
Introduction
Preeclampsia is a common complication in pregnant 
mother characterized by hypertension and new-onset 
proteinuria at gestational age above 20 weeks (1-4). From 
January 2009 to December 2013, there are as many as 
8275 childbirths in Hasan Sadikin Hospital, Bandung, 
Indonesia. The total number of preeclampsia and eclampsia 
cases was 1811. The total maternal mortality during this 
period was 106 cases, with 61 cases (57.5%) of which were 
preeclampsia and eclampsia (5). One of the risk factors 
known for preeclampsia is too old or too young pregnant 
mothers (adolescent pregnancy). Adolescent pregnancy 
increases the risk of adverse pregnancy outcomes such 
as abortion, anemia, urinary tract infections, premature 
rupture of the membrane, stillbirth, premature labor, etc 
(6,7). 

Preeclampsia in adolescent pregnancies occurs almost 
twice as much as in adulthood (8). The pathogenesis of 
preeclampsia is multifactorial and involves angiogenic 
factors such as nitric oxide (NO) soluble endoglin, 
placental growth factor, vascular endothelial growth 
factor (VEGF), and soluble receptors from VEGF such as 
soluble fms-like tyrosine kinase-1 (sFlt-1) (9-11). 

One of the most studied substances related to 
preeclampsia is NO. NO is a substance produced from 

L-arginine conversion by the NO synthase (NOS) enzyme. 
In severe pre-eclampsia, less NO is produced. The 
presence of NO production disorders in pregnancy causes 
vasodilatation dysfunction, which causes an increase in 
blood pressure (12-15). Research on L-citrulline levels 
is important in adolescents, as one of the causes of high 
pregnancy complications in adolescents is related to 
nutrition. Several studies show that malnutrition is a 
contributor factor to maternal mortality and morbidity 
worldwide (16-18). As far as our knowledge, research on 
L-citrulline in pregnancy is still limited

This study aimed to determine the differences in 
L-citrulline levels in adolescent pregnancies with severe 
preeclampsia and without preeclampsia. If lower and 
statistically significant L-citrulline levels are found, then 
L-citrulline supplementation can be considered to prevent 
severe preeclampsia.

Materials and Methods
Study Design and Participants
In this cross-sectional study, 60 adolescent pregnant 
women referred to the obstetrics clinic or emergency ward 
of Dr. Hasan Sadikin Hospital, Bandung, Indonesia, for 
delivery from May to October 2020 were evaluated in two 
groups (n=30/each): the case (severe preeclampsia) and 
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control (normal pregnancy). 
The inclusion criteria for the case group were adolescent 

pregnant women (aged 10-19 years), gestational age >20 
weeks, severe preeclampsia diagnosis based on physical 
examinations and laboratory tests. All participants with 
incomplete medical records, systemic lupus erythematosus, 
stroke, deep vein thrombosis, abnormal serum urea, 
creatinine, serum glutamic oxaloacetic transaminase 
(GOT), serum glutamic pyruvic transaminase (SGPT), 
and lactate dehydrogenase (LDH) were excluded. The 
control group was chosen from adolescent pregnant 
women presented to obstetrics clinic or emergency room 
without preeclampsia diagnosis. 

Data Sources/Measurement
A 5 mL of venous blood samples were taken from 
all participants in two groups and put into an 
ethylenediaminetetraacetic acid (EDTA) or heparin 
anticoagulant tubes for L-citrulline level assay. Then, 
the samples were centrifuged for 15 mins at 1000×g at 
2-8 minutes within 30 minutes after retrieval. Assay 
were carried out using ELISA method with competitive 
inhibition enzyme immunoassay technique (CEA505Ge 
96 Tests Enzyme-linked Immunosorbent Assay Kit 
for Citrulline (Cit), Cloud-Clone Corp., USA) (19). 
A monoclonal antibody specific to citrulline has been 
pre-coated onto a microplate. A competitive inhibition 
reaction is launched between biotin labeled citrulline and 
unlabeled citrulline (Standards or samples) with the pre-
coated antibody specific to citrulline. After incubation the 
unbound conjugate is washed off. Next, avidin conjugated 
to horseradish peroxidase is added to each microplate 
well and incubated. The amount of bound horseradish 
peroxidase conjugate is reverse proportional to the 
concentration of citrulline in the sample. After addition 
of the substrate solution, the intensity of color developed 
is reverse proportional to the concentration of citrulline 
in the sample.

