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Abstract

Purpose of review—This review discusses the mortality and morbidity of hypertensive 

disorders of pregnancy (HDP) and the current diagnostic thresholds. It then explores measurement 

of variability in blood pressure (BP) during pregnancy as an opportunity to identify women at high 

risk of cardiovascular disease (CVD) later in life.

Recent findings—HDP is known to be associated with increased risk of long-term CVD. 

Current CVD prognostic tools do not incorporate a history of HDP given a lack of improved risk 

discrimination. However, HDP diagnostic criteria are currently based on a binary threshold, and 

there is some evidence for the use of variability in BP throughout gestation as a marker of CVD 

risk.

Summary—HDP increases long-term risk of CVD. Future studies investigating changes in 

diagnostic criteria, including the use of BP variability, may improve long-term CVD risk 

prediction and be incorporated into future risk assessment tools.
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Introduction

The World Health Organization (WHO) estimates that 10% of pregnant women worldwide 

are affected by hypertensive disorders of pregnancy (HDP) [1]. The classification includes 

gestational hypertension, chronic hypertension, pre-eclampsia (PE) and chronic hypertension 

with superimposed PE, all of which are associated with a range of perinatal outcomes, as 

well as short- and long-term, maternal morbidity and mortality rates.

Over the past 20 years, the linear association between blood pressure (BP) and 

cardiovascular disease (CVD) risk has become increasingly apparent, [2–5] leading to a 

lowering of BP targets at a population level in most treatment guidelines. However, both the 
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diagnostic and treatment thresholds for HDP remain higher than those for hypertension in 

the general population, and HDP is still regarded as a dichotomous trait. Given the current 

approach, it is likely that women who develop HDP are identified late or not at all; therefore, 

opportunities to minimize the risk of HDP to both mother and baby in the short- and long-

term may be missed.

This report reviews: a) the associated mortality and morbidity of HDP, including the 

increased risk of CVD in later life and b) the current diagnostic thresholds for HDP. We then 

discuss risk assessment for CVD before proposing BP variability in pregnancy as a 

mechanism to identify at-risk women. Quantifying BP variability throughout gestation is an 

approach to diagnosing HDP that may capture additional women at risk of CVD, which 

would facilitate earlier identification, monitoring and appropriate treatment.

Mortality and morbidity of HDP

HDP is one of the major causes of global maternal mortality, accounting for approximately 

30,000 maternal deaths annually [6]. However, in high-income countries (HIC), mortality 

from hypertension in pregnancy has in fact been declining as a result of improved 

prevention, diagnosis and treatment [7].

Despite the overall decline in maternal mortality, the incidence of HDP is increasing [8] 

mainly due to changes in maternal health characteristics associated with the epidemiological 

transition seen in both developed and emerging economies. These include delayed child-

bearing, an increase in pre-existing health problems such as hypertension and obesity, and a 

rise in assisted conception births [6, 9–11].

Maternal morbidity increases with worsening HDP, as a general rule. Based on the 14 

markers (e.g. disseminated intravascular coagulation, eclampsia, acute renal failure, cardiac 

arrest), which the Centers for Disease Control and Prevention recommend for defining 

‘severe maternal morbidity’, severe PE is associated with the highest morbidity followed by 

uncomplicated PE, and then chronic hypertension [12]. HDP also results in adverse perinatal 

outcomes, including fetal growth restriction (FGR), preterm birth and small for gestational 

age (SGA) newborns [13, 14]. There may also be an intergenerational effect in this last 

group as SGA babies are at increased risk of CVD in later life [15].

Cardiovascular Disease Risk

Women with HDP also have an increased long-term risk of non-communicable diseases 

(NCDs) including hypertension and CVD [16–19]. CVD is the leading cause of global 

mortality [20], and the leading cause of mortality for women in the United States, resulting 

in over 400,000 deaths per year [21].

The precise nature of the relationship between HDP and CVD has yet to be determined. The 

physiological stress of pregnancy may unmask a woman’s pre-existing predisposition to 

CVD via metabolic disturbances, inflammation, hypercoagulability and genetic factors. The 

relationship may also be causal: HDP or PE may induce long-lasting vascular, renal and 

metabolic changes that increase CVD risk. Alternatively, hypertension in pregnancy may 
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compound the risk of future disease [22]. Regardless of the underlying pathophysiology, the 

association between HDP and CVD risk is clear [18, 23–27, 17, 28, 29]. This applies 

particularly to PE, which increases the risk of CVD by approximately two-fold compared to 

normotensive pregnancies, as shown in several meta-analyses [17, 23–25].

