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Abstract

The authors aimed to explore the association between visit-to-visit blood pressure
variability (BPV) in pregnant women and adverse neonatal outcomes. The study
included 52 891 pregnant women. BPV was calculated as standard deviation (SD) and
coefficient of variation (CV) of systolic blood pressure (SBP) or diastolic blood pressure
(DBP). All participants were divided into four groups by the quartiles of BPV. When
comparing the highest quartiles to the lowest quartiles of DBP SD in all participants,
the fully adjusted ORs were 1.19 (95% Cl 1.11-1.27, p for trend < .001) for fetal dis-
tress, 1.32 (95% Cl 1.14-1.54, p for trend < .001) for small for gestational age, 1.32
(95% CI 1.06-1.63, p for trend = .003) for 1-min Apgar score < 7. When comparing the
highest quartiles to the lowest quartiles of DBP CV, ORs were 1.22 (95% Cl 1.14-1.30,
p for trend < .001) for fetal distress, 1.38 (95% Cl 1.17-1.61, p for trend < .001) for
small for gestational age, 1.43 (95% Cl 1.14-1.79, p for trend < .001) for 1-min Apgar
score < 7. ORs for preterm birth and 5-min Apgar score < 7 were not statistically sig-
nificant. However, in participants with gestational hypertension or preeclampsia, ORs
for preterm birth were 2.80 (95% Cl 1.99-3.94, p for trend < .001) in DBP SD and 3.25
(95% Cl 2.24-4.72, p for trend < .001) in DBP CV when extreme quartiles were com-
pared. In conclusion, higher visit-to-visit BPV was associated with adverse neonatal

outcomes.
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1 | INTRODUCTION

Adverse birth outcomes such as fetal distress, small for gesta-
tional age, and preterm birth are related to perinatal morbidity and
mortality.! 3 Fetal distress indicates inadequate fetal oxygen supply
and it may cause brain damage and even fetal death without immediate
intervention.* Babies with small for gestational age are reported to
have a higher risk of cardiovascular disease in later life.> Preterm birth
incurs a substantial global burden and leads to various complications
such as respiratory distress syndrome, necrotizing enterocolitis, and
sepsis.3 Therefore, it is significant to understand the risk factors linked
to these outcomes. Maternal blood pressure has been reported to be
arisk factor for adverse birth outcomes.®” However, usual blood pres-
sure still has some shortcomings and blood pressure variability (BPV)
should not be ignored as another prognostic factor.® BPV refers to the
fluctuation of blood pressure and it is generally classified as short-term
BPV and long-term BPV. Short-term BPV is usually defined as BPV
within 24 h obtained by ambulatory blood pressure monitoring while
long-term BPV is defined as visit-to-visit BPV.? Increasing evidence
suggests that BPV is a risk factor for cardiovascular events in the
nonpregnant population.19-12 Visit-to-visit BPV might also have prog-
nostic value in predicting neonatal outcomes but the relationship is still
obscure. Previous studies indicated that higher BPV may be associated
with pregnancy complications such as gestational hypertension and
preeclampsia.}*1> Another study demonstrated that visit-to-visit BPV
was associated with a higher risk of small for gestational age.’® How-
ever, few studies focused on the association between visit-to-visit BPV
and fetal outcomes. Considering the above threat and the prognostic
value of BPV, our study aims to explore the relationship between
gestational visit-to-visit BPV and adverse neonatal outcomes.

2 | METHOD

2.1 | Study design and population
This is a retrospective cohort study. Pregnant women who had regular
visits at the International Peace Maternity and Child Health Hospital
were recruited. Based on the official records, 56 970 pregnant women
gave birth between January 2017 and September 2020. Participants
were considered ineligible if they met the following exclusion criteria:
(1) stillbirth; (2) multiple pregnancy; (3) with any malignant tumor
or history of malignancy; (4) pregestational diabetes mellitus; (5)
placental previa; (6) proteinuria before 20 weeks of gestation or renal
disease; (6) chronic hypertension before 20 weeks of gestation; (7)
participants who had less than six blood pressure measurements. The
flow chart of the including and excluding process is shown in Figure 1.
Finally, 52 891 participants were included in the analysis.

Our study was conducted following the tenets of the Helsinki Dec-
laration and was approved by the ethics committee of the International
Peace Maternity and Child Health Hospital. All participants were given

written informed consent at the recruitment stage of the study.

