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A BS T R A C T
BACKGROUND
Reference intervals (RI) are one of the most common decision support tool used
for interpretation of laboratory reports. Quality of the RI plays as an important role
in interpretation of result and clinical decision making. RI vary with metabolic and
physiological changes with advancing age. Reference intervals of Indian elderly
population are not available. This study was done to see if there is any difference
in the reference intervals of biochemical parameters among elderly compared to
the reported value.
METHODS
This community based study was conducted by the Department of Biochemistry
in a tertiary care teaching hospital of South Kerala. 134 apparently healthy persons
above 60 years of age, using defined criteria, were recruited for the study. All the
biochemical parameters of the subjects were analysed on automated analysers
using standard IFCC methods using AU680 from Beckman Coulter.
RESULTS
The reference limits are defined as the central 95% of the population comprised
between quantiles 2.5 and 97.5, leaving aside 2.5% of the individuals on both
sides of the distribution and reference limits were estimated following standard
methods of the International Federation of Clinical Chemistry (IFCC). The lower
reference limits were estimated as the 2.5th percentile and the upper limits as the
97.5th percentile of the distribution of test results.
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CONCLUSIONS
Establishment of age specific reference value should be done as a protocol before
assuring quality control in the lab.
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BACKGROUND

Clinical laboratory testing is an integral part of healthcare
whether in the diagnosis, treatment or prognosis and plays
a pivotal role in the delivery of quality and effective health
care. Reference intervals (RI) are one of the most common
decision support tool used for interpretation of laboratory
reports. Thus, the quality of the RI plays as an important
role in interpretation of result and clinical decision making.1
Reference intervals serve as a means for physicians to
compare results of patients to the expected values in their
respective clinical settings. Several factors may alter the
biochemical parameters in different populations including
genetics, dietary patterns, gender, age, level of physical
activity, urban or rural location and geographical area.
interval can vary based on the instrument or methodology
being used. Hence it is essential for individual laboratories
to establish their own reference ranges specific for their
population to whom they provide service. According to the
IFCC it is necessary for every laboratory to have their own
set of reference limits.2-5
Reference interval of Indian elderly population are not
available and the values used are of young healthy adults
which are either taken from the textbooks and articles or
insert literature from the Kit manufactures based on
relatively small sample of healthy young adults RI vary with
metabolic and physiological changes with advancing age.
This study was done to see if there is any difference in the
reference Intervals of Biochemical parameters among
elderly compared to the reported value.
We wanted to establish and compare reference interval
for routine biochemical parameters among the elderly males
and females.

METHODS
This community based study was conducted by the
Department of Biochemistry in a tertiary care teaching
hospital of South Kerala. The sample was drawn from the
rural area around institution. 134 apparently healthy persons
above 60 years using defined criteria, were recruited for the
study by conducting a medical camp in the selected wards
of after obtaining necessary permissions from the concerned
authorities. The information and instructions were spread in
the selected wards by distributing the notices through ASHA
workers of the respective wards. The subjected were
recruited to the study after obtaining informed consent.
Those suffering from diabetes, hypertension, coronary
artery disease and persons on any pharmacologically active
agents as in drug treatment for disease or suffering, oral
contraceptives, drug abuse, alcohol, tobacco etc., were
excluded from the study.
Sample Collection
Blood collection Camp was conducted from 7.30 to 9.30 am.
Demographic data, detailed history regarding past and
present disease if any, dietary habits, physical activity,