The Cardiovascular Health after Maternal Placental Syndromes (CHAMPS) cohort study, 

published in 2005, followed over 1 million women free of CVD prior to their first delivery, 

of whom 75,380 were subsequently diagnosed with a ‘maternal placental syndrome’ 

(including HDP). The study found women who had gestational hypertension and PE were at 

a significantly increased risk of long-term CVD, HR 1.8 (1.4 – 2.2) and HR 2.1 (1.8 – 2.4) 

respectively [27].

Interestingly, the Control of Hypertension in Pregnancy (CHIPs) randomized controlled trial 

(RCT), published in 2016, found that severe hypertension in pregnancy was associated with 

adverse maternal and perinatal outcomes regardless of PE occurrence [30]. Studies including 

women with any HDP compared to those with normotensive pregnancies have also found 

significant increases in CVD risk. A 2010 study of 4782 women, of whom 13.4% had a 

history of HDP, reported an 88% increased risk of long-term hypertension, HR 1.88 (1.49 – 

2.39), and a 2.1 times increased risk of stroke, HR 2.10 (1.19 – 3.71) [16]. In a subsequent 

study, the same group found 1.6 greater odds of peripheral arterial disease OR 1.61 (1.04 – 

2.49), when controlling for traditional risk factors including hypertension in later life [18].

A more recent Australian retrospective cohort study, published in 2016, included 31,656 

women of whom 13.9% had a history of HDP: the odds of CVD mortality were increased by 

56%, OR 1.56 (1.28 – 1.89) [28]. The Nord-Trøndelag Health prospective cohort study, 

published in 2019, further supports these findings. Amongst 23,885 participants, 9.2% had a 

history of HDP: their risk of CVD was increased by 57%, HR 1.57 (1.32 – 1.87) [29].

Differences in the diagnosis of hypertension and HDP

It is well established that there is generally a direct and continuous association with mean 

BP and CVD risk. This was initially demonstrated by the Prospective Studies Collaboration 

that undertook a meta-analysis of individual data including one million adults in 61 

prospective studies. BP was directly related to CVD mortality without any evidence of a 

threshold down to at least 115/75 mmHg [2]. These findings are supported by a large, 

prospective, observational study undertaken by Rapsomaniki et al. [3] and the more recent 

SPRINT RCT, published in 2014, that confirmed lower targeted BP control reduces rates of 

fatal and non-fatal CVD events [4].

As a result of this body of work, there has been a recent trend towards lowering mean BP 

targets in treatment guidelines. The 2017 American Heart Association (AHA) guidelines 

reclassified elevated BP as >120/80 mmHg (previously categorized as pre-hypertension), 

>130–39/>80–89 mmHg as stage 1 hypertension and >140/>90 mmHg as stage II 

hypertension. Treatment initiation is guided by total CVD risk score assessment, which takes 

into account BP measures among other risk factors [5]. At present, the European Society of 

Cardiology (ESC) and Other Societies on CVD Prevention in Clinical Practice Guidelines 
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and the National Institute for Health and Care Excellence (NICE) guidelines in the UK 

classify a BP of 140 – 159 mmHg systolic and/or 90 – 99 mmHg diastolic as grade I 

hypertension [31] [32].

Despite the known association between HDP and CVD risk, the threshold for diagnosing 

hypertension in pregnancy remains higher than that in the general population according to 

the current AHA guidelines. Mild to moderately elevated BP in pregnancy is defined as 

systolic BP >140 mmHg and <160 mmHg, or diastolic BP of >90 mmHg and <110 mmHg. 

Severely elevated BP is defined as >160/110 mmHg [33]. The recently released American 

College of Obstetricians and Gynecologists (ACOG) guidelines on chronic hypertension in 

pregnancy do in fact recognize those with previously diagnosed hypertension as per the new 

AHA criteria. However, they do not recommend making a new diagnosis of chronic 

hypertension in pregnancy when BP is <140/90 mmHg [31].

Current treatment of HDP

According to the 2019 ACOG guidelines, antihypertensive treatment of BP levels below 160 

mmHg systolic is not routinely recommended unless other comorbidities or end-organ 

damage is present [34]. The 2018 ESC guidelines for the management of CVD during 

pregnancy recommend initiation of drug treatment for all women with BP persistently 

>150/95 mmHg or at >140/90 mmHg if gestational hypertension is diagnosed or end-organ 

damage present [35].

