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a  b  s  t  r  a  c  t

Background:  Considering  the  obesity-related  complications  in  pregnancy  and  during  delivery,  prepreg-
nancy central  obesity  may  also  affect pregnancy-related  complications.  This  study  aimed  to assess  the
relationship  between  prepregnancy  central  obesity  and  adverse  maternal  outcomes  in Korean  women,
by using  the  Korean  National  Health  Insurance  Service  (NHIS)  cohort.
Methods:  In  this  population-based  retrospective  cohort  study,  we  used  data  from  the  NHIS  database,
which  contains  information  of  health-care  utilisation,  diagnosis  and  prescription,  and  mortality  for
almost  the  whole  Korean  population,  together  with  data  from  the  NHIS  health  checkup  database  from
2005  to  2015.  The  NHIS  health  checkup  data  (645−280  days  before  childbirth)  of mothers  who  had
deliveries  (total,  783,406  deliveries)  from  2006  to 2015  were  collected.  For  maternal  adverse  outcome
data,  we  searched  for diagnoses  of maternal  complications  made  during  the  period  of 280  days  before
each delivery.  The  odds  for maternal  complications  according  to  8 body  mass  index  (BMI)  and  10  waist
circumference  (WC)  categories  were  analysed  using  logistic  regression.
Results:  The  incidence  rates  of  eclampsia/preeclampsia,  caesarean  section,  multiple  gestation,  and  poly-
cystic  ovary  syndrome  (PCOS)  increased  according  to the  increase  of  BMI  and  WC.  In contrast,  the
incidence  rate  of  premature  rupture  of  membrane  (PROM)  was  inversely  correlated  with  BMI  and  WC.

2
In the  low  BMI  (<17.5  and  17.5–19.9  kg/m ) and  low  WC  (<60  and  60.0–64.0  cm)  groups,  the  odds  of
threatened  abortion  were  elevated.
Conclusion:  Prepregnancy  WC  was  closely  linked  to some  maternal  complications,  including  eclamp-
sia/preeclampsia,  cesarean  section,  PCOS,  and  PROM,  in a manner  similar  to prepregnancy  BMI.

©  2019  Asia  Oceania  Association  for the  Study  of Obesity.  Published  by  Elsevier  Ltd.  All  rights
reserved.
ntroduction
Obesity is a global health concern. The global prevalence of
verweight and obesity in 2014 was 39% and 13%, respectively,

∗ Corresponding author at: Department of Family Medicine, Gil Medical Center,
achon University College of Medicine, 774 beon-gil 21, Namdondae-ro, Namdong-
u,  Incheon 21565, Republic of Korea.

E-mail address: zaduplum@aim.com (K.K. Kim).

ttps://doi.org/10.1016/j.orcp.2019.03.004
871-403X/© 2019 Asia Oceania Association for the Study of Obesity. Published by Elsevi
according to the report of the World Health Organization (WHO) in
2015. The prevalence of overweight in Korea has also been increas-
ing, from 26.0% in 1998 to 32.4% in 2012 [1].

The prevalence of obesity in women  of reproductive age is
increasing. In the WHO-Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease study, the prevalence of

obesity increased significantly in women aged 25–44 years [2]. Also
in Korea, the prevalence of overweight increased in 2012 from 1998
in women aged 19–29 and 30–39 years [1].
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Obesity during the reproductive age is associated with detri-
ental obstetric outcomes such as preterm labor, fetal growth

estriction, congenital defects, miscarriages, and caesarean section
elivery, as well as numerous obstetric complications such as ges-
ational diabetes, preeclampsia, and eclampsia. Moreover, many
atients with polycystic ovary syndrome (PCOS) have obesity, and
hey are more likely to have anovulation and menstrual irregularity,
hich result in increased use of assisted reproductive technology

ART).
Body fat distribution is closely related to comorbidities of obe-

ity, and central obesity is associated with an increased risk for
ardiovascular disease. Waist circumference (WC) is an easily
easurable surrogate index of abdominal fatness and a major

omponent in diagnosing metabolic syndrome. Considering the
besity-related complications in pregnancy and during deliv-
ry, prepregnancy central obesity may  also have an impact on
regnancy-related complications. However, the effect of central
besity on pregnancy has not been widely investigated.

Therefore, we aimed to assess the relationship between
repregnancy central obesity and adverse maternal outcomes in
orean women, by using the Korean NHIS cohort (2005–2015).

ethods

ational health insurance system and national health checkup in
orea

The NHIS in Korea is a semi-government organization that
erves as the country’s health insurance system. In Korea, 97% of the
opulation is enrolled in the Korean NHIS. The NHIS database con-
ains the data of health-care utilisation, diagnosis and prescription,
nd mortality for almost the whole Korean population.

The NHIS provides regular health checkup to its subscribers. The
ealth checkup is provided annually or biannually, free of charge,
o employee subscribers and regional insurance subscribers of all
ges, to the subscriber’s dependents and household members who
re 40 years or older, and to medical aid beneficiary household-
rs who are 19–64 years of age and their household members aged
1–64 years. The NHIS health checkup database contains the data
f anthropometric measurements, health screening, and sociode-
ographic variables.
The NHIS has established the National Health Information

atabase (NHID), which is a combination of the NHIS database
nd NHIS health checkup database. The population included in the
atabase was >50 million in 2014. The eligibility database includes

nformation about income-based insurance contributions, demo-
raphic variables, and date of death. Additional details about the
tudy methodology and design have been reported previously [3].

tudy population

We  performed a population-based retrospective cohort study
sing the NHID from 2005 to 2015. From the NHID, we  identified all
eliveries from January 1, 2006 to December 31, 2015. For prepreg-
ancy anthropometric measurements, among the mothers who
ad deliveries, we selected those who underwent an NHIS health
heckup from 645 to 280 days before childbirth (N = 783,406). For
aternal adverse outcome data, the diagnoses of maternal com-

lications based on the International Classification of Disease 10th
evision (ICD-10) that were made during the period of 280 days
efore each delivery were searched.
Among all women who delivered during the study period,
e selected those aged ≥18 years but ≤45 years, and underwent
ealth checkups as employee subscribers. We  excluded those who
ere regional insurance subscribers (n = 34,193), those were <18
al Practice 13 (2019) 156–163 157

or >46 years old (n = 76), and those with missing data (n = 145).
For multiple deliveries from the same mother, we included those
awaiting first delivery (19,900 deliveries were excluded). Finally,
we analysed 729,092 deliveries in this study. The WC measure-
ment was  started in 2009, and the analysis including WC  data was
performed in 492,633 deliveries.

