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The total concentration of calcium in bile is much higher (25 meq/lt) than the plasma concentration
due to calcium binding by other components of bile, especially bile salts®. Vitamin D plays an important
role in regulation of bile salts and megalin thus preventing gallstones. Since an increase in Biliary Calcium
was found during gallstone formation in various studies. In present study an attempt was done to see if
Vitamin D deficiency causes a rise in Biliary Calcium and precipitating gallstones.In present study a
negative poor correlation was also observed between Biliary Calcium and Serum Calcium (r= -0.02)
i.e. if Serum Calcium levels fall the Biliary Calcium level may increase but such finding was not
significant statistically (p=0.83). In all patients calcium in bile was higher than serum suggesting the
ability of gallbladder to concentrate calcium in gallbladder bile that may lead to stone formation.In
the present study the mean Serum Vitamin D3 level was 13.16+6.76 ng/ml which shows deficiency
of vitamin D3 in patients of gallstones.
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INTRODUCTION

There is a steep rise in incidence of cholelithiasis in Indian
population. There is no definitive theory is there to explain this
rise in incidence of gallstone disease. The most accepted
hypothesis is the changing dietary habits. Other reason of rise
in incidence may be the advent of ultrasonography leading to
early and easy diagnosis of asymptomatic gallstones patients.
Although no gene has been identified in human beings but
LITH gene has been identified in mice having role in formation
of cholesterol gallstone (Helen, 2010). This study is done to
assess the role of Calcium in pathogenesis of Gallstones and
Correlation of Serum Vitamin D3 and Biliary Calcium levels in
Gallstone Disease. The total concentration of calcium in bile is
much higher (25 meq/It) than the plasma concentration due to
calcium binding by other components of bile, especially bile
salts (Henry, 2007). The binding-affinity of bile salts for
Calcium ions is particularly strong and accounts for the
majority of bound Calcium in bile. Thus total calcium in bile
may be separated into two fractions bound and free calcium
(free ionized calcium). All calcium in bile is in the ionized state
and free ionized calcium is synonymous with unbound calcium
(Williamson, 1979; Williamson, 1980; Rajagopalan, 1982;
Moore, 1982; Shiffman, 1992 and Gleeson, 1994).
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The calcium buffering action of bile salts prevents precipitation
of calcium and thus formation of stones. If this buffering action
of bile salts is absent or there is high level of calcium in bile
then gallstones may get precipitated. Fisher et al (2009) found
Vitamin D3 deficiency in 45.6 % of patients with biliary and
pancreatic disorders (Fisher, 2009). So, the present study was
designed to see the levels of Serum Calcium, Serum Vitamin
D3 and Biliary Calcium in gallstone patients and to see if there
exists any correlation in levels of Serum Vitamin D3, Serum
Calcium and Biliary Calcium.

MATERIAL AND METHODS

The prospective study design was used. The study was
conductedon a group of 115 patients who were admitted for
Cholecystectomy (Laproscopic) during period of 1 year 20
days in Department of General Surgery in multispeciality
hospital, Lucknow, India. The study was approved by the
ethical committee and scientific committee of the institute and
the consent was taken from each patient. Patients suffering from
cholelithiasis confirmed by ultrasonography admitted in the
surgical ward for laproscopic cholecystectomy were included in
the study irrespective of their age, sex and parity. Patients
suffering from empyema and mucocele of the gall bladder were
excluded from the study. Blood sample was taken for evaluation
of Serum Calcium and Serum Vitamin D3 one day before
surgey. For evaluation of Biliary Calcium, bile sample was
taken from gallbladder at the time of laproscopic
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cholecystectomy. Serum Calcium was estimated using calcium
reagent by a timed endpoint method. In this reaction calcium
combines with Arsenazo III to form a bluish purple coloured
product. The SYNCHRON CX System automatically
proportions the appropriate sample and reagents volumes into
the cuvette. The ratio used was one part sample to 100 parts
reagent. The system monitors the change in absorbance at 650
nm. The change in absorbance is directly proportional to the
concentration of calcium in the sample and was used by the
system to calculate and express calcium concentration. Serum
Vitamin D3 was estimated using enhanced Chemiluminescence
method. For the estimation of Biliary Calcium, bile was
centrifuged at 3000 rpm for 3 minutes followed by estimation
of calcium using calcium reagent similar to that of estimation
of Serum Calcium.

DATA ANALYSIS AND RESULTS

The following results were found on analysis of data obtained
from gallstone patients.

