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ABSTRACT
Background: Several investigations have confirmed changes in lipid profiles and other markers (interleu-
kin [IL]-6, C-reactive protein [CRP]) in women with pregnancy induced hypertension (PIH). Although, the 
cause an effect correlations between these lipid profiles and other markers with the PIH are yet unknown.
Aim: To study the relationship of serum lipid profile, CRP, and IL-6 with PIH.
Method: A cross-sectional study was done on 60 pregnant women with PIH treated in the General Salah 
Alden Hospital in Tikrit city, Iraq, from January 2021 to April 2021. Another group of 60 pregnant women 
who were normal, at the same period, were selected as the control group. The average age of the partici-
pants was (27.1 ± 5.0) years. All the blood samples taken were examined for lipid profile, CRP, and IL-6.
Results: The results statistically showed significant differences in IL-6 level and CRP. Whereas, in the 
Lipid profile (triglyceride [TG], low density lipoprotein cholesterol [LDL-C], high density lipoprotein 
[HDL]-C, total cholesterol [TC], and very low density lipoprotein cholesterol [VLDL]) were found. Also, it 
was found that there were significant differences in PIH patients as compared to the control group.
Conclusion: The findings revealed that the lipid profile was aberrant, and the amount of IL-6 protein was 
positively linked with blood pressure.

Keywords: Dyslipidemia, Pregnancy hypertension, Interleukin-6 (IL-6), Inflammatory cytokines, C- reac-
tive protein CRP
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2021. Another 60 normal pregnant women, at the 
same period, were selected as the control group. 
The average age of the participants was (27.1 ± 5.0) 
years. All of them assessed physically examina-
tion like blood pressers measurement. The patient 
was diagnosed with hypertension when the sys-
tolic blood pressure was >140 mm Hg and diastolic 
blood pressure was >90 mm Hg. The patients, all 
women, were diagnosed with dyslipidemia, when 
their total cholesterol (TC) level was >220 mg/dL or 
triglyceride (TG) level was >200 mg/dL, and there 
was a high density of lipoprotein (HDL-C), at a 
level of <45 mg/dL. The blood samples were taken 
after 12–14 h of fasting for measuring the serum 
lipid profile by a standard clinical laboratory pro-
cedure. The serum lipids, including TGs, TC, and 
high density lipoprotein cholesterol (HDL-C) were 
measured using the enzymatic methods, whereas 
low density lipoprotein cholesterol (LDL-C) and 
very low density lipoprotein cholesterol (VLDL), 
were calculated according to the Friedewald et al. 
formula6, IL-6 was assayed using Quantikine R 
and D systems, ELISA kit, and for CRP the neph-
elometry method was used. Statistical analysis was 
acquired by involving, chi-square, t-test, and one 
way ANOVA. The numerical values were expressed 
as mean ± standard deviation. The P-values of 0.05 
or less were considered as statistically significant.

RESULTS

In the present study 120 pregnant women 
were evaluated; they were divided equally into 
two groups, where 60 were hypertensive (PIH) and 
grouped together, and the rest of the individuals 
without hypertension were considered the control 
group. The results are as follows.

Table 1 shows the comparison between the 
serum associate inflammatory factors IL-6 and 
CRP in PIH and the control group. A significant 
difference was found between the two groups (8.17 
± 2.4 vs., 6.67 ± 1.9, P < 0.5) and (18.2 ± 8.3, vs., 7.5 
± 2.5, P < 0.05), respectively.

INTRODUCTION

Pregnancy hypertension is an illness that 
 frequently affects roughly around 10% of pregnant 
women.1 Hypertensive illnesses affecting preg-
nancy are still in serious concern in underdeveloped 
nations, endangering the health of the mother and 
fetal viability, which leads to increasing maternal 
and newborn mortality and morbidity.2

Pregnancy induced hypertension (PIH) may 
be developed by one of the four factors. The first 
is oxidative stress, which can promote hypertension 
by causing the production of inflammatory fac-
tors. Second is the genetic elements that are linked 
to heredity. Third, the immunologic abnormalities 
can cause hypertension during pregnancy. The inci-
dence of hypertension during pregnancy is thought 
to be linked to placental ischemia, which been veri-
fied as the fourth cause.3-6

Many researchers have discovered that the 
IL-6 level in patients with PIH is greater than in 
normal pregnant women. Furthermore, the mother 
and newborn prognoses in patients with high IL-6 
levels are worse than in pregnant women with nor-
mal IL-6 levels, implying that IL-6 has an impact 
on the prognosis of PIH patients.7 According to sev-
eral studies, increase in the inflammatory cytokines 
IL-6 play a crucial part in the etiology of hyperten-
sion in response to a fall in the uterine perfusion 
pressure, (Hypertension in pregnancy in response 
to IL-6: involvement of AT1 – receptor activation).8

