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Abstract
Introduction: Gallstone disease (GSD) is a very common condition worldwide and the key event in the cholesterol stone
formation is the supersaturation of bile with cholesterol. The role of trace elements like iron, calcium has been suggested in the
pathogenesis of gallstones. Both iron deficiency and GSD are more prevalent in India. With this background, we studied the
frequency of iron deficiency anaemia in GSD patients.
Methods: This prospective observational study enrolled 150 adult patients undergoing laparoscopic cholecystectomy for
symptomatic GSD in a north-Indian tertiary care hospital. Complete hemogram, serum ferritin, iron and unbound iron-binding
capacity (TIBC) were performed in all patients. To simplify interpretation, anaemia was defined as Hb <12gm/dl; iron
deficiency was defined as either ferritin value lower than the reference range, or, if the ferritin was within the reference range,
reduced % transferrin saturation with normal-or-high TIBC.
Results: Anaemia was present in 66% and 77.3% were having iron deficiency; of which 84.5% were females. Iron deficiency
with anaemia was present in 72.4%; therefore remaining patients had latent iron deficiency. Serum ferritin was normal or
raised in 52 (68.1%) patients with iron deficiency, indicating that it is insensitive as a stand-alone test for iron deficiency.
Conclusion: At a public health level, our results may suggest that addressing the problem of endemic iron deficiency may also
reduce the possible development of GSD in the community. Thus, pre-operative assessment of iron status appears to be a
cautious choice in all patients planned for cholecystectomy as indirectly it will address the problem of anaemia in the
population.
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Introduction
Gallstone disease (GSD) is a very common condition
worldwide with variable prevalence according to geographic
location and ethnicity. The reported incidence in India is
4.3% [1-3]. Clinical presentations range from asymptomatic
states, flatulent dyspepsia and acute cholecystitis to
complications like chronic cholecystitis, empyema,
gangrene,
bilio-enteric
fistula,
choledocholithiasis,
pancreatitis or malignancy. Cholesterol is the major
component of most gallstones; and the key event in the
cholesterol stone formation is the supersaturation of bile
with cholesterol. There is increased hepatic uptake and
biliary secretion of cholesterol with increased
hydroxymethyl glutaryl coenzyme A reductase activity.
Pigment stones containing mainly calcium bilirubinate and
<20% cholesterol are seen secondary to hemolytic disorders
[4, 5]
. The role of iron, calcium and other trace elements like
zinc and copper has been evaluated in the pathogenesis of
gallstones [6-9]. Iron is required by various intracellular and
hepatic enzymes involved in cholesterol metabolism. It also
acts as a coenzyme for the nitric oxide synthetase (NOS)
enzyme which is involved in nitric oxide (NO) synthesis.
Decreased NO formation in iron deficiency has been
postulated to impair gallbladder smooth muscle relaxation
and contraction of the sphincter of Oddi leading to

