
1/10https://jkms.org

ABSTRACT

Background: Pre-pregnancy blood pressure (BP) has gained attention as a potential predictor 
of adverse pregnancy outcomes. However, data on the impact of mildly elevated BP, 
particularly in women without overt hypertension, remain limited. In this study, we aimed 
to examine the association between pre-pregnancy BP and adverse pregnancy outcomes in 
women without a history of hypertension.
Methods: In this retrospective nationwide study, we included pregnant women with pre-
pregnancy BP below 140/90 mmHg and no prior diagnosis of hypertension. Participants 
were categorized based on their pre-pregnancy BP into the normal BP (< 120/80 mmHg), 
elevated BP (120–129 and < 80 mmHg), and stage 1 hypertension (130–139 or 80–89 mmHg) 
groups. The following adverse pregnancy outcomes were recorded: preeclampsia, gestational 
diabetes, placental abruption, postpartum hemorrhage, preterm birth, and small or large 
for gestational age. Multivariable logistic regression was used to evaluate the associations 
between pre-pregnancy BP categories and adverse pregnancy outcomes.
Results: Among 298,433 women, 76.9% had normal BP, 8.7% had elevated BP, and 14.3% had 
stage 1 hypertension. The incidence of adverse outcomes significantly increased in groups 
with higher BP (normal BP, 24.8%; elevated BP, 27.1%, and stage 1 hypertension, 29.9%; 
P < 0.001). Compared to the normal BP group, adjusted odds ratios for adverse outcomes 
were 1.11 (95% confidence interval [CI], 1.07–1.14) for the elevated BP group and 1.24 (95% 
CI, 1.21–1.27) for the stage 1 hypertension group. A curvilinear relationship was observed 
between pre-pregnancy BP and the risk of adverse pregnancy outcomes.
Conclusion: Even modest increases in pre-pregnancy BP below the clinical threshold for 
hypertension were associated with a higher risk of adverse pregnancy outcomes. These 
findings highlight the need for early BP monitoring and management before pregnancy.
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INTRODUCTION

Pregnancy-induced hypertension is a common complication of pregnancy that is associated 
with significant maternal and neonatal morbidity, such as preeclampsia, placental 
abruption, preterm birth, intrauterine growth restriction, and an increased risk of maternal 
cardiovascular disease.1,2 The incidence of gestational hypertension and preeclampsia has 
steadily increased with the increasing number of pregnancies resulting from in vitro 
fertilization and among women with pre-existing medical conditions.3,4

Although numerous studies have explored the clinical risk factors associated with 
hypertension during pregnancy, most women are not initially classified as high-risk 
before developing preeclampsia, and effective preventive strategies remain limited.1 Pre-
pregnancy blood pressure (BP) has been associated with an increased risk of preeclampsia, 
particularly in cases with overt hypertension presenting before pregnancy.5,6 However, this 
association has rarely been examined, especially in low-risk women with pre-pregnancy BP in 
the borderline range below the diagnostic threshold for hypertension.7

Recent research has highlighted the importance of pre-pregnancy BP, even in low-risk 
populations. Among healthy women, small increases in BP during the preconception period 
and early pregnancy are associated with a significant increase in the risk of preeclampsia.8 
Moreover, pre-pregnancy BP has been linked to an increased risk of metabolic diseases 
during pregnancy. Women with elevated BP before or during early pregnancy are reportedly 
at higher risk of developing gestational diabetes mellitus (GDM).9,10 Abnormal maternal 
pre-pregnancy BP has also been associated with an increased risk of preterm birth, thereby 
highlighting the importance of early detection and appropriate management of abnormal BP 
before pregnancy.11

Considering the growing evidence linking pre-pregnancy BP to adverse pregnancy outcomes, 
in this study, we aimed to determine the association between categorized pre-pregnancy BP 
and adverse pregnancy outcomes in a large population-based cohort of Korean women.

METHODS

Study population
In this retrospective nationwide study, we used data obtained from the Korean Health 
Insurance Review and Assessment database. This database collects claims data from 
the single-payer National Health Insurance Service, which covers 97% of the population. 
Under this system, all subscribers are required to participate in the biannual National Health 
Screening Examination (NHSE) at no charge.

