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Abstract: The incidence of congenital hypothyroidism (CH) is increasing in different areas around
the world. Potential causes include changes in population ethnic composition, environmental factors,
changing screening program methodology and lowering of TSH cutoff levels. The incidence of CH
in different regions of Macedonia has not been evaluated before. A total of 251,008 newborns from
all eight regions in the country have been screened between 2002 and 2015, by measurement of the
thyroid-stimulating hormone (TSH) from blood spots, sampled 48–72 h after birth, using the DELFIA
assay. Overall CH incidence confirmed at birth was 1/1976. The highest CH incidence was observed
in the Vardar region (1/970), while the Eastern region had the lowest incidence (1/4202; p = 0.021).
In the other regions, the following CH incidence was detected: Northeastern 1/1459, Pelagonia
1/1627, Polog 1/1444, Skopje 1/2430, Southwestern 1/3226, and Southeastern 1/1843. Interestingly,
in the Vardar region, 4.44% of the screened newborns had a TSH concentration > 5 mIU/L, as an
indicator of regional iodine deficiency, compared to the Eastern region where 1.66% of newborns
had a TSH > 5 mIU/L. The higher CH incidence in some of the regions may be due to increasing
exposure to environmental toxic agents and/or deficient iodine intake. Further research into the
potential environmental determinants of increased CH risk is warranted.

Keywords: congenital hypothyroidism; incidence; newborn screening; thyroid-stimulating hormone;
region; iodine intake

1. Introduction

Congenital hypothyroidism (CH) is a clinical condition caused by decreased production or
inadequate action of thyroid hormones, resulting in a reduction of metabolic processes and impaired
neurodevelopment. The disorder is classified as primary when the origin of the defect is in the gland
itself, or secondary when the hypothalamic-pituitary axis is affected [1,2]. According to the world-wide
data obtained from neonatal thyroid screening programs, the incidence of primary CH is approximately
1:3000 to 1:4000. However, despite similarity in the risk factors for CH in different countries such as
female gender, birth defects, twins, preterm deliveries, geographic location, ethnicity, iodine deficiency,
etc., the currently reported CH incidence varies widely worldwide [1–3]. In the USA, the incidence of
CH among white newborns (1:1815) is higher than among black infants (1:1902), while Hispanic and
Asian infants have the highest incidence (1:1559 and 1:1016, respectively) [4]. Changes in the ethnic
composition of the population by the increasing migration of some ethnic groups with a high risk for
CH and high fertility rate may have contributed to the rise of CH incidence [4]. The differences in CH
incidence have mostly been attributed to the change of screening procedures, and the reduction of
cutoff levels [5,6]. The incidence is higher in preterm infants (1:1396) than in full-term infants (1:1843),
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and infants from older mothers had a higher incidence (1:1328) than those from younger mothers
(1:1703) [7]. Some studies reported a seasonality in the CH incidence, suggesting that environmental
factors may play a role in the variation of CH incidence [8,9]. However, differences of CH incidence are
more likely due to iodine deficiency or to the type of screening method than to ethnic affiliation [10].

The Republic of Macedonia is a country in the Balkan Peninsula in Southeastern Europe with a
total of 25,713 km2 area. It is divided into eight statistical regions (Eastern, Northeastern, Pelagonia,
Polog, Skopje, Southeastern, Southwestern, and Vardar) [11].

The aim of this retrospective study (2002–2015) was to assess CH incidence in different regions
of Macedonia as well as its correlation with the percent of neonates with TSH concentrations above
5 mIU/L whole blood on screening, as an indicator of iodine deficiency in the population.

2. Materials and Methods

Neonatal thyroid screening in Macedonia is carried out by one screening center using one
screening strategy, and covers over 95% of the total neonatal population (approximately 24,000 births
per year). It has been mandatory since 2007. A total of 251,008 (96.72%) newborns delivered in birth
centers from all statistical regions in the country (Eastern, Northeastern, Pelagonia, Polog, Skopje,
Southwestern, Southeastern, and Vardar regions) were screened between April 2002 and December
2015. Using the DELFIA assay, thyroid-stimulating hormone (TSH) was measured in the whole blood
collected on filter paper from Schleicher and Schuell Inc., Keene, NH, USA (Whatman 903) by heel
prick, 48–72 h after birth [12]. A cutoff value of 15 mIU/L was used for the whole blood TSH until 2010,
and 10 mIU/L was used as a cutoff thereafter. The clinical evaluation and biochemical analysis for
the diagnosis of CH, adopted by all of the Macedonia regions, were described previously [13,14].
Permanent CH was diagnosed for neonates with persistent deficiency of thyroid hormone that
requires life-long treatment. In cases where thyroid hormone levels reverted back to normal after
discontinuation of the treatment, neonates were classified as babies with transient CH [7].