2.2 | Data collection and description

Data were collected using a standard electronic form. The following
elements were extracted from the electronic medical records: prena-
tal visit-to-visit systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP), age, prepregnancy body mass index, past obstetric history,
gestational age at delivery, discharge diagnosis, mode of delivery, birth
weight, and Apgar scores at 1 and 5 min. Apgar scores were assessed by
pediatricians and maternal diseases were diagnosed by senior obstetri-
cians. The Apgar score comprises five elements including activity, pulse,
grimace, appearance, and respiration, with a score of O, 1, or 2 for each
element. Apgar score of 8-10 points is considered normal for new-
borns. Apgar score of 0-3 and 4-7 points indicates severe asphyxia and
mild asphyxia, respectively. Therefore, Apgar score <7 was regarded as
a neonatal outcome in our study. Small for gestational age was defined
as birth weight less than the 10th percentile adjusted for gestational
age according to local standard.? Preterm birth was defined as delivery
before 37 gestational weeks. Preeclampsia was diagnosed as hyperten-
sion (SBP >140 mmHg and/or DBP >90 mmHg) after 20 weeks of ges-
tation with proteinuria or hypertension without proteinuria but with
the new onset of any of the systemic features including thrombocy-
topenia, renal insufficiency, impaired liver function, pulmonary edema,
and cerebral or visual symptoms in previously normotensive women.!”
Gestational hypertension was diagnosed as SBP > 140 mmHg and/or
DBP > 90 mmHg without proteinuria or the aforementioned systemic
features after 20 weeks of gestation.l” Gestational diabetes mellitus
was diagnosed when any of the following criteria were met based on a
75 goral glucose tolerance test which is generally performed at around
24-28 weeks of gestation in women without overt diabetes: (1) fast-
ing plasma glucose >5.1 mmol/L; (2) at 1 h > 10.0 mmol/L; (3) at 2
h > 8.5 mmol/L.18 Premature rupture of membranes was defined as
spontaneous rupture of membranes before the onset of labor. Mater-
nal anemia was defined as hemoglobin at delivery < 110 g/L. Body mass
index was calculated as weight in kilograms divided by the square of
height in meters.

2.3 | Blood pressure variability

Blood pressure was routinely measured in the sitting position after a 5-
min rest using a calibrated electronic sphygmomanometer following a
standardized protocol by trained nurses. Visit-to-visit BPV was calcu-
lated using two metrics in this study: standard deviation (SD) and coef-
ficient of variation (CV) of SBP and DBP at each antenatal visit. SD and
CV were calculated using the following formulas:

2

so:dﬁi(sa-ﬁ) (1)
k=1

cV = S:D x 100% (2)
BP



GUETAL. 781
WILEY -7
Pregnant women delivered between
January, 2017 and September, 2020
N=56970
»| Exclude stillbirth
N=100
Exclude patients with
pregestational diabetes mellitus
N=176
»| Exclude patients with placenta previa
N=718
Exclude patients with proteinuria before
20 weeks of gestation or renal disease
N=47
Exclude patients with chronic hypertension
™ before 20 weeks of gestation
Exclude patients with <6 N=223
BP measurements N
N=1010
Participants with sufficient BP data were included
N=52891
FIGURE 1 Flow chart of including and excluding

The parameter n is the number of blood pressure measurements
of each participant taken from antenatal clinic visits. BP equals mean

blood pressure.

2.4 | Statistical analysis

Data are expressed as mean + SD for continuous variables and number
(%) for categorical variables. The characteristics of normotensive par-
ticipants and those with gestational hypertension/preeclampsia were
compared using the t-test for continuous variables and the chi-square
test for categorical variables. All participants were divided into four
groups by the quartiles of BPV. The incidence rates of fetal distress,
small for gestational age and preterm birth were compared using
the chi-square test in four groups, respectively. Multivariable logistic
regression models were used to assess the risk of adverse neonatal
outcomes including fetal distress, small for gestational age, preterm
birth, and Apgar score <7 with BPV as the exposure variable, consid-
ering the lowest quartile of BPV as reference. A test for trend was
conducted with the use of quartiles of BPV variable as a continuous
variable by assigning the median values of the quartiles to the variable.
The authors analyzed the independent effects of visit-to-visit BPV with
several models of adjustment. Model 1 was unadjusted. Model 2 was
adjusted for body mass index, age, gravidity, parity, cesarean, in vitro
fertilization-embryo transfer. Model 3 was adjusted for the covariates
in Model 2 and hypertensive disorders (normotension, gestational
hypertension/preeclampsia), gestational diabetes mellitus, premature

rupture of membranes, cephalic presentation, scarred uterus, anemia,

mean SBP, and mean DBP. Furthermore, we repeated similar logistic
regression analysis in normotensive participants and participants with
gestational hypertension/preeclampsia, respectively. Each outcome
variable was expressed with an odds ratio (OR) and 95% confidence
interval (95% ClI). Statistical significance was defined as p < .05 for
two-tailed analysis. Analyses were performed using Statistical Analysis
System (SAS) software (version 9.4, SAS Institute, Cary, NC, USA).