gallbladder stasis and an increased risk of gallbladder stone
formation [10-12]. Iron deficiency also leads to increased
serum and bile concentrations of transferrin, which is a
cholesterol pronucleator and increases risk of gallstones.
Iron deficiency additionally leads to alterations of liver
enzymes involved in cholesterol metabolism, like
cholesterol7α-hydroxylase which is involved in cholesterol
metabolism and synthesis of bile acids. Defective 7αhydroxylase leads to decreased bile salts and increased
biliary cholesterol leading to supersaturation of bile,
promoting cholesterol crystal formation [6].
The prevalence of iron deficiency anaemia (IDA) in India
approaches 53%.Iron deficiency per se (with or without
anemia) is nearly 2.5 times more prevalent than IDA;
rendering
it
the
commonest
nutritional
deficiency.13Adolescent girls and women of childbearing
age are more commonly affected due to increased iron
demand, menstrual blood losses, and (in developing
countries), poorer overall nutrition and healthcare access.
IDA is also commoner in multiparous women who also
show higher prevalence of GSD [13, 14]. Insights into factors
that contribute to gallstone formation can therefore have
public health implications, and can aid institution of
preventive measures. With this background, we studied the
frequency of iron deficiency anaemia in GSD patients.
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Methods
This prospective observational study was conducted in the
departments of General Surgery and Hematology of a large,
north-Indian state-funded, tertiary care teaching hospital and
research institution from June 2019-December 2020. We
enrolled 150 adult patients undergoing laparoscopic
cholecystectomy for symptomatic GSD after obtaining
informed written consent and institutional ethical committee
approval (NK/5643/MS/982). GSD was diagnosed on
abdominal ultrasonography. Patients with a history of oral
iron supplementation, oral contraceptives, clofibrate,
ceftriaxone, octreotide, those who had terminal ileal Crohn
disease, had undergone ileal resection, ileostomy,
vagotomy, or had any known iron storage disorders were
excluded.
Complete hemogram (DxH900 analyser, Beckman Coulter,
FL, USA), serum ferritin (Cobas e411 chemiluminescence
analyzer, Roche, Switzerland), iron and unbound ironbinding capacity (UIBC), lipid profile and liver function
tests [EM Destiny 180 biochemical analyser, Transasia,
Mumbai, India] were performed in all patients. Total iron
binding capacity (TIBC = serum iron+UIBC) and transferrin
saturation percentage (serum iron x 100 /TIBC) were
calculated.
To simplify interpretation, anemia was defined as Hb
<12gm/dl (incorporating the WHO cut-off of <12 gm/dl for
non-pregnant women). Iron deficiency was defined as either
ferritin value lower than the reference range (unequivocal
iron deficiency), or, if the ferritin was within the reference
range, reduced % transferrin saturation with normal-or-high
TIBC (these patients were labelled as having iron deficiency
with coexisting inflammation) [15, 16].
Statistical analysis
Descriptive statistics were used to describe different
variables. Quantitative variables were reported as mean ±
SD and range while qualitative variables were described in
proportions. Means were compared by Student’s t-test or
variance analysis. The χ2test was used to detect
association(s) between categorical variables. All statistical
tests were two sided and with a significance level of p<0.05.
Statistical analysis was performed on Microsoft Excel 2019
(Microsoft, Redmond, WA) and SPSS (Statistical Software
for Social Sciences) software version 20.0 (IBM Corp.,
Armonk, NY).
Results
Of the 150 patients, 110 (73.3%) were females. Age ranged
from 18-80 years and 40% were in the 31-to 50 year age
group. Mean hemoglobin was 11.6±1.5 gm% (range 7.0 to
16.0). Ninety-nine patients (66%) had Hb <12 gm%, the
majority being females (n=79). Of the total 110 female
patients, 71.8% were anaemic by the WHO cut-off. Mean
haemoglobin among women was 11.33±1.25 (range 7.0 to
14.8) and among men was 12.39±1.87 (range 8.6 to 16.0)
gm%.
Of the 150 patients, only 31 (20.7%) had normal iron
parameters, 64 (42.7%) had iron deficiency alone (i.e.
reduced ferritin), 52 (34.7%) had iron deficiency with
features of coexisting inflammation (i.e. normal range
ferritin but with reduced percentage transferrin saturation),
one had inflammation alone (raised ferritin with reduced
TIBC) and 2 had iron excess (high ferritin, serum iron and
percentage transferrin saturation).Patient break-up based on
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the iron profile is shown in Figure 1.
Hence, overall, 116 (77.3%) patients had iron deficiency,
either alone or in conjunction with anemia of inflammation.
Of these 116 iron deficient patients, 93 (80.2%) were
women. The frequency of iron deficiency among female
patients was 84.5% (93/110) and among male patients was
57.5% (23/40). Of the patients with iron deficiency, 84
(72.4%) had anaemia (i.e. Hb <12 gm%), the remainder had
latent iron deficiency.
On comparison of various clinical and laboratory parameters
in patients with and without iron deficiency (Table 1), the
iron deficient subset had significantly higher numbers of
female patients and significantly lower haemoglobin, serum
iron, percentage transferrin saturation and ferritin as
compared to patients who were not iron deficient. Although
the iron deficient patients also had significantly lower total
bilirubin as well as AST levels, since the mean values of
these parameters in both groups were within their respective
normal ranges, they were not analysed further.
Discussion
Both iron deficiency and gallstone disease are more
prevalent in females with the latter showing male-to-female
ratio of 1:4 [3]. In our cohort, 73.3% were females with a
majority in the 4thor 5th decades of life. Gallstones
commonly occur in fat, fertile, flatulent females around
forty due to the effect of female hormones (oestrogen and
progesterone) on the biliary tract. However, GSD is also
seen in males, thin and young females suggesting that there
must be additional mechanisms favouring gallstone
formation.
We observed anemia in 66% of gallstone patients; of which
71.8% were females. Iron deficiency was present in a 77.3%
of our cases; of which 84.5% were females. Although
initially astonishing, it must be viewed in light of the fact
that iron deficiency is the commonest cause of anemia in
India (53%), and the patients coming to a government
subsidized hospital possibly do not represent economically
very well-off sections of Indian society [14, 17].
Even so, our observation that iron deficiency with anemia
was present in majority of GSD patients suggests that
assessment of iron status must be performed routinely in
these patients. The complete iron profile is superior to
serum ferritin alone in detecting patients in whom the latter
is not reduced due to co-existing inflammation. Hemoglobin
concentration alone only indicates the severity of anemia; it
cannot be used to diagnose iron deficiency.
We did not find significant differences in serum cholesterol
levels in our patients with or without iron deficiency. One
postulated mechanism for gallstone formation in iron
deficiency include alterations in the hepatic enzyme
metabolism, leading to supersaturation of bile with
cholesterol irrespective of serum cholesterol levels. In a
prospective analysis of 100 patients of GSD; Misra et al
found that in patients with iron and calcium deficiency, bile
cholesterol levels were high along with a low serum-to-bile
cholesterol ratio in women. They concluded that increased
biliary cholesterol along with decreased serum iron and
serum calcium results in supersaturation of bile with
cholesterol, alteration in gallbladder motility and increased
crystallisation in the gallbladder [7]. Johnston et al also
showed that iron deficiency can alter hepatic cholesterol
enzyme metabolism and increases gall bladder crystal
formation leading to gallbladder stone formation in animals
18

