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Abstract

Objective—α-klotho, a protein with anti-aging properties, has been involved in important

biological processes, such as calcium/phosphate metabolism, resistance to oxidative stress, and

nitric oxide production in the endothelium. Recent studies have suggested a role of α-klotho in

endocrine regulation of mineral metabolism and postnatal growth in infants. Yet, the role of α-

klotho during pregnancy remains largely unknown. The aim of this study was to determine

whether maternal plasma concentration of α-klotho changes during pregnancy and evaluate its

expression in pregnancies complicated by small-for-gestational age (SGA) and/or preeclampsia

(PE).

Study design—This cross-sectional study included patients in the following groups: (1) non

pregnant women (n=37); (2) uncomplicated pregnancy (n=130); (3) PE without an SGA (PE;

n=58); (4) preeclampsia with an SGA neonate (PE and SGA; n=52); and (5) SGA neonate without

preeclampsia (SGA; n=52). Plasma concentrations of α-klotho were determined by ELISA.

Results—The median plasma α-klotho concentration was higher in pregnant than in non-

pregnant women. Among women with an uncomplicated pregnancy, the median plasma

concentration of α-klotho increased as a function of gestational age (Spearman Rho=0.2;

p=0.006). The median (interquartile range) plasma concentration of α-klotho in women with PE
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and SGA [947.6 (762 – 2013) pg/mL] and SGA without PE [1000 (585 – 1567) pg/mL] were 21%

and 17% lower than that observed in women with an uncomplicated pregnancy [1206.6 (894 –

2012) pg/mL], (p=0.005 and p=0.02), respectively. Additionally, there were no significant

differences in the median plasma concentration of α-klotho between uncomplicated pregnancies

and women with PE without an SGA neonate (P=0.5).

Conclusion—Maternal plasma concentration of α-klotho was higher during pregnancy than in a

non-pregnant state. Moreover, the median maternal plasma concentration of α-klotho was lower in

mothers who delivered an SGA neonate than in those with an uncomplicated pregnancy regardless

of the presence or absence of preeclampsia.
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Introduction

Kuro-o et al. first reported the discovery of a gene with anti-aging properties in mice [1].

The gene was named “klotho” after Clotho, a mythological Greek goddess who was

responsible for spinning the thread of human life from birth to death. Inactivation of the

gene klotho in mice (kl−/kl−) produces a phenotype resembling human aging, characterized

by postnatal growth retardation, arteriosclerosis, gonadal atrophy, osteopenia, altered

calcium/phosphate metabolism, pulmonary emphysema, infertility, and a shortened life

span, when compared with wild type mice [1–3]. In contrast, overexpression of the klotho

gene extends the lifespan of mice by 20 – 30%, and makes them more resistant to oxidative

stress [2,4,5].

In humans, the klotho gene encodes a type I single transmembrane protein (α-klotho) that

shares 86% of amino acid sequence with the klotho mice protein [5,6]. The α-klotho protein

exists in two forms: a transmembrane protein predominantly expressed in renal distal tubular

cells, parathyroid glands, the choroid plexus, and adipose tissue [1,7–9]; and a secreted form

which is produced by proteolytic cleavage of the extracellular domain of the transmembrane

form or by alternative mRNA splicing [6,8–10]. The isoforms have different biological

properties; the transmembrane portion of α-klotho plays a key role regulating phosphate and

calcium metabolism as an obligate co-receptor of fibroblast growth factor-23 (FGF-23)

which increases the urinary excretion of phosphorus and inhibits the synthesis of active

vitamin D (1,25-dihydroxyvitamin D3) in the kidney [6,10–15]. The secreted form of α-

klotho (130 KD) is found in blood, urine, and cerebrospinal fluid, and is involved in

important biological processes, such as angiogenesis [16,17], energy metabolism [18,19],

nitric oxide production in endothelium [20,21], synthesis of antioxidant enzymes [22,23],

and protection against endothelial dysfunction [24].

