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  Abstract 
Objectives: To evaluate associations among Lipid Profile, Mucin1 CETP status 
between adult normal control subjects (NCs) and cholelithiasis i.e. gallstone 
disease (GSD) patients (Pts) preoperatively (I0) and postoperatively (II0) with 
laparoscopic cholecystectomy. Patients and Methods: Adult Pts with GSD 
(N=55, Gender: 10 males, 45 females; Age range: 28-60 years, Mean age ± 
SD: 45.5±12.2 years) and NCs (N: 40, Gender: 16 males, 24 females, Mean age 
+ SD: 42.5+10.5 Years) were those reported in our previous case-control pros-
pective interventional studies carried out from October 2016 to March 2018 at 
MRU, MHWT, Uttara, Dhaka, Bangladesh. Serum lipid profile (TG, TC, 
LDL-C, HDL-C), Lp(a), ApoA1, ApoB100, ApoE, Mucin1 and CETP status in 
NCs (I0) and Pts (I0, II0) were reported in the recent past. Further advanced sta-
tistical analyses on these data were made according to the objectives of the 
present article as stated above regarding associations (correlations) among these 
staus by using SPSS programme-version 26. Results: About associations among 
the Lipid Profile and Mucin1 status between NCs (I0) and Pts (I0, II0), significant 
Pearson correlations were found for Pts-TG (Serum-I0) vs Pts-TG (Serum-II0) 
(r=0.545, p=0.001), Pts-TC (Serum-I0) vs Pts-TC (Serum-II0) (r=0.385, 
p=0.025) and Pts-LDL-C (Serum-I0) vs Pts-LDL-C (Serum-II0) (r=0.393, 
p=0.022). No significant associations (correlations) were obtained for HDL-C 
among the groups compared (p>0.05). Although significant association (correla-
tion) was obtained for Pts-Mucin1 (Serum-I0) vs Pts-Mucin1 (Serum-II0) 
(r=0.766, p=0.000), no significant associations (correlations) were found for TG 
vs Mucin1 status and TC vs Mucin1 status for any of the groups compared 
(p>0.05). However, significant associations were shown for Pts LDL-C (Se-
rum-I0) vs Pts Mucin1 (Serum-II0) (r=0.381, p=0.026), Pts-HDL-C (Serum-I0) vs 
Pts-Mucin1 (Serum-II0) (r=0.475, p=0.005) and NCs-HDL-C (Serum-I0) vs 
Pts-Mucin1 (Bile-I0) (r=0.419, p=0.026) respectively. Regarding associations for 
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TG and CETP status between NCs, Pts (I0) and Pts (II0), no significant correla-
tions were noted for any of the groups compared. About associations for TC levels 
between NCs and Pts, significant correlation was obtained for Pts-TC (Bile-I0) 
vs Pts-CETP (Serum-II0) only (r=0.384, p=0.045). Associations for LDL-C vs 
CETP between NCs and Pts, showed no significant correlations for any of the 
groups compared (p>0.05). But significant Pearson correlation was obtained for 
Pts-HDL-C (Bile-I0) vs Pts-CETP (Serum-II0) (r=0.388, p=0.023) only. How-
ever, no associations were noted for CETP levels for any of the NCs and Pts 
groups compared (p>0.05). Conclusions: These results on associations (correla-
tions) among the parameters between NCs and Pts (I0, II0) suggested involve-
ments of TG, TC and LDL-C in the disease process and probable interactions of 
LDL-C and Mucin1 and HDL-C and CETP in the aetiopathogenesis of the dis-
ease. These findings were discussed in the light of recent knowledge available 
on molecular mechanisms for the pathogenesis of GSD i.e. cholelithiasis. 
 
Keywords 
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1. Introduction 

Cholelithiasis i.e. gallstone disease (GSD), being most common biliary disease, affects about 10%-15% adult 
population in the enveloping countries, 10%-20% of people in European countries and 5%-8% in Asian Countries 
[1-4]. About 20% of the patients with GSD require treatment involving surgical removal of the gallbladder and 
gallstones that is cholecystectomy [5, 6]. GSD is a high-risk factor for a wide range of diseases such as biliary tract 
cancer, colorectal cancer, cardiovascular diseases and even mortality [5, 7-11]. To develop and provide prophylactic 
strategies for the prevention of GSD, evaluation of probable mechanisms of pathogenesis and risk factors for GSD 
is vitally essential. 

