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Objective To determine changes in plasma C–type natriuretic

peptide (CNP), a paracrine product of the vascular endothelium,

in pregnancies with vascular disorders, and relate these to time of

presentation and severity.

Design Retrospective nested cases and controls.

Setting Community study, Auckland New Zealand.

Population Screening for Pregnancy Endpoints (SCOPE) data and

bio-bank of maternal plasma.

Methods Maternal plasma amino terminal proCNP

(NTproCNP) was measured by radioimmunoassay in early

(14–16 weeks of gestation, and again at 19–21 weeks of

gestation) and late (34–36 weeks of gestation) pregnancy in

three groups of women (20 per group): pre-eclampsia

(pre-eclampsia); gestational hypertension (GHT) with

small for gestational age (SGA); and uncomplicated

pregnancy.

Main outcome measures Change in NTproCNP and associations

with concurrent blood pressure, time of case presentation,

severity, and infant birthweight.

Results Plasma NTproCNP in early pregnancy in women with

vascular disorders did not differ from those found in controls. In

late pregnancy, levels in pre-eclampsia (28.8 � 2.3 pM) and in

GHT with SGA (28.6 � 4.8 pM) were significantly increased

(P = 0.01 and 0.027, respectively) compared with controls

(21.3 � 1 pM). In pre-eclampsia, levels were significantly higher

(P < 0.03) at 14–16 weeks of gestation in women diagnosed prior

to 34 weeks of gestation. Combining all three groups, associations

of NTproCNP with concurrent diastolic and mean arterial

pressure were found at 34–36 weeks of gestation (r = 0.46). No

significant associations were identified with birthweight.

Conclusions CNP secretion during gestation is responsive to

vascular stress. Plasma NTproCNP measurements may have

clinical application in late pregnancy in defining the different

phenotypes associated with pre-eclampsia.

Keywords Fetal growth restriction, hypertension, NTproCNP,

pre-eclampsia, pregnancy, small for gestational age.

Tweetable abstract Plasma NTproCNP is raised in women

diagnosed with PET in a case–controlled study using SCOPE data

and biobank.

Please cite this paper as: Espiner EA, Prickett TCR, Taylor RS, Reid RA, McCowan LM. Effects of pre-eclampsia and fetal growth restriction on C-type

natriuretic peptide. BJOG 2015; DOI: 10.1111/1471-0528.13397.

Introduction

C–type natriuretic peptide (CNP) is a paracrine growth fac-

tor widely expressed in tissues, including the vascular endo-

thelium,1,2 where it is considered to provide vasoprotective

functions,3 including anti-inflammatory, anti-thrombotic,

and anti-proliferative actions in intimal tissues.4 In addi-

tion, CNP, a vasodepressor, promotes bloodflow via vaso-

dilation and angiogenesis.5,6 CNP itself is rapidly degraded

in tissues, and negligible quantities enter the circulation in

most species;1 however, an inactive portion of the pro-hor-

mone aminoterminal proCNP (NTproCNP) is not

degraded at source, circulates in plasma, and can be used

as a marker of CNP synthesis in tissues,7 provided renal

function is normal.8 Little is known of the role of CNP in

humans but recent studies in pregnant ruminants indicate

that maternal concentrations of NTproCNP are regulated

during pregnancy, and are increased when maternal nutri-

ents are restricted in early or late gestation.9,10 We there-

fore studied human pregnancy,11 postulating that similar

increases in maternal plasma NTproCNP would occur

when pregnancy was complicated by diminished fetal

growth and/or in conditions associated with impaired pla-

cental blood flow. The results supported the hypothesis in

showing much higher concentrations in complicated preg-

nancy compared with the lower and relatively unchanging
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NTproCNP levels when pregnancy was uneventful. Disor-

ders of fetal growth and high blood pressure appeared to

make the greatest contribution to these elevations, but

numbers of women with specific adverse events, such as

pre-eclampsia, or gestational hypertension (GHT) plus

small for gestational age (SGA), were small in the original

publication, prohibiting any analysis of the time sequence

of NTproCNP changes or the underlying mechanisms con-

tributing to changes in maternal levels.