Age and Sex distribution of Gallstone patients

Table 1. Age and Sex distribution of the Gallstone patients

Age in years Male Female Total
No. % No. % No. %

<30 3 15.0 17 85.0 20 17.4
30-40 7 212 26 78.8 33 28.7
41-50 6 222 21 77.8 27 235
51-60 3 13.0 20 87.0 23 20.0
>60 3 250 9 75.0 12 10.4
Total 22 19.1 93 80.9 115 100.0

Chi-square=1.29, p=0.86 (Age vs. gender)
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Fig. 1. Age and sex distribution of the patients

Table no. 1 and Figure no. 1 depicts the age and sex
distribution of the patients of gallstone disease. The average
age of the patients was 42.45 (£14.05) years. 52.2% of patients
were from age group 30-50 years of which most were females
(30-40 yr: 78.8%) (41-50 yr: 77.8%). 20% of total patients
were of age group 51-60 yrs, 17.4% were less than 30 yrs and
10.4% of patients were more than 60 year old. 89.9% of total
patients were females while only 19.1% were males. There
was no statistically significant difference between age and
gender (p>0.05) of gallstone patients.

Biochemical parameters among gallstone patients

Table no.2 shows the mean value of different biochemical
parameters among the gallstone patients included in study. The
mean Serum Vitamin D3 level was 13.16+6.76 ng/ml showing
the deficiency of Vitamin D3 in study group. The mean Serum

Calcium level was 9.01+0.64 mg/dl which is within normal
range whereas mean Biliary Calcium was 14.02+2.76 mg/dl
showing less than normal levels of calcium in bile but mean
calcium in bile is higher than mean Serum Calcium showing
calcium getting concentrated in gallbladder bile.

Table 2. Mean value of biochemical parameters in gallstone
patients in study

Mean Value
(n=115)
13.16+6.76 ng/ml

Biochemical
parameters

Normal range

Serum Vitamin D3 <20 ng/ml (Deficiency)
20-30 ng/ml(insufficiency)

30-100 ng/ml (Sufficiency)

>100 ng / ml (Toxicity)
Serum Calcium 8.5-10.2 mg/dl 9.01+0.64 mg/dl
Biliary Calcium’ 50 mg/dl 14.02+2.76 mg/dl

Correlation between Serum Vitamin D3, Serum Calcium
and Biliary Calcium

Table 3 below depicts the correlation among the Vitamin D3,
Serum Calcium and Biliary Calcium.

Table 3. Correlation between the Serum Vitamin D3, Serum
Calcium and Biliary Calcium

Serum Serum Biliary
Vitamin Calcium Calcium
D3
Serum Pearson 1
Vitamin D3 Correlation
coefficient ()
p-value
Serum Pearson -0.06 1
Calcium Correlation
coefficient ()
p-value 0.50
Biliary Pearson -0.18 -0.02 1
Calcium Correlation
coefficient (r)
p-value 0.06 0.83

There was negative poor correlation between levels of Serum
Vitamin D3 and Serum Calcium (1= -0.06) in the studythat was not
statistically significant (p=0.50). The correlation between Serum
Vitamin D3 and Biliary Calcium (= -0.18) was also negative poor
correlation showing a rise in Biliary Calcium with deficiency of
Vitamin D3 although this correlation was not statistically significant
(p=0.06). A negative poor correlation was also observed between
Biliary Calcium and Serum Calcium (= -0.02) showing a rise in bile
calcium with deficiency of Serum Calcium but this was also not
found to be significant statistically (p=0.83).

DISCUSSION

The present study was designed to see levels of Serum
Calcium, Biliary Calcium and Serum VitaminD3 in patients of
cholelithiasis, to see correlation in levels of Serum Calcium,
Biliary Calcium and Serum Vitamin D3 in patients of
cholelithiasis and to see if there exists any role of Vitamin D3
and abnormal calcium metabolism in these patients. In the
present study the average age of the patients was 42.45
(£14.05) years of which most were from age group 30-50 yrs.
About one fourth of the patients were in the age groups of 30-
40 (28.7%) and 41-50 (23.5%) years. However, 20% of the
patients were in the age group of 51-60 years and 17.4% were
below 30 years. Only 10.4% of the patients were above 60
years. Majority of the patients were females (80.9%). Sayeedet
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al., (2011) studied the prevalence of gallbladder diseases in
Northern India (Uttar Pradesh and Bihar)'’. The
ultrasonography revealed a prevalence of gallstone disease
4.15% of which 5.59% were females. A significantly increased
risk was seen in females >50 years, multi-para and a genetic
history. In the present study, the mean Serum Calcium was
9.014£0.64 mg/dl that was within normal range. Vermaet al
(2002) had also reported higher serum level in gallstone
formers''. Shareef et al (2009) in his study on the correlation
between chemical components of gallstones and metal contents
of sera of gallstone formers found that there was moderate
(positive and negative) correlation between the calcium
content of the serum and the cholesterol, pigment and mixed
gallstones (r=0.202, -0.213 and -0.210 respectively). In a
study, the mean serum concentration for calcium in gallstone
formers (13.24+4.6mg/dl) compared to control subjects (9.96
+4.5mg/dl) was higher'”. This finding was in line with other
investigators who reported that high levels of cholesterol and
calcium in serum leads to increase in their level in bile
followed by their co-precipitation as calcium salt of cholesterol
(Cholesterol + calcium carbonate) to form cholesterol
gallstones’.

