile and hypomotility of the gallbladder have been
reported in some studies [4-7].

Lipoprotein (a) [Lp(a)] has been implicated as a probable cause
for atherosclerosis [2,3]. Based on the similarity of Lp(a) to both low
densitylipoprotein (LDL) and plasminogen, ithasbeen hypothesized
that the function of Lp(a) may represent a link between the fields
of atherosclerosis and thrombosis [1-3,5]. Apolipoproteins A1l
(ApoAl) and ApoE and Mucin and cholesterol ester transfer
protein (CETP) have been implicated with cholelithiasis in many
studies [2,7,8]. High density lipoprotein-cholesterol (HDL-C), very
low-density lipoprotein-cholesterol (VLDL-C) and Lp(a) were
implicated with coronary artery disease (CAD), diabetes mellitus
(DM), polycystic ovarian syndrome (POS) [1,9-12]. Higher levels of
Lp(a), leptin, ApoB and malondialdehyde (MDA) and lower levels
of HDL-C and paraoxonase activity were reported to be associated
in cholelithiasis [13,14]. Each class of lipoprotein, i.e. Chylomicron,
VLDL, intermediate density lipoprotein (IDL), LDL, HDL and
Lp(a), carries several apolipoproteins in different proportions
such as ApoA1l in HDL and chylomicron, ApoB100 in LDL, VLDL,
IDL and Lp(a), ApoB48 in Chylomicron and ApoE in VLDL and IDL.
Structural features of apolipoproteins enable them to bind to lipid
end and still interact with the surrounding aqueous environment
[1,2].

Literature review indicated limited studies were reported
on serum Lp(a) levels in some populations including Indian
subcontinent [15,16]. Literature review also indicated that some
of the apolipoproteins such as ApoAl, ApoB100 and ApoE and
also Mucin and CETP are involved in the process of GD as well
[14,17,18]. And GD is a metabolic problem which correlates with
lipid abnormalities, adiposity, DM, hypertension and metabolic
syndrome [17,18]. The molecular events that underlie these
although
associations between gallstones and altered lipid profile has

processes have not been understood completely,

been shown in some studies [2,5,18]. However, these results were
variable and need confirmation by further studies in cholelithiasis
patients.
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With these literature background, we studied in phases from
October 2016 to March 2018 various aspects of lipid profile, Lp(a)
status, apolipoproteins (A1, B100, E), mucinl and CETP statsus
in cholelithiasis patients followed by cholecystectomy at Medical
Research Unit (MRU), MHWT, Dhaka, Bangladesh. We reported
the results on lipid profile, i.e., triglyceride (TG), total cholesterol
(TC), LDL-cholesterol (LDL-C) and HDL-cholesterol (HDL-C) in
serum and bile of cholelithiasis patients before cholecystectomy
(1°) and after cholecystectomy (I1°) and in normal control subjects.
Also, we reported results on Lp(a) status, Apolipoproteins (ApoAl,
ApoB100, ApoE) levels and Mucin1 and CETP status in serum and
bile of the same patients with cholelithiasis preoperatively (I°) and
postoperatively (11°) [19-22].

We conducted rigorous statistical analysis of these results for
associations (correlations) among the above stated parameters
between NCs and Pts before (I°) and after (II°) laparoscopic
cholecystectomy using advanced SPSS programme-version 26. As it
would be bulky and lengthy, we decided to report the results of these
analyses in multiple articles. Therefore, the results on “Associations
among Lp(a) status and apolipoproteins (A1, B100, E) and effects
of laparoscopic cholecystectomy on them in Bangladeshi patients
with cholelithiasis” were reported and discussed in the present
article.

Patients and Methods

Adult patients (N= 55, Gender: 10 males, 45 females; Age
range: 25-65 years, Mean age + SD: 45.5 + 12.2 years) with
cholelithiasis i.e. GD (Pts) and 40 healthy adult normal controls
(Gender: 16 males, 24 females; Age range: 28-60 years; Mean age
+ SD: 42.5+10.5 years) (NCs) were included in our case-control
prospective interventional studies. The patients with GD were
diagnosed as having cholelithiasis according to standard clinical
and laboratory criteria as practiced in hospital and patients not
fulfilling the criteria were excluded from the study [19-22]. After
obtaining consent, patient’s demographic details and clinical
findings were recorded as per ‘PROFORMA’ at diagnosis.