We now report serial changes in maternal plasma CNP

peptides in two specific complications of late pregnancy –
pre-eclampsia and GHT with SGA – using samples

obtained from the Screening for Pregnancy Endpoints

(SCOPE) study.12,13 Specifically, we postulated that: (1)

compared with controls, NTproCNP concentration in late

gestation will be increased in both pre-eclampsia and GHT

with SGA; and (2) that observed increases will be associ-

ated with appropriate markers of severity. We further pos-

tulated that compared with values in women first

diagnosed with pre-eclampsia near term, women with early

presentation of pre-eclampsia (<34 weeks of gestation)

would exhibit higher concentrations of NTproCNP when

first assessed in early gestation.

Methods

Study groups
Twenty nested cases (pre-eclampsia, GHT with SGA) and

controls (uneventful pregnancies) were selected from the

SCOPE study (trial registration ACTRN 12607000551493)

undertaken in Auckland, New Zealand, between Novem-

ber 2004 and July 2007. Subjects in each of these three

groups were selected at random on the basis of previously

defined diagnostic end points,12 and the availability

of plasma samples at the three specified time periods

(14–16 weeks of gestation, 19–21 weeks of gestation, and late

gestation), as described in Appendix S1. In late gestation, the

median time of sampling was 35 weeks of gestation (inter-

quartile range 34–36 weeks of gestation). Of the 20 GHT

with SGA, only five had plasma samples collected in late ges-

tation. Briefly stated, SCOPE was a prospective multicentre

cohort study of healthy nulliparous women, the primary

objective of which was to develop screening tests to predict

pre-eclampsia, SGA, and spontaneous preterm birth. All par-

ticipants were interviewed, and clinical details (including

body mass index, BMI, and blood pressure) were recorded at

14–16 and 19–21 weeks of gestation, when blood samples

were also collected. Uterine artery Doppler screening was

performed in all 60 women at 19–21 weeks of gestation,13

and the mean of the right and left uterine artery resistance

index was calculated. Women were followed throughout

pregnancy, and details of any pregnancy complications and

final outcomes were recorded in the SCOPE internet data-

base with complete audit trail (MedSciNetAB). Whenever

possible, clinical details and blood sampling were repeated

when the disorder was first recognised (time of diagnosis, see

below) for women with pre-eclampsia and GHT with SGA,

along with urinary protein/creatinine ratio (cases) or protein

dip stick (controls). All blood pressures (diastolic at Korotk-

off V) were measured manually in the sitting position by the

research midwife using a mercury or aneroid sphygmoma-

nometer, with a large cuff for arm circumferences ≥33 cm.