Scholars have known for a long time that 
C-reactive protein (CRP) is a non-specific inflam-
matory marker. Recent researches, however, have 
discovered a strong link between CRP and poor 
pregnancy outcomes, such as stillbirth and PIH.9

MATERIALS AND METHODS

A cross-sectional study was done on 60 preg-
nant women suffering from PIH. These patients 
were treated at the General Salah-Alden Hospital 
in Tikrit city, Iraq, from January 2021 to April 
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TABLE 1. The inflammatory markers IL-6 and CRP in the patients group (PIH) and normal pregnancy
Characteristic Patients group (PIH) n = 60  

(Mean ± SD)
Control group (normal pregnancy) n = 60 

(Mean ± SD)
P-value

IL-6 (pg/mL) 8.17 ± 2.4 6.67 ± 1.9 <0.05
CRP (mg/mL) 18.2 ± 8.3 7.5 ± 2.5 <0.05

IL-6: interleukin-6; CRP: C-reactive protein, PIH: pregnancy induced hypertension.

TABLE 2. The lipid profiles of the case group with PIH and the control group
Lipid profile Case group (PIH) n = 60  

(Mean ± SD)
Control group n = 60  

(Mean ± SD)
P-value

LDL-C (mg/dL) 134 ± 19.6 114.1 ± 17.4 <0.05
HDL-C (mg/dL) 24.2 ± 6.8 30.4 ± 8.4 <0.05
TG (mg/dL) 190.1 ± 18.2 174.2 ± 48.6 <0.05
TC(mg/dL) 188.3 ± 46 176 ± 57 <0.05
VLDL (mg/dL) 38.02 ± 4.3 34.8 ± 2.1 <0.05

LDL-C: low density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; TC: total 
cholesterol; VLDL: very low density lipoprotein cholesterol.

Table 2 clarifies the mean ± SD of lipid pro-
file (LDL-C, HDL-C, TG, TC and VLDL) in PIH 
cases and the control groups. The lipid profile was 
significantly higher in PIH patients compared to the 
healthy control participants, when P < 0.05 (134 ± 
19.6 vs. 114.1 ± 17.4), (190.1 ± 18.2 vs. 174.2 ± 48.6) 
(188.3 ± 46 vs. 176 ± 57), (38.02 ± 4.3 vs. 34.8 ± 
2.1) respectively. On the other side, HDL was sig-
nificantly decreased in PIH group (24.2 ± 6.8 vs. 
30.4 ± 8.4).

DISCUSSION

Pregnancy induced hypertension is a common 
problem during pregnancy leading to maternal and 
fetal death, as well as neonatal death.10 According 
to this research, there might be multiple implicit 
causes or predisposing factors in PIH patients which 
may contribute to endothelial dysfunction. Despite 
decades of intense investigation, the cause of many 
illnesses remain unknown. However, several expla-
nations for the disease etiology have been proposed, 

including prostacyclin – thromboxane imbalance, 
endothelial dysfunction, immuno-genetics, and 
absolute or relative etiology.11 Pre-eclampsia and ges-
tational hypertension are hypothesized to be caused 
by “failures” in the normal hemochorial placental 
system.12 Gestational hypertension has hereditary 
underpinnings, since women with a family history 
of this illness are three times more likely to develop 
it during pregnancy.13 In recent years, it has been 
widely assumed that PIH is linked to immunolog-
ical dysregulation, and the cytokines, particularly 
the inflammatory ones, play a key role in immune 
control.14 In the current study, the result in Table 
1 revealed that the levels of IL-6 in patients with 
PIH were substantially greater than those in normal 
pregnant women (P < 0.05). This data supports the 
study by Li et al.15 Autoantibodies that activate the 
angiotensin II type I receptor are secreted by mono-
cytes, neutrophils, and T and B lymphocytes. The 
chain of events that lead to cytokines, notably inter-
leukin-6 (IL-6), triggering angiotensin type I recep-
tor auto antibody, results in a rise in angiotensin II, 



Dyslipidemia and other parameters

119

J Popul Ther Clin Pharmacol Vol 29(1):e116–e121; 11 April 2022. 
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2022 Shihab AS et al.

