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Abstract
Background: In order to discern the relationship between ambulatory blood pressure monitoring-related
indices and preterm birth and newborn weight in patients with preeclampsia.
Methods: Sixty-seven patients with preeclampsia were included in the present study. We used logistic
regression analysis to determine the relationship between blood pressure index and preterm birth risk, and
to find the best threshold to predict preterm birth using an ROC curve. The relationship between the blood
pressure index and neonatal weight was best described by linear regression analysis.
Results: The main result are as follows. Nocturnal diastolic blood pressure load (OR =1.045, 95% Cl
1.016–1.076, P=0.002) has significant statistical association with preterm birth, but there was no
statistical association between other indicators and preterm birth. Nocturnal systolic blood pressure,
nocturnal systolic blood pressure load, and nocturnal diastolic blood pressure load each showed a
significant negative correlation with neonatal weight. Other indicators were also negatively correlated, but
these were not statistically significant. The predictive thresholds for nDBP load, as follows: for nDBP load
at 73.8% a sensitivity of 0.78 and specificity of 0.70.
Conclusions: In conclusion, in women with preeclampsia, elevated nDBP load has significant positive
correlation with the risk of preterm birth, and nSBP, nSBP load and nDBP load has negative correlation
with birth weight in newborns.
Trial registration: Not applicable

Introduction
Preeclampsia (PE) is a common obstetric and pregnancy-related disease, affecting 3–5% of all
pregnancies[1]. PE exerts a significant impact on maternal and children’s health[2], and it is also a
significant cause of maternal mortality and morbidity[3]. Blood pressure levels during pregnancy in
patients with preeclampsia—especially in the hypertensive range—have long been considered to be risk
factors for pregnancy complications and poor perinatal outcomes[4][5][6]. Evaluation of blood pressure is
usually based on traditional measurement methods, but there are some problems in assessing blood
pressure during pregnancy. For example, physician preference for the ultimate iteration of blood pressure
readings will significantly impact the measurement[7]. Ambulatory blood pressure monitoring (ABPM)
has been shown to outperform traditional blood pressure screening in clinical work for predicting targetorgan damage with hypertension, and cardiovascular events and drug efficacy[8]. ABPM can also be used
to diagnose white-coat hypertension and hidden hypertension that traditional measurement cannot
achieve[9][10]. However, the most significant difference between ABPM and traditional measurements is
that ABPM can be measured continuously without time or place restrictions (especially at night), while
traditional measurements are typically delimited by location and time, and dynamic changes in blood
pressure cannot be obtained. Many scholars have described research foci in this area. Some
investigators[11] have used ABPM to predict preeclampsia, and some new ABPM-based indicators have
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also been proposed and confirmed to be helpful in identifying gestational hypertension—including a
diurnal variation in blood pressure[12] and a hypertension index[13]. Preterm birth is one of the important
adverse outcomes of preeclampsia, and one study[14] revealed that measuring prenatal blood pressure
can predict preterm birth in preeclamptic patients. Contemporaneous studies[15] showed that 24-hour
blood pressure monitoring was more predictive of preterm birth than traditional measurements in patients
with gestational hypertension.
Moreover, the relationship between ABPM components and a newborn’s birth weight as another important
pregnancy-related outcome has not yet been determined. It was reported that maternal mean diurnal
diastolic blood pressure (DBP) levels were negatively correlated with birth weight[16][17]. However, few
authors have reported a prediction of birth weight in eclamptic patients.
With this study, we therefore aimed to explore the role of ABPM in predicting preterm birth in patients with
preeclampsia.

