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Abstract

Background: Preeclampsia (PE) is a multi-systemic progressive disorder that is unique to human pregnancy, occurring usually after
20 weeks of gestation. Useful biochemical markers to be utilized for early prediction of preeclampsia continue to elude us. The search
for biomarkers is aimed identifying women at increased risk of developing PE, so that medical interventions may be instituted very

early in pregnancy to ameliorate its occurrence and improve maternal and fetal outcome.

Aim: This study aimed to determine the association between serum levels of Cystatin C and/or free $-subunit of hCG measured in

early pregnancy and the development of pre-eclampsia and its severity.

Methods: This was a prospective cohort study of 290 pregnant women recruited during routine antenatal care, at the gestational
age of between 13 and 19 weeks. After obtaining an informed consent from each participant, a structured questionnaire was used
to collection relevant information followed by the collection of 5 mL of venous blood sample. Serum cystatin C and free subunit of
B-hCG levels were determined by standard enzyme-linked immunosorbent assay (ELISA) method. All participants were followed up

till delivery and those who developed preeclampsia was classified as mild and severe preeclampsia.

Data were entered and analyzed using STATA version 16 statistical software. Hypothesis testing was done using chi-square test for

categorical variables, and the independent-samples t-test and ANOVA for numerical variables.

Results: We found significantly elevated serum levels of cystatin C and free subunit of f-hCG in women who developed preeclampsia,
(p < 0.002 and 0.001) respectively.

Conclusion: Elevated serum levels of cystatin C and free serum beta hCG are predictive of development of preeclampsia and its

severity.
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Introduction

Pre-eclampsia (PE) is a common medical disorder in pregnancy with various theories to explain its aetiopathogenesis [1]. It affects
about 2 - 5% of pregnant women globally and contributes significantly to maternal and perinatal mortality and morbidity [1,2,4]. Al-
though this disorder resolves spontaneously at various weeks postpartum, a sizeable proportion of these women may develop long term
complications such as hypertension within a decade of an affected pregnancy, they may also be at risk of other cardiovascular diseases
and type 2 diabetes mellitus [1,3,5].

The most plausible theory of its onset is that of defective trophoblastic invasion and maternal response to endothelial dysfunction and
disproportion of antiangiogenic and angiogenic biomarkers leading to clinical manifestation of the disease [1-3]. There have been several
research works in attempt to identify distinctive screening biomarker that would predict the onset of preeclampsia prior to its clinical
manifestation. Theoretically, these biomarkers when identified will help detect high-risk pregnancies and provide clinicians with addi-
tional tools for the prevention and treatment of preeclampsia [6]. Recently, maternal risk factors, placental growth factor, serum cystatin
C, free beta hCG, mean arterial blood pressure, uterine artery pulsaltility index have been utilized for predicting PE, unfortunately, none of
these can on its own predict the occurrence of PE. to be deployed to clinical use; a combination of two or more independent biomarkers,

each reflecting a different pathophysiological process, may most likely be useful in developing a suitable predictive algorithm [2,6].

The kidneys have an indispensable role in maternal physiological changes in pregnancy and in the pathophysiology of preeclampsia.
Cystatin C, a cysteine protease inhibitor, have been projected to be a better marker of glomerular filtration; imbalance between serum
cystatin C and cysteine proteases (cathepsins) have been implicated in defective trophoblastic invasion leading to development of pre-

eclampsia [7,8].

The production of human chorionic gonadotropin by the placenta in early pregnancy is critical for implantation and maintenance of
the feto-placental unit [9,10]. It has been hypothesized that placental vascular damage and ischaemia might result in increased produc-
tion of beta human chorionic gonadotropin (hCG) by hyperplasic cytotrophoblastic cells [9-11], this may suggest a relationship between

its secretion and development of PE.

