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Abstract Clinical reference intervals among Indian pop-
ulation are poorly defined. Therefore, there is an urgent need
to establish local clinical laboratory reference intervals for
healthy Indian population. The present study aimed to
identify the 95 % reference interval for hematological and
biochemical parameters in apparently healthy Indian popu-
lation. We undertook a multicentric cross-sectional study
conducted at Apollo Hospitals Educational and Research
Foundation across India. Of which 10,665 reference indi-
viduals identified as healthy by physicians. The 95 % of the
reference distribution was estimated using 2.5th and 97.5th
percentile reference limits. The 95 % reference intervals for
hemoglobin (Males: 12.3-17 g/dL; Females: 9.9-14.3 g/
dL), platelet count (Males: 1.3-3.8; Females: 1.3—4.2 Lakhs/
pL), erythrocyte sedimentation rate (Males: 2-22; Females:
4-55 mm/h), serum uric acid in males: 3.5-8.2 mg/dL,
gamma glutamyl transferase (Males: 13-61 U/L), fasting
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blood glucose (Males: 78—110 mg/dL), total cholesterol
(Males: 115-254 mg/dL), low density lipoprotein (Males:
60-176 mg/dL) and triglycerides (Males: 55-267 mg/dL,
Females: 52-207 mg/dL) were different from currently used
reference values. Additionally need for gender based parti-
tioning were observed for triglycerides and gamma glutamyl
transferase. The observed findings are of clinical signifi-
cance and it needs to be validated with additional community
based studies.

Keywords Reference intervals - Normal values - India -
Lipoproteins - Hemoglobin - Resource-limited settings

Introduction

Reference intervals (RI); generally refer to quantitative
data accompanied with upper and lower limits. Population
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based RI play an important role in screening patients,
follow-up, routine clinical care, and clinical management
of patients as well as in clinical trials. Definitions and
guidelines for each step are elaborated by the Expert Panel
on Theory of Reference Value (EPRTV) [1-6] and sub-
sequently in 2000, National Committee for Clinical Lab-
oratory Standards (NCCLS) [7] and also Clinical and
Laboratory Standards Institute (CLSI 2008) [8] published
guidelines for determining reference intervals for quanti-
tative clinical laboratory tests. Most of the diagnostic lab-
oratories in India are following the reference intervals from
the literatures, package inserts, and textbooks or adopted
from Western cohorts, this reference population is com-
pletely different from Indian ethnic population (viz., die-
tary habits, lifestyle, ethnicity, socio economic status and
environmental factors). Several studies reported significant
changes in reference intervals as compared to standard
reference ranges [9—12]. A recent cross-sectional study
from Africa has also found that significant changes in
hematological markers (such as hemoglobin, platelet count
and total white blood count) and biochemical parameters
like alanine transaminases and creatinine values compared
with currently used reference ranges. Detailed survey of
literature revealed that many population based studies have
been carried out in developed countries especially from
Caucasians, while limited studies are available on RI in
resource limited settings as well as in Indian ethnic origin.
In addition, these studies have been carried out with small
sample size in a specific region with limited laboratory
analytes. Therefore, it becomes indispensable to establish
region-specific reference intervals for our settings. Hence
the present study aimed to establish the 95 % reference
intervals for biochemical and hematological parameters
from a healthy Indian population.

Materials and Methods
Setting and Participants

This multicentric cross-sectional study was conducted at
Apollo Hospitals Educational and Research Foundation
(AHEREF), (non-profit organization, providing quality health
care education, training and also involved in research
activities in the field of biomedical, clinical, basic and
translational research since the year 2006.) between August
2004 and March 2008 in four different centers from Ah-
medabad, Chennai, Hyderabad and New Delhi. The refer-
ence population comprised of participants who underwent
Apollo Master Health Checkup (MHC), for a preventive
health package offered by Apollo group of hospitals. The
reference individuals were identified and included as