Methods
Overall design
This retrospective case analysis included patients in antenatal care at the Third Affiliated Hospital of
Guangzhou Medical University from January 2014 to October 2019. We examined the respective
electronic medical records and medical supervision records to determine patients to be included for final
analysis, screening for both inclusion and exclusion criteria. We ultimately assessed the relationship
between ABPM-derived indicators and the risk of preterm birth and neonatal weight.
Population
Our inclusion criteria were (1) the availability of ABPM during the study period; and (2) a discharge
diagnosis of any type of pre-eclampsia, including preeclampsia and severe preeclampsia.
The exclusion criteria were (1) a diagnosis of chronic medical diseases (e.g., chronic hypertension, heart
disease, diabetes, and hepatitis), intrahepatic cholestasis of gestation, or gestational diabetes mellitus;
(2) confirmed multiple pregnancies; (3) invalid ABPM data; and (4) the absence of important ABPMderived indicators or outcomes.
Population characters
Maternal age, BMI, and gestational age at the time of delivery, and obstetric history were retrieved from
the electronic medical records.
ABPM-derived indicator data
ABPM-derived indicator data were collected by dynamic blood pressure-monitoring devices(TM2430; A&D,
Tokyo), which have already been proven to be well-tolerated and shown to be of value for pregnant
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women[18]. ABPM was performed within 1 week after admission to understand the changes in blood
pressure. This dynamic blood pressure-monitoring device regularly measures a wearer’s BP every 20
minutes between 06:00 and 21:59 h, and every 30 minutes between 22:00 and 05:59 h. Only ABPM cycles
with a qualified measurement rate of more than 90% were included in the final analysis.
To further uncover the clinical value of ABPM, we not only entered the conventional mean diurnal systolic
blood pressure (dSBP), mean diurnal diastolic blood pressure (dDBP), mean nocturnal diastolic blood
pressure (nDBP), and mean nocturnal systolic blood pressure (nSBP), but we also entered the diurnal
systolic blood pressure load (dSBP load), diurnal diastolic blood pressure load (dDBP load), nocturnal
systolic blood pressure load (nSBP load), and nocturnal diastolic blood pressure load (nDBP load). The
load value of blood pressure was calculated by comparing the reading with the established hypertension
threshold (Diurnal: 135 mm Hg for systolic blood pressure and 85 mm Hg for diastolic blood pressure.
Nocturnal: 120 mm Hg for systolic blood pressure and 70 mm Hg for diastolic blood pressure.), and then
calculating the percentage of the valid dynamic blood pressure measurement that was above the
established threshold.
Obstetric information
PE was defined as the presence of systolic blood pressure ≥ 140 mm Hg and/or diastolic blood pressure
≥ 90 mm Hg; accompanied by urinary protein ≥ 0.3 g/24 h, or random urinary protein ≥(+), or no
proteinuria after 20 weeks of gestation; and combined with any of the following: thrombocytopenia
(platelets < 100 × 109/L), liver function impairment (serum transaminase level greater than twice normal),
renal function impairment (serum creatinine level above 1.1 mg/dl or more than twice normal); or
pulmonary edema or new central nervous system or visual impairment[1]. Premature delivery was defined
as the birth of a baby at a gestational age of less than 37 weeks and with low birth weight (< 2500 g)[9].
Statistical analysis
We collected and cleansed data using MS Excel software, and performed statistical analysis with SPSS
25.0 software (SPSS Co. Ltd., Shanghai, China). Numerical data that followed a normal distribution are
presented as mean ± standard deviation (x ± SD), and numerical data with a skewed distribution are
presented as medians (M [P25, P75]). Means were compared using a t test for normally distributed
continuous variables, and the non-parametric rank-sum test for continuous variables showing a skewed
distribution. To study the relationship between blood pressure and premature delivery, we first do a singlefactor logistics regression analysis to select indicators with small p values(p < 0.1) and incorporate them
into a multi-factor regression model, then we used multi-factor logistics regression(forward progressive)
and calculated the odds ratio (OR) and its 95% confidence interval (Cl). The relationship between blood
pressures and birth weight was assessed using linear regression, and receiver operating characteristic
(ROC) curves were used for the prediction of premature delivery and the evaluation of the optimal
threshold (Fig. 1). A p value of ≤ 0.05 was considered statistically significant.
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Results
Sixty-seven pregnant women with a discharge diagnosis of any kind of pre-eclampsia were ultimately
included in the analysis. There were three women with fetal death, and these data were not included in
any subsequent analyses. A total of 37 women underwent preterm birth, while 27 did not. Neither age
(33[28, 37] vs. 30[28, 34], P = 0.27) nor BMI (23.00 [20.84, 25.37] vs. 23.00[20.40, 25.22], P = 0.854) was
significantly different between the two groups. Those women who gave birth prematurely exhibited a
significantly lower neonatal birth weight than those who delivered at the appropriate time (1745.73 ±
621.80 vs. 3017.37 ± 538.11, P < 0.001). The nDBP (82.86 ± 8.89 vs. 77.44 ± 9.09, P = 0.023) and nDBP
load (94.44 [73.90, 100.00] vs. 62.90 [46.67, 77.78], P < 0.001) for the preterm group were significantly
higher than those of the non-preterm group, but the other indices did not demonstrate significant
differences. Detailed information of the women included in our study is listed in Table 1.