However, in the current study we have found 
that TC, VLDL, and LDL were considerably greater 
in women who developed PIH than in normotensive 
patients, which is in higher or good agreement with 
previous result according to Vidyabati et al.29

According to the aforementioned findings, lipid 
profile levels in the early second trimester can aid in 
the prediction of PIH. As a result, it is feasible to 
diagnose PIH and associated consequences earlier 
and manage them, which would enhance the mother 
and fetal prognosis.30

CONCLUSION

The findings revealed that the lipid profile was 
aberrant, and the amount of IL-6 protein was posi-
tively linked with blood pressure.

RECOMMENDATION

The findings of these types of investigations 
will help to further of our understanding of the 
pathophysiological ramifications of HIP, as well 
as therapy development for this condition. More 
research should be done to determine the causal 
cause for dyslipidemia and high IL6 production, 
which leads to PIH, in addition to viable therapeutic 
interventions in the management of PIH.

REFERENCES

1. Youssef GS. Hypertension in pregnancy. J Cardiol 
Pract. 2019;17(22):1–8.

2. Steer PJ, Little MP, Kold-Jensen T, Chapple J, 
Elliott P. Maternal blood pressure in pregnancy, 
birth weight, and perinatal mortality in first births: 
Prospective study. BMJ. 2004;329:1312. https://doi.
org/10.1136/bmj.38258.566262.7C

3. Vest AR, Cho LS. Hypertension in pregnancy. 
Curr Atheroscler Rep. 2014;16:395. https://doi.
org/10.1007/s11883-013-0395-8

4. Mangos GJ, Spaan JJ, Pirabhahar S, Brown MA. 
Markers of cardiovascular disease risk after 
hypertension in pregnancy. J Hypertens. 

a powerful vasoconstrictor.16 In a similar research, 
El-Bassyouni et al., found that the direct percentage 
of IL-6 in individuals with PIH was higher.17

The result in the present cross-sectional 
research identified a positive link between CRP 
and PIH. CRP is a non-specific inflammatory pro-
tein produced by the liver and controlled by plasma 
interleukin-6 (IL-6).18 Serum CRP was consider-
ably raised in individuals with PIH according to 
Qiu et al.19 Furthermore, another study showed that 
postpartum PIH patients exhibited greater levels 
of higher sensitivity CRP than non-PIH patients.20 

Endothelial dysfunction and the renin-angiotensin 
system have both been linked to inflammation.20 
As a result, it has been suggested that hypertension 
is partly an inflammatory condition. CRP levels 
beyond a certain threshold may raise blood pres-
sure by lowering nitric oxide synthesis in endothe-
lial cells, resulting in vasoconstriction and a rise 
in endothelin–1.21 A similar published research in 
Italian was in high agreement with our findings.14,20 
In contrast to prior studies conducted in China, the 
findings revealed no significant differences between 
PIH patients and normal pregnant women.22

It is known that hyperlipidemia alters lipid 
metabolism during pregnancy, and it becomes more 
pronounced as the pregnancy progresses.23,24 The 
particular processes that cause these changes are 
unknown. Lipid metabolism changes during early 
pregnancy as a result of hormonal regulation.25 
There may be difficulties with lipid metabolism 
with hyperlipidemia in difficult pregnancies.26 In 
addition the activity of hepatic lipase increases, 
whereas that of lipoprotein lipase decreases.27 There 
is also an increase in TG production at the hepatic 
level as well as a build-up of TGs in the plasma.

Hypertriglyceridemia and other lipid abnor-
malities are linked to hypertensive disorders of 
pregnancy in a beneficial way.28 The role of lipids 
in the pathophysiology of hypertensive disorders of 
pregnancy lipid abnormalities, and their impact on 
the mother and infant are unknown. The studies on 
this topic are ongoing.

https://doi.org/10.1136/bmj.38258.566262.7C�
https://doi.org/10.1136/bmj.38258.566262.7C�
https://doi.org/10.1007/s11883-013-0395-8�
https://doi.org/10.1007/s11883-013-0395-8�


Dyslipidemia and other parameters

120

J Popul Ther Clin Pharmacol Vol 29(1):e116–e121; 11 April 2022. 
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2022 Shihab AS et al.

IL-6, TNF-α and hs-CRP and unfavorable fetal out-
comes in patients with pregnancy-induced hyper-
tension. Exp Therap Med. 2018;16:1982–1986.