We identified all women with singleton deliveries in South Korea who delivered between 
January 1, 2015, and December 31, 2021, and included those who underwent the NHSE within 
6 months before pregnancy and participated in the national health screening program for 
infants and children after delivery. Women with a diagnosis of chronic hypertension, use of 
antihypertensive medications, as identified in the NHSE, pre-pregnancy systolic BP (SBP) 
≥ 140 mmHg or diastolic BP (DBP) ≥ 90 mmHg, multifetal pregnancies, or missing data were 
excluded from our analysis. Other comorbidities, including pre-pregnancy diabetes and 
rheumatic diseases, were not included in the exclusion criteria. However, pre-pregnancy 
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diabetes was adjusted for as a covariate in the multivariable models to control for potential 
confounding.

Assessment of adverse pregnancy outcomes
The NHSE health examination included measurements of pre-pregnancy BP, pre-pregnancy 
body mass index (BMI, kg/m2), and laboratory parameters. BP was measured in the seated 
position using semi-automated sphygmomanometers, after at least 5 minutes of rest, in 
accordance with standardized protocols recommended by international guidelines.12 Blood 
samples were collected after at least 8 hours of fasting, and fasting glucose, total cholesterol, 
aspartate aminotransferase (AST), and alanine aminotransferase (ALT) levels were analyzed.

Women were classified into three pre-pregnancy BP groups according to the American 
College of Cardiology (ACC)/American Heart Association (AHA) guidelines12: normal BP 
(SBP < 120 mmHg and DBP < 80 mmHg), elevated BP (SBP 120–129 mmHg and DBP < 80 
mmHg), and stage 1 hypertension (SBP 130–139 mmHg or DBP 80–89 mmHg).

The primary outcome was the incidence of adverse pregnancy outcomes, defined as 
the presence of one or more obstetric complications. The International Classification of 
Diseases, 10th revision was used to identify the following complications: preeclampsia, 
GDM, placental abruption, placenta previa, and postpartum hemorrhage. Preterm birth was 
defined as delivery before 37 completed weeks of gestation. Small for gestational age (SGA) 
and large for gestational age (LGA) were defined as birth weights below the 10th percentile 
and above the 90th percentile of gestational age, respectively.

Statistical analysis
Continuous variables are described as means and standard deviations and were compared using 
Student’s t-test or an analysis of variance model for multiple group comparisons. Categorical 
variables are presented as numbers and percentages and were compared using the χ2 test.

Multivariate logistic regression analysis was performed to estimate adjusted odds ratios 
(ORs) and 95% confidence intervals (CIs) for adverse pregnancy outcomes according to 
the pre-pregnancy BP categories. Models were adjusted for maternal age, pre-pregnancy 
BMI, fasting glucose, liver enzymes (AST and ALT), total cholesterol, and pregestational 
diabetes. For exploratory purposes, the relationships between pre-pregnancy BP and adverse 
pregnancy outcomes were also assessed using restricted cubic splines. Statistical analyses 
were performed using SAS for Windows, version 9.4 (SAS Inc., Cary, NC, USA) software, and 
P values < 0.05 were considered statistically significant.

Ethics statement
This study was approved by the Institutional Review Board (IRB) of Severance Hospital 
(IRB No. 4-2025-0301). The requirement for informed consent was waived because of 
the retrospective nature of the study and the use of anonymized data.

RESULTS

Of 474,200 women screened, we excluded 3,906 women with pre-existing hypertension, 5,732 
with pre-pregnancy SBP ≥ 140 mmHg or DBP ≥ 90 mmHg at the time of the health examination, 
and 166,129 with missing data. The final cohort comprised 298,433 participants (Fig. 1).
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Table 1 shows the baseline characteristics of the study population, which was categorized 
into the normal BP (SBP < 120 mmHg and DBP < 80 mmHg, N = 229,594; 76.9%), elevated 
BP (SBP 120–129 mmHg and DBP < 80 mmHg, n = 26,086; 8.7%), and stage 1 hypertension 
(SBP 130–139 mmHg or DBP 80–89 mmHg, n = 42,753; 14.3%) groups. Maternal age, 
prevalence of pregestational diabetes, pre-pregnancy BMI, and both pre-pregnancy SBP 
and DBP were positively associated with increased pre-pregnancy BP (all P < 0.001). 
Preconception laboratory examinations such as fasting glucose, total cholesterol, and liver 
enzyme levels (AST and ALT) also increased significantly with higher pre-pregnancy BP 
(all P < 0.001). Notably, fasting glucose and total cholesterol levels demonstrated a stepwise 
increase across the groups, suggesting a graded metabolic risk profile associated with 
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Singleton deliveries between 2015 and 2021
(N = 1,822,439)