There are several stages of gallstone formation involving lipid metabolism, particularly cholesterol metabolism 
as most of the gallstones are composed of cholesterol involving many other biochemical components in the disease 
process such as Mucin1, Cholesterol ester transfer protein (CETP), apolipoproteins, etc [11-16]. It soon became 
clear that other factors including nucleation of cholesterol crystals, binding together of these crystals with Mucin 
and hypomotility of the gallbladder play equally important roles in gallstone formation. The initial stage of gall-
stone formation, nucleation of cholesterol monohydrate crystals occurs in mucus gel adherent to the gallbladder 
epithelium. These observations taken together suggested that gallbladder sludge consisting of mucus and bile pig-
ments may serve as the core for gallstone development in human [15, 17-20]. Therefore, the association between 
GSD and altered lipid profile specially cholesterol metabolism in the mechanism of gallstone formation has long 
been a research focus in the etiology and risk of GSD. In this regard, it is important to consider the role of re-
verse-cholesterol transport pathway which removes excess cellular cholesterol from peripheral cells and return it to 
the liver for excretion largely mediated by HDL [17, 18]. Several studies have evaluated the relationship between 
serum lipid profile status and risk of GSD i.e. cholelithiasis [13-18].  

Considering these important observations and complex pathways, we set up research projects investigating Lipid 
Profile, Lp(a), Mucin1, CETP and Apolipoproteins (A1, B100, E) status in GSD i.e. cholelithiasis patients and ef-
fects of laparoscopic cholecystectomy on them. 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) in collaboration with Department of Surgery, MCW&H, MHWT, Uttara, Dhaka-1230, Bangladesh from 
October 2016 to March 2018. We reported that alterations in lipid profile in cholelithiasis were significant but com-
plex and laparoscopic cholecystectomy had profound impact suggesting a crucial role of gallbladder [21]. Also, we 
reported lipoprotein (a) [Lp(a)] status and effects of laparoscopic cholecystectomy on it is Bangladeshi patients 
with cholelithiasis [22]. We showed that alterations in serum Mucin1 and CETP status in GSD were significant and 
laparoscopic cholecystectomy had significant impact relevant to their metabolism [23]. We reported the effects of 
laparoscopic cholecystectomy on apolipoproteins status in Bangladeshi patients with cholelithiasis i.e. GSD (24). In 
2021, we reported significant associations among lipoprotein (a) and apolipoproteins (A1, B100, E) status in these 
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patients and profound effects of laparoscopic cholecystectomy of them suggesting their involvements in the aeti-
opathogenesis of the disease i.e. GSD [25]. 

Although multiple studies have investigated the associations between lipid metabolism and GSD risk, the results 
were not consistent and reproducible rather variable. The reasons were probably variations in the study design, 
sample size, ethnicity and criteria for dyslipidemia, thus limiting the strength of application of these research find-
ings. Recently, Zhang et al. reported results of their meta-analyses evaluating the relationships among serum total 
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein- cholesterol (HDL-C) total 
triglycerides (TG) and GSD risk. And the results demonstrated that TC and HDL-C were negatively associated with 
GSD risk, while TG was positively associated with GSD risk. But they did not evaluate and report the associations 
among serum lipid profile and Mucin1 and also among lipid profile and CETP status in GSD and effects of chole-
cystectomy on them [26, 27]. 

We have, therefore, recently conducted further advanced statistical analysis about associations of our reported 
serum status of lipid profile, Mucin1and CETP among NCs and GSD pts and effects of laparoscopic cholecystect-
omy on them (I0&II0) using advanced SPSS programme version 26. These results and findings on associations 
(correlations) among lipid profile, Mucin1 and CEPT status in GSD patients and effects of laparoscopic cholecys-
tectomy on them (I0&II0) constitute the contents of the present article as reported here.  

2. Patients and Methods  
Adult patients (N=55, Gender: 10 males, 45 females; Age ranges: 25-65 years, Mean age ± SD: 45.5 ± SD: 

