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Background. Cardiovascular system is particularly responsive to fluctuations in thyroid hormone
levels and hypothyroid patients are at an increased risk of worse cardiovascular outcomes. N-terminal pro-
B-type natriuretic peptide (NT-proBNP) is a recognised biomarker for heart failure. Several studies indicate
that thyroid disorders may influence blood NT-proBNP level, nevertheless, a consensus has not been estab-
lished. Objective. To investigate the impact of the single nucleotide polymorphism rs198389 in NT-proBNP
gene on the NT-proBNP serum level in patients with untreated primary hypothyroidism. Methods. The study
included 100 newly diagnosed hypothyroid patients and 100 healthy controls, with NT-proBNP level measu-
red with enzyme-linked fluorescent assay and genetic analysis conducted via PCR. Results. Our findings
indicated significantly elevated NT-proBNP level across all genotypes (CC, CT, TT) in hypothyroid patients
compared to controls. This elevation correlated strongly with thyroid-stimulating hormone level. Conclu-
sions. The study demonstrated that NT-proBNP can discriminate between hypothyroid patients and healthy
controls, but further studies are needed to establish its role in cardiovascular risk prediction.
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correlation analysis.

terized by insufficient production of thyroid
hormones. It is among the most prevalent
endocrine disorders worldwide, impacting roughly
4-10% of the population [1]. This condition, which is
more prevalent in women and older adults, leads to
a myriad of systemic effects due to the critical role
played by thyroid hormones in metabolism, growth,
and development [2]. Deficiency of these hormones,
primarily thyroxine (T4) and triiodothyronine (T3),
results in various metabolic derangements and can
significantly impact cardiovascular well-being [3].
The cardiovascular system is particularly re-
sponsive to fluctuations in thyroid hormone levels.
Thyroid hormones modulate cardiac output, heart
rate, systemic vascular resistance, and blood pres-
sure through direct and indirect mechanisms. Hypo-
thyroidism has been associated with increased sys-
temic vascular resistance, diastolic dysfunction, and
a higher prevalence of atherosclerosis, contributing
to an elevated risk of cardiovascular diseases (CVD).
Studies have shown that hypothyroid patients are at

P rimary hypothyroidism is a condition charac-

an increased risk of heart failure, coronary artery
disease, and myocardial infarction [4, 5].

NT-proBNP (N-terminal pro-B-type natriuretic
peptide) is a recognized biomarker for heart failure.
It is generated in reaction to ventricular volume ex-
pansion and pressure overload, conditions frequently
observed in cardiac dysfunction. Elevated NT-proB-
NP levels have been linked to worse cardiovascular
outcomes in various populations, including those
with heart failure, acute coronary syndrome, and
other cardiovascular diseases [6, 7]. In the context
of hypothyroidism, the altered hemodynamic state
and elevated systemic vascular resistance may lead
to elevated NT-proBNP levels, indicating cardiac
stress and potential heart failure [8].

Brain natriuretic peptide (BNP) is a neuro-
hormone produced by the ventricles in response to
pressure overload. BNP and the amino-terminal
prohormone of brain natriuretic peptide (NT-proB-
NP) are two forms of natriuretic peptides derived
from proBNP. In comparison to BNP, NT-proBNP
exhibits greater stability and possesses a longer bio-
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logical half-life. Consequently, NT-proBNP serves as
a superior marker for the diagnosis or exclusion of
heart failure [9]. NT-proBNP serves as an effective
biomarker for evaluating the severity and predic-
tion of this illness [10]. Several studies indicate that
thyroid disorders may influence blood NT-proBNP
levels; nevertheless, a consensus has not been es-
tablished. Numerous studies [11, 12] indicated that
patients with hypothyroidism exhibited markedly
higher NT-proBNP levels in comparison to euthy-
roid patients; however, other investigations reported
no association between the two [13, 14]. This study
aims to examine the impact of untreated primary hy-
pothyroidism on NT-proBNP levels.

Single nucleotide polymorphism (SNP) in a
gene such as NPPB (encoding NT-proBNP) may in-
fluence the expression and function of this biomarker
[15]. Understanding these genetic variations can help
in identifying individuals at higher risk for cardio-
vascular complications and tailoring personalized
treatment strategies.