Previous studies, by Thilaganathan.,, et al. and Padma., et al. have demonstrated elevated maternal serum cystatin in pregnancies com-
plicated by PE [7,12]. In addition, Kanika., et al. found that maternal serum level of 3-hCG was markedly raised in women with preeclamp-

sia, this finding was consistent with the report of Begum., et al [11].

Aim of the Study

This study therefore aimed to determine the predictive significance of combined early-pregnancy serum levels of cystatin C and free
subunit of hCG in the occurrence and severity of pre-eclampsia. This is because, these two biomarkers reflect different pathophysiological

process in the development of PE.

Materials and Methods

This was a hospital based prospective cohort study carried out at the antenatal clinics of the Lagos University Teaching Hospital
(LUTH) (a tertiary hospital) after obtaining ethical approval from the Health Research and Ethics Committee of the institution ADM/
DCST/HREC/APP/2291.

The participants included healthy normotensive pregnant women between 13-19 completed weeks gestational age) at their booking
visit at LUTH. Preeclampsia was defined based on International Society for the Study of Hypertension in pregnancy (ISSHP) classifica-
tion [13,14]. It Excluded from the study were pregnant woman with chronic hypertension, chronic infection, such as hepatitis or HIV or
chronic kidney or cardiac disease; or women already using prophylactic acetylsalicylate (aspirin) treatment or assessed as high risk for

PE. The primary outcome of the study was preeclampsia, while secondary outcome was severity of preeclampsia.

A structured and pre-tested interviewer-administered questionnaire was used to collect relevant information from each eligible par-
ticipant. Venous samples were obtained from the participants under aseptic condition via venipuncture and these were subsequently
assayed enzymatically with the ELISA (enzyme-linked immunosorbent assay) for the measurement of serum cystatin C and free subunit

of B-hCG. All the participants were followed up till delivery and were classified as mild, severe and non-PE.
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Data were entered and analyzed using STATA version 16 statistical software (produced by StataCorp LLC USA and released in 2019).
Data were summarized by descriptive statistics such as mean, and standard deviation, or median and interquartile range for numeri-
cal variables. Frequencies and percentages were utilized for categorical variables. Quantitative data were tested for normality with the
Kolmogorov-Smirnov test. Associations between continuous variables and the binary outcomes (preeclampsia versus no preeclampsia)
were tested using the independent sample t-test (normal distribution). Analysis of variance ANOVA test was used to assess the association
between continuous variables and outcome with more than two (2) levels (normotensive, mild and severe preeclampsia). Whereas as-
sociation between categorical variables and outcome was assessed using the chi-square (x?) test or the Fisher exact test. Univariable and
multivariable logistic regression modelling was conducted to determine the association between the predictor variables (serum Cystatin
C, free subunit of B-hCG) and the outcome variables (presence or absence of preeclampsia, and mild or severe preeclampsia). Receiver
operating characteristics (ROC) curve were used to determine the predictive accuracy of early pregnancy serum Cystatin C only, free sub-
unit of B-hCG levels only and a combination of both markers in the occurrence and severity of preeclampsia. A Youden’s index was used to
determine the optimal cut-off of the analytes for the prediction of preeclampsia. Two-tailed test of hypothesis was assumed. Statistically

significant level was set at P-value < 0.05.
Results

Study flow chart
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The data sets were complete for 276 participants and were included in the statistical analysis. The demographic distribution of the
participants is shown in table 1. The mean maternal age of patients in our cohort was 32.5 * 6.5 years. Majority of the women had at least
secondary education 194 (70.3%). Mean gestational age at enrollment was 16.2 + 2.7 weeks in women who developed preeclampsia and
non-preeclampsia respectively. We found that 229 (83.0%) of the participants did not develop preeclampsia 178 (64.5) were normoten-

sive while 51 (18.5%) women developed gestational hypertension), while 41 (17.0%) of the women developed preeclampsia.

