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ABSTRACT

Background. Proteinuria is commonly measured to assess the renal status of chronic kidney disease (CKD) patients
before the 20th week of gestation during pregnancy. High levels of proteiuria have been associated with adverse
pregnancy outcomes. However, researchers have not clearly determined what baseline proteinuria levels would be
associated with adverse pregnancy outcomes. This study aimed to analyse associations between proteinuria levels and
adverse pregnancy outcomes among CKD patients treated with or without steroids/immunosuppressive therapy in early
pregnancy.

Methods. This retrospective study included the clinical information of 557 pregnant patients with CKD from 1 January
2009 to 31 December 2021. A multivariable logistic regression analysis was conducted to evaluate the risk of adverse
pregnancy outcomes across various proteinuria ranges, which were further stratified by whether the patients were
receiving steroids/immunosuppressive therapy.

Results. (i) Proteinuria was assessed on 24-h urine collection. The median (quartile) baseline proteinuria levels were
0.83 g (0.20, 1.92) and 0.25 g (0.06, 0.80) in the steroids/immunosuppressive therapy and therapy-free groups, respectively.
(ii) CKD patients with adverse pregnancy outcomes had significantly higher proteinuria levels in the first trimester than
patients without adverse pregnancy outcomes. (iii) The risk of adverse pregnancy outcomes increased with increasing
baseline proteinuria levels (P < .001). (iv) In the early-pregnancy steroids/immunosuppressive therapy group, the risk of
severe preeclampsia was higher in patients with higher baseline proteinuria levels (P < .007) [odds ratio (OR) 30.86 for
proteinuria >5.00 g/24 h]; in the therapy-free group, the risks of severe preeclampsia, very-low-birth-weight infants, early
preterm birth and foetal-neonatal death were higher in patients with higher baseline proteinuria levels (OR 53.16 for
proteinuria >5.00 g/24 h; OR 37.83 for proteinuria >5.00 g/24 h; OR 15.30 for proteinuria >5.00 g/24 h; and OR 18.83 for
proteinuria >5.00 g/24 h, respectively; P < .001, P < .001, P < .001 and P = .006, respectively).

Conclusions. As shown in the present study, a baseline 24-h proteinuria level >1.00 g was associated with adverse
maternal outcomes. Furthermore, a 24-h proteinuria level >2.00 g increased the incidence of adverse foetal events
among CKD patients.

Received: 7.8.2022; Editorial decision: 21.2.2023

© The Author(s) 2023. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1634


https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfad044
mailto:yingdonghe1234@163.com
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

Proteinuria and adverse obstetric outcomes among women with CKD

| 1635

Keywords: 24-hour proteinuria, adverse pregnancy outcomes, chronic kidney disease, steroids/immunosuppressive

therapy in early pregnancy

INTRODUCTION

Chronic kidney disease (CKD) is a heterogeneous disease charac-
terized by changes in kidney morphology, imaging characteris-
tics or function. Approximately 0.10%—4.00% of women of child-
bearing age suffer from CKD [1]. CKD increases the risk of ad-
verse pregnancy outcomes, while pregnancy itself may exacer-
bate renal disease progression [2-4].

The measurement of proteinuria levels is commonly used
to assess the renal status of CKD patients during pregnancy
[5]. The degree of proteinuria has been associated with the
progression of underlying kidney disease during pregnancy
[3] and adverse pregnancy outcomes [6]. Ideally, better con-
trol of baseline proteinuria before conception is beneficial
for optimizing pregnancy outcomes. In some patients with
CKD, steroids/immunosuppressive therapy may be applied be-
fore pregnancy to control disease activity. Compared with pa-
tients who discontinue therapy before pregnancy, patients who
still continue steroids/immunosuppressive therapy during preg-
nancy may have more severe kidney disease, and thus the risk
of adverse pregnancy outcomes may be higher even if they have
the same proteinuria levels.