15. Li Y, Wang Y, Ding X, Duan B, Li L, Wang X. 
Serum levels of TNF-α and IL-6 are associated with 
pregnancy- induced hypertension. 2016;23(10):1402–
1408. https://doi.org/10.1177/1933719116641760

16. LaMarca B, Brewer J, Wallace K. IL-6-induced 
pathophysiology during pre-eclampsia: Potential 
therapeutic role for magnesium sulfate. Int J 
Infereron Cytokine Mediator Res. 2011;2011(3); 
59–64. https://doi.org/10.2147/IJICMR.S16320

17. El-Bassyouni HT,  Abdel Raouf SM,  Farag MK,  
Nawito WM,  Salman TM,  Gaber KR. 
Dysregulation of tumor necrosis factor-α and 
interleukin-6 as predictors of gestational disor-
ders.Middel East J Med Genet. 2018;7(2);112–117. 
https://doi.org/10.1002/jso.25030

18. Volanakis JE. Human C-reactive protein: 
Expression, structure, and function. Mol 
Immunol. 2001;38:189–197. https://doi.org/10.1016/
S0161-5890(01)00042-6.

19. Qiu C, Sorensen TK, Luthy DA, Williams MA. 
A prospective study of maternal serum 
C-reactive protein (CRP) concentrations and 
risk of gestational diabetes mellitus. Paediatr 
Perinat Epidemiol. 2004;18:377–384. https://doi.
org/10.1111/j.1365-3016.2004.00578.x.

20. Paternoster DM, Fantinato S, Stella A, Nanhornguè 
KN, Milani M, Plebani M et al., C-reactive protein 
in hypertensive disorders in pregnancy. Clin Appl 
Thromb Hemost. 2006;12:330–337. https://doi.
org/10.1177/1076029606291382.

21. Sesso HD, Buring JE, Rifai N, Blake GJ, 
Gaziaano JM, Ridker PM. C-reactive pro-
tein and risk of developing hypertension. 
JAMA. 2003;290:2945. https://doi.org/10.1001/
jama.290.22.2945

22. Chen H, Zhang J, Qin F, Chen X, Jiang X. Evaluation 
of the predictive value of high sensitivity C-reactive 
protein in pregnancy-induced hypertension syn-
drome. Exp Ther Med. 2018;16(2):619–622. https://
doi.org/10.3892/etm.2018.6246

23. Kuklina EV, Hypertension in pregnancy in 
the US—One step closer to better ascertain-
ment and management. JAMA Network Open. 

2012;30:351–358. https://doi.org/10.1097/HJH. 
0b013e32834e5ac7

5. Rosengarten D, Blieden LC, Kramer MR. 
Pregnancy outcomes in pulmonary arterial 
hypertension in the modern management era. 
Eur Respir J. 2012;40:1304–1305. https://doi.
org/10.1183/09031936.00047512

6. Lazzarin N, Desideri G, Ferri C, Valensise H, 
Gagliardi G, Tiralongo GM, et al. Hypertension 
in pregnancy and endothelial activation: An 
emerging risk factor for cardiovascular disease. 
Pregnancy Hypertens. 2012;2:393–397. https://doi.
org/10.1016/j.preghy.2012.02.002

7. Repke JT. Hypertension in pregnancy. I. Md Med 
J. 1987;36:473–475.

8. LaMarca B, Speed J, Ray LF, Cockrell K, Wallukat 
G, Dechend R, et al. Hypertension in response to 
IL-6 during pregnancy: Role of AT1-receptor 
activation. Int J Infereron Cytokine Mediator 
Res. 2011;2011(3):65–70. https://doi.org/10.2147/
IJICMR.S22329

9. Nawaz M, Verma MK. Evaluation of differential lev-
els of serum interleukin-6 in pre-eclamptic and nor-
mal pregnancy women. Int J Physiol. 2020;8(1):53–56. 
https://doi.org/10.5958/2320-608X.2020.000116

10. Firoz T, Magee LA, MacDonell K, Payne BA, 
Gordon R, Vidler M, et al. Community level 
Interventions for pre-eclampsia (CLIP) Working 
Group: Oral antihypertensive therapy for severe 
hypertension in pregnancy and postpartum: A 
 systematic review. BJOG. 2014;121:1210–1220.

11. Clausen T, Djurovic S, Henriksen T. Dyslipidemia 
in early second trimester is a feature of women with 
early onset preeclampsia. Br J Obstet Gynaecol. 
2001;108:1081–1087. https://doi.org/10.1016/S0306- 
5456(01)00247-9

12. Cross JC. The genetics of pre- eclampsia: A 
feto-placental or maternal problem? Clin Genet. 
2003;64(2):96–103. https://doi.org/10.1034/j.1399- 
0004.2003.00127.x

13. Duckitt K, Harrington D. Risk factors for pre- 
eclampsia at antenatal booking: Systematic review 
of controlled studies. BMJ. 2005; 330(7491): 565. 
https://doi.org/10.1136/bmj.38380.674340.E0

