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Background: Gestational hypertension (GH), is a 

condition characterized by high blood pressure 

during pregnancy with proteinuria ≤ 15 mg/dl and 

can lead to serious complicat ions such as pre-

eclampsia, eclampsia and cardiovascular diseases if 

not managed properly. 

Objectives: Th is study was designed to evaluate 

the factors predisposing mild, moderate and/or 

severe GH to pre-eclampsia and cardiovascular 

risks using thyroid function and the serum activity 

of C-reactive protein (CRP) in hypertensive and 

normotensive pregnant women. 

Method: A total of 150 diagnosed hypertensive 

pregnant women classified into 43 mild, 58 

moderate and 49 severe GH and 150 normotensive 

individuals serving as control were carefully 

selected for this study.The serum levels of thyroid 

stimulat ing hormone (TSH), free tri-iodothyronine 

(FT3), free thyroxine (FT4) and CRP were 

measured using enzyme linked immuno-sorbent 

(ELISA) assay procedure. 

Result: The mean values of TSH and CRP were 

significantly higher (P<0.05) in hypertensive 

subjects (3.9±3.1 and 23.9±9.7) when compared 

with the control (2.0±1.1 and 5.5±2.1) respectively. 

The mean level of FT3 was significantly decreased 

in hypertensive subjects (3.2±2.0) when compared 

with the control subjects (5.1±2.3) (P<0.05). 

Furthermore, the serum levels of TSH and CRP 

were significantly elevated (P<0.05) as the severity 

of gestational hypertension became increased (mild 

(3.1±2.8 and 12.6±9.8); moderate (3.8±2.7 and 

18.7±8.9); and severe (4.5±3.5 and 25.9±10.9) 

respectively. Also, the serum level of TSH 

correlated positively with the serum level of CRP (r 

= 0.122, P = 0.000), and negatively correlated with 

FT3 and FT4 (r = -0.595, P = 0.000 and r = -0.365, 

P = 0.000) respectively. 

Conclusion: We observed that serum elevations of 

CRP and TSH (in the presence of significantly 

reduced metabolically active thyroid-hormonal 

agent (FT3) are consistently associated with the 

progression of gestational hypertension. Therefore, 

could be used as predictive markers for the 

occurrence of pre-eclampsia and cardiovascular 

diseases which are complicat ions often associated 

with poorly managed mild, moderate and/or severe 

gestational hypertension. 

Keywords: Pre-eclampsia, Hypertension, 

Pregnancy, Thyroid function, inflammatory 

reaction. 

 
Highlights: 

 There is progression of gestational hypertension 

(from mild to moderate and moderate to severe) in 
the presence of high TSH, low FT3 with normal FT4. 

 There is significant progression of the severity of 

gestational hypertension in the presence of 

inflammatory reaction (high level of CRP). 

 There is consistent progression of serum levels of 

TSH and CRP with the severity of gestational 

hypertension which could predispose hypertensive 

pregnant women to pre-eclampsia, eclampsia and 

cardiovascular risks.  

 Free thyroxine (FT4) remains stable in the presence 

of a significantly decreased FT3, which is the 

metabolically active thyroid-hormonal agent that 

possibly has a vasodilatory effect on the vascular 
muscle cells and thus, could play a part in 

predisposing hypertensive pregnant mothers to 

hypertensive complications associated with 

pregnancy in the presence of elevated TSH and CRP.  

. 
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Introduction 

 

Gestational hypertension (GH) is pregnancy 

induced hypertension (PIH) characterized by a 

blood pressure of at least 140/90 mmHg of onset or 

first recognition in a previously normotensive 

woman and with proteinuria ≤ 15 mg/dl in 24 hours 

urine collection.
1
 According to the National 

Institute for Health, GH is classified into mild 

(140-159/90-99 mmHg), moderate (160-179/100-

109 mmHg) and severe (≥180/110 mmHg) GH.
2
 

Being a multi-systemic disorder, GH can affect so 

many systems in the body if not properly managed 

and can lead to pre-eclampsia, impaired liver 

functions, affect the kidneys, pulmonary oedema, 

fetal growth restriction, placental abruption, 

cardiovascular diseases, premature delivery and 

maternal and perinatal mortality.
3
 Despite being the 

leading cause of maternal death and a major 

contributor of maternal and perinatal morbid ity, the 

mechanis ms responsible for the pathogenesis of 

GH have not been fully elucidated. However, 

several factors have been postulated as contributory 

mechanis ms to the rise in blood pressure during 

pregnancy. These factors include among others, an 

increase in systemic resistance and vascular 

constriction.
3,4 

 

Thyroid hormones increase basal metabolic rate in 

almost every tissue and organ system in the body 

and the increased metabolic demands lead to 

changes in cardiac output, cardiac contractility, 

systemic vascular resistance (SVR) and blood 

pressure. In most cases, cardiovascular aberrations 

follow long-term exposure to excessive or 

decreased hormone levels.
5
 Due to the profound 

biochemical changes in pregnancy associated with 

significant increase in both total thyroxine and tri-

iodothyronine, the American Thyroid Association 

(ATA) and the Brit ish Endocrine Society (BES) 

advocate the use of free thyroid hormones and 

trimester-specific reference intervals in the 

screening, diagnosis and monitoring of thyroid 

function abnormalit ies in pregnancy and 

postpartum.
6-8

 Also, in 2011, the Ministry of 

Health, New South Wales advocated the use of 

appropriate laboratory biomarkers such as 

inflammatory and cardiac testing in seeking a 

possible cause of gestational hypertension and to 

ascertain end-organ damage if present.
9
 This is 

because gestational hypertension being a multi-

systemic disorder, can affect so many systems in 

the body if not properly managed and can lead to 

the well known hypertensive complications in 

pregnancy such as pre-eclampsia, eclampsia, 

cardiovascular risks, maternal and perinatal 

mortality.
3,9

 