In 2013, proteinuria was deemed to be an adequate but un-
necessary clinical manifestation for the diagnosis of preeclamp-
sia [7]. Although the role of proteinuria level in the de-
velopment of adverse pregnancy outcomes in patients with
preeclampsia is controversial, the baseline proteinuria levels
played an important role in predicting adverse pregnancy out-
comes among women with CKD. In pregnant CKD patients, ele-
vated proteinuria levels are independently associated with ad-
verse maternal-foetal outcomes in the short and long terms
[6, 8]. Additionally, studies on the relationship between dif-
ferent baseline proteinuria profiles and adverse obstetric out-
comes are scant and inconsistent. For women with glomeru-
lar disease, immunosuppressive therapy may be recommended
depending on the diagnosis and activity of the disease, and
these therapies may be continued during pregnancy if neces-
sary. Currently, joint analyses of the effects of proteinuria and
steroids/immunosuppressive therapy in the first trimester on
the occurrence of adverse pregnancy outcomes among CKD pa-
tients have not been conducted.

This study aimed to evaluate adverse pregnancy outcomes
among CKD patients with various proteinuria profiles; impor-
tantly, we sought to reveal the effect of the interaction between
steroids/immunosuppressive therapy in early pregnancy and
proteinuria levels on pregnancy outcomes.

MATERIALS AND METHODS
Study design and participants

The medical information of 652 women diagnosed with CKD be-
tween January 2009 and December 2021 was collected retrospec-
tively. The inclusion criteria were as follows: (i) pre-existing CKD,
(ii) 24-h proteinuria levels recorded before the 20th week of ges-
tation and (iii) gestation that proceeded up to the 12th week with
complete maternal and infant records. The exclusion criteria
were pregnancies that ended spontaneously or by therapeutic
termination of pregnancy in the first trimester or patients with

kidney disease diagnosed during pregnancy. Eleven patients un-
derwent abortion due to CKD or for personal reasons, 61 pa-
tients were transferred to our hospital in the second or third
trimester, 15 patients delivered in other hospitals and 8 patients
underwent therapeutic termination of pregnancy in the second
trimester. The participants were screened based on the inclusion
and exclusion criteria (Fig. 1). A total of 557 women with CKD and
their 570 pregnancies with complete pregnancy and childbirth
data were enrolled. If one patient had multiple occurrences of
pregnancy and childbirth, each pregnancy was regarded as one
case.

Ethical approval

The study was undertaken in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Peking
University First Hospital [No. 2022 (233)]. The data were anony-
mous, and the requirement for informed consent was therefore
waived.

Data collection

Clinical and pathological data were extracted for all patients
at their first visit to our hospital during pregnancy. All patients
were followed up every 2-4 weeks per routine clinical practice,
and clinical information for every visit was obtained from the
medical records.

The following baseline information was collected: age, im-
munosuppressive therapy (cyclosporine, tacrolimus, prednisone
and so on), pathological results of renal biopsy, type of CKD,
mean arterial pressure (MAP), body weight, body height, serum
creatinine (Scr) and 24-h proteinuria levels. Body mass index
(BMI) was calculated as the body weight in kilograms during

Patients with chronic kidney disease
clinically diagnosed and/or pathologically
confirmed, from 2009-2021
(n = 652)

Induced abortion for CKD
——  and personal reasons
(n=11)
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84 patients excluded due to

missing data:

« Referral in the 2nd or 3rd

> trimester (n = 61)

« Delivered in other hospitals
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v
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(n'= 557)

Figure 1: Flow chart of study cohort.
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the first exam divided by height in metres squared (kg/m?).
According to age and Scr levels, the estimated glomerular filtra-
tion rate (eGFR) was calculated according to the Modification of
Diet in Renal Disease (MDRD) equation [9]. For the patients who
had undergone renal biopsy, the type of CKD was determined
based on the biopsy results; for the other patients, the CKD
type was determined based on the clinical diagnosis. The
staging of kidney disease was classified based on the precon-
ception eGFR as follows: Stage 1: eGFR >90.00 mL/min/1.73 m?;
Stage 2: eGFR 60.00-89.00 mlL/min/1.73 m?, Stage 3:
eGFR 30.00-59.00 mlL/min/1.73 m?; Stage 4: eGFR 15.00-
29.00 mL/min/1.73 m?; and Stage 5: eGFR <15.00 mL/min/1.73 m?

