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Mapping the Relative Risk of Congenital Hypothyroidism Incidence via
Spatial Zero-Inflated Poisson Model in Guilan Province, Iran

Abstract

Background: Congenital hypothyroidism (CH) is one of the most prevalent preventable causes of
mental retardation. Studies show that the incidence rate of CH is very high in Iran. Disease mapping
is a tool for visually expressing the frequency, incidence, or relative risk of illness. The present
study aimed to model CH counts considering the effects of the neighborhood in towns and perform
mapping based on the relative risk. Methods: In this historical cohort study, data of all neonates
diagnosed with CH with TSH level >5 mIU/L between March 21, 2017, and March 20, 2018, in
health centers in Guilan, Iran were used. The number of neonates with CH was zero in most towns
of Guilan Province. The Bayesian spatial zero-inflated Poisson (ZIP) regression model was employed
to investigate the effect of the town’s neighborhood on the relative risk of CH incidence. Then,
the map of the posterior mean of the relative risk for CH incidence was provided. The analysis
was performed using OpenBUGS and Arc GIS software programs. Results: The relative risk of CH
incidence was high in the West of Guilan. Moreover, the goodness-of-fit criterion indicated that it
is more appropriate to fit the Bayesian spatial ZIP model to these data than the common model.
Conclusions: Considering the high relative risk of CH in the Western towns of Guilan Province, it is
better to check important risk factors in this region.
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Introduction

One of the most prevalent preventable
causes of mental retardation is congenital
hypothyroidism (CH), defined as the lack of
thyroid hormones from birth. There are two
main types of CH: transient and permanent.
Permanent CH is the chronic type of CH,
requiring lifelong treatment, while transient
CH can be treated in the first few months
or years of life. Most infants with CH
show no apparent symptoms or signs of
the disease in the early months after birth.
Therefore, screening programs of CH
with simple laboratory tests have been
established for the better management of
the disorder and prevention of abnormal
brain development and function. The first
newborn screening program for CH was
developed in Quebec, Canada, in the early
1970s, and it is currently a routine program
worldwide.[!

Results of previous studies indicate that
the incidence of CH is one per 4,500
live births in the US, one per 3,000 live
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births in Europe, one per 5,700 live births
in Japan, and one per 800 live births in
Greece. The incidence of CH is very high
in Iran, reported in the literature to be one
per 1,000 live births.[

For the first time in Iran, Ordookhani et al.
(1987) performed newborn CH screening.
They collected samples of 20,107 newborns
in Tehran and Damavand. Cord blood
samples of newborns collected immediately
after birth and newborns with cord TSH
>20 pU/mL  were recalled after 7-14
days of life, and then serum TSH and T4
and also urinary iodine were measured.
Eventually, the incidence rate of CH was
estimated at 1:914 births.’! The universal
screening practice commenced in 2005 in
the healthcare programs of Iran.[

Several studies have been conducted on CH
worldwide. Some of these were case-control
retrospective studies and their data were
based on those available in CH screening
programs in public health centers. Samples
included neonates whose medical records
were collected.”! Some other studies were
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cohort studies collecting the neonatal medical data of CH
screening programs. The major purpose of these studies
was to determine the risk factors for neonates’ CH from
among demographic, environmental, and medical factors.
Findings of some studies demonstrate sex, very low and
very high neonatal weight, maternal age, the kindred
relationship of parents, taking special medications during
pregnancy, birth season, jaundice at birth, and deficiency or
high levels of iodine as risk factors of CH.[4*]

The result of studies conducted in Iran indicates that
the prevalence of CH is relatively higher in this country
than others. Several studies have been conducted in most
provinces of Iran, including Isfahan, Fars, Yazd, Tehran,
Kurdistan, and Guilan, reporting the incidence ratio of CH
to be 1:370, 1:1433, 1:1608, 1:1000, 1:400, and 1:542 per
live birth, respectively. These studies investigated some
risk factors of CH such as the type of delivery; weight,
length, and head circumference at birth; iodine deficiency;
mother’s; birth season; sex; and postdate delivery.!*!4

It is noteworthy that, in these studies, the Poisson
regression model has been employed to analyze the count
data. Variance and mean are equal in this model. However,
count data often depart from the Poisson distribution due to
the large frequency of extreme observation and excess zero
values. Thus, the variance is no longer equal to the mean.
In other words, common distributions such as Poisson are
not suitable and, therefore, the zero-inflated Poisson (ZIP)
regression must be used.!'”!