Variables 
After recruiting the subjects, the L-citrulline level were 
compared between the case and control group and the 
correlation with the blood pressure were evaluated. 
Preeclampsia was defined as elevated blood pressure 
(more than 140/100 mm Hg) after 20 weeks of gestation 
and proteinuria (≥+1 in dipstick urine sample or ≥300 
mg during 24 hours or urine protein: creatinine ratio ≥ 
0.3). The maternal age, gestational age, body mass index 

(BMI), systolic blood pressure, diastolic blood pressure, 
mean arterial pressure (MAP), and L-citrulline level were 
compared between the case and control group as studied 
variables. The maternal age was defined as the age of 
subjects when presented to the hospital. The gestational 
age was calculated based on the first day of the last 
menstrual period. The BMI of subjects were calculated 
based on the BMI formula (weight in kilograms divided 
by height in meters squared). The systolic blood pressure 
was the pressure of the blood exerting against artery walls 
when the heart beats, detected as the first beat sound 
heard with stethoscope. The diastolic blood pressure was 
the pressure of blood is exerting against the artery walls 
while the heart is resting between beats, detected as the 
last beat sound heard with stethoscope. The MAP was 
calculated with the formula of systolic blood pressure + (2 
X diastolic blood pressure)]/3. While the L-citrulline level 
was measured with ELISA method.

Sample Size
Given the formula of sample size calculation in numeric 
and categorical analytical studies with unpaired design, (N 
= 2S2 (Zα+Zβ)2/( X̄1- X̄2 )2, Zα and Zβ were considered 
1.96 and 1.64, respectively, α = 5%, and power 95%. 
The  X̄1, X̄2 , and S were 44.1 ± 4.1, 28.6 ± 1.2, and 11.12, 
respectively (20). With a 10% dropout, the sample size 
of 15 for each group was calculated  (total sample size = 
30). Finally, based on the rule of thumb for the minimum 
numerical comparative test of 30 samples in each group, 
we considered a sample size of 60 people (n=30/each 
group). 

Data Analysis
For the statistical analyses, we use the Shapiro-Wilk test 
to assessed data normality. To compare the characteristics 
between both groups, an independent t test was used. The 
relationship between L-citrulline levels and blood pressure 
in severe preeclampsia was assessed using Spearman 
rank correlation. The cut-off point was analyzed using 
the receiver operating characteristics (ROC) curve. SPSS 
version 25.0 (SPSS Inc., Chicago, IL, USA) was used in 
this study and P value of ≤0.05 was considered significant. 

Results
Totally, 30 adolescent mothers with severe preeclampsia 
and 30 adolescent mothers with normal pregnancy 
were recurred in this study. There were not significant 
differences between two groups in terms of maternal age, 
gestational age, and body mass index (Table 1).

All of the statistical tests in L-citrulline levels show 
that the difference between both groups is not significant 
(P = 0.312, P = 0.081, respectively). The L-citrulline 
average level among adolescent pregnancies with severe 
preeclampsia was 79.7 ± 40.4 pg/mL, which was lower 
than in non-preeclampsia adolescent pregnancies of 122.3 
±61.9 pg/mL. These levels had a statistically significant 

 ► L-citrulline is a metabolite that plays an important role 
in the pathogenesis of preeclampsia. The lower the 
L-citrulline levels, the more frequent severe preeclampsia 
tends to develop. Thus, L-citrulline supplementation can 
be considered for the prevention of severe preeclampsia.
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difference (P =0.003).
Figure 1 shows that the median line and boxplot 

L-citrulline levels are not parallel between adolescent 
pregnancies with severe preeclampsia and without 
preeclampsia, which shows a significant difference. We 
conducted a statistical correlation analysis between 
L-citrulline levels and blood pressure assessed from 
systolic blood pressure, diastolic blood pressure, and MAP. 
Therefore, there were no correlations between L-citrulline 
levels and systolic and diastolic blood pressure (Table 2).

Discussion
From the characteristics of subjects in this study, we found 
that the mean age of participants with severe preeclampsia 
and normal pregnancy did not show significant 
differences. In the severe preeclampsia group, we found 
that the mean maternal age was 19 years. This is different 

from the previous study which found that the highest rate 
of severe preeclampsia occurred in the 15-17 years old 
age group (21). However, based on the study, 19 years old 
belongs to the second-highest group of preeclampsia risk 
(8,21,22).

The average gestational age in the severe preeclampsia 
group was more than 34 weeks of gestation. The theory 
states that maternal factors because delayed preeclampsia 
compared to early severe preeclampsia, which is mainly 
caused by placental factors. This condition is different 
from the literature, which stated that placentation disorder 
is the main cause of preeclampsia in adolescents (23,24). 

In the group of severe preeclampsia women, the average 
BMI was 23.1 kg/m2, which is categorized as overweight. 
The average BMI in the group without preeclampsia was 
21.8 kg/m2, which is categorized as normal. Obesity is 
associated with a threefold risk of preeclampsia. Obesity 
is said to increase the occurrence of both early-onset 
and slow-onset preeclampsia. Obesity causes an increase 
in the occurrence of inflammation, insulin resistance, 
and oxidative stress. This causes a decrease in NO levels 
caused by oxidative stress (25-27). 