Page 5/15

Table 1
Comparison of basic clinical data between the two groups. Numerical data following a normal
distribution are presented as mean±standard deviation (x ± SD), and numerical data following a skewed
distribution are presented as medians (M [P25, P75]).
Premature delivery

Non-premature delivery

P value

N=37

N=27

Age (years)

33(28,37)

30 (28,34)

0.270

BMI (kg/m2)

23.00 (20.84,25.37)

23.00(20.40,25.22)

0.854

Gestational age (weeks)

34.00 (31.00,35.50)

38.00(37.00,39.00)

<0.001

Number of pregnancies

2.00 (1.00,3.00)

1.00(1.00,2.00)

0.027

Neonatal birth weight (g)

1745.73±621.80

3017.37±538.11

<0.001

dSBP (mm Hg)

135.51±12.41

134.81±13.56

0.834

dSBP load (%)

44.40(21.60,80.90)

43.90(17.4,77.78)

0.833

dDBP (mm Hg)

86.54±8.89

84.37±8.18

0.323

dDBP load (%)

54.06±30.85

47.60±31.12

0.413

nSBP (mm Hg)

130.69±11.05

129.82±16.04

0.80

nSBP load (%)

67.02(52.78,91.67)

67.02(44.44,87.5)

0.444

nDBP (mm Hg)

82.86±8.89

77.44±9.09

0.023

nDBP load (%)

94.44 (73.90,100.00)

62.90(46.67,77.78)

<0.001

dSBP: diurnal systolic blood pressure, dDBP: diurnal diastolic blood pressure, nDBP: nocturnal
diastolic blood pressure, nSBP: nocturnal systolic blood pressure, dSBP load: diurnal systolic blood
pressure load, dDBP load: diurnal diastolic blood pressure load, nSBP load: nocturnal systolic blood
pressure load, nDBP load: nocturnal diastolic blood pressure load. A p value of ≤0.05 was considered
statistically significant.

Preterm birth and neonatal birth weight were the two primary outcomes of our study. In the single-factor
logistics regression analysis, only nDBP, nDBP load and the number of pregnancies has p values of less
than 0.1 (Table 2). In the models eventually built through multi-factor logistics regression (Table 3), nDBP
is removed from the model in progressive forward analysis, the effect of nDBP load(OR = 1.045, 95% Cl
1.016–1.076, P = 0.002) and the number of pregnancies(OR = 1.799, 95% Cl 1.031–3.139, P = 0.039) were
statistically significant on the risk of preterm birth (Table 4).
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Table 2
Single-factor regression analysis results
indexes

b value

SE

Wald

OR

95% Cl

P value

Age

0.048

0.052

0.934

1.049

0.947–1.162

0.361

BMI

0.058

0.075

0.603

1.060

0.915–1.228

0.438

Number of pregnancies

0.459

0.235

3.801

1.582

0.998–2.508

0.051

dSBP

0.004

0.020

0.047

1.004

0.966–1.044

0.828

dSBP load

0.002

0.008

0.039

1.002

0.986–1.018

0.843

dDBP

0.030

0.030

0.997

1.031

0.971–1.094

0.318

dDBP load

0.007

0.008

0.689

1.007

0.991–1.024

0.406

nSBP

0.005

0.019

0.067

1.005

0.968–1.043

0.796

nSBP load

0.011

0.009

1.418

1.011

0.993–1.029

0.234

nDBP

0.070

0.032

4.934

1.073

1.008–1.142

0.026

nDBP load

0.040

0.013

9.293

1.041

1.014–1.068

0.002

Table 3
Multi-factor logistics regression(forward progressive) analysis results
indexes

b value

SE

Wald

OR

95% Cl

P value

Number of pregnancies

0.587

0.284

4.276

1.799

1.031–3.139

0.039

nDBP load

0.044

0.015

9.274

1.045

1.016–1.076

0.002
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Table 4
The relationships among blood pressure, gestational age, and neonatal birth weight (g).
Blood pressure indices