smoking or alcoholic habits, anthropometric parameters of
each subject were obtained using a performa. Physical
examination was done by trained junior doctors. General and
system examinations were done and vitals were recorded.
Under aseptic conditions 2 ml of venous fasting blood
sample was collected from antecubital vein in plain vacuum
tube containing clot activator and 1 ml in fluoride vacutainer
for fasting blood glucose estimation. All the pre-analytical
factors were standardized, and the study parameters were
analysed using separated serum.
Method of Analysis
All the biochemical parameters of the subjects were
analysed on AU680 from Beckman Coulter using standard
IFCC methods using. All pre-analytical, analytical and post
analytical precautions were taken into consideration for
ensuring proper quality. All Standard Operating Procedures
(SOPs) were followed for sample collection, processing,
storage and handling. Internal quality control (QC) was done
for each parameter by using lyophilized Quality Control
levels from BIORAD. Prior to analysis, the instruments were
calibrated using calibrators and the controls were run at
normal and pathological concentration of the analyte.
Measurement of analytes were done as follows .Blood
glucose based on hexokinase enzymatic method.6 Urea/BUN
by urease reaction coupled to decrease in NADH by Lglutamate dehydrogenase.7 Creatinine by Jaffe reaction8 uric
acid by reaction of uricase and peroxidase reaction. 9
Cholesterol by cholesterol esterase and peroxidise.10
Triglyceride by GK GPO Peroxide method.11 HDL was
measured by release of HDL and reaction with cholesterol
esterase and peroxidase.12 Total Bilirubin and direct bilirubin
by Vanden berg reaction and Diazo method.13 ALP by rate of
conversion of p-nitro-phenylphosphate to p-nitrophenol.14
ALT and AST by coupling of transamination reaction with
lactate dehydrogenase reaction with decrease of NADH.15
Total Protein by reaction with cupric ion in alkaline
medium.16 Albumin bromocresol green method.17
Statistical Analysis
Data analysis was done by using Statistical Software (SPSS17). Calculation of RIs includes parametric and
nonparametric calculation methods, detection of outliers,
partitioning, and confidence intervals. The interpercentile is
the most commonly used method for establishing reference
interval, and recommended by the IFCC. It is defined as an
interval bounded by two percentiles of the reference
distribution. It is an arbitrary but common convention to
define the reference interval as the central 95% interval
bounded by the 2.5 and 97.5 percentiles.

RE S UL T S
The demographic characteristics of the study subjects are
presented in Table 1. 129 (60.56%) were males. The mean
age for males was 64.77 (SD-4.998) and females 62(3.691).
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Minimum age as 60 and maximum-76 years. Ninety four
(77.68%) were below 65 years.
Characteristics

N=121

Age
Sex
Occupation

Mean (SD)-63.34 ( 4.210)
Male -31
No job- 50 (41.32.9%)
Smoking- 8 (22.58 % of
males)
Vegetarian-10 (8%)

Habits
Diet
Family history of
NCD

No-64(52.9%)

Blood Pressure

Mean (SD)-Systolic BP130.36(31.705)

Female 88
Alcohol -7 (5.8% of males)
Mixed -111 (91.7%)
Diabetes-13 (10.74%),
Hypertension-21 (17.35%)
CAD-19 (16.4%),
Cancer -2 (1.6%),
Thyroid diseases-3 (2.45%)
Diastolic BP – Mean (SD)- 79.77
(19.267)

Table 1. Sociodemographic Characteristics of Study Subjects

94

third quartile (Q.75). The interquartile range (IQR) was
calculated by subtracting the first quartile from the third
quartile (Q.75 - Q.25). Any data observation which lay more
than 1.5 × IQR lower than the first quartile or 1.5 × IQR
higher than the third quartile was considered an outlier and
deleted from data. Data of 8 subjects were thus removed.19
The lower reference limits was estimated as the 2.5th
percentile and the upper limits as the 97.5th percentile of the
distribution of test results for the reference population was
calculated from 121 samples.
Mann Whitney U test was used to compare the values
in males and females. Statistically significant differences are
observed between the mean values of Sodium (U=898, p
0.005) and Phosphorus (U=885, p 0.008). No significant
difference was observed in different age groups.

D I S C US S I O N

60-65

12

15

66-70

>70

Graph 1. Age Group Distribution
Parameters
Mean (SD)
with Unit N=121

Median
(Q1,Q3)

Current
2.5th - 97.5th
Reporting
Percentile
Range

Glucose (mg/dl)
Urea (mg/dl)
Creatinine (mg/dl)
Uric acid (mg/dl)
Total Protein (gm/dl)
Albumin(gm/dl)

97.18 (37.981)
22.75 (6.968)
0.96 (0.214)
4.93 (1.165)
7.47 (0.555)
4.12 (0.262)

83 (69.50,112)
22 (18,22)
1 (0.84,1.0)
2 (4,6)
7.42 (7,8)
4.00 (4,4.21)

58.10-207.95
12.05-41.75
0.63-1.96
3.0-7.0
6.0-8.596
3.86-4.997

Total Bilirubin (mg/dl)

0.92 (0.315)

1 (0.77,1)

0.00 -1.96

Direct Bilirubin (mg/dl)

.71 (.825)

0.008 (0.0,0.13)

0.06 – 0.298

ALT IU/L
AST IU/L
ALP IU/L
Total Cholesterol
(mg/dl)

28.34 (12.017)
23.22 (13.726)
79.08 (25.812)

26 (21,30)
20 (15,27)
78 (63,93.5)