12.2 years) with cholelithiasis i.e. GD (Pts) and 40 healthy adult normal controls (NCs) (Gender: 16 males, 24 fe-
males, Age range: 28-60 years; Mean age ± SD: 42.5+10.5 years) 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 
[21-25]. After obtaining consent, patient’s demographic details and clinical findings were recoded 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 -800C as first-degree serum sample (10). At the time of 
cholecystectomy, gall bladder bile was also collected from the same patient, centrifuged, aliquoted and stored fro-
zen at -800C as first-degree bile sample (10). After cholecystectomy, medications were given as required for the pa-
tients. After 2-3 months at follow-up, fasting blood sample was taken again from the same patient, serum separated, 
aliquoted and stored frozen at -800C as second degree serum sample (II0) until analyzed for lipid profile (i.e. TG, 
TC, HDL-C, LDL-C), Lp(a), apolipoproteins (ApoA1, ApoB100, ApoE), Mucin1 and CETP status 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 [28-30]. 
The results on lipid profile, Lp(a), apolipoproteins, mucin1 and CETP status were published in our previous articles 
[21-24]. Further advanced statistical analyses on these results were made regarding associations (correlations) 
among various parameters, i.e. lipid profile (TG, TC, LDL-C, HDL-C), Mucin1 and CETP, between NCs (I0) and 
Pts (I0, II0) 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 our patients 
were reported recently [25]. In the present article, the results and findings obtained on associations (correlations) 
among lipid profile (TG, TC, LDL-C, HDL-C), Mucin1 and CETP status in our GSD patients and effects of lapa-
roscopic cholecystectomy on them were reported.  

3. Results  
In the present article, associations (correlations) among TG, TC, LDL-C and HDL-C levels between NCs (I0) and 

Pts (I0, II0) are stated in Table 1, Table 2, Table 3 and Table 4 respectively. Interestingly significant Pearson correla-
tions were shown for Pts-TG (Serum-I0) vs Pts-TG (Serum-II0) (r= 0.545, P=0.001 (Table 1), Pts-TC (Serum-I0) vs 
Pts-TG (Serum-II0) (r=0.385, p = 0.025) (Table 2) and Pts-LDL-C (Serum-I0) vs Pts-LDL-C (Serum-II0) (r=0.393, 
p=0.022) (Table 3). However, no significant correlations were obtained for HDL-C status (Table 4). Significant 
associations (correlations) were obtained for Pts-Mucin 1-(Serum-I0) vsPts-Mucin1 (Serum-II0) (r= 0.766, P=0.000 
(Table 5). No significant associations (correlations) were shown among TG vs Mucin1 status and TC vs Mucin1 
status for any of the groups compared (Table 6, Table 7). Regarding LDL-C vs Mucin1, significant associations 
(correlations) were shown for Pts-LDL-C (Serum-I0), vs Pts-Mucin1 (Serum-II0) status (r=0.381, p=0.026) and 
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Pts-LDL-C (Bile-I0) Pts-LDL-C (Serum-II0) status (r=0.398, p=0.044) (Table 8). About HDL-C vs Mucin1 status, 
significant associations were obtained for Pts-HDL-C (Serum-I0) vs Pts- Mucin1 (Serum-I0) (r=0.340, p = 0.024), 
Pts-HDL-C (Serum-I0) vs Pts Mucin1 (Serum-II0) (r=0.475, p=0.005) and NCs-HDL-C (Serum-I0) vs Pts-Mucin1 
(Serum-I0) status (r=0.419, p=0.026) respectively (Table 9). 

The findings on associations (correlations) among TG and CETP levels, TC and CETP levels, LDL-C and CETP 
levels, HDL-C and CETP levels and CETP status alone between normal control subjects (NCs) and GSD patients 
(Pts) before (I0) and after laparoscopic cholecystectomy (II0) are presented in Table 10, Table 11, Table 12, Table 13 
and Table 14 respectively. Significant correlations (associations) were obtained for Pts-TC (Bile-I0) vs Pts-CETP 
(Serum-II0) (r=0.384, p=0.045) (Table 11), Pts-HDL-C (Serum-I0) vs Pts-CETP (Serum-II0) (r=0.388, p=0.023) 
(Table 13) and NCs-HDL-C (Seum-I0) vs Pts-CCETP (Bile-I0) (r=0.415, p=0.028) (Table 13). All other associations 
(correlations) were found to be not significant as stated in the Tables 10, 11, 12, 13, and 14 respectively. These 
findings were discussed in the light of proposed molecular mechanisms of the disease i.e. GSD and relevant to the 
published literature available.  
Table 1. Associations (correlations) among TG levels between normal control subjects (NCs) and patients (Pts) before (I0) and 

after (II0) laparoscopic cholecystectomy 

Parameters Compared Pts-TG (Serum-I0) Pts-TG (Bile-I0) Pts-TG (Serum-II0) NCs-TG (Serum-I0) 

Pts-TG 
(Serum-I0) 

Pearson Correlations 1 -0.029 0.545 0.221 
Sig. (2-tailed)  0.880 0.001** 0.170 

N 44 30 34 40 

Pts-TG 
(Bile-I0) 

Pearson Correlations 0.029 1 0.204 0.138 
Sig. (2-tailed) 0.880  0.317 0.485 

N 30 30 26 28 

Pts-TG (Se-
rum-II0) 

