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ORIGINAL ARTICLE

MODERATELY HIGH ALTITUDE HABITATION MODULATES LIPID PROFILE AND
ALKALINE PHOSPHATASE ACTIVITY IN AGED KHASIS OF MEGHALAYA

H S Ranhotra and R Sharma*

Department of Biochemistry, St. Edmund’s College, Shillong, *North-Eastern Hill University, Shillong, Meghalaya, India

ABSTRACT

The indigenous Khasis inhabit different geographical and climatic locations of Meghalaya. In this study, we
intended to find out whether habitation in moderately high altitude place has any effect on the lipid and liver
profile amongst the aged Khasis. The level of various serum parameters under lipid and liver profile were
analyzed and compared from aged (65-70 years) male Khasi residents of moderately high (Shillong city) and
low (Byrnihat) altitude places. Results obtained from the lipid profile data show decreased total serum cholesterol
(29%), triglyceride (27%) and LDL-cholesterol (42%) level in the old Khasis of Shillong compared to Byrnihat.
Furthermore, the alkaline phosphatase activity was significantly raised (47%) in the old Khasis from Shillong
as against Byrnihat. The decreased level of total cholesterol, triglyceride and LDL-cholesterol in old Khasis
from Shillong may be due to living and acclimatization in high altitude with low annual temperature. Moderately
high elevation could have acted as a stressor, thereby reducing the level of serum cholesterol, triglyceride and
LDL-cholesterol, which may put them at a lower risk of cardiovascular diseases. In comparison, old residents
of Byrnihat with high cholesterol, triglyceride and LDL-cholesterol levels may elevate their risk of coronary
complications. The raised alkaline phosphatase activity amongst the old Khasis of Shillong could be due to
increased bone and/or intestinal turnover as a result of living in high altitude, which, however, may elevate the
risk of osteoporosis. Taken together, we conclude that low cholesterol, triglyceride and LDL-cholesterol levels,
accompanied with high alkaline phosphatase activity amongst the old Khasis of Shillong, could be due to the
influence of high altitude and mild climatic conditions that prevails.
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INTRODUCTION

It is now widely believed that aging operates at the cellular
and molecular levels (1). The ability to adapt to internal as
well as external variations declines during this phase and may
lead to fall in homeostatic balance (2). Although numerous
research have and is being carried out to find out the causes
of aging, however, till date, little is known at the molecular

level as to what triggers aging (3). Aging is a complex and
gradual process and its ongoing operation is present to some
degree in all individuals. It is a journey to the maturity as well
as to the degeneration of the body.

 Aging has become an important area of study due to the rapid
increase in number of old age people that has enormous social
implications. By 2020, there will be 1 billion aged people with
over 700 million living in the developing world (4).
Improvements in sanitation, housing, nutrition, medical
innovations etc have contributed to the steep increase in the
number of people reaching older age. Human aging and the
biochemical, molecular and physiological variations associated
with it has received increased focus particularly in the western
countries, including Japan. In Japan, for instance, detailed
clinical studies have been undertaken amongst the aged
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inhabitants of the island of Okinawa, which has the world’s
highest longevity (5-7). However, fewer scientific investigations
have been directed especially towards the indigenous tribes
of the world, who are considered to harbor a rich gene pool.
Hence, biochemical and molecular data from the aged
populations of such indigenous people are extremely
insufficient.

Modern clinical research on the elderly population in India is
still in its infancy. Hence, insufficient data is being generated,
which is hampering the understanding of clinical changes in
the older population, thereby putting them in a disadvantage.
This is applicable to the growing number of older people in
India. The Indian subcontinent in particular, boasts of a diverse
community of ethnic tribes, inhabiting different geographical
locations with contrasting climate. It’s an irony that negligible
clinical studies have been undertaken amongst these
indigenous populations.

One of such tribes of India, the Khasis represents an
indigenous inhabitant of the North-Eastern part of India (8).
They possess unique lifestyle, social customs, dietary habit
and perhaps gene pool (9). In the state of Meghalaya, the
Khasis inhabit different geographical regions including the
Shillong plateau and Ri Bhoi (Byrnihat) plains bordering the
state of Assam (10). Shillong has low annual temperature and
mild climate as it is located at a moderately high altitude. On
the other hand, Byrnihat has a low elevation with high annual
temperature compared to the Shillong plateau. Negligible
biological or clinical studies have been undertaken on this
ethnic group within the same or different inhabiting locations.
Also, no age-related clinical and/or molecular variations study
has been reported from this tribe. Furthermore, no data are
presently available which compares the levels of different blood
biochemical constituents especially within the tribe’s older
population. In the present study, we assumed that there could
be variations in the levels of some of the serum biochemical
constituents amongst the old Khasis residing in the two
contrasting geographical and climatic locations. Hence, this
study is perhaps the first that has attempted to evaluate the
levels of few clinically important blood constituents from the
old Khasis residents of two opposing climatic conditions. We
chose to include the analyses of serum lipid and liver profile
parameters as they are one of the most widely and routinely
prescribed clinical tests by physicians for diagnosing and
ascertaining normal human health. It has been observed that
humans who normally acclimatize to moderate and high
altitude places have altered body biochemistry as against those
who live in low altitude (11). Few reports show that people