 

C - reactive protein (CRP) is an acute phase protein 

which is synthesized in the liver. It is present in 

trace amounts in normal healthy persons and rises 

significantly following in jury and inflammation.
10

 

In terms of clinical application, CRP seems to be a 

stronger predictor of cardiovascular events than 

LDL cholesterol, and it adds prognostic 

informat ion at all levels of calcu lated Framingham 

Risk and at all levels of the metabolic syndrome.
11

 

Thyroid dysfunction is also associated with 

increased risk of pregnancy complications; 

including miscarriages, pre-eclampsia,
12

 low b irth 

weight or fetal growth restriction
13

 and maternal 

cardiac dysfunction.
14 

The relevance of elevated 

levels of thyroid and inflammatory biomarkers in 

predicting end-organ damage and cardiovascular 

risk is gaining increasing recognition
12,15

 and in that 

respect, assessment of TSH, FT3, FT4 and CRP 

may be of good value in predicting elevated risk of 

pre-eclampsia in pregnant mothers with mild, 

moderate and severe hypertension and therefore 

elucidate on the implication of thyroid dysfunction 

and inflammation in pre-eclampsia and 

cardiovascular diseases. This study therefore was 

designed to evaluate the factors predisposing mild, 

moderate and/or severe gestational hypertension to 

pre-eclampsia and cardiovascular risks using 

thyroid function and the serum activity of C-

reactive protein (CRP) in hypertensive and 

normotensive pregnant women.  

 

Methods  

Research design and sample size 
 

This was a case-control study involving a total of 

300 participants that were randomly selected 

through simple balloting, with sample size (N) 

obtained using the method of Niang et al.
16

:  

2

2 )1(

d

dP
ZN


  

where: N = sample size; Z= confidence interval = 

1.96; P = prevalence rate of gestational 

hypertension in Nigeria 10.1%
17

; d = Desired level 

of significance = 5% (0.05); N = (1.96)
2
 x 0.101 (1 

- 0.05) / (0.05)
2
 = 148.9; N = 148.9 approximately 

150. 

 

The participants were made up of 150 d iagnosed 

hypertensive pregnant women (classified as mild 

(43), moderate (58) and severe (49) hypertensive 

pregnant women (aged 22-40 years) as test subjects 

and 150 age-matched normotensive pregnant 

women as controls. The gestational age of each 
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participant was established based on last menstrual 

period. 

 

Study site 

This research was carried out at Nnamdi Azikiwe 

University Teaching Hospital (NAUTH), Nnewi, 

Anambra State, Nigeria. 

 
Inclusion criteria 

Subjects with hypertension diagnosed after 20 

weeks (2
nd

 and 3
rd

 trimesters) of gestation were 

used in the study. Apparently healthy pregnant 

women attending antenatal clinic were selected as 

control subjects and age and trimester-matched 

normotensive pregnant women (enrolled as 

controls). 

 
Exclusion criteria 

Subjects with hypertension predating the index 

pregnancy, subjects with diabetes mellitus, those 

with antenatal booking weight greater than 90 kg 

were excluded from the study. All patients with 

proteinuria ≥ 0.3 gm were equally excluded from 

the study. Patients with history of smoking and 

alcohol intake as well as those who refuse to 

consent were also excluded.  

 
Data collection and analysis 

The biodata of all study participants were obtained 

using a structured interviewer admin istered 

pretested questionnaire. Blood pressures of each 

participant were measured using Accoson mercury 

sphygmomanometer. Korotkoff's sound phases I 

and V were used to determine the systolic and 

diastolic blood pressures (SBPs and DBPs) 

respectively. Values above 140 and 90 mmHg for 

the SBP and DBP respectively after repeated 

measurements were considered abnormal. Using 

the seventh Joint National Committee (JNC VII) 

criteria, the hypertensive participants were further 

classified as mild (n=43), moderate (n=58) and 

severe (n=49).  

Random sampling technique was used during 

sample collection. In this case, populations of 

pregnant mothers were asked to pick folded papers 

numbered from 1a to 500a for test and 1b to 500b 

for control subjects. The balloting was done until 

the study population was achieved for both test and 

control subjects using the selection criteria to either 

include or exclude from the study after simple 

balloting.  5 ml of venous blood was collected 

using a plain specimen container. The serum 

obtained after centrifugation was stored at 2-8°C 

until analyzed.  

 
Enzyme linked immune-sorbent assay (ELISA) 

ELISA test instrument (Statfax-2400) was used for 

the determination of thyroid stimulat ing hormone 

(TSH), free tri-iodothyroinine (FT3), free thyroxine 

(FT4) and C-reactive protein (CRP) as described by 

Tietz.
18 

 
Ethical consideration 

Ethical approval for this study was obtained from 

the Ethics Committee of Nnamdi Azikiwe 

University Teaching Hospital (NAUTH), Nnewi. 

Informed written consent was obtained from the 

participants before the collection of data and blood 

samples.  