Initially included in study cohort
(n = 474,200)

Data of women available for analysis
(n = 298,433)

Excluded (n = 1,348,239)
• Women with no NHSE (n = 1,348,239)

Excluded (n = 175,767)
• Women with chronic hypertension or

antihypertensive medication in NHSE (n = 3,906)
• Women with pre-pregnancy SBP ≥ 140 mmHg or

DBP ≥ 90 mmHg (n = 5,732)
• Women with missing data (n = 166,129) 

Normal BP
(n = 229,594)

Elevated BP
(n = 26,086)

Stage I HTN
(n = 42,753)

Fig. 1. Flowchart of the study selection. 
NHSE = National Health Screening Examination, SBP = systolic blood pressure, DBP = diastolic blood pressure, 
BP = blood pressure, HTN = hypertension.

Table 1. Baseline characteristics according to pre-pregnancy BP
Variables Normal BP  

(N = 229,594)
Elevated BP  
(n = 26,086)

Stage 1 HTN  
(n = 42,753)

P valuea

Maternal age, yr 32.70 ± 3.97 32.86 ± 4.21 33.10 ± 4.28 < 0.001***

Pregestational DM 2,255 (1.0) 341 (1.3) 768 (1.8) < 0.001***

Pre-pregnancy BMI, kg/m2 21.04 ± 2.72 22.36 ± 3.45 22.77 ± 3.94 < 0.001***

Fasting glucose, mg/dL 66.37 ± 6.29 72.09 ± 4.58 81.08 ± 3.85 < 0.001***

Total cholesterol, mg/dL 179.86 ± 30.94 183.60 ± 31.42 185.69 ± 31.88 < 0.001***

AST, IU/L 19.05 ± 12.13 19.64 ± 9.72 20.28 ± 11.74 < 0.001***

ALT, IU/L 14.78 ± 13.97 16.32 ± 15.16 17.63 ± 51.33 < 0.001***

Pre-pregnancy SBP, mmHg 106.01 ± 7.76 122.66 ± 2.60 123.18 ± 8.16 < 0.001***

Pre-pregnancy DBP, mmHg 66.32 ± 6.20 72.05 ± 4.60 81.13 ± 3.92 < 0.001***

Values are presented as mean ± standard deviation or number (%).
BP = blood pressure, HTN = hypertension, DM = diabetes mellitus, BMI = body mass index, AST = aspartate 
aminotransferase, ALT = alanine aminotransferase, SBP = systolic blood pressure, DBP = diastolic blood pressure.
aDifferences among the three pre-pregnancy BP categories.
***P < 0.001.



elevated pre-pregnancy BP. Pairwise comparisons of baseline characteristics are provided in 
Supplementary Table 1, showing consistent trends across all group pairs.

Adverse pregnancy outcomes increased significantly with higher pre-pregnancy BP (24.8% in 
the normal BP group vs. 27.1% in the elevated BP group vs. 29.9% in the stage 1 hypertension 
group; P < 0.001; Table 2). Specifically, the incidence of preeclampsia, GDM, preterm birth, and 
LGA increased significantly across all groups (all P < 0.001). The prevalence of SGA increased 
modestly but significantly (P = 0.002). No significant differences were observed in the rates of 
placenta previa, placental abruption, postpartum hemorrhage, neonatal sex, or birth weight. 
To further support these findings, Supplementary Table 2 presents pairwise comparisons of 
adverse pregnancy outcomes. Although certain comparisons revealed additional statistically 
significant differences, they did not alter the overall interpretation of the results.

