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Abstract: According to IFCC, it is necessary for every laboratory to have its own set of reference limits. Several factors
are known to influence the clinical laboratory parameters. Relationship of lipids and other risk factors with
cardiovascular and cerebrovascular events has been clearly established. The objective of this study was to analyze the
baseline levels of blood lipids in apparently healthy population in the locality of a premier tertiary hospital in Haryana in
an attempt to set up reference values for total cholesterol, triglycerides, HDL- cholesterol, LDL and VLDL in the
population and to compare these with the internationally recommended ranges. A reference interval for each parameter
was calculated from the 95% reference intervals ranging from 2.5% and 97.5% percentiles and, arithmetic mean + 2 SD
were also calculated. The 95% reference range for triglyceride was 61-156 mg/dl, for serum cholesterol was 85-
211mg/dl, for HDL was 20-63mg/dl, for LDL was 50-147mg/dl and for VLDL was 12-31 mg/dl for Haryana population.
Clinicians of Haryana should take into consideration reference lipid values of this study for clinical evaluation.
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INTRODUCTION

The concept of reference intervals was
introduced by International federation of clinical
chemistry (IFCC) to avoid the problems with normal
values and values obtained from an individual under
clinical investigation. An important part of medical
decision in diagnosis is dependent on comparison of
patient related observations with reference values. A
reference value may be defined as a value obtained by
observation or measurement of a particular type of
quantity on a reference individual [1]. Laboratories
should report test results along with reference intervals,
typically called normal ranges [2]. Proper interpretation
of results is based on the use of reference ranges
established from healthy individuals [3]. IFCC
recommends that every laboratory should establish their
own set of reference limits [2] as health of an individual
is not same in different countries, in the same country in
different regions, at different time and in same
individual at different ages, and is influenced by several
factors like gender, age, race, ethnicity, environment,
sample type, pre analytical variables, analytical
procedures, instruments and geographical location of
the healthy individuals [3].

Ischemic heart disease and cerebrovascular disease
are the leading causes of mortality and morbidity
throughout the world [4, 5]. Incidence of coronary

artery disease increases with advancing age in men
beyond 40 years and in postmenopausal women.
Recently, the prevalence of these disorders is also
reported in younger individuals [6, 7]. Relationship of
lipids and other risk factors with cardiovascular and
cerebrovascular events are established [8-10]. The role
of lipoproteins for predicting coronary artery as well as
cerebrovascular diseases is not fully understood [11,12].

During past two decades, expert panels from western
and eastern countries [13-16] including National
Cholesterol Education Programme (NCEP) of U.S [17-
21] have released guidelines for preventing mortality
from coronary artery disease. Expert committee has
defined the appropriate medical decision cut off points
for serum total cholesterol, high density lipoprotein-
cholesterol (HDL), low density lipoprotein-cholesterol
(LDL) and triglycerides for their population. This
NCEP ATP Il criterion has been shown in table 1. In
India, most of the laboratory and clinicians use the
reference intervals established in western population
that usually does not match with Indian population
especially in case of lipid profile [3], as serum lipids
levels are much dependent upon genetic background,
ethnicity and dietary pattern of a particular population
[17] and although health professionals understand the
importance of reference intervals many laboratories still
do not have comprehensive data, especially ranges that
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are specific for their typical
Therefore, clinical laboratories

patient populations.
should establish

reference ranges for serum lipids based on local healthy
population [23].

Table 1: International Classification of Lipid as recommended by WHO and NCEP in (mg/dl) [20,22]

Classification Cholesterol HDL Triglyceride LDL
Desirable <200 >60 <150 <130
Borderline 200-239 35-59 200-399 130-159
High >240 - >399 >160
Low - <35 - -

Individual laboratories should pool data of minimum
120 samples in generating reference values for both as a
theoretical concept and as a practical approach [24].

Thus the objective of this study was to analyze the
baseline levels of blood lipids in 120 apparently healthy
population in the locality of a premier tertiary hospital
in Haryana in an attempt to set up reference values for
total cholesterol, triglycerides, HDL- cholesterol, LDL
and VLDL in the particular population and to compare
these with the internationally recommended ranges.