 
Statistical analysis 

The data generated were presented as mean ± 

standard deviation. Variat ion of the serum levels of 

SBP, DBP, TSH, FT3, FT4 and CRP in mild, 

moderate and severe hypertension were assessed 

with a one-way analysis of variance (ANOVA), 

while differences between groups (Tables 1 and 2) 

were analyzed with student T-test. Relationship 

between serum levels of TSH, FT3, FT4 and CRP 

among the hypertensive pregnant women was 

described by Pearson's correlation coefficients. 

Significance was accepted at P<0.05. Statistical 

analyses were conducted using the Statistical 

Package for the Socia l Sciences (SPSS), Version 

20.0. 

 

Results 

Demographic and anthropometric parameters in 

hypertensive and normotensive pregnant women 

The demographic and anthropometric parametric 

analysis shows that the mean value of age in 

hypertensive pregnant women (27.5±4.9 years) was 

not significant compared with the normotensive 

subjects (26.9±4.4 years) (p =0.306). There were  

also no significant differences in the mean levels of 

height (1.62± 0.03 m), weight (68.9±8.3 kg ),  body 

mass index (26.2±3.4 m/kg
2
) and gestational age 

(29.5±5.4 weeks) of hypertensive subjects when 

compared with the normotensive subjects 

(1.63±0.03 m, 67.6±8.5 kg, 25.9±3.3 m/kg
2 

and 

28.9± 5.3 weeks) (p =0.108 and 0.1000) 

respectively. However, the mean values of systemic 

blood pressure (SBP) and diastolic blood pressure 

(DBP) in hypertensive subjects (159.9±15.2 mmHg 

and 93.1±10.0 mmHg) compared with the controls 

(115.0±9.1 mmHg and 68.5± 3.5 mmHg) 

respectively (p =0.000). 

 

Serum levels of TSH, FT3 and FT4 in hypertensive 

and normotensive pregnant women 

The mean value of TSH was significantly higher in 

hypertensive pregnant women (3.9±3.1 µIU/ml) 

compared with the normotensive pregnant women 
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(2.0± 2.0 µIU/ml, p < 0.001). The serum mean 

level of FT3 was also significantly lower in test 

subjects (3.2±2.0 pg/ml) when compared with the 

control subjects (5.1± 2.3 pg/ml, p < 0.001). 

However, there was no significant difference in the 

mean value of FT4 in hypertensive pregnant 

women (2.1±2.3 pg/dl) compared with the 

normotensive pregnant women (2.3± 2.1 pg/dl, p 

=0.517). The mean value of CRP in hypertensive 

pregnant women was significantly higher in 

hypertensive pregnant women (23.9±9.7 mg/L) 

when compared with the normotensive control 

subjects (5.5± 2.1 mg/L, p <0.001).) respectively.  

 

Relationship between serum levels of TSH, FT3, 

FT4 and CRP among the hypertensive pregnant 

women 

There were significant negative correlations 

between TSH and FT3 (r = -0.595), TSH and FT4 

(r = -0.365, p <0.05) respectively. In contrast, the 

there was a significant positive association between 

TSH and CRP (r = 0.122, p <0.05). Also, the mean 

level of FT3 showed a significant positive 

correlation with the mean value CRP (r = 0.028) (p 

<0.05). However, there was a non significant 

positive association between the mean values of 

FT3 and FT4 (r = 0.412, p >0.05). The correlation 

between serum levels of FT4 and CRP (r = 0.002) 

showed no significant positive correlat ion (p 

>0.05). 

 

Variations of the serum levels of SBP, DBP, TSH, 

FT3, FT4 and CRP in mild, moderate and severe 

hypertension 

The SBP and DBP showed significant elevations 

from mild (146.6±6.8, 89.9±6.4) to moderate 

hypertension (165.2±5.5 and 103.2±3.1) and also 

from moderate (165.2±5.5 and 103.2±3.1) to severe 

hypertension (184.5±4.3 and 112.7± 3.2) 

respectively (p <0.05). Both SBP and DBP were 

also significantly elevated in mild, moderate and 

severe hypertension when compared to control 

(115.6±9.1 and 68.5± 3.5 respectively, p <0.05). 

The serum level of TSH was significantly lower in 

mild hypertension (3.1±2.8) when compared to 

moderate hypertension (3.8±2.7) and similarly 

when compared to severe hypertension (4.5± 3.4) 

(p <0.05). Serum TSH was also significantly 

elevated in mild (3.1±2.8), moderate (3.8±2.7) and 

severe hypertension (4.5±3.4) when compared to 

control subjects (2.0± 1.5, p <0.05). Whereas the 

serum level of FT3 showed significant decrease in 

mild (3.4±2.4), moderate (3.5±1.7) and in severe 

hypertension (3.1±1.9) when compared to the 

control (5.1± 2.3, p <0.05), but there was no 

significant difference when the mean value of FT3 

was compared between mild (3.4±2.4) and 

moderate (3.5±1.7,p  >0.05) but was 

significantly decreased in severe (3.1±1.9) when 

compared with both mild (3.4±2.4) and moderate 

(3.5±1.7,  p < 0.05) respectively. Also, there was 

no significant difference in the mean value of FT4 

when compared across the hypertensive groups 

(mild 2.1±1.3; moderate 2.4±1.6 and severe 

1.7±1.2) and between the control subjects (2.3±  

2.1, p >0.05) respectively.  

 

The mean level of CRP in mild (12.6±9.8), 

moderate (18.7±8.9) and severe gestational 

hypertension (25.9±10.9) were significantly higher 

(p <0.05) than the mean value of the control 

subjects (5.5±2.1) respectively.  The serum level of 

CRP also showed a significant increase from mild 

(12.6±9.8) to moderate (18.7±8.9) and to severe 

gestational hypertension (25.9± 10.9, p <0.05).