apparently healthy from this population attending the centre
MHC package. All the participants were identified and
included based on stringent inclusion and exclusion criteria.
Participants who met the following criteria were finally
included in the reference group (Adults: age between 20 and
70 years, BMI of 18-25 kg/m?; Participants deemed healthy
by their respective physicians.) On the other hand partici-
pants with any of the following were excluded from the
reference group; Participants with known pathologic states,
diabetes mellitus, chronic renal insufficiency, hypertension,
ischemic heart disease, anemia, thyroid disorders, liver
diseases with biochemical and hematological abnormalities,
weight loss, fever, chest pain, giddiness, polyarthralgia and
loss of appetite, intake of pharmacologically active sub-
stances, usage of drugs, multiple and regular vitamins, oral
contraceptive pills, smokers, alcohol consumption more
than two drinks per week (60 mL of alcohol), past illness of
typhoid, tuberculosis, malaria, dengue within 6 months of
the study date and jaundice or major surgery, pregnancy,
lactating women and blood pressure (BP) >140/90 mm of
Hg. A total of 76,000 participants were screened and
reviewed at four centers of which 10,665 study participants
who met the inclusion criteria were included. Informed
consents were obtained from all participants before initiation
of the study. A detailed family history and medical exam-
inations was performed at screening stage for all the par-
ticipants. Physicians at each center thoroughly screened the
information from health care records to identify persons
fulfilling the selection criteria. The study protocol along with
informed consents were reviewed and approved by ethics
committee at Apollo Hospitals, Chennai.

Specimen Collection and Handling Techniques

Specimens were collected from all the reference individ-
uals between 7.30 and 9.30 am in the morning after an
overnight fast. All participants were advised to take rest at
least for 15 min before blood collection. Venous blood was
drawn and collected in a plain vacutainer red topped tubes
or serum separator tubes (SST, Becton—Dickinson, Frank-
lin Lakes, NJ, USA) gold topped gel tubes for laboratory
investigations. Biochemical parameters such as liver
function tests, urea, creatinine, uric acid were analyzed
from SST tubes by standard methods. In plain tubes, pro-
tein profile and lipid profile were investigated. Addition-
ally, SST or sodium fluoride/Na2 EDTA tubes were used
for blood glucose analysis. Whole blood was drawn in a
3 mL vacutainer tubes containing K2 EDTA 5.4 mg
(Becton—Dickinson, Franklin lakes, NJ, USA) tubes were
transported immediately to the laboratory and analysis was
completed within 3 h.
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Laboratory Investigations

All laboratory investigations were carried out in accor-
dance with standard operating procedures (SOPs) followed
by good laboratory practices (GLP). Prior testing two
levels of internal quality controls (IQC) from Bio-Rad
(Bio-Rad Laboratories Inc. USA) were used and IQC
results were interpreted in agreement with Westgard mul-
tirule algorithm and plotted as levy Jennings. As a part of
quality control programme, the testing laboratories have
been accredited by NABL in accordance with international
standard ISO 15189. All four centers participated in regular
EQAS programme conducted by national (AIIMS, New
Delhi) and international (RCPA, Australia, Randox, UK)
laboratories for hematological parameters. Fully Auto-
mated clinical chemistry analyzers were used in all the four
centers viz., Hitachi 911/912 (Roche, USA) automated
analyzer from was used at Chennai, Delhi and Ahmedabad
centers. Dade Behring Dimension RXL (now Siemens)
fully automated high throughput clinical chemistry ana-
lyzer was used at the Hyderabad center. Instruments were
regularly calibrated and specimens were cross checked to
rule any analytical variations due to instrument, reagents
and other factors in all four centres. Reagents, calibrators,
methodologies and quality controls were unchanged during
the entire period of the study for both hematological and
biochemical investigations.

Hematological investigations were performed on Sys-
mexKX-21 Fully automated hematology analyzer, (Sys-
mex Corporation, Kobe, Japan) at Chennai, Delhi,
Ahmedabad centers and ABX Pentra 120 (Biomerieux)
was used in Hyderabad. The performance of Pentra 60 was
compared with other automated hematology analysers [13].
In addition, all centers have participated in external quality
program (EQAS) conducted by national and international
agencies. The following analytes were investigated: hae-
moglobin (HGB), mean corpuscular haemoglobin volume
(MCV), mean corpuscular haemoglobin concentration
(MCHC), ESR, RBC, WBC, neutrophils, eosinophils,
lymphocytes, basophils, monocytes, platelet count, blood
glucose, 2 h post glucose, blood urea, creatinine, uric acid,
total cholesterol (Tc), HDL-C, LDL-C, TGL, total biliru-
bin, total protein, albumin, AST and GGT.

