Obesity, Dyslipidemia and Cholesterol Gallstone
Disease during one year of Antarctic Residence

M Premkumar, T Sable

National Centre for Antarctic and Ocean Research, Headland Sada, Goa, India

Introduction

The Antarctic environment has exposed humans to extremes of low
temperatures, low relative humidity, increased electromagnetic radiation and
both social and geographical isolation. The cumulative effect of the circumpolar
environment on human physiology, diet, metabolism, and psychology is being
studied in various populations wintering in the natural laboratory of Antarctica.
We report the dietary and metabolic factors resulting in the development of
gallstone disease (GD) in six of 20 wintering expedition members during 1 year
of Antarctic residence. The effect of the isolated Antarctic environment on
biliary disease has not been reported previously. Indigenous inhabitants of the
Arctic Polar Regions have been reported to have higher prevalence of obesity
and gallstone disease’. A study undertaken in the rural population of Siberia in
Russia reported that acalculous chronic cholecystitis and cholelithiasis were
found in 8.5 and 8.8 of migrants to thatregion, respectively, compared to 4.5 and
1.5 of Aborigines, respectively, and concluded that biliary disease in this polar
region was related to ethnic and geographical factors’. Dietary factors, physical
activity and energy expenditure, obesity and dyslipidemia affect the hepatic
secretion of cholesterol and saturation of bile leading to a lithogenic state. Thus,
residence in the Antarctic environment and the consequent lifestyle changes
predispose susceptible individuals to cholesterol GD.

Methods
Subjects and study design

Twenty members of the 30th Indian Scientific Expedition to
Antarctica (ISEA) were evaluated at baseline and prospectively followed up
over a period of 1 year of Antarctic residence, commencing November 2010.
Written informed consent from the subjects and ethical clearance was obtained
by an institutional ethics board of the National Centre of Antarctic and Ocean
Research, India. Data collected at the Indian research base Maitri (70°45'57/1S,
11°44'09"E) included monthly medical data (height, weight, waist: hip ratio,
body mass index, pulse rate and blood pressure), dietary intake, level of activity
and social habits (smoking, drinking, caffeine intake etc). Detailed dietary
analysis of food intake was assessed using a modified food frequency
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questionnaire, DHQ II (Diet History Questionnaire). Nutritive value of
prepared meals and traditional Indian foods was assessed using Indian food
composition tables and standardized food frequency questionnaires used in
Indian epidemiological surveys. A baseline ultrasound of the upper abdomen
(Selectra Ultrasound Scanner; Larsen and Toubro Medical Systems, India) was
conducted to image and record the liver and the biliary tract, including the gall
bladder size, wall thickness and presence of gallstones/biliary sludge. Blood
tests were taken at baseline and at 3, 6 and 11 months of Antarctic residence
using an autoanalyzer, and included fasting levels of serum total cholesterol,
triglycerides, high density lipoprotein (HDL) cholesterol and blood sugar.

Statistical analysis

The measurements obtained by the above-mentioned tests were used to
calculate mean values as a whole. Student's z-test was used for both
independent variables. The Students' z-test was performed to compare the
difference of means between groups. A p-value of less than 0.05 was considered
significant. Data were analyzed using Statistical Package for Social Sciences
v13 (SPSS Inc; www.spss.com).

Therapeutic interventions

Dietary modifications, exercise and drug therapy, including atorvastatin (20 mg
once daily at bedtime) and fenofibrate (200 mg once daily), were prescribed to
the four subjects with GD at 4 months and ursodeoxycholic acid (UDCA;
Ursotan®, Sanofi Aventis, Johannesburg, South Africa) was started in a dose of
600 mg/day. The subjects with biliary sludge were advised to begin dietary
modifications at 3 months. In cases where the sludge did not resolve, and there
was associated dyslipidemia, subjects were given a trial of lipid lowering agents
(atorvastatin and/ or fenofibrate) and 1 month of UDCA in a dose of 600 mg/ day
at 6 months.