Preeclampsia (PE) and pregnancies with small for gestational age (SGA) fetuses are two of

the “great obstetrical syndromes” [25–27]. Both are associated with adverse perinatal

outcomes and can occur simultaneously in some cases [28–47]. We, and others, have

previously observed that pregnancies with SGA and PE share several pathophysiologic

derangements, including abnormal placentation [27,48–54], utero-placental ischemia [55–
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57], exaggerated oxidative stress [58–66], and maternal endothelial cell dysfunction [39,67–

81]. However, the precise mechanisms and pathways that determine why some patients

develop preeclampsia and/or SGA remain unclear.

Recent studies have suggested a role of α-klotho in the endocrine regulation of mineral

metabolism and postnatal growth in infants [82]. However, the biology of α-klotho during

pregnancy is largely unexplored. We hypothesized that α-klotho may play a role during

pregnancy complications due to its function in nitric oxide production and protection against

endothelial dysfunction/oxidative stress. Therefore, the objective of this study was to

determine if maternal plasma concentrations of α-klotho are different in: 1) uncomplicated

pregnancies compared to non-pregnant women; and 2) pregnancies complicated with PE

and/or SGA compared to uncomplicated pregnancies.

Methods

Study Design

This cross-sectional study was conducted by searching the Detroit Medical Center/Wayne

State University and Perinatology Research Branch clinical database and bank of biological

samples. Women in the following groups were included: (1) non-pregnant women; (2) those

with an uncomplicated pregnancy; (3) women with PE without an SGA neonate; (4) women

with PE and an SGA neonate; and (5) women with an SGA neonate but without PE. Women

with multiple gestations, chronic hypertension, renal disease, and fetuses affected with

chromosomal and/or congenital anomalies were excluded. Study participants were enrolled

in research protocols at Hutzel Women’s Hospital, Detroit, MI, USA and provided written

informed consent prior to the collection of information and blood samples. The Institutional

Review Board of the Eunice Kennedy Shriver National Institute of Child Health and Human

Development and the Human Investigation Committee of Wayne State University approved

the collection of samples and their utilization for research purposes.

Clinical definitions

Patients were considered to have an uncomplicated pregnancy if they met the following

criteria: (1) gestational age at venipuncture between 20 – 42 weeks; (2) no medical,

obstetrical, or surgical complications; (3) absence of labor at the time of venipuncture; and

(4) delivery of a normal term (≥ 37 weeks) neonate whose birth weight was between the 10th

and 90th percentile for gestational age. Non-pregnant women were enrolled in the secretory

phase of their menstrual cycle. They were not taking oral contraceptives, and had no history

of acute or chronic inflammatory conditions. Preeclampsia was defined as the presence of

hypertension (systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg

on at least two occasions, 4 hours to 1 week apart) and proteinuria (≥ 300 mg in a 24-hour

urine collection or one dipstick measurement ≥ 2+) [83,84]. Severe preeclampsia was

defined as previously described [85]. Patients with PE were classified as preterm (<37

weeks) or term (≥37 weeks), according to the gestational age at which PE was diagnosed.

The diagnosis of SGA was based on an ultrasonographic estimated fetal weight and

confirmed by a birthweight below the 10th percentile for gestational age, according to the

reference range proposed by Alexander et al. [86,87].
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Sample collection and human klotho immunoassay

Blood was collected into tubes containing EDTA. Samples were centrifuged and stored at

−70°C. Concentrations of α-klotho were measured using ELISA (Immuno-Biological

Laboratories, Inc. Minneapolis, MN, USA). Inter- and intra-assay coefficients of variation

were: 4.6% and 3.9%, respectively; the sensitivity of the assays was 48 pg/mL. Laboratory

technicians were masked to pregnancy outcomes.

Doppler velocimetry of the uterine and umbilical arteries

Pulse-wave and color Doppler ultrasound examinations of the uterine (UT) and umbilical

arteries (UA) were performed in a subset of patients with PE and/or SGA as previously

described (Acuson, Sequoia, Mountain View, CA) [88]. Uterine artery Doppler velocimetry

was considered as abnormal if the mean (average of right and left) resistance index (RI) was

above the 95th percentile for gestational age (using the reference range proposed by

Kurmanavicius) [89]. Umbilical artery Doppler velocimetry was defined as abnormal if

either the pulsatility index (PI) was above the 95th percentile for gestational age (using the

reference range proposed by Arduini and Rizzo) [90] or in the presence of abnormal

waveforms (absent or reversed end-diastolic velocities) [91].