Mean arterial pressure (MAP) was derived from the equation

MAP = DP + PP/3, where DP and PP are diastolic and pulse

pressure, respectively. Gestational hypertension (GHT) was

defined by blood pressure recordings of systolic pressure

≥140 mmHg and/or diastolic pressure ≥90 mmHg on at

least two occasions, 4 h apart, after 20 weeks of gestation,

but before the onset of labour. Pre-eclampsia was defined as

for GHT, plus: (1) proteinuria (24–hour urine protein

≥300 mg, spot urine protein/creatinine ratio ≥30 mg/mM

creatinine, or urine dip-stick protein ≥2+); or (2) any multi-

system complication of pre-eclampsia.12 Severe pre-eclamp-

sia was defined by the presence of sustained severe

hypertension (two or more recordings of systolic pressure

≥170 mmHg or diastolic pressure ≥110 mmHg,14 or evi-

dence of multisystem disorder. Early-onset pre-eclampsia

was defined as pre-eclampsia presenting before 34 weeks of

gestation. SGA was defined as a birthweight below the tenth

customised centile, adjusted for each of the following: mater-

nal weight, height, parity, ethnicity, infant sex, and gesta-

tional age at delivery. The time of diagnosis, defined as the

gestational age at which the criteria for pre-eclampsia was

first established, also determined the timing of repeat late-

pregnancy blood collection in all 20 women with pre-

eclampsia. As GHT was not a primary end point in the

SCOPE study, diagnosis of GHT with SGA at the time of late

pregnancy sampling (34–36 weeks of gestation) could only

be confirmed retrospectively once status (SGA, GHT, or

uncomplicated pregnancy) was ascertained after birth. In the

case of the five women confirmed as GHT with SGA at birth

and sampled at 34–36 weeks of gestation, three had GHT

plus suspected SGA at the time of sampling, and two were

sampled as normal controls who developed GHT after sam-

pling but before delivery. In order to match the timing of

sampling in cases, controls were selected who also had addi-

tional blood sampling in late gestation (34–36 weeks of ges-

tation).

Specimen collection
Blood was collected into plain tubes (serum creatinine) or

EDTA vacutainer tubes (Bectin Dickinson BD Australia/NZ

Auckland NZ), which were then placed on ice and centri-

fuged at 2400 g for 10 minutes at 4°C, then stored at

�80°C within 4 hours until assayed for NTproCNP.

Plasma NTproCNP was measured as previously described,15
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except that 250 ll of plasma was used in the SepPak

extraction (concentration) step, and a more sensitive pri-

mary antiserum (J39) was used in the assay. Detailed char-

acteristics of the assay are provided in Appendix S2.

Within and between assay coefficients of variation were 6.6

and 9.4%, respectively, at 14.5 pmol/l. The detection limit

was 3 pmol/l. Cross-reactivity with Atrial Natriuretic Pro-

peptide was <0.07%, and with human B–type Natriuretic

Propeptide was <0.4%.

Serum creatinine (only assayed in women with pre-

eclampsia at the time of diagnosis) was measured by the

Architect c8000 analyser (Abbott Park, IL, USA).

Statistics
Results are expressed as means � SEMs unless stated other-

wise in the text. ANOVA with repeated measures was used to

assess changes in NTproCNP and blood pressure with time.

Bonferroni post hoc analysis was used to detect significant

differences between the three time points. Spearman’s rank

coefficient was used to determine correlations between vari-

ables, presented as r values. Statistical significance was

assumed when P < 0.05.

Results

The demographic and clinical details of the three groups

are shown in Table 1. Mean age, BMI, and gestation of late

pregnancy blood sampling did not differ significantly

among the groups. Gestation was shorter in cases com-

pared with controls. As expected, customised birthweight

centile was reduced in GHT with SGA, but not significantly

reduced in pre-eclampsia, compared with controls.

Plasma NTproCNP
Sample collection at 14–16 weeks of gestation (20 in each

group), 19–21 weeks of gestation (20 in each group), and

at late gestation (20 in controls and pre-eclampsia, five in

GHT with SGA) was complete; however, as two women

with pre-eclampsia received high-dose betamethasone

within 24 hours before sampling (with the likely suppres-

sion of NTproCNP),7 results at the time of diagnosis in

these two women were excluded from the analysis.

Controls
As shown in Figure 1(A), the mean maternal plasma levels

of NTproCNP at 14–16 weeks of gestation

(17.4 � 1.0 pmol/l) and at 19–21 weeks of gestation

(17.4 � 0.8 pmol/l) did not differ. In late pregnancy

(34.9 � 0.7 weeks of gestation), the mean plasma

NTproCNP level (21.3 � 1.0 pmol/l) was significantly

increased (P = 0.002) compared with values at 14–16 weeks

of gestation, and was positively correlated with gestational

age (r = 0.64). Neither BMI nor change in BMI (difference

between values at 14–16 and 19–21 weeks of gestation)

were associated with NTproCNP sampled late in preg-

nancy. There was no association of late-pregnancy plasma

NTproCNP concentration (nor change from values at 19–
21 weeks of gestation) with customised birthweight centile

in women with an uneventful pregnancy.