The purpose of the present study was to identify the pattern
of CH incidence relative risk among the 51 towns of Guilan
Province, Iran. The response variable was the number of
neonates with CH in towns between March 21, 2017, and
March 20, 2018. The number of neonates with CH was zero
in most towns and, due to the adjacency of towns and their
specific geographical location in Guilan, it was expected
that the CH data would be correlated. As a result, the spatial
ZIP regression model using the Bayesian approach was
adopted to investigate the effect of the town’s neighborhood
on the relative risk of CH incidence. After computing the
relative risk, CH was mapped based on the relative risk.

Methods
Data in this study

This historical cohort study was approved with an ethics
certificate “IR.SBMU.RETECH.REC.1397.1338” at Shahid
Beheshti University of Medical Sciences, Iran. The recorded
medical data of all neonates diagnosed with CH with the
TSH level >5 mIU/L between March 21, 2017 and March
20, 2018 in Guilan health centers were used in this study.
Inclusion criteria consisted of both categories of transient and
permanent. The number of neonates with CH was specified
in 51 towns of Guilan. The spatial segmentation of 51
towns was determined based on the 2016 census performed
by the Iranian Center for Statistics, based on which there
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were 16 townships and 51 towns in this province. The map
of Guilan’s towns was prepared by Arc GIS version 10.4.1
using longitude and latitude. Moreover, the neighborhood
effect was considered in the Bayesian spatial ZIP model, and
then mapping was performed for estimated relative risk.

Statistical analysis

A major objective of spatial studies is estimating the
disease incidence relative risk in each region, estimated via
the maximum likelihood (ML) method. This estimator is

A Y
the standard incidence ratio (SIR)R: = E’, observed count

of disease divided by its expected count.'*!”] In this study,
the observed and expected counts of neonates with CH
in each town were represented by Y and E, (i=1,2,...,51),
respectively. The expected count of CH was computed
by multiplying the count of newborn and provincial
incidence ratio." An SIR value >1 indicates an area with
a higher risk of disease than the expected risk; inversely,
a value of SIR <1 shows a lower risk than expected. The
SIR is a useful tool for comparing the relative risk of
disease incidence in each region, but it also has a major
disadvantage, that is, considering regions independently and
not taking into account spatial dependence and the region’s
neighborhood effects. Furthermore, in cases where regions
are small and/or the disease is rare, the SIR will estimate
the relative risk misleadingly. Therefore, it is common to
estimate disease incidence relative risk using generalized
linear models which were introduced by Besag et al.l'®!7-1°]

Since the response variable is based on count observations,
a more common model is a spatial Poisson log-linear
model as follows:

Yi~P0isson(EiRi) i=12,..,51

log(R)=xp+6, (1)
Where 6, indicates spatial random effect, 6 = (91,62 yes .,951)
demonstrate the prior distribution of conditional
autoregressive (CAR), B=(B,.B,.....8,) is the vector of
coefficients for the vector of covariates, x =(1,x,,...,%x,),
and k represents the number of covariates. In this study,
there are no covariates and f8 =3, is the intercept for the
entire towns.['%]

The spatial Poisson model is no longer suitable for count
data containing excess zero. Consequently, the spatial ZIP
model was adopted for the analysis of these data. Equation
(1) was extended as follow:

log(R,)=xB+6,
logit(p,)=2z ¥
Where p, is the zero-inflation probability in the ith town,

Y= (Yo:%:---,yk) is the vector of coefficients for the vector

of covariates, 7' =(1,z,,2,,...,z, ). In this study, there are
no covariates and ¥ =Y, is intercept for entire towns.!2