This study was approved by the Institutional Review Board of
the Korea National Institute for Bioethics Policy (P01-201603-21-
005) and had permission from the NHIS to use the health checkup
data (NHIS-2018-4−042). De-identified and anonymised data were
used for analyses.

Prepregnancy data of anthropometric measurements,
sociodemographic variables, and chronic diseases

BMI  (kg/m2) was calculated as weight (kg) divided by the square
of height (m). WC was measured and expressed in centimeters. We
divided the prepregnancy BMI  into 8 categories, as follows: <17.5,
17.5–19.9, 20.0–22.4, 22.5–24.9, 25.0–27.4, 27.5–29.9, 30.0–32.4,
and ≥32.5 kg/m2. We  also divided the prepregnancy BMI into 6
categories according to standard classifications as a supplement,
although for BMI  cut-off of morbid obesity, we used 33 kg/m2

instead 35 kg/m2, because the number of mothers with BMI over 35
and complications was too small to analyse in this population. The
prepregnancy WC was  categorised into 10 groups, as follows: <60,
60.0–64.9, 65.0–69.9, 70.0–74.9, 75.0–79.9, 80.0–84.9, 85.0–89.9,
90.0–94.9, 95.0–99.9, and ≥100 cm.

General health behaviors were gathered using self-
questionnaires. Subjects with smoking histories were categorised
as non-smoker, ex-smoker, or current smoker. Alcohol drinking
was categorised by frequency into 0, 1–2, or ≥3 times/week.
Regular exercise, defined as vigorous physical activity for at least
20 min/day, was categorised by frequency into 0, 1–4, and ≥5
times/week.

Diabetes was defined as a fasting plasma glucose level of
≥126 mg/dL (from the NHIS health checkup) or at least 1 claim
per year for an antidiabetic medication prescription under ICD-10
codes E11–14. Hypertension was  defined as systolic blood pres-
sure/diastolic blood pressure ≥140/90 mmHg  or at least 1 claim per
year for an antihypertensive medication prescription under ICD-10
codes I10–I15. Dyslipidemia was defined as a total cholesterol level
of ≥240 mg/dL or at least 1 claim per year for an antihyperlipidemic
medication prescription under ICD-10 code E78.

Adverse maternal outcomes

Adverse maternal outcomes (identified by ICD codes) within
280 days of the deliveries were assessed. Eclampsia/preeclampsia,
threatened abortion, cesarean section, premature rupture of mem-
brane (PROM), and PCOS were defined as at least 1 claim per year.
Multiple gestation including twin, triplet and higher order preg-
nancies, was defined as at least 1 claim per year under O84 code
(O84.0; Multiple delivery, all spontaneous, O84.1; Multiple deliv-
ery, all by forceps and vacuum extractor, O84.2; Multiple delivery,
all by caesarean section, O84.8; Other multiple delivery, O84.9;
Multiple delivery, unspecified) without female infertility (N97).

Statistical analysis

The general characteristics of subjects are expressed as
means ± standard deviation for continuous variables and number
(%) for categorical variables. The prepregnancy characteristics and

maternal complications were compared between 2 age groups:
age <35 and ≥35 years. The odds ratios (ORs) and 95% confidence
intervals (CIs) for eclampsia/preeclampsia, threatened abortion,
cesarean section, PROM, multiple gestation, and PCOS according to
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Table 1
Prepregnancycharacteristics of the participants.

Characteristics Data

Age (year) 29.84 ± 3.56
BMI  (kg/m2) 21.01 ± 2.82
Blood pressure (mmHg) Systolic 110.12 ± 10.83

Diastolic 69.25 ± 8.08
Glucose (mg/dL) 87.56 ± 11.18
Total cholesterol (mg/dL) 176.14 ± 30.06

BMI  (kg/m2)
<17.5 39,874 (5.47)
17.5–19.9 258,541 (35.46)
20.0–22.4 261,275 (35.84)
22.5–24.9 107,924 (14.8)
25.0–27.4 38,474 (5.28)
27.5–29.9 14,285 (1.96)
30.0–32.4 5749 (0.79)
≥32.5 2970 (0.41)

WC  (cm)
<60 15,872 (3.22)
60.0–64.9 88,143 (17.89)
65.0–69.9 152,343 (30.92)
70.0–74.9 120,176 (24.39)
75.0–79.9 61,593 (12.5)
80.0–84.9 30,785 (6.25)
85.0–89.9 13,111 (2.66)
90.0–94.9 6071 (1.23)
95.0–99.9 2628 (0.53)
≥100 1911 (0.39)

Smoking 19,734 (2.73)
Alcohol drinking 453,297 (62.65)
Exercise 238,425 (48.58)
Hypertension 10,547 (1.45)
Diabetes 4646 (0.64)
Dyslipidemia 22,383 (3.07)
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Table 2
Incidence of maternal complications.