The Biliary Calcium concentration plays a part in bilirubin
precipitation and gallstone calcification. Many patients with
gallstones  have increased Biliary Calcium, with
supersaturation of calcium carbonate. Calcium intake seems to
be inversely associated with gallstone prevalence. Dietary
calcium decreases cholesterol saturation of gallbladder bile by
preventing the reabsorption of secondary bile acids in the
colon " Mean Biliary Calcium level was 14.02+2.76 mg/dl
which was well above the Serum Calcium levels reflecting
concentration of calcium in bile within the gallbladder. In
study bile samples from 62 patients with cholesterol gallstones,
12 with pigment gallstones, and 10 with normal gallbladders
undergoing operation wereexamined, both total and ionized
calcium were linearly related to total bile salt concentration.
When groups of patients were compared, no differences in
calcium concentrations were found between control patients
and patients with either type of gallstone. It was suggested for
such a difference may be as the operation for symptomatic
gallstones occurs years after gallstone formation. Calcium
elevations might be transient and these data could not exclude
calcium abnormalities during active formation of
gallstones'.In canines elevated Biliary Calcium was found to
play a role in gallstone formation'®. Study in patients
undergoing Gastric bypass found that increased calcium in bile
was present during formation of gallstones but not later after
gallstone stone formation or at time of surgery ''®. In present
study a negative poor correlation was also observed between
Biliary Calcium and Serum Calcium (r= -0.02) i.e. if Serum
Calcium levels fall the Biliary Calcium level may increase but
such finding was not significant statistically (p=0.83). In all
patients calcium in bile was higher than serum suggesting the
ability of gallbladder to concentrate calcium in gallbladder bile
that may lead to stone formation. In another study Prasheedaet
al (2005) " observed a significant positive correlation between
Calcium in Cholesterol stone and Bile while an insignificant
correlation between calcium in serum and bile. In mixed stones
negative insignificant correlation was seen between calcium of
stone and bile while there was insignificant positive relation
between calcium in serum and bile. In pigment stones an
insignificant negative correlation was seen in calcium of serum
and bile.

In the present study the mean Serum Vitamin D3 level was
13.16+6.76 ng/ml which shows deficiency of vitamin D3 in
patients of gallstones. In 1979, Kobayashi et al measured
Serum 25-hydroxy-vitamin D (25-OHD) concentrations in 49
patients with hepatobiliary disease in infancy. Low mean
values were found in groups of patients with biliary atresia,
neonatal hepatitis, choledochal cyst, and chronic intrahepatic
cholestatic syndrome™. Fisher et al (2009) ° determined
vitamin D status in patients with biliary and pancreatic
disorders. In 90 consecutive patients (meantSD age, 65.5+17.7
years; 45  females) undergoing endoscopic  retrograde
cholangiopancreatography (68 with choledocholithiasis, 14 with other
benign condition, and 8 with cholangiopancreatic cancers) fasting
concentrations of carboxylated (cOC), the 25-hydroxyvitamin
D was measured. Vitamin D deficiency (25-hydroxyvitamin D
<50 nmol/L) was found in 45.6% of patients. In the present
study, there was poor negative correlation between Serum
VitaminD3 and Serum Calcium (r= -0.06) which was
statistically not significant p=0.50). Vitamin D plays an
important role in regulation of bile salts and megalin thus
preventing gallstones. Since an increase in Biliary Calcium was
found during gallstone formation in various studies. In present
study an attempt was done to see if Vitamin D deficiency causes a
rise in Biliary Calcium and precipitating gallstones. In present
study, Serum VitaminD3 and Biliary Calcium (r=-0.18) showed a
poor negative correlation reflecting a rise in calcium levels in bile
if Vitamin D3 was deficient but this correlation was poor and
statistically not significant (p=0.06).

Conclusion

On the basis of the data analyzed in the study group, the
following conclusions were drawn about the Gallstone Patients
involved in study:

e The mean Serum Vitamin D3 level was 13.16+6.76
ng/ml suggesting a deficiency of vitamin D3 in the
study group. Mean level of Serum Vitamin D3 was
found to be lower among males (12.40+4.00ng/ml) as
compared to females (13.34+7.26 ng/ml) in the study.
Serum Vitamin D3 was least among 41-50 yr age group
(12.36+5.24 ng/ml) and 51-60 yr age group (12.83+4.40
ng/ml).

e The mean Serum Calcium level was 9.01+£0.64 mg/dl
and mean Biliary Calcium was 14.0242.76 mg/dl
showing much higher levels of calcium in bile of
gallstone disease patients indicating concentrating
ability of gallbladder for calcium.

e There was negative poor correlation between Serum
Vitamin D3 and Biliary Calcium (r= -0.18). Thus
deficiency in Serum Vitamin D3 may cause increase in
Biliary Calcium levels. Although this correlation was
not found to be statistically significant as p=0.06.

e A negative poor correlation was also observed between
Serum Calcium and Biliary Calcium (r= -0.02). Thus a
decrease in Serum Calcium may lead to increase in
Biliary Calcium levels but this correlation was not
statistically significant (p=0.83).
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