[9].

Pregnancy outcomes

The adverse pregnancy outcomes included severe preeclamp-
sia, early preterm birth, stillbirth, foetal-neonatal death, very-
low-birth-weight infants (VLBWIs) and small for gestational age
(SGA). The diagnoses of severe preeclampsia in patients enrolled
between 2009 and 2013 were reviewed according to the 2013
guidelines.

Definitions

(i) CKD was defined as either kidney damage (an albumin-
to-creatinine ratio >30.00 mg/24 h for two of three
urine specimens, urine sediment abnormalities, tubu-
lar disorders, histologically diagnosed abnormalities,
structural abnormalities detected by scanning) or GFR
<60.00 mL/min/1.73 m? for 3 months defined by the Kid-
ney Disease: Improving Global Outcomes guidelines [9].

(ii)  Preterm birth was defined according to the World Health
Organization criteria as all births before 37 completed
weeks. The diagnostic criterion for early preterm birth was
a gestational age at birth of <34 weeks [2, 10, 11].

(iii) The diagnostic criteria for severe preeclampsia in patients
with normal blood pressure and no proteinuria were based
on the 2013 Hypertension in Pregnancy Guidelines of the
American College of Obstetricians and Gynecologists [8].
For women who had proteinuria but no hypertension in
early pregnancy, the diagnosis of severe preeclamp-
sia required the presence of thrombocytopenia, a
sudden increase in proteinuria (either five times the
baseline value or twice the baseline value if the baseline
value exceeded 2.00 g/24 h), hypertension accompanied
by severe headaches, epigastric pain or a serum aspartate
aminotransferase concentration >70.00 U/L. For women
who had both hypertension and proteinuria in early
pregnancy, the diagnosis of severe preeclampsia required
any one of the following criteria: an elevated serum
aspartate aminotransferase concentration (>70.00 U/L),
thrombocytopenia or worsening hypertension (systolic
blood pressure >140.00 mmHg with an increase of at least
30.00 mmHg or a diastolic blood pressure >90.00 mmHg
with an increase of at least 15.00 mmHg) accompanied by
severe headaches or epigastric pain [12, 13].

(iv) SGA was defined as a birth weight under the 10th per-
centile based on gestational age [2, 10, 11].

(v) VLBWIs were defined as neonates with birth weights
<1500.00 g [2, 10, 11].

(vi) stillbirth was defined as the absence of signs of life at or
after birth.

(vii) Neonatal death was defined as death of a live-born
neonate during the first 7 days after birth.

(viii) Proteinuria groups: according to the median proteinuria
level in our study (0.38 g) and the definition of pro-
teinuria during pregnancy (proteinuria >0.30 g/24 h),
proteinuria was divided into five groups according
to the first-trimester quantitative measurements of
24-h proteinuria: Group 1 (non-proteinuria as the
control group): proteinuria <0.30 g/24 h; Group 2:
0.30 g/24 h proteinuria < 1.00 g/24 h; Group 3:
1.00 g/24 h proteinuria < 2.00 g/24 h; Group 4:
2.00 g/24 h < proteinuria < 5.00 g/24 h; and Group 5:
proteinuria >5.00 g/24 h. Furthermore, subgrouping was
performed according to immunosuppressive therapy in
early pregnancy.

=
=

Statistical analysis

All statistical analyses were conducted with SPSS version 23.0
(IBM, Chicago, IL, USA) software. Continuous variables are ex-
pressed as the mean =+ standard deviation or the median and
interquartile range, and categorical variables are expressed nu-
merically and as percentages. The mean arterial pressure was
evaluated as a dichotomous variable according to the Jorden
index. Differences in the means between the groups were as-
sessed using the independent samples t-test, analysis of vari-
ance (ANOVA) and Kruskal-Wallis H test/Wilcoxon’s rank-sum
test for continuous variables, whereas Pearson’s chi-square test
or Fisher’s exact test was used for categorical variables. The rel-
evant variables that were significantly associated with adverse
pregnancy outcomes in the univariable analysis were included
in the multivariable models. A multivariable binary logistic re-
gression analysis was conducted to evaluate the relative risk by
generating the odds ratios (ORs) and 95% confidence intervals
(CIs) for adverse pregnancy outcomes. A two-sided P-value <.05
was considered significant. The Bonferroni correction for multi-
ple comparisons was used.