The fact that the American and European definitions and related treatment targets for 

hypertension in pregnancy have long remained higher than those for the general population 

is in part due to concerns about the effect of reduced BP on utero-placental blood flow. A 

metaregression analysis of 45 RCTs, published in 2002 and often cited, demonstrated a 145g 

decrease in birth weight with a 10 mmHg fall in mean arterial pressure (MAP) [36]. 

Unfortunately, high-quality evidence of the long-term effects of antihypertensive treatment 

in pregnancy is scarce: the most recent dates back to 1976 [37]. Interestingly, a 2018 

Cochrane systematic review of treatment for mild to moderate hypertension in pregnancy did 

not find any significant effects on perinatal outcomes including SGA, preterm birth and 

infant mortality [38].

Although there is little evidence of the effects of drugs on utero-placental blood flow and 

fetal growth, there is some evidence of short-term benefits of treating mild to moderate 

hypertension for the mother. The same Cochrane review of hypertension in pregnancy 

suggested that treatment prevents progression to severe hypertension by 50%, without any 

effect on the incidence of PE [38]. The large, multinational, CHIPS RCT, published in 2016 

by Magee et al. supported these findings [39].

ACOG suggest that the lack of short-term benefits of treatment during pregnancy is enough 

to justify discontinuation of any pre-pregnancy initiated treatment [34]. However, there is 

some evidence that stopping the antihypertensive medication of a pregnant woman who has 

mild or moderate chronic hypertension prior to pregnancy increases the risk of adverse 

maternal and perinatal outcomes [40].
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Based on the summation of this evidence, the recently updated NICE guidelines now 

recommend initiation of treatment for women in pregnancy with a sustained systolic blood 

pressure (SBP) >140 mmHg or diastolic blood pressure (DBP) >90 mmHg with a treatment 

target of 135/85 mmHg [41]. Furthermore, NICE recommend women continue on 

antihypertensive treatment unless SBP and/or DBP are sustained below <110 mmHg and 

<70 mmHg respectively, or the women have symptomatic hypertension. We hope these 

changes will be introduced into other guidelines.

The difference in global recommendations between non-pregnant and pregnant women, and 

relative lack of consensus, certainly warrants further attention. This is particularly so given 

that even slightly elevated BP during pregnancy (<120/80 mmHg) has been found to be 

associated with a 2.6 fold higher risk of chronic hypertension in the decade after delivery 

compared with women with BP <120 mmHg [42]. Furthermore, there is evidence that 

recurrent elevations in BP across a women’s reproductive years increases CVD risk [43].

Long-term risk assessment

HDP is recognized as an important set of disorders that can predict a woman’s future risk of 

CVD. Given this association and indeed the magnitude of global CVD burden, a history of 

HDP should be included in any medical consultation [44]. Moreover, the period between 

pregnancy and the development of CVD should be seen as window of opportunity for 

primary prevention [45]. This is in keeping with a life-course approach to women’s health 

and is aligned with the Global Strategy for Women’s Children’s and Adolescents’ Health 

(2016 – 2030) commitment to reduce premature mortality from non-communicable diseases 

by one third [46].

The importance of identifying women with a history of HDP is recognized by the AHA, 

American Stroke Association (ASA) and ESC in their recent guidelines [47, 48]. In fact, the 

ESC and Other Societies on CVD prevention in clinical practice guidelines recommend 

considering periodic screening for hypertension in women with a history of HDP [31]. The 

ASA guidelines for the prevention of stroke in women highlight a need for better clinician 

and patient education about the association between HDP and CVD, citing evidence of a 

lack of knowledge regarding this association [49].

Furthermore, several studies have called for incorporation of HDP as a risk factor in CVD 

risk assessment tools [50, 51]. There are a large number of such tools currently available, 

including the Framingham Risk Score (FRS) [52, 53], ATP III [54], QRISK [55, 56], 

Reynolds Risk Score (RRS) [57, 58], EUROSCORE [59], PROCAM [60], ASSIGN – 

SCORE [61], CUORE [62], Globorisk [63], and the Pooled Cohort Risk Equations (PCEs) 

used in the Atherosclerotic Cardiovascular Disease (ASCVD) Risk Calculator [64]. The 

most recent is the WHO revised models of CVD risk charts [65]. All of these tools utilize 

age, HDL and SBP as components of the assessment. Gender, total cholesterol, LDL, CRP, 

BP treatment, diabetes, HbA1c, family history, body mass index, social factors, ethnicity, 

deprivation and chronic disease are assessed in various combinations across the tools [66, 

35]. Many of these additional variables do not seem to help discriminate when assessing 10-

year risk of CVD. A meta-analysis of 86 prospective studies found no differences between 
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SCORE, FRS, RRS, and PCE predictions when recalibrated for the populations in the study 

[67].