 

Table 1: Demographic and anthropometric characteristics of the study participants 

Parameters   Test Subjects  

(Mean±SD) 

n = 150 

Control Subjects 

(Mean±SD) 

n = 150 

T-test P-Value 

Age (years) 27.5±4.9 26.9±4.4 1.026 0.306 

BMI (kg/m
2
) 26.2±3.4 25.9±3.3 2.941 0.108 

Gestational age (weeks) 29.5±5.4 28.9±5.3 4.267 0.100 

SBP (mmHg) 159.9±15.2 115±9.1 30.578 0.000** 

DBP (mmHg) 93.1±10.0 68.5±3.5 28.505 0.000** 
SD = Standard deviation, BMI = Body mass index, SBP = Systolic blood pressure, DBP = Diastolic blood pressure. Mean 

difference is significant when P is <0.05. * = less significance and ** = high significance.  

 
Table 2: Mean values of TSH, FT3, FT4 and CRP in hypertensive and normotensive pregnant women  

 

Parameters    Test Subjects      

(Mean±SD) 

n=150 

Control Subjects 

(Mean±SD) 

n=150 

T-test P-Value 
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TSH (µIU/ml) 3.9±3.1 2.0±1.1 6.279 0.000** 

FT3 (pg/ml) 3.2±2.0 5.1±2.3 -7.435 0.000** 

FT4 (ng/dl) 2.1±1.3 2.3±1.7 -0.049 0.517 

CRP (mg/L) 23.9±9.7 5.5±2.1 8.354 0.000** 
TSH = Thyroid stimulating hormone, fT3 = Free tri-iodothyronine, fT4 = Free thyroxine, CRP = C-Reactive Protein. Mean 

difference is significant when P is <0.05. * = less significance and ** = high significance.  

Table 3: Relationship between serum levels of TSH, FT3, FT4 and CRP among the hypertensive pregnant 

women 

 

TSH = Thyroid stimulating hormone, fT3 = Free tri-iodothyronine, fT4 = Free thyroxine, CRP = C-Reactive Protein. Mean 

difference is significant when P is <0.05. * = less significance and ** = high significance  

 
Table 4: Variations of the serum levels of SBP, DBP, TSH, FT3, FT4, CK-NAC, LDH and CRP in mild, 

moderate and severe hypertension 

 

Parameters 

 

Mild  

(Mean±SD) 

 n=43  

Moderate  

(Mean±SD) 

 n=58 

Severe  

(Mean±SD) 

 n=49 

Control  

(Mean±SD) 

 n=150 

F-value P-value 

SPB (mmHg) 146.6±6.8a,b 165.2±5.5a,b 184.5±4.3a,b 115.6±9.0a  1319.6 0.000** 

DBP (mmHg) 89.9±6.4a,b  103.2±3.1a,b 112.7±3.2a,b 68.5±3.5a  2149.6 0.000** 

TSH (µIU/ml) 3.1±2.8a,b 3.8±2.7a,b 4.5±3.4a,b 2.0±1.5a  14.419 0.000** 

FT3(pg/ml) 3.4±2.4a,d 3.5±1.7a,e  3.1±1.9a,d,e 5.1±2.3a  17.132 0.000** 

FT4 (ng/dl) 2.1±1.3 2.4±1.4 1.7±1.2 2.3±2.1 1.074 0.360 

CRP (mg/L) 12.6±9.8 a,b 18.7±8.9 a,b 25.9±10.9 a,b  5.5±2.1a 172.5 0.000** 
SBP = Systolic Blood Pressure, DBP = Diastolic Blood Pressure, TSH = Thyroid Stimulating Hormone, FT3 = Free Tri-

iodothyronine, FT4 = Free Thyroxine, CRP = C-Reactive Protein. Mean difference is significant when P is <0.05. * = mild 

significance and ** = marked significance. a = significant difference between hypertensive stages and control, b = 

significant difference across the hypertensive stages, c = significant difference between mild and moderate GH only, d = 
significant difference between mild and severe GH only and e = significant difference between moderate and severe GH 

only. 

 

.Discussion 
 

Gestational hypertension (GH) is a hypertens ive 

disorder in pregnancy that is characterized by new 

onset of blood pressure (BP) elevations after 14 

weeks of gestation in the absence of accompanying 

proteinuria.
19

 Outcomes in women with GH usually 

are quite successful; although some of these 

hypertensive exposed pregnant women often 

present with complications such as pre-eclampsia, 

eclampsia and even cardiovascular diseases.
20

 The 

cause of these complications is unclear and is often 

associated with severe maternal-fetal morb idity and 

mortality.
19

 Thus, we aim to evaluate thyroid 

function and the activity of C-reactive protein in 

staged hypertensive and normotensive pregnant 

women using TSH, FT3, FT4 and CRP as markers, 

with the objective of assessing the role of TSH, free 

thyroid hormones and CRP in the occurrence of 

hypertensive complications (i.e . pre-eclampsia and 

cardiovascular diseases) in hypertensive exposed 

pregnant mothers.  