Women with pre-eclampsia
Mean plasma NTproCNP at 14–16 weeks of gestation

(18.3 � 0.9 pmol/l) and at 19–21 weeks of gestation

(18.2 � 0.8 pmol/l) did not differ from values in controls

(Figure 1A). In late pregnancy, plasma NTproCNP

Table 1. Demographic and clinical findings

Variable Controls PE GHT/SGA P

Ethnicity (% European) 80 70 85 ns

Age (years) 31.6 (0.8) 29.4 (0.8) 32.9 (0.9) ns

Height (cm) 166 (1.7) 165 (1.5) 168 (1.1) ns

Weight (kg)

14–16 weeks of gestation 67.5 (1.9) 73.0 (3.0) 78.6 (5.0) ns

19–21 weeks of gestation 69.0 (2.0) 74.5 (2.9) 81.5 (5.1) ns

BMI

14–16 weeks of gestation 24.4 (0.7) 26.7 (1.0) 27.7 (1.8) ns

19–21 weeks of gestation 24.9 (0.7) 27.3 (1.0) 28.7 (1.8) ns

Gestation at sampling** (weeks) 34.9 (0.7) 35.1 (0.7) 34.5 (0.9)* ns

Gestation at delivery (weeks) 40.4 (0.2) 36.2 (0.6) 38.5 (0.4) <0.001

Customised birthweight centile 47.5 (5.9) 40.6 (8.2) 3.6 (0.7) <0.001

Values are means (SEM) for each group (20 subjects per group); ns, not significant.

*Number of women = 5.

**Late pregnancy sampling.
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(28.8 � 2.3 pmol/l) was significantly higher than control

values at the same gestational age (P = 0.01), and unlike

controls showed no association with gestation. Viewed in

relation to severity, mean values in women graded as hav-

ing severe pre-eclampsia (28.7 � 2.7 pmol/l, n = 9) did

not significantly differ from those in women graded as ‘not

severe pre-eclampsia’ (28.9 � 3.9 pmol/l, n = 9); however,

in six women presenting with early pre-eclampsia (at a

mean of 31.4 weeks of gestation), plasma NTproCNP at

14–16 weeks of gestation (21.3 � 1.9 pmol/l) was signifi-

cantly higher than values in women with later presentations

(17.0 � 0.9 pmol/l, n = 14, P = 0.03). Similarly, MAP at

14–16 weeks of gestation in these early presentations (mean

93 � 3 mmHg, n = 6) was significantly higher than in

women presenting after 34 weeks of gestation (mean

81 � 2 mmHg, n = 14, P < 0.01). Neither BMI at 14–
16 weeks of gestation nor change at 19–21 weeks of

gestation was associated with plasma NTproCNP at any

time point. Six of these 20 women with pre-eclampsia

delivered an infant that was SGA. Values at time of diagno-

sis in these women with pre-eclampsia and SGA did not

differ from women with pre-eclampsia without SGA. Mean

serum creatinine (67.2 � 3.2 mmol/l, range 46–90 mmol/l)

was within the normal range at the time of diagnosis sam-

pling in all cases, and showed no correlation with concur-

rent plasma NTproCNP concentrations.

Women with GHT and SGA
As shown in Figure 1(A), mean maternal NTproCNP at

14–16 weeks of gestation (18.1 � 0.7 pmol/l) and at 19–
21 weeks of gestation (17.1 � 0.8 pmol/l) did not differ,

and were similar to time-matched values in controls and

women with pre-eclampsia. No significant associations of

NTproCNP were found at these times with BMI, nor with

customised birthweight centiles. Mean plasma NTproCNP

in late pregnancy (28.6 � 4.8 pmol/l) was increased com-

pared with controls (P = 0.027) at the same GA. Clinically

relevant details are shown for these five women in Table 2.