Notably, none of these risk assessment tools take into account a history of HDP, despite the 

known and significant association. However, research to date suggests that the inclusion of 

HDP does not significantly improve discrimination in 10-year CVD prediction [68–72]. The 

Markovitz et al. study did show small improvements in CVD prediction by including all 

pregnancy complications, but the differences were thought unlikely to be clinically 

meaningful [70]. These studies were however largely limited to older white women and 

relied on maternal recall of HDP. Therefore, populations who experience higher rates of 

pregnancy complications were underrepresented and the association between HDP and CVD 

risk was more likely to have been mediated by traditional CVD risk factors [73].

It is worth highlighting that the aforementioned risk assessment tools all predict 10-year 

risk, with the exception of the PCEs which also calculates life-long risk based on gender-

specific categorization. A 10-year risk assessment likely underestimates the need for 

preventative strategies in women who tend to live longer and experience CVD later in life, 

approximately 10 years after men [74, 75]. The upper age limit, which varies between 65 to 

79 years, also works against identifying women at risk and the clinical relevance of any 

interventions. This was highlighted by Farzadar in a recent Lancet commentary: “…

specification of a 10-year risk prediction, which gives considerable weight to the age 

variable, does not allow the model to single out the long-term risk, specifically in younger 

age groups. The same problem exists for women at a smaller scale.” [76]

Furthermore, there is often a mismatch between predicted and observed risks when using 

risk assessment tools such as the PCEs [77]. It may be that this mismatch and our inability to 

use HDP or other risk factors to identify women at risk more accurately is a result of how we 

measure BP itself. Studies of HDP as a marker of future CVD risk or treatment effects 

consider it a dichotomous trait based on a single threshold value, which makes little 

biological sense. Hence, HDP may be a stronger discriminating risk factor if considered a 

continuous quantitative variable rather than a dichotomous trait based upon an arbitrary 

diagnostic threshold.

Variation in BP, a missed opportunity

The current binary, population-based threshold for identifying hypertension in pregnancy 

may not capture all women at risk of future CVD and lowering the threshold may include 

women who are not at risk. Instead, quantifying BP variation throughout pregnancy is an 

approach that may be more sensitive and specific and warrants renewed attention.

The 1993 Report of the Joint National Committee (JNC) on Detection, Evaluation, and 

Treatment of High Blood Pressure used change in BP as part of the diagnostic criteria for 

hypertension in pregnancy [78]. The diagnostic criteria required a SBP increase of 30 mmHg 

or more or a DBP increase of 15 mmHg or more compared with the woman’s average values 

before 20 weeks’ gestation. If previous BP measurements were not available, a reading of 

140/90 mmHg or above was considered abnormal. Interestingly, this approach to the 

Vermunt et al. Page 6

Curr Hypertens Rep. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



diagnosis of hypertension in pregnancy disappeared in the 1997 JNC report and all 

subsequent reports [79]. One can only hypothesize that this occurred because of difficulty in 

the practical application of such criteria.

The underlying mechanisms by which BP effects CVD prognosis are not completely 

understood. Although mean BP is obviously important, increased BP variation is thought to 

reflect a pathophysiological imbalance of cardiovascular regulation in response to internal 

and external hemodynamic stressors. Variation in BP has also been shown to be reproducible 

rather than a random occurrence that hinders the ascertainment of ‘usual BP’ measurements 

[80, 81]. There is growing interest and evidence from interventional and observational 

studies for the use of BP variability as a key measure of CVD risk [81–85]. A recent 

systematic review and meta-analysis concluded that long-term BP variability independent of 

mean BP was associated with risk of all-cause mortality, HR 1.15 (1.09 – 1.22), CVD 

mortality HR 1.18 (1.09 – 1.28), CVD events, HR 1.18 (1.07 – 1.30), coronary heart disease, 

HR 1.10 (1.04 – 1.16) and stroke, HR 1.15 (1.04 – 1.27). Increased mid-term and short-term 

variability in daytime SBP were also associated with all-cause mortality (1.15, 1.06 – 1.26; 

1.10, 1.04 – 1.16) [83].