2)
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The spatial Poisson model and the spatial ZIP model were
employed via the Bayesian approach using the Markov
Chain Monte Carlo (MCMC) method in the OpenBUGS
3.2.3 software. The CAR prior distribution was employed
for a random effect 6, the prior for the precision parameter
in CAR distribution was considered gamma distribution with
(0.005, 0.005) in the Poisson model and gamma distribution
with (0.0005, 0.0005) in the ZIP model. The normal distribution
with (0, 0.00005) was considered for the coefficient of the
model. In the Bayesian spatial ZIP model, 100,000 updates
were taken with two parallel chains. A burn-in sample of
25,000 was used, and then every 25th sample was kept. In the
Bayesian spatial Poisson model, two chains of 40,000 iterations
were run; the first 10,000 samples were discarded, and every
10th sample was kept. Convergence was visually evaluated
through monitoring the dynamic traces of Gibbs iterations and
computing the Gelman-Rubin convergence statistic.

The deviance information criterion (DIC), proposed by
Spiegelhalter ef al. (2002), was adopted for comparing the
two models. The general DIC formula is:

DIC = pD+ D(6) 3)

In which pD:D(Q)_D(é) and
D(0)=-2log ( p( y|6)) +c¢ (constant).2!! Eventually, the
relative risk was mapped using the posterior mean of
relative risk and the map of Guilan’s towns in this software.

Results

According to the National Organization for Civil
Registration of Guilan Province, 29,117 neonates were born
between March 21, 2017 and March 20, 2018. Of these,
79 neonates were diagnosed with CH. The CH incidence
rate was computed as 27:10,000. The number of neonates
with CH was determined in each town of Guilan. Figure 1
illustrates the histogram of the observed counts of CH in
towns. Evidently, the frequency of zero is higher than the
other counts.

Subsequently, the spatial Poisson model and spatial ZIP
model with the Bayesian approach, respectively, were run.
The count of CH was predicted in both models for each
town. Figure 2 presents the histogram of the predicted
count of CH via spatial Poisson and spatial ZIP models
using the Bayesian approach. It is clear that about 65% of
the CH incidence was predicted as zero in both models.
According to Figures 1 and 2, the observed counts were
almost close to the predicted counts.

The map of the posterior relative risk of CH incidence
based on the spatial Poisson model is depicted in Figure 3a.
The relative risk of CH incidence was predicted to be high
in the West of the province. Moreover, Figure 3b presents
the map for the predicted relative risk of CH incidence
according to the spatial ZIP model. In these figures, one
can observe that the predicted relative risk based on the
spatial Poisson model is similar to the predicted relative
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risk according to the spatial ZIP model. The estimated
RR between 0.8 and 1 had the highest frequency in both
models.

The distribution of spatial random effects in Figure 4 shows
a clustering structure by towns, where the Western towns
of the province have the highest effects. Dark colors in
Figures 3 and 4 demonstrate towns with a high propensity
for the relative risk of CH incidence.

Table 1 gives the goodness-of-fit criterion for comparing
spatial Poisson and ZIP models. The Bayesian spatial
Poisson model displayed an inferior fit than the Bayesian
spatial ZIP model with a DIC,  =1292 versus
DIC,, =124.6.

Discussion

In this article, we implemented the spatial Poisson
and spatial ZIP model using the Bayesian approach in
OpenBUGS software. In these models, the spatial effect
was considered by the CAR model. The relative risk of
CH incidence was mapped via the predicted relative risk in
both spatial Poisson and ZIP models. Based on the findings,
the map of the posterior relative risk of CH incidence via
spatial Poisson model was similar to the map based on
the spatial ZIP model, and in both, the relative risk of
CH incidence was high in the West of Guilan. Despite
the similar results in the two models, the goodness-of-fit
criterion for comparing models indicated that the Bayesian
spatial ZIP model fitted these data better than the Bayesian
spatial Poisson model.