This study aims to assess the biochemical and
genetic variation of NT-proBNP in patients with
untreated primary hypothyroidism. By focusing on
serum concentrations and genetic polymorphism,
we seek to provide comprehensive insights into the
cardiovascular risks associated with this endocrine
disorder. We will analyze the correlations between
this biomarker and various clinical and demographic
characteristics, including age and gender, to under-
stand its impact on cardiovascular health in hypo-
thyroid patients.

Materials and Methods

The study enrolled 200 participants: 100 pa-
tients diagnosed with primary hypothyroidism and
100 healthy controls. All hypothyroid patients were
newly diagnosed by an endocrinologist and had not
begun treatment. The inclusion criteria were a TSH
level >10 mIU/1 and free T4 levels below the nor-
mal reference range. Controls were age- and gen-
der-matched individuals with normal thyroid func-
tion tests. All participants underwent fasting blood
glucose testing; those with a history of diabetes or
fasting glucose >126 mg/dl were excluded.

Ethics approval and consent to participate.
All procedures performed in studies involving hu-
man participants were in accordance with the ethical
standards of the Institutional Review Board (IRB) at
the Ishtar Medical Institute (approval no. 107, dated
October 19, 2024) and with the 1964 Helsinki Decla-
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ration and its later amendments, or comparable ethi-
cal standards. Informed consent was obtained from
all individual participants involved in the study.

Any subjects with renal failure, cardiovascular
diseases, diabetes mellitus, anemia, obesity (BMI >
35), pregnancy, pulmonary disease (such as pneumo-
nia and COPD), and stroke patients were excluded
from this study.

Biochemical analysis. This investigation was
carried out in the Clinical Biochemistry Depart-
ment’s labs, the specialized center for endocrinolo-
gy and diabetes/ Baghdad. Blood samples were
collected from all participants from December 1,
2024, to April 30, 2025. Serum concentration of NT-
proBNP was measured using enzyme-linked fluores-
cent assay (ELFA).

Genetic analysis. Genomic DNA was isolated
from blood samples utilizing an established proto-
col (FavorPrep™ Genomic DNA Extraction Mini
Kit). The BNP gene was amplified using polymerase
chain reaction (PCR). Amplification was conducted
using a programmed thermal cycler with gradient
PCR capabilities. The primer sequence: Forward:
5'-CTG TGA GTC ACC CCG TGC TC-3', Reverse:
5'-GGC AGG AAC GCG CTG GAG AC-3' was used
according to Al-Ibrahimi et al [16].

Amplification conditions for the BNP gene
(NPPB):

o Time,
Step Purpose t,°C min Cycles
1 | Initial
denaturation 95 5
DNA
denaturation % 1
2 Prlmer' 58 1 35
annealing
Template 72 | 130
elongation
3 | Final elongation | 72 5
4 | Incubation 8 - Hold

The amplified products were subsequently
separated via electrophoresis [17] using a 2% aga-
rose gel stained blue. The length of the product was
186 base pairs. The product was processed using the
restriction enzyme Mspl, as described in the proce-
dures for Moraxella species [18].

Statistical analysis. Data were analyzed using
SPSS software. Normality of continuous variables
was assessed using the Shapiro-Wilk test. All data
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were normally distributed (P > 0.05), allowing para-
metric tests. Differences in biomarker levels between
groups were assessed using t-tests. The ANOVA test
is used for comparison within groups. Genotype dis-
tributions were analyzed using chi-square tests. Cor-
relation coefficients were calculated. Multiple linear
regression analysis was performed to identify inde-
pendent predictors of NT-proBNP in the hypothy-
roid group, including age, sex, BMI, and TSH. ROC
curve analysis was conducted to evaluate the ability
of NT-proBNP to discriminate between hypothyroid
patients and healthy controls.

Results

The presence of extracted DNA was deter-
mined by agarose gel electrophoresis [19]. The iso-
lated DNA was colorless; hence, bromophenol blue
dye was utilized to facilitate the loading phase of the
electrophoresis (Fig. 1).

The products of amplification were separated
by electrophoresis on a 2% agarose gel with blue
stain. The PCR result was 186 bp [20] (Fig. 2).