One population-based, cross-sectional study has reported on changes in BP among 452 

women throughout the peri-partum period and subsequent CVD outcomes. A 10 mmHg 

increase in mean DBP between 12 and 42 weeks’ gestation was found to confer a 1.7 fold 

increased risk of future hypertension. However, the study did not include women who 

developed gestational hypertension, PE or eclampsia [86]. A further study by Jwa et al. also 

explored changes in BP during the first half of pregnancy [87]. They reviewed the Tokyo-

Children’s Health, Illness and Development study cohort data to analyze the relationship 

between BP changes from before 16 weeks to 20 weeks’ gestation. They found that the risk 

of pregnancy-induced hypertension increased in those whose BP moved from the Japanese 

Society of Hypertension 2009 Hypertension Treatment Guidelines [88] Class I (‘Optimal’: 

SBP 120 mmHg, DBP 80 mmHg) or Class II (‘Normal’: SBP 120 – 129 mmHg and/or DBP 

80 – 84 mmHg) before 16 weeks’ gestation to Class III (‘High Normal’: SBP 130 – 139 

mmHg and/or DBP 85 – 89mmHg) at 20 weeks’ gestation. There was no greater risk if 

women moved down a class. A further small observational study investigated variability in 

BP throughout pregnancy among women with treated mild to moderate hypertension. 

Patterns were found to differ between those with PE, FGR and preterm birth [89].

Variability as a prognostic marker for inclusion in risk assessment tools

The concept of variability in BP during pregnancy has the potential to improve the 

identification and treatment of women at risk of future disease. It may also facilitate the 

meaningful integration of other risk factors such as HDP in assessment tools.

At present, there are no standardized methods or protocols for measuring BP variation and 

assessing its prognostic value. Broadly, there are three ways one could analyze BP changes 

throughout pregnancy. First, one could look at an individual’s change in SBP or DBP 

relative to a pre-defined baseline measurement. It may be that an individual with an SBP 

increase of 20 mmHg to 130 mmHg from a baseline of 110 mmHg has a higher long-term 
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risk of CVD than another who has a smaller increase of 10 mmHg to 140 mmHg, even 

though only the latter would be diagnosed with mild to moderate hypertension in pregnancy 

(Figure 1 A). This is similar to the approach taken by the aforementioned studies by Iino et. 

al. and Jwa et al. [86, 87]. Examining relative change in BP allows the criteria for 

hypertension diagnosis to vary, either by individual and/or throughout gestation depending 

on the chosen reference. However, the criteria are based on a single level of BP change from 

baseline and still remain dichotomous.

The second approach is to quantify BP variation over the course of pregnancy and utilize 

multiple BP measures throughout gestation to better reflect cardiovascular dysregulation. 

Several indices can be calculated to quantify mid and long-term BP variability. The primary 

summary value described is the standard deviation (SD) around an individual’s or population 

standard mean SBP or DBP (Figure 1 B). This method was used by Shimbo et al. in their 

2012 study of the association between annual visit-to-visit BP variability and stroke in 

postmenopausal women. Results suggested that independent of mean BP and temporal 

changes over time, greater variability of SBP relative to the individual’s mean BP was 

associated with an increased risk of stroke, particularly in the lowest range of mean SBP 

[90]. Another measure often calculated in conjunction with SD, is the ‘coefficient of 

variation’. This is the ratio of SD to mean BP, a normalized measure of variation 

[80].However, mean BP is correlated with SD and it is also known to increase with age [2]. 

Therefore, ‘variation independent of the mean’ was formulated by Rotherwell et. al in 2010 

[81]. Two further indices used to quantify BP variability are ‘successive variability’ and 

‘average real variability’ which take into account the order of and variability between 

adjacent BP recordings [80].

Third, one could look at the rate or velocity of change in BP over time. For example, it may 

be that an individual with a rapid increase in BP is at higher risk than a woman with more 

static serial BP measures despite having higher absolute pressures. Velocity can be 

calculated by units of measurement per time such as mmHg/gestational week. The slope or 

degree of centile crossing can be measured by comparing a women’s BP trajectory with pre-

defined curves, which represent specific constant velocities. This determines if BP is 

changing appreciable more quickly than in a woman with a baseline BP of the same centile 

group. This is a similar approach to that used to measure a child’s growth velocity on 

anthropometric charts [91]. It is worth noting that intervals of measurement need to be pre-

defined for comparisons across intervals, as the shorter the interval, the greater the 

variability. In 2005, Zakopoulos et. al. formulated a summary value called ‘time rate BP 

variability’ to measure speed and steepness of BP changes over time [92]. Finally, one could 

look at a combination of these approaches or include one or more in a composite score or 

risk assessment tool.