MATERIALS AND METHODS

A total of 120 apparently healthy individuals coming
to a tertiary govt. hospital in Haryana for regular health
check up were included in this study. We have excluded
individuals having diabetes mellitus, excessive body
weight, dyslipidemias, smoking, hypertension, alcohol
abuse, cardiovascular diseases, coronary bypass graft,
any other chronic disease, recent surgery, diseases
causing alterations in lipids, hypothyroid, hyperthyroid,
drugs affecting lipid concentrations, strenuous exercise,
renal diseases, hormone therapy, women on oral
contraceptive and medication [25]. We analyzed lipid

profile of these apparently healthy individuals from 12
hour overnight fasting serum sample. Serum total
cholesterol was measured by enzymatic cholesterol
esterase, peroxidase method, HDL by precipitation
method and triglyceride by glycerol phosphate oxidase-
PAP method from commercially manufactured reagent
kits by fully automated chemistry analyzer. Very low
density lipoprotein (VLDL) and LDL were calculated
using Friedewald’s formula [26]. For the purpose of
analysis, mean, standard deviation, percentiles were
calculated using SPSS software for windows version.

RESULTS

Out of total 120 individuals, were 60 females and 60
were males. The age of reference individuals ranged
from 30-85years. Average age was 55.46+1.30 yrs. We
have calculated mean and Standard deviation for
cholesterol, triglyceride, HDL, LDL and VLDL which
are tabulated in table 2. A reference interval for each
parameter was calculated from the 95% reference
intervals ranging from 2.5% and 97.5% percentiles and,
arithmetic mean + 2 SD were also calculated. The
results are shown in table 2, and distribution shown in
figure 1 for respective parameters.

Table 2: Distribution of Lipid profiles among individuals

Triglyceride Cholesterol HDL LDL VLDL
Number 120 120 120 120 120
Mean 102.93 162.85 43.45 98.67 20.78
Std. Error of Mean 2.555 2.802 .982 2.516 .508
Median 97.00 167.00 43.00 97.00 19.00
Std. Deviation 27.984 30.699 10.759 27.567 5.563
Range 102 144 46 112 20
Minimum 56 76 19 41 12
Maximum 158 220 65 153 32
Percentiles 25 61.10 85.40 20.08 50.00 12.03
97.5 156.00 211.98 62.98 147.00 31.00
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Fig. 1: Frequency distribution (Histogram) of Lipids in healthy Haryana population

Reference values should be based on percentiles
determined from well-defined population samples. So
95% reference range for triglyceride was 61-156 mg/dl,
for serum cholesterol was 85-211mg/dl, for HDL was
20-63mg/dl, for LDL was 50-147mg/dl and for VLDL
was 12-31 mg/dl for Haryana population.

DISCUSSION

Being a very appropriate drug targets, the total
cholesterol, LDL, HDL, and triglycerides are monitored
routinely in almost all diagnostic laboratories for both
the risk assessment and as follow-up investigations
subsequent to administration of various statins.
Generally it has been seen that most of the laboratories
use literature data on manufacturers insert sheets [27] or
reference range published by NCEP [20] as their
reference range. The major reason behind this is that it
is not feasible for most laboratories to collect enough
samples from a sufficiently large reference, completely
healthy individuals as recommended by authorities like
IFCC, NCEP [28,29], and also the procedure is time
consuming. Serum lipid profile is influenced by many
factors like dietary habits of people, lifestyle and
heredity factors like ethnicity, race along with the other
factors as we have mentioned earlier like age, sex etc.
In the present study we have established reference
ranges for fasting lipid profiles for apparently healthy
population of Haryana which have not been ever
studied in this region.