RESULTS
Baseline clinical characteristics

There were 557 CKD patients with 570 pregnancies included
in this study, with a median maternal age of 31.00 years
(29.00, 35.00). The median quantified 24-h proteinuria levels
during early pregnancy were 0.38 g (0.10,1.24), with levels of
0.09 g (0.03, 0.18), 0.59 g (0.42, 0.75), 1.41 g (1.18, 1.60), 2.78 g
(2.46, 3.45) and 5.81 g (5.33, 6.71) in Groups 1, 2, 3, 4 and
5, respectively. Twenty-two participants (3.9%) had proteinuria
greater than 5.00 g/24 h, and one patient (0.18%) had protein-
uria greater than 10.00 g/24 h. We found that 16 patients pre-
sented with nephrotic syndrome among patients with protein-
uria >2.00 g/24 h in the first trimester. One hundred and six
(19.03%) patients had chronic hypertension. Ninety-one (16.34%)
patients were receiving steroids/immunosuppressive therapy,
28 of whom had chronic hypertension, and the prevalence of
severe preeclampsia was 20.88% (19/91). Four hundred and
sixty-six patients did not receive steroids/immunosuppressive
therapy, 78 of whom had chronic hypertension, and the preva-
lence of severe preeclampsia was 12.23% (57/466). The base-
line clinical information is shown in Tables 1 and 2. The
proportion of patients with steroids/immunosuppressant ad-
ministration was higher in patients with higher baseline pro-
teinuria levels. Furthermore, we found that the women in
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Figure 2: The proportion of proteinuria values in women with steroids/immunosuppressive therapies in early pregnancy categories.

the steroids/immunosuppressive therapy group had signif-
icantly higher levels of proteinuria than those in the no
steroids/immunosuppressive therapy group [therapy group vs
therapy-free in early pregnancy group: 0.83 g (0.20,1.92) vs 0.25 g
(0.06, 0.80); P < .001]. The distribution of proteinuria levels in the
first trimester based on steroids/immunosuppressive therapy in
early pregnancy is shown in Fig. 2.

Proteinuria levels and adverse pregnancy outcomes

Among the pregnant women with CKD, the median gestational
age at birth was 38.00 weeks, and the median neonatal birth
weight was 3045.00 g. The perinatal mortality rate was 1.40%
(8/570). Moreover, the frequencies of live birth were lower in
patients with higher baseline proteinuria (P < .001), and the
incidences of severe preeclampsia, preterm birth, VLBWIs and
perinatal deaths were significantly higher among the pregnant
women with higher proteinuria levels (P < .001). The aetiology of
CKD is reported in Supplementary data 4. The foetal outcomes
of patients in Group 1 and Group 2 were not significantly differ-
ent. In addition, the incidences of foetal and neonatal mortal-
ity and preterm birth (32-34 weeks) were significantly higher for
patients in Group 5 than for patients in Group 1 (P = .002 and
P < .001), and the VLBWIs rate was significantly higher in Group
4 than in Group 1 (P = .005). However, the incidence of severe
preeclampsia was significantly higher in Group 2 than in Group 1
(P < .01). The pregnancy outcomes are shown in Table 2 for the
overall cohort and were stratified according to various protein-
uria levels.

