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Abstract 39 

Objectives 40 

To investigate the prevalence and risk factors of labor-onset hypertension (LOH), defined as 41 

hypertension first detected during labor among women without hypertension prior to admission 42 

for labor. 43 

Study design 44 

In this multicenter retrospective study, clinical data of women who delivered vaginally at term 45 

between 2012 and 2018 were collected from 12 primary maternity care units. Blood pressure 46 

was measured at five time points from admission to 2 hour postpartum in a total of 30,129 47 

normotensive women at the last prenatal check-up. LOH was defined as systolic blood pressure 48 

(SBP) of ≥140 mmHg or diastolic blood pressure (DBP) of ≥90 mmHg during the first to fourth 49 

stages of labor.  50 

Main outcome measures 51 

Multivariate regression analyses were conducted to evaluate the risk factors of LOH and severe 52 

LOH (SBP of ≥160 mmHg or DBP of ≥110 mmHg). 53 

Results 54 

Among the 30,129 women, 8,565 (28.4%) presented with LOH and 734 (2.4%) with severe 55 

LOH. The prevalence of LOH was the highest at the second stage of labor (21.7%) and 56 

decreased rapidly after delivery. The independent risk factors of LOH were maternal age of 57 
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≥35 years, pre-pregnancy body mass index of ≥25 kg/m2, and pregnancy weight gain of ≥15 58 

kg. 59 

Conclusion 60 

LOH is common, with approximately one in four women experiencing LOH during labor and 61 

early postpartum. Meanwhile, severe LOH occurred in 2.4% of the pregnancies. Closer blood 62 

pressure monitoring during labor may enable obstetric caregivers to recognize LOH in a timely 63 

manner and reduce maternal adverse outcomes, such as eclampsia and stroke. 64 

 65 
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Introduction 77 

According to surveys on maternal death, hypertensive disorders of pregnancy (HDP) are 78 

responsible for approximately 10%–15% of maternal deaths, of which most cases were 79 

attributed to cerebrovascular events, such as cerebral hemorrhage or infarction (1, 2). Acute-80 

onset severe hypertension during the intrapartum period can cause central nervous system 81 

injury and is recognized as an obstetric emergency requiring expeditious and optimal 82 

management to reduce preventable maternal death (3-5). Simultaneously, establishing a blood 83 

pressure monitoring protocol and standardized treatment protocols, including antihypertensive 84 

agent and magnesium sulfate use at each hospital, may facilitate timely recognition and 85 

diagnosis of hypertension and improvement of maternal and neonatal outcomes (3, 6). 86 

 87 

In clinical practice, new-onset hypertension during labor often occurs among women 88 

without hypertension prior to admission for labor, which is described as labor-onset 89 

hypertension (LOH) (7). LOH is different from intrapartum hypertension from the viewpoint 90 

of the timing of onset of HDP. LOH is defined as new-onset hypertension during labor, while 91 

intrapartum hypertension is defined as hypertension during labor regardless of the timing of 92 

onset of hypertension (e.g., both before labor and during labor). LOH is common and is 93 

recognized among obstetric caregivers as an important obstetric emergency associated with 94 

morbidity and mortality for both the mother and the neonate (3, 7). However, to date, evidence 95 
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regarding the prevalence, risk factors, and pregnancy outcomes of LOH remains limited. 96 

Although a few previous studies have described LOH, the study sample size was quite small, 97 

and most of them were based on data from a single center (8-12). 98 

 99 

Thus, in this retrospective study, we sought to investigate the prevalence and risk 100 

factors of LOH using clinical data of low-risk pregnancies derived from 12 primary maternity 101 

care units. Additionally, we evaluated possible maternal and neonatal adverse outcomes and 102 

determined the relationships between blood pressure and urinary protein levels during 103 

pregnancy and the risk of LOH development. Understanding the prevalence and risk factors of 104 

LOH is essential for obstetric caregivers to facilitate risk evaluation and timely recognition of 105 

hypertension to reduce maternal adverse outcomes, such as stroke and eclampsia. 106 