Although high blood pressure was documented during

pregnancy in all five women, only two (cases 1 and 5,

Table 2) were hypertensive at the time of sampling, late in

pregnancy. The women for whom NTproCNP was not

raised (17.2 pmol/l, case 1, Table 2) had experienced severe

asthma requiring increasingly higher daily doses of inhaled

corticosteroids from 14–16 weeks of gestation. Case 5

(exhibiting the highest plasma NTproCNP concentration of

44.4 pmol/l at the time of diagnosis) developed proteinuria

(1+) and hypertension (134 mmHg systolic and 92 mmHg

diastolic, the highest values recorded in her pregnancy) at

35 weeks of gestation. She proceeded to deliver an SGA

infant at 37.3 weeks of gestation.

NTproCNP and blood pressure
Blood pressure recordings in the three groups are detailed

in Table S1, and associations with concurrent maternal

plasma NTproCNP levels are provided in Table S2. The

time-related changes in MAP in relation to NTproCNP in

each group are shown in Figure 1(B). At the time of sam-

pling in late pregnancy, eight of the 20 women with pre-

eclampsia, but none of the others, were receiving hypoten-

sive therapy.

Blood pressure increased as pregnancy advanced in all

three groups (Figure 1B; Table S1). In addition, compared

with the levels in controls, pressures were significantly

increased at 19–21 weeks of gestation in GHT with SGA.

Late in pregnancy, blood pressures were significantly higher

in pre-eclampsia compared with those in GHT with SGA

(P < 0.005 for all, Table S1), yet plasma NTproCNP con-

centration at the time of diagnosis in the two groups did

not differ (Figure 1).

Significant correlations of concurrent NTproCNP values

with diastolic (r = 0.56) and mean arterial pressure

A

B

Figure 1. Changes in (A) plasma NTproCNP and (B) mean arterial

pressure (MAP) during pregnancy. Open, stippled, and filled columns

depict values at 14–16, 19–21, and 34–36 weeks of gestation,

respectively. Data are expressed as means � SEMs from 20 women at

each time point, except for pre-eclampsia (n = 18) and for GHT with

SGA (n = 5) at 34–36 weeks of gestation. Significant differences from

the values at 14–16 weeks of gestation are indicated by asterisks:

*P < 0.05; **P < 0.001.
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(r = 0.54) were observed in controls late in pregnancy

(Table S2), but not at other times. In pre-eclampsia, associ-

ations were significant (r = 0.49) at 14–16 weeks of gesta-

tion (diastolic), and at the time of diagnosis (MAP,

r = 0.46), whereas in GHT with SGA no significant associa-

tion was evident at any time point. Excluding women with

pre-eclampsia who were receiving hypotensive drugs

(methyl dopa alone in seven women; methyl dopa plus lab-

etalol in one woman) further strengthened the association

of plasma NTproCNP with diastolic pressure (r = 0.66)

and with MAP (r = 0.69).

For all groups combined (n = 43, i.e. 18 women with

pre-eclampsia, plus 20 controls, plus five women with GHT

and SGA) there was an association of time-matched plasma

NTproCNP late in pregnancy with diastolic pressure

(Figure 2) and with MAP (r = 0.46, for both). The associa-

tion with systolic pressure was much weaker (r = 0.28).

Excluding women with pre-eclampsia who were receiving

hypotensive therapy did not affect these relationships.

Despite associations of MAP with NTproCNP, no signifi-

cant association of change in plasma NTproCNP across

gestation with change in MAP was evident in any of the

three groups or in the combined cohort.

Uterine artery resistance index (UARI) and NTproCNP
At 19–21 weeks of gestation, mean UARI in controls

(0.55 � 0.02), pre-eclampsia (0.58 � 0.03), and GHT with

SGA (0.58 � 0.03) did not differ significantly. Associations

between UARI and concurrent plasma NTproCNP values

did not attain significance in any of the three groups.