Eclampsia/preeclampsia 9083 (1.25)
Threatened abortion 98,891 (13.56)
Cesarean section 243,548 (33.4)
Premature rupture of membrane 103,899 (14.25)
Multiple gestation 12,176 (1.67)
 = 729 092.
ata are expressed as mean ± standard deviation or number (%).
MI: body mass index, WC:  waist circumference.

he 8 BMI  categories were analysed using logistic regression mod-
ls, with the BMI  of 20.0–22.4 kg/m2 as a reference after adjusting
or age, smoking, and hypertension in model 2, and age, smoking,
ypertension, diabetes, dyslipidemia, alcohol drinking, and exer-
ise in model 3. The ORs and 95% CIs according to the 10 WC
ategories were analysed using the WC  of 70.0–74.9 cm as a refer-
nce, in the same manner. All statistical analyses were conducted
sing SAS version 9.3 (SAS Institute, Cary, NC, USA), and all 2-tailed

 < 0.05 was considered statistically significant.

esults

repregnancy characteristics of the study population

The prepregnancy characteristics are presented in Table 1 and
upplementary Table S1. For prepregnancy BMI, large propor-
ions of the population were categorised into the 17.5–19.9 kg/m2

35.46%) and 20.0–22.4 kg/m2 (35.84%) groups. For prepregnancy
C,  the 2 largest groups were the 65.0–69.9 cm (30.92%) and

0.0–74.9 cm (24.39%) groups. Of the women, <3% smoked and
63% drank alcohol. The prevalence of preexisting hypertension,
iabetes, and dyslipidemia was low in this population. The preva-

ence rate of dyslipidemia was around 3%, which was  the highest
mong the 3 conditions. The prevalence rates of all 3 conditions
ere higher in the older group (p < 0.01).
aternal complications

The incidence of maternal complications is listed in Table 2 and
upplementary Table S2. Except for PCOS (p = 0.19), the incidence
Polycystic ovary syndrome 1899 (0.26)

Data are expressed as number (%).

rates of eclampsia/preeclampsia (p < 0.01), threatened abortion
(p < 0.01), cesarean section (p < 0.01), PROM (p = 0.01), and multiple
gestation (p < 0.01) were higher in the older group.

The ORs and 95% CIs of maternal complications according to
BMI  groups are presented in Table 3 and Fig. 1A. Table 4 and Fig. 1B
shows the ORs and 95% CIs of maternal complications according to
WC groups. The ORs and 95% CIs of maternal complications accord-
ing to standard BMI  categories are presented in Supplementary
Table S3. The incidence rates of eclampsia/preeclampsia, caesarean
section, multiple gestation, and PCOS increased in the obese groups.
The incidence rates of eclampsia/preeclampsia, caesarean section,
multiple gestation, and PCOS increased according to the increase of
BMI. Furthermore, the incidence rates of these complications were
positively correlated with the increase of WC.  On the contrary, the
incidence rate of PROM was  inversely correlated with BMI and WC.

The relationship between the anthropometric measurements
and the incidence rate of threatened abortion was  different from
those of the above-mentioned complications. The incidence rate
of threatened abortion was  stable in mothers with normal weight
and those with obesity. However, in the low BMI  (<17.5 and
17.5–19.9 kg/m2) and low WC (<60 and 60.0–64.0 cm)  groups, the
odds of threatened abortion were elevated.

Discussion

In this study, we  observed that prepregnancy central obesity is
closely linked to some maternal complications, including eclamp-
sia/preeclampsia, caesarean section, PROM, and PCOS. We  also
found that threatened abortion occurs more frequently in moth-
ers whose WCs  were low before pregnancy than in those whose
prepregnancy WCs  were normal or high. The event rate of multiple
gestation was  significantly low in mothers with low prepregnancy
WC.

Some large epidemiologic studies have investigated the
relationship between prepregnancy BMI  and adverse obstetric
outcomes, and these studies indicated that prepregnancy obesity
increases the risks of preeclampsia, gestational diabetes, and cae-
sarean section in various parts of the world [4–6]. Our analysis
reconfirmed that the risks of eclampsia/preeclampsia and cae-
sarean section were elevated in the high BMI  groups in this large
Korean cohort. Our results showed that high prepregnancy BMI was
also related to an increased risk of multiple gestation. For threat-
ened abortion, the risk was  significantly increased in the low BMI
group, but was  not definite in the high BMI  group.

Both extremely low BMI  and extremely low WC  were related
to an increased risk of threatened abortion. Threatened abortion is
defined as uterine bleeding in the early period of pregnancy, espe-
cially the first trimester, and is known to be related to increased
risks of adverse obstetric outcomes [7]. A substantial number of
patients with threatened abortion miscarry [8]. However, besides
embryonic or fetal chromosomal abnormalities, the risk factors
of threatened abortion are not well understood, and to the best

of our knowledge, prepregnancy maternal body weight has not
been investigated as a risk factor of threatened abortion. In this
study, the BMI  22.5–24.9 kg/m2 group and the WC 75.0–79.9 cm
group showed the lowest incidence rate of threatened abortion.
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Table 3
Odds ratios and 95% confidence intervals for maternal complications according to prepregnancy body mass index.

Body mass index (kg/m2)

<17.5 17.5–19.9 20.0–22.4 22.5–24.9 25.0–27.4 27.5–29.9 30.0–32.4 ≥32.5
n  39,874 258,541 261,275 107,924 38,474 14,285 5749 2970

Eclampsia/preeclampsia

n (%) 284 (0.71) 2271 (0.88) 3034 (1.16) 1736 (1.61) 881 (2.29) 467 (3.27) 222 (3.86) 188 (6.33)
Model  1 0.611 (0.540, 0.690) 0.754 (0.714, 0.797) 1 1.392 (1.311, 1.477) 1.995 (1.849, 2.152) 2.877 (2.606, 3.176) 3.419 (2.976, 3.928) 5.758 (4.946, 6.702)
Model  2 0.627 (0.554, 0.709) 0.771 (0.730, 0.815) 1 1.334 (1.256, 1.417) 1.759 (1.628, 1.900) 2.283 (2.061, 2.529) 2.358 (2.040, 2.727) 3.401 (2.898, 3.991)
Model  3 0.623 (0.530, 0.732) 0.773 (0.720, 0.830) 1 1.346 (1.247, 1.452) 1.698 (1.540, 1.871) 2.118 (1.864, 2.406) 2.138 (1.790, 2.553) 2.917 (2.406, 3.537)