3 | RESULTS

3.1 | Baseline characteristics of the included
participants

A total of 52 891 participants were eligible for analysis. Table 1
shows the baseline characteristics of the included participants. Blood
pressure measurement times were 11.51 on average. In our study,
49 583 participants were normotensive, 1957 patients were diag-
nosed with gestational hypertension and 1351 were preeclampsia.
Gestational weeks at birth varied from 26 to 42, with an average of
39. We observed 10 445 (19.75%) infants with fetal distress, 1422
(2.69%) with small for gestational age, 2402 (4.54%) with preterm
birth, 685 (1.30%) with 1-min Apgar score <7, and 67 (.13%) with
5-min Apgar score < 7. A total of 23 295 (44.04%) participants
gave birth by cesarean. Figure 2 shows the gestational SBP and DBP
changes in normotensive participants and participants with gestational
hypertension/preeclampsia.
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TABLE 1 Baseline characteristics of the included participants

Total Normotension GH/PE

Variable (N=52891) (N=49583) (N =3308) p
Fetal distress, n (%) 10445 (19.75) 9726 (19.62) 719(21.74) .003
Small for gestational age, n (%) 1422 (2.69) 1205 (2.43) 217 (6.56) <.001
1-min Apgar score <7 685 (1.30) 600(1.21) 85(2.57) <.001
5-min Apgar score <7 67(.13) 59(.12) 8(.24) .054
Preterm birth, n (%) 2402 (4.54) 2079 (4.19) 323(9.76) <.001
Placental abruption, n (%) 167 (.32) 139(.28) 28 (.85) <.001
Cesarean, n (%) 23295 (44.04) 21250 (42.86) 2045 (61.82) <.001
Gestational diabetes mellitus, n (%) 7906 (14.95) 7151 (14.42) 755 (22.82) <.001
Scarred uterus, n (%) 7694 (14.55) 7301 (14.72) 393(11.88) <.001
Cephalic presentation, n (%) 50449 (95.38) 47 302 (95.40) 3147 (95.13) 479
Premature rupture of membranes, n (%) 12291(23.24) 11787 (23.77) 504 (15.24) <.001
In vitro fertilization-embryo transfer, n (%) 3622 (6.85) 3215 (6.48) 407 (12.30) <.001
Anemia, n (%) 8405 (15.89) 7929 (15.99) 476 (14.39) .015
Age (years) 31.27 +4.00 31.23+3.97 31.89+4.37 <.001
Body mass index (kg/m?) 21224267 21.11+2.55 22.97 +3.57 <.001
Gravidity 1.87+1.10 1.87 +1.10 1.83+1.14 .038
Parity 1.32+ .49 1.32+.49 1.23+ .44 <.001
Gestational age (week) 39.09 +1.28 39.12+1.25 38.58 + 1.67 <.001
1-min Apgar score 9.89 +.54 9.90 +.53 9.81+.74 <.001
5-min Apgar score 9.97 +.25 9.96 +.24 9.94 + .31 <.001
Birth weight (g) 3331.72+427.90 3340.27 +416.97 3203.48 +551.43 <.001
Blood pressure measurement times 11.51+2.14 11.52+2.12 11.42 +2.33 .009
SBP (mmHg) 112.01+.90 111.15+8.24 124.96 +8.33 <.001
DBP (mmHg) 69.92+7.03 69.24 + 6.50 80.14 + 6.88 <.001
SBP SD (mmHg) 7.88 +2.69 7.80+2.65 9.12+3.02 <.001
SBP CV (%) 7.06 +2.43 7.04+243 7.33+247 <.001
DBP SD (mmHg) 6.30 +£2.47 6.25+245 7.13+2.58 <.001
DBP CV (%) 9.10 + 3.66 9.11+3.67 9.02+3.54 194

Note: Data are presented as number (%) or mean + SD.

Abbreviations: CV, coefficient of variation; DBP, diastolic blood pressure; GH, gestational hypertension; PE, preeclampsia; SBP, systolic blood pressure; SD,

standard deviation.

3.2 | Visit-to-visit BPV and pregnant outcomes

Median value of SBP SD, SBP CV, DBP SD, and DBP CV were
7.46 mmHg, 6.68%, 5.88 mmHg and 8.45%, respectively. Table 2 shows
the incidence rates of adverse neonatal outcomes in the four groups
compared by the chi-square test. The incidence rates of fetal distress
and small for gestational age were higher in groups with higher DBP
SD or DBP CV and the difference reached statistical significance. The
results of multivariable logistic regression analysis assessing the rela-
tionship between BPV and adverse birth outcomes are presented on
Table 3. In all participants, higher BPV was associated with a higher
risk of fetal distress and small for gestational age. When comparing the
highest quartiles to the lowest quartiles of DBP SD, the fully adjusted
ORs were 1.19 (95% Cl 1.11-1.27, p for trend < .001) for fetal dis-

tress, 1.32 (95% Cl 1.14-1.54, p for trend < .001) for small for gesta-
tional age, 1.32 (95% CI 1.06-1.63, p for trend =.003) for 1-min Apgar
score < 7. When comparing the highest quartiles to the lowest quar-
tiles of DBP CV, the fully adjusted ORs were 1.22 (95% Cl 1.14-1.30,
p for trend < .001) for fetal distress, 1.38 (95% CI 1.17-1.61, p for
trend < .001) for small for gestational age, 1.43 (95% Cl 1.14-1.79, p
for trend < .001) for 1-min Apgar score < 7. ORs for preterm birth and
5-min Apgar score < 7 were not statistically significant.