Discussion

Main findings
Using plasma sampled longitudinally from selected cases in

the SCOPE study of nulliparous women, we show that

compared against controls with uneventful pregnancies,

maternal plasma NTproCNP is significantly raised in

women with pre-eclampsia at the time of diagnosis, and is

similarly increased in a smaller number of women with

GHT who delivered SGA infants. In addition, we identify

novel associations of maternal NTproCNP with concurrent

blood pressure at the time of sampling in late pregnancy,

and significantly higher values in early gestation in women

with pre-eclampsia presenting prior to 34 weeks of gesta-

tion.

As found previously,11 plasma NTproCNP concentra-

tions show a modest increase in late gestation in uneventful

pregnancy. No association was found with maternal blood

pressure, height, or BMI early in gestation in normal preg-

nancies; however, in late gestation a significant positive

association of NTproCNP was found with diastolic blood

pressure and MAP, even though blood pressure recordings

were consistently within normal limits throughout gestation

in this group. In contrast, there was no correlation with

customised birthweight centile at any time point in women

with infants of birthweight appropriate for gestational age.

Compared with controls, the mean values of maternal

plasma NTproCNP in GHT with SGA did not differ in

early gestation, even though blood pressures were signifi-

cantly higher than in controls at 19–21 weeks of gestation.

Viewed in relation to the positive association of blood

pressure with NTproCNP in controls late in gestation,

these findings suggest that the impact of rising blood pres-

sure on maternal NTproCNP is greater in late gestation.

Increases in NTproCNP in late pregnancy in both groups

of cases coincided with a further rise in blood pressure that

was significantly higher in women with pre-eclampsia.

Table 2. Blood pressure, birthweight, and plasma NTproCNP in five

women with GHT/SGA

Case Max

SBP*

(mmHg)

Max

DBP*

(mmHg)

Time of

onset

(weeks of

gestation)

cBWc**

%

NTproCNP***

(pmol/l)

1 150 100 33.0 6.0 17.2

2 140 92 33.4 1.0 34.2

3 150 95 34.1 5.0 23.4

4 140 100 37.0 0.4 23.7

5 132 92 35.0 5.0 44.4

*Maximum systolic/diastolic pressure across pregnancy.

**Customised birthweight centiles.

***Measurement at 34–36 weeks of gestation.

Figure 2. Association of diastolic blood pressure with maternal plasma

NTproCNP at 34–36 weeks of gestation (n = 43). Line fitted by least

squares method.
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In contrast to the above associations of NTproCNP with

blood pressure in pre-eclampsia, the clinical grading of the

severity of pre-eclampsia or the delivery of an SGA infant

was unrelated to plasma NTproCNP. In women with pre-

eclampsia presenting before 34 weeks of gestation, however,

NTproCNP was significantly increased at 14–16 weeks of

gestation when compared with values from women with

later presentations. Another relevant issue to consider is

renal function, which declines in pre-eclampsia. Plasma

NTproCNP is strongly affected by renal function, even

when plasma creatinine values lie within the accepted nor-

mal range;8 however, the lack of any correlation of

NTproCNP with serum creatinine in women who develop

pre-eclampsia in late gestation indicates that the observed

changes in NTproCNP are unlikely to be based on declin-

ing GFR alone, but rather reflect the increasing demands

made on the maternal vasculature.

In women with GHT plus SGA (but without evidence of

pre-eclampsia or other adverse events), NTproCNP levels

do not differ from control values at either 14–16 or

19–21 weeks of gestation, but increase in late pregnancy

(34–36 weeks of gestation) to values similar to pre-eclamp-

sia, and exceed those in controls at the same gestational

age. As only five women with GHT plus SGA had blood

sampled in late pregnancy, these findings are preliminary,

but are virtually identical to the results we have previously

reported.11 In the current study NTproCNP was unrelated

to blood pressure at any time point in GHT with SGA.

Taken together with the finding that MAP in GHT with

SGA was significantly lower than in women with pre-

eclampsia at the time of diagnosis, yet maternal NTproCNP

in the two groups did not differ, the results suggest that

additional factors arising from restricted fetal growth may

also contribute to elevated maternal levels in late gestation,

and now need further study.