who inhabit moderate and high altitude places from around
the world have significantly altered levels of many serum
biochemical parameters as compared to their low altitude
counterparts (12, 13). Therefore, the aim of the present study
was to find whether physical and environmental factors such
as altitude and temperature can be contributory factors that
may modulate the lipid and liver profile in aged Khasis from
the two distinct regions.

MATERIALS AND METHODS

Blood sampling from donors: This study was approved by
the Institutional Ethics Committee (IEC) of North-Eastern Hill
University, Shillong, to which the college is affiliated. Blood
collection from subjects was carried out according to the
applicable guidelines of the IEC and Indian Council of Medical
Research (ICMR). Subjects were selected adopting a
population-based study design. Initially, brief, validated
questionnaires were prepared during survey from a total of
377 Khasi males that included the profession, residency,
martial status, diet, physical activity and medical history
(including personal details, place of birth etc). Subjects were
non-related individuals, who have been resident of respective
locations for at least 15 years. Finally, blood was obtained
from sixty five (n = 65) old (65-70 years) Khasi males of Shillong
city and Byrnihat town (Ri Bhoi). Blood sample was also
collected from sixty five (n = 65) young Khasi male subjects
(15-20 years) of respective locations in order to have age-
related correlations. Only informed consent individuals became
the subjects and were volunteers. Participant inclusion criteria
included subjects in stable clinical conditions, similar dietary
habit and other lifestyles in order to minimize experimental
variations. Participant exclusion criteria were subjects who
were diabetic, with known cardiovascular and liver/kidney
diseases, hypertension, hormonal disorders etc, which could
modify lipid and liver profile. Also, subjects who were on any
kind of medication, including vitamins, minerals and lipid-
modifying drugs were excluded. 5ml of blood was collected
from overnight-fasted subjects using sterile, single-use
disposable syringe by a trained nurse. All biochemical tests
were carried out in duplicate with a single blood sample drawn
from each subject.

Serum biochemical tests: Sera from the blood drawn from
subjects was isolated by centrifuging glass tubes containing
5 ml blood in a laboratory centrifuge at a moderate speed for
5 min. Serum isolated was then be analyzed for liver profile
that included total serum protein, albumin, globulin, total
bilirubin, serum alkaline phosphatase (ALP), aspartate
aminotransferase (AST) and alanine aminotransferase
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activities (ALT). Lipid profile (total cholesterol, triglyceride, LDL-
and HDL-cholesterol levels) of each subject’s serum were also
determined. All the above biochemical analysis was performed
using Erba-Chem7 (Model no. Chem 7) biochemistry analyzer
(Transasia Bio-Medicals Ltd, Mumbai, India) by trained
technicians in the Pathology Department of Woodland
Hospital, Shillong. The analyzer was calibrated every alternate
day for the various serum tests according to manufacturer’s
instruction to ensure strict quality control. All serum tests were
performed strictly according to manufacturer’s guide that
included: Total Cholesterol: Using cholesterol-DES kit (Source:
Erba Manhiem, India); Triglyceride: By enzymatic colorimetric
method using Autopak kit (Source: Bayer Diagnostics, India);
HDL-Cholesterol: By two-point kinetic method (Source:
Synergy Bio, India); LDL-Cholesterol = (Total cholesterol) -
(HDL- Cholesterol) - (Triglyceride)/5; Total protein: Biuret
method using Autopak kit (Source: Bayer Diagnostics, India);
Albumin: BCG method using Autopak kit (Source: Bayer
Diagnostics, India); Globulin = Total protein – Albumin; SGOT
(AST) and SGPT (ALT): By UV kinetic (IFCC) method using
Autopak kit (Source: Bayer Diagnostics, India); Alkaline
Phosphatase: pNPP-AMP (IFCC) kinetic assay using
Autospan kit (Source: Cogent, India); Total Bilirubin: Jendrassik
and GROF method using Autopak kit (Source: Bayer
Diagnostics, India); IFCC (International Federation of Clinical
Chemistry) denotes IFCC recommended tests.