Statistical Analysis

The Kolmogorov-Smirnov test and visual plot inspection were used to assess the normality

of continuous data distribution. The Kruskal-Wallis test was used to compare differences in

the distribution of arithmetic variables among groups. The Chi-square test was used to

examine differences in proportions. Logarithmic transformation was performed to meet the

assumptions of linear regression. General linear models were constructed to evaluate the

relationship between log transformed α-klotho concentration and study groups, adjusting for

potentially confounding variables (gestational age at venipuncture, maternal age, race,

nulliparity, and smoking status). Model reduction was performed based on the plausibility of

regression coefficients, association between independent variables, and the magnitude of

change in the association between study group and predicted geometric mean of α-klotho

concentrations. Two-sided p-values <0.05 were considered statistically significant.

Statistical analyses were performed using SAS version 9.3 (SAS, Cary, NC, USA).

Results

Demographic and clinical characteristics of the study population [non-pregnant women

(n=37), uncomplicated pregnancies (n=130), PE only (n=58), PE and SGA (n=52), and SGA

without PE (n=52)] are displayed in Table 1. Nulliparous women were more common

among women with pregnancy complications (SGA, and PE) than those with an

uncomplicated pregnancy. There was no significant difference in the median gestational age

at venipuncture among the groups (p=0.43; Table 1). Otherwise, clinical and demographic

characteristics were similar across study groups. Among women with PE, 62.7% (69/110)

were considered as having preterm PE, 81% (89/110) had severe PE, and 47% (52/110)

delivered an SGA neonate.
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The median (interquartile range, IQR) α-klotho plasma concentration in women with

uncomplicated pregnancies was higher than to that of non-pregnant women [1206 (894 –

2012) pg/mL vs. 930 (660 – 1258) pg/mL; (p=0.004)] (Figure 1). Among non-pregnant

women, there was a correlation between plasma α-klotho concentrations and maternal age

(Spearman’s Rho −0.5; p=0.001). In contrast, such relationship was not observed in

uncomplicated pregnancies (Spearman’s Rho −0.14; p=0.1). The median plasma

concentration of α-klotho among women with an uncomplicated pregnancy increased as a

function of gestational age (Spearman Rho=0.2; p=0.006).

The unadjusted median plasma α-klotho concentration differed significantly among the

groups of pregnant women (Kruskal-Wallis test p=0.01). Compared to women with an

uncomplicated pregnancy, women with PE and SGA and those with isolated SGA had

median plasma concentrations of α-klotho that were 21% and 17% lower, respectively

(p=0.005 and p=0.02) (Figure 2). There was no significant difference in the median maternal

plasma concentrations of α-klotho between women with PE who delivered an AGA neonate

and those with uncomplicated pregnancies (p=0.47).

After multivariable adjustments, differences in the mean maternal plasma α-klotho

concentrations among groups remained significant. Holding the effect of potentially

confounding variables constant (gestational age at venipuncture, maternal age, nulliparity,

race, and tobacco use), the predicted geometric mean of α-klotho concentration was 25%

and 30% lower in the isolated SGA group and in the PE and SGA groups, respectively,

compared to uncomplicated pregnancies (both p<0.01). There was no significant difference

in the predicted geometric mean of α-klotho concentration between women with PE who did

not deliver an SGA neonate, and the uncomplicated pregnancy group (p=0.15).

Sub-classification (mild versus severe) of women with PE who did not deliver an SGA

neonate by severity (mild vs. severe) did not alter the lack of difference in maternal plasma

concentration of α-klotho compared to that of uncomplicated pregnancies. Study group

differences in predicted geometric mean α-klotho concentrations also remained consistent

across groups defined by gestational age at venipuncture (<34, 34 – 37, and >37 weeks).