 107 

Methods 108 

Information on all pregnancies delivered at term (37 0/7 to 41 6/7 gestational weeks) at 12 109 

primary maternity care units from 2012 to 2018 was collected from the electronic medical 110 

records system at each unit. These maternity care units basically care for low-risk pregnancies, 111 

with each unit conducting 300 to 1,000 deliveries annually. The inclusion criterion was vaginal 112 

delivery at term. Exclusion criteria were stillbirth, multiple pregnancies, major congenital and 113 

chromosomal abnormalities, cesarean section, incomplete medical record on blood pressure at 114 
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the last prenatal check-up and admission to each unit for labor, and HDP prior to admission to 115 

the units. Herein, we excluded women who delivered via cesarean section to evaluate the 116 

trajectory of blood pressure throughout labor (first stage to fourth stage). 117 

 118 

Maternal obstetric and neonatal characteristics included induction of labor, 119 

prolonged labor, instrumental delivery, third- or fourth-degree perineal laceration, blood loss, 120 

infant sex, infant birth weight, infant height, small for gestational age, Apgar score (1 and 5 121 

minutes), and umbilical artery pH. Small for gestational age was defined as birth weight and 122 

height below the 10th percentile for gestational age according to a sex-specific Japanese 123 

neonatal anthropometric chart in 2000 (13). 124 

 125 

HDP was defined as systolic blood pressure (SBP) of ≥140 mmHg or diastolic blood 126 

pressure (DBP) of ≥90 mmHg during pregnancy (14), and women who presented with HDP 127 

before admission for labor were excluded herein. Blood pressure at each prenatal check-up was 128 

categorized into three groups according to the guidelines from the American Heart Association, 129 

the American College of Cardiology, and nine other health organizations (15): normal (SBP of 130 

<120 mmHg and DBP of <80 mmHg), elevated (SBP of 120–129 mmHg and DBP of <80 131 

mmHg), and high blood pressure stage 1 (SBP of 130–139 mmHg or DBP of 80–89 mmHg). 132 

It was categorized at four different time points (gestational age of 10–14 weeks, 26–29 weeks, 133 
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35–36 weeks, and 37–41 weeks). Urinary proteins were categorized into three groups (negative 134 

or trace, 1+, and ≥2+). 135 

 136 

Blood pressure was measured by trained midwives or nurses during labor and the early 137 

postpartum period using an automated sphygmomanometer with a double cuff (Terumo ES-138 

H55, Terumo Corporation, Tokyo, Japan) (16). It was recorded on the medical chart at five 139 

different time points during the first to fourth stages of labor (at admission to the units, second 140 

stage of labor, following delivery of the placenta, 1 h postpartum, and 2 h postpartum). 141 

 142 

LOH was defined as SBP of ≥140 mmHg or DBP of ≥90 mmHg during the first to 143 

fourth stages of labor among women without hypertension prior to admission for labor 144 

(Supplementary Figure 1). The average time period between the last prenatal check-up and 145 

admission to each unit was 3.6 days. Mild LOH was defined as SBP of 140–159 mmHg or DBP 146 

of 90–109 mmHg. Severe LOH was defined as SBP of ≥160 mmHg or DBP of ≥110 mmHg. 147 

The eligible women in this study were subdivided into three groups according to the blood 148 

pressure during the first to fourth stages of labor: non-LOH, mild LOH, and severe LOH. 149 

 150 

Plausible ranges were defined as SBP of 50–220 mmHg, DBP of 30–140 mmHg, and 151 

SBP > DBP. Outliers were excluded from further analyses. Urinary protein was measured using 152 
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the urine dipstick test at each prenatal check-up and admission for labor at each unit. If multiple 153 

measurements of blood pressure or urinary protein were conducted during the same period, we 154 

used the first measurement for analysis. 155 

 156 

To identify the maternal risk factors associated with LOH, we performed univariate 157 

and multivariate analyses of women who were normotensive before admission for labor. 158 

Adjusted odds ratios (ORs) and 95% confidence interval (CI) were calculated after adjustment 159 

of six covariates, including maternal age, parity, pre-pregnancy body mass index (BMI), 160 

pregnancy weight gain, assisted reproductive technology (ART), and duration of education, 161 

which were selected among the maternal variables with a p-value of <0.10 in the univariate 162 

analysis. 163 

 164 

Thereafter, we performed an additional analysis to determine how strongly the blood 165 

pressure category or urinary protein category at the prenatal check-up affects the 166 

development of LOH and severe LOH. We evaluated the adjusted ORs for LOH and severe 167 