Statistical Analysis

All statistical analysis was performed using SPSS software
package version 11.0. The calculations for reference
interval was carried out in accordance with IFCC, NCCLS
and CLSI approved guidelines [7, 8]. To identify the 95 %
reference interval, the central 95 % of the reference dis-
tribution was estimated using reference limits at 0.025
fractile (2.5th percentile) for the lower reference limit and
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0.975 fractile (97.5th percentile) as the upper reference
limit. All data was expressed as median 25th—75th per-
centile, since the analytes did not follow a Gaussian (nor-
mal) distribution (as tested by one sample Kolmogorov—
Sminorv test).

Results

Of the 10,665 healthy subjects studied, 7,478 (70.1 %)
were males and 3,187 (29.9 %) were females. The age
ranged from 20 to 70 years. The mean BMI was
24.34 + 3.1 kg/m” and diet history was available for 9,859
subjects, of these 4,921 (49.9 %) were vegetarians and
4,938 (50.08 %) were non-vegetarians. The identified 95 %
reference intervals for hematological parameters are pre-
sented in Table 1. The currently used reference ranges are
given for comparison. The reference intervals from our
study showed differences from the currently used reference
intervals for hemoglobin, platelet count, ESR, eosinophil
count, serum uric acid, total bilirubin and GGTP. As cur-
rently decision limits and recommended values are used for
blood glucose and lipid profile, differences were also
observed for these parameters.

ESR values were almost 3-fold higher in females than
males (4-55 mm/h (F) vs. 2-22 mm/h (M)) and the ULN
was elevated almost 2-fold when compared with reporting
ranges. The median and the average co-efficient of varia-
tion (CV) of all biochemical and hematological parameters
are shown in Tables 2 and 3.

Statistical differences between the means for the two
genders were observed for all analytes except for MCV.
However the magnitude of the difference was small. Larger
differences were observed for the following parameters for
which separate reference intervals for the two genders must
be considered in clinical decision making: Hemoglobin,
PCV, ESR, serum creatinine, uric acid, HDL, triglycerides
and GGTP (Tables 1, 4). Center-based analysis revealed
that regional differences between the centers were appre-
ciated among the population studied. We noted that high
ESR, eosinophil and low hemoglobin and platelet counts
were observed in Chennai. In Ahmedabad center, persons
had elevated total cholesterol, LDL and HDL and uric acid
levels. Similarly, high total protein, albumin and ALT
levels were seen in Delhi centre and high levels of 2 h post
glucose, ALT and GGTP were noted in Hyderabad centre.

Established reference intervals with 90 % CI for blood
chemistries are shown in Table 4. In lipid profile, the 95 %
reference interval for our population was significantly
higher than the currently recommended ideal values
(Table 4). Some of the biochemical parameters like urea
and bilirubin differed from the current reference ranges. We
also calculated the reference intervals for persons who were
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Table 1 Established 95 % reference intervals (RI) with 90 % confidence intervals (CI) for hematological parameters and current reference

ranges

Analyte (n = 10,665)

95 % RI females

95 % RI males

90 % CI (lower

90 % CI (upper

Current reference

(n = 3,187) (n = 7,478) reference limit) reference limit) ranges
Hemoglobin (g/dL) 9.9-14.3 12.3-17 F = 9.8-10. F =14.2-144 F=11.5-16.5
M= 122-124 M = 17-17.1 M = 13.0-18.0
PCV (%) 30-43 37-51 F = 30-31 F = 43-44 F = 3747
M = 37-37 M = 50-51 M = 40-54
MCYV (fL) 72-96 78-97 F=171-73 F = 96-96 F =75-95
M = 77-78 M = 96-97 M = 75-95
MCH (pg) 23-32 26-33 F =22-23 F =32-32 F =26-32
M = 26-26 M = 32-33 M = 26-32
MCHC (g/dL) 30-35 31-36 F =30-30 F =35-35 F =32-36
M = 31-31 M = 36-36 M = 32-36
ESR (mm/h) 4-55 2-22 F=44 F = 55-57 F = 0-20
M=2-2 M = 22-23 M = 0-15
RBC (millions/mm®) 35-52 4.5-55 F =3.5-3.6 F=5.1-53 F=3.8-58
M = 4.5-45 M = 55-55 M = 4.5-6.5
WBC (cells/mm?) 4,000-10,400 4,200-9,800 F = 4,000-4,100 F = 10,300-10,600 M/F = 4,000-11,000
M = 4,200-4,300 M = 9,800-9,900
Neutrophils (%) 44-75 42-74 F = 44-45 F = 74-75 M/F = 40-75
M = 42-43 M = 73-74
Eosinophils (%) 1-8 1-8 F=1-1 F=28-38 M/F = 1-6
M= 1-1 M = 8-8
Lymphocytes (%) 1845 1845 F = 18-18 F = 45-46 M/F = 18-47
M = 18.00-19.00 M =45
Basophils (%) 0-0 0-0 F=0-0 F=0-0 M/F = 0-1
M = 0-0 M =0-0
Monocytes (%) 2-9 2-10 F=22 F =289 M/F = 2-10
M =22 M = 10-10
Platelet count (Lakhs/pL) 1.3-4.2 1.3-3.8 F =1.23-1.30 F = 4.20-4.30 F=1545
M = 1.27-1.30 M = 3.77-3.81 M = 1545

