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screening. In this study we used the bootstrap method to evaluation the ROC curve E-mail: rafeie@arakmu.ac.ir

of diagnostic screening TSH test.

: In this study a bootstrap method is proposed to plot ROC
curve and determinate the cut point of TSH & T4 based on YOUDEN method. at
the first generated subsample and estimated ROC and cut-off point for each sample.
The procedure run for 500 replicate. For each replicate selected cut-off where have
maximum YOUDEN. The cut-off point calculated for 500 replications from each
sample and then selected mean of 500 replicate. The cut-off which have minimum
misclassification selected optimal cut-off point.

: Based ordinary method to estimate the ROC curve the optimal cut-off point
for TSH variable is 10 mlU/L and for T4 variable is 100 pg/dL which based the
bootstrap method respectively optimal cut-off point for TSH is 9.54 and for T4 is

100.07. Keywords: Bootstrap method,

Hypothyroidism, ROC curve,

: The optimal cut-off point where obtained from bootstrap method have L s
Sensitivity, Specificity.

minimum misclassification rate versus ordinary method. Based the small sample
bootstrap have minimum misclassification rate toward ordinary method with large
sample.
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Introduction

Congenital hypothyroidism is one of the most
common endocrine and metabolic diseases in
infants and one of the important and preventable
causes of mental retardation in infants. In Iran, the
incidence of hypothyroidism is estimated at 2.2
per thousand live births, which is higher than other
countries in the world. The incidence of this
disease in female infants is twice that of male
infants. Delay or lack of treatment leads to severe
growth disorders and irreversible mental
retardation. Loss of IQ due to this disease can be
prevented when the disease is diagnosed in a short
time (ideally in the first days of life). According to
the national screening, the incidence of the disease
in Iran is about 2.4% which is higher than the
global incidence. Screening goals include treating
infected infants in the first days of life, diagnosing,
treating transient types of disease, and creating a
suitable setting for screening for other neonatal
metabolic diseases. The incidence of this disease
in female infants is twice that of male infants.
Delay in treatment or lack of treatment leads to
severe developmental disorders and irreversible
mental retardation. Loss of IQ due to this disease
can be prevented when the disease is diagnosed in
a short time and ideally in the first days of life. In
Iran, according to the national guidelines for
screening for congenital  hypothyroidism,
Newborns are referred to their health centers for
screening in 3-5 days after birth, Thyrotropin
(TSH) is measured using a heel blood sample
collected on filter paper. Due to the strategy for
diagnostic tests, the prevalence of the disease has
increased in recent years and mild cases of C.H.
are also diagnosed. It seems in addition to the
geographical area, the cut-off point for TSH is also
related to the diagnosis of hypothyroidism and the
incidence of the disease. Children with TSH
higher than normal are called to test for infected
children by measuring serum thyroxine T4 and
TSH hormones and to treat and follow up. Use of
ROC curve is an effective and well-known method
for evaluating a diagnostic test whose results are

ordinal or quantitative variables. Bootstrap
resampling is a method that regardless of many
hypotheses, by creating numerous samples,
approaches sample conditions to population

conditions. With this method, by considering all
types of sample formation, it is possible to
estimate the population by coefficients and
confidence intervals with the least bias and error.
In using this method, we will not need to accept
the assumptions related to the normality of the
distribution and the existence of a large sample.
Bootstrap is one of the most powerful estimation
tools and the accuracy of the estimates under
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Bootstrap is relatively accurate. But not many
studies have been done on the ROC curve and
bootstrap method. In this study, the bootstrap
method for diagnostic tests of TSH and T4 is used
and simulated for real samples.

Methodology

Sample consists of 614 infants who referred to
health centers for screening at the age of 3-5 days.
They were selected and examined from 2006 to the
end of 2012 in Arak city and screening centers in
rural areas. The infants included in the study were
from Amir Kabir, Quds, Imam Khomeini and
Taleghani hospitals and special rural screening
centers. Sampling of infants' heels were performed
on 903S&S filter paper and sent to the provincial
health center along with no.1 screening form. TSH
levels were measured by ELISA antibody Kkits.
Infants with TSH more than 5 were recalled and
venous samples were taken from them for T4,
T3RU and TSH measurement. According to the
national guidelines, infants with TSH more than
10 mlU/L and T4 less than 6.5 pg/dL were
considered as patients. Finally, the sample formed
with 614 members, including 414 unhealthy and
200 healthy infants. then ROC curve cut-off point
was drawn and the optimal cut-off points for TSH
and T4 variables were obtained based on this
curve. Using cut-off point and a statistical model,
sick infants can be distinguished from healthy
ones. The function of cut-off point is based on
probability, in this way that by using a statistical
model e.g. logistic model, the probability of being
sick is calculated for all infants. Any of infants
with a higher probability than the cut-off point is
considered as patient and any of them with a lower
probability than cut-off point is considered
healthy. Chi-square and independent t-test were
used to analyze the data and ROC curve tests and
diagnostic test based on Youden index were used
to test the research hypotheses. The Youden Index
was introduced in 1950 by Yuden. This index was
proposed as a way to summarize the performance
of a diagnostic test and its value varies from 0 to
1, and the closer this index to 1, is higher the
efficiency and test detection. The bootstrap
resampling method was performed with 500
replications and different sample sizes (n=10, 25,
75, 100) based on the following algorithm with
umber of replicates (N)

a) In every replication, the following steps are
performed:

1. Sample selection with replacement (size: n)

2. Estimating the sensitivity and specificity of the
sample
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3. Drawing ROC curve based on logistic model

b) Determining the "optimal cut-off point" by
calculating the average of N cut-off points
c) Classification of patients based on the optimal
cut-off point
d) Calculating the accuracy of the test based on
the optimal cut-off point
In this study, the number of replicates was
N=500 and the sample sizes were n=200, 150, 100,
75, 25, 10. Using the Bootstrap sampling method,
the mean disease proportion and confidence
interval were calculated and compared with the
disease proportion of real data. Finally, the exact
value of the optimal cut-off points for the TSH and
T4 were obtained by calculating the average of
500 optimal points obtained from 500 replications
per sample size. Data analysis was performed by
SAS 9.4 software.