LOH after adjustment for covariates, including eight factors (maternal age, parity, pre-168 

pregnancy BMI, pregnancy weight gain, ART, duration of education, smoking during 169 

pregnancy, and urinary protein category [or blood pressure category]). Women who presented 170 

with normal blood pressure (SBP of <120 mmHg and DBP of <80 mmHg) or normal urinary 171 
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protein (negative or trace) were selected as the reference group. 172 

 173 

All statistical analyses were performed using SPSS version 27 (SPSS Inc., Chicago, 174 

IL, USA). The maternal and neonatal characteristics were compared using the chi-square test 175 

or Fisher’s exact test for categorical variables and unpaired Student’s t-test or the Mann–176 

Whitney U test for continuous variables according to normal or non-normal distributions. P-177 

values of <0.05 were considered statistically significant. The Kishokai Medical Corporation 178 

Executive Committee authorized the use of data in this study (approval number 2016–009), 179 

and the Institutional Ethics Board of Nagoya University approved this study protocol (approval 180 

number 2015–0415). The need for signed informed consent was waived because all data were 181 

anonymized and retrospectively collected from existing medical records. 182 

 183 

Results 184 

During the study period, a total of 44,651 women delivered at term at 12 maternity care units 185 

(Figure 1). A total of 14,552 women, including women who delivered via cesarean section and 186 

women who presented with hypertension before admission for labor, were excluded; thus, 187 

30,129 women were finally eligible for this study. 188 

 189 

Table 1 shows the mean SBP and DBP and prevalence of LOH, mild LOH, and severe 190 
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LOH at the five different time points during the first to fourth stages of labor. The mean blood 191 

pressure at the second stage of labor in the women without LOH increased by 6.3 mmHg for 192 

the SBP and 7.1 mmHg for the DBP on average compared with that at the last prenatal check-193 

up, while the mean blood pressure in the women with severe LOH increased by 30.6 mmHg 194 

for the SBP and 23.6 mmHg for the DBP on average (Supplementary Table 1). The prevalence 195 

of LOH was the highest at the second stage of labor (21.7%) and decreased rapidly soon after 196 

delivery. Among the 30,129 women who were normotensive throughout pregnancy, 8,565 197 

(28.4%) presented with LOH at admission for labor or developed hypertension following 198 

arrival at the units by 2 h postpartum. A total of 734 women (2.4%) experienced severe LOH 199 

at least once during the first to fourth stages of labor. 200 

 201 

Table 2 shows the maternal characteristics between the women who presented with 202 

and without LOH during labor and the early postpartum period. Maternal age, parity, pre-203 

pregnancy BMI, pregnancy weight gain, ART, and duration of education differed significantly 204 

between them. 205 

Supplementary Table 2 shows the maternal characteristics between the women who 206 

presented with mild LOH and severe LOH. The women who presented with severe LOH were 207 

more likely to be older and multiparous than were the women who presented with mild LOH. 208 

The other characteristics were similar between them. 209 
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 210 

Next, univariate and multivariate analyses were performed to identify the independent 211 

maternal risk factors of LOH and severe LOH in the women who were normotensive 212 

throughout pregnancy (Table 3). The multivariate analysis showed that maternal age of ≥35 213 

years, primiparity, pre-pregnancy BMI of ≥25 kg/m2, and pregnancy weight gain of ≥15 kg 214 

were significant independent risk factors of LOH, while duration of education of ≥15 years was 215 

a significant factor for decreased risk of LOH. Maternal age of ≥35 years, pre-pregnancy BMI 216 

of ≥25 kg/m2, and pregnancy weight gain of ≥15 kg were found as the significant independent 217 

risk factors of severe LOH, while primiparity was observed as a less significant risk factor 218 

contrary to the result for LOH. 219 

 220 

Thereafter, we performed univariate and multivariate analyses to determine how 221 

strongly the blood pressure category or urinary protein category at the prenatal check-up before 222 

admission for labor affects the development of LOH and severe LOH (Tables 4 and 5). We 223 

found that the women with elevated blood pressure (SBP of 120–129 mmHg and DBP of <80 224 

mmHg) had approximately 1.5–2-fold increased risks for LOH or severe LOH compared with 225 

those with normal blood pressure; further, the women with high blood pressure stage 1 (SBP 226 

of 130–139 mmHg or DBP of 80–89 mmHg) had approximately 2–5-fold increased risks for 227 