Pearson Correlations 0.545 0.204 1 -0.001 
Sig. (2-tailed) 0.001** 0.317  0.952 

N 34 26 34 34 

NCs-TG  
(Serum-I0) 

Pearson Correlations 0.221 0.138 0.011 1 
Sig. (2-tailed) 0.170 0.485 0.952  

N 40 28 34 40 

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

Table 2. Associations (correlations) among TC levels between normal control subjects (NCs) and patients (Pts) before (I0) and 
after (II0) laparoscopic cholecystectomy  

Parameters Compared Pts-TC Serum-I0) Pts-TC (Bile-I0) Pts-TC (Serum-II0) NCs-TC (Serum-I0) 

Pts-TC 
(Serum-I0) 

Pearson Correlations 1 -0.125 0.385 0.007 
Sig. (2-tailed)  0.511 0.025* 0.965 

N 44 30 34 40 

Pts-TC 
(Bile-I0) 

Pearson Correlations -0.125 1 -0.193 -0.068 
Sig. (2-tailed) 0.511  -0.344 0.732 

N 30 30 26 26 

Pts-TC  
(Serum-II0) 

Pearson Correlations 0.385 -0.193 1 -0.097 
Sig. (2-tailed) 0.025** 0.344  0.586 

N 34 26 34 34 

NCs-TC  
(Serum-I0) 

Pearson Correlations 0.007 0.068 0.097 1 
Sig. (2-tailed) 0.965 0.732 0.586  

N 40 26 34 40 

*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed)  
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Table 3. Associations (correlations) among LDL-C levels between normal control subjects (NCs) and patients (Pts) before (I0) 
and after (II0) laparoscopic cholecystectomy  

Parameters Compared Pts-LDL-C(Serum-I0) Pts-LDL-C(Bile-I0) Pts-LDL-C(Serum-II0) NCs-LDL-C(Serum-I0) 

Pts-LDL-C 
(Serum-I0) 

Pearson Correlations 1 0.156 0.393 0.014 
Sig. (2-tailed)  0.409 0.022** 0.931 

N 44 30 34 40 

Pts-LDL-C 
(Bile-I0) 

Pearson Correlations 0.156 1 0.273 0.063 
Sig. (2-tailed) 0.409  0.178 0.749 

N 30 30 26 28 

Pts-LDL-C 
(Serum-II0) 

Pearson Correlations 0.393 0.273 1 0.020 
Sig. (2-tailed) 0.022** 0.178  0.911 

N 34 26 34 34 

NCs-LDL-C 
(Serum-I0) 

Pearson Correlations 0.014 0.063 -0.020 1 
Sig. (2-tailed) 0.931 0.749 0.911  

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed)  

Table 4. Associations (correlations) among HDL-C levels between normal control subjects (NCs) and patients (Pts) before (I0) 
and after (II0) laparoscopic cholecystectomy 

Parameters Compared Pts-HDL-C(Serum-I0) Pts-HDL-C(Bile-I0) Pts-HDL-C(Serum-II0) NCs-HDL-C(Serum-I0) 

Pts-HDL-C 
(Serum-I0) 

Pearson Correlations 1 -0.107 0.019 0.226 
Sig. (2-tailed)  0.674 0.915 0.161 

N 44 30 34 40 

Pts-HDL-C 
(Bile-I0) 

Pearson Correlations -0.107 1 0.183 -0.251 
Sig. (2-tailed) 0.674  0.372 0.198 

N 30 30 26 28 

Pts-HDL-C 
(Serum-II0) 

Pearson Correlations 0.019 0.183 1 0.199 
Sig. (2-tailed) 0.915 0.372  0.259 

N 34 26 34 34 

NCs-HDL-C 
(Serum-I0) 

Pearson Correlations 0.226 0.251 -0.199 1 
Sig. (2-tailed) 0.161 0.198 0.259  

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed) 

Table 5. Associations (correlations) among Mucin1 levels between normal control subjects (NCs) and patients (Pts) before (I0) 
and after (II0) laparoscopic cholecystectomy  

Parameters Compared Pts-Mucin1 (Serum-I0) Pts- Mucin1(Bile-I0) Pts- Mucin1(Serum-II0) NCs-Mucin1(Serum-I0) 

Pts-Mucin1 
(Serum-I0) 

Pearson Correlations 1 0.225 0.766 0.020 
Sig. (2-tailed)  0.164 0.000** 0.902 

N 55 40 45 40 

Pts-Mucin1 
(Bile-I0) 