The fasting blood samples were taken at diagnosis before
cholecystectomy, and conducted routine laboratory tests. The
serum separated was aliquoted and stored frozen at -80°C as first
degree serum sample (I°). At the time of cholecystectomy, gall
bladder bile was also collected from the same patient, centrifuged,
aliquoted and stored frozen at -80°C as first degree bile sample (1°).
After Cholecystectomy, medications were given as required for the
patients. After 2-3 months at follow-up, fasting blood sample was
taken again from the same patient, serum separated, aliquoted
and stored frozen at -80°C as second degree serum sample (I1°)
until analyzed for lipid profile (i.e. TG, TC, HDL-C, LDL-C), Lp(a)
status, apolipoproteins (ApoAl, ApoB100, ApoE), Mucinl and
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CETP quantitatively by standard medical laboratory methods using
research/diagnostic kits from internationally reputed companies
(Shanghai Yehnua Biological Technology Co Ltd, China) and LDL-C
calculated by Fried Wald formula [21-23]. The results of laboratory
analyses in biological specimens of Pts (1° 11°) and NCs were
compared statistically by Student’s t-test and Chi-squared (x2) test
using SPSS programme Version 16 [24]. And the results on lipid
profile, Lp(a), apolipoproteins, mucin1l and CETP were published
in our previous articles recently [19,20,21,22]. These research
projects were carried out at Medical Research Unit (MRU), Medical
College for Women & Hospital (MCW&H) Building, The Medical &
Health Welfare Trust (MHWT), Dhaka, Bangladesh in collaboration
with Depart of Surgery, MCW&H, Dhaka, Bangladesh from October
2016 to March 2018. Advanced statistical analyses on these results
were made regarding associations (correlations) among various
parameters between NCs and Pts (1° 11°) by using SPSS programme-
version 26. The data obtained relevant to associations (correlations)
among Lp(a) status and apolipoproteins (A1, B100, E) and effects
of laparoscopic cholecystectomy on them in Bangladeshi patients
with GD i.e. cholelithiasis were reported in the present article.

Results

Our results on Lp(a) status and their statistical analyses showed
thatLp(a) was much elevated in patients (serum 1®) compared to NCs
(P<0.001). This was lowered after laparoscopic cholecystectomy
but remained elevated in patients (serum-II°) compared to NCs
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significantly (P<0.001). ApoA1 level was significantly reduced in our
Pts which was raised significantly after 2-3 months of laparoscopic
cholecystectomy, but not to the full extent similar to NCs and bile
(Pts) contained lower level of ApoA1 (P<0.001). ApoB100 level, on
the other hand, was significantly raised in Pts which was reduced
significantly after cholecystectomy, but not to the full extent as
NCs and bile (Pts) contained lower levels of ApoB100 (P< 0.001).
Similarly, ApoE was significantly raised in Pts which was reduced
significantly after 2-3 months of laparoscopic cholecystectomy, but
not to the full extent similar to NCs and bile (Pts) contained lower
level of ApoE (P<0.001) [20,22].

Associations (correlations) among Lp(a) status between NCs
and Pts preoperatively (I°) and postoperatively (11°) are presented
in Table 1) Interestingly, significant Pearson corrections were
obtained for Pts-Lp(a) (I°)) vs Pts-Lp(a) (1I°) (r=0.851, P=0.000),
and Pts-Lp(a)(Bile-I°). Table 2 shows correlations (associations)
for ApoA1l levels between NCs and Pts, although no significant
correlations were noted among the groups compared (P<0.05).
Associations (correlations) for ApoB100 levels between NCs and
Pts are stated in Table 3 showing significant Pearson correlation
between NCs-ApoB100 (1°) vs Pts-ApoB100 (I°) (r=0.430, P=0.022).
Similarly, no significant Pearson correlations were obtained for
ApoE levels in any of the groups compared as shown in Table 4
(P>0.05).

Table 1: Associations among Lp(a) levels between normal control subjects (NC) and Patients (Pts) before 1° and after cholecystectomy (I1°).