Variable NP:T; l(aln;op/::/f: ) Nl\(l) :-;;;e((;::;};/ii)a Total (%) | P-Value
Age in years (Mean + SD 33.45 +6.05 31.45+5.15 0.98**
<24 9(19.1) 84 (36.7) 93 (33.7) 0.67*
25-29 3(6.4) 45 (19.7) 48 (17.4)
30-34 6(12.8) 36 (15.7) 42 (15.2)
>34 29 (61.7) 64 (27.9) 93 (33.7)
Marital Status
Single 0(0) 22(9.7) 22(7.9) 0.59*
Married 42 (89.4) 206 (89.9) (82:;2)
Separated 5 (10.6) 1(0.4) 6(2.2)
GA at enrollment 16.18+2.7 16.21+2.4 0.57**
Parity (median, IQR) 0(0-1) 1(0-2) 0.659***
121
0-2 33(70.2) 88 (38.4) (43.8) 0.64*
155
>2 14 (29.8) 141 (61.6) (56.2)
Systolic blood pressure at enrolment 119.76 £ 10.93 108.05+9.81 0.015**
Diastolic blood pressure at enrolment 85.20 + 1.35 64.30 + 3.82 0.002**
Body mass index (BMI) (Mean # SD) 30.5+49 27.8%6.6 0.026**
Underweight 0(0) 2(0.9) 2 (0.7) 0.010*
Normal 3(6.4) 181 (79.0) (613‘;)
Overweight 13 (27.7) 19 (8.3) 32 (11.6)
Obese 31 (65.9) 27 (11.8) 58 (21.0)

Table 1: Comparison of sociodemographic and clinical characteristics among preeclamptic and
non-preeclamptic participants in the study population.

**Student’s t-test; *Fischer’s test; *Pearson’s Chi-square; **Mann Whitney U.

Table 2 shows the serum cystatin C and free $-hCG in participants who developed preeclampsia and those without preeclampsia. There
was almost three -fold increase in mean maternal serum cystatin C levels among Preeclamptics as compared to those without preeclamp-
sia (1.99 mg/dl + 0.24 vs 0.67 mg/dl + 0.04; P-value < 0.002). Similarly, there was significant increase in the mean serum free beta hCG in

preeclamptic participants compared to those without preeclampsia p-value of 0.001.

. Preeclampsia Non-preeclampsia .
Vi bl t-statist P-val
ariable N = 47 (17%) N = 229 (83%) statistics value
Serum Cystatin C. (mean * SD) (mg/dl) 1.99 +0.24 0.67 +0.04 0.478 0.002**
Serum Beta hCG (mean * SD) IU/L 236.26 +11.3 178.28+5.9 28.42 0.001**

Table 2: Association between baseline serum cystatin C and B-hCG in participants whodeveloped
preeclampsia and those without preeclampsia.
*#Student’s t-test.
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Table 3 Shows association between serum cystatin C, B-hCG and severity of preeclampsia among the study participants. The level of
serum cystatin and free beta hcg were significantly higher in those that developed severe preeclampsia compared to the participants with

mild preeclampsia, p-value 0.001.

. Mild preeclampsia | Severe preeclampsia .
Variable N=10 N=37 t- statistics | P-value
Mean (SD) Serum Cystatin C (mg/dl) 1.41+£0.48 1.95+0.29 0.364 0.003**
Mean (SD) Serum Beta hCG (IU/L) 189.09 = 20.16 233.43+15.16 67.92 0.001**

Table 3: Association between baseline serum cystatin C, B-hCG and severity of
preeclampsia among the study participants.
**Student’s t-test.

In figure 1 and table 4, we compared the ROC curves of Cystatin and free f-hCG as predictors of preeclampsia. The area under the curve
of the ROC was 95.3% (AUC = 0.9533) for free $-hCG and 85.4% (AUC = 0.8541) for cystatin C which showed that our model of the rela-
tionship between the analytes and preeclampsia had a discriminatory value of 95.3% and 85.4% in predicting preeclampsia for free 3-hCG
and cystatin C respectively. Furthermore, there was a statistically significant difference in the predictive value of Cystatin as compared to

free B-hCG for predicting preeclampsia (P-value = 0.0002) (Figure 2 and table 4).