Using Statistical Package for Social Sciences (version 20.0; SPSS Inc., Chicago, IL, USA),
statistical analysis was performed. Descriptive analysis was performed on the obtained TSH values.
The comparison of proportions was performed with Pearson χ2, and statistical significance was set at
p < 0.05.

The Local Ethics Committee and Human Research Ethics Committee of University Pediatric Clinic,
Skopje, approved the study. The authors declare that all investigations were performed according the
rules of the Declaration of Helsinki of 1975. Formal consent was not required for the retrospective study.

3. Results

A 14-year retrospective population-based study showed an overall CH incidence confirmed at
birth of 1/1976. Some variations in the CH incidence among different regions of the country were
detected. The highest CH incidence of 1/970 was detected in the Vardar region, while the lowest CH
incidence of 1/4202 was observed in the Eastern region (Figure 1). The difference was statistically
significant (p = 0.021; x2 = 5.33). Additionally, there was a significant difference between the CH
incidence in Vardar and the Southwestern region (1/3226), (p = 0.052; x2 = 3.77). There was no
statistically significant difference in CH incidence among the rest of the regions (Table 1).
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Table 1. Regional variation in CH incidence and percentage of newborns with whole blood
TSH > 5 mIU/L, between 2002 and 2015.

Regions of
Macedonia

Screened
Newborns (n)

Newborns with
Primary CH (n)

Incidence of
Primary CH

Newborns with TSH
> 5 mU/L % (n)

Eastern 12,607 3 1/4202 1.66 (209)
Northeastern 14,587 10 1/1459 1.69 (247)

Pelagonia 30,916 19 1/1627 1.27 (392)
Polog 28,884 20 1/1444 4.36 (1260)
Skopje 121,507 50 1/2430 2.38 (2888)

Southwestern 16,129 5 1/3226 3.12 (503)
Southeastern 14,742 8 1/1843 1.40 (207)

Vardar 11,636 12 1/970 4.44 (516)
Total 251,008 127 1/1976 2.48 (6222)

Interestingly, in the Vardar region, we found 4.44% of the screened newborns with whole blood
TSH concentration above 5 mIU/L, compared to the Eastern region where 1.66% of newborns had
TSH > 5 mIU/L (Table 1). Moreover, we found a high percentages of cases with transient CH, including
33.3% in the Vardar region, 40% in the Southwestern, and 20% in the Polog region, as regions with
more than 3% of the neonates with TSH > 5 mIU/L (Table 1). On the other hand, percentages of cases
with transient CH in the rest of the regions were 18% in Skopje, 12.5% in Southeastern, 10.5% Pelagonia,
and 0% in both Eastern and Northeastern regions. In these regions, the percentage of neonates with
THS > 5 mI/L was below 3% (Table 1).
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CH prevalence).