In order to further explore the specific relationship, we classified the
whole participants into two subgroups: normotensive participants and
patients with gestational hypertension/preeclampsia. Table 4 shows
the association between visit-to-visit diastolic BPV and adverse neona-
tal outcomes in different subgroups by multivariable logistic regres-

sion analysis with the fully adjusted model. The association between
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TABLE 2 Comparation of the incidence rates of fetal distress, small for gestational age and preterm birth

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 p
SBP SD [mmHg, median (range)] 5.21(<6.06) 6.76 (6.60-7.46) 8.22(7.46-9.18) 10.68 (>9.18)
N=13226 N=13218 N=13225 N=13222
Fetal distress, n (%) 2500 (18.90) 2579(19.51) 2666 (20.16) 2700 (20.42) .009
Small for gestational age, n (%) 283(2.14) 371(2.81) 327(2.47) 441 (3.34) <.001
Preterm birth, n (%) 642 (4.85) 531(4.02) 550 (4.16) 679 (5.14) <.001
SBP CV [%, median (range)] 4.66 (<5.41) 6.05(5.41-6.68) 7.38(6.68-8.24) 9.58(>8.24)
N=13222 N=13224 N=13222 N=13223
Fetal distress, n (%) 2524 (19.09) 2595(19.62) 2684 (20.30) 2642 (19.98) .081
Small for gestational age, n (%) 301 (2.28) 343(2.59) 377 (2.85) 401 (3.03) .001
Preterm birth, n (%) 669 (5.06) 533(4.03) 572 (4.33) 628 (4.75) <.001
DBP SD [mmHg, median (range)] 4.40 (<4.72) 5.30(4.72-5.88) 6.54(5.88-7.37) 8.64(>7.37)
N=13227 N=13213 N=13230 N=13221
Fetal distress, n (%) 2330(17.62) 2561(19.38) 2741(20.72) 2813(21.28) <.001
Small for gestational age, n (%) 304 (2.30) 317 (2.40) 353(2.67) 448 (3.39) <.001
Preterm birth, n (%) 659 (4.98) 537 (4.06) 542 (4.10) 664 (5.02) <.001
DBP CV [%,median(range)] 5.69(<6.71) 7.57 (6.71-8.45) 9.45 (8.45-10.73) 12.75(>10.73)
N=13223 N=13223 N=13223 N=13222
Fetal distress, n (%) 2438 (18.44) 2525(19.10) 2654 (20.07) 2828(21.39) <.001
Small for gestational age, n (%) 317 (2.40) 335(2.53) 361(2.73) 409 (3.09) .003
Preterm birth, n (%) 676(5.11) 549 (4.15) 585 (4.42) 592 (4.48) .002

Abbreviations: CV, coefficient of variation; DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.

140+ . . . fetal distress in normotensive participants but the relationship disap-
—— gestational hypertension/preeclampsia ) . ) ) ) )
tensi peared in patients with gestational hypertension/preeclampsia. In par-
--e--  normotension
ticipants with gestational hypertension/preeclampsia, ORs for preterm
1204 '\.__.__———o//‘ birth were 2.80 (95% Cl 1.99-3.94, p for trend < .001) in DBP SD and
3.25(95% Cl 2.24-4.72, p for trend < .001) in DBP CV when extreme
o e o SRR P ad quartiles were compared.
100+

4 | DISCUSSION

Blood pressure, mmHg

{

In this retrospective cohort study, we found that a higher risk of fetal
distress and small for gestational age was associated with the incre-
U - ment of BPV, and the significance did not vanish after adjusting for var-

ious confounding factors including mean blood pressure. These data

60 T T T T T 1
12 16 20 24 28 32 36

Gestational week

add to the evidence that visit-to-visit BPV is a risk factor for adverse
neonatal outcomes in pregnant women.