Figure 1: Comparison of the ROC curves of cystatin and HCG as a predictor of preeclampsia.

Analytes AUC of ROC 95% CI P-value
Cystatin 0.8541 0.81-0.90 0.0002
HCG 0.9533 0.93-0.98

Table 4: Comparison of the ROC curves of cystatin and free beta
hCG as a predictor of preeclampsia.
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Figure 2: Receiver operator characteristic curve of the model combining both HCG and cystatin levels in
predicting preeclampsia Figure 2 shows that when we combine the two analytes the likelihood
of predicting preeclampsia 96.7% (Area under the ROC curve = 0.9671).

The normal range (5% to 95" percentile) of cystatin C among apparently normal pregnant women in our study was 0.32 mg/dl - 2.3
mg/dl. The optimum cut-off of serum cystatin was 1.8 mg/dl. The sensitivity and specificity of diagnosing preeclampsia using serum
cystatin C at cut-off of 1.8 mg/dl was 65.5% and 82.4% respectively, the normal range (5" to 95" percentile) of free beta hCG among ap-
parently normal pregnant women in our study was 152 - 338 iu/l. The optimum cut-off of free beta hCG was 235 iu/l. The sensitivity and
specificity of diagnosing preeclampsia using serum free $-hCG at cut-off of 235 iu/l was 69.5% and 89.2% respectively.

After univariable regression modelling, elevated serum levels of the analytes (cystatin C and free 3-hCG) were statistically associated
with the development of preeclampsia (P-value < 0.001). It was shown after multivariable regression modelling that included both free
-hCG and cystatin C, that women with high free f-hCG level (= 235 iu/L) had about 2.9 folds odds of developing preeclampsia when com-
pared to women with normal free 3-hCG level (< 235) (AdjOR = 2.92, 95%Cl: 4.87 - 6.85, P-value < 0.001); while women with high serum
cystatin C level (= 1.8 mg/dl) had about 7-fold higher odds of developing preeclampsia when compared to women with normal cystatin C
level (< 1.8 mg /dl) (AdjOR = 6.84, 95%ClI: 2.3 - 20.36, P-value = 0.001) (Table 5).

Variable Univariable Multivariable
0dds | 95% confidence Adjusted 0dds | 95% confidence
ratio interval P-value ratio interval P-value
HCG
<235iu/l 1.00 Reference Reference 1.00 Reference Reference
>235iu/l 3.20 9.08-11.26 <0.001 2.92 4.87 - 6.85 <0.001
Cystatin
< 1.8 mg/dl 1.00 Reference Reference 1.00 Reference Reference
> 1.8 mg/dl 2.05 1.04- 4.01 <0.001 6.84 2.3020.36 0.001
Age (years) 1.03 0.98 - 1.07 0.184 0.84 0.68 - 1.04 0.111
Body Mass Index
(kg/m?)
Normal 1.00 Reference Reference 1.00 Reference Reference
Overweight 2.9 0.47-17.33 0.254 3.35 0.39-41.26 0.287
Obese 1.4 0.23-9.97 0.786 1.84 0.18-18.56 0.767

Table 5: Logistic regression of the predictive value of serum cystatin C and free beta

hCG for diagnosing preeclampsia as compared to normotensive participants.
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In table 6, its shown that there is steady increase of all the analytes from non-preeclampsia, mild and severe preeclampsia. It also

shows that most of the women who developed preeclampsia had severe preeclampsia (n =37/47 = 78.7%).