Ethics approval

The study was approved by an institutional board constituted by the director of
the National Centre for Antarctic and Ocean Research; Ministry of Earth
Sciences, Government of India. The study numberis 247/2012.

Results

The mean age of the 20 male team members was 39 + 10.2 years. At baseline,
eight (40) were overweight, five (25) were obese, two (10) were underweight
and only five (25) had a body mass index (BM!) in the normal range We noted a
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progressive rise in the mean BMI during the expedition, the average weight gain
being 1.2 kg in the first quarter, 1.3 kg in the second quarter and 0.6 kg in the
third quarter. Of the subjects who subsequently developed biliary disease, three
out of six (50) were clinically obese at baseline, although their initial BMI was
not Significantly different from those who did not develop GD (p=0.092). At 3
months, however, these six subjects had a significantly higher BMI than those
without GD. There was an increasing trend in the mean waist: hip ratios and a
corresponding increase in the body fat percentage, while the lean body mass
remained relatively constant (Fig2). Symptomatic biliary disease was found in
four out of six subjects who reported dyspepsia, abdominal discomfort after
meals, back pain, and nausea. Two subjects with biliary sludge were
asymptomatic. One subject developed acute cholecystitis after 4 months and
was managed conservatively with antibiotic therapy.

Dietary assessment

Total caloric and fat intake was found to be higher and dietary fibre lower when
compared with the regular diet in India. Mean total calorie intake was 2927.04 £
472.05 kcal in summer and 2319.51 & 355.56 kcal in winter. Fat contributed to
34.7 of energy intake in summer as compared to 28.3 in winter (Table 1). Fresh
vegetables and fruit were only available during summer. However, since frozen
foods including meat, fish, poultry, and vegetables (carrots, spinach, peas, corn,
beans, and cauliflower) were readily available, there was no significant
difference in the daily staple diet. Nonetheless, the high energy intake can be
explained by consumption of calorie-dense precooked meals, instant noodles,
biscuits, and canned foods during field work in place of routine meals or as
snacks in summer. Smoking and alcohol consumption were not found to have
any correlation with the development of GD.

Table 1: Comparison of the daily nutrient intakes of the team members during
the polar summer and winter

Daily intake Season M=SD P-value
Summer Winter
Energy (kcal) 2927.04 £ 472.05 2319.51 £355.56 0
Energy (kJ) 12246.76 £ 1975.07 | 9704.86 + 1487.68 | 0
Protein (g) 109.65+ 19.75 86.56 £22.21 0.002
Total fat (g) 101.87 +17.06 72.94+ 12.41 0
CHO (g) 469.08 + 84.34 417.32472.13 0.026
Energy from fat (kcal) 1018.77 £ 170.65 656.50+111. 76 0
Energy [rom CHO (kcal) | 1876.33 +337.37 1669.31 + 288.52 0.020
Fiber (g) 1234 +4.5 10.91 £2.1 0.056
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Table 2: Serum lipid profile of the team during the expedition

Total cholesterol (mg/dI) Triglycerides (mg/ dl) HDL cholesterol (mg/ dl)
Variable Time (month) Time (month) Time (month)

0 3 6 12 0 3 6 12 0 3 6 12
GDI 215 231 172.6 2186 3179 429.7 155.7 288.6 65 65.5 22.9 26.8
G02 165 300.6 2298 3384 519.6 1294 2751 149.8 33 225 23.2 34.0
G03 166 3732 |2378 229.8 272 1743 2203 2781 |48 2147 289 23.2
G04 194 308.6 20S.2 172.5 378 126.9 109.3 3286 |[3S 218 229 24.0
Mean + SD 1895+ 286+ [230+ 224.4S.£] 308.01+ | 197.78+ | 195.66+ | 2244 + | 4133+ | 36.83+ | 28.19+ | 26.S
cases] 22.79 S4.34 [88.16 61.2 128.01 | 116.26 | 86.24 61.2 12.38 1S.37 4.49 +4.2
Mean + SDof | 178.34 £| 2S8.04 +£| 23S.01 £| 221.7 + |1S0.66 + | 112.73 £| 1S0.50+ | 221.7 + | 4541+ | 49.10+ | 4040+ | 26.S
14 members $8.97 76.19 79.49 69.9 $4.93 S0.76 | 89.18 69.9 6,57 9.92 13.14 +4.2
without GD~
P -value§ 0.286 0414 [0.911 0.118 0.014 0.031 0.729 0.936 |0.237 0.048 0.041 0.921