Chemicals and controls: All kits used for the various lipid
and liver profile tests were obtained from manufacturers as
indicated above in parentheses. All the other chemicals
employed were obtained from ErbaManhiem, India and Wako,
Japan. Internal (level 1 and level 2) and external controls
(Clinical Chem Monthly Program) was purchased from Bio-
Rad Laboratory (Irvine, USA).

Statistical analysis: Results obtained were analyzed
statistically. The level of each of the serum constituents were
compared and analyzed statistically using Student’s ‘t’-test.
All results with a value of P<0.05 were deemed significant.
Quantitative values for the various serum parameters
measured are expressed as mean ± SD.

RESULTS

The present study attempted to evaluate and compare the
levels of some of the clinically significant blood constituents
between the old male Khasisubjects of two contrasting climatic
region of Meghalaya, the Shillong plateau and Byrnihat. The
geographical and climatic feature of the two regions show
significant differences and are being shown in Table 1. There
is a huge difference in the altitude (above sea level) between

the two regions, with Shillong exhibiting six times higher
elevation compared to Byrnihat. Hence, Shillong has a cooler
climate through out the year compared to Byrnihat as shown
in the comparison of maximum and minimum annual
temperature in Table 1. Hence, the Khasi inhabitants of the
Shillong plateau are exposed to a mild, cooler climate as
opposed to Byrnihat, where the climate is warm and tropical.

The old Khasi males chosen for the present study from the
two different places were between the age group of 65-70
years. In order to have age-related correlations, various serum
biochemical parameters were also investigated in young Khasi
males (15-20 years) of the respective locations. The mean
and median age of young and old Khasis of Shillong and
Byrnihat are shown in Table 2.

The various lipid and liver profile tests performed on the blood
samples collected from young and old Khasis of the two
regions are summarized in Table 3. We found that the lipid
profile data obtained from the old Khasis of Shillong and
Byrnihat shows significant difference in the levels of total
cholesterol, triglyceride and LDL-cholesterol. There is a
remarkably higher level (P<0.05) of serum cholesterol (29%),
triglyceride (27%) and LDL-cholesterol (42%) amongst the old
Khasis of Byrnihat (OB) as compared to the old Khasis of
Shillong (OS). In other words, the OB subjects appear to be
hyperlipidemic if compared to OS. Under the liver profile test,
a decreased (47%) (P<0.05) serum alkaline phosphatase
(ALP) activity was detected from old Khasis of Byrnihat (OB)
compared to Shillong (OS). However, no statistically significant
differences were observed in other lipid and liver profile
parameters between OB and OS.

Table 1: Altitude and temperature profile of Shillong and Byrnihat

Features Shillong  Byrnihat

Altitude* (m) 1495  250

Average Temperature (°C)
                Maximum 20 30
                Minimum 14 22

 *above sea level

Table 2: Mean and median age of young and

old Khasis from Shillong and Byrnihat

Age (yrs) Shillong Byrnihat
Young Old Young Old

Mean ± SD 17.8 ± 3.23   68.1 ± 4.62  18 ± 4.0   68.25 ± 3.89

Median  18  69  18  69

High Altitude Modulates Lipid Profile and ALP
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Comparison of the serum lipid and liver profile data between
the young age group of Shillong (YS) and Byrnihat (YB) show
a 39% decreased triglyceride level in YS compared to YB (Table
3). Also, a 23% increased ALP activity was detected in YS
compared to YB. Age-correlation data between the young and
old Khasis of respective region shows definite correlation. A
28% higher (P<0.05) triglyceride level was detected from OS
compared to YS. Additionally, a 21% less LDL-cholesterol level
is seen in OS compared to YS. However, interestingly, an
elevated (26%) LDL-cholesterol level was detected in OB
compared to YB, which is in contrast to what is observed
between OS and YS. However, the level of various other lipid
and liver profile parameters measured between YB and OB
show no differences.