Univariable and multivariable predictive models
of adverse pregnancy outcomes

Univariable logistic regression was conducted to assess the rela-
tionship between each of the risk variables and adverse mater-
nal outcomes, which revealed that proteinuria levels (P < .001),
MAP (OR 3.07, 95% CI 1.83-5.15, P < .001), immunosuppressive
therapy in early pregnancy (OR 1.89, 95% CI 1.06-3.37, P = .03),
CKD stage (P = .001) and Scr levels (OR 1.40, 95% CI 1.14-
1.72, P = .002) were related to severe preeclampsia. Relevant
variables those P < .05 in the univariable analysis and well-

recognized risk factors, such as age and BMI, even if not sta-
tistically significant in the univariate analysis, were included
in the multivariable models. Multivariable analysis showed that
the MAP (OR 2.78, 95% CI 1.58-4.90, P < .001) and proteinuria
levels (P < .001) were risk factors for severe preeclampsia, as
shown in Table 3. Furthermore, the MAP and proteinuria lev-
els were associated with adverse pregnancy outcomes, including
severe preeclampsia, early preterm birth, foetal-neonatal death
and VLBWIs, as shown in Table 4. Interestingly, in multivariate
analysis, immunosuppressive therapy was not associated with
severe preeclampsia and foetal-neonatal death, but only with
early preterm birth and VLBWIs. The univariable and multivari-
able logistic regression analyses of the factors at baseline influ-
encing early preterm birth, VLBWIs and foetal-neonatal deaths
are shown in Supplementary data 1-3. The risk of adverse preg-
nancy outcomes was higher in patients with higher baseline
proteinuria levels, as shown in Fig. 3.

In the early-pregnancy steroids/immunosuppressive therapy
group, the risk of severe preeclampsia was higher in patients
with higher baseline proteinuria levels (P < .007) (OR 30.86 for
proteinuria >5.00 g/24 h); however, in the therapy-free group,
the risk of severe preeclampsia, VLBWIs, early preterm birth and
foetal-neonatal death was higher in patients with higher base-
line proteinuria levels (OR 53.16 for proteinuria >5.00 g/24 h;
OR 37.83 for proteinuria >5.00 g/24 h; OR 15.30 for proteinuria
>5.00 g/24 h; OR 18.83 for proteinuria >5.00 g/24 h; P < .001,
P < .001, P < .001 and P = .006, respectively). Models were ad-
justed for maternal age, BMI, Scr, MAP and CKD stage to estimate
the ORs for the associations between proteinuria levels and ad-
verse pregnancy outcomes described above.

DISCUSSION

This study was the first to jointly analyse the effects of pro-
teinuria and steroids/immunosuppressive therapy in the first
trimester on the occurrence of adverse pregnancy outcomes
among CKD patients, for which the sample size was large.
There are several methods to assess proteinuria levels, but
since the levels of proteinuria fluctuate substantially over a 24-h
period due to circadian changes in urinary albumin excre-
tion, the most accurate measurement of proteinuria levels
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Table 3: Univariable and multivariable logistic regression analyses of baseline factors influencing severe preeclampsia.

Univariable Multivariable
Baseline characteristics OR 95% CI P OR 95% CI P
Age (per 1 standard deviation) 0.64 0.28-1.46 .29 0.56 0.22-1.43 .49
BMI (per 1 standard deviation) 1.25 0.99-1.56 .06 1.13 0.87-1.46 48
CKD stage .001 14
Stage 1-2 1.00 Reference
Stage 3-5 3.23 1.67-6.28 .001 2.07 0.73-5.83 .14
Proteinuria <.001 <.001
Group 1 1.00 Reference
Group 2 5.87 2.63-13.10 <.001 4.90 2.17-11.05 <.001
Group 3 5.01 2.09-12.03 <.001 4.41 1.82-10.69 .001
Group 4 11.02 4.56-26.64 <.001 9.90 4.05-24.23 <.001
Group 5 48.22 16.15-144.01 <.001 48.43 15.80-148.47 <.001
MAP <.001 <.001
<86.5 mmHg 1.00 Reference
>86.5 mmHg 3.07 1.83-5.15 <.001 2.78 1.58-4.90 <.001
Steroids/immunosuppressive therapy 1.89 1.06-3.37 .03 1.03 0.53-2.03 78
in early pregnancy (yes or no)
Scr (per 1 standard deviation) 1.40 1.14-1.72 .002 0.95 0.71-1.28 41

Group 1: proteinuria <0.30 g/24 h; Group 2: 0.30 g/24 h < proteinuria < 1.00 g/24 h; Group 3: 1.00 g/24 h < proteinuria < 2.00 g/24 h; Group 4: 2.00 g/24 h < protein-

uria < 5.00 g/24 h; and Group 5: proteinuria >5.00 g/24 h.