The findings of this study showed that there were 

significant increase in the mean values of SBP and 

DBP of hypertensive pregnant women when 

compared with the normotensive pregnant women 

respectively. This implies  that the test subjects 

were uniformly distributed between the groups and 

was in accordance with the findings of studies 

conducted in India, Ibadan, Benin and Kano.
21-25

  

However, the findings of this study were at 

variance with the findings of a similar study 

conducted among Ghanaian patients with 

gestational hypertension and their normotensive 

counterparts.
26 

Parameters r-value P-value 

TSH Vs FT3 -0.595 0.000** 

TSH Vs FT4 -0.365 0.009*  

TSH Vs CRP 0.722 0.000** 

FT3 Vs FT4 0.009 1.000 

FT3 Vs CRP -0.428 0.000** 

FT4 Vs CRP 0.012 1.000 
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The mean value of TSH was significantly higher 

(above the reference range of 0.4-6.0 µIU/ml) in 

hypertensive pregnant women than normotensive 

subjects. The significant elevation of TSH in 

hypertensive pregnant women may be attributed to 

a state of thyroid dysfunction known as 

hypothyroidism. Hypothyroidism (elevated serum 

TSH) is predominantly an autoimmune disorder 

mostly characterized by the activation of antigen 

presenting dendritic cells by self-proteins. 

However, the activated antigen presenting dendritic 

cells can in turn stimulate the T-cells to produce 

cytokines that promote hypertension through 

vascular remodeling (increased peripheral vascular 

resistance).
27-29

  This finding is similar to related 

studies conducted in Punjab, India; Kano, Nigeria; 

and in Australia 
25,30,31

 respectively that reported 

significant mean values of TSH in hypertensive 

pregnant women in their respective locations. This 

finding is also in contrast to the findings of 

Pasupathi et al.,
32

 that reported a non significant 

difference in Indian hypertensive and normotensive 

pregnant subjects.  

In addition, the mean serum level of FT3 was 

significantly decreased (below the reference value 

of 1.8-4.2 pg/ml) in hypertensive pregnant women 

compared with the normotensive pregnant women, 

whereas there was no significant difference in the 

mean serum level of FT4 of hypertensive subjects 

when compared with normotensive cases. FT4 and 

FT3 are the free circu lating thyroid hormones 

(Thyroxine, T4 and Tri-iodothyronine, T3) which 

are produced from thyroid follicular cells within 

the thyroid gland. Thyroperoxidase is the enzyme 

responsible for the copulation of iodine to tyrosine 

residues to form the thyroid hormone, T4 which  is 

believed to be the pro-hormone and a reservoir for 

the active and main thyroid hormone, T3.
33

 More 

so, T3 is converted as required in the tissues by 

iodothyronine deiodinase.
33

 This significant 

difference could be as a result of the dominant 

hypothyroidism state (elevated serum TSH in the 

presence of deceased serum FT3/normal FT4), 

evidently shown by the significant elevation in the 

mean value of TSH when compared with 

hypertensive and normotensive pregnant women 

(P<0.05). T3 represents the metabolically  active 

thyroid agent that possibly has a vasodilatory effect 

on the vascular muscle cells.
34 

It has also been 

documented that hypertension is an autoimmune 

disorder that leads to impaired production of 

vasodilators such as endothelin, nitric oxide (NO) 

and T3.
28

 Therefore, the significant decrease in the 

serum level of FT3 could be due to the relat ive 

inhibit ion of FT3 secretion; a resultant effect of 

thyroid dysfunction associated with increased 

peripheral vasoconstriction which is also 

implicated in blood pressure elevation.  This 

finding was in line with the findings of 
25,31,

 that 

reported significant decreased mean values in FT3 

and FT4 in similar studies carried out in Australia 

and Nigeria respectively. The observed values were 

in variance with the values reported by Pasupathi et 

al.,
32

 among Indian pregnant women.  

The mean value CRP was found to be significantly 

increased (above the reference value of 0.2-10 

mg/L) in gestational hypertensive women than the 

normotensive women. The reason may be due to 

the multi-organ dysfunction (vascular endothelial 

damage) associated with hypertensive disorders in 

pregnancy. C - reactive protein (CRP) is an acute 

phase protein which is synthesized in the liver. It is 

present in trace amounts in normal healthy persons 

and rises significantly following endothelial 

dysfunction and inflammation.
10

 Its elevated serum 

level in gestational hypertension shows the extent 

of endothelial dysfunction associated with 

hypertensive complications of pregnancy. 

Therefore, gestational hypertension may stimulate 

the release of inflammatory cytokines and 

generation of reactive oxygen species and these 

attributes may be the main cause of hypertensive 

complications in pregnancy. This finding is 

supported by the hypothesis of formerly 
published studies.21,22,35-39 However, the finding 
of our study was in contrast to the findings of 

McGrowder et al.,.
40

 

The serum level of TSH correlated negatively with 

the serum levels of FT3 and FT4 and correlated 

positively with serum level CRP which had no 

significant association with the serum level of FT4 

but negatively correlated with FT3. This implies 

that gestational hypertension is associated with 

hypothyroidism, endothelial dysfunction and 

inflammatory reaction. This is due to the fact that 

TSH has been an established marker for thyroid 

dysfunction so also CRP for endothelial 

dysfunction and inflammat ion. TSH also, has been 

documented to have a negative correlation with T3 

and T4.
10,41

 Therefore, the significant positive 

correlation between TSH and CRP shows their 

clin ical importance in thyroid function and the 

occurrence of GH. However, the non-significant 

association recorded between FT4 and CRP may be 

due to the non-massive production or inhibition of 

serum level of FT4 as shown by the non significant 

difference between hypertensive and normotensive 

pregnant women. This may imply that in both 

hypertensive and normotensive pregnancy states, 

the T4 producing enzyme, thyroperoxidase is 

relatively functional therefore resulting in the 

neither non-inhibition nor significant production of 

FT4 as shown in this study. This is in accordance 
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with the research of Panag et al.,
37

 that 

demonstrated a significant negative correlation 

between CK and FT3 in a similar study conducted 

in India.      