Pearson Correlations 0.225 1 0.050 0.205 
Sig. (2-tailed) 0.164  0.773 0.295 

N 40 40 36 28 

Pts-Mucin1 
(Serum-II0) 

Pearson Correlations 0.766 0.050 1 0.112 
Sig. (2-tailed) 0.000** 0.773  0.530 

N 45 36 45 34 

NCs-Mucin1 
(Serum-I0) 

Pearson Correlations 0.020 -0.205 0.112 1 
Sig. (2-tailed) 0.902 0.295 0.530  

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed)  
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Table 6. Associations (correlations) among TG vs Mucin1 levels between normal control subjects (NCs) and patients (Pts) 
before (I0) and after (II0) laparoscopic cholecystectomy  

Parameters Compared Pts- Mucin1 (Serum-I0) Pts- Mucin1(Bile-I0) Pts- Mucin1 (Serum-II0) NCs- Mucin1(Serum-I0) 

Pts-TG 
(Serum-I0) 

Pearson Correlations 0.046 0.108 0.086 0.031 
Sig. (2-tailed) 0.768 0.569 0.630 0.851 

N 44 30 34 40 

Pts-TG 
(Bile-I0) 

Pearson Correlations 0.202 0.042 0.081 0.167 
Sig. (2-tailed) 0.284 0.825 0.696 0.396 

N 30 30 26 28 

Pts-TG 
(Serum-II0) 

Pearson Correlations 0.048 -0.025 -0.111 0.233 
Sig. (2-tailed) 0.787 0.902 0.533 0.186 

N 34 26 34 34 

NCs-TG 
(Serum-I0) 

Pearson Correlations -0.031 -0.341 -0.065 -0.058 
Sig. (2-tailed) 0.848 0.076 0.716 0.722 

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed)  

Table 7. Associations (correlations) among TC vs Mucin1 levels between normal control subjects (NCs) and patients (Pts) 
before (I0) and after (II0) laparoscopic cholecystectomy 

Parameters Compared Pts-Mucin1 (Serum-I0) Pts-Mucin1 (Bile-I0) Pts-Mucin1 (Serum-II0) NCs-Mucin1 (Serum-I0) 

Pts-TC 
(Serum-I0) 

Pearson Correlations 0.023 0.139 0.097 0.066 
Sig. (2-tailed) 0.880 0.463 0.586 0.884 

N 44 30 34 40 

Pts-TC 
(Bile-I0) 

Pearson Correlations 0.134 -0.028 0.140 0.186 
Sig. (2-tailed) 0.482 0.884 0.404 0.344 

N 30 30 26 28 

Pts-TC 
(Serum-II0) 

Pearson Correlations 0.151 0.001 0.139 0.137 
Sig. (2-tailed) 0.395 0.994 0.434 0.441 

N 34 26 34 34 

NCs-TC 
(Serum-I0) 

Pearson Correlations 0.071 -0.185 0.160 0.200 
Sig. (2-tailed) 0.664 0.345 0.366 0.215 

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at0.01 level** (2-tailed) 

Table 8. Associations (correlations) among LDL-Cvs Mucin1 levels between normal control subjects (NCs) and patients (Pts) 
before (I0) and after (II0) laparoscopic cholecystectomy 

Parameters Compared Pts- Mucin1(Serum-I0) Pts- Mucin1(Bile-I0) Pts- Mucin1(Serum-II0) NCs-Mucin1(Serum-I0) 

Pts-LDL-C 
(Serum-I0) 

Pearson Correlations 0.180 0.069 0.381 0.042 
Sig. (2-tailed) 0.241 0.716 0.026* 0.796 

N 44 30 34 40 

Pts- LDL-C 
(Bile-I0) 

Pearson Correlations 0.122 0.046 0.398 -0.113 
Sig. (2-tailed) 0.522 0.809 0.044* 0.568 

N 30 30 26 28 

Pts- LDL-C 
(Serum-II0) 

Pearson Correlations 0.296 0.075 0.251 0.124 
Sig. (2-tailed) 0.089 0.715 0.152 0.483 

N 34 26 34 34 

NCs- LDL-C 
(Serum-I0) 

Pearson Correlations -0.222 -0.255 -0.166 -0.030 
Sig. (2-tailed) 0.169 0.150 0.348 0.852 

N 40 28 34 40 

*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed) 
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Table 9. Associations (correlations) among HDL-C VS Mucin1 levels between normal control subjects (NCs) and patients (Pts) 
before (I0) and after (II0) laparoscopic cholecystectomy  