Table 2 Median and average CV for biochemical parameters

Parameters Median CV %
(25-75th percentile)
Fasting glucose (mg/dL) 93 (87-100) 7.8
2 h post glucose (mg/dL) 104 (97-116) 14.5
Blood urea (mg/dL) 21 (18-25) 22.0
S. creatinine (mg/dL) 0.8 (0.7-1.0) 21.0
S. uric acid (mg/dL) 5.2 (4.2-6.1) 18.0
T. cholesterol (mg/dL) 183 (159-210) 17.5
HDL (mg/dL) 48 (42-55) 13.0
LDL (mg/dL) 110 (91-130) 16.2
TGL (mg/dL) 120 (88-168) 28.2
T. bilirubin (mg/dL) 0.7 (0.5-0.9) 24.2
T. protein (g/dL) 7.6 (7.3-7.8) 5.8
Albumin (g/dL) 4.4 (4.24.5) 8.2
AST (U/L) 26 (21-32) 25.2
GGT (U/L) 22 (17-32) 26.8

Table 3 Median and average CV for hematological parameters

Parameters

Median (25-75th percentile) CV %

Hemoglobin (g/dL)

PCV (%)
MCV (f)
MCH (pg)
MCHC (g/dL)
ESR (mm/h)

RBC (millions/pL)

WBC (Cells/pL)
Neutrophils (%)
Eosinophils (%)

Lymphocytes (%)

Monocytes (%)

Platelet count (Lakhs/pL)

13 (12-15) 8.5
42 (38-45 115
90 (86-93) 52
27 (25-30) 53
32 (31-33) 2.2
12 (4-26) 6.8
4.8 (3.7-5.9) 7.8

6,800 (5,700-8,000) 20.6
56 (50-61) 8.6

4 (3-6) 40.2
34 (29-38) 213
6 (2-9) 20.2
2.0 (1.6-2.5) 21.9
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Table 4 Established 95 % reference intervals (RI) with 90 % confidence intervals (CI) for blood chemistries and current reference ranges

Analyte 95 % RI females 95 % RI males 90 % CI (lower 90 % CI (upper Current reference

(n = 10,665) (n = 3,187) (n = 7,478) reference limit) reference limit) ranges

Fasting glucose (mg/dL) 76-108 78-110 F = 75-76 F = 107-109 M/F = <100
M = 78-78 M = 110-110

2 h Post glucose (mg/dL) 71-136 68-136 F = 70-72 F = 135-137 M/F = <140
M = 67-70 M = 134-137

Blood urea (mg/dL) 11-31 13-35 F=11-12 F = 31-31 F = 1540
M = 12-13 M = 34-35 M = 15-40

S. creatinine (mg/dL) 0.6-0.9 0.7-1.2 F = 0.6-0.6 F =0.9-09 F=105-12
M = 0.6-0.7 M=12-12 M =05-12

S. uric acid (mg/dL) 2.7-6.5 3.5-8.2 F=26-28 F =6.4-6.6 F =2.6-6.0
M =34-35 M = 8.2-8.3 M =3.0-7.2

T. cholesterol (mg/dL) 117-252 115-254 F = 115-120 F = 249-256 F = <200
M = 113-116 M = 253-256 M = <200

HDL (mg/dL) 29-70 25-61 F = 28-30 F = 69-70 F =>40
M = 24-25 M = 60-61 M = >40

LDL (mg/dL) 61-170 60-176 F = 59-62 F = 168-173 M/F = <100
M = 59-61 M = 174-177

Triglycerides (mg/dL) 52-207 55-267 F = 51-53 F = 203-210 F = <150
M = 54-56 M = 263-272 M = <150