Table 4: Univariable and multivariable logistic regression analyses of baseline factors influencing adverse pregnancy outcomes.

Univariable Multivariable
Baseline characteristics OR 95% CI P OR 95% CI P
Age (per 1 standard deviation) 0.97 0.92-1.02 33 0.66 0.29-1.51 32
BMI (per 1 standard deviation) 1.03 0.97-1.08 .37 0.97 0.77-1.23 .58
CKD stage <.001 .09
Stage 1 1.00 Reference
Stage 2 1.51 0.87-2.60 .14 0.99 0.51-1.93 .98
Stage 3 4.65 2.35-9.19 <.001 1.46 0.46-4.68 .52
Stage 4 45.47 5.59-370.13 <.001 2.99 1.49-60.16 47
Stage 5 5.68 0.35-92.10 22 0.02 0.001-4.85 .16
Proteinuria <.001 <.001
Group 1 1.00 Reference
Group 2 3.20 1.74-5.87 <.001 2.29 1.20-4.36 .01
Group 3 3.17 1.62-6.17 .001 2.27 1.11-4.63 .02
Group 4 7.27 3.62-14.61 <.001 5.22 2.46-11.07 <.001
Group 5 38.21 12.82-113.93 <.001 28.75 8.70-95.02 <.001
MAP <.001 .002
<86.5 mmHg 1.00 Reference
>86.5 mmHg 2.52 1.64-3.89 <.001 2.19 1.34-3.59 .002
Steroids/immunosuppressive therapy 2.26 1.37-3.73 .001 1.19 0.65-2.19 .58
in early pregnancy (yes or no)
Scr (per 1 standard deviation) 1.02 1.01-1.02 <.001 1.51 0.92-2.49 .10

Group 1: proteinuria <0.30 g/24 h; Group 2: 0.30 g/24 h < proteinuria < 1.00 g/24 h; Group 3: 1.00 g/24 h < proteinuria < 2.00 g/24 h; Group 4: 2.00 g/24 h < protein-

uria < 5.00 g/24 h; and Group 5: proteinuria >5.00 g/24 h.

remains collecting 24-h urine [14]. The more convenient meth-
ods used in practice include urinary dipstick tests or the urine
protein/creatinine ratio (UPCR) measurement in a spot urine
sample, which has been routinely used in nonpregnant women.
However, the UPCR is not yet a reliable indicator of pathological
proteinuria during pregnancy, as proteinuria is elevated (>0.30)
in one-third of uncomplicated term pregnancies, increases dur-
ing pregnancy and reaches its highest levels in the postpartum
period [15]. In pregnancy, the UPCR matches well with 24-h pro-
teinuria levels when proteinuria was <1.00 g but does not match

well when proteinuria was >1.00 g [16, 17]. Thus, the 24-h urine
test remains the ‘gold standard’ for evaluating proteinuria in
pregnant women. Our Department of Obstetrics has been con-
tinuing this practice with the goal of improving the detection
accuracy of proteinuria levels. Therefore, in this study, baseline
proteinuria levels were determined by collecting 24-h urine sam-
ples. We informed the patients of the detailed urine collection
procedure, which ensured the accuracy of the urine collection.
The threshold for the diagnosis of gestational proteinuria is
widely known to be greater than 0.30 g/24 h [7]. The incidence
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Figure 3: Effects of proteinuria values on severe preeclampsia, very low birth weight infants, early preterm and perinatal death.