Parameters Compared Pts-Mucin1 (Serum-I0) Pts-Mucin1(Bile-I0) Pts-Mucin1 (Serum-II0) NCs- Mucin1(Serum-I0) 

Pts-HDL-C 
(Serum-I0) 

Pearson Correlations -0.340 -0.073 -0.475 -0.241 
Sig. (2-tailed) 0.024* 0.700 0.005 0.133 

N 44 30 34 40 

Pts- HDL-C 
(Bile-I0) 

Pearson Correlations 0.048* 0.313 0.024 -0.041 
Sig. (2-tailed) 0.800 0.092 0.906 0.836 

N 30 30 26 28 

Pts- HDL-C 
(Serum-II0) 

Pearson Correlations -0.229 0.178 -0.123 0.073 
Sig. (2-tailed) 0.193 0.384 0.487 0.583 

N 34 26 34 34 

NCs- HDL-C 
(Serum-I0) 

Pearson Correlations -0.175 -0.419 -0.115 -0.047 
Sig. (2-tailed) 0.281 0.026* 0.519 0.773 

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed)  

Table 10. Associations (correlations) among TG vs CETP levels between normal control subjects (NC) and patients (Pts) be-
fore (I0) and after laparoscopic cholecystectomy (II0) 

Parameters Compared Pts-CETP (Serum-I0) Pts-CETP(Bile-I0) Pts-CETP (Serum-II0) NCs-CETP (Serum-I0) 

Pts-TG 
(Serum-I0) 

Pearson Correlations -0.107 -0.055 -0.243 0.140 
Sig. (2-tailed) 0.489 0.772 0.166 0.388 

N 44 30 34 40 

Pts-TG 
(Bile-I0) 

Pearson Correlations -0.041 -0.124 0.284 -0.236 
Sig. (2-tailed) 0.831 0.522 0.221 0.227 

N 30 29 26 28 

Pts-TG 
(Serum-II0) 

Pearson Correlations -0.121 0.029 -0.144 0.070 
Sig. (2-tailed) 0.496 0.891 0.416 0.692 

N 34 25 34 34 

NCs-TG 
(Serum-I0) 

Pearson Correlations -0.238 -0.299 0.071 0.235 
Sig. (2-tailed) 0.139 0.122 0.689 0.145 

N 40 28 34 40 

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

Table 11. Associations (correlations) among TC vs CETP levels between normal control subjects (NC) and patients (Pts) be-
fore (I0) and after cholecystectomy (II0) 

Parameters Compared Pts-CETP (Serum-I0) Pts-CETP(Bile-I0) Pts-CETP(Serum-II0) NCs-CETP(Serum-I0) 

Pts-TC 
(Serum-I0) 

Pearson Correlations 0.098 -0.232 -0.269 -0.146 
Sig. (2-tailed) 0.526 0.218 0.124 0.369 

N 44 30 34 40 

Pts-TC 
(Bile-I0) 

Pearson Correlations 0.110 0.101 0.384 -0.153 
Sig. (2-tailed) 0.563 0.604 0.045 0.439 

N 30 29 26 28 

Pts-TC 
(Serum-II0) 

Pearson Correlations -0.193 0.147 -0.084 -0.045 
Sig. (2-tailed) 0.275 0.484 0.634 0.801 

N 34 25 34 34 

 
NCs-TC 

(Serum-I0) 

Pearson Correlations -0.046 -0.013 -0.085 0.136 
Sig. (2-tailed) 0.781 0.947 0.632 0.402 

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed) 
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Table 12. Associations (correlations) among LDL-C vs CETP levels between normal control subjects (NCs) and patients (Pts) 
before (I0) and aftercholecystectomy (II0)   

Parameters Compared Pts-CETP(Serum-I0) Pts-CETP(Bile-I0) Pts-CETP (Serum-II0) NCs-CETP(Serum-I0) 

Pts-LDL-C 
(Serum-I0) 

Pearson Correlations 0.115 -0.0147 -0.59 -0.113 
Sig. (2-tailed) 0.457 0.438 0.742 0.487 

N 44 30 34 40 

Pts-LDL-C 
(Bile-I0) 

Pearson Correlations 0.232 -0.176 0.172 0.058 
Sig. (2-tailed) 0.217 0.362 0.400 0.768 

N 30 29 26 28 

Pts-LDL-C 
(Serum-II0) 

Pearson Correlations -0.258 0.303 -0.102 0.178 
Sig. (2-tailed) 0.140 0.140 0.567 0.314 

N 34 25 34 34 

NCs-LDL-C 
(Serum-I0) 

Pearson Correlations 0.009 -0.012 -0.084 -0.264 
Sig. (2-tailed) 0.955 0.536 0.635 0.100 