DISCUSSION

The evaluation and comparison of the levels of various lipid
and liver profile parameters amongst the young and old male
Khasisubjects of the two different climatic region of Meghalaya
was challenging, as no such clinical study was previously
undertaken or reported from this tribe. Data obtained from the
various serum tests performed amongst the old Khasi

participants from the two locations show a number of significant
differences. However, there is no data available on the genetic
profiles of the Khasis. The dietary intake, lifestyles etc of the
Khasis were taken into account while selecting subjects in
this study. Khasis from both the regions have a very similar
dietary habit with the food consists mainly of carbohydrate
(rice, vegetables, fruits etc), proteins (meat/fish) and fats
(mainly from pork) (8, 9). Vegetarian Khasis are almost non-
existent and have not encountered anybody who was purely
a vegetarian. In fact, almost all Khasis in Meghalaya are non-
vegetarians. However, vegetarian foods (rice, vegetables,
pulses etc) are also amply consumed. However, milk is hardly
consumed by the old Khasis and they continue to remain non-
vegetarian in their later life. Overall old Khasi males maintain
good health status, with reasonable daily physical and social
activities.

It is now widely believed that interplay between environmental
exposures and human biology limits longevity and quality of
life and that healthful aging in human may depend on polygenic
regulation as well as environmental influences. The higher
level of total serum cholesterol, triglyceride and LDL-
cholesterol reported from OB as compared to OS population

Table 3: Levels (mean ± SD) of various serum biochemical parameters under lipid and liver profiles obtained

from young and old Khasis of Shillong and Byrnihat (n = 65)

Serum Biochemical                                       Shillong                                  Byrnihat Normal reference
Tests  Young (YS) Old (OS)  Young (YB) Old (OB) values

Lipid Profile

Total Cholesterol (mg/dl)   150 ± 50 142 ± 32  168 ± 56    200 ± 46a 120 - 220 mg/dl

Triglyceride (mg/dl)       97 ± 32e  134 ± 30g  158 ± 52    184 ± 42b < 200 mg/dl

LDL-Cholesterol (mg/dl)  90.6 ± 24 71.2 ± 20h  90.9 ± 22i 123.2 ± 32c <130 mg/dl

HDL-Cholesterol (mg/dl)     40 ± 13 44 ± 10  45.5 ± 15     40 ± 9.2 30 - 70 mg/dl

Liver Profile

Total Protein (g/dl)     6.3 ± 2.1    6.7 ± 1.54    6.2 ± 2.0    6.1 ± 1.4 6.7 - 8.7 g/dl

Albumin (g/dl)     3.8 ± 1.2  3.9 ± 0.9     3.9 ± 1.32      4.0 ± 0.96 3.5 - 5.5 g/dl

Globulin (g/dl)     2.5 ± 0.8  2.8 ± 0.6     2.3 ± 0.76      2.1 ± 0.48 2.3 - 3.6 g/dl

AST (IU/l)   29.5 ± 9.8 31.6 ± 7.2 30.0 ± 10  29.1 ± 6.7 0 - 42 IU/l

ALT (IU/l)     30 ± 10 25.5 ± 5.8  26.5 ± 8.8  25.6 ± 5.9 0 - 42 IU/l

Alkaline Phosphatase (IU/l)      91 ± 30f    114 ± 26.1    70 ± 23  60.0 ± 14d 15 - 120 IU/l

Total Bilirubin (mg/dl)     0.70 ± 0.23  0.61 ± 0.13    0.52 ± 0.17   0.43 ± 0.10 0 - 1.0 mg/dl

YS-Young subject of Shillong; OS-Old subject of Shillong; YB-Young subject of Byrnihat; OB-Old subject of Byrnihat; a: 29 % more total cholesterol in
OB compared to OS (P < 0.05), b: 27 % more serum triglyceride in OB compared to OS (P < 0.05), c: 42% higher LDL-cholesterol in OB compared to
OS (P < 0.05), d: 47% less alkaline phosphatase activity in OB compared to OS (P < 0.05), e: 39 % less triglyceride level in YS compared to YB (P <
0.05), f: 23 % higher alkaline phosphatase activity in YS compared to YB (P < 0.05), g: 28 % greater triglyceride level in OS compared to YS (P < 0.05),
h: 21% less LDL-cholesterol in OS compared to YS (P < 0.05), i: 26 % less LDL-cholesterol in YB compared to OB; AST-Aspartate aminotransferase;
ALT-Alanine aminotransferase; IU-International Unit.
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might suggest a modulatory role of environmental factors
prevailing in the respective region. The Khasis from these two
location shares the same gene pool, however, they are under
the influence of different climatic conditions. Amongst the
environmental influences, it is now acknowledged that high or
low temperature does modulate the metabolic rate of an
individual (14). Increased level of serum total cholesterol,
triglyceride and LDL-cholesterol observed in case of OB may
perhaps be due to higher environmental temperature that is
prevalent in Byrnihat which increases the general metabolic
processes and ultimately the metabolic rate. A possible
explanation for this increase in metabolic rate may be as a
result of increased mobilization of these lipids through the
blood plasma to various tissues. Hence, a higher cholesterol,
triglyceride and LDL-cholesterol level which is detected in OB
as compared to OS, may reflect a relevant biochemical
adaptive response.