17.43 -77.38
8.05 – 61.85
20.65 – 132.95

70-110 mg/dl
20-40 mg/dl
0.7-1.4 mg/dl
3-7 mg/dl
6-8 gm/dl
3.5-5 gm/dl
0.2-0.8
mg/dl
0.0-0.2
mg/dl
15-40 IU/L
15-40 IU/L
50-150 IU/L
150-200
mg/dl
<150
mg/dl

212.61 (58.696) 213 (171.5,250) 76.16 – 329.96

Triglycerides (mg/dl) 118.98 (52.309) 102.00 (81,142.5) 54.05 – 251.35

Table 2. Established Reference Intervals of Routine
Biochemical Parameters
Parameters
with Unit
N=121

Mean (SD)

Median
(Q1-Q3)

2.5th - 97.5th
Percentile

Current
Reporting
Range

Sodium (mEq/L)
Potassium (mEq/L)
Calcium (mg/dl)
Phosphorus (mg/dl)

139.72 (5.96)
4.01 (0.488)
9.348 (0.482)
3.39 (0.541)

(137,143) 141
4 (3,4)
9.3 (9,9.59)
3.21 (3,3.98)

126.05-149.85
3.00-5.00
8.020-10.495
2.30-4.30

135-145 mmol/L
3.5-5.5 mmol/L
8-11 mg/dl
2.5-4.5 mg/dl

Table 3. Established Reference Intervals
for Serum Electrolytes

Kolmogorov-Smirnov was applied for all the parameters
to check normality. As many parameters displayed nonGaussian distributions, non-parametric methods were used.
The reference limits are defined as the central 95% of the
population comprised between quantiles 2.5 and 97.5,
leaving aside 2.5% of the individuals on both sides of the
distribution and reference limits were estimated following
standard methods of the International Federation of Clinical
Chemistry (IFCC).18 Outliers were identified in the data by
calculating the first quartile (Q25), the median (Q.50) and

The establishment of reference interval for individual
laboratory is difficult, because of many factors like selection
of reference individuals, the control of pre analytical
variables etc. Reported values are usually based on the data
derived from healthy volunteers and not based on geriatric
population. The primary objective of the present study was
to analyse the biochemical reference intervals among the
elderly persons of the rural population of costal area of
South Kerala to see any differences in the biochemical
parameters among this defined population compared to the
reported values. No significant difference in reference was
observed between male and female in parameters except
serum sodium and phosphate. Studies show there is gender
difference in dietary sensitivity and cellular sodium
homeostasis.20,21 Difference in inorganic phosphate is
consistent with previous studies as suggested by effect
modification by sex.22-24 RI for glucose, Total cholesterol and
Triglycerides show a significantly high range. RI of Serum
sodium is different from the reported value. No significant
differences were observed for other parameters .Even
though previous study reports an increase in many
parameters like S. creatinine, ALT etc., but our study did not
show such findings.25 Differences in the reference limits
could be due to differences in the geographical location,
methods and equipment used, sample size, posture, race,
regional differences in the dietary intakes of foods rich in
these analytes, and genetics.26-28
Limitations
The limitation of the study is that the participants were
considered to be normal which is a broad term. Also, the
sample size was small according to age, and sex.

C O N C L US I O N S
The reference intervals obtained for blood glucose, total
cholesterol and triglycerides from the study showed
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deviation from the values provided by the diagnostic kit
inserts or literature. No significant gender difference was
observed in most of the parameters except for serum sodium
and inorganic phosphate. Establishment of age specific
reference value should be done as a protocol before assuring
quality control in the lab. This will be of great significance to
the clinicians in making the decisions.