N 40 28 34 40 

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

Table 13. Associations (correlations) among HDL-C vs CETP levels between normal control subjects (NC) and patients (Pts) 
before (I0) and after cholecystectomy (II0) 

Parameters Compared Pts-CETP(Serum-I0) Pts-CETP(Bile-I0) Pts-CETP (Serum-II0) NCs-CETP(Serum-I0) 

Pts-HDL-C 
(Serum-I0) 

Pearson Correlations -0.175 -0.063 -0.388 0.080 
Sig. (2-tailed) 0.256 0.740 0.023 0.581 

N 44 30 34 40 

Pts-HDL-C 
(Bile-I0) 

Pearson Correlations -0.001 0.107 0.234 -0.001 
Sig. (2-tailed) 0.996 0.518 0.29 0.430 

N 30 30 26 28 

Pts-HDL-C 
(Serum-II0) 

Pearson Correlations 0.016 0.260 0.132 -0.053 
Sig. (2-tailed) 0.928 0.209 0.458 0.764 

N 34 26 34 34 

NCs- HDL-C 
(Serum-I0) 

Pearson Correlations -0.213 -0.415 -0.119 -0.323 
Sig. (2-tailed) 0.186 0.028 0.504 0.042 

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed)  

Table 14. Associations (correlations) among CETP levels between normal control subjects (NC) and patients (Pts) before (I0) 
and after cholecystectomy (II0) 

Parameters Compared Pts-CETP (Serum-I0) Pts-CETP (Bile-I0) Pts-CETP (Serum-II0) NCs-CETP (Serum-I0) 

Pts-CETP  
(Serum-I0) 

Pearson Correlations 1 -0.133 0.384 0.005 
Sig. (2-tailed)  0.413 0.045 0.976 

N 55 40 45 40 

Pts-CETP 
(Bile-I0) 

Pearson Correlations -0.133 1 -0.219 0.136 
Sig. (2-tailed) 0.413  0.205 0.491 

N 40 40 35 28 

Pts-CETP 
(Serum-II0) 

Pearson Correlations 0.384 -0.213 1 -0.025 
Sig. (2-tailed) 0.045 0.205  0.890 

N 45 35 45 34 

NCs- CETP 
(Serum-I0) 

Pearson Correlations -0.005 0.136 -0.025 1 
Sig. (2-tailed) 0.976 0.491 0.890  

N 40 28 34 40 
*Correlation is significant at 0.05 level* (2-tailed) and at 0.01 level** (2-tailed)  
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4. Discussion  
A number of studies implicated the lipid profile as well as Lp(a) in the aetiopathogenesis of CAD/AMI, T2DM, 

POS, etc (30-34). In 2016 for the first time, we reported status of lipid profile in Bangladeshi patients with choleli-
thiasis showing that serum TG level was elevated in Serum-I0, Bile-I0 and Serum-II0 of patients, being highest in 
Bile-I0 compared to controls (NCs) (p<0.001). Serum TG level was much reduced in serum-II0 after cholecystect-
omy compared to Serum-I0 and Bile-I0, although it remained significantly elevated compared to controls (NCs) 
(p<0.001). Serum TC level was very much elevated in Bile-I0 compared to Serum-I0 and Serum-II0 (p<0.001). In-
terestingly, TC was elevated in Serum-II0 after cholecystectomy, although no significant difference was observed 
between NCs and Pts Serum-I0 (p=0.835). LDL-C levels in NCs, Serum-I0 and Serum-II0 were similar (p=0.126), 
although Serum-II0 level was elevated compared to Serum-I0 (p<0.001) and it was much elevated in Bile-I0 
(p<0.001). HDL-C levels were also similar (p>0.05) among NCs, Serum-I0 and Serum-II0, but it was higher in 
Bile-I0 significantly (p<0.001). It was evident from the results that changes in lipid profile in cholelithiasis were 
significant and interesting, but a very complex one and cholecystectomy did have significant impact onthem [21].  

In a further report in 2018, the first of its kind from Dhaka, we documented abnormal levels of Mucin1 and 
CEPT in our patients with GD. We found that both Mucin1 and CETP levels were raised in Pts-(Serum-I0) signifi-
cantly. A large proportion of patients had higher levels of Mucin1, but large number of patients had CETP levels 
within the normal range in Pt-(Serum-I0). Interestingly, this was changed in Pts-(Serum-II0) that significant propor-
tion of patients had higher CETP levels after cholecystectomy in Pt-(Serum-II0) [23]. In the present article, accor-
dingly, we have reported our findings on further statistical analyses regarding associations among components of 
the lipid profile (TG, TC, LDL-C, HDL-C), Mucin1 and CETP status in the same patients with GSD. 

