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1. INTRODUCTION
Health is a relative concept. International Federation of Clinical 
Chemistry and Laboratory Medicine (IFCC) is the organisation which 
provide a forum for standardisation and traceability, to enhance 
scientic level and quality of diagnosis and therapy for patients. They 
have dened an individual selected for comparison using a dened 
criterion as the reference individual. Reference value is the value 
obtained by observation or measurement of a quantity on a reference 
individual. Reference interval for many laboratory tests is dened by 
threshold values between which the test results of a specied 
percentage (usually 95%) of apparently healthy individuals would fall. 
Reference individuals are selected by diffferent methods - direct or 
indirect, a priori or a posteriori, and random or non-random methods:

1.1.Direct and Indirect methods: 
In direct method, individuals are selected from a parent population 
using dened criteria. In indirect method, individuals are not 
considered, but certain statistical methods are applied to the analytic 
values in a laboratory database to obtain estimates with specied 
characteristics.

1.2.A Priori and a posteriori:
A priori and a posteriori are used in direct method. A priori is when 
individuals are selected for specimen collection and analysis if they 
full dened inclusion criteria. A posteriori is using an already existing 
database containing both analysis results and information on a large 
number of individuals and those fullling dened inclusion criteria are 
selected. 

1.3. Random and non-random methods:
The process of selection giving each item (individual or test result) an 
equal chance of being chosen is termed random method. The process of 
selection giving each item an unequal chance of being chosen is non-
random method. 

Among the different methods used to estimate the reference interval, 
the simplest to estimate, more commonly used and that recommended 
by IFCC is interpercentile interval. Interpercentile interval can be 
calculated by parametric or non-parametric methods. Parametric 
method assumes a certain type of distribution and is based on estimates 
of population parameters, such as mean and standard deviation. Non-
parametric method makes no assumptions concerning the type of 
distribution and does not use estimates of distribution parameters. The 
non-parametric method is recommended by IFCC and CLSI. When 
results obtained using proper application of any of the two methods are 
compared, it is found that the estimates of the percentiles are very 
similar. 

Advantages of using reference interval for test result interpretation 
include its simplicity to use and understand. Once obtained, these are 

easy to store and retrieve from laboratory database and pocket 
notebooks. It has high degree of acceptance by the medical community 
through long use.

Reference interval do have certain drawbacks. If the reference 
population used for derivation is different from the target population, it 
gives misleading information of the individual's status. This can be 
overcome by estimating the reference interval for each population 
under test and by stratifying the population based on the already known 
variables.

Serum TSH level estimation remain the single best test for assessing 
thyroid function. Diurnal variations in TSH level is minimal. The 
hormone secretion varies with age and stays fairly constant beyond 20 
years of age. It is inuenced by stress, malnutrition, pregnancy and use 
of exogeneous thyroxine. There are no documented signicant 
differences in the values among both genders in adults.

Reference interval used routinely in most laboratories is the ones 
provided in the test reagent kit insert provided by the manufacturer. It 
has been observed that despite satisfying recommended internal and 
external quality control protocols, the laboratory TSH results fail to 
correlate with the clinical presentation of the patient. The scenario 
prompted the investigators to determine the reference interval in our 
reference individuals to address this discrepancy in a commonly used 
analyte. 

2. Procedure :
Objectives:
1.  To determine reference interval for TSH estimation among adult 

population at a tertiary care centre from laboratory data  
2.  To determine differences in TSH reference interval between males 

and females 

Study population: Patients coming to Government Medical College 
Thrissur 
 
Inclusion criteria: All patients above age of 20 years who had given 
blood for TSH estimation 
 
Exclusion criteria:
- TSH values <0.005µIU/L and >100µIU/L  
- Incomplete documentation
- Age less than 20 years 

Period of study: 01.01.2016 to 31.03.2016 
Study design: Record based cross-sectional study. 
The sample size was calculated from a study done among adult 
population in New Delhi for estimation of reference interval for TSH 
and was found to be 114. 