The adjusted ORs for adverse pregnancy outcomes and each obstetric complication 
according to the pre-pregnancy BP categories are shown in Table 3 and Fig. 2. Both elevated 
BP and stage 1 hypertension were associated with an increased risk of adverse pregnancy 
outcomes (OR, 1.11; 95% CI, 1.07–1.14 and OR, 1.24; 95% CI, 1.21–1.27, respectively). Stage 
1 hypertension increased the risk of preeclampsia (OR, 1.68; 95% CI, 1.62–1.75), GDM 
(OR, 1.13; 95% CI, 1.09–1.17), preterm birth (OR, 1.20; 95% CI, 1.15–1.24), and SGA (OR, 
1.22; 95% CI, 1.17–1.27) compared with normal BP. Compared with normal BP, elevated 
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Table 2. Pregnancy and neonatal outcomes according to pre-pregnancy BP
Variables Normal BP  

(N = 229,594)
Elevated BP  
(n = 26,086)

Stage 1 HTN  
(n = 42,753)

P valuea

Adverse pregnancy outcome 56,878 (24.8) 7,059 (27.1) 12,760 (29.9) < 0.001***

Preeclampsia 5,386 (2.4) 877 (3.4) 1,956 (4.6) < 0.001***

Gestational diabetes mellitus 16,987 (7.4) 2,477 (9.5) 4,741 (11.1) < 0.001***

Placenta previa 4,867 (2.1) 542 (2.1) 857 (2.0) 0.124
Placental abruption 968 (0.4) 116 (0.4) 191 (0.5) 0.409
Postpartum hemorrhage 25,874 (11.3) 2,860 (11.0) 4,902 (11.5) 0.487
Preterm birth 5,725 (2.5) 788 (3.0) 1,405 (3.3) < 0.001***

Gestational age at delivery, wk 39.60 ± 1.45 39.50 ± 1.48 39.46 ± 1.56 < 0.001***

Male baby 118,244 (51.5) 13,456 (51.6) 21,924 (51.3) 0.543
Birthweight, kg 3.25 ± 4.87 3.26 ± 6.09 3.30 ± 8.38 0.292
Small for gestational age 34,154 (14.9) 3,852 (14.8) 6,635 (15.5) 0.002**

Large for gestational age 15,095 (6.6) 1,984 (7.6) 3,369 (7.9) < 0.001***

Values are presented as mean ± standard deviation or number (%).
BP = blood pressure, HTN = hypertension.
aDifferences among the three pre-pregnancy BP groups.
**P < 0.01, ***P < 0.001.

Table 3. Association between obstetric outcomes and pre-pregnancy BP
Variables Normal BP (N = 229,594) Elevated BP (n = 26,086) Stage 1 HTN (n = 42,753)
Adverse pregnancy outcome 1 (reference) 1.105 (1.073–1.138) 1.241 (1.213–1.271)
Gestational DM 1 (reference) 1.068 (1.020–1.118) 1.131 (1.091–1.173)
Preeclampsia 1 (reference) 1.285 (1.194–1.383) 1.684 (1.594–1.779)
Preterm birth 1 (reference) 1.142 (1.058–1.233) 1.198 (1.127–1.274)
Small for gestational age 1 (reference) 1.113 (1.073–1.154) 1.218 (1.183–1.254)
Large for gestational age 1 (reference) 0.929 (0.883–0.976) 0.865 (0.830–0.902)
Placental abruption 1 (reference) 1.065 (0.876–1.293) 1.071 (0.913–1.255)
Placenta previa 1 (reference) 0.972 (0.888–1.064) 0.916 (0.850–0.988)
Postpartum hemorrhage 1 (reference) 0.964 (0.925–1.005) 1.013 (0.980–1.047)
Values are presented as odds ratios adjusted for maternal age, pre-pregnancy body mass index, fasting glucose, 
aspartate aminotransferase, alanine aminotransferase, total cholesterol, and pregestational DM (95% confidence 
intervals). The normal BP group was used as the reference.
BP = blood pressure, HTN = hypertension, DM = diabetes mellitus.



BP also increased the risks of preeclampsia (OR, 1.34; 95% CI, 1.28–1.41), GDM (OR, 1.11; 
95% CI, 1.06–1.16), preterm birth (OR, 1.10; 95% CI, 1.05–1.15), and SGA (OR, 1.11; 95% 
CI, 1.06–1.17). No significant associations were observed for postpartum hemorrhage or 
placental abruption, whereas the risk of LGA slightly decreased in both the elevated BP and 
stage 1 hypertension groups. The risk of placenta previa showed a modest decrease, slightly 
lower in the stage 1 hypertension group. The association between pre-pregnancy BP and 
obstetric complications was the most pronounced for preeclampsia and preterm birth, with 
the highest odds observed in the stage 1 hypertension group.