Threatened abortion

n (%) 5788 (14.52) 35,786 (13.84) 34,865 (13.34) 14,175 (13.13) 5073 (13.19) 1962 (13.73) 813 (14.14) 429 (14.44)
Model  1 1.103 (1.070, 1.136) 1.043 (1.027, 1.060) 1 0.982 (0.962, 1.003) 0.986 (0.956, 1.018) 1.034 (0.985, 1.086) 1.07 (0.992, 1.153) 1.096 (0.989, 1.215)
Model  2 1.109 (1.076, 1.143) 1.047 (1.030, 1.064) 1 0.977 (0.957, 0.998) 0.977 (0.947, 1.009) 1.023 (0.974, 1.074) 1.05 (0.973, 1.132) 1.076 (0.970, 1.193)
Model  3 1.108 (1.067, 1.151) 1.045 (1.025, 1.066) 1 0.996 (0.971, 1.022) 0.989 (0.952, 1.028) 1.063 (1.003, 1.126) 1.093 (1.001, 1.192) 1.179 (1.051, 1.322)

Cesarean section

n (%) 9739 (24.42) 73,251 (28.33) 87,449 (33.47) 43,291 (40.11) 17,456 (45.37) 7412 (51.89) 3131 (54.46) 1819 (61.25)
Model  1 0.643 (0.627, 0.658) 0.786 (0.777, 0.795) 1 1.331 (1.312, 1.351) 1.651 (1.616, 1.687) 2.143 (2.072, 2.217) 2.376 (2.255, 2.505) 3.137 (2.912, 3.379)
Model  2 0.678 (0.661, 0.694) 0.810 (0.800, 0.820) 1 1.290 (1.271, 1.310) 1.568 (1.534, 1.603) 2.003 (1.936, 2.073) 2.207 (2.092, 2.328) 2.855 (2.648, 3.079)
Model  3 0.688 (0.668, 0.709) 0.811 (0.800, 0.823) 1 1.287 (1.265, 1.311) 1.547 (1.507, 1.587) 1.953 (1.876, 2.034) 2.175 (2.045, 2.314) 2.691 (2.472, 2.930)

Premature rupture of membrane

n (%) 5876 (14.74) 38,583 (14.92) 37,074 (14.19) 14,508 (13.44) 4954 (12.88) 1794 (12.56) 731 (12.72) 379 (12.76)
Model  1 1.045 (1.015, 1.077) 1.061 (1.045, 1.077) 1 0.939 (0.920, 0.959) 0.894 (0.866, 0.923) 0.869 (0.826, 0.914) 0.881 (0.815, 0.953) 0.885 (0.794, 0.986)
Model  2 1.067 (1.036, 1.100) 1.072 (1.056, 1.089) 1 0.929 (0.909, 0.948) 0.880 (0.852, 0.909) 0.855 (0.813, 0.900) 0.873 (0.807, 0.944) 0.882 (0.791, 0.984)
Model  3 1.081 (1.048, 1.116) 1.076 (1.058, 1.093) 1 0.920 (0.900, 0.940) 0.840 (0.813, 0.868) 0.793 (0.753, 0.836) 0.776 (0.716, 0.842) 0.747 (0.668, 0.834)

Multiple gestation

n (%) 530 (1.33) 3982 (1.54) 4563 (1.75) 1937 (1.79) 674 (1.75) 281 (1.97) 127 (2.21) 82 (2.76)
Model  1 0.758 (0.692, 0.830) 0.880 (0.843, 0.919) 1 1.028 (0.974, 1.085) 1.003 (0.925, 1.088) 1.129 (1.000, 1.275) 1.271 (1.063, 1.519) 1.597 (1.280, 1.993)
Model  2 0.836 (0.763, 0.916) 0.927 (0.888, 0.968) 1 0.979 (0.928, 1.033) 0.928 (0.855, 1.008) 1.037 (0.917, 1.173) 1.182 (0.988, 1.415) 1.506 (1.204, 1.883)
Model  3 0.850 (0.764, 0.946) 0.927 (0.881, 0.975) 1 0.979 (0.920, 1.043) 0.945 (0.861, 1.038) 1.043 (0.908, 1.198) 1.163 (0.951, 1.421) 1.472 (1.153, 1.881)

Polycystic ovary syndrome

n (%) 92 (0.23) 538 (0.21) 665 (0.25) 310 (0.29) 149 (0.39) 78 (0.55) 37 (0.64) 30 (1.01)
Model  1 0.906 (0.729, 1.127) 0.817 (0.729, 0.916) 1 1.129 (0.986, 1.292) 1.524 (1.275, 1.820) 2.152 (1.701, 2.722) 2.539 (1.821, 3.538) 4.000 (2.769, 5.776)
Model  2 0.909 (0.730, 1.132) 0.821 (0.732, 0.920) 1 1.131 (0.988, 1.295) 1.509 (1.261, 1.806) 2.150 (1.697, 2.724) 2.512 (1.798, 3.509) 3.884 (2.676, 5.639)
Model  3 0.953 (0.740, 1.228) 0.828 (0.725, 0.946) 1 1.141 (0.976, 1.334) 1.447 (1.177, 1.779) 2.023 (1.547, 2.645) 2.537 (1.780, 3.615) 3.535 (2.366, 5.281)

Model 1: crude.
Model 2: adjusted by age, smoking and hypertension.
Model 3: adjusted by age, smoking, hypertension, diabetes, dyslipidemia, alcohol drinking and exercise.
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Table 4
Odds ratios and 95% confidence intervals for maternal complications according to prepregnancy waist circumference.