The 95% reference range for serum triglyceride is 61-
156 mg/dl, for serum cholesterol was 85-211mg/dl, for
HDL was 20-63mg/dl, for LDL was 50-147mg/dl and
for VLDL was 12-31 mg/dl for Haryana population. In
the current study upper limit of the reference range of
the lipid profile are higher than manufacturer’s

reference values. The upper limit of reference range for
total cholesterol (212 mg/dl), triglycerides (156 mg/dl),
LDL (147 mg/dl) in the studied population is greater
than the manufacturer’s reference range upper limit of
200 mg/dl, 150 mg/dl and 130 mg/dl respectively, while
the lower limit of HDL is 20 mg/dl as compared to 40
mg/dl as recommended otherwise. These differences
can be explained by fact that the observed slightly
wider range of lipid profile of our study than the
recommended reference range was probably mainly due
to the sedentary lifestyle of people along with modern
habit of junk food and lack of exercise mainly in urban
area, where this tertiary institute is located. Due to
urbanization and ethnic diversity, population of
Haryana is mixed regarding food composition and
dietary habits. The traditional diet of Haryana state is
rich in milk proteins (milk, ghee, butter), contributing to
the higher levels in the lipid profile. So, we can
conclude that lipid profile pattern of Haryana
population will be obviously different from that of
western population. Though numerous reports are
available in literature relating to serum/plasma lipids as
important  risk  assessment ~ parameters  for
atherosclerosis and similar kinds of studies were carried
out in Punjab by Vaneet kaur et al. [30], in Assam by
Madhumita Das et al. [31], in Maharashtra by
Durgawale P et al. [32], in Ahemdabad (Gujrat) by
Patel et al. [33], Andhra Pradesh by Malathi et al. [34],
but due to the large variability of the lipid profile, as it
is influenced by biological entities of a population, the
comparison between data is not possible in real terms.
Then too we have made an attempt to compare our
results with other studies. While comparing with Jhala
et al. [35], total cholesterol and LDL levels were found
to be higher in the present study, whereas VLDL and
TG levels were low. Compared to Goswami et al. [36]
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study, the mean values of total cholesterol, HDL and
LDL were low in the present study, whereas
triglyceride and VLDL were similar. High HDL in
Bengali population may be attributed to consumption of
fish rich in omega 3 fatty acids which increases HDL
level in the blood. The study population of Assam in
Madhumita Compared to Goswami et al. [36] study, the
mean values of total cholesterol, HDL and LDL were
low in the present study, whereas triglyceride and
VLDL were similar. High HDL in Bengali population
may be attributed to consumption of fish rich in omega
3 fatty acids which increases HDL level in the blood.
Study of Das M [31] was more consistent and
comparable to the present study. The reference interval
for total cholesterol was broader in our population as
compared to Assamese population, and hence in
Haryana population LDL and HDL were found to be
higher. When study by T Malati et al. [34] study was
compared with ours, no significant differences were
found in the mean and reference intervals of TC, HDL
and LDL in our study. The TG and VLDL values were
significantly higher in Andhra Pradesh study [34].
Similarly, comparison of results of our study with
earlier reports from city of Bombay (western part of
India) [32] on 1070 healthy Indians have revealed
similarities in total cholesterol, HDL and LDL
concentration while in contrast to Malati et al., striking
variations in triglycerides and VLDL concentration, as
mean values of TG and VVLDL in their study were 88.36
+31.15 mg% and 18.11+7.35 mg% respectively which
are lower as compared to our study, this can be due to,
Haryana populations in contrast to western Maharashtra
population consume more ghee. A study, conducted on
ten big industrial populations across India on a total of
19973 subjects (20-60 yrs), established a surveillance
network for CVD risk factor in an industrial setting, and
reported mean total cholesterol and HDL comparable to
our study, while triglycerides levels higher than that of
our study (102.93 mg/dl). Though their study selected
mixed population in which 40.2% of men, 34.4% of
women had dyslipidemia, 28.6% of men, 18.2% of
women had hypertriglyceridemia [37].