International Journal of Surgery and Surgical Research

who were given the iron-deficient diet [6].
At a more immediate and clinical level, the presence of
anaemia is an independent predictor of outcome for patients
undergoing laparoscopic cholecystectomy; and is known to
correlate with several compilations including increased
transfusion requirement, higher rates of wound and urinary
tract infections and venous thromboembolism, and increased
operating time as well as hospital stay [18]. Thus, preoperative assessment of iron status appears to be a judicious
choice in all patients planned for cholecystectomy.
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for cholecystectomy as indirectly it will address the problem
of anaemia in the population.

Conclusion
At a public health level, our results may suggest that
addressing the problem of endemic iron deficiency may also
reduce the possible development of gallstone disease in the
community. Accordingly, pre-operative assessment of iron
status appears to be a cautious choice in all patients planned

Fig 1: Distribution of patients as per iron profile parameters

Table 1: Comparison of demographic and laboratory parameters in patients with and without iron deficiency
Parameter
Iron deficient patients (n=116)
Age (years)
44±15.1 (19-78)
M:F
23:93
Hemoglobin (gm%)
11.4±1.3
Serum iron (µg/dL)
36.6±17.5 (9.7-110)
Transferrin saturation (%)
12.4±5.6 (3.0-44.7)
Ferritin (ng/mL)
56.81±93.1 (3.5-659)
TIBC (µg/dL)
298.2±57.9 (130-461.8)
Alanine aminotransferase (IU/L)
43.5±32.3 (6-187.5)
Aspartate aminotransferase (IU/L)
30.9±16.4 (9.2-117.6)
Total bilirubin (mg/dL)
0.6±0.5 (0.1-4.6)
Conjugated bilirubin (mg/dL)
0.4±0.4 (0.04-4.5)
Cholesterol (mg/dL)
175.8±47.6 (80.6-509.2)
All p-values by paired T-test, except M: F ratio by Chi-square test

References
1. Tandon RK. Prevalence and type of biliary stones in
India. World J Gastroenterol,2000:6(3):4-5. doi:
10.3748/wjg.v6.iSuppl3.4
2. Cariati A. Gallstone Classification in Western
Countries. Indian J Surg,2015:77(2):376-380. doi: 10.
1007/s12262-013-0847-y
3. Unisa S, Jagannath P, Dhir V, Khandelwal C, Sarangi
L, Roy TK. Population‐based study to estimate
prevalence and determine risk factors of gallbladder
diseases in the rural Gangetic basin of North India.
HPB,
2011:13(2):117-25.
doi: 10.1111/j.14772574.2010.00255.x
4. Dowling RH. Pathogenesis of gallstones. Aliment
Pharmacol
Ther:
14(s2):39-47.
https://doi.org/10.1046/j.1365-2036.2000.014s2039.x
5. Carey MC. Pathogenesis of gallstones. Am J Surg,
1993:165(4):410-9.
DOI:
10.1016/s00029610(05)80932-8
6. Johnston SM, Murray KP, Martin SA, Foxtalbot K,
Lipsett PA, Pitt HA. Iron deficiency enhances
cholesterol gallstone formation. Surg,1997:122(2):35461. DOI: 10.1016/s0039-6060(97)90027-1
7. Misra PK, Kumawat S, Kharb S. Role of trace elements
in the formation of gall stones. Asian J
Biochem,2014:9:213-220.DOI:
10.3923/ajb.2014.213.220
8. Prasad PC, Gupta S. To study serum iron levels in
patients of gall bladder stone disease and to compare
with healthy individuals. Indian J Surg,2015:77(1):19-