TC/HDL ratio 2.3-6.0 2.6-7.0 F=22-23 F =6-6 F=23-53
M = 25-2.6 M=17-7 M=24-59

T. bilirubin (mg/dL) 0.3-1.0 0.3-1.2 F=103-03 F=1-1 F=0.5-1.0
M = 0.3-04 M = 1.20-1.28 M = 0.5-1.0

T. protein (g/dL) 6.7-8.5 6.8-8.5 F=6.7-68 F = 8.5-85 M/F = 6.0-8.0
M = 6.8-6.9 M = 8.5-8.6

Albumin (g/dL) 3.7-4.9 3.9-5.1 F =3.7-3.17 F=4949 F =35-5.0
M =3.9-39 M =5.1-5.1 M = 3.5-5.0

Globulin (g/dL) 2.5-4.2 2.4-39 F=24-25 F=4142 M/F = 2.4-3.8
M=24-24 M =394

AST (U/L) 12-37 14-42 F =12-13 F = 36-37 M/F = 540
M = 14-14 M = 42-43

GGTP (U/L) 10-39 13-61 F = 10-10 F = 3940 F = 10-50
M =13-13 M = 60-62 M = 10-50

below and above 40 years of age (Tables 5, 6).We identi-
fied that some of the parameters like ESR, Tc, HDL, LDL-c
and TGL were higher in persons below 40 years age group,
while hemoglobin and platelets were lower in persons
above 40 years age group (Table 5). Region and gender
wise reference intervals are shown in Tables 7 and 8.

Discussion

Currently, developing countries like India are facing serious
public health challenges like obesity, cardiovascular disease,
diabetes and infectious diseases. In this arena, clinical lab-
oratory plays a major role for early diagnosis of life threat-
ening disease and also provide valuable information about
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health of an individual. The present study aimed at estab-
lishing region-specific reference intervals for hematological
and biochemical markers among apparently healthy Indian
population. In our study, we found that established reference
intervals of certain biochemical and hematological param-
eters were altered from current reporting ranges. It highlights
the importance of establishing and incorporating the region-
specific reference intervals in the laboratory reporting sys-
tem in our ethnic population. It was also observed that the
2.5 % lower reference limit was lower for hemoglobin, mean
cell volume, platelet count and 2 h post glucose and the
97.5 % upper reference interval was higher for ESR, fasting
glucose, total cholesterol, low density lipoprotein, triglyc-
erides, total cholesterol, serum uric acid, total bilirubin,
alkaline phosphatase and gamma glutamyltransferase.
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Table 5 Hematological reference intervals among healthy individu-
als in different age groups

Table 6 Biochemical reference intervals among healthy individuals
in different age groups