LOH or severe LOH (Table 4). Additionally, we found that the adjusted ORs increased as the 228 
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gestational age and blood pressure increased. 229 

 230 

Next, we evaluated the relationships between the urinary protein levels at the prenatal 231 

check-up and LOH and severe LOH development (Table 5). Urinary protein 1+ before term 232 

was not a significant risk factor of LOH; however, urinary protein 1+ at term was a significant 233 

risk factor of LOH. The women with urinary protein ≥1+ at any trimester were at a high risk 234 

for severe LOH. The women with urinary protein ≥2+ had approximately 2–5-fold increased 235 

risks for LOH and severe LOH compared with those with normal urinary protein (Table 5). 236 

 237 

Supplementary Table 3 shows the prevalence of LOH and severe LOH stratified by 238 

blood pressure and urinary protein categories at the last prenatal check-up. The women with 239 

both high blood pressure stage 1 and urinary protein ≥2+ had significantly increased risks for 240 

LOH or severe LOH. 241 

 242 

Supplementary Table 4 shows the maternal obstetric characteristics and neonatal 243 

outcomes between the women with and without LOH. The women with LOH had an increased 244 

incidence of postpartum hemorrhage but a decreased incidence of prolonged labor. The women 245 

with LOH were more likely to deliver small-for-gestational-age infants; however, the neonatal 246 

adverse outcomes, such as low Apgar score (≤7) and low umbilical cord pH (<7.1), were 247 
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comparable between them. 248 

 249 

Discussion 250 

In this multicenter retrospective study, we investigated the prevalence and risk factors of LOH 251 

using clinical data derived from 12 primary maternity care units. Our main finding was that 252 

LOH is common, with approximately one in four women experiencing LOH during the first to 253 

fourth stages of labor, and that 2.4% of the women developed severe LOH although they were 254 

normotensive prior to admission for labor, and most of them had low-risk pregnancies. These 255 

results highlight the need for closer blood pressure monitoring for all pregnancies during labor 256 

and the early postpartum period to reduce the risk of cerebrovascular events, such as cerebral 257 

hemorrhage or infarction. 258 

 259 

The prevalence of LOH and severe LOH herein is consistent with that in previous 260 

studies (20.7%–43.8% and 2.3%–9.5%, respectively), although there are slight differences in 261 

the definition and study population (5, 8, 9, 11). The physiology associated with elevated blood 262 

pressure during labor within a normal range (approximately 6–10 mmHg) is relatively well 263 

documented. Systemic hemodynamic changes (e.g., increased cardiac output, heart rate, and 264 

systemic vascular resistance) attributed to uterine contractions, pain, and anxiety during labor 265 

could impact blood pressure elevation (17-19); however, the underlying pathophysiology of 266 
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LOH remains to be fully elucidated. The risk factors of LOH and neonatal characteristics of 267 

infants born to women with LOH herein suggest that the mechanism related to LOH may differ 268 

from that for preeclampsia, which is characterized by endothelial dysfunction and fetal growth 269 

restrictions (20). The difference in the reactivity of adrenaline and noradrenaline, which are 270 

produced during labor, between women with and without LOH may be associated with the 271 

degree of blood pressure elevation during labor. 272 

 273 

We demonstrated that the major risk factors of LOH were maternal age of ≥35 years, 274 

primiparity, pre-pregnancy BMI of ≥25 kg/m2, and pregnancy weight gain of ≥15 kg, consistent 275 

with previous findings (8, 11). Interestingly, primiparity is associated with a decreased risk for 276 

severe LOH, in contrast to the result for LOH. However, the underlying reasons for this 277 

discrepancy are unclear. We found that the women with high blood pressure stage 1 or urinary 278 

protein ≥2+ at term before admission for labor had approximately 2–5-fold increased risks for 279 

LOH or severe LOH. These findings may allow obstetric caregivers to identify a group of high-280 

risk women developing LOH in a timely manner during labor. 281 

 282 

According to previous studies that reported that the degree of blood pressure, 283 

especially SBP, is the most important predictor of cerebral injury and infarction (21, 22), 284 

women with severe LOH are required to receive appropriate treatment to reduce the risk of 285 
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stroke and eclampsia. Although the maternal and neonatal outcomes among the women with 286 