Result

Based ordinary method to estimate the ROC
curve the optimal cut-off point for TSH variable is
10 mlU/L and for T4 wvariable is 100 pg/dL.
Results showed that the area of under Roc curve
(AUC) for the TSH per sample size indicated the
desirability of the  diagnostic test of
hypothyroidism prediction. Table 4 showed that
the length of the confidence interval and the mean
standard deviations reduced as the increasing

4. Selection of the cut-off point based on the
maximum value of the Youden index

sample size. It indicated the accuracy of the

diagnostic test at large sample sizes.

Based on the results obtained from the
bootstrap method, it can be concluded that the
TSH test is appropriate. The bootstrap method
confirmed the results obtained from the ROC
curve, which reached most accuracy in the large
sub-samples. The results in the sample size of 25
were almost similar to the results obtained from
the ROC curve with the sample size of 612, which
indicates that the bootstrap method is suitable for
small sample sizes.

Based on Table 4, the estimated cut-off points
of the bootstrap method for sample size of 200,
150 and 100 were equal. So, the cut-off point was
not depended on the sample size and this point was
the best cut-off point for neonatal hypothyroidism.
The lowest classification error rate was 0.022 for
n=100 and the cut-off point of 9.55. As a result,
the cut-off point and the classification error rate
was constant as increasing the sample size.

In addition, based on the bootstrap method for
the T4, classification error rate was 0.18 for
sample sizes less than 75, equal 100 and 150.
Table 6 indicated that the cut-off point was 100.44,
100.07 and 101 for sample sizes 75, 100 and 150,
respectively. So, lowest the classification error
rate observed in sample size 100. The best cut-off
point was 100.07.
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Figure 1. ROC curve for TSH
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Table 4. Result of Bootstrap method for TSH with 500 replicates

Confidence
Sample Std mter\;z;lsi(;?r) AUC Optimal misclassification
mp Sensitivity  specificity AUC . o ° cut off rate
size deviation Lower Upper oint
band band P
10 0.94 0.96 0.9992 0.0035 0.9904  1.0043 9.48 0.04
25 0.94 0.97 0.999 0.0024 0.9927 1.002 9.43 0.03
75 0.95 0.98 0.9991 0.001 0.9953  0.9994 9.5 0.03
100 0.97 0.98 0.9991 0.0008 0.9957  0.9989 9.55 0.02
150 0.96 0.98 0.9991 0.0007 0.996 0.9987 9.55 0.02
200 0.96 0.98 0.9991 0.0005 0.9963  0.9985 9.55 0.02
1.00 /_.7
0.75
% 0.50 e
I
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Figure 2. ROC curve for T4
Table 6. Result of Bootstrap method for T4 with 500 replicates
Confidence
Samole Std mterwglsi(;r) AUC Optimal misclassification
. P Sensitivity  specificity AUC . L cut off rate
size deviation Lower | Upper oint
band band P
10 0.53 0.54 0.6536  0.1560 0.4190  0.9140 78.07 0.42
25 0.54 0.55 0.6660  0.0980 0.4750  0.8670 90.57 0.41
75 0.56 0.57 0.6750  0.0484 0.5712  0.7615 100.44 0.18
100 0.55 0.58 0.6850  0.0381 0.5850  0.7480 100.07 0.18
150 0.54 0.56 0.7010  0.0080 0.6010  0.7200 101.00 0.18
200 0.54 0.56 0.7120  0.0070 0.6130  0.7260 99.30 0.39
Conclusions For T4, using the ROC curve and the bootstrap

In the present study, based on the ROC curve,
the cut-off point for TSH was 10 mlU/L, and at
this point the sensitivity, specificity and AUC
were 98.83%, 100% and 98.99%, respectively.
The cut-off point was obtained 9.55 mlU/L based
on the bootstrap method in a sample size of 100.
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method, the cut-off point was 100 pg/dl. There was
not much difference in the amount of classification
error rate between the ROC curve and the
bootstrap method, which confirms the cut-off
point obtained by the bootstrap method. The
optimal cut-off point where obtained from
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bootstrap method have minimum misclassification
rate versus ordinary method. Based the small
sample bootstrap have minimum misclassification
rate toward ordinary method with large sample.

Studies show that when the required sample size is
available, the estimation error is significantly
reduced by increasing the bootstrap iterations as
well as increasing the bootstrap sample size.
According to the results, this is also true for the
amount of sensitivity and specificity. Due to the
nature of the bootstrap method for estimation, if
sufficient sample size is not available (n< 25),
bootstrap is a suitable solution to establish the
conditions that can be used to obtain a reliable
estimate and in low sample size this method can
Be a good solution as we have seen in different
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sample sizes, the results of the bootstrap method
indicate a valid cut-off point for the ROC curve
and can be used for validation.
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