The significant findings that Pts-TG (Serum-I0) vs Pts-TG (Serum-II0) (p=0.001) (Table 1), Pts-TC (Serum-I0) vs 
Pts-TG (Serum-II0) (p=0.025) (Table 2), Pts-LDL-C (Serum-I0) vs Pts-LDL-C (Serum-II0) (p=0.022) (Table 3), 
Pts-Mucin1 (Serum-I0) vs Pts-Mucin1 (Serum-II0) (p=0.000) (Table 5), Pts-LDL-C (Serum-I0) vs Pts-LDL-C (Se-
rum-II0) (p=0.044) (Table 8), Pts-LDL-C (Serum-I0) vs Pts-Mucin1 (Serum-II0) (p=0.026) (Table 8), Pts-HDL-C 
(Serum-I0) vs Pts-Mucin1 (Serum-I0) (p=0.024) (Table 9), Pts-HDL-C (Serum-I0) vs Pts-Mucin1 (Serum-II0) 
(p=0.005) (Table 9) and Pts-HDL-C (Serum-I0) vs Pts-Mucin1 (Bile-I0) (p=0.026) (Table 9) suggested that complex 
interactions occur among lipid profile components and Mucin1 status in cholelithiasis and cholecystectomy had 
profound impact on them. Regarding lipid profile and CETP status, significant associations were obtained for 
Pts-TC (Bile-I0) vs Pts-CETP (Serum-II0) (r=0.384, p=0.045) (Table 11), Pts-HDL-C (Serum-I0) vs Pts-CEPT (Se-
rum-II0) (r=0.388, p=0.023) (Table 13) and NCs-HDL-C (Serum-I0) vs Pts-CETP (Bile-I0) (r=0.415, p=0.028) (Ta-
ble 13) and Pts-CETP (Serum-I0) vs Pts-CETP (Serum-II0) (r=0.384, p=0.045) respectively. Although complex and 
difficult to interpret, these significant associations (correlations) indicated that CETP is possibly involved in the 
reverse-cholesterol transport pathway as an important factor in GSD to mobilize cholesterol for excretion through 
HDL. We showed and reported previously in the same respondents that alterations in serum CETP and Mucin1 sta-
tus in GSD were significant and laparoscopic cholecystectomy had profound impact on them relevant to their me-
tabolism [23]. 

GSD is a metabolic problem which correlates with lipid abnormalities, adiposity, diabetes mellitus, hypertension 
and metabolic syndrome [35, 36]. Lecithin cholesterol acyltransferase (LCAT) which esterifies cholesterol on HDL, 
plays an important role in reverse-cholesterol transport. CETP also plays a key role in this pathway because signif-
icant fraction of cholesterol that is removed from cells by HDL is transferred as cholesterol esters onto LDL by 
CETP and eventually removed from the circulation by hepatic LDL-receptor [28, 29, 30]. These suggested that 
Mucin1 and CEPT levels may have implications in the process of gallstone formation with strong associations 
(correlations) in GSD. In recent times, cholesterol gallstone disease is considered as a metabolic syndrome which 
correlates with lipid abnormalities, particularly low HDL-cholesterol, hypertriglyceridemia and high homocysteine 
levels [37-40]. 

As stated earlier, recently Zhang et al reported results of their multi-center cross-sectional study and me-
ta-analysis showing that low HDL cholesterol levels and high triglyceride levels are risk factors for cholelithiasis i.e. 
GSD and provided a basis to identify the population at high risk for GSD and implementing tertiary prevention 
strategies for GSD, thus contributing to GSD prevention as well as disease burden relief [26, 27]. It is interesting to 
note that these observations were similar to, and supported, our reported findings on lipid profile in Bangladeshi 
patients with Cholelithiasis i.e. GSD some years ago in 2016 [21, 22]. But, Zhang et al did not report any results on 
the associations (correlations) of lipid profile with Mucin1, CETP or other factors involved in the pathogenetic 
process of GSD i.e. cholelithiasis [26, 27]. 

It is widely accepted that the primary event in the aetiopathogenesis of GSD is an altered metabolism of lipids, 
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Lp(a), apolipoproteins (A1, B100, E), Mucin1, CETP and other factors [3, 12-14, 23, 25, 29, 30]. Considering the 
complexity of these molecular mechanisms in the formation of gallstone, definitely further studies are warranted 
involving more patients in the future. 
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