Non-preeclampsia | Mild preeclampsia | Severe preeclampsia

N =229 N=10 N =37 P-value
Serum Cystatin C 0.67 £ 0.04 1.41+0.48 1.95+0.29 0.003%
Serum free beta hCG 17828 +5.9 189.09 + 20.16 23343 +15.16 0.001¢"

Statistically significant at
P-value < 0.05. “ANOVA

Table 6: One-way analysis of variance of the difference in mean serum cystatin

C and free beta hCG across the study groups.

However, from table 7 and 8, the post hoc Bonferroni test showed that there was a statistically significant difference in serum cystatin
C level between women with mild preeclampsia and severe preeclampsia as well as non-preeclamptic participants (1.41 * 0.48 vs 1.95
+0.29 vs 0.67 = 0.04, P-value < 0.003). Also, there was a statistically significant difference in serum cystatin C and free beta hCG levels in
women with Severe preeclampsia as well as mild preeclampsia. participants. (189.09 + 20.16 vs 233.43 + 15.16 vs 178.28 + 5.9, P-value <
0.001). Also, there was a statistically significant difference in serum free 3-hCG level in women with Severe preeclampsia as well as mild

preeclampsia.

Preeclampsia status | Normotensive | Mild preeclampsia
Mild <0.002°%
Severe <0.001° 0.003*

$ P-value for Bonferroni pear wise comparison
*Statistically significant P-value at P< 0.05

Table 7: Post hoc Bonferroni pairwise comparison of serum

cystatin C among the study groups.

Preeclampsia status | Normotensive | Mild preeclampsia
Mild <0.001"*
Severe <0.001°* 0.001%

$ P-value for Bonferroni pear wise comparison
*Statistically significant P-value at P < 0.05

Table 8: Post hoc Bonferroni pairwise comparison of serum

free beta hCG among the study groups.

Discussion

The findings of this study suggest that there may be an association between the serum levels of cystatin C and free $-hCG in the occur-
rence and severity of preeclampsia in Nigerian women. The widespread endothelial dysfunction implicated in the pathogenesis of pre-
eclampsia results in reduced vascular compliance and vasoconstriction resulting in hypertension. Although hypertension is a secondary
sign of the disease, it is a very important sign because not only is it a therapeutic target in the management of preeclampsisg, it is also an

early indication of the disease.
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We aimed to determine the predictive accuracy of serum levels of Cystatin C and/or free subunit of 3-hCG in the occurrence and sever-
ity of preeclampsia among women in Lagos, Nigeria. It was shown that elevated maternal serum concentrations of cystatin C and free
subunit of B-hCG were significantly associated with an increased risk of developing preeclampsia several weeks later. There was almost
three -fold increase in mean maternal serum cystatin C levels among women who developed Preeclampsia when compared to those with-
out preeclampsia (1.99 mg/dl + 0.24 vs 0.67 mg/dl + 0.04; P-value < 0.002). This elevated serum level of cystatin C agrees with the finding
of 1.43 * 0.24 mg/L in women with preeclampsia in a study by Wattanavaekin., et al [15].

In their study, the average serum Cystatin C level in pre-eclamptic patients was 1.43 = 0.24 mg/L which is significantly higher than in
normal pregnancy. This is also similar to the study by Risch., et al. [8] where it was also found that serum cystatin C concentration mea-
sured in early pregnancy was significantly higher in women who subsequently developed preeclampsia (median 0.65 mg/L, interquartile
range 0.59 to 0.75 mg/L) than in women who were normotensive at delivery (median 0.57 mg/L, interquartile range 0.50 to 0.63 mg/L)
[8]. The similarity in this occurrence may be that their samples and ours were taken in early pregnancy with a mean gestational age of
14.2 weeks and 16 weeks respectively. This finding also favourably compares to that of Thilaganathan.,, et al. [7] who also found that early
pregnancy serum cystatin C level was significantly higher (p value < 0001) in women with preeclampsia (median 0.65 mg/L, interquartile
range 0.59 to 0.75 mg/L) than in women who did not develop preeclampsia (median 0.57 mg/L, interquartile range 0.50 to 0.63 mg/L).
This finding may “support the hypothesis that the balance between trophoblast protease production and decidual protease inhibitor
activity may have an important biologic role in trophoblast development and that a derangement in this balance may predispose to poor

trophoblast development and the subsequent development of preeclampsia” [7].