Furthermore, the serum levels of TSH and CRP 

was significantly higher in severe gestational 

hypertension (P<0.05) when compared with mild 

and moderate cases. Therefore, the serum levels of 

TSH and CRP increases as the GH advances. This 

finding indicates that inflammatory reaction is 

associated with the progression of gestational 

hypertension. This may infer that there is an 

underlying inflammatory react ion that causes 

increased arterial stiffness which is an important 

determinant of vascular endothelial dysfunction 

and changes in arterial wall elasticity (the major 

underlying cause of elevated blood pressure) thus, 

predisposing the hypertensive pregnant mothers to 

multip le organ dysfunctions as seen in pregnancies 

associated with hypertensive complications.
10

 This 

finding may also imply that there is a 

hypothyroidism state that may be the intriguing 

factor in the progression of gestational 

hypertension. This is because, the hypo-metabolic 

state of hypothyroidism can cause an increased 

arterial stiffness which is an important determinant 

of vascular endothelial dysfunction and changes in 

arterial wall elasticity (the major underly ing cause 

of elevated blood pressure)
41 

therefore allowing 

serum activities to rise hence, resulting in a marked 

release of TSH through the vascular endothelial 

cells. Nanda et al.,
42

 reported a similar finding in a 

study conducted in Indian pregnant women with 

hypertension.  

In the light of these findings and from several other 

studies we hypothesize that hypothyroidism being 

an autoimmune d isorder may be the underlying 

condition that causes gestational hypertension and 

also predisposes hypertensive exposed pregnant 

mothers to pre-eclampsia and eclampsia through its 

implication in endothelial dysfunction, a major 

underlying factor in the pathogenesis of pre-

eclampsia. Invariably also, we may infer that 

inflammat ion - per se may be the mit igating factor 

that predisposes hypertensive pregnant mothers to 

multip le end-organ dysfunction which in turn 

predisposes hypertensive exposed pregnant mothers 

to cardiovascular risks. According to Sinisalo et 

al.,
43

 inflammation causes endothelial dysfunction, 

possibly by decreased capacity of the endothelium 

to generate vasodilatory factors, particularly T3 and 

nitric oxide (NO) which in turn raises blood 

pressure. This invariab ly triggers the release of the 

endothelial markers like the TSH as recorded in 

this study. Also, In an attempt to improve global 

cardiovascular risk prediction, considerable interest 

has focused on C-react ive protein (CRP), a marker 

of inflammat ion that has been shown in multiple 

prospective epidemiological studies to predict 

incident myocardial infarction, stroke, peripheral 

arterial d isease, and sudden cardiac death. CRP 

levels have also been shown to predict risk of both 

recurrent ischemia and death among those with 

stable and unstable angina, those undergoing 

percutaneous angioplasty, and those presenting to 

emergency rooms with acute coronary 

syndromes,
11

 thus, may be pertinent in pregnant 

mothers with mild, moderate or severe 

hypertension. This is substantiated by several 

studies which have shown inflammatory markers 

such as CRP as an independent determinant of 

endothelium dependent vascular dysfunction 

among patient with coronary heart disease (CHD) 
16,44,45

 and this situation may also exist in patients 

with gestational hypertension. CRP inhib its 

formation of vasodilators by endothelial cells 

which in turn promote vasoconstriction, leukocyte 

adhesion, platelet activation, oxidation and 

thrombosis. Moreover, high levels of CRP in 

conjunction with the high levels of TSH may 

upregulate angiotensin receptors and enhance 

expression of plasminogen activator inhibitor-1 by 

endothelial cells.
46

 These changes could trigger 

hypertensive complicat ions in pregnancy and may 

promote atherogenesis. Our findings are in 

agreement to the one reported by Sesso et al.,
47

 

who also have shown a link between elevated CRP 

and increased risk of developing hypertension in a 

cohort study, including people with baseline blood 

pressure in pre-hypertensive range.  

There are some limitations in this study which have 

to be noted. The unequal classificat ion of the mild, 

moderate and severe gestational hypertensive 

mothers may have impacted the study in one way 

or the other. More so, the study was a descriptive 

case-control study where the investigators had only 

one encounter with the study participants. Thus, 

continued follow up of these subjects would have 

been necessary to further clarify the conditions of 

these participants at the time of delivery or 

immediately after birth. 

 

Conclusion 

 

We observed that serum elevations of CRP and 

TSH (in the presence of significantly reduced 

metabolically active thyroid-hormonal agent (FT3) 

are consistently associated with the progression of 

gestational hypertension. Therefore, could be used 

as predictive markers for the occurrence of pre-

eclampsia and cardiovascular diseases which are 

complications often associated with poorly 
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managed mild, moderate and/or severe gestational 

hypertension. Therefore, estimat ion of TSH and 

CRP levels may prove essential in early 

identification of hypertensive exposed pregnant 

mothers at risk for development of pre -eclampsia, 

eclampsia and cardiovascular diseases, since both 

elevated CRP and TSH in the presence of 

decreased FT3 are implicating factors for the 

progression of hypertension in pregnancy, which is 

a determinant for the occurrence of pre-eclampsia, 

eclampsia and even cardiovascular risks. Thus, the 

finding of this study may provide a rationale for 

pharmacotherapy, in a broader subset of women 

with gestational hypertension. Hence, strategies 

targeted to lower TSH and CRP levels may 

potentially prov ide increased clinical benefits.  