Analyte Sex <40 Years >40 Years Analyte Sex <40 Years > 40 Years
Hemoglobin (g/dL) Male 12.6-17.1 11.7-16.6 Fasting glucose (mg/dL) Male 78-108 80-116
Female 9.6-14.3 10-14.4 Female 75-104 78-110
PCV (%) Male 37-51 35-49 PP glucose (mg/dL) Male 67-132 70-145
Female 30-43 30-43.3 Female 70-129 72-147
MCV (1) Male 78-97 77-99 Urea (mg/dL) Male 12-33 13-36
Female 70-96 74-96 Female 13-27 12-33
MCHC (g/dL) Male 31-36 31-36 Creatinine (mg/dL) Male 0.7-1.2 0.7-1.3
Female 30-35 30-35 Female 0.5-1.0 0.6-0.9
ESR (mm/h) Male 2-18 2-30 Uric acid (mg/dL) Male 3.5-8.3 3.5-8.3
Female 4-50 5-60 Female 2.6-6.3 2.7-6.7
RBC (millions/mm?) Male 4.5-6.0 4-5.5 Total cholesterol (mg/dL) Male 113-248 124-263
Female 35-53 3.6-5.16 Female 114-233 130-269
WBC (Cells/mm?®) Male 4,200-9,700 4,200-9,800 HDL cholesterol (mg/dL) Male 25-59 26-65
Female 4,200-10,300 4,200-10,600 Female 28-66 31-75
Neutophils (%) Male 42-73 43-74 LDL cholesterol (mg/dL) Male 59-171 64-180
Female 45-75 44-75 Female 58-155 69-182
Lymphocytes (%) Male 18-45 18-45 Triglycerides (mg/dL) Male 53-259 58-277
Female 18-44 1845 Female 51-183 58-230
Eosinophil (%) Male 1-8 1-10 T. bilirubin (mg/dL) Male 0.4-1.2 0.3-1.3
Female 1-7 1-8 Female 0.3-1.0 0.3-1.0
Monocytes (%) Male 2-10 2-10 T. protein (g/dL) Male 6.9-8.6 6.7-8.5
Female 2-9 2-8 Female 6.8-8.5 6.7-8.5
Platelets (lakhs/uL) Male 1.3-3.8 1.2-3.8 Albumin (g/dL) Male 4.0-5.2 3.9-5.0
Female 1.3-42 1.2-43 Female 3.74.9 3.7-4.8
Globulin (g/dL) Male 24-39 2.4-4.0
Surprisingly, platelets were low in males than females Female — 2.5-4.2 2442
and also the upper limit of normal was marginally lower ~ SGOT (U/L) Male 14-45 1342
than current reporting ranges. The reason for low platelet Female 12-35 12-37
count is unknown. But, genetic environmental and dietary =~ GGTP (U/L) Male 13-62 12-62
Female 10-38 10-42

factors have been speculated from earlier studies [14, 15].
The erythrocyte sedimentation rate which is an indirect
marker for inflammation and uric acid levels were found to
be higher in our apparently healthy population. It is
assumed that diet rich in purines as observed in animal
proteins increases serum uric acid levels. Gender differ-
ences were observed for the following parameters such as
haemoglobin, PCV, ESR, serum creatinine, uric acid, HDL,
triglycerides and GGTP as in the current clinical practice
gender based partitioning is not routinely employed on a
large scale in our setting.

Given the importance, gender based studies should be
carried out to investigate the reason for the biological
fluctuation and also to identify the people at risk of
developing the disease. On the other hand, there were no
differences appreciated in the parameters like lymphocytes,
monocytes and basophils. These analytes are correlated
well with the reporting values. Therefore, it is clear that
establishment of local reference intervals carries utmost

significance in the laboratory reporting system and in
safety monitoring of clinical trial participants.

Many studies reported that Indians are more susceptible to
metabolic complications especially to diabetes, cardiovascu-
lar disease, dyslipidemia and other lipid abnormalities. The
present study demonstrated that the levels of total cholesterol,
triglycerides and serum uric acids were higher than current
reporting ranges. This could be attributed to changes in life
style, socio-economic status, age, sedentary habits, con-
sumption of fried foods, lack of exercise and genetic factors.

Recent studies from different geographical locations of
India have established reference intervals for certain bio-
chemical parameters and also identified significant changes
in liver markers and lipid levels in healthy Indian popula-
tion [16-21]. Furthermore, we have documented that the
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Table 7 Region wise reference intervals for biochemical parameters

Investigation Ahmedabad (n = 812) Delhi (n = 1,279) Hyderabad (n = 4,446) Chennai (n = 4,128)
Male Female Male Female Male Female Male Female
Fast glucose (mg/dL) 82-110 82-110 76-108 74-102 79-110 79-110 77-110 77-110
2 h Post glucose (mg/dL) 70-130 70-130 65-133 58-133 66-145 66-145 85-126 85-130
T. cholesterol (mg/dL) 127-265 115-251 116-252 116-252 113-248 113-248 118-256 118-256
HDL cholestrol (mg/dL) 31-69 31-77 26-59 30-68 23-50 26-57 31-65 34-70
LDL cholestrol (mg/dL) 65-198 61-179 63-177 56-163 61-175 61-175 60-168 60-168
Triglycerides (mg/dL) 66-274 48-200 56-266 53-196 54-260 51-200 54-270 53-217
TC/HDL ratio 2.5-6.3 2.2-5.8 2.6-6.5 22-54 3.0-8.0 3.0-6.0 2.4-59 2.3-53
Blood urea (mg/dL) 12-36 7-35 13-38 11-34 10-32 10-32 16-34 16-31
S. creatinine (mg/dL) 0.8-1.4 0.7-1.1 0.7-1.3 0.5-1.0 0.6-1.3 0.5-1.0 0.7-1.2 0.6-0.9
S. uric acid (mg/dL) 3.7-8.7 2.7-6.6 4.1-8.5 2.4-6.6 3.7-8.0 2.1-5.9 3.3-8.0 2.8-6.4
T. bilirubin (mg/dL) 0.2-1.1 0.2-1.1 0.3-1.5 0.3-1.2 03-14 0.2-0.8 0.5-1.2 0.5-1.0
T. protein (g/dL) 6.6-8.4 6.6-8.4 7.1-9.0 7.1-9.0 6.9-8.5 6.9-8.5 6.8-8.2 6.8-8.2
Albumin (g/dL) 4.0-5.0 4.0-5.0 42-54 4.2-54 39438 34-4.6 4.1-4.9 3948
AST (U/L) 11-38 0-32 1241 1241 13-39 13-39 14-43 14-43
GGTP (U/L) 11-65 7-33 13-60 10-39 19-66 15-43 12-50 11-36