Waist circumference (cm)

<60.0 60.0–64.9 65.0–69.9 70.0–74.9 75.0–79.9 80.0–84.9 85.0–89.9 90.0–94.9 95.0–99.9 ≥100
n  15,872 88,143 152,343 120,176 61,593 30,785 13,111 6071 2628 1911

Eclampsia/preeclampsia

n (%) 109 (0.69) 710 (0.81) 1369 (0.9) 1428 (1.19) 828 (1.34) 524 (1.7) 272 (2.07) 188 (3.1) 92 (3.5) 83 (4.34)
Model  1 0.575 (0.473, 0.699) 0.675 (0.617, 0.739) 0.754 (0.700, 0.812) 1 1.133 (1.040, 1.235) 1.440 (1.302, 1.593) 1.762 (1.546, 2.008) 2.657 (2.277, 3.101) 3.017 (2.434, 3.738) 3.776 (3.012, 4.734)
Model  2 0.610 (0.501, 0.743) 0.713 (0.651, 0.780) 0.779 (0.723, 0.840) 1 1.084 (0.994, 1.182) 1.285 (1.160, 1.423) 1.451 (1.269, 1.658) 2.015 (1.720, 2.361) 2.020 (1.619, 2.520) 2.280 (1.802, 2.884)
Model  3 0.615 (0.505, 0.750) 0.720 (0.657, 0.788) 0.785 (0.728, 0.846) 1 1.073 (0.983, 1.170) 1.262 (1.139, 1.399) 1.385 (1.211, 1.584) 1.833 (1.56, 2.154) 1.775 (1.415, 2.225) 1.923 (1.510, 2.449)

Threatened abortion

n (%) 2162 (13.62) 11,848 (13.44) 19,952 (13.1) 15,735 (13.09) 7949 (12.91) 4095 (13.3) 1755 (13.39) 837 (13.79) 369 (14.04) 276 (14.44)
Model  1 1.047 (0.997, 1.099) 1.031 (1.005, 1.057) 1.000 (0.978, 1.023) 1 0.984 (0.956, 1.012) 1.018 (0.981, 1.057) 1.026 (0.973, 1.082) 1.061 (0.985, 1.144) 1.084 (0.970, 1.212) 1.120 (0.985, 1.274)
Model  2 1.062 (1.011, 1.114) 1.042 (1.016, 1.069) 1.006 (0.984, 1.029) 1 0.977 (0.949, 1.006) 1.008 (0.972, 1.046) 1.012 (0.960, 1.068) 1.043 (0.968, 1.125) 1.067 (0.954, 1.193) 1.099 (0.966, 1.250)
Model  3 1.064 (1.013, 1.117) 1.043 (1.016, 1.070) 1.008 (0.986, 1.031) 1 0.978 (0.950, 1.007) 1.009 (0.972, 1.047) 1.014 (0.962, 1.070) 1.045 (0.969, 1.127) 1.069 (0.955, 1.195) 1.098 (0.964, 1.251)

Cesarean  section

n (%) 4429 (27.9) 25,801 (29.27) 48,587 (31.89) 42,002 (34.95) 23,595 (38.31) 12,906 (41.92) 6000 (45.76) 2983 (49.14) 1338 (50.91) 1054 (55.15)
Model  1 0.720 (0.694, 0.747) 0.770 (0.756, 0.785) 0.872 (0.858, 0.886) 1 1.156 (1.133, 1.179) 1.344 (1.310, 1.378) 1.570 (1.514, 1.629) 1.798 (1.707, 1.893) 1.930 (1.787, 2.086) 2.288 (2.089, 2.506)
Model  2 0.778 (0.750, 0.808) 0.812 (0.797, 0.827) 0.896 (0.882, 0.911) 1 1.127 (1.104, 1.150) 1.283 (1.251, 1.317) 1.479 (1.426, 1.535) 1.680 (1.594, 1.770) 1.785 (1.651, 1.931) 2.089 (1.905, 2.290)
Model  3 0.783 (0.754, 0.812) 0.814 (0.799, 0.830) 0.897 (0.882, 0.911) 1 1.125 (1.103, 1.148) 1.276 (1.244, 1.310) 1.467 (1.414, 1.522) 1.651 (1.567, 1.740) 1.761 (1.628, 1.905) 2.049 (1.867, 2.248)

Premature rupture of membrane

n (%) 3809 (24) 20,018 (22.71) 33,141 (21.75) 24,723 (20.57) 12,155 (19.73) 5851 (19.01) 2376 (18.12) 1077 (17.74) 425 (16.17) 324 (16.95)
Model  1 1.219 (1.172, 1.268) 1.134 (1.111, 1.159) 1.073 (1.054, 1.094) 1 0.949 (0.926, 0.973) 0.906 (0.878, 0.935) 0.855 (0.816, 0.895) 0.833 (0.778, 0.891) 0.745 (0.671, 0.827) 0.788 (0.699, 0.889)
Model  2 1.196 (1.150, 1.243) 1.121 (1.097, 1.145) 1.067 (1.047, 1.087) 1 0.955 (0.932, 0.979) 0.917 (0.888, 0.947) 0.867 (0.828, 0.909) 0.845 (0.790, 0.904) 0.761 (0.685, 0.845) 0.808 (0.716, 0.911)
Model  3 1.204 (1.158, 1.253) 1.126 (1.102, 1.150) 1.069 (1.049, 1.089) 1 0.955 (0.932, 0.978) 0.916 (0.887, 0.946) 0.867 (0.827, 0.908) 0.849 (0.793, 0.908) 0.767 (0.691, 0.853) 0.826 (0.731, 0.932)

Multiple  gestation

n (%) 212 (1.34) 1368 (1.55) 2660 (1.75) 2365 (1.97) 1235 (2.01) 657 (2.13) 272 (2.07) 108 (1.78) 64 (2.44) 47 (2.46)
Model  1 0.675 (0.586, 0.778) 0.785 (0.734, 0.840) 0.885 (0.837, 0.936) 1 1.019 (0.951, 1.093) 1.086 (0.996, 1.186) 1.055 (0.930, 1.198) 0.902 (0.743, 1.096) 1.245 (0.968, 1.600) 1.257 (0.939, 1.684)
Model  2 0.769 (0.667, 0.886) 0.855 (0.799, 0.915) 0.926 (0.875, 0.979) 1 0.982 (0.916, 1.053) 1.027 (0.941, 1.121) 0.987 (0.868, 1.121) 0.841 (0.692, 1.024) 1.179 (0.915, 1.520) 1.211 (0.903, 1.624)
Model  3 0.771 (0.669, 0.890) 0.858 (0.802, 0.918) 0.928 (0.877, 0.981) 1 0.984 (0.918, 1.056) 1.033 (0.946, 1.128) 0.984 (0.866, 1.119) 0.840 (0.690, 1.022) 1.172 (0.908, 1.512) 1.212 (0.903, 1.628)