Effect modification terms used to examine whether the overall relationship between study

group and geometric mean α-klotho concentrations differed according to gestational age at

venipuncture: there were no significant differences, regardless of whether gestational age at

venipuncture was examined as a continuous variable (p=0.32) or if it was categorized as ±37

weeks (p=0.87), or <34, 34–37, and >37 weeks (p=0.34). Overall, multivariable adjustment

strengthened the association between SGA and maternal plasma α-klotho concentration

compared to uncomplicated pregnancies (β, −0.25, increased by 16%).

Based on the association between lower maternal plasma α-klotho concentration and

delivery of an SGA neonate, we constructed additional models to evaluate the relationship

between α-klotho and birthweight in normal pregnancies. Holding the effect of gestational

age at venipuncture constant, the relationship between maternal plasma α-klotho

concentration and birthweight as a continuous variable was not statistically significant (p >

0.10).
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Among SGA pregnancies [with PE (n=52) and without PE, (n=52)], Doppler velocimetry of

the umbilical and uterine artery was performed in 78.8% (82/104) and 76% (79/104) of

women, respectively. Among pregnancies complicated by SGA (with or without PE), 21.9%

(18/82) had abnormal UA Doppler velocimetry and 64.5% (51/79) had abnormal UT

Doppler velocimetry.

Table 2 shows that there were no significant differences in the median plasma α-klotho

concentration among patients who delivered an SGA neonate whether UT Doppler

velocimetry was normal or abnormal (p=0.31). Nor were there differences when comparing

plasma α-klotho concentration of patients with isolated SGA (0.39) or, separately, those

with PE and SGA (p=0.65) by UT Doppler velocimetry abnormality. In contrast, among

patients who delivered an SGA neonate (with and without PE), the median plasma α-klotho

concentration was lower in patients with abnormal UA Doppler velocimetry (p=0.006). Yet,

this association was found only among isolated SGA (p=0.008), and not in the PE and SGA

group (p=0.34).

Multivariable regression analyses revealed that adjusting for potential confounders

(gestational age at venipuncture, maternal age, nulliparity, race, and tobacco use), the

association between study group (isolated SGA, PE and SGA, or uncomplicated pregnancy)

and plasma α-klotho concentration did not vary significantly by UA or UT Doppler

velocimetry abnormality (both p > 0.6).

Discussion

Principal findings of this study

The median plasma α-klotho concentration: 1) is higher in uncomplicated pregnant women

than in non-pregnant women; 2) increases as a function of gestational age; 3) is lower in

pregnancies with an SGA neonate (with or without PE) than in women with an

uncomplicated pregnancy; and 4) is not significantly different between women with PE who

did not deliver an SGA neonate and those with uncomplicated pregnancies, regardless of the

severity of preeclampsia.

Klotho in health and disease

In humans, the circulating concentration of α-klotho increases with age [20,92,93], and after

the age of 40 years, the concentration gradually declines [20]. The plasma concentration of

α-klotho depends on the rate of synthesis (mainly in the kidney), and the proteolytic

cleavage and subsequent release of the extra-membrane portion of the protein into the

bloodstream. Secretion of α-klotho is determined by the presence of members of the A

Disintegrin and Metalloproteinase (ADAM) family, principally ADAM10 and ADAM17,

proteins responsible for the shedding of membrane proteins from the cellular surface [94].

Indeed, it has been reported that activation of ADAMs 10 and 17 produces an increase in the

shedding of α-klotho, whereas the metalloproteinase inhibitor TAPI-1 decreases shedding of

α-klotho to the extracellular fluid [8,94]. Furthermore, it has been proposed that insulin

regulates α-klotho secretion, stimulating the activation of ADAM10 and/or ADAM17,

resulting in an increase in the release of α-klotho [95].
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α-klotho is excreted mainly in the urine, and the total amount of it’s excretion has been

linked with the magnitude of the functioning nephrons in patients with chronic kidney

disease [96]. Although the mechanisms which regulate the concentration of α-klotho are not

fully understood, lower concentrations of α-klotho in plasma have been associated with age-

related diseases, such as acute and chronic kidney disease [7,96–99], dyslipidemia [100],

diabetes [99], and cancer [92,101]. Indeed, a growing body of evidence suggests that

decreased plasma concentrations of α-klotho may be considered a candidate marker for

endothelial dysfunction in cardiovascular and metabolic disorders [24,102–104].