With regards to free $-hCG, our finding of elevated free 3-hCG in women who developed PE is in agreement with earlier similar studies
done by Kanika,, et al [9]. Their study also revealed significantly elevated serum level of maternal free §-hCG in women who preeclampsia.
However, our finding is slightly different from that of Spencer, et al. [16] whose study overall, revealed elevated serum level free beta hCG,
although, not statistically significant. Our finding also corroborates the findings of Barjaktarovic., et al. [17] where pregnant women with
high serum level of free beta hCG concentration was associated with 1.5 - 2.7-fold increased risk of developing pre-eclampsia (P = 0.0001)
in a population-based prospective cohort study. This finding of “elevated free subunit of §-hCG level in our study may suggest that the bal-
ance between pro- and anti-angiogenic factors during pregnancy may have a role in the pathophysiology of pre-eclampsia” [16,17]. Alter-
natively, our study differs from that of Ong,, et al. [18] where it was found that Low maternal serum beta hCG at 10 - 14 weeks of gestation
are associated with subsequent development of pregnancy complications especially in those that developed preeclampsia, gestational
hypertension and diabetes mellitus. The difference in our finding may be attributed to the population studied, our study consisted only of

black women, also their inclusion and exclusion criteria was not specified.

In a retrospective cohort study by Goetzinger., et al. [19] they demonstrated no statistically significant association between free $-hCG
and pre-eclampsia across all defined thresholds. This difference may be attributed to the fact all their samples were taken in the first
trimester whereas ours involved women in both first and second trimester. The reason for these contrasting findings by these authors
may also be because of the differences in the hCG isoform measured, this may explain why some revealed elevated serum beta hCG and

preeclampsia, others showed association between low level of beta hCG and preeclampsia or even no relationship.

We also compared the Receiver operating curves (ROC) of free subunit of 3-hCG and cystatin C as predictors of preeclampsia. The pre-
dictive accuracy of the ROC showed that 95 and 85 out of one hundred women who had elevated serum levels of free subunit of 3-hCG and
cystatin C are most likely to develop preeclampsia, while the combination of these analytes was able to predict preeclampsia in 96 out of
one hundred women. There was also a statistically significant difference in the predictive value of Cystatin as compared to free 3-hCG for

predicting preeclampsia (P-value = 0.0002).

The finding in our study is that serum cystatin C levels and free 3-hCG were significantly elevated several months before women de-

velop preeclampsia. These supports the hypothesis that a first trimester cathepsin/cystatin C imbalance may be implicated in the etiology
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of preeclampsia [9-11] and that placental vascular damage leading to decreased oxygen supply and abnormal placental secretary function
in patients with preeclampsia might result in increased hCG production by hyperplasic cytotrophoblastic cells [9-11,19,20]. However, it
also raises question about the possibility that cystatin C and free $-hCG may be biologically plausible and potentially useful early preg-

nancy markers for preeclampsia.

We were limited by the fact that only a single measurement of serum levels of cystatin C and free beta hCG were available for each

woman rendering us unable to examine inter-individual differences in the analytes variation during pregnancy.

Our study has shown that in a healthy population of pregnant women that elevated serum levels of cystatin C and free beta hCG con-
centration measured in early second trimester were associated with an increased risk of developing preeclampsia and its severity. This
suggests that the combination of these analytes may have a role as a marker of pre-eclampsia and its severity especially when used in

combination.

Conclusion

Elevated serum levels of cystatin C and free serum beta hCG are predictive of development of preeclampsia and its severity
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