Rothwell and colleagues showed that visit-to-visit systolic BPV

FIGURE 2 Gestational systolic and diastolic blood pressure
changes in normotensive participants and participants with
gestational hypertension/preeclampsia

elevated visit-to-visit diastolic BPV and small for gestational age and
1-min Apgar score < 7 in the two subgroups was consistent with that

in all participants, respectively. BPV was significantly associated with

was a predictive risk factor for stroke independent of mean SBP.1°

Higher visit-to-visit systolic BPV was reported to be associated with
all-cause mortality in the general population!! and related to car-
diovascular events in patients with hypertension.’?2 A cohort study
with 3 285 684 veterans indicated that higher systolic BPV was
associated with all-cause mortality, coronary heart disease, stroke,
and end-stage renal disease.’” Previous studies generally focused on
the impact of BPV in the nonpregnant population. There are only a



m GUETAL.
WILEY
TABLE 3 Multiple logistic regression models of visit-to-visit blood pressure variability with adverse neonatal outcomes
Outcomes Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend
Fetal distress
SBP SD Model 1 Reference 1.04(.98-1.11) 1.08(1.02-1.15) 1.10(1.04-1.17) .001
Model 2 Reference 1.00(.94-1.07) 1.03(.97-1.10) 1.03(.97-1.09) 298
Model 3 Reference 1.00(.94-1.07) 1.04(.97-1.11) 1.05(.98-1.12) 115
SBPCV Model 1 Reference 1.04(.97-1.10) 1.08(1.02-1.15) 1.06 (1.00-1.13) 049
Model 2 Reference 1.03(.96-1.09) 1.06(.99-1.13) 1.05(.98-1.11) 141
Model 3 Reference 1.02 (.95-1.08) 1.05(.98-1.12) 1.05(.98-1.12) 104
DBP SD Model 1 Reference 1.12(1.06-1.20) 1.22(1.15-1.30) 1.26(1.19-1.34) <.001
Model 2 Reference 1.09(1.02-1.16) 1.15(1.08-1.23) 1.15(1.08-1.23) <.001
Model 3 Reference 1.09(1.02-1.16) 1.17(1.10-1.25) 1.19(1.11-1.27) <.001
DBPCV Model 1 Reference 1.04(.98-1.11) 1.11(1.05-1.18) 1.20(1.13-1.28) <.001
Model 2 Reference 1.04(.98-1.11) 1.10(1.03-1.17) 1.16 (1.09-1.23) <.001
Model 3 Reference 1.05(.98-1.12) 1.13(1.05-1.20) 1.22(1.14-1.30) <.001
Small for gestational age
SBP SD Model 1 Reference 1.32(1.13-1.54) 1.16 (.99-1.36) 1.58(1.36-1.84) <.001
Model 2 Reference 1.29(1.10-1.50) 1.11(.95-1.31) 1.49(1.28-1.73) <.001
Model 3 Reference 1.25(1.07-1.46) 1.07(.91-1.25) 1.35(1.16-1.58) .001
SBP CV Model 1 Reference 1.14(.98-1.34) 1.26(1.08-1.47) 1.34(1.15-1.56) <.001
Model 2 Reference 1.11(.95-1.29) 1.17(1.01-1.37) 1.22(1.05-1.43) .009
Model 3 Reference 1.12(.96-1.31) 1.20(1.02-1.40) 1.26 (1.08-1.47) .004
DBP SD Model 1 Reference 1.05(.89-1.23) 1.17 (1.00-1.36) 1.49(1.29-1.73) <.001
Model 2 Reference 1.01(.86-1.19) 1.11(.95-1.30) 1.40(1.21-1.63) <.001
Model 3 Reference 1.00(.85-1.18) 1.09(.93-1.28) 1.32(1.14-1.54) <.001
DBP CV Model 1 Reference 1.06 (.91-1.24) 1.14(.98-1.33) 1.30(1.12-1.51) <.001
Model 2 Reference 1.02(.87-1.19) 1.07 (.92-1.25) 1.19(1.02-1.38) .014
Model 3 Reference 1.09(.93-1.27) 1.19(1.01-1.39) 1.38(1.17-1.61) <.001
Preterm birth
SBPSD Model 1 Reference .82(.73-.92) 5(.76-.96) 1.06 (.95-1.19) 079
Model 2 Reference .82(.73-.93) 86 (.77-.97) 1.08(.96-1.20) .045
Model 3 Reference .80(.71-.90) 2(.73-.92) .96 (.86-1.08) .994
SBPCV Model 1 Reference .79 (.70-.89) .85(.76-.95) .94 (.84-1.05) 675
Model 2 Reference .80(.71-.90) .87 (.77-.97) .97 (.86-1.08) .883
Model 3 Reference .80(.71-.90) .88(.78-.99) .97 (.86-1.09) 861
DBP SD Model 1 Reference .81(.72-.91) .82(.73-.92) 1.01(.90-1.13) 418
Model 2 Reference .82(.73-.92) .83(.74-.94) 1.04(.93-1.16) .181
Model 3 Reference .80(.71-.90) .79 (.70-.89) .95(.85-1.07) 776
DBPCV Model 1 Reference .80(.72-.90) .86 (.77-.96) .87(.78-.97) .085
Model 2 Reference .82(.73-.92) .89(.79-.99) .91(.81-1.02) .352
Model 3 Reference .85(.76-.96) .91(.81-1.03) 95 (.84-1.08) 801