Elevated pre-pregnancy BP was significantly associated with a higher risk of adverse 
pregnancy outcomes, particularly preeclampsia, GDM, preterm birth, and SGA. A curvilinear 
relationship between pre-pregnancy BP and the risk of adverse outcomes was observed across 
both SBP and DBP (Fig. 3). These relationships remained robust after adjusting for relevant 
covariates. Detailed restricted cubic spline models illustrating the association between pre-
pregnancy BP and individual outcomes are presented in Supplementary Figs. 1 and 2.

DISCUSSION

In this large, nationwide population-based study, we determined the association between 
pre-pregnancy BP and adverse pregnancy outcomes. We found that borderline elevated pre-
pregnancy BP and stage 1 hypertension defined according to the ACC/AHA guidelines12 were 
significantly associated with an increased risk of adverse pregnancy outcomes, preeclampsia, 
GDM, preterm birth, and SGA. A curvilinear dose-response relationship was observed, 
reinforcing the clinical relevance of pre-pregnancy BP screening and management.

6/10

Pre-Pregnancy Blood Pressure and Adverse Pregnancy Outcomes

https://doi.org/10.3346/jkms.2025.40.e302https://jkms.org

Adverse pregnancy outcome

GDM

Preeclampsia

SGA

Preterm birth

LGA

Placenta previa

Placental abruption

Postpartum hemorrhage

Association between pre-pregnancy BP and obstetric complications

Adjusted OR (95% CI)
0.8 1.0 1.2 1.4 1.6 1.8

Reference: Normal BP
Elevated BP (vs. Normal BP)
Stage 1 HTN (vs. Normal BP)

Fig. 2. Forest plot showing associations between pre-pregnancy BP and adverse pregnancy outcomes. Adjusted 
ORs and 95% CIs for various obstetric complications were estimated using multivariate logistic regression. 
The normal BP group was used as the reference. The models were adjusted for maternal age, pre-pregnancy BMI, 
fasting glucose, AST, ALT, total cholesterol, and pregestational diabetes. The normal blood pressure group was 
used as the reference. 
BP = blood pressure, OR = odds ratio, CI = confidence interval, BMI = body mass index, AST = aspartate 
aminotransferase, ALT = alanine aminotransferase, GDM = gestational diabetes mellitus, SGA = small for 
gestational age, LGA = large for gestational age, HTN = hypertension.



The American College of Obstetrics and Gynecologists (ACOG) currently defines 
hypertensive disorders of pregnancy as BP ≥ 140/90 mmHg and does not explicitly 
recommend clinical management for pre-pregnancy BP below this threshold.13 However, 
considering the evidence that cardiovascular risks increase even below the traditional 
threshold of 140/90 mmHg, the ACC/AHA lowered the diagnostic criteria for hypertension to 
≥ 130/80 mmHg in 2017.12,14 Previous studies have indicated that using these lower diagnostic 
thresholds of BP significantly improves the identification of women at risk for preeclampsia, 
preterm birth, and adverse perinatal outcomes.15-17

With increasing maternal age and associated complications, such as hypertension, 
the importance of preconception care has become more evident, as emphasized by 
the World Health Organization in its definition of comprehensive health interventions before 
conception to improve maternal and neonatal outcomes.18 Although BP during pregnancy 
has traditionally been the primary focus, recent studies have indicated pre-pregnancy BP as 
a key predictor of adverse pregnancy outcomes.8,19-22 A recent large-scale study by Xiong 
et al.7 demonstrated that pre-pregnancy elevated BP or hypertension is associated with 
a higher risk of adverse pregnancy outcomes, including preterm birth, SGA, and perinatal 
infant death. Additionally, a nationwide Korean study by Jung et al.6 reported that pre-
pregnancy stage 1 hypertension was associated with an increased risk of maternal and 
neonatal complications, such as preeclampsia and preterm birth. This study showed a linear 
association between pre-pregnancy BP and composite morbidity, with risk peaking at newly 
defined stage 1 hypertension and decreasing at lower BP ranges.6