REFERENCES
[1] Yadav D, Mishra S, Gupta M, et al. Establishment of
reference interval for liver specific biochemical
parameters in apparently healthy north Indian
population. Indian J Clin Biochem 2013;28(1):30-37.
[2] Sundaram M, Mohanakrishnan J, Murugavel KG, et al.
Ethnic variation in certain hematological and
biochemical reference intervals in a south Indian
healthy adult population. Eur J Intern Med
2008;19(1):46-50.
[3] Petersen PH, Fraser CG, Ricos C, et al. Establishment of
common reference intervals in laboratory medicine. Eur
J Clin Chem Clin Biochem 1996;34(6):515-516.
[4] Back SE, Nilsson JE, Fex G, et al. Towards common
reference intervals in clinical chemistry. An attempt at
harmonization between three hospital laboratories in
Skåne, Sweden. Clin Chem Lab Med 1999;37(5):573592.
[5] NCCLS. How to define and determine reference intervals
in the clinical laboratory: approved guideline (C28-A2),
Vol. 20. 2nd edn. Wayne, Pennsylvania: NCCLS 2000.
[6] Henny J, Petitclerc C, Fuentes-Arderiu X, et al. Need for
revisiting the concept of reference values. Clin Chem
Lab Med 2000;38(7):589-595.
[7] Stein MW. Clinical methods of enzymatic analysis.
Academic Press 1965: p. 117.
[8] Talke H, Schubert GE. Enzymatic urea determination in
the blood and serum in the Warburg optical test. Klin
Wochenschr 1965;43:174-175.
[9] Fabiny DL, Ertingshausen G. Automated reaction-rate
method for determination of serum creatinine with the
centrifichem. Clin Chem 1971;17(8):696-700.
[10] Fossati P, Prencipe L, Berti G. Enzymic creatinine assay:
a new colorimetric method based on hydrogen peroxide
measurement. Clin Chem 1980;29(8):1494-1496.
[11] Allain CC, Poon LS, Chan CS, et al. Enzymatic
determination of total serum cholesterol. Clin Chem
1974;20(4):470-475.
[12] Trinder P. Determination of glucose in blood using
glucose oxidase with an alternative oxygen acceptor.
Ann Clin Biochem 1969;6:24.
[13] van den Bergh AA, Mueller P. Direct and indirect Diazo
reaction of Bilirubin. Biochem 1916;77:90-103.

[14] Bowers GN, McComb RB. Measurement of total alkaline
phosphatase activity in human serum. Clin Chem
1975;21(13):1988-1995.
[15] IFCC methods for the measurement of catalytic
concentration of enzymes. Clin Chem 1977;23:887-899.
[16] Wroblewski F, Ladue JS. Serum glutamic pyruvic
transaminase in cardiac with hepatic disease. Pros Soc
Exp Biol Med 1956;91(4):569-571.
[17] Weichselbaum TE. An accurate and rapid method for
the determination of proteins in small amounts of blood
serum and plasma. J Clin Pathol 1946;10:40-49.
[18] Solberg HE. Approved recommendation on the theory
of reference values. Part 5. Statistical treatment of
collected reference values. Determination of reference
limits. J Clin Chem Clin Biochem 1987;25:645-656.
[19] Rodkey FL. Direct spectrophotometric determination of
albumin in human serum. Clin Chem 1965;11:478-487.
[20] Solberg H, Stamm D. IFCC recommendation: The theory
of reference values. Part 4. Control of analytical
variation in the production, transfer and application of
reference values. J Automat Chem 1991;13(5):231-234
[21] He J, Gu D, Chen J, et al. Gender difference in blood
pressure responses to dietary sodium intervention in the
gen salt study. J Hypertens 2009;27(1):48-54.
[22] Grikinienė J, Volbekas V, Stakišaitis D. Gender
differences of sodium metabolism and hyponatremia as
an adverse drug effect. Medicina (Kaunas)
2004;40(10):935-942.
[23] Hodkinson HM. Serum inorganic phosphate in a geriatric
in-patient population. Geront Clin 1973;15:45-49.
[24] Obando NC, Lahousse L, Brusselle G, et al. Serum
phosphate levels are related to all-cause, cardiovascular
and COPD mortality in men. Eur J Epidemiol
2018;33(9):859-871.
[25] Onufrak SJ, Bellasi A, Cardarelli F, et al. Investigation of
gender heterogeneity in the associations of serum
phosphorus with incident coronary artery disease and
all-cause mortality. Am J Epidemiol 2009;169(1):67-77.
[26] Gitanjali, Panag KMDS. Establishing reference value of
biochemical parameters: a must before ensuring quality
in biochemistry diagnostic Lab. Ann Path and Lab Med
2016;3(3):A213-216.
[27] Rosen FS, Cooper MD, Wedgwood RJP. The primary
immunodeficiencies. New Engl J Med 1984;311:235242.
[28] Erasmus RT, Ray U, Nathaniel K, et al. Reference ranges
for serum creatinine and urea in elderly coastal
Melanesians. Papua New Guinea Med J 1997;40(2):8991.
[29] Reidenberg MM, Gu ZP, Lorenzo B, et al. Differences in
serum potassium concentrations in normal men in
different
geographic
locations.
Clin
Chem
1993;39(1):72-75.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 7/Issue 10/March 09, 2020

Page 470

