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Abstract 

Objective: To detect and investigate the changes of serum complement levels, C3 and C4, in healthy pregnant women and 
establish their reference intervals.

Method: 434 healthy pregnant women were divided into early, middle, and late pregnant groups according to their different 
gestational ages. At the same time, 133 healthy and in-pregnant women were selected as the control group; the levels of serum 
C3 and C4 were determined by immunoturbidimetry in each group. We analyzed the statistical differences and established 
RIs (reference intervals) of serum complement levels during different pregnant periods.

Results: The reference interval of serum C3 level in healthy non-pregnant women was (0.554-1.055) g/L, that of C4 was 
(0.104-0.354) g/L. The reference interval for serum complement C3 andC4 levels in healthy pregnant women was (0.183-
1.019) g/L and (0.005-0.225) g/L, but there was no significant difference in serum complement levels between different 
pregnant periods.

Conclusions: The levels of serum C3 and C4 in pregnant women were lower than those in healthy non-pregnant women, 
but there was no significant difference in serum complement levels between different gestational ages. This article successfully 
established the RIs of serum C3 and C4 levels in pregnant women and non-pregnant women, providing a reference for clinical 
medical workers and laboratory personnel.
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Introduction

	 Complement is a multi-component complex that not 
only protects against invading pathogens but also contributes to 
the regulation of other host defense systems, and there is a need 
for effective pharmacological control of the activation process 
and/or its products in many diseases [1]. C3 and C4play an im-
portant role in complement initiation and amplification, so their 
level changes can be recognized as symbols of many comple-
ment-related diseases, inflammatory diseases and acute-phase 
disorders [2].

	 During pregnancy, childbearing women undergo a se-
ries of immune system changes to meet the needs of a normal 
pregnancy including immune cells and cytokines [3]. An active 
mechanism preventing a maternal immune response evolved 
and then established a cooperative status to help the success of 
pregnancy [4]. Teirila et al. [5] proposed that the complement 
system may serve as a regulator of the complex tolerance and 
clearance processes that are fundamental in a healthy pregnancy. 
Besides, previous studies demonstrated that abnormal serum 
complement levels are associated with many pregnancy-related 
disorders, such as eclampsia [6-7], systemic lupus erythematosus 
[8], antiphospholipid antibody syndrome and venous thrombo-
sis [9]. A better understanding of the role of the complement sys-
tem in pregnancy complications will allow a rational approach to 
manipulate its activation as a potential therapeutic strategy with 
the goal of protecting pregnancies and improving long-term out-
comes for mother and child [10].

	 However, there are few studies investigating normal 
ranges of serum C3 and C4 range in pregnant women. And 
reference intervals of serum C3 and C4 mainly come from the 
normal reference population, which may not represent the real 
physiological state of pregnant women and lead to misdiagnosis 
and wrong treatments. Our study aimed to explore the changes 
of serum complement levels of C3 and C4 in healthy pregnant 
women during different gestation periods and to establish ref-
erence intervals for serum complement indicators, which may 
provide a reference for clinicians and laboratory technicians

Materials and Methods

Subjects
	 We selected a total of 434 healthy pregnant women who 
underwent pregnancy tests in Second Xiangya Hospital, Chang-
sha, Hunan, China from March 2019 to March 2020. The over-
all mean age of the population is 30.5±9.5. were presented for 

August. According to the gestational weeks, they were divided 
into three groups: 145 in the first-trimester group (1-13 weeks), 
144 in the second-trimester group (14-27 weeks), and 145 in 
the third-trimester group (28 weeks). Meanwhile, 133 healthy 
non-pregnant women of the same period were randomly se-
lected as the non-pregnant control group, with an average age of 
29.7±9.2 years. Table 1 shows the baseline characteristics of the 
567 healthy Chinese women included in this study. The study 
was approved by the Ethics Committee of the Second Xiangya 
Hospital of Central South University. All enrolled females signed 
the informed consent form. The selection of healthy pregnant 
and non-pregnant women in this investigation was based on the 
inclusion and exclusion criteria as described by the CLSI C28-A3 
document [11]:

1. excessive drinking (>30 g per day) or smoking (>20 cigarettes 
per day); 
2. high blood pressure for longer than 3 years (either systolic 
pressure ≥140 mmHg or diastolic pressure ≥90 mmHg);
3. body mass index (BMI) ≥28 kg/m2 or ≤18.5 kg/m2;
4. surgery during the previous 4 months of pregnancy or blood 
transfusion or donation within 6 months; 
5. a history of inherited diseases;
6. drug intake within 2 weeks or antibiotic abuse; 
7. diagnosis of chronic disease, hepatic disease or endocrine dis-
ease; 
8. heavy exercise or laborious work; 
9. any abnormality of the heart, liver, lungs and kidney structure, 
as determined using ultrasound or abnormal electrocardiogram; 
10. the following exclusionary laboratory test results: triglycer-
ide ≥2.26 mmol/L, total cholesterol ≥6.22 mmol/L, fasting blood 
glucose N 7.0 mmol/L, hepatitis B surface antigen, anti-hepatitis 
C virus or anti-HIV positive, abnormal urinalysis, red cell count 
≥5.0 × 1012/L or ≤3.0 × 1012/L, hemoglobin ≤110 g/L, white cell 
count ≥12.0 × 109/L or ≤4.0 × 109/L, platelet count < 100 × 109/L.
The basic information of reference individuals was shown in Ta-
ble 1.
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Table 1. Basic information of reference individuals