In the current study, we have taken one of the most frequently ordered biochemical parameter – TSH level estimation 
among adults, to check whether the provided kit insert values are applicable for our set of patient population, and also, 

unlike in earlier available data, if there are any gender differences in same. TSH values were determined in random blood samples from 5709 
patients.Non-parametric method was used, along with suitable statistical tools. The reference interval was obtained for the entire data, then for 
males and females separately, and later compared with the kit insert values. Statistical tests showed inequality between the sub-groups and hence 
were analysed separately. The RI obtained was 0.322-9.09 μIU/L for the whole data, 0.4475-0.75625 μIU/L for males and 0.31105-9.28 μIU/L for 
females. The RI differs from kit insert value in upper reference limit and signicant gender differences were found in both upper and lower 
reference limits. The emerging trend calls more extensive studies for resetting our population-specic RI for TSH, comprehensive studies to 
determine causes for the changing scenario and send the message across to the treating physicians, and to the general population at large.
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In the pilot study done with our hospital database, 0.1% outliers were 
found (TSH values outside the range of 0.05-100μIU/L). Hence the 
sample size was recalculated to 127.

Maximum samples satisfying the inclusion and exclusion criteria were 
included.

Methodology: 
TSH test results of study subjects obtained from the data register in 
Clinical Biochemistry laboratory. Cobas chemiluminescence method 
was used to measure the TSH level throughout the above-mentioned 
time period. Manufacturer advised procedure was followed. 
Laboratory was part of EQAS(CMC Vellore, India), and tests were 
acceptable when compared with the same peer group during the study 
period.
 
The data of the subjects were entered in proforma and analysed. 

Data analysis:  
Data analysis was carried out as per the guidelines put forward by 
IFCC- gure I. 

3. Results
Serum TSH level estimation was done for a total of 8367 patients at our 
laboratory during the study period. 1957 of them did not satisfy the 
inclusion and exclusion criteria. Among the remaining 6410 subjects, 
701 were excluded due to incomplete information, limits of detection, 
duplication or repeated tests done on same patient. This was done 
according to the study conducted by Grossi et al, by which the patients 
with probable thyroid illnesses were removed. 

The female patients were found to be more than 4 times that of male 
patients. 

Data was checked for normality using Kolmogorov-Smirnov (K-S) 
test, which is a non-parametric test of equality of distributions. K-S test 
was done for whole data, and for male and female. Histogram plotting 
the same showed a right handed skewness(table I).

Outliers were removed from the data using Horn's test and again 
checked for normality using K-S test. From the Male sub-class 86 
outliers were detected and removed, 358 from Female sub-class and 
448 from total group. Again, the p-value was found to be <0.05 and 
hence the assumption of normality was not satised, with a right-sided 
skewness.

Even though more attempts were made to transform data into Gaussian 
distribution using natural logarithm, exponential and square root 
value, and removing outliers, the remaining data was still found to be 
skewd. Hence parametric method of determination of reference 
interval from the indirect sample was not possible.

Further analysis was performed by non-parametric method.

The data after removing outliers (5261) was divided into 6 sub-groups 
to check for comparability of the data obtained over the 3 month study 
period. Each of the sub-groups had values obtained over consecutive 
2-3 weeks. 

The sub-groups were checked for normality using K-S test. The sub-
groups I to V had p-values >0.05 and was Gaussian, while sub-group 
VI had p-value <0.05 and hence non-Gaussian. Non-parametric 
method was applied to estimate indirect reference interval. Rank 

th thnumbers of 2.5  and 97.5  percentiles were computed as 0.025(n+1) 
and 0.975(n+1) respectively. This was done for whole data, 6 sub-
groups and, for male and female sub-groups separately.90% 
condence interval for lower and upper limits were calculated 
according to the recommendations of IFCC(table II).

The 6 sub-groups were compared using Kruskal Wallis test and, 
equality in distribution of gender sub-groups were analysed using 
Mann Whitney U test. 

No signicant difference was found between the 6 sub-groups, 
showing that the data obtained over different time periods were similar 
and could be combined as one. Male and female data had signicant 
differences and were hence separately taken.

Reference interval and Condence interval for TSH calculated from 
patient data (indirect reference interval) estimated by non-parametric 
method, and manufacturer's recommended reference interval which 
our laboratory currently uses were compared(table III).

4. DISCUSSION 
The most important non-controllable variable inuencing TSH level is 

age. Adult population above 20 years of age was taken to nullify this. 
There are no documented gender changes in the TSH level among 
adults. Other variables causing major variations in value were 
excluded by detecting the outliers from the data.