Table 8 Region wise reference intervals for hematological parameters

Investigations Ahmedabad (n = 812) Delhi (n = 1,279) Hyderabad (n = 4,446) Chennai (n = 4,128)
Male Female Male Female Male Female Male Female
Hemoglobin (gm/dL)  11.9-16.6 9.9-142  12.4-17 10.4-14.6 13-17.2 10.3-14.8 11.5-16.8 9.4-14
PCV (%) 37-49 32-44 37-49 31-42 39-52 3145 35-49 3043
MCHC (%) 31-35 30-35 33-36 32-35 31-36 31-36 32-35 29-35
MCH (pg) 26-33 23-32 25-33 25-33 26-33 23-32 25-33 24-32
RBC (millions/mm?®) 4.0-5.9 3.7-5.2 NA NA 4.0-6.0 4.0-6.0 3.9-6.0 3.5-5.1
WBC (cells/mm?) 3,900-9,200 3,900-9,200 4,200-9,700 4,200-9,700 4,200-9,500 4,200-9,500 4,200-10,400 4,200-10,400
Neutrophils (%) 45-74 45-74 46-78 46-78 44-72 44-72 41-74 41-74
Lymphocytes (%) 2046 2046 15-45 15-45 20-44 2044 1847 18-47
Esinophils (%) 1-6 1-6 1-7 1-7 1-8 1-8 1-10 1-10
Monocytes (%) 2-8 2-8 1-10 1-10 3-10 3-10 2-9 2-9
Basophils (%) 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Platelet count 1.5-3.6 1.4-3.9 1.3-3.6 1.0-3.8 1.5-3.8 1.6-4.4 1.1-3.9 1.2-4.1

(lakhs/pL)

NA Not available

renal and cell integration markers like creatinine, AST and
GGT were lower in females than males as supported by
previous studies done elsewhere [22, 23]. Subsequently, we
found lower levels of haemoglobin and platelets in subjects
above 40 years age group and higher levels of lipids &
lipoproteins in below 40 years as supported by a previous
study [24]. As age increases RI may differ from younger
adults that emphasize the importance of establishing age-
specific reference values and their significance in our
clinical milieu prior to developing laboratory reporting
intervals for our ethnic population various factors should
be considered (viz. pre-analytical, analytical and post-

@ Springer

analytical factors) that would affect the outcome of results
and it was recently reported by a CALIPER substudy
among healthy children [25]. International federation of
clinical chemists recommends that each clinical laboratory
should establish its own reference interval for local ethnic
population and not to adopt the manufacturer references
ranges. Moreover, clinical laboratory values should be
validated every 5 years to ensure laboratory reporting
system adhering to the guidelines published elsewhere for
clinical laboratory.

There are few limitations in this study that could be
cited such as data on smoking, socioeconomic status,
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genetic, exercise and history of alcohol were not available
for all reference population. However, strengths of the
present study are larger sample size, study participants
from different region and standard laboratory techniques.

In conclusion, gender based partitioning is required for
hemoglobin, packed cell volume, ESR, high density lipo-
protein, triglycerides, creatinine, uric acid, and GGTP.
However many community based studies are warranted to
validate the region-specific laboratory reference intervals
for our ethnic population.
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