Polycystic ovary syndrome

n (%) 34 (0.21) 229 (0.26) 373 (0.24) 343 (0.29) 202 (0.33) 117 (0.38) 60 (0.46) 38 (0.63) 17 (0.65) 19 (0.99)
Model  1 0.750 (0.527, 1.067) 0.910 (0.770, 1.076) 0.857 (0.740, 0.993) 1 1.150 (0.966, 1.368) 1.333 (1.080, 1.645) 1.606 (1.220, 2.114) 2.201 (1.572, 3.080) 2.275 (1.396, 3.708) 3.508 (2.206, 5.581)
Model  2 0.737 (0.517, 1.049) 0.897 (0.758, 1.061) 0.851 (0.734, 0.986) 1 1.158 (0.973, 1.380) 1.357 (1.099, 1.675) 1.634 (1.241, 2.153) 2.233 (1.593, 3.128) 2.295 (1.406, 3.747) 3.521 (2.207, 5.618)
Model  3 0.751 (0.527, 1.070) 0.902 (0.762, 1.068) 0.852 (0.735, 0.988) 1 1.142 (0.958, 1.360) 1.317 (1.066, 1.627) 1.506 (1.139, 1.990) 1.976 (1.406, 2.778) 1.960 (1.196, 3.213) 2.841 (1.766, 4.571)

Model 1: crude.
Model 2: adjusted by age, smoking and hypertension.
Model 3: adjusted by age, smoking, hypertension, diabetes, dyslipidemia, alcohol drinking and exercise.
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n the contrary, the underweight groups with BMI  < 17.5 kg/m2

nd WC  < 60.0 cm showed the highest incidence rate. There is a
eport suggesting that sex hormone alteration can be a mechanism
f threatened abortion [9]. Underweight mothers might have an
ltered sex hormone status that can lead to more frequent unstable

arly pregnancy status and uterine bleeding.

There was  an inverse relationship between prepregnancy
MI/WC and the risk of PROM in this study. Previously, some
rding to prepregnancy body mass index and waist circumference. (A) For maternal

research groups reported that high BMI  before pregnancy was
linked with an increased risk of preterm PROM in several popu-
lations [10–12]. On the contrary, the rate of spontaneous preterm
birth, a large part of which is preterm PROM, was lower in mothers
with prepregnancy obesity in other studies [13,14]. Some expla-

nations can be suggested for the relationship between maternal
body weight and preterm PROM or preterm birth. The suspected
mechanisms of the increased risk of preterm PROM or preterm
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irth in mothers with prepregnancy obesity are obesity-induced
nflammation [15] and the adverse influences of obesity on placen-
al pathology [16]. The increased risk of preterm PROM or preterm
irth in mothers who were lean before pregnancy can be explained

n the aspect of nutrition. The maternal BMI  reflects the nutri-
ional status very well, and women with low BMI  are considered
o have an increased risk of preterm birth, which is partially medi-
ted by a low plasma volume and micronutrient deficiencies [17].
his discrepancy can be explained by 2 reasons. One reason is the
eterogeneity of PROM. PROM is composed of term PROM and
reterm PROM. Although membrane rupture at term can be a nor-
al  physiologic process and is followed by the prompt onset of

pontaneous labor, preterm PROM may  result from a variety of
athologic mechanisms and can result in fetal complications of pre-
aturity and maternal complications of intrauterine infection. In

his study, however, both term and preterm PROM were considered
nd analysed as a single complication. The other reason is the study
opulation. The risk of preterm birth differ among different ethnic-

ties, and preterm birth occurs substantially frequently in African
mericans [18]. This study was conducted in Korean women, and

he different ethnicity could have caused the disparity.
Multiple gestation more commonly occurred in mothers with

igh BMI  before pregnancy, whereas the relationship between
igh WC  before pregnancy and increased risk of multiple gestation
as not significant. In Korea, the diagnosis of female infertility is

ssential in receiving financial support for ART. Multiple gestation
ICD-10 code O84) in female infertility (ICD-10 code N97) means

ultiple gestation from ART in infertility mothers. By excluding
ultiple gestations from ART, we analysed only naturally con-

eived multiple gestations, and attempted to show the relationship
etween obesity and multiple gestation. Two hormones, follicle-
timulating hormone (FSH) and insulin-like growth factor (IGF),
eem to play a crucial role in the association between maternal
xcess adiposity and increased incidence of multiple gestation.
irst, a high FSH level is clearly associated with spontaneous dizy-
otic twinning [19]. The increase in FSH level induces excess body
at accumulation and decreased thermogenesis [20]. A study on
he effect of obesity on the 24-h mean serum FSH level in healthy,
eight-stable, regularly cycling, premenopausal women  with BMI

anging from 20 to 94 kg/m2 reported that there was a positive
orrelation between serum FSH levels and BMI  [21]. Second, an ele-
ated level of IGF, which enhances ovarian follicle recruitment and
ecreases ovum apoptosis, might be linked to a high twinning rate

n obese mothers [22]. The relationship between IGF-1 and obe-
ity is not simple. According to a study with data from the Third
ational Health and Nutrition Examination Survey [23], the IGF-1

evel does not linearly decrease with increasing BMI, whereas the
ean IGF-1 level decreases with increasing WC.  IGF-1 level seems
ore closely related to central adiposity than to total adiposity. The

ow IGF-1 level in mothers with a high WC  may  be a reason for the
ack of a significant increase in multiple gestations in our study.