LOH were not too inferior to those of the women without LOH in our study, our results need 287 

to be interpreted with caution because we excluded women who delivered via cesarean section 288 

and women transferred to higher-level facilities before delivery owing to maternal adverse 289 

outcomes, such as placental abruption, HELLP syndrome, and eclampsia. In our database, 290 

among the five women who developed eclampsia and delivered at these maternity care units, 291 

four showed severe LOH without hypertension prior to admission for labor. This suggests that 292 

women with LOH may have an increased risk for adverse maternal cerebrovascular outcomes. 293 

Thus, prospective studies are required to identify the link between LOH and the risk of adverse 294 

outcomes, such as stroke or eclampsia. 295 

 296 

The strength of this study is that the sample size is larger than that of previous studies 297 

(8, 9, 12). Further, our study is based on clinical data from 12 primary maternity care units, 298 

improving the generalizability and objectivity of our results. The time period between the last 299 

prenatal check-up and admission to each unit was 3.6 days on average, indicating that almost 300 

women with HDP prior to admission were excluded. Finally, we obtained clinical data on blood 301 

pressure and urinary protein at the prenatal check-up from the first trimester to the third 302 

trimester and evaluated the risk for LOH stratified by the blood pressure and urinary protein 303 

categories. 304 
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 305 

The limitations of this study should also be acknowledged. First, we did not report all 306 

data on blood pressure during the first to second stages of labor on the medical chart, resulting 307 

in blood pressure at the second stage of labor not always being the maximum blood pressure 308 

during the same period. Thus, we may have missed some cases of LOH. Second, we excluded 309 

women who delivered via cesarean section because our aim was to evaluate the blood pressure 310 

trajectory throughout labor, and our database did not include the reasons for emergency 311 

cesarean section (e.g., arrest of labor, non-reassuring fetal status, LOH, or HDP). Thus, there 312 

were some women who delivered via emergency cesarean section owing to LOH, indicating 313 

that the prevalence of LOH herein may have been underestimated. Third, although the average 314 

time period between the last prenatal check-up and admission was 3.6 days, we could not 315 

exclude the possibility that some women may have developed HDP during this short period. 316 

Finally, we could not evaluate the effect of medications, such as antihypertensive agents and 317 

magnesium sulfate, on the severity of LOH and pregnancy outcomes because of the lack of 318 

these data. 319 

 320 

In conclusion, LOH is common, with approximately one in four women experiencing 321 

LOH during labor and the early postpartum period; meanwhile, severe LOH occurred in 2.4% 322 

of the pregnancies. Notably, LOH often occurs even among low-risk women and women 323 
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without hypertension prior to admission for labor, suggesting that closer blood pressure 324 

monitoring during labor is essential for all women to recognize LOH in a timely manner and 325 

reduce maternal adverse outcomes, such as stroke and eclampsia. 326 
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Figure legends 419 

Figure 1. Flow diagram of the study population 420 

The data of the 44,651 women who delivered at term at 12 primary maternity care units from 421 

January 2012 to December 2018 were available. A total of 30,129 women were eligible for this 422 

study after 14,522 women were excluded. 423 

 424 

Supplementary Figure 1. Schematic diagram for labor-onset hypertension 425 

Labor-onset hypertension is defined as systolic blood pressure of ≥140 mmHg or diastolic 426 

blood pressure of ≥90 mmHg during the first to fourth stages of labor among women without 427 

hypertension prior to admission for labor. In this study, we excluded women with HDP prior to 428 

admission to the units. HDP, hypertensive disorders of pregnancy 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 
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Table 1. Mean blood pressure and prevalence of LOH at five time points during labor 

  Admission Second stage of labor  After delivery of placenta 1 h after birth 2 h after birth Total 

  (n = 30,129) (n = 25,709) (n = 29,888) (n = 29,774) (n = 29,492) (n = 30,129) 

SBP (mean ± SD) 118 ± 12 124 ± 15 121 ± 13 114 ± 12 114 ± 12 
 

DBP (mean ± SD) 74 ± 10 76 ± 13 70 ± 11 66 ± 10 65 ± 10 
 

Total LOH 2,265 (7.5) 5,569 (21.7) 3,025 (10.1) 761 (2.6) 694 (2.4) 8,565 (28.4) 

Mild LOH 2,182 (7.2) 5,107 (19.9) 2,832 (9.5) 730 (2.5) 651 (2.2) 7,831 (26.0) 