Klotho expression during pregnancy

Our results indicate, for the first time, that pregnant women have a higher median plasma

concentration of α-klotho than non-pregnant women, and that the plasma concentration of

α-klotho increases as a function of gestational age. Knockout mice for α-klotho (kl−/kl−)

are infertile, and there is no published information about the behavior of this protein in

maternal blood during pregnancy. The precise origin of α-klotho during pregnancy is

unknown. The changes in the expression of α-klotho during human pregnancy could be

explained by two mechanisms: 1) modifications in the expression of α-klotho gene in the

mother; and 2) production of α-klotho by the placenta with continuous transfer to the

maternal circulation.

Knockout mice for α-klotho (kl−/kl−) have normal intrauterine development and are

indistinguishable at birth from their wild type littermates [1], suggesting that the presence of

the gene in fetuses is not essential for intrauterine development. This observation was

supported by Ohyama et al. who reported that in rats, α-klotho expression in the fetal kidney

is negligible, and increases considerably only after birth [105]. Moreover, prior studies

suggest that gene expression and protein synthesis occur mainly in the placenta and not in

the fetus [1,106].

In humans, Ohata et al. reported that serum samples from the umbilical vein of neonates at

birth had higher concentrations of α-klotho compared with neonates of 4 days of age,

mothers, and adult volunteers [106]. Additionally, Ohata et al. demonstrated the expression

of α-klotho in syncytiotrophoblast and in the connective tissue of villi using

immunohistochemistry [106].

Recently, Godang et al. reported a higher concentration of α-klotho in neonatal umbilical

cord plasma compared to maternal plasma at 32–34 weeks of gestation and confirmed the

expression of α-klotho in the syncytiotrophoblast [107]. The syncytiotrophoblast is the

epithelial layer which covers the highly vascular embryonic placental villi, and is in direct

contact with maternal blood [108]. The expression of α-klotho in the syncytiotrophoblast

and its subsequent shedding by ADAM 17 – reported to be present in the

syncytiotrophoblast [109]- could favor the release of the protein directly into the maternal

circulation and explain the higher plasma concentration of α-klotho during pregnancy. The

expression and synthesis of α-klotho protein in the placenta is of interest, since α-klotho is

implicated in adipogenesis [19,110], angiogenesis [16,17], calcium metabolism [111,112],

antioxidant effects [23], glucose metabolism [19], insulin signaling [4], and phosphate

metabolism [113].
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Additionally, the median (IQR) plasma concentration of α-klotho in non-pregnant women

[930 (660–1258) pg/ml] reported herein is similar to that reported in women 24 hours

postpartum (768 ± 261 pg/ml) [106] indicating that after delivery of the placenta, the

maternal plasma concentration of α-klotho returns to pre-pregnancy levels.

Klotho expression in pregnancies complicated with preeclampsia and/or an SGA neonate

We report a novel finding that the median maternal plasma concentration of α-klotho is

lower in women who delivered an SGA neonate, regardless of the presence or absence of

PE. Although both PE and SGA are associated with failure of physiologic transformation of

the spiral arteries [27,48–53,114], the factors which determine which women would develop

PE and/or SGA remains unknown. The placenta is the principal regulator of nutrient transfer

to the fetus and is a source of endocrine signals that affect the maternal and fetal

metabolism. It has been proposed that the repetitive hypoxia/ischemia-reperfusion injury

results in an exaggerated oxidative stress in the trophoblast, which could lead to: 1)

epigenetic alterations in the placenta gene expression with subsequently impaired placental

function [65,115,116]; and 2) endoplasmic reticulum (ER) stress which may affect placenta

protein synthesis [115].

Recent evidence suggests that molecular adaptation and consequences of exaggerated

oxidative stress in the trophoblast varies between pregnancies complicated with PE and/or

SGA [39,65,117]. Pregnancies complicated by fetal growth restriction (with or without PE)

have evidence of increased oxidative stress in placental tissue compared to that of

pregnancies with PE alone [117,118]. The resulting ER stress is proposed to activate

intracellular messengers, such as the eukaryotic translation initiation factor 2α (EIF2α),

which is capable of attenuating mRNA translation, leading to a reduction in the production

of placenta-derived proteins and reduced proliferation of trophoblast-like cell lines [117].