Pts-Lp(a) (mg/L), Pts-Lp (a) (mg/L), Pts-Lp (a) (mg/L), Serum | NC-Lp (a) (mg/L),
*
Parameters Compared Serum (I° degree) Bile (I degree) (Il degree) Serum (I degree)
Pearson Correlation 1 0.191 .851** -0.124
Pts-Lp (a) (mg/L), . L
Serum (I degree) Sig. (2-tailed) 0.311 0 0.485
N 44 30 34 34
Pearson Correlation 0.191 1 A52%* 0.016
Pts-Lp (a) (mg/L), Bile . o
(I degree) Sig. (2-tailed) 0.311 0.02 0.941
N 30 30 26 25
Pearson Correlation .851** 452* 1 -0.019
Pts-Lp (a) (mg/L), . e
Serum (Il degree) Sig. (2-tailed) 0 0.02 0.92
N 34 26 34 30
Pearson Correlation -0.124 0.016 -0.019 1
NC-Lp (a) (mg/L), . e
Serum (I degree) Sig. (2-tailed) 0.485 0.941 0.92
N 34 25 30 34

Table 2: Correlations among ApoA1 levels between normal control subjects (NC) and Patients (Pts) before 10 and after cholecystectomy (110).

Correlations
Groups compared* NC- Apo A1 (mg/dl), Serum Pts- Apo A1l (mg/dl), Serum (I Pts-Apo Al (mg/dl), Serum (II
(I degree) degree) degree)
NC- Apo Al | Pearson Correlation 1 0.038 -0.032
(mg/dl), . o
Serum (I Sig. (2-tailed) 0.816 0.858
degree) N 40 40 34
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Pts- Apo Pearson Correlation 0.038 0.065
Al (mg/ . .
dI), Serum Sig. (2-tailed) 0.816 0.674
(I degree) N 40 55 45
Pts-Apo A1 | Pearson Correlation -0.032 0.065 1
(mg/dl), . o
Serum (II Sig. (2-tailed) 0.858 0.674
degree) N 34 45 45

Table 3: Correlations among ApoB100 levels between normal control subjects (NC) and Patients (Pts) before I° and after cholecystectomy (110).

Correlations
NC - Apo B100 (mg/dl), Pts- Apo B100 (mg/dl), Pts-Apo B100 (mg/dl),
*
SIoUpElcopaed Serum (I degree) Serum (I degree) Bile (I degree)
Pearson Correlation 1 -0.076 430*
NC - Apo B100 (mg/dl), . s
Serum (I degree) Sig. (2-tailed) 0.641 0.022
N 40 40 28
Pearson Correlation -0.076 1 0.151
Pts- Apo B100 (mg/dl), . e
Serum (I degree) Sig. (2-tailed) 0.641 0.352
N 40 55 40
Pearson Correlation 430%* 0.151 1
Pts-Apo B100 (mg/dl), Bile . i
(I degree) Sig. (2-tailed) 0.022 0.352
N 28 40 40

Table 4: Correlations among ApoE levels between normal control subjects (NC) and Patients (Pts) before 10 and after cholecystectomy (110).

Correlations
NC -Apo E (mg/ml), Serum | Pts-Apo E (mg/ml), Serum | Pts-Apo E (mg/ml), Serum
*
Groups compared (I degree) (I degree) (II degree)
Pearson Correlation 1 0.256 -0.014
NC-Apo E (mg/ml), Serum (I Sig. (2-tailed) 0.111 0.937
degree) ' ’ '
N 40 40 34
Pearson Correlation 0.256 1 0.148
Pts-Apo E (mg/ml), Serum (I Sig. (2-tailed) 0.111 0.333
degree) ' ’ ’
N 40 55 45
Pearson Correlation -0.014 0.148 1
Pts-Apo E (mg/ml), Serum (11 Sig. (2-tailed) 0.937 0.333
degree) ’ : ’
N 34 45 45

Associations among Lp(a) status and ApoAl levels between
NCs and Pts before (I°) and after cholecystectomy (II°) are
presented in Table 5 showing no significant correlations among any
of the groups compared (P>0.05). Table 6 shows the associations
(correlations) among Lp(a) status and ApoB100 between NCs and

Pts before (I°) and after cholecystectomy (11°) indicating significant

correlations between Pts- ApoB100 (II°) and Pts-Lp(a) (Bile-1°)
(r=0.381, P=0.05) and between NCs-Lp(a) (I®)) and Pts-ApoB100
(11°) (r=0.358, P=0.05). Finally, significant Pearson correlation was
obtained for NC-Lp(a) (I%) vs Pts-ApoE (II°) (r=-0.447, P=0.050)
and other correlations were not significant (P>0.05) Table 7.

Table 5: Associations among Lp(a) levels and Apo A1 between normal control subjects (NC) and Patients (Pts) before 10 and after cholecystectomy

(ll0).