Additionally, lipid metabolism in humans has been shown to
be altered with exposure to high altitude (15, 16).
Acclimatization to high altitude led to increased circulating
triglyceride levels and reduced or unchanged plasma
cholesterol concentration as reported by Young et al (17),
which partly corroborate with our finding, whereby the OS
population has reduced cholesterol level but not triglyceride.
The effects of exposure to high altitude on lipid metabolism
appear to be complex, interrelated processes involving multiple
responses by the human body. The report of elevation of serum
total cholesterol and LDL-cholesterol in people from high
altitude areas by few investigators (18-20) is however not
supported by our finding, wherein we report a decreased total
cholesterol and LDL-cholesterol levels in OS subjects. Our
finding is also in contrast to another report where there is a
significantly higher serum triglyceride level in subjects who
are inhabitants of moderately high altitude (21).

Lipid profiles, among other factors, are associated with risk of
cardiovascular disease (CVD). Ironically, a higher cholesterol,
triglyceride and LDL-cholesterol levels in the blood of OB
populations may elevate their risk of CVDs such as coronary
heart disease and stroke as compared to the OS population.
A lower level of total serum cholesterol, triglyceride and LDL-
cholesterol in case of OS may perhaps be due to high elevation
accompanied with mild climate that is prevalent in Shillong. In
other words, the OS populations may be a little better protected
against CVDs. Residence in hilly area seems to have a
“protective effect” from coronary mortality and this association
could help to explain the lower cardiovascular mortality rate
that is generally observed at high altitude (22). Increased
physical activity from walking on rugged terrains under

conditions of mild hypoxia among the hill residents of Shillong
could explain these findings, which is supported by the
observation of Baibas et al (23). Another report (24) from study
on inhabitants of high altitude populations of Peru showed no
differences in total cholesterol level, whereas, the triglyceride
level was markedly elevated in comparison to low altitude,
which is also corroborated by other findings (25). Furthermore,
the higher activity of serum ALP in OS with respect to OB may
perhaps be due to high bone and/or intestinal turnover in high
altitude OS population leading to increased ALP release into
the plasma. The report of higher ALP activity in subjects from
moderately high altitude was reported earlier (21, 26), which
corroborate with our findings. A higher ALP activity, however,
may also correlate with an increased risk of osteoporosis in
the OS compared to OB population.

The age-correlation data between young and old Khasis of
respective region show a definite pattern. The higher
triglyceride level along with decreased LDL-cholesterol level
which is observed in OS as opposed to YS, could be due to
multitude of influences. It is now well-known that changes in
energy regulation occur during human aging. There are also
changes in patterns of dietary intake and a reduction in the
variety of foods consumed in old age. These alterations in the
level of triglyceride and LDL-cholesterol in OS and YS could
be due to differences in the mean age of young an old
population. The OS having more triglyceride compared to YS
could be correlated with a greater risk of diseases associated
with high triglyceride in elderly population compared to the
young. In contrast, the lower LDL-cholesterol level in OS shows
the influence of age in this high altitude region and could be
correlated with a lesser risk of atherosclerosis in old as
compared to YS and which may indicate their healthful living.
Interestingly, on the other hand, a higher LDL-cholesterol in
OB as compared to YB also shows the influence of age and
possibly the beneficial effect of high altitude habitation
compared to low.

Analysis of biochemical parameters between the young age
groups of the respective locations shows some interesting
variations. The decreased triglyceride level along with higher
ALP activity observed in YS compared to YB may have a
definite environmental influence. This modulation in the level
of triglyceride and ALP activity amongst the young Khasis could
be due to the effect of residence in high altitude and the low
annual temperature which is prevalent in Shillong as opposed
to Byrnihat. Additionally, modifiable factors such as quality and
quantity of nutrition intake by the young population of the
respective region could also be attributed for these differences.

High Altitude Modulates Lipid Profile and ALP
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The work reported in this paper is preliminary, nevertheless; it
is a first report on any clinical study undertaken amongst the
old Khasis. Taken together, results from this study show that
there are indeed significant differences in the lipid profile and
ALP activity between the old resident Khasis of Shillong and
Byrnihat. Overall, the OS population may perhaps be enjoying
a better health condition as compared to the OB population
and these differences may ultimately reflect biochemical
adaptability for survival in the respective region.
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