14. Kong D, Wang H. Li YLH, Zhu HWP. Correlation 
between the expression of inflammatory cytokines 

https://doi.org/10.1177/1933719116641760�
https://doi.org/10.2147/IJICMR.S16320�
https://doi.org/10.1002/jso.25030�
https://doi.org/10.1016/S0161-5890(01)00042-6�
https://doi.org/10.1016/S0161-5890(01)00042-6�
https://doi.org/10.1111/j.1365-3016.2004.00578.x�
https://doi.org/10.1111/j.1365-3016.2004.00578.x�
https://doi.org/10.1177/1076029606291382�
https://doi.org/10.1177/1076029606291382�
https://doi.org/10.1001/jama.290.22.2945�
https://doi.org/10.1001/jama.290.22.2945�
https://doi.org/10.3892/etm.2018.6246�
https://doi.org/10.3892/etm.2018.6246�
https://doi.org/10.1097/HJH.0b013e32834e5ac7�
https://doi.org/10.1097/HJH.0b013e32834e5ac7�
https://doi.org/10.1183/09031936.00047512�
https://doi.org/10.1183/09031936.00047512�
https://doi.org/10.1016/j.preghy.2012.02.002�
https://doi.org/10.1016/j.preghy.2012.02.002�
https://doi.org/10.2147/IJICMR.S22329�
https://doi.org/10.2147/IJICMR.S22329�
https://doi.org/10.5958/2320-608X.2020.000116�
https://doi.org/10.1016/S0306-5456(01)00247-9�
https://doi.org/10.1016/S0306-5456(01)00247-9�
https://doi.org/10.1034/j.1399-0004.2003.00127.x�
https://doi.org/10.1034/j.1399-0004.2003.00127.x�
https://doi.org/10.1136/bmj.38380.674340.E0�


Dyslipidemia and other parameters

121

J Popul Ther Clin Pharmacol Vol 29(1):e116–e121; 11 April 2022. 
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2022 Shihab AS et al.

vascular cell adhesion molecule-1 are increased 
in association with hyperlipidemia in preeclamp-
sia. Metabolism. 1998;47:1281–1288. https://doi.
org/10.1016/S0026-0495(98)90337-7

28. Cunningham FG, Leveno KJ, Bloom SL. Williams 
obstetrics. 22nd ed. New York: McGraw-Hill; 
2005.

29. Vidyabati RK, Davina H, Singh NK, Singh W. 
Gyaneshwar-serum β hCG and lipid profile in 
early second trimester as predictors of preg-
nancy induced hypertension. J Obstet Gynecol 
India. 2010;60(1):44–50. https://doi.org/10.1007/
s13224-010-0008-1

30. Pramoda Y. Early predictors of PIH: Serum β-HCG 
and lipid profile. Arch Integr Med. 2020;7(2):56–61.

2020;3(10):e2019364. https://doi.org/10.1001/
jamanetworkopen.2020.19364

24. Lowe SA. Guidelines for the management of 
hypertensive disorders of pregnancy 2008. Aust N 
Z J Obstet Gynaecol. 2009;49:242–246. https://doi.
org/10.1111/j.1479-828X.2009.01003.x

25. Ray JG, Diamond P, Singh G, Bell CM. Brief over-
view of maternal triglycerides as a risk factor for 
pre eclampsia. BJOG. 2006;113:379–386. https://
doi.org/10.1111/j.1479-828X.2009.01003.x

26. Butwick AJ, Druzin ML, Shaw GM, Guo N. 
Evaluation of US state–level variation in hyperten-
sive disorders of pregnancy. JAMA Netw Open. 
2020;3(10):e2018741. https://doi.org/10.1001/
jamanetworkopen.2020.18741

27. Hubel CA, Lyall F, Weissfeld L, Gandley RE, 
Roberts JM. Small low-density lipoproteins and 

https://doi.org/10.1016/S0026-0495(98)90337-7�
https://doi.org/10.1016/S0026-0495(98)90337-7�
https://doi.org/10.1007/s13224-010-0008-1�
https://doi.org/10.1007/s13224-010-0008-1�
https://doi.org/10.1001/jamanetworkopen.2020.19364�
https://doi.org/10.1001/jamanetworkopen.2020.19364�
https://doi.org/10.1111/j.1479-828X.2009.01003.x�
https://doi.org/10.1111/j.1479-828X.2009.01003.x�
https://doi.org/10.1111/j.1479-828X.2009.01003.x�
https://doi.org/10.1111/j.1479-828X.2009.01003.x�
https://doi.org/10.1001/jamanetworkopen.2020.18741�
https://doi.org/10.1001/jamanetworkopen.2020.18741�

	_GoBack