L-citrulline is a stoichiometric metabolite that results 
from L-arginine conversion into NO. L-citrulline 
measurements are probably the most specific and reliable 
metabolite to assess NOS activity in vivo (16,17,28). In 
this study, the average of L-citrulline levels in adolescent 
pregnancy with severe preeclampsia was lower than in 
non-preeclampsia adolescent pregnancies. This is similar 
to previous research, which showed that the average serum 
NO levels of preeclampsia women were lower than normal 
pregnancies (14). In contrast, another study found that 
L-citrulline levels in preeclampsia women were higher 
than in normal women (18). Therefore, further research 

Table 1. The Demographic Characteristics of Participants in Two Study Groups

Characteristics Severe Preeclampsia (n=30) Non-Preeclampsia (n=30) P Value

Age (y)a 19 (14–19) 18 (14–19) 0.901

Gestational age (wk)b 

≤34 9 (30.0) 16 (53.3) 0.067

>34 21 (70.0) 14 (46.7)

BMI (kg/m2)* 23.1 (16.7–41.0) 21.8 (20.0–25.0) 0.165

BMI: body mass index.
a Data presented as Median (Min-Max); Mann Whitney test. 
b Data presented as n (%); chi-square test. 

Figure 1. Boxplot Comparison of L-citrulline Levels in Adolescent Pregnancy 
with Severe Preeclampsia and Non-preeclampsia Adolescent Pregnancy.

Table 2. Correlation of Blood Pressure, and MAP with L-Citrulline Levels

Variables
L-citrulline level (pg/mL)*

Mean ± SD Median (Min-Max)
r P R2

Systolic blood pressure (mm Hg) 0.072 0.352 0.005 161 ± 7 160 (150–180)

Diastolic blood pressure (mm Hg) -0.208 0.135 0.043 105 ± 5 105 (100–110)

Mean arterial pressure 0.143 0.158 0.040 123.78 ± 3.69 123.33 (120.00–133.33)

a  Spearman rank correlation. 
r: Spearman’s rank-correlation coefficient; R2: Spearman’s rank-correlation coefficient squared (coefficient of determination). 
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is needed with more samples regarding L-citrulline levels. 
In this study, the average systolic blood pressure, diastolic 

blood pressure, and MAP were 161 mm Hg, 105 mm Hg, 
and 123.78 mm Hg, respectively. Statistical correlation 
test between the blood pressure and L-citrulline levels 
indicates that there is no correlation between L-citrulline 
levels and these three parameters (P > 0.005). The results 
in this study are similar to a previous study conducted in 
36 heavily preeclampsia women (29). The study found 
that L-citrulline levels did not correlate with systolic 
blood pressure, diastolic blood pressure, and MAP. This 
suggests that a lack of production of NO did not cause 
the increase in blood pressure. However, further research 
is still needed regarding the relationship between NOS 
genes, NOS levels, L-citrulline levels, and blood pressure. 
From a previous research  which administered L-arginine 
supplements to women with gestational hypertension 
compared to those given placebo showed a difference 
in blood pressure reduction (30). Similarly, research 
conducted in 2013 showed that the administration of 
L-arginine supplementation in cases of hypertension in 
pregnancy showed a significant effect in lowering diastolic 
blood pressure compared to placebo administration (31). 

Theoretically, this study differs from the hypothesis 
that L-citrulline levels, which reflect the NO levels, were 
correlated with blood pressure. NO is related to endothelial 
regulation, blood pressure regulation, and cardiovascular 
balance. Endothelial dysfunction, which is characterized 
by NO bioavailability disorders, is regarded as one of 
the risk factors for hypertension and cardiovascular 
disease. NO causes vascular relaxation mediated by 
the effects of 3’, 5’-cyclic guanosine monophosphate, 
which produces vasodilation of smooth muscle cells, 
prevention of adhesion and platelet aggregation, and has 
antimigration effects of leukocytes, endothelial cells, as 
well as smooth muscles, thus preventing the occurrence 
of atherosclerosis. Hypertensive conditions caused by 
increased reactive oxygen species reduce the bioavailability 
of NO. The bioavailability of NO can be improved by 
pharmacological and nonpharmacological methods. One 
of the pharmacological methods is the administration of 
L-arginine. Research conducted on animals and women 
shows the presence of beneficial effects (29,32).

 
Limitations of the Study
In this study, no dietary recall was conducted for foods 
containing L-arginine which can affect L-citrulline levels 
of the research subjects and no examination of other 
factors such as NO Synthase level which theoretically 
affects the metabolic process of NO to L-citrulline.

Conclusions
L-citrulline level in the adolescent mothers with 
severe preeclampsia was significantly lower than 
non-preeclampsia adolescent mothers. There are no 
correlations between L-citrulline levels and systolic blood 

pressure, diastolic and MAP in severe preeclampsia 
women.
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