A challenge of measuring variability in pregnancy is defining a baseline BP from which to 

make comparisons. Baseline can be defined as pre-pregnancy BP [93–95], although these 

measures are often not available in routine clinical practice. Some studies, therefore, use 

postnatal measures [96]. Most frequently, BP at 20 weeks’ gestation is used to differentiate 

between women with pre-existing chronic hypertension and those who have developed HDP. 
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The latter is not based on strong evidence, and the recent ACOG Practice Bulletin highlights 

the arbitrary nature of this temporal cut-off [34].

Comparative measures are further complicated by evidence that suggests there is a 

physiological mid-trimester drop in BP during pregnancy. However, the Avon Longitudinal 

Study of Parents and Children (ALSPAC) reported women who had a normal pregnancy had 

drop of SBP and DBP at 20 weeks’ gestation compared to 12 weeks of approximately 

1mmHg [97], which is much smaller than the commonly cited nadir of 10% [34]. 

Furthermore, recent results of a systematic review and meta-analysis of BP and heart rate 

trends in normal pregnancies by Loerup et al. suggest the assumed mid trimester drop may 

need to be reconsidered. Analysis was of 39 studies and included BP recordings from over 

36,000 women from <16 weeks’ gestation throughout pregnancy. A substantial decrease in 

mid-trimester BP was not found [98]. Further work to clarify the degree of gestational age-

specific BP changes in pregnancy, and indeed the creation of gestational age-specific BP 

centiles would allow for interpretation of subsequent BP changes from baseline measures in 

both research and clinical settings.

Emerging technologies may mean the ability to accurately measure individual BP variability 

is now possible. In the past, manual auscultation was required to measure BP in pregnancy 

as unvalidated automated devices tend to underestimate BP. This is highlighted in the 

systematic review and meta-analysis by Loreup et al. Manual compared to automated BP 

measurements reported higher diastolic BP values. However, only three of thirteen studies 

that used automated sphygmomanometers had devices validated for use in pregnancy. With 

the development and availability of validated ambulatory BP devices [99], women are now 

able to regularly measure their pressures in the home environment making an analysis of 

variability more reliable and readily attainable. A 2018 systematic review and meta-analysis 

concluded that there was no significant difference between self and clinic readings and the 

mean differences were between just 1.5 – 2.2 mmHg systolic and 0.7 – 1.5mmHg diastolic 

BP [100].

Conclusion

At present, there is a difference in diagnostic and treatment recommendations for 

hypertension between non-pregnant and pregnant women, which warrants further 

investigation. Discrepancies in the definitions of hypertension aside, HDP and its sequelae 

continue to contribute to the immediate and future health burden of women.

Women affected by HDP could simply be regarded as a high-risk group for CVD who need 

to be screened for additional risk factors and provided with preventative interventions when 

appropriate. However, using variability in BP rather than the traditional binary population-

based thresholds for the diagnosis of HDP represents an opportunity to improve prognostic 

and risk assessment tools for future CVD risk. Variability may capture women at risk who 

currently fall outside the HDP diagnostic window and may be a more reliable indicator of 

the degree of risk and/or severity of future CVD. Current evidence suggests BP variability 

among the general population is independently associated with increased CVD risk. To 

determine the prognostic value of BP variability in pregnancy, longitudinal observational 
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studies among parous women that measure BP throughout gestation are required. Creation 

of gestational age-specific BP centiles and associated standardized methodology for 

quantifying variability would assist this investigation. With access to validated home 

sphygmomanometers, accurate measurement of variability is now easier than when 

diagnostic criteria (including those that incorporated variability) were previously 

recommended. This is an area of research priority given the large global burden of CVD and 

other hypertension related disorders, particularly in women.
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Figure 1. 
(A) Representation of an overall higher SBP trajectory compared to a SBP trajectory with 

lower absolute values but a greater relative increase (20 mmHg) over the gestational period. 

(B) Representation of variability as the standard deviation around the mean BP. Hypothetical 

SBP measurements are represented by dots. Mean SBP across gestation is represented by the 

solid line. Deviations about the mean BP are represented by the dotted lines. Conceptually t 

8he standard deviation is the ‘average’ of BP deviations.
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