 

References  

1. World Health Organization. A g lobal brief on 

hypertension: silent killer, global public health 

crises (World Health Day 2013). Geneva: World 

Health Organisation; 2013; 11-13. 

2. Nat ional Institutes for Health. The seventh report 

of the Joint Nat ional Committee on Prevention, 

Detection, Evaluation and Treatment of High 

Blood Pressure. National Institutes for Health 

Publication; 2013; 3: 2-13. 

3. Olat inwo AW, Fakeye OO, Lawal SA. Thyroid 

diseases in pregnancy: A review. East African 

Medical Journal; 2009; 86: 37-40. 

4. Omole O, Ashimi AO. Preeclampsia: A study of 

risk factors. Nigerian Medical Practitioner; 2008; 

53: 99-102. 

5. Wilson KL, Casey BM, McIntire DD, Halvorson 

LM, Cunningham FG. Subclin ical thyroid disease 

and the incidence of hypertension in pregnancy. 

Obstetrics and Gynecology. 2012; 119(2): 315-320. 

6. Surks MI, Chopra IJ, Mariash CN, Nicoloff JT, 

Solomon DH. American Thyroid Association 

guidelines for use of laboratory tests in thyroid 

disorders. Journal of the American Medical 

Association; 1990; 263: 1529-1532. 

7. Demers LM, Spencer CA. Laboratory medicine 

practice guidelines: Laboratory support for the 

diagnosis and monitoring of thyroid disease. 

Journal of Clinical Endocrinology; 2003; 58: 138-

140. 

8. Surks MI, Ort iz E, Daniels GH, Sawin CT, Col 

NF, Cobin RH. Subclinical thyroid d isease: 

Scientific review and guidelines for diagnosis and 

management. Journal of the American Medical 

Association; 2001; 291: 228-238. 

9. Min istry of Health, NSW. Maternity - 

Management of Hypertensive Disorders of 

Pregnancy. 2011; 1-23. 

10. Ghosh TK, Ghosh S, Bhattacharjee DC - 

reactive protein levels in women with pregnancy 

induced hypertension. Bangladesh Journal of 

Medical Science; 2011; 10(3): 160-161. 

11. Paul M and Ridker MD. Clin ical Application of 

C-Reactive Protein for Card iovascular Disease 

Detection and Prevention. Circulation. 2003; 

107:363-369. 

12. Jonklass J, Helfand M. Thyro id Disease, U.S. 

Department of Health and Human Services. 

Thyroid section. 2010; 20-30. 

13. Millar LK, Wing DA, Leung AS. Low b irth 

weight and preeclampsia in pregnancies 

complicated by hyperthyroidism. Obstetrics and 

Gynecology. 1994; 84(6): 946-949. 

14. Sheffield JS, Cunningham FG. Thyrotoxicosis 

and heart failure that complicate pregnancy. 

American Journal of Obstetrics and Gynecology. 

2004;190(1): 211-217. 

15. Ridker PM, Hennekens CH, Buring JE, Rifai N. 

C-reactive protein and other markers of 

inflammat ion in the prediction of cardiovascular 

disease in women. New England Journal of 

Medicine; 2000; 342: 836-843.  

16. Niang CE, Harris FT, A lberry N, Sacks SB. 

Determination of sample size for public health 

surveillance; World Health Organization, Geneva . 

2006; 27-32. 

17. Federal Min istry of Health. Achieving health 

related Millennium Development Goals in Nigeria  

(A report on improv ing maternal health by the 

Presidential Committee on achieving Millennium 

Development Goals in Nigeria). Federal Ministry 

of Health, Abuja; 2014; 33-38. 

18. Tietz NW. Fundamentals of Clinical Chemistry, 

2
nd

 Edit ion, Sauders Press, Phila. 1976; 602-603. 

19. ACOG Task Force in Hypertension. 

Hypertension in Pregnancy; American College of 

Obstetricians and Gynecologists. 2013;  28-33. 

20. Klein I, Danzi S. Thyroid d isease and 

gestational hypertension. Circulation. 2017; 

116:1725-1735. 



Journal of Current Biomedical Research (2017) 1(1):29-38 

 

11 

 

RESEARCH ARTICLE 

21. Qublan HS, Aman in V, Bataineh O, Shraideh 

ZA, Tahat Y, Awamieh I. Lactic dehydrogenase as 

a biochemical marker of adverse pregnancy 

outcome in severe pre eclampsia. Medical Science 

Monitor; 2005; 11(8): 393-397. 

22. Rubina A, Tabassum M. Relat ionship between 

hypertension and cardiac enzyme. ARYA 

Atherosclerosis Journal; 2008; 4 (1): 29-32 

23. Ebeigbe PN, Aziken ME. Early onset 

pregnancy-induced hypertension/eclampsia in 

Benin City, Nigeria. Nigerian Journal of Clinical 

Practice; 2010; 13: 388-393. 

24. Irinyenikan TA, Adebola AR, Arowojolu A. 

Serum lip id level in pregnant normotensive and 

gestational hypertensive women in Ibadan, Nigeria. 

Annal of Biological Research; 2013; 4: 204-208. 

25. Abdusalam K, Yahaya IA. Prevalence of 

thyroid dysfunction in normotensive pregnant 

women in Nigeria. Sub-Saharan African Journal of 

Medicine; 2015; 2(1): 19-20. 