We hypothesize that the ER stress reported in placentas from pregnancies complicated with

fetal growth restriction may alter the production of α-klotho in the syncytiotrophoblast,

which has also been reported for other proteins related to placental function, such as

placental growth factor [119], placental growth hormone [120], and placental lactogen

[120,121].

A recent study reported that α-klotho mRNA expression was decreased in placentas from

pregnancies with PE compared to that from normal pregnancies [122]. However, whether

patients with PE also had SGA neonates was not reported in this study [122]. The

concentrations of ADAM10 and ADAM17, which are responsible for the shedding of α-

klotho into the bloodstream, has been reported to be higher in placenta from pregnancies

complicated with preeclampsia compared to that in placentas from normal pregnancies

[109,123]. However, our study did not observe a different plasma concentration of α-klotho

in preeclampsia unless the fetus was also affected by SGA.

Consequences of the lower expression of α-klotho protein on postnatal growth

The deletion of α-klotho (kl−/kl−) in mice is associated with osteoporosis and postnatal

growth retardation, expressed clinically as a lack of weight gain and a paucity of adipose

tissue [1]. Recently, a role of α-klotho as a regulator of in vitro adipose adipocyte
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maturation has been described [19]. Plasma concentrations of α-klotho has been reported to

be higher in full term neonates compared to preterm neonates in the early neonatal period

(14 and 28 days), with a positive correlation with anthropometric parameters (body weight

and length). This suggests that α-klotho increases as postnatal age advances, and may have a

role in the regulation of postnatal growth [82].

Additionally, α-klotho has been identified as an endocrine factor capable of regulating

calcium and phosphate metabolism in the kidney and bone [3,13,111,124,125]. During

pregnancy, calcium and phosphate are actively transported across the placenta to the fetal

circulation against a gradient, since fetal concentrations of calcium and phosphate are higher

compared to those of the mother [126]. In the trophoblast, calcium is transported primarily

via the transient receptor potential cation channel subfamily V (TRPV5 and TRPV6), which

are key apical calcium channels demonstrated to be activated by α-klotho [10,111,112,126].

Lower production of α-klotho in pregnancies affected by SGA could be associated with

impaired metabolism of calcium and phosphate in the fetus.

Strengths and Limitations

The cross-sectional nature of this study does not allow the establishment of a temporal

relationship between changes in a-klotho concentrations and the development of SGA. This

study provides the first evidence that maternal plasma concentrations of a-klotho are lower

among women who deliver an SGA neonate, but not in cases with PE alone, when compared

to women with an uncomplicated pregnancy.

Conclusion

The plasma concentration of α-klotho is increased in human pregnancy, unchanged in

preeclampsia, and lower in the plasma of mothers who deliver SGA neonates, regardless of

the presence or absence of preeclampsia.
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Figure 1.
Plasma concentration of α-klotho in non-pregnant women and in women with an

uncomplicated pregnancy. Women with an uncomplicated pregnancy have a higher median

plasma concentration of α-klotho than non-pregnant women [1206 pg/ml IQR: (894 – 2012)

vs. 930 pg/ml IQR: (660–1258); p=0.004].
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Figure 2.
Plasma concentration of α-klotho in patients with uncomplicated pregnancy, SGA, and

preeclampsia, with and without SGA. Women with PE and SGA [947.6 pg/ml IQR: (762 –

2013)] and those with SGA without PE [1000.6 pg/ml IQR: (585 – 1567)] had a lower

median plasma concentration of α-klotho than uncomplicated pregnancies [1206 pg/ml IQR:

(894 – 2012)]; p=0.02 and p =0.005, respectively). However, there was no a significant

difference in the median concentration of α-klotho between patients with PE without an

SGA neonate [1177.3 pg/ml IQR: (762.4 – 2013.4)] and women with uncomplicated

pregnancies (p=0.47).