Mean = 1.5490
Std. Dev. = 3.8069
N=51

Frequency
H

| B B, SN P T G )
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Observed counts of congenital hypothyroidism

Figure 1: Histogram of observed counts of congenital hypothyroidism (CH)
in Guilan province in 1396

Table 1: Goodness-of-fit criterion for comparing spatial
Poisson and ZIP Model

Model Dbar Dhat DIC pD
Poisson 121.8 114.4 129.2 7.407
ZIP 124 123.3 124.6 0.6308
ZIP: Zero-inflated Poisson
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Figure 2: Histogram of the predicted count of CH via zero-inflated Poisson (ZIP) and spatial Poisson models. (a) Predicted counts of CH by spatial ZIP.

(b) Predicted counts of CH by spatial Poisson
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Figure 3: (a) Map of the posterior relative risk of CH incidence based on
spatial Poisson model; (b) Map of the posterior relative risk of CH incidence
based on spatial ZIP model

Numerous studies were conducted in Iran and worldwide
on CH incidence rate and its risk factors from 2001 to
2018. CH incidence rate in Iran was reported to be high
relative to many countries. The most important risk factors
associated with CH are birth season, twin birth, jaundice
at birth, birth weight, age at pregnancy, maternal anemia
and goiter, gestational age, etc. in the study conducted
by Rezaeian et al. (2013);" low birth weight, postdate
delivery, and macrosomia in the study by Dalili er al.
(2012);1"1 length at birth, mother’s age, and birth season
in the study by Khammarian et a/. (2018);!"¥] and mother’s
age in the study by Dayal et al. (2015).7

Some studies have investigated mental signs and growth
signs. For instance, anatomic abnormalities, obesity

4

problems, low-fertility in women, partial deafness,
vision problems, etc. were studied by Bakopoulos et al.
(2015).°1 Dalili et al. (2014) also studied the growth
milestones outcome for neonates with CH. In this study,
neonates with CH who were diagnosed and treated had
normal growth.[']

Osuli et al. (2008) examined the geographic distribution of
CH in Iran. They computed and mapped CH incidence in
provinces and townships of Iran using screening program
data. In this article, they could not geographically justify
the existence of a high CH incidence in Iran.*¥

Moreover, Mehrnejat et al. (2015) performed spatial
analysis to determine the incidence rate of CH for each
town in Isfahan Province during 2010-2013 and applied
linear regression for data analysis. According to the results,
there was no significant relationship between nitrate
concentration in water and CH incidence.!

To the best of our knowledge, previous studies did not
use the spatial ZIP model for the CH, but this model
was implemented in other fields. Mapping of the disease
and environmental species by a spatial ZIP model was
conducted by Loquiha et al. (2018) and Lyashevska
et al. (2016), respectively. In the study conducted by
Lyashevska et al. (2016), a general procedure for mapping
the abundance of species was provided for zero-inflated
data.?! Furthermore, Loquiha et al. (2018) mapped the
maternal mortality rate by spatial zero-inflated models for
Mozambique. The map of the posterior means of spatial
random effect based on the spatial zero-inflated model was
also plotted.”

In the present study, the relative risk for CH incidence
was mapped via the posterior mean of relative risk based
on the Bayesian spatial ZIP and Poisson model. Results
revealed that the relative risk of CH is higher in Western
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Figure 4: (a) Map of the posterior mean for 8 in ZIP model; (b) Map of
posterior mean for 6in spatial Poisson model

towns of Guilan than other regions of the province. In
fact, few towns in the province had a high relative risk,
which may be attributed to the elimination of iodine
deficiency as one of the main causes of CH incidence by
consuming seafood and iodized salt in this province. It is
recommended that more investigations be conducted on
risk factors such as iodine deficiency disorder, low birth
weight, postdate delivery, and macrosomia in these towns.
It should be also noted that we simultaneously examined
both types of CH, namely transient and permanent. It is
suggested that future studies examine these two types
separately. We also recommend a more extended study
in different parts of Iran to evaluate the prevalence and
causes of CH.

Conclusions

Given the high relative risk of CH incidence in the Western
towns of Guilan, it is recommended that the aforesaid risk
factors related to CH be examined, especially in the West
of Guilan.
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