Neonatal birth weight (g) –

Neonatal birth weight (g) –

beta ± SE

beta ± SE

per 1 mm Hg (1%)

per weeks

change in BP (BP load)

change in gestational age

dSBP

−6.117 ± 4.762

199.137 ± 17.234**

0.691

dSBP load

−1.944 ± 1.917

201.058 ± 17.19**

0.687

dDBP

−4.692 ± 7.241

200.061 ± 17.596**

0.684

dDBP load

−1.042 ± 2.011

200.694 ± 17.555**

0.683

nSBP

−9.165 ± 4.389*

204.618 ± 16.732**

0.703

nSBP load

−6.818 ± 1.973**

202.74 ± 15.806**

0.734

nDBP

−9.583 ± 6.624

196.88 ± 17.417**

0.693

nDBP load

−5.654 ± 2.328*

187.247 ± 17.644**

0.710

Adjusted R2

Significance levels: **p < 0.01; *p < 0.05.

In the linear regression model (Table 4), we added gestational age as an independent variable to the
regression model, and ABPM blood pressure components and gestational weeks were used to predict
neonatal weight. We observed a negative correlation between all indicators and neonatal weight.
However, only nSBP (b = − 9.165 ± 4.389; P = 0.041), nSBP load (b = − 6.818 ± 1.973; P = 0.001), and nDBP
load (b = − 5.654 ± 2.328; P = 0.018) were statistically correlated. We also noted a significant positive
correlation between the number of gestational weeks and neonatal weight (P < 0.001). The adjusted R2
for all models was greater than 0.68 (range, 0.68–0.73), with the greatest impact on neonatal weight
being nSBP.
To better explore ABPM-derived indicator values in predicting the occurrence of preterm birth and to
discern the appropriate cut-off point for ABPM, we constructed ROC curves (Fig. 1) to describe the
relationship between different ABPM-derived indicators and preterm birth. Among the blood pressure
components, nDBP load possessed predictive value for the measurement of preterm labor, We found
predictive thresholds for nDBP load, as follows: for nDBP load at 73.8% a sensitivity of 0.78 and
specificity of 0.70.