(Continues)

few reports based on pregnant women with detailed analysis of BPV.
Kim and colleagues reported that pregnant women who developed
hypertension had higher visit-to-visit BPV than the normotensive
ones, and participants with higher BPV tended to have a higher risk

of pregnancy complications.’® Our results are generally consistent
with the previous studies. Nevertheless, no study by far has explored
the relationship between visit-to-visit BPV and fetal distress, preterm
birth and Apgar score. To the best of our knowledge, this is the first
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TABLE 3 (Continued)
Outcomes Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend
1-min Apgar score<7
SBP SD Model 1 Reference 1.02(.83-1.27) .88(.71-1.10) 1.13(.91-1.39) .357
Model 2 Reference 1.02 (.82-1.26) .88(.70-1.09) 1.12(.91-1.38) .383
Model 3 Reference 1.00(.81-1.24) .86 (.69-1.07) 1.06 (.85-1.31) .755
SBP CV Model 1 Reference .90(.73-1.11) .84 (.67-1.04) .98(.80-1.21) .894
Model 2 Reference .92 (.74-1.13) .86(.69-1.07) 1.04 (.84-1.28) .698
Model 3 Reference .91(73-1.12) .84 (.68-1.05) 1.00(.81-1.24) .972
DBP SD Model 1 Reference .95(.76-1.19) 1.10(.89-1.37) 1.35(1.09-1.66) <.001
Model 2 Reference .95(.76-1.19) 1.11(.89-1.38) 1.35(1.09-1.66) .001
Model 3 Reference .96 (.76-1.20) 1.10(.88-1.37) 1.32(1.06-1.63) .003
DBP CV Model 1 Reference .93(.74-1.16) 1.04(.84-1.29) 1.29(1.05-1.59) .004
Model 2 Reference .97 (77-1.21) 1.09(.88-1.36) 1.37(1.12-1.70) <.001
Model 3 Reference .99 (.79-1.24) 1.12 (.90-1.40) 1.43(1.14-1.79) <.001
5-min Apgar score<7
SBP SD Model 1 Reference 90 (.48-1.70) .70(.35-1.39) .75(.38-1.47) .335
Model 2 Reference 89 (47-1.69) .69 (.35-1.36) 73(.37-1.43) 297
Model 3 Reference 88 (.46-1.66) .66 (.33-1.32) 66(.33-1.31) .186
SBPCV Model 1 Reference 76 (.40-1.46) .76 (.40-1.46) .67 (.34-1.31) 264
Model 2 Reference 75(.39-1.44) 74(.38-1.41) 64 (.32-1.26) 212
Model 3 Reference 73(.38-1.40) .69 (.36-1.34) 57(.28-1.14) 120
DBP SD Model 1 Reference .50(.23-1.07) .90 (.48-1.70) 95(.51-1.78) 721
Model 2 Reference 49 (.23-1.06) .88 (.46-1.66) 91(.48-1.71) 821
Model 3 Reference 49 (.23-1.05) .85(.45-1.62) .84 (.44-1.62) .987
DBP CV Model 1 Reference 71(.34-1.48) 1.30(.69-2.44) 94 (.48-1.86) 796
Model 2 Reference 69 (.33-1.45) 1.25(.66-2.36) 89(.45-1.77) 929
Model 3 Reference 67 (.32-1.41) 1.18(.61-2.26) .80(.39-1.66) .826

Note: Model 1 was unadjusted. Model 2 was adjusted for body mass index, age, gravidity, parity, cesarean, in vitro fertilization-embryo transfer. Model 3
was adjusted for covariates in Model 2 and hypertensive disorders (normotension, gestational hypertension/preeclampsia), gestational diabetes mellitus,
premature rupture of membranes, cephalic presentation, scarred uterus, anemia, mean SBP and mean DBP.

Abbreviations: CV, coefficient of variation; DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.

study to demonstrate such a relationship. The Apgar score system has
been widely used for the quick assessment of the physical condition
and the need for resuscitation of newborns.2® However, it is warned
inappropriate to use the Apgar score alone to diagnose neonatal
asphyxia or predict neurologic outcome.?! Apgar score may also be
influenced by a few factors such as preterm birth and gestational
age. Despite its limitations, a cohort study with more than one million
neonates showed that low 5-min Apgar score was strongly associated
with the risk of neonatal and infant mortality.?2 In our study, higher
diastolic BPV was associated with an increased risk of 1-min Apgar
score < 7 when extreme quartiles were compared. However, no
significant association was found between systolic BPV and 1-min or
5-min Apgar score < 7, which implies that diastolic BPV has a better
prognostic value. Fetal distress is a broad concept and it is hard to give
its precise definition. It is used when the fetus becomes hypoxia and it
often leads to a higher rate of cesarean or operative vaginal delivery.