Table 3: Serum glycemicprofile of the team during the expedition

Serum glucose (mg/dL)
Time (months) Time (month)
0 6 12
GO1 116 114 86
G02 100 118 122
GO03 104 79.6 111
G04 114 114 131
Mean + SD of 6 cases 108 + 6.06 94.33 £22.88 106.3 +£18.8
Mean + SD of 14 members without GD~ 115.24+24.13 83.36+10.13 94.4£12.7
P -value§ 0.176 0.124 0.115
Dyslipidemia

Dyslipidemia including hypertriglyceridemia in four subjects (20),
hypercholesterolemia in nine subjects (45) and low HDL cholesterol in six

subjects (30) was seen to " Weight and BMI changes (n=20)
. 27.4

develop after 3 months of | 2739————a273
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polar residence. The normal
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and tliglycerides (119 + 62
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Figure 1: Changes in mean weight, BMI and
lean body mass over one year of Antarctic residence.
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cholesterol were significantly higher and lower, respectively, in the group with
GD than in those without (p< 0.05). We found no association between high total
cholesterol levels and risk of developing GD (Table 2). Impaired fasting glucose
was found in three subjects (15), two of whom developed gallstones (Table 3).

Discussion

Residence in Antarctica has a profound influence on human physiology.
However, in view of the small sample size of the wintering teams, the results of
any study need to be interpreted carefully. This case series highlights the
association of Antarctic residence with changed energy and lipid metabolism.
Because of changed dietary habit and lifestyle, the subjects in this study
developed a positive energy balance, weight gain and obesity, hypertrigly
ceridemia, low HDL cholesterol and a lithogenic biliary profile". Multiple
factors may predispose individuals in polar environments to develop
cholesterol gallstones and features of the metabolic syndrome.

Risk factors for gallstone disease

Diet: The dietary assessment revealed calorie consumption and total fat intake
far more than energy expenditure during summer. Increased consumption of
energy-dense and processed foods was noted in summer when outdoor work
was performed. During the lower activity period of winter, food intake
including consumption of total fat and calories reduced significantly in many
individuals because of a decreased requirement and increased awareness after
diet counselling. In this case study, we found no association between smoking
and alcohol consumption, and G0".

Obesity and dyslipidemia: Obesity is a well-recognized factor in GD
pathogenesis. In our study, 35 of subjects had a normal EMI, 40 were
overweight and 25 were obese. Of the six subjects with GD, two had grade 1
obesity, one had grade 2 obesity and the other three were overweight. Up to 50
of the obese individuals in the team developed GD. Caloric intake in Antarctica
was noted to be higher in older articles in view of the increased metabolic need
of thermogenesis and activity'-". However, with the availability of better polar
gear, central heating, limited cold exposure and sedentary work, the harshness
of the polar environment is mitigated, resulting in a positive energy balance.
Thus, the related issues of recommended dietary allowance and habitual
physical activity in polar research stations need to be re- evaluated. In addition,
the racial, genetic, and social differences of the various countries running
Antarctic stations need to be considered in context when comparing results with
other research’. The changed lifestyle in the Antarctic environment and the
energy dense diet may be associated with an increased risk of obesity and
dyslipidemia, which predisposes susceptible individuals to GD 16-19.
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Conclusion

Obesity, dyslipidemia, impaired glucose tolerance and high fat and caloric
intake were found to increase the risk of developing cholesterol GD during the
year-long 30th Indian Antarctic expedition. Ursodeoxycholic acid therapy was
found to be efficacious in the dissolution of gallstones and prevention of
formation of larger stones in cases with gall bladder sludge. The effect of
geographical factors such as exposure to colder environments on the
development of GD needs further research.
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