The reference value used in our Clinical Biochemistry Laboratory, 
provided by the Roche diagnostics, calculated using 516 healthy adults 
by direct method was found to be differing from our reference value 
using 5261 hospital patient samples by indirect method. Recent data 
from South Korea, based on Korea National Health and Nutrition 
Examination Survey(KNHANES) VI shows that the TSH reference 
range obtained from disease-free and total population are comparable. 
The signicant difference in the values from the kit insert could be 
explained by the difference in the reference population used for both 
the calculations. 

The data from the current study shows that though the lower limit of the 
reference interval is corresponding to that of the kit value, the upper 
limit is much higher. Also, the values obtained from male and female 
patients were not comparable and on analysing them separately, the 
lower reference limit is lesser and upper reference limit is higher for 
females compared to males. These could be explained by:
1. Majority of the patients analysed were females (Female: male 

ratio was 4.36: 1).  Study from Madurai also showed a higher 
prevalence of sub-clinical hypothyroidism among young, 
otherwise normal females.

2. The adult age group considered includes the pregnant females as 
well. They are found to have higher TSH levels compared to non-
pregnant subjects.

3.  Majority of our laboratory subjects, might be having thyroid 
dysfunction in the form of hypothyroidism. Hypothyroidism is the 
commonest thyroid dysfunction. 

4.  Increased prevalence of subclinical hypothyroidism with TSH 
level upto 10μIU/mL has recently been documented from Central 
Kerala and Tamil Nadu studies. They found that hypothyroidism 
was seen even when the iodine excretion value was within normal 
range.

5.  Changing life styles among Kerala population could be 
contributing in terms of goitrogenic agents in food and beverages.

6.  Higher incidence of autoimmune thyroid dysfunction with high 
TSH levels have been detected in a previous study among 
population in Central Kerala.

This was indeed an eye-opener for us and is found to be consistent with 
recent similar studies from different parts of the country. We want to 
emphasize that there is an urgent need to determine the reference 
interval for each of our laboratory values using our own population and 
with suitable age or gender stratications as required. A multi-centric 
study for obtaining the reference values for Kerala population is also a 
much-needed project.
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6.Tables and figures :
Figure I :Algorithm to analyse data to obtain RI, as recommended by 
IFCC:
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Table I: Results of Kolmogorov-Smirnov test of data:

Table II: Lower and upper reference limits of the groups:

Table III : Comparison of indirect Reference Interval of our patient 
population with that of kit manufacturer:
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Raw data Data after removing outliers

Group N K-S statistic P-value New N K-S statistic P-value

Male 1070 11.93 0.001 984 4.88 0.001
Female 4639 23.72 0.001 4281 9.79 0.001

Whole 
data

5709 26.561 0.001 5261 11.04 0.001

Group/ 
sub-groups

Time 
period

N Median ± QD Reference limit

Lower Upper

Total - 5621 2.01 ± 1.06 0.322, 0.37 8.6, 9.5

I 01.01.16 -
21.01.16

1065 1.91 ± 0.9525 0.316, 0.395 6.98, 8.31

II 22.01.16 - 
04.02.16

841 2.05 ± 1.105 0.346, 0.497 8.75, 10.88

III 05.02.16 - 
18.02.16

883 1.99 ± 1.0875 0.337, 0.479 7.98, 10.18

IV 19.02.16 - 
04.03.16

913 2.07 ± 0.9925 0.325, 0.444 7.8, 9.49

V 05.03.16 - 
18.03.16

881 2.11 ± 1.16 0.251, 0.341 8.7, 11.4

VI 19.03.16 - 
31.03.16

678 1.95 ± 1.1975 0.122, 0.244 8.44, 11.56

Male - 984 1.81 ± 0.865 0.417, 0.482 7.32, 8.19

Female - 4281 2.07 ± 1.105 0.305, 0.32 9.2, 9.32

Total 
number

Reference 
interval

Lower 
confidence 

interval

Upper 
confidence 

interval

Manufacturer

5261 0.322 - 9.09 0.322, 0.37 8.6, 9.5 0.27 - 4.2
Male: 984 0.4475 - 7.5625 0.417, 0.482 7.32, 8.19

Female:4281 0.31105 - 9.28 0.305, 0.32 9.2, 9.32
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