Analysis of the BNP gene polymorphism. The
amplification and digestion results of the BNP gene
via PCR-RFLP assay revealed T and C alleles and

Table 1. Demographic and clinical attributes of the study participants

Characteristic Hypothyroidism (n = 100) \ Controls (n = 100) \ P-value
Age, years 523+ 114 517+121 0.74
Gender, M/F 40/60 38/62 0.78
BMI, kg/m? 274 +£35 269+ 3.3 0.44
TSH, mIU/1 16.5+4.2 24+06 <0.001
Free T4, pmol/I 98+12 165+21 <0.001

Table 2. Serum concentration of biomarker among study groups
Parameter Hypothyroidism (n = 100) \ Controls (n = 100) \ P-value
NT-proBNP, pg/ml 290.5 + 857 95.4 +30.2 <0.001
Table 3. Genotype distributions of SNPs
SNP Genotype Hypothyroidism (n = 100) \ Controls (n = 100) \ P-value
C allele 106 95 0.35
22 T allele 94 105 0.35
g & cc 28 20 0.12
R Z
L < CT 50 55 0.54
TT 22 25 0.67

Note. > = 1.67, P > 0.05 (not significant), df = 1

Table 4. Comparative analysis of mean NT-proBNP across studied groups based on genotype

Parameter Genotype - Groups P-value
Hypothyroidism (n = 100) \ Control (n = 100)
% cC 310.2 +90.5 102.5+32.8 <0.001
S CT 295.7 £ 87.2 97.3+315 <0.001
£ & TT 2708+ 82.1 90.4 + 297 <0.001
Z P-value 0.064 0.081

Note. P-value in ANOVA test utilised for comparisons between and within groups
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Fig. 2. Image of amplification and PCR product (186 bp) of the BNP gene on 2% agarose gel. Lane M, DNA
ladder 100 bp; lanes 1-9, PCR products measuring 186 bp

Fig. 3. The electrophoretic image illustrates the NT-proBNP genotyping on a 5% agarose gel. Lane M con-
tains a 100 bp DNA ladder. Lanes 1 and 3 exhibit two bands at 48 and 138 bp, indicating the homozygous TT
genotype. Lane 6 displays three bands at 48, 67, and 71 bp, signifying the homozygous CC allele. Lanes 2, 4,
and 5 present four bands at 48, 67, 71, and 138 bp, representing the heterozygous TC genotype
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three genotypes processed by the restriction enzyme
Mspl [16]: TT exhibited two bands at 48 and 138 bp,
CC displayed three bands at 48, 67, and 71 bp, and
TC presented four bands at 48, 67, 71, and 138 bp
(Fig. 3).

The frequency distribution of genotypes and
each allele within the analyzed group is presented
in Table 3, indicating that no statistically significant
differences were observed between the two groups
concerning genotype frequencies or individual al-
leles (P > 0.05).

Table 4 illustrates the comparison of mean NT-
proBNP levels between hypothyroidism patients and
controls according to the different genotypes of SNP
rs198389 in the NPPB gene. The mean NT-proBNP
levels are significantly higher in hypothyroidism pa-
tients compared to controls across all genotypes (CC,
CT, TT), with P-values < 0.001, indicating strong
statistical significance. Within each group (hypo-
thyroidism and control), there are no statistically
significant differences in NT-proBNP levels across
genotypes, with P values of 0.064 and 0.081, respec-
tively. This demonstrates that elevated NT-proBNP
levels are consistently observed in hypothyroidism
regardless of genotype, underscoring the impact of
thyroid dysfunction on cardiac stress markers.

The correlation analysis in Table 5 reveals that
age and TSH levels are significant predictors of NT-
proBNP levels in patients with untreated primary
hypothyroidism. Specifically, older age and higher
TSH levels are associated with increased NT-proB-
NP levels, indicating greater cardiac stress. Gender
and BMI, while showing positive correlations, are
not statistically significant predictors of NT-proBNP
levels in this study. This highlights the importance
of monitoring TSH and considering age when as-
sessing cardiovascular risk in hypothyroid patients.