Discussion
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Background and results
With the wide application of ABPM overall, the application of ABPM in pregnant women specifically is
also increasing. Some investigators[9][19][20] have proposed the use of ABPM to diagnose gestational
hypertension and differentiate it from white-coat hypertension, while others applied ABPM to patients
with gestational hypertension and predicted small-for-gestational-age fetuses[21]. As one of the common
diseases of pregnant women, preeclampsia has been studied extensively. In the Martin study[11], the
nocturnal blood pressure of patients with high-risk mid-term pregnancy was measured to predict the
occurrence of pre-eclampsia, and these authors analyzed the relationship between circadian bloodpressure rhythm and adverse outcomes in patients with eclampsia[22]. However, we did not find any
studies in which various BPs were applied to the prediction of preterm birth and neonatal weight in preeclampsia, and that is why we chose to study this further.
We founded the relationship between ABPM and the risk of preterm birth in preeclampsia during this
retrospective study. In general, the higher the blood pressure levels, the greater the risk of preterm birth;
however, only nDBP load were statistically significant. We next uncovered the threshold point with the
greatest value in predicting preterm birth risk through the ROC curve (nDBP load at 73.8% showed a
sensitivity of 0.78 and specificity of 0.70). According to ABPM and gestational weeks, we herein
established a predictive model of neonatal weight in patients with preeclampsia. Blood pressure level and
neonatal weight were negatively correlated, while gestational weeks were positively correlated with
neonatal weight. All models showed good fit and availability (R2 > 0.68).
Interpretation of results
In patients with preeclampsia, blood pressure was generally high—most likely due to systemic arteriolar
spasms, endothelial injury, and local ischemia[23]. The principal mechanism of nocturnal blood pressure
elevation involves fluid volume retention and/or activation of the sympathetic nervous system[24], and it
was reported that women with preeclampsia exhibited impaired baroreflex sensitivity[25], which may be
one of the causes of the increased nocturnal blood pressure. Sleep-pattern disruption in preeclamptic
patients may, however, also be a cause of nocturnal blood pressure increase[26].
Of the 67 subjects included in our study, 37 women underwent preterm births, and elevated nDBP load
was positively associated with the risk of preterm birth. Lior et al.[15] showed that 24-hour elevated blood
pressure increased the risk of preterm birth, but the difference between studies was that ours was
conducted in women with preeclampsia, while theirs was in pregnant and hypertensive women. The
aforementioned authors used a 24-hour mean blood pressure, but in order to fully explore the value of
ABPM, we distinguished between diurnal and nocturnal blood pressure, and also provided a groundbreaking analysis of the relationship between blood pressure load and these outcomes. In our analysis,
nDBP load manifested a better predictive value and stronger statistical significance, and we speculate
that this may be because the duration of the nocturnal blood pressure rise was too protracted—leading to
more severe placental dysfunction, and further leading to developmental injury to the fetus. In addition,
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we constructed a ROC curve based on the relationship between nDBP load and preterm birth, and
obtained an optimal threshold (for nDBP load at 73.8%, a sensitivity of 0.78 and specificity of 0.70). In
our investigation, nSBP, nSBP load, and nDBP were negatively correlated with neonatal weight, and some
studies[18] have shown similar results, although these authors used clinical blood pressure instead of
ABPM. In the study by Waugh [16], there was a significant negative correlation between diurnal dynamic
diastolic blood pressure measurements and birth weight (gradient, − 13.5; 95% Cl, − 25.4 to − 3.0), and
other ambulatory blood pressure measurements and birth weight were also negatively correlated.
It has been reported[27] that preeclampsia increases the risk of preterm birth, and some studies[28][29]
have indicated that the core of preeclampsia is placental damage. In preeclampsia, the incidence of
placental blood flow interruption and the risk of ischemia/reperfusion injury are increased, and
intermittent blood flow can alter placental development, with placental dysfunction leading to impaired
fetal development. These investigators also found that low-birth-weight infants were more prone to
neonatal infection, perinatal respiratory distress, jaundice, hypoglycemia, erythrocytosis, hypothermia,
and other adverse outcomes[30]. A large number of epidemiologic studies also showed that low birth
weight in infants was closely related to adult diseases such as type 2 diabetes, obesity, metabolic
syndrome, hypertension, chronic cardiovascular disease, and chronic lung disease, and that it can be
inherited by the subsequent generation[31][32].
Our results are of positive clinical significance and can provide a reference to avoid preterm birth and low
birth weight by controlling blood pressure—thus avoiding a series of adverse secondary outcomes.
Furthermore, because reference values for dynamic systolic/diastolic blood pressures during pregnancy
have not been determined, clinicians cannot judge whether women are at risk with respect to ABPM
during pregnancy. Our study therefore provides a feasible reference value for the clinical establishment of
risk for premature delivery in preeclamptic patients.
Limitations
This study has several limitations. First, compared with other studies, our sample size was relatively
small. Second, a report[19] showed that the early termination of pregnancy can reduce the incidence of
adverse outcomes in patients with preeclampsia, and in our data collection we did not consider which
women ended their pregnancies early to avoid adverse outcomes. This omission may thus create a
discrepancy in our study results. Finally, the model we used lacked external validation, and was therefore
only a theoretical study that requires further research to confirm its clinical predictive value. In addition,
the conclusion of this study cannot be generalized to all pregnant women, and this is a shortcoming of
our research.

Conclusion
In conclusion, in women with preeclampsia, elevated nDBP load has significant positive correlation with
the risk of preterm birth, and nSBP, nSBP load and nDBP load has negative correlation with birth weight in
newborns.
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Figure 1
ROC curves for ABPM in the prediction of premature delivery. The areas under the curve was 0.777 for
nDBP load. The predictive thresholds for nDBP load, as follows: for nDBP load at 73.8% a sensitivity of
0.78 and specificity of 0.70.
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