Total Non-pregnant women Pregnant women
N 567 133 434
Age (years) 29.5±7.6 28.7±9.2 30.5±9.5
BMI (kg/m2) 24.5±3.8 24.5±1.7 24.6±2.8
SBP (mm Hg) 131±15.7 126.2±13.8 136.2±16.7
DBP (mm Hg) 75.6±13.2 73.2±9.6 77.2±11.5
Glu (mmol/l) 5.23±0.57 5.21±0.58 5.25±0.63
TC (mmol/l) 4.76±0.57 4.82±0.36 4.71±0.69
TG (mmol/l) 1.19±0.52 1.21±0.58 1.18±0.39
Hb (g/l) 116.3±6.5 118.7±8.7 114.5±9.8

Data were expressed as mean ± standard deviation (SD). BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; Glu, glucose; TC, total cholesterol; TG, triglycerides; Hb, hemoglobin.

C3 and C4 quantification
	
	 Venous blood (5ml) was collected between 8:00 a.m. 
and 10:00 a.m. after fasting for 8h; Then blood was left at room 
temperature for 40 to 60 minutes until it was completely co-
agulated; Serum was separated by centrifugation at a speed of 
2500~3000rmp (approx. 1000g) for 5~10 minutes, and the col-
lected serum samples were free of hemolysis, chyle, and jaundice. 
All measurements were conducted by C3 and C4 kits (Beckman 
Kurt company, USA) using the IMMAGE800 immune analyzer 
(Beckman Kurt company, USA), and the quality control was ad-
justed by fixed personnel.

Statistical analyses
	
	 All statistical analyses were performed by SPSS 22.0. 
For each group of data, the Kolmogorov-Smirnov test was used 
to analyze the distribution of the data. P > 0.05, indicated that 
the data were normally distributed, otherwise it was not nor-
mally distributed. F test was used to analyze the normally dis-
tributed data, and the homogeneity of variance was determined. 
P<0.05 was considered to be the homogeneity of variance. The 
independent sample T-test was further used, and the difference 
of P<0.01 was considered to be statistically significant. The non-
parametric test U test was used to analyze the non-normal dis-
tribution data, and the difference of P<0.01 was considered to 
be statistically significant. The non-parametric 95% percentile 
method was used to calculate the reference interval of serum 
complement C3 and C4, and the 95% confidence interval was 
calculated. 

Results

Serum complement level distribution and RIs in healthy 
and non-pregnant women
	
	 In this study, the serum complement values of healthy 
pregnant and non-pregnant women were tested by Komlogorov-
Smimov normal test, which showed that the serum complement 
C3 was normally distributed (P>0.05), while the serum comple-
ment C4 level was not normally distributed (Figure 1).

	 (Figure 2) demonstrated levels of serum complement 
C3 and C4 in the non-pregnant group and the pregnant group. 
The 95% reference interval for serum complement C3 levels in 
healthy pregnant women was (0.183-1.019) g/L and the 95% ref-
erence interval for serum complement C4 levels in healthy preg-
nant women was (0.005-0.225) g/L.

Distribution of serum complement levels in healthy women 
during early, middle and third trimesters
	
	 Table 2 demonstrated the sample measurement data 
during different periods of pregnancy were described by basic 
statistics.
	 Komlogorov-Smimov normality test was performed on 
the serum complement values of C3 and C4 in pregnant women 
at three different stages of pregnancy, results showed that only 
the serum C3 levels in the third trimester of pregnancy were nor-
mally distributed, while the serum C3 levels in the first and sec-
ond trimester of pregnancy and the serum C4 levels in the first, 
second and third trimester of pregnancy were skewness distribu-
tion (Figure 3). 
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Figure 1: Histogram of serum C3 level in the healthy non-pregnant group (A); Serum C3 level in pregnant group(B); Serum C4 level in 
healthy non-pregnant group (C); Serum C4 level in healthy non-pregnant group(D)

A B

C D

Figure 2: Serum C3 levels in healthy non-pregnant group and pregnant group (A) (P<0.01). F test showed (P<0.05) that the sample variance of the 
two groups was the same. Independent sample T-test showed a significant difference in serum C3 levels between healthy non-pregnant women and 
pregnant women (P<0.01). Serum C4 levels in healthy non-pregnant group and pregnant group (B) (P<0.01) (Non-parametric test method U test 
showed a significant difference in serum C4 level between healthy non-pregnant women and pregnant women (P<0.01).