The ROC curve analysis for NT-proBNP
demonstrates good discriminative ability between
hypothyroid patients and healthy controls (Table 7,
Fig. 4). The area under the curve (AUC) is 0.89. At
a cut-off value of 150 pg/ml, NT-proBNP achieves
a sensitivity of 85% and a specificity of 80%. This
indicates that NT-proBNP can effectively distinguish
untreated hypothyroid patients from euthyroid indi-
viduals, but does not directly predict future cardio-
vascular events.

Discussion

The observed elevations in NT-proBNP levels
among hypothyroid patients suggest a significant im-

Table 5. Correlation coefficients between bio-
marker and clinical parameters

Parameter \ NT-proBNP, pg/ml
Age r=0.24,P=0.02
Gender, M/F r =0.18, P =0.07
BMI, kg/m? r =015 P=0.10
TSH, mIU/1 r=0.42, P <0.001

Free T4, pmol/l r=-0.38, P <0.001

Table 6. Multiple linear regression analysis for
NT-proBNP in hypothyroid patients (n = 100)

Variable | oW 95% Cl | P-value
coefficient
TSH, mIU/1 0.38 0.21-0.55 <0.001

0.02-0.40 0.03
-0.10-0.28 0.35

Age, years 0.21
BMI, kg/m? 0.09

Sex, female

vs male 0.12 -0.07-0.31 0.21

Table 7 ROC curve analysis for NT-proBNP

Biomar- AUC Sensiti- | Specifi- Cutoft
ker vity, % | city, % value

NT-

proBNP | 0.89 85 80 150 pg/ml

pact of thyroid hormone deficiency on cardiac func-
tion. NT-proBNP, an indication of cardiac stress, was
notably elevated in hypothyroid patients compared to
controls [21], indicating increased ventricular strain
and potential heart failure risk [22]. This aligns with
previous findings that hypothyroidism can exacer-
bate heart failure symptoms through increased sys-
temic vascular resistance and impaired diastolic
function [23]. Pakula et al. [14] indicated that the
opposing effects of hypothyroidism-induced hypo-
metabolism and elevated cytokines and endothelins
may explain the neutral effect of hypothyroidism on
NT-proBNP.

The current genetic analysis identified no sig-
nificant associations between the rs198389 SNP
in the NPPB gene and elevated NT-proBNP levels
within the hypothyroidism and control groups. This
demonstrates that elevated NT-proBNP levels are
consistently observed in hypothyroidism regard-
less of genotype. The current study does not align
with studies that suggest individuals with certain

97



ISSN 2409-4943. Ukr. Biochem. J., 2026, Vol. 98, N 3

1.0

0.8

0.6

0.4 e

True positive rate
A
A

0.2 i

=== ROC curve (AUC =0.89)

0.0 = g
0.0 0.2 0.4

0.6 0.8 1.0

False positive rate

Fig. 4. Receiver operating characteristic (ROC) curve for NT-proBNP

genetic profiles may be at higher risk for cardiovas-
cular complications in the context of hypothyroidism
[24, 25]. The current genetic analysis identified no
significant associations between the rs198389 SNP
and NT-proBNP levels. However, the sample size
(n =100 per group) provides limited statistical power
to detect small genetic effects. Therefore, we cannot
entirely exclude a minor contribution of the rs198389
polymorphism to NT-proBNP variation. Larger mul-
ti-center studies are needed to confirm the absence
of association.

Age and gender were also found to influence
biomarker levels, albeit to a lesser extent. Our results
align with previous studies showing that NT-proBNP
is positively associated with age. Older patients ex-
hibited higher NT-proBNP levels, consistent with the
general age-related increase in cardiovascular risk
[26]. Gender differences, while present, were less
pronounced, suggesting that both male and female
hypothyroid patients are at significant risk for car-
diovascular complications [27]. These findings are
consistent with previous studies that have shown age
and gender to be important factors in cardiovascular
risk assessment [28].

The ROC curve analysis demonstrated that NT-
proBNP has good discriminative ability between hy-
pothyroid patients and healthy controls. NT-proBNP
showed high sensitivity and specificity for distin-
guishing untreated hypothyroidism. However, be-
cause our ROC analysis was based on case-control
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status rather than hard cardiovascular endpoints,
the findings should be interpreted as exploratory.
Prospective studies with longitudinal follow-up are
needed to determine whether NT-proBNP predicts
actual cardiovascular events in hypothyroid patients.