4. Discussion

The incidence of CH and the percentage of neonates with a whole blood TSH concentration
>5 mIU/L (as an indicator for the iodine intake in the population) per region have not been separately
evaluated before in the Republic of Macedonia. Between 2002 and 2015, overall CH incidence confirmed
at birth was 1/1976. This is higher than the incidence of primary CH reported for neighboring Serbia
(1:3728) [15], and some of the other countries in the region, such as Montenegro (1/2397) [16], Slovenia
(1/2323) [17], and Croatia (1/4127) [18]. There were variations in the CH incidence among different
regions of the country. CH incidence in the Vardar region was more than four-fold higher than the
incidence in the Eastern region, the region with the lowest incidence in the country. Additionally,
it was more than three-fold higher than the incidence in the Southwestern region, and two-fold higher
than the overall CH incidence in the country, although without statistical significance. It is well
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known that the incidence of CH varies among ethnic groups. For instance, CH is less prevalent among
African Americans compared to Hispanics (1:10,000 vs. 1:2700) [4,19]. The Republic of Macedonia
is a multi-ethnic country. The majority of the residents are ethnic Macedonians of Slavic origin
(64.2%).Albanians form a significant minority at around 25%, followed by Turks (3.9%), Roma (2.7%),
Serbs (1.8%), and others (2.2%) [11]. In the Vardar region, with 7.4% of the total population of the
country, Macedonians (89%) are the largest ethnic group followed by Albanians (3.3%), Turks (2%),
Bosniaks (1.9%), Roma (0.8%), and others (3%). A similar ethnic composition is present in the Eastern
region, with 8.6% of the total population of the country, and Macedonians forming the majority
group (92.4%) followed by Roma (3.8%), Turks (1.5%) and others (2.2%) [11]. Although we found a
significant increase in CH incidence in the Roma population as a whole [13], it is unlikely that this
can contribute to the regional differences since the Roma population is small and scattered across
the entire country. Taking this into account, factors other than ethnicity are involved in different CH
incidences in different regions in Macedonia. Higher incidence of CH due to cases with transient
hypothyroidism as a consequence of a lower cutoff point for TSH levels has been reported [20,21].
We found a high percentage of cases with transient CH in the Vardar region (33.3%) compared with
none in the Eastern region. This may be due to iodine deficiency, although Macedonia as a whole is
no longer recognized as an iodine-deficient area [22]. However, some regions might still belong to
iodine-deficient areas [23]. This is in accordance with our finding that 4.44% of the screened newborns
in the Vardar region had a TSH concentration above 5 mIU/L whole blood, as an indicator of iodine
deficiency, in comparison with the Eastern region where only 1.66% of newborns had TSH>5 mIU/L.
Possible mild iodine deficiency in the Vardar region has been described previously [23]. Iodine intake
at the population level is a major determinant of thyroid function, and decreasing intake is reflected
in increasing neonatal TSH levels [24,25]. Another factor in the variation of the number of CH cases
may be exposure to other environmental factors such as chemical agents toxic to the thyroid gland,
e.g., dioxin and polychlorinated biphenyl [26]. For instance, the 30-year-old smelting factory for zinc
and lead situated in the center of the town of Veles, Vardar region, is one of the environmental hot
spots in Macedonia [27]. Moreover, a ferronickel smelter plant located in the surrounding area of the
town of Kavadarci, as the largest Macedonian and European ferro-nickel producer for many years,
is the reason for natural and anthropogenic enrichment with heavy metals in the Vardar region [28–30].
Additionally, there is a distribution of high concentrations of arsenic, antimony, and thallium in topsoil
and subsoil in the Kavadarci region, probably as a consequence of natural erosion from Allchar mine
deposits on Kožuf Mountain [31]. We speculate that the location of one mine deposit and two smelter
plants in the Vardar region, out of a total of four smelter plants within the entire territory of the
country, might be associated with the highest incidence of CH found in this region. On the other hand,
infections or seasonally varying dietary factors might have environmental effects on CH incidence in
different geographical areas. A number of previous studies have reported seasonal variation in CH
incidence in different geographical areas including Finland [32], the West Midlands of England [33],
and Japan [8]. In contrast, seasonality in CH incidence has not been observed in the Netherlands [34],
Canada [35], Saudi Arabia [36], or the Northwest of England [37]. No significant seasonality in the
incidence of CH was observed in our study (unpublished data). Finally, the use of TSH assays with
different test methodologies has been shown to influence the incidence of CH [19]. This cannot be
an explanation for different CH incidence in the regions of Macedonia, because all newborns in the
study regions were screened in a single center using one screening strategy. However, environmental
determinants of genetic mutations and epigenetic factors cannot be ruled out.

5. Conclusions

In conclusion, we have observed a significant regional difference in CH incidence in Macedonia.
The reasons for the increasing CH incidence in some of the regions are unclear. Iodine insufficiency and
the lowering of TSH cutoff level might contribute. Further research is required to elucidate potential
environmental determinants of increased CH risk.
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