Severe LOH 83 (0.3) 462 (1.8) 193 (0.6) 31 (0.1) 43 (0.1) 734 (2.4) 

Data are shown as mean ± SD or n (%). SBP, systolic blood pressure; DBP, diastolic blood pressure; LOH, labor-onset hypertension; SD, standard 

deviation 
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Table 2. Maternal characteristics between the women with and without LOH during labor 

  With LOH Without LOH   

Maternal characteristics (n = 8,565) (n = 21,564) p-value 

   Maternal age (years) 30.8 ± 4.9 30.6 ± 4.6 <0.01 

   Gestational age at delivery (weeks) 39.7 ± 1.0 39.7 ± 1.0 0.16 

   Primiparity 4,270/8,565 (49.9) 10,447/21,564 (48.4) 0.03 

   Pre-pregnancy BMI (kg/m2) 20.9 ± 3.0 20.5 ± 2.6 <0.01 

   Pregnancy weight gain (kg) 10.8 ± 3.6 10.5 ± 3.5 <0.01 

   Assisted reproductive technology 365/7,493 (4.9) 734/17,338 (4.2) 0.02 

   Duration of education (years) 
  

<0.01 

            <9 years 145/5,044 (2.9) 301/11,690 (2.6) 
 

            9–12 years 1,416/5,044 (28.1) 3,151/11,690 (27.0) 
 

           13–15 years 1,649/5,044 (32.7) 3,640/11,690 (31.1) 
 

           ≥16 years 1,834/5,044 (36.4) 4,598/11,690 (39.3) 
 

   Smoking during pregnancy 129/7,247 (1.8) 270/16,894 (1.6) 0.31 

   Alcohol consumption during pregnancy 27/7,205 (0.4) 68/16,726 (0.4) 0.72 

Data are shown as mean ± standard deviation or n (%). LOH, labor-onset hypertension; BMI, body mass index. 
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Table 3. Univariate and multivariate analyses of the risk factors for LOH and severe LOH 

  LOH Severe LOH 

Maternal characteristics Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) 

   Maternal age of ≥35 years 1.24 (1.16–1.30) 1.22 (1.13–1.33) 1.67 (1.42–1.96) 1.55 (1.30–1.86) 

   Primiparity 1.06 (1.01–1.11) 1.08 (1.00–1.15) 0.80 (0.69–0.92) 0.79 (0.67–0.93) 

   Pre-pregnancy BMI of ≥25 kg/m2 1.46 (1.32–1.60) 1.41 (1.24–1.60) 1.45 (1.12–1.87) 1.39 (1.06–1.82) 

   Pregnancy weight gain of ≥15 kg 1.32 (1.21–1.43) 1.35 (1.21–1.50) 1.41 (1.13–1.75) 1.41 (1.11–1.78) 

   Assisted reproductive technology 1.16 (1.02–1.32) 1.14 (0.98–1.33) 1.44 (1.04–2.00) 1.29 (0.92–1.82) 

   Duration of education of ≥15 years 0.88 (0.82–0.94) 0.90 (0.84–0.97) 0.87 (0.71–1.06) – 

   Smoking during pregnancy 1.12 (0.90–1.38) – 1.54 (0.91–2.59) – 

   Alcohol consumption during pregnancy 0.92 (0.59–1.44) – 0.83 (0.20–3.34) – 

A multivariate analysis was performed to determine the risk factors for LOH by adjusting for covariates, including maternal age of ≥35 years, 

primiparity, pre-pregnancy BMI of ≥25 kg/m2, pregnancy weight gain of ≥15 kg, assisted reproductive technology, and duration of education of 

≥15 years. A multivariate analysis was also performed to determine the risk factors for severe LOH by adjusting for covariates, including maternal 

age of ≥35 years, primiparity, pre-pregnancy BMI of ≥25 kg/m2, pregnancy weight gain of ≥15 kg, and assisted reproductive technology. LOH, 

labor-onset hypertension; BMI, body mass index; OR, odds ratio; CI, confidence interval 
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Table 4. Risk for LOH and severe LOH according to blood pressure at the prenatal check-up. 