Strengths and limitations
Strengths include longitudinal sampling at standardised

times across pregnancy, strictly pre-defined end points, and

the use of recently developed novel and fully validated

approaches to measuring CNP products in maternal

plasma. Together, these factors have uncovered associations

of CNP products with mean arterial and diastolic pressure

in late pregnancy, and higher values early in pregnancy in

the less common but more serious pre-eclampsia present-

ing prior to 34 weeks of gestation. Limitations relate to the

numbers of women studied, particularly those sampled

with GHT at 34–36 weeks of gestation, and who later

delivered an infant with SGA. Although the findings lack

immediate clinical application, evidence that vascular com-

plications in pregnancy are associated with the increased

secretion of an endogenous vasoprotective peptide with

anti-inflammatory actions is an important advance that

could lead to improved definitions of pre-eclampsia pheno-

types,16 or to therapeutic applications now that CNP agon-

ists are approved for use in humans (ClinicalTrials.gov

NCT02055157).

Interpretation
Although CNP has been viewed as an important (para-

crine) regulator of vascular tone and inflammation,3–6 little

is known of circulating CNP products in pregnant women

with vascular complications. Moreover, there are few if any

reports of raised CNP products in other hypertensive set-

tings, either in humans or in experimental animals. Cheung

and Brown studied 19 normal women and age- and gen-

der-matched women with essential hypertension.17 Whereas

a significant increase in plasma B–type natriuretic peptide

(BNP) was observed, plasma CNP did not differ between

the two groups. In human pregnancy, Stepan et al. found

that maternal plasma CNP concentration in women with

pre-eclampsia or GHT did not differ from normal preg-

nancy values when measured at 26–39 weeks of gestation.18

The latter finding is not surprising given the rapid degrada-

tion of CNP and the poor correlation with concurrent

plasma levels of NTproCNP in human pregnancy.11 Despite

these negative findings, evidence ex vivo shows that shear

stress, likely to increase with the increasing haemodynamic

load in pregnancy,19 upregulates NPPC gene expression

and increases CNP protein production. Connecting these

findings is the greatly augmented and selective up-regula-

tion of the CNP receptor (NPRB) and content of CNP in

the ovine uterine arterial endothelium in late gestation.20 It

is not known whether similar changes in CNP pathway

activity occur in the human uterine vasculature during

pregnancy, but the current findings linking maternal circu-

lating CNP products with increasing haemodynamic stress

in late gestation make this an attractive hypothesis. Of

note, an increase in the cardiac natriuretic peptides atrial

natriuretic peptide (ANP) and BNP also occur in the third

trimester in pre-eclampsia,21,22 possibly in response to

increased intracardiac pressure.21 Correlations of maternal

plasma levels of ANP or BNP products with systemic pres-

sure have been inconsistent, however. As production of

NTproCNP from the heart is trivial compared with ANP

and BNP,23 vascular rather than cardiac contributions are

the more likely source of the marked increase observed in

the current study.

Conclusion

At the time of first detection, two major complications of

late pregnancy – pre-eclampsia and GHT with SGA – are

associated with raised maternal plasma NTproCNP. Having

identified CNP products as participants in the adaptive

response to vascular stress, it is now important to assess its
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clinical utility relative to other analytes in larger groups of

women. A number of circulating factors are currently

viewed as potentially useful biomarkers of pre-eclampsia

and/or SGA,24,25 but none has yet been shown to predict

late-onset disease when sampled in early pregnancy.16

There is an emerging consensus that the phenotype in pre-

eclampsia is quite variable,24 making it likely that several

different late-pregnancy biomarkers, each reflecting a differ-

ent disturbed pathology, will be more effective than any

single entity in predicting complications in late gestation.

NTproCNP, as a marker of maternal vascular stress, could

complement promising placental products and improve the

detection of women at risk when measured in late preg-

nancy.
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