of preeclampsia can reach 2%-8% according to this cut-off value
[18,19]. Nevertheless, this cut-off value was established based on
several small studies [20-23],in which the level of evidence is not
high or is controversial, and it is not applicable to patients with
CKD. Indeed, the purpose of proteinuria assessment in the diag-
nosis of preeclampsia is different from that used to predict the
pregnancy outcomes among CKD patients in early pregnancy.
Several studies have shown that proteinuria levels are not asso-
ciated with adverse maternal or perinatal outcomes in patients
with preeclampsia [24-30], but Li et al. reported that a prenatal
proteinuria level >3.50 g/day was an independent risk factor for
adverse maternal outcomes in patients with gestational hyper-
tension disease [31]. Although the role of proteinuria level in the
development of adverse pregnancy outcomes in patients with
preeclampsia is controversial, its effect on adverse pregnancy
outcomes in patients with CKD is of significant importance.
High baseline proteinuria levels have been shown to be an inde-
pendent risk factor for adverse pregnancy outcomes, including
severe hypertension, preterm birth, CS, SGA and perinatal
mortality in women with CKD [6, 8]. However, it is unclear
what baseline proteinuria levels would be associated with ad-
verse pregnancy outcomes. Previous studies have shown that
the severity of proteinuria affects foetal outcomes among CKD
patients: proteinuria levels >1.00 g/day are associated with sig-
nificantly higher risks of premature birth and VLBWIs even in
the absence of preeclampsia [32]. Notably, we found that a 24-
h proteinuria level >1.00 g was associated with adverse mater-
nal outcomes including severe preeclampsia and early preterm

birth, while a 24-h proteinuria level >2.00 g had significant as-
sociation for adverse foetal events including VLBWIs and foetal-
neonatal death. In particular, a 24-h proteinuria level >5.00 g was
a high-risk factor for foetal-neonatal death.

Our study showed that the risk of severe preeclampsia
and early preterm birth was significantly elevated in the
therapy-free group when 24-h proteinuria levels exceeded
2.00 g. Furthermore, a 24-h proteinuria level >5.00 g was as-
sociated with adverse foetal events including VLBWIs and
foetal-neonatal death. However, among CKD patients treated
with steroids/immunosuppressive therapy during early preg-
nancy, the risk of severe preeclampsia increased significantly
when proteinuria levels exceeded 1.00 g and the risk of
perinatal death was significantly increased among patients
without steroids/immunosuppressive therapy during the first
trimester. Notably, the sample size of our study may still have
been insufficient for some of the subgroups. In this study,
significantly higher proteinuria levels were observed in the
steroids/immunosuppressive therapy group than in the therapy-
free group. This indicates that patients with CKD who received
steroids/immunosuppressive therapy in the first trimester had
a more severe underlying disease. Most of these patients
planned to become pregnant after their proteinuria was con-
trolled within an acceptable range, but their basal protein-
uria levels were still higher than those of the patients who
did not receive steroids/immunosuppressive therapy. We all
know that better control of baseline proteinuria in CKD patients
would significantly improve pregnancy outcomes, but standard
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antiproteinuric treatments (angiotensin-converting enzyme in-
hibitors and angiotensin receptor blockers) are limited during
pregnancy due to their teratogenic effects [33]. For some CKD
patients, steroids/immunosuppressive therapy was critical for
controlling disease activity, which may indirectly affect protein-
uria levels. Based on the results of our study and other studies,
exploring the link between steroids/immunosuppressive ther-
apy and foetal outcomes may be a future direction of research
and should be evaluated by more rigorously designed studies.

There were some limitations of this study. First, this was
a retrospective study, which is inevitably affected by sample
selection bias. For example, most patients enrolled in this study
presented with early-stage CKD, and thus a prospective cohort
study is needed for further validation. Second, this study did
not analyse the effects of different types of kidney disease on
pregnancy outcomes. Third, the assessment of renal function
with the MDRD equation has not been validated in pregnant
women [34].

CONCLUSIONS

In summary, we found that a baseline 24-h proteinuria level ex-
ceeding 1.00 g was associated with adverse maternal outcomes.
Furthermore, a 24-h proteinuria level >2.00 g increased the inci-
dence of adverse foetal events among CKD patients.
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