Pts-Lp(a) (mg/L), Se- Pts-Lp (a) (mg/L), Pts-Lp (a) (mg/L), NC-Lp (a) (mg/L),
*
AR T I T rum (I° degree) Bile (I degree) Serum (II degree) Serum (I degree)
Pts- Apo Al (mg/ Pearson Correlation -0.031 -0.065 -0.108 0.097
dl), Serum (I Sig. (2-tailed) 0.841 0.734 0.543 0.585
degree) N 44 30 34 34
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Pearson Correlation -0.023 -0.25 -0.072 -0.025
Pts-Apo Al (mg/ . s
d1), Bile (1 degree) Sig. (2-tailed) 0.903 0.183 0.726 0.907
N 30 30 26 25
Pts-Apo A1 (mg/ Pearson Correlation 0.192 -0.073 0.053 0.067
dl), Serum (II Sig. (2-tailed) 0.277 0.723 0.764 0.723
degree) N 34 26 34 30
Table 6: Associations among Lp(a) levels and Apo B100 between normal control subjects (NC) and Patients (Pts) before 10 and after cholecystecto-
my (110).
Pts-Lp(a) (mg/L), Serum | Pts-Lp (a) (mg/L), | Pts-Lp (a) (mg/L), NC-Lp (a) (mg/L),
Compared Parameters (I’ degree) Bile (I degree) Serum (II degree) Serum (I degree)
Pearson Correlation -0.166 0.006 -0.239 0.013
Pts- Apo B100 (mg/ . .
d1), Serum (I degree) Sig. (2-tailed) 0.281 0.976 0.174 0.94
N 44 30 34 34
Pearson Correlation -0.26 0.014 -0.229 -0.318
Pts-Apo B100 (mg/ . .
dI), Bile (I degree) Sig. (2-tailed) 0.166 0.942 0.26 0.121
N 30 30 26 25
Pts-Apo B100 Pearson Correlation 0.022 0.38 0.207 0.358
(mg/dl), Serum (II Sig. (2-tailed) 0.902 0.055 0.239 0.052
degree)
N 34 26 34 30

(110).

Table 7: Associations among Lp(a) levels and Apo E between normal control subjects (NC) and Patients (Pts) before 10 and after cholecystectomy

Pts-Lp(a) (mg/L), Pts-Lp (a) (mg/L), Pts-Lp (a) (mg/L), NC-Lp (a) (mg/L), Serum
LRIl Serum (I° degree) Bile (I degree) Serum (II degree) (I degree)
Pearson Correla-
ti -0.08 -0.07 -0.147 0.129
Pts-Apo E(mg/ml), on
Serum (I degree) Sig. (2-tailed) 0.605 0.715 0.406 0.466
N 44 30 34 34
Pearson Correla-
Pts-Apo E (mg/ml), tion -0.123 -0.008 0.071 0.214
Bile (I degree)
Sig. (2-tailed) 0.517 0.966 0.729 0.303
Pearson Correla-
ti -0.148 0.071 -0.224 -0.347
Pts-Apo E (mg/ml), on
Serum (II degree) Sig. (2-tailed) 0.403 0.731 0.203 0.06
N 34 26 34 30

Correlation is significant at the 0.05 level* (2-tailed) and at the 0.01 level** (2-tailed)

Discussion

The levels of Lp(a), ApoA1l, ApoB100 and ApoE in Serum I°,
Bile I° and Serum II° of NCs and cholelithiasis Pts were reported
in our previous articles [20,22]. In the light of these reports, we
evaluated the associations (correlations) among Lp(a) status,
ApoA1l, ApoB100 and ApoE levels between NCs and our Pts with
cholelithiasis as stated in Table 1, Table 2, Table 3 and Table 4
respectively. Associations (correlations) among Lp(a) status and
ApoA1l, Lp(a) status and ApoB100 and Lp(a) status and ApoE levels
between NCs and Pts (I°, 11°) are presented in Table 5, Table 6 and
Table 7 respectively.

Our observations on Pts with cholelithiasis that serum Lp(a)
level was significantly elevated and that significantly larger
proportion of patients had higher serum Lp(a) levels were
consistent with some reports in the literature from other countries
[11-13]. Our findings on associations (correlations) of Lp(a)status
between NCs and Pts stated in Table 1, Table 2, Table 3 and Table 4
indicated that Lp(a) along with ApoA1 and ApoB100 were involved
in the process of GD. ApoE was not significantly associated with
Lp(a) in our GD Pts which needs to be further investigated in
future carefully designed studies in GD. These observations were
substantiated by the findings of significant associations between
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Lp(a) and ApoB100 and Lp(a) and ApoE levels between NCs and
Pts as stated in Table 6 and Table 7 respectively.