26. Turpin CA, Ahenkorah L, Owiredu WK, Laing 

EF, Amidu N. The prevalence of metabolic 

syndrome among Ghanaian pregnancy induced 

hypertension patients using World Health 

Organisation and National cholesterol education 

programme panel III criteria. Journal of Medical 

Sciences. 2008; 2: 443-451. 

27. Dernellis J, Panaretou M. Effects of thyroid 

replacement therapy on arterial b lood pressure in 

patients with hypertension and hypothyroidism. 

American Heart Journal. 2002; 143: 718-724. 

28. Sch iffrin EL. The immune system: role in 

hypertension. Canadian Journal of Cardiology; 

2013; 29 (5): 543-552. 

29. Kirabo J, Rucker J, Claudia P. DC isoketal-

modified proteins activate T-cells and promote 

hypertension. Journal of Clinical Investigation; 

2014; 124(10): 4642-4656. 

30. Hardeep SG, Harijot S, Gurmanpreet. Study of 

thyroxine (T4) and thyroid stimulating hormone 

(TSH) levels in newborns to find a correlation 

between T4 and TSH levels with gestational age 

and to compare T4 and TSH levels in healthy and 

sick newborn babies. International Journal of 

Biological & Pharmaceutical Research; 2015; 

6(6): 419-422. 

31. Gilbert RM, Hadlow NC, Walsh JP, Fletcher 

SJ, Brown SJ, Stuckey BG. Assessment of thyroid 

function during pregnancy: reference intervals 

derived from Western Australian women. Medical 

Journal of Australia; 2008; 189: 250-253. 

32. Pasupathi P, Mathiyalagan D, Rani P, Sankar 

V, Sat ish SP. Evaluation of serum lipids and 

thyroid hormone changes in non-pregnant, pregnant 

and preeclampsia women. Thyroid Science; 2009; 

4: 1-6. 

33. Brent C. "The endocrine system - the thyroid 

gland - action of thyroid hormones". Boundless 

Anatomy and Physiology, 2016; 156-790. 

34. Stella S, Sofia P, Vasilios K. Hypothyroidism 

and Hypertension. Current Hypertension Reports; 

2002; 5(6): 519-520. 

35. Sussan GL, Mary C, Water P, Roger B, Raph 

BD, David MH. The relat ionship between blood 

pressure and C-reactive protein in multi-ethnic 

study of atherosclerosis (MESA). Journal of the 

American College of Cardiology. 2005; 46 (10): 

1869-1874. 

36. Brewster LM, Gideon M, Navin RB, Richard 

PK, Joseph FC, Gert AV. Creat ine kinase activity 

and blood pressure. Circulation; 114: 2034-

2039.Ebeigbe P.N, Aziken M.E (2010). Early onset 

pregnancy-induced hypertension/eclampsia in 

Benin City, Nigeria. Nigerian Journal of Clinical 

Practice; 2006; 13: 388-393. 

37. Panag KM, Gitanjali DS, Sudeep G. 

Evalutation of creatine kinase as a diagnostic tool 

for thyroid function. Indian journal of clinical 

practice. 2012; 23(4): 221-223.  

38. Sonagra AD, Dattatreya K, Jayaprakash MDS. 

Serum LDH, ALP and Uric acid in hypertensive 

disorders of pregnancy. International Journal of 

Pharmacy and Biological Sciences; 2012; 2 (3): 

201-209. 

39. Swat i S, Ekele BA, Shehu CE, Nwokolo E. 

Hypertensive disorders in pregnancy among 

pregnant women in a Nigerian Teaching Hospital. 

Nigerian Medical Journal; 2014; 55(5): 15-17. 

40. McGrowder DA, Fraser YP, Gordon L, 

Crawford TV, Rawlins JM. Serum creat ine kinase 

and lactate dehydrogenase activities in patients 

with thyroid disorders Nigerian Journal of Clinical 

Practice; 2011; 14(4): 454-457. 

41. Targher G, Montagnana M, Salvagno G. 

Association between serum TSH, free T4 and 

serum liver enzyme act ivit ies in a large cohort of 

unselected outpatients . Clinical Endocrinology 

2008; 68(3): 481-489. 



Journal of Current Biomedical Research (2017) 1(1):29-38 

 

12 

 

RESEARCH ARTICLE 

42. Nanda S, Sardana D, Kharb S. Correlat ion of 

thyroid functions with severity and outcome of 

pregnancy. Annals of Medical and Health Sciences 

Research; 2013; 3(1): 43-45. 

43. Sinisalo J, Paronen J, Mattila KJ, Syrjala M, 

Alfthan G, Palosuo T, Nieminen MS, Vaarala O. 

Relation of inflammation to vascular function in 

patients with coronary heart disease. 

Atherosclerosis; 2000; 149: 403-411. 

44. Pauleto P, Rattazzi M. Inflammation and 

Hypertension: the search for a link. Nephrology 

Dialysis Transplantation; 2006; 21: 850-853.  

45. Shafi MD, Pandith AA, Sameer AS, Su ltan M, 

Yousuf A, Mudassar S. hs-CRP: A potential 

marker for hypertension. Indian Journal of Clinical 

Biochemistry; 2010; 25 (2): 208-212. 

46. LI Jian-jun. Inflammat ion in hypertension: 

primary evidence. China Medical Journal; 2006; 

119: 1215-1221. 

47. Sesso HD, Buring JE, Rifai N, Blake GJ, 

Gaziano JM, Ridker PM. C-Reactive Protein and 

the Risk of Developing Hypertension. Journal of 

the American Medical Association; 2003; 290: 

2945-2951. 

 