In this study, the rate of pregnancy with PCOS was 0.26% of
ll pregnancies, and both prepregnancy obesity and central obe-
ity were linked with the increase of pregnancies with PCOS. The
opulation-based prevalence of PCOS ranged from 6% to 10% of all
eproductive-age women [24]. In Korea, Rotterdam criteria, which
equired two out of three, i.e. (1) oligo- or anovulation, (2) clini-
al and/or biochemical signs of hyperandrogenism, (3) polycystic
varies (by ultrasound), is commonly applied for the diagnosis of
COS in clinical situation, with exclusion of other androgen excess
isorders. Because PCOS is usually diagnosed before or in the early
tage of pregnancy, it is different from other maternal compli-

ations that occur during the period of pregnancy. Although the
elationship between obesity and PCOS has been described well
25], pregnancy in women with both PCOS and obesity has not been
ividly reported. Our data show that the odds of pregnancy with
al Practice 13 (2019) 156–163

PCOS increase in women  with prepregnancy obesity and central
obesity.

WC has not been thoroughly assessed in the field of obstetrics.
Recently, a research group reported that WC  measured at 4–12
weeks’ gestation was related to the risk of gestational diabetes mel-
litus in Chinese women [26]. Increased abdominal subcutaneous fat
thickness measured using ultrasonography in the first and second
trimesters was reported by Australian researchers to be a predictor
of pregnancy-related maternal complications [27,28]. However, in
these 3 previous studies, measurements were taken in the middle
of pregnancy. Because weight reduction is not recommended dur-
ing pregnancy, measurements of WC and abdominal subcutaneous
fat thickness during pregnancy have less clinical significance than
prepregnancy WC measurements.

A considerable number of previous studies have examined the
relationship between prepregnancy maternal body weight and
adverse pregnancy outcomes. Compared with previous studies in
this field, our study has 2 strengths. First, the database used in
this study is very large and nationally representative. The NHID
is the Korean national representative health-care database con-
taining screening health checkup data and disease diagnosis and
treatment data of almost all Korean adults. We  analysed >700,000
pregnancies in Korean women who  underwent general health
checkups before conception. Second, the prepregnancy maternal
anthropometric indices and health status of the participants were
accurate. In many previous studies that investigated the relation-
ship between prepregnancy BMI  and adverse obstetric outcomes,
the prepregnancy weight and height were based on maternal
self-report or assessment at the first antenatal visit. There are sig-
nificant differences between self-reported prepregnancy weight
versus measured weight [29]. However, in our study, prepregnancy
anthropometric and health status data were based on real measure-
ments in the period of 1 year before conception.

Our data demonstrated 2 new insights on the adverse effects of
maternal obesity on pregnancy. One is the relationship between
central obesity and maternal adverse pregnancy outcomes, and
the other is the relationship between prepregnancy obesity and
the risks of threatened abortion or multiple gestation. To the best
of our knowledge, these relationships have not been thoroughly
investigated previously. There are two  limitations in this study.
One is that we included women with prepregnancy data only, with
missing data of post-delivery anthropometric indices and change of
gestational weight/WC. The other is that there is no data for moth-
ers’ histories of taking corticosteroids or thyroid drugs, which are
associated with both of patient’s body weights and maternal com-
plication. The drug histories in the period of pregnancy or before
conception are potential confounding factors for the association.

This study suggests that maintaining proper body weight and
WC before conception is effective for reducing maternal complica-
tions. Both extremely high and extremely low BMI/WC negatively
affect pregnancy. However, it is difficult to suggest the appropriate
range of prepregnancy BMI  or WC because of the linear increase of
maternal risks according to the prepregnancy BMI/WC.

In conclusion, prepregnancy WC is closely linked to some mater-
nal complications, including eclampsia/preeclampsia, caesarean
section, PCOS, and PROM, in a similar manner as prepregnancy BMI.
Threatened abortion occurs more frequently in mothers with low
prepregnancy WC than in those with normal or high prepregnancy
WC.  The event rate of multiple gestation was significantly low in
mothers with low prepregnancy WC.
Funding

This work was  partially supported by the Korean Society for the
Study of Obesity.



 Clinic

C

E

u
w
S

t
0
d
u

C

M
Y
-
a
a

A

a

A

t
0

R

[

[

[

[

[

[

[

[

[

[
[

[

[

[

[

[

[

[

[

J. Lim et al. / Obesity Research &

onflicts of interest

The authors have nothing to declare.

thical statement

We  performed a population-based retrospective cohort study
sing the Korean National Health Information Database (NHID),
hich is a combination of the Korean National Health Insurance

ervice (NHIS) database and NHIS health checkup database.
This study was approved by the Institutional Review Board of

he Korea National Institute for Bioethics Policy (P01-201603-21-
05) and had permission from the NHIS to use the health checkup
ata (NHIS-2018-4-042). De-identified and anonymised data were
sed for analyses.

RediT authorship contribution statement

Jisun Lim: Methodology, Writing - original draft. Kyungdo Han:
ethodology, Software, Validation. Suk Young Kim: Supervision.

oung Hye Cho: Writing - original draft. Yeong Sook Yoon: Writing
 original draft. Hye Soon Park: Supervision. Soon Jib Yoo: Project
dministration, Funding acquisition. Kyoung Kon Kim: Conceptu-
lization, Methodology, Writing - original draft.

cknowledgements

We thank the Korean National Health Insurance Corporation and
ll the participants of the study and the health checkups.

ppendix A. Supplementary data

Supplementary material related to this article can be found, in
he online version, at doi:https://doi.org/10.1016/j.orcp.2019.03.
04.

eferences

[1] Moon HP. Korea Health Statistics 2012: Korea National Health and Nutrition
Examination Survey (KNHANES V-3). Ministry of Health & Welfare; 2013.

[2] Lilja M, Eliasson M,  Stegmayr B, Olsson T, Soderberg S. Trends in obesity and
its distribution: data from the Northern Sweden MONICA Survey, 1986–2004.
Obesity (Silver Spring) 2008;16:1120–8.

[3] Cheol Seong S, Kim YY, Khang YH, Heon Park J, Kang HJ, Lee H, et al. Data
resource profile: the National Health Information Database of the National
Health Insurance Service in South Korea. Int J Epidemiol 2017;46:799–800.

[4] Ovesen P, Rasmussen S, Kesmodel U. Effect of prepregnancy maternal over-

weight and obesity on pregnancy outcome. Obstet Gynecol 2011;118:305–12.