While previous studies primarily focus on overt hypertension, our results further 
demonstrated that even modest elevations in pre-pregnancy BP, specifically elevated BP 
(SBP 120–129 mmHg and DBP < 80 mmHg) and stage 1 hypertension (SBP 130–139 mmHg 
or DBP 80–89 mmHg) categorized based on the ACC/AHA guidelines,12 are significantly 
associated with increased risks of preeclampsia, preterm birth, GDM, and SGA. In light of 
the ongoing debate, our findings support a more proactive approach: although there is no 
existing consensus on the treatment of elevated BP or stage 1 hypertension before or during 
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Fig. 3. Non-linear association between pre-pregnancy blood pressure and adverse pregnancy outcomes. Restricted cubic spline plots showing the relationship 
between pre-pregnancy (A) SBP and (B) DBP with the risk of adverse pregnancy outcomes. Models were adjusted for maternal age, pre-pregnancy body mass 
index, fasting glucose, liver enzymes (aspartate aminotransferase and alanine aminotransferase), total cholesterol, and pregestational diabetes. 
SBP = systolic blood pressure, DBP = diastolic blood pressure, OR = odds ratio, CI = confidence interval.



pregnancy, early recognition and intervention of elevated pre-pregnancy BP may provide 
opportunities for improved pregnancy outcomes.

Our study has several notable strengths. First, the use of a large, nationwide, population-
representative dataset ensured a robust statistical power and enhanced the generalizability of 
the findings. By using information from the government-funded, bi-annual NHSE program, 
we could obtain reliable pre-pregnancy BP data and assess their association with adverse 
pregnancy outcomes in a large cohort of reproductive-age women, an otherwise difficult 
task given that young women are often not routinely screened for BP. Furthermore, we 
applied a refined classification of pre-pregnancy BP, enabling detailed comparisons between 
normotensive and hypertensive women, as well as among those with borderline elevated BP 
who did not meet the diagnostic criteria for clinical hypertension. This classification enabled 
the detection of increased risks within the borderline BP range, highlighting the clinical 
importance of early BP monitoring and intervention in women of reproductive age.

Despite these strengths, our study has some limitations. First, its retrospective observational 
design limited the ability to draw definitive causal inferences between pre-pregnancy 
BP and adverse pregnancy outcomes. Second, participation in the NHSE program is 
voluntary; as women who underwent such screenings could differ systematically from 
the general population, this limitation might have introduced a selection bias and might 
affect the generalizability of our findings. Third, data on essential lifestyle factors, such 
as diet, physical activity, and smoking, as well as underlying medical conditions, such as 
cardiovascular, autoimmune, and renal diseases, were unavailable. The absence of these 
variables may have led to residual confounding factors. Finally, pre-pregnancy BP was 
measured only once at rest during the NHSE; thus, the potential for measurement variability 
or overestimation cannot be excluded. Future studies should use a prospective design that 
examines the association between longitudinal changes in BP from the preconception period 
through pregnancy and subsequent pregnancy outcomes.

In conclusion, our findings indicated that both stage 1 hypertension and mildly elevated 
pre-pregnancy BP, traditionally considered within the normal range, significantly increases 
the risk of adverse pregnancy outcomes. These findings highlight the need to revisit and 
possibly redefine BP management thresholds in obstetric practice. Our findings also 
underscored the importance of routine BP assessment during the preconception period to 
optimize maternal and neonatal health outcomes.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1
Baseline characteristics according to pre-pregnancy BP

Supplementary Table 2
Pregnancy and neonatal outcomes according to pre-pregnancy BP
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Supplementary Fig. 1
Curvilinear dose-response relationships between pre-pregnancy SBP and adverse pregnancy 
outcomes. Each panel presents the adjusted dose-response relationship between SBP 
(mmHg) and the risk of adverse pregnancy outcomes, modeled using restricted cubic splines. 
Adjustments were made for maternal age, pre-pregnancy body mass index, fasting glucose, 
aspartate aminotransferase, alanine aminotransferase, total cholesterol, and pregestational 
diabetes. The solid line represents the estimated association, and the shaded area indicates 
the 95% CIs.

Supplementary Fig. 2
Curvilinear dose-response relationships between pre-pregnancy DBP and adverse pregnancy 
outcomes. Each panel depicts the association between DBP (mmHg) and adverse pregnancy 
outcomes, using logistic regression with restricted cubic splines and adjusting for the same 
covariates. Solid lines show estimated ORs; shaded areas represent 95% CIs.
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