9.

10.

11.

12.

13.

14.

15.

Non-iron deficient patients (n=34)
47.1±16.4 (19-80)
17:17
12.4±1.8
88.9±46.0 (41.2-285.2)
31.9±13.0 (20.3-73.8)
141.3±89.1 (30.9-424.9)
282.0±64.7 (67.9-414.6)
49.0±68.7 (11-313.8)
43.5±53.0 (9-318)
0.9±0.6 (0.3-2.3)
0.3±0.3 (0.1-1.6)
166.2±35.7 (86.7-255.5)

P-value
0.303
0.006
0.002
0.001
0.001
0.001
0.165
0.514
0.026
0.004
0.179
0.278

22. DOI: 10.1007/s12262-012-0739-6
Dadhich Y, Bhardwaj G, Goel G, Mandia R.
Correlation of serum iron and ferritin levels in patients
of cholelithiasis and comparison with healthy
individuals. Int J Surg,2019:6(6):1981-1986. DOI:
http://dx.doi.org/10.18203/2349-2902.isj20192221
Goldblatt MI, Swartz-Basile DA, Choi SH, Rafiee P,
Nakeeb A. Iron deficiency transiently suppresses biliary
neuronal
nitric
oxide
synthase.
J
Surg
Res,2001:98(2):123-128. DOI: 10.1006/jsre.2001.6196
Swartz-Basile DA, Goldblatt MI, Blaser C, Decker PA,
Ahrendt SA, Sarna SK. Iron Deficiency Diminishes
Gallbladder Neuronal Nitric Oxide Synthase. J Surg
Res,2000:90(1):26-31. DOI: 10.1006/jsre.2000.5827
Salomons H, Keaveny AP, Henihan R, Offner G,
Sengupta A, Lamorte WW, Afdhal NH. Nitric oxide
and gallbladder motility in prairie dogs. Am J
Physiol,1997:272(4Pt1):G770-8.
https://doi.org/10.1152/ajpgi.1997.272.4.G770
Abbaspour N, Hurrell R, Kelishadi R. Review on iron
and its importance for human health. J Res Med
Sci,2014:1992):164-174.PMC3999603,
PMID:24778671
Kumari R, Raushan KB, Singh K, Sinha A, Kumar S.
Prevalence of Iron Deficiency and Iron Deficiency
Anaemia in Adolescent Girls in a Tertiary Care
Hospital.
J
Clin
Diagn
Res,2017:11(8):4-6.
Doi: 10.7860/JCDR/2017/26163.10325
Peng YY, Uprichard J. Ferritin and iron studies in
anaemia
and
chronic
disease.
Ann
Clin
19

International Journal of Surgery and Surgical Research

www.surgeryjournals.net

Biochem,2017:54:43-48.DOI:
10.1177/0004563216675185
16. Johnson-Wimbley TD, Graham DY. Diagnosis and
management of iron deficiency anaemia in the 21st
century. Therap Adv Gastroenterol,2011:4(3):177-184.
doi: 10.1177/1756283X11398736
17. Rai RK, Fawzi WW, Barik A, Chowdhury A. The
burden of iron-deficiency anaemia among women in
India: how have iron and folic acid interventions fared?
WHO South East Asia J Public Health,2018:7(1):18-23.
DOI: 10.4103/2224-3151.228423
18. Al-Mulhim AS. Laparoscopic cholecystectomy in
anemia patients: a retrospective cohort study.
International Surgery Journal,2018:5(2):643-646. DOI:
http://dx.doi.org/10.18203/2349-2902.isj20180368

20