  LOH Severe LOH 

Blood pressure category Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) 

10–14 gestational weeks 
    

    Normal  1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    Elevated 1.81 (1.67–1.96) 1.79 (1.61–2.01) 1.56 (1.24–1.96) 1.55 (1.14–2.09) 

    High blood pressure stage 1 2.28 (2.03–2.56) 2.12 (1.81–2.49) 2.83 (2.19–3.65) 2.74 (1.95–3.86) 

26–29 gestational weeks 
    

    Normal  1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    Elevated 1.60 (1.48–1.74) 1.63 (1.46–1.82) 1.39 (1.12–1.73) 1.35 (1.00–1.81) 

    High blood pressure stage 1 1.95 (1.69–2.26) 1.64 (1.32–2.04) 2.34 (1.69–3.25) 2.57 (1.67–3.98) 

35–36 gestational weeks 
    

    Normal  1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    Elevated 1.96 (1.83–2.09) 2.10 (1.92–2.29) 2.03 (1.70–2.42) 1.98 (1.57–2.50) 

    High blood pressure stage 1 3.10 (2.81–3.41) 3.00 (2.60–3.45) 3.57 (2.89–4.42) 4.06 (3.04–5.42) 

37–41 gestational weeks 
    

    Normal  1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    Elevated 2.10 (1.97–2.23) 2.21 (2.03–2.40) 2.44 (2.03–2.93) 2.38 (1.88–3.02) 

    High blood pressure stage 1 3.91 (3.64–4.21) 3.97 (3.57–4.42) 5.28 (4.43–6.30) 5.27 (4.14–6.69) 

Multivariate analyses were performed by adjusting for covariates including maternal age, parity, pre-pregnancy BMI, pregnancy weight gain, 

assisted reproductive technology, duration of education, smoking during pregnancy, and urinary protein category at the same gestational week. 

Results were reported as odds ratios and 95% CI, with normal blood pressure as the reference group. LOH, labor-onset hypertension; OR, odds 

ratio; CI, confidence interval; BMI, body mass index. 
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Table 5. Risk for LOH and severe LOH according to urinary protein at the prenatal check-up. 

  LOH Severe LOH 

Urinary protein category Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) 

10–14 gestational weeks 
    

    Negative or trace 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    1+ 1.04 (0.95–1.14) 1.01 (0.90–1.15) 1.19 (0.93–1.54) 1.44 (1.06–1.97) 

    ≥ 2+ 1.06 (0.80–1.42) 1.25 (0.87–1.80) 1.90 (1.00–3.61) 1.90 (0.82–4.37) 

26–29 gestational weeks 
    

    Negative or trace 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    1+ 0.95 (0.88–1.03) 0.98 (0.88–1.09) 1.12 (0.89–1.40) 1.37 (1.04–1.82) 

    ≥ 2+ 1.21 (0.96–1.52) 1.09 (0.81–1.47) 1.88 (1.11–3.17) 1.93 (1.01–3.69) 

35–36 gestational weeks 
    

    Negative or trace 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    1+ 1.15 (1.06–1.24) 1.09 (0.98–1.20) 1.60 (1.31–1.94) 1.52 (1.18–1.95) 

    ≥ 2+ 1.34 (1.04–1.72) 1.31 (0.97–1.78) 1.45 (0.74–2.83) 2.00 (1.01–3.97) 

37–41 gestational weeks 
    

    Negative or trace 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

    1+ 1.30 (1.21–1.40) 1.24 (1.13–1.37) 1.57 (1.29–1.91) 1.51 (1.17–1.95) 

    ≥ 2+ 2.54 (2.09–3.09) 2.39 (1.83–3.12) 6.27 (4.60–8.55) 5.55 (3.78–8.14) 

At admission 
    

    Negative or trace 1.0 (reference) N/A 1.0 (reference) N/A 

    1+ 1.29 (1.19–1.40) N/A 1.91 (1.55–2.35) N/A 

    ≥ 2+ 2.44 (2.04–2.92) N/A 5.95 (4.42–8.01) N/A 

Multivariate analyses were performed by adjusting for covariates including maternal age, parity, pre-pregnancy BMI, pregnancy weight gain, 

assisted reproductive technology, duration of education, smoking during pregnancy, and blood pressure category at the same gestational week. 
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Results were reported as odds ratios and 95% CI, with normal urinary protein as the reference group. LOH, labor-onset hypertension; OR, odds 

ratio; CI, confidence interval; BMI, body mass index; N/A, not applicable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