A
B
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Table 2. Description and statistics of sample testing in the first, second and third trimester of pregnancy

C3 mean (g/L) C3 standard error C4 mean (g/L) C4 standard error

First trimester 0.564(0.233,1.060) 0.214 0.1553(0.0524,0.4870) 0.0842

Second trimester 0.566(0.285,0.996) 0.202 0.1376(0.0487,0.2900) 0.0581

Third trimester 0.579(0.359,0.929) 0.165 0.1478(0.0447,0.6150) 0.1167

Figure 3: Serum C3 levels in healthy women in the first, second and third trimesters of pregnancy (A); Serum C4 levels in 
healthy women in the first, second and third trimesters of pregnancy (B)

A B

	 Kruskal-wallis H test showed that there was no signifi-
cant difference between C3 and C4 levels of serum complement 
in healthy women in the first, second, and third trimester of 
pregnancy (P>, 0.05). Therefore, this study does not need to be 
divided into groups to establish reference intervals for C3 and C4 
of serum complement in healthy pregnant women.

Discussion             
	
	 For pregnant women, many current tests use the same 
reference intervals as for normal healthy adults. Furthermore, 
these reference intervals do not take the unique biological and 
biochemical characteristics of pregnant women into account. It 
is of great significance to establish the reference range of clini-
cal commonly used test items based on pregnant women for im-
proving the medical quality of pregnant women, further promot-
ing reasonable examination and treatment, and improving the 
utilization efficiency of medical and health resources, which has 
also become an urgent problem to be solved in clinical medical 
laboratories. Serum complement level as an important indicator 
of maternal and fetal immune status during pregnancy plays an 
important role in the health and life safety of pregnant women 
and fetus, so it is essential to monitor the change of serum com-

plement level during pregnancy. 

	 In this study, subjects were selected strictly according 
to the requirements of CLSI c28-a3 document, and a reference 
interval of serum complement level index of healthy pregnant 
women was established. Serum complement levels of healthy 
pregnant women and healthy pregnant women were compared. 
Serum C3 and C4 levels of healthy pregnant women were sig-
nificantly different from those of healthy pregnant women (P < 
0.05), so it was particularly important to distinguish the serum 
complement levels of pregnant women; However, in the preg-
nancy group, there were no significant difference in these in-
dexes among the early, middle and late stages of pregnancy, so 
we think it is not necessary to establish the reference interval of 
serum complement level in each stage of pregnancy. The 95% ref-
erence range of serum complement C3 level in healthy pregnant 
women is 0.183-1.019g/l, and the serum complement C4 level is 
0.005-0.225g/l. Our results are consistent with a recent study by 
He et al. they also concluded that pregnancy itself may influence 
the plasma levels of complement system components [12]. 



	 Several basic experiments have proved the comple-
ment system was involved in the immunomodulation progress 
during pregnancy. Nakamura et al reported that complement 
may regulate the placental expression of anti-inflammatory cy-
tokines, IL10, and TGFB1, during the latter phase of pregnancy 
in mice [13]. Kemp et al found that ureaplasma bacteraemia in 
vivo was confined to early preterm lambs with low complement 
function[14]. Kimura et al demonstrated that animals deficient 
in C3 could protect Crry knockout mice from fetal loss, while 
C4 or C5 deficient animals could not [15]. And Lillegard et al 
proved that C3a is an important product of complement activa-
tion which plays a vital role in mediating hypertension [16]. 

	 As for human, a complete complement system is essen-
tial to maintain host defense and fetal survival, because it can 
optimize placental development and function; Besides, comple-
ment regulation is significant at the placental interface from early 
pregnancy with some degree of complement activation occur-
ring normally throughout gestation. Quantities of studies have 
investigated the relationship between complement and preg-
nancy [17]. However, few studies have established reference in-
tervals of serum C3 and C4 during pregnancy. Complement has 
shown significant relation to preeclampsia. Derzsy et al found 
significant increases of C3a/C3 ratio and sC5b-9 in pre-eclamp-
tic pregnancies when compared with normal pregnancies, while 
C3 showed a significant decrease [18]; Besides, average comple-
ment Bb levels significantly decreased over time in pregnancy 
with preeclampsia [19]. Oku et al proved that anti-C1q antibod-
ies contributed to the pathogenesis of complement activation 
in anti-phospholipid syndrome, especially in refractory cases 
[20]. In an early study by Tichenor et al, up to 20% of pregnancy 
loss cases in the first trimester are associated with hypocomple-
mentemia [21]. Furthermore, it was found that elevated C3a as 
early as the first trimester of pregnancy is an independent predic-
tive factor for adverse pregnancy outcomes, including preterm 
birth, and premature rupture of the membranes. These results all 
highlight the significance for monitoring the change of comple-
ment during pregnancy [22]. 

	 We have successfully established reference intervals of 
serum C3 and C4 in pregnant women, which will provide cli-
nicians with accurate judgment criteria to assist in the clinical 
evaluation of maternal/fetal immune level and diagnosis of preg-
nancy-related diseases.
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