The observations from the present study and other
published reports from India [37,38], China [39,40],
Japan [41] and US [42] revealed highest total
cholesterol in American of all races (>200mg/dl)
followed by China, Japan and India. Indians including
those of Haryana (163.85 mg/dl) seem to have
relatively lower average cholesterol compared to other
populations. Haryana population seems to also have
relatively lower triglycerides compared to study
reported from Americans, Europeans, Japanese and
Chinese populations. Levels of total cholesterol, LDL
and triglycerides were significantly lower in the present
study as compared to 3044 elderly Japanese- American
men [43]. Our study had significantly lower values than
Concepcion et al. [44] study except for HDL [43, 44],
the significant difference between these populations
groups could be due to the environment, temperature

difference and different dietary habits. In comparison to
Haryana population, the people from these other races
possibly consume more of animal fats and eggs [45].
The high HDL levels in the above foreign studies were
in harmony with results obtained in the longevity
syndromes [46], in which high values for HDL are a
frequent finding. Contrastingly, as compared to the
current study, the total cholesterol, LDL and HDL
upper reference limits were higher in the current study,
whereas the triglyceride reference intervals were
comparable in Rustad P et al. [47].

Several manufacturers of laboratory reagents use
arithmetic mean of lipid profile parameters to determine
reference value. The mean + S.D., and taking mean +
2S.D. as reference range, the values of lipid profile
parameters in our study was as follows: total cholesterol
162.85 + 30.70 mg/dl (reference range 101 - 224
mg/dl), triglycerides 102.93 + 27.98 mg/dl (reference
range 47 — 159 mg/dl), HDL 43.45 + 10.76 mg/dI
(reference range 22 — 65 mg/dl), LDL 98.67 + 27.57
mg/dl (reference range 43 — 154 mg/dl). Due to the
presence of evident difference in the above data and
reference provided by the manufacturers, we urge that
clinical laboratories should determine their own
reference values, taking into account the eating habits,
genetics, lifestyle, environmental and inherent
characters of population of their region. Also, the
diversity of commercial test kits (even using the same
analysis technique) in addition to the various sample
selection methods, generates large humbers of variation
in reference intervals that prevent proper comparison of
results. Therefore the standardization and consensus in
the evaluation is an important premise that should be
followed in further studies.

Interestingly, the reports from same populations
documented striking changes in lipid parameters over
different time periods of study [42, 48-50]. Another
study on 580 healthy volunteers revealed marked
variation of lipids intervals among populations from six
cities [51]. The variations in lipids concentrations were
also observed with respect to rural and urban population
residing in same country [50, 52]. Therefore, we
recommend further research both regionally and
nationally, for the determination of lipid profile cutoff
points and comparison thereof with the upper limit of
the reference intervals in different populations in India
and internationally. These reference intervals for all
lipid and lipoprotein parameters will immensely help in
assessing associated risk for cardiovascular and
cerebrovascular diseases in India. Additionally, our
results may be beneficial in future in formulating
medical decision limits for serum lipids pertaining to
specific region in Indian population. Traditionally,
NCEP in US involved about forty partners from private
and public sectors and combined both public health and
clinical/a high risk approach. The public health
approach promoted life style modification habits
leading to healthy heart whereas clinical risk approach
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was reflected in formulating Adult Treatment Panel I, |1
& 111 guidelines for cholesterol management. ATP IlI
recommended assessment of the prospective ten year
risk for CHD in patients with 2 or more risk factors e.g.
cigarette smoking, hypertension, low HDL cholesterol,
diabetes, advancing age or family history of premature
CHD. Finally the NCEP experts highlighted 1)
Appropriate medical decision cut off limits for all lipid
analytes in individuals with and without associated risk
factors. 2) Future risk assessment and 3) importance of
various life style modifications. Our study is just a step
towards it.

Despite the reported values, the rigorous process of
selection of healthy patients hinders proper comparison
with other standard reference range. In the present study
some characteristics of the region and study cohort like
eating habits, physical activity were not considered,
which could influence the alteration of plasma lipid
concentrations. This can be considered as the limitation
of our study.

CONCLUSION

There is a great need for reference ranges of
other parameters like apolipoproteins, not included in
this study to be established. The finding of this study
opens an avenue for similar studies to be carried out in
other geographical regions for various other parameters.
It can be suggested that lipid values obtained in this
study can be used as the reference value, based on
which clinical correlation can be made. Clinicians of
Haryana should take into consideration reference lipid
values of this study for clinical evaluation.
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