We found higher BPV associated with increased risk of fetal distress
and small for gestational age in the fully adjusted model.

The mechanisms demonstrating the association of BPV with neona-
tal outcomes have not been fully understood. In general, BPV is consid-
ered to be the result of complex interactions between extrinsic envi-
ronmental and intrinsic cardiovascular regulatory mechanisms such
as central sympathetic overactivity, reduced arterial/cardiopulmonary
reflex, reduced arterial compliance, impairment of hormonal regu-
lation, improper dosing of antihypertensive treatment, and seasonal
change.?® Increased BPV leads to greater stress on blood vessels,
endothelial dysfunction and even organ damage.!?24-26 An animal
experiment suggested that increased BPV in combination with hyper-
tension aggravates cardiac remodeling and dysfunction in rats via
angiotensin |l system-mediated chronic myocardial inflammation.2*
Another animal study in rats demonstrated that BPV has a direct
relationship with arterial stiffness and recommended BPV as a
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TABLE 4 Association of visit-to-visit blood pressure variability with adverse neonatal outcomes in normotensive participants and patients
with gestational hypertension/preeclampsia

Variables

Quartile Median (range)

In normotensive participants

Fetal distress

DBP SD (mmHg) Q1 4.02 (<4.69) Reference
Q2 5.26 (4.69-5.83) 1.08(1.01-1.15)
Q3 6.48(5.83-7.29) 1.16(1.09-1.24)
Q4 8.53(>7.29) 1.21(1.13-1.29)
p for trend <.001
DBP CV (%) Q1 5.70(< 6.71) Reference
Q2 7.58(6.71-8.45) 1.06 (.99-1.14)
Q3 9.45 (8.45-10.72) 1.15(1.07-1.23)
Q4 12.74(>10.72) 1.24(1.16-1.33)
p for trend <.001

In patients with gestational hypertension/preeclampsia

DBP SD (mmHg) Q1 4.46 (< 5.34) Reference
Q2 6.02(5.34-6.77) .80(.63-1.01)
Q3 7.53(6.77-8.51) 91(.72-1.16)
Q4 9.96(>8.51) .87(.68-1.11)
P for trend 512
DBP CV (%) Q1 5.39 (< 6.52) Reference
Q2 7.47 (6.52-8.52) .80(.63-1.02)
Q3 9.57 (8.52-10.91) .79 (.62-1.02)
Q4 12.92(>10.91) .90 (.69-1.17)
P for trend .582

SGA

Reference

1.00 (.84-1.18)
1.06 (.90-1.25)
1.25(1.06-1.47)
.003

Reference
1.05(.89-1.24)
1.10(.93-1.30)
1.25(1.05-1.48)
.008

Reference
1.09(.70-1.71)
1.45(.94-2.23)
2.05(1.35-3.09)
<.001
Reference
1.49(.94-2.34)
2.04(1.31-3.17)
2.31(1.46-3.66)
<.001

Preterm birth

Reference
.79 (.70-.90)
.79 (.70-.89)
81(71-.92)
.003
Reference
.83(.73-.94)
.84 (.74-.95)
.79 (.69-.90)
.002

Reference

.97 (.66-1.43)
1.28(.88-1.86)
2.80(1.99-3.94)
<.001
Reference
1.24(.85-1.83)
1.81(1.25-2.62)
3.25(2.24-4.72)
<.001

1-min Apgar
score<7

Reference
.90(.71-1.15)
1.07(.85-1.35)
1.24(.99-1.56)
019

Reference
.95(.75-1.21)
1.06(.84-1.35)
1.33(1.05-1.69)
.006

Reference

.95 (.47-1.92)
1.49(.77-2.88)
2.13(1.14-4.00)
.005

Reference
1.08(.53-2.17)
1.79 (.93-3.44)
2.15(1.09-4.26)
011

Note: Adjusted for body mass index, age, gravidity, parity, cesarean, in vitro fertilization-embryo transfer, gestational diabetes mellitus, premature rupture of
membranes, cephalic presentation, scarred uterus, anemia, mean SBP and mean DBP.
Abbreviations: CV, coefficient of variation; DBP, diastolic blood pressure; Q, quartile; SBP, systolic blood pressure; SD, standard deviation; SGA: small for

gestational age.

parameter for arterial stiffness evaluation.?> BPV was reported to
correlate with markers of endothelial and smooth muscle function, sug-
gesting that BPV may affect vascular health.?” In a 15-year retrospec-
tive cohort study of 825 hypertensive patients without chronic kidney
disease, higher visit-to-visit BPV was found to be associated with the
slope of estimated glomerular filtration rate.28 It was also found that
higher systolic BPV was related to the loss of residual renal function in
peritoneal dialysis patients.2® Increased BPV may reflect a pathophys-
iological imbalance of cardiovascular regulation in pregnant women.2?
Placenta is responsible for supplying oxygen to the fetus. Higher
BPV may contribute to instability in hemodynamics and placenta
dysfunction by subtle damage to the placental vasculature and thus
reduce blood flow, oxygen, and nutrients delivery to the fetus,*° which
may increase the risk of fetal distress and small for gestational age.