[5] Schummers L, Hutcheon JA, Bodnar LM,  Lieberman E, Himes KP. Risk of
adverse pregnancy outcomes by prepregnancy body mass index: a population-
based study to inform prepregnancy weight loss counseling. Obstet Gynecol
2015;125:133–43.

[

al Practice 13 (2019) 156–163 163

[6] Yeh J, Shelton JA. Increasing prepregnancy body mass index: analysis of trends
and contributing variables. Am J Obstet Gynecol 2005;193:1994–8.

[7] Weiss JL, Malone FD, Vidaver J, Ball RH, Nyberg DA, Comstock CH, et al. Threat-
ened abortion: a risk factor for poor pregnancy outcome, a population-based
screening study. Am J Obstet Gynecol 2004;190:745–50.

[8] Everett C. Incidence and outcome of bleeding before the 20th week of preg-
nancy: prospective study from general practice. BMJ  1997;315:32–4.

[9] Xu Q, Chen J, Wei  Z, Brandon TR, Zava DT, Shi YE, et al. Sex hormone metabolism
and  threatened abortion. Med Sci Monit 2017;23:5041–8.

10] Liu L, Hong Z, Zhang L. Associations of prepregnancy body mass index and gesta-
tional weight gain with pregnancy outcomes in nulliparous women  delivering
single live babies. Sci Rep 2015;5:12863.

11] Tabatabaei M.  Gestational weight gain, prepregnancy body mass index related
to pregnancy outcomes in KAZERUN, FARS, IRAN. J Prenat Med  2011;5:35–40.

12] Zhong Y, Cahill AG, Macones GA, Zhu F, Odibo AO. The association between
prepregnancy maternal body mass index and preterm delivery. Am J Perinatol
2010;27:293–8.

13] Hendler I, Goldenberg RL, Mercer BM,  Iams JD, Meis PJ, Moawad AH, et al.
The  Preterm Prediction Study: association between maternal body mass
index and spontaneous and indicated preterm birth. Am J Obstet Gynecol
2005;192:882–6.

14] Sebire NJ, Jolly M,  Harris JP, Wadsworth J, Joffe M,  Beard RW,  et al. Maternal
obesity and pregnancy outcome: a study of 287,213 pregnancies in London. Int
J  Obes Relat Metab Disord 2001;25:1175–82.

15] Bullen BL, Jones NM,  Holzman CB, Tian Y, Senagore PK, Thorsen P, et al.
C-reactive protein and preterm delivery: clues from placental findings and
maternal weight. Reprod Sci 2013;20:715–22.

16] Huang L, Liu J, Feng L, Chen Y, Zhang J, Wang W.  Maternal prepregnancy obe-
sity  is associated with higher risk of placental pathological lesions. Placenta
2014;35:563–659.

17] Neggers Y, Goldenberg RL. Some thoughts on body mass index, micronutrient
intakes and pregnancy outcome. J Nutr 2003;133:1737s–40s.

18] Muglia LJ, Katz M. The enigma of spontaneous preterm birth. N Engl J Med
2010;362:529–35.

19] Hall JG. Twinning. Lancet 2003;362:735–43.
20] Kohrt WM,  Wierman ME.  Preventing fat gain by blocking follicle-stimulating

hormone. N Engl J Med  2017;377:293–5.
21] Strain GW,  Zumoff B, Miller LK, Rosner W.  Sex difference in the effect of obesity

on  24-hour mean serum gonadotropin levels. Horm Metab Res 2003;35:362–6.
22] Steinman G. Can the chance of having twins be modified by diet? Lancet

2006;367:1461–2.
23] Parekh N, Roberts CB, Vadiveloo M,  Puvananayagam T, Albu JB, Lu-Yao GL.

Lifestyle, anthropometric, and obesity-related physiologic determinants of
insulin-like growth factor-1 in the Third National Health and Nutrition Exam-
ination Survey (1988–1994). Ann Epidemiol 2010;20:182–93.

24] Bozdag G, Mumusoglu S, Zengin D, Karabulut E, Yildiz BO. The prevalence and
phenotypic features of polycystic ovary syndrome: a systematic review and
meta-analysis. Hum Reprod 2016;31:2841–55.

25] Legro RS. Obesity and PCOS: implications for diagnosis and treatment. Semin
Reprod Med  2012;30:496–506.

26] Han Q, Shao P, Leng J, Zhang C, Li W,  Liu G, et al. Interactions between general
and central obesity in predicting gestational diabetes mellitus in Chinese preg-
nant women: a prospective population-based study in Tianjin, China. J Diabetes
2018;10:59–67.

27] Suresh A, Liu A, Poulton A, Quinton A, Amer Z, Mongelli M,  et al. Comparison
of  maternal abdominal subcutaneous fat thickness and body mass index as
markers for pregnancy outcomes: a stratified cohort study. Aust N Z J Obstet
Gynaecol 2012;52:420–6.

28] Kennedy NJ, Peek MJ,  Quinton AE, Lanzarone V, Martin A, Benzie R, et al. Mater-

nal  abdominal subcutaneous fat thickness as a predictor for adverse pregnancy
outcome: a longitudinal cohort study. BJOG 2016;123:225–32.

29] Shin D, Chung H, Weatherspoon L, Song WO.  Validity of prepregnancy weight
status estimated from self-reported height and weight. Matern Child Health J
2014;18:1667–74.

https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
https://doi.org/10.1016/j.orcp.2019.03.004
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0010
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0085
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30017-1/sbref0145

	Effects of central obesity on maternal complications in Korean women of reproductive age
	Introduction
	Methods
	National health insurance system and national health checkup in Korea
	Study population
	Prepregnancy data of anthropometric measurements, sociodemographic variables, and chronic diseases
	Adverse maternal outcomes
	Statistical analysis

	Results
	Prepregnancy characteristics of the study population
	Maternal complications

	Discussion
	Funding
	Conflicts of interest
	Ethical statement
	Acknowledgements
	Appendix A Supplementary data
	References
	References