However, as stated in Table 5, the findings of no significant
correlations among any of the groups compared for Lp(a) status
and ApoA1l levels were difficult to explain and contradicted with
the earlier findings stated in Table 2. The reasons for this situation
needs careful, relevant and logical explanations which clearly
indicated that much more remained to be understood about the
molecular events underlie these processes. A strong relationship
between GD metabolic syndrome was reported recently suggesting
that insulin resistance and leptin dysfunction might be responsible
for reduced gallbladder motility which in turn may contribute to
cholesterol gallstone formation [14,17,25,26].

In overviews on the management of primary hyperlipidemia
by statins, serum Lp(a) level and its reduction were not mentioned
and considered in the discussion [19,20,27,28]. Even the updated
National Cholesterol Education Programme (NCEP) report, USA
published in July 2004 discussed and debated LDL-C only and no
consideration for Lp(a) level was suggested in the NCEP report
[19,20,29].

Sarac et al. showed further that levels of ApoA1 were negatively
correlated while ApoB100 levels were positively correlated with
leptin [14]. Our findings on ApoE levels in patients with GD had
similar trends as ApoB100 i.e. ApoE was increased in serum I°,
followed by decrease in Serum-II°, significantly but not to the full
extent as NCs (p<0.001). ApoE is one of the key regulatory protein
in cholesterol and lipoprotein metabolism and it has three common
isoforms i.e. E2, E3, and E4. ApoE2 is a genetic factor providing
protection against GD, while ApoE4 isoform may be a risk factor
for cholelithiasis [22,30-32]. Our observation of increased serum
ApoE level could mean either a protective or a susceptibility/risk
factor role in GD. That means more studies are needed to establish
these findings exploring other genetic loci that might affect GD risk.
In a meta-analysis Li et al found insufficient evidence for the role of
ApoE4 as GD risk factor [32].

Some prominent facts known about Lp(a) are that it is a
genetically determined particle containing a ApoB-100 linked
to ApoAl and cholesterol lowering therapy i.e. cholestyramine
treatment was not effective in lowering serum Lp(a) level although
cholesterollevel was reported to be reduced and Lp(a) has structural
homology with plasminogen implicating in atherosclerosis and
CADs [10,11,20]. Recently, antioxidant defense system has been
implicated with the prevalence of GD and thought to play a role
in the pathophysiology of GD and among them, higher circulating
vitamin E and vitamin C levels have been suggested to provide
protection against GD [22,33,34]. Apo A1, Apo E, CETP and mucin
have been implicated with cholelithiasis in some studies [35-37].
Recently, it was reported that cholelithiasis patients have higher
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leptin levels and altered lipoprotein profile, with increased Lp(a)
and ApoB levels and decreased ApoA1l levels [14]. Another study
showed that symptomatic cholelithiasis patients have increased
malondialdehyde (MDA)

and decreased antioxidant capacity [13]. Lp(a) is an enigmatic

levels indicating lipid peroxidation

molecule having two components i.e. Apo(a) and ApoB100. Jaw et
al recently opined that Lp(a) may be ready for prime time clinical
use to monitor GD [38]. Abnormalities in lipids and apolipoproteins
metabolism may, however, arise from a combination of various
factors such as excess dietary cholesterol/fat, obesity, diabetes,
deficient antioxidant system and genetic factors [2,36,37,39,40].

In conclusion, the association of ApoB100 and ApoAl
structurally to Lp(a) and HDL respectively are important for
metabolism of lipoproteins linked to GD i.e. cholelithiasis. Due
to structural similarity to both LDL and plasminogen, Lp(a) may
represent a link with cholelithiasis, atherosclerosis and thrombosis.
Therefore, the changes in associations among Lp(a) status and
apolipoproteins (A1, B100, E) are of crucial importance relevant
to definitive role of the gallbladder leading to development of GD.
Thus, incorporation of Lp(a) routinely in lipid profile analysis
would be useful in identifying high risk patients and follow-up.
Cholelithiasis had profound influence on ApoAl, ApoB100 and
ApoE status suggesting their cause-and-effect roles in the complex
aetiopathogenesis of the disease. More studies are warranted
investigating these complex disease processes in cholelithiasis
patients followed by cholecystectomy. It is also important to further
study on metabolic syndrome in Bangladeshi patients with GD in
future endeavors to substantiate the findings.
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