In the present study, BPV was not a significant risk factor for
preterm birth in all participants. Various factors such as polyhydram-
nios, uterine malformation, and intrauterine infection account for
preterm birth. Actually, preterm birth is usually a complex result of
multiple factors rather than any one of the overwhelming causes.

Hypertensive disorders of pregnancy remain a global public health
issue responsible for both maternal and neonatal morbidity and
mortality.3! In the present study, the preterm birth morbidity in
normotensive participants and those with gestational hyperten-
sion/preeclampsia varied (4.19% vs. 9.76%, p < .001). Furthermore, the
status of placental abruption, gestational diabetes mellitus, scarred
uterus, premature rupture of membranes, in vitro fertilization-embryo
transfer, age, body mass index, gravidity, and parity distributed
differently among normotension group and gestational hyperten-
sion/preeclampsia group, with all p values for chi-square test or t-test
less than .05. We hypothesized that these variables may conceal or
interact with the effect of gestational hypertension/preeclampsia.
Therefore, subgroup analysis stratified by hypertensive status was
conducted. Diastolic BPV was related to the prevalence of small
for gestational age in both normotension group and gestational
hypertension/preeclampsia group. What should be noted was that
the prognostic value of BPV as a risk factor for preterm birth was
only observed in gestational hypertension/preeclampsia group but
not in normotension group. Mechanisms for the pathogenesis of
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preeclampsia include endothelial dysfunction, oxidative stress, inflam-
mation impairment, angiogenic imbalance.®2 Preeclampsia also leads
to impaired vascular homeostasis.®® Jieyu and colleagues found that
higher visit-to-visit BPV was related to increased risk of gestational
hypertension and preeclampsia, suggesting that BPV may help identify
patients at high risk of gestational hypertension and preeclampsia.'*
Moreover, BPV may reflect the severity of preeclampsia to some
extent. Uncontrollable hypertensive disorders of pregnancy especially
severe preeclampsia may lead to iatrogenic preterm birth by cesarean
section. Therefore, it is reasonable that BPV is associated with preterm
birth in patients with gestational hypertension/preeclampsia.

The major strength of this study is the large sample which provided
sufficient statistical power. We recruited 52,891 pregnant women
from the general population instead of selected participants from
clinical trials and thus increased the generalizability of our findings.
We also collected detailed information including several covariates,
which allowed us to analyze the association between BPV and neonatal
outcomes by adjusting several confounding factors. In addition, we
separated all the participants into normotensive participants and
patients with gestational hypertension/preeclampsia and performed
logistic regression analysis in the two subgroups respectively. By
selecting patients with gestational hypertension/preeclampsia, we not
only chose a population at high risk of neonatal outcomes but also
found increased BPV associated with preterm birth.

However, this is a retrospective study and it leads to confounding
bias and selection bias, which may distort the effect of visit-to-visit BPV
on neonatal outcomes. The study did not focus on short-term BPV and
its prognostic value for neonatal outcomes is obscure. Compared with
short-term BPV, visit-to-visit BPV might not entirely consist of sponta-
neous blood pressure variations and it provides limited information on
blood pressure profiles. It is unclear whether 24-h BPV has a better
prognostic value for adverse neonatal outcomes than visit-to-visit
BPV. Yet 24-h ambulatory blood pressure monitoring is not a routine
examination provided in outpatient department and it is costly and
inconvenient. Therefore, short-term BPV is difficult to acquire. In addi-
tion, there are no consensual standardized methods or protocols for
BPV measurement yet. For example, assessment of visit-to-visit BPV
such as visit frequency, visit intervals and follow-up durations varied in
different pregnant women and it may lead to measurement bias.

Using BPV along with other prenatal examinations represents an
opportunity to improve prognostic assessment tools for neonatal
risk. The measurement of visit-to-visit BPV is promising to be an
important potential target for BP management in pregnant women. A
standardized assessment procedure of BPV, such as BPV metrics, visit
frequency and visit intervals should be established in future research.
Furthermore, it is highly warranted to explore the interventional and

therapeutic methods based on the underlying mechanisms of BPV.

5 | CONCLUSIONS

The present study showed that higher diastolic BPV, independent of

mean blood pressure, is associated with an increased risk of adverse

neonatal outcomes including fetal distress, small for gestational age
and 1-min Apgar score < 7 in pregnant women. Our findings suggested
that BPV might be a potential marker for the management of blood
pressure and prediction of neonatal risks in pregnant women. Further
studies are necessary to explore the underlying mechanism of BPV.
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