The inclusion of some overweight and class |
obese individuals (mean BMI 27.4) may have
influenced NT-proBNP levels, although our mul-
tivariable analysis did not find BMI to be an inde-
pendent predictor.

Conclusion. This study provides evidence of
cardiovascular risks associated with untreated hy-
pothyroidism as reflected by elevated NT-proBNP
levels. Our data suggest that the rs198389 polymor-
phism does not significantly modulate NT-proBNP
levels in this cohort, but this finding requires rep-
lication in larger studies. NT-proBNP shows good
discriminative ability between hypothyroid patients
and controls, supporting its potential use in clinical
assessment of cardiac stress. However, its role as a
predictor of future cardiovascular events remains to
be validated.
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Beryn. CepreBo-cyquHHa cucTeMa 0coOIMBO
YyTIMBA 0 KOJIMBAHb PiBHS TUPEOINHUX FOPMOHIB,
1 TAIlieHTH 3 TIMOTHPEO30M MAalOTh IiJIBUICHUI
PHU3UK PO3BUTKY CEPLEBO-CyIWHHUX MOPYLICHb.
N-kiHneBuit npo-B-tum HaTpiilypeTHUYHUN MENTHT
(NT-proBNP) € Bu3Hanum OiomMapkepoMm ceprieBoi
HeJIOoCTAaTHOCTI. JlekiabKa MOCHiIKEeHb TMOKAa3alIH,
10 TOpyIIeHHs (PyHKIIIT IATOMOAI0OHOT 321031 MO-
Ky Th BITUBaTH Ha piBeHb N T-proBNP y kpoBi, xoua
0CTaTOYHOT0 BUCHOBKY 3 LIbOT'O IUTAHHA L€ HE 3PO-
6neno. Meta. JlocniauTy BIJIMB OJHOHYKJICOTHA-
Horo noniMopdizmy 1s198389 y reni NT-proBNP Ha
piBenb NT-proBNP y cupoBariii KpoBi Mami€eHTiB i3
HEJIIKOBAaHUM MEPBUHHUM rinotupeo3oM. Mertoau.
Ho nmocmimkenns Oymo 3amydeno 100 marfieHTiB 3
HEMIO/IaBHO J[IarHOCTOBaHUM rimotupeo3om ta 100
3I0pPOBUX OCI0 KOHTpONBHOI Tpymnu; piBeHb NT-
proBNP BuMiproBaiy 3a 10IOMOTOI0 ()IIyOPECIICHT-
HOTI'0IMYHOEH3UMHOI'0 aHaJIi3y, aTeHETUYHU I aHa i3
nipooarui MetogoM I1JIP. Pesyasraru. OTpumani
pe3yabpTaTi MOKa3aJid 3HAYHO MiJBUILEHUI PiBEHb
NT-proBNP y Bcix renorumax (CC, CT, TT) y
TAII€HTIB 13 TIMOTHPE030M TMOPIBHIHO 3 KOHTPOIIb-
HOMO rpymoro. lle miABHUIEHHS YiTKO KOPENoBaio
3 pIBHEM THUPEOTPONHOTO TOpPMOHY. BHCHOBKH.
HocaimxenHs mponeMoHCTpyBaio, mo NT-proBNP
JIO3BOJISIE€ PO3PI3HUTH MAIIEHTIB 13 TIMTOTHPEO30M Ta
3JI0POBUX 0Ci0 KOHTPOIBHOI TPyTH, ajie HeoOXiaHi
MOAAJIBII AOCIHIJKCHHS AJi1 BCTAHOBJICHHSI HOTO
POl y IPOrHO3yBaHHI CEPLEBO-CYITUHHOTO PU3HUKY.

Knwouosi cmosa: NT-proBNP, omHo-
HYKJICOTHAHI MOMIMOp(i3MHU, THPEOTPOITHUN TOp-
MOH, TIIOTHPE03, KOPEIALiTHUIN aHami3.
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