Miranda et al. Page 18

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Miranda et al. Page 19

T
ab

le
 1

D
em

og
ra

ph
ic

 a
nd

 C
lin

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 th

e 
st

ud
y 

po
pu

la
tio

n

C
ha

ra
ct

er
is

ti
c

N
on

 p
re

gn
an

t
W

om
en

 (
n=

37
)

U
nc

om
pl

ic
at

ed
 p

re
gn

an
cy

 (
n=

13
0)

P
re

ec
la

m
ps

i w
it

ho
ut

 S
G

A
ne

w
bo

rn
s 

(n
=5

8)
P

re
ec

la
m

ps
ia

 w
it

h 
SG

A
ne

w
bo

rn
s 

(n
=5

2)
P

re
gn

an
ci

es
 w

it
h 

SG
A

ne
w

bo
rn

s 
(n

=5
2)

P
 v

al
ue

A
ge

 (
ye

ar
s)

26
 (

24
 –

 3
1)

25
 (

21
 –

 2
9)

24
 (

19
 –

 3
0)

23
 (

19
–2

8)
24

 (
20

–2
9)

0.
05

R
ac

e
0.

52

B
la

ck
21

 (
56

.8
%

)
10

2 
(7

8.
5%

)
46

 (
79

.3
%

)
45

 (
86

.5
%

)
45

 (
86

.5
)

W
hi

te
11

 (
29

.7
%

)
15

 (
11

.5
%

)
6 

(1
0.

3%
)

6 
(1

1.
5%

)
4 

(7
.7

%
)

H
is

pa
ni

c
1 

(2
.7

%
)

7 
(5

.4
%

)
4 

(6
.9

%
)

1 
(1

.9
%

)
1 

(1
.9

%
)

O
th

er
4 

(1
1.

1%
)

6 
(4

.6
%

)
2 

(3
.4

%
)

0
2 

(3
.8

%
)

N
ul

lip
ar

ity
22

 (
59

.5
%

)
35

 (
26

.9
%

)
38

 (
65

.5
%

)
29

 (
55

.8
%

)
26

 (
50

%
)

<
0.

00
01

Sm
ok

in
g

3 
(1

0.
7%

)
22

 (
17

.1
%

)
7(

12
.1

%
)

8 
(1

5.
4%

)
16

 (
30

.8
%

)
0.

73

G
A

 a
t v

en
ip

un
ct

ur
e 

(w
ee

ks
)

N
A

38
 (

31
.4

 –
 3

9.
1)

35
.1

 (
30

.1
 –

 3
8.

7)
36

 (
32

.4
 –

 3
8.

5)
36

.9
 (

32
.7

 –
 3

8.
4)

0.
43

G
A

 a
t d

el
iv

er
y 

(w
ee

ks
)

N
A

39
.3

 (
38

.7
 –

 4
0.

3)
35

.8
 (

31
.1

 –
 3

8.
7)

36
 (

30
.7

 –
 3

8.
6)

37
.2

 (
33

.6
–3

8.
5)

<
0.

00
01

B
ir

th
 w

ei
gh

t (
gr

am
s)

N
A

33
52

 (
31

20
 –

 3
63

0)
26

20
 (

17
40

–3
18

0)
18

60
 (

14
50

 –
 2

50
2)

20
60

 (
15

10
 –

 2
38

0)
<

0.
00

01

G
A

: G
es

ta
tio

na
l a

ge
. S

G
A

: S
m

al
l f

or
 g

es
ta

tio
na

l a
ge

. V
al

ue
s 

ar
e 

ex
pr

es
se

d 
as

 n
um

be
r 

(p
er

ce
nt

ag
e)

 o
r 

m
ed

ia
n 

(i
nt

er
qu

ar
til

e 
ra

ng
e)

. C
om

pa
ri

so
ns

 a
m

on
g 

gr
ou

ps
 w

er
e 

pe
rf

or
m

ed
 u

si
ng

 th
e 

K
ru

sk
al

-W
al

lis
te

st
 f

or
 c

on
tin

uo
us

 v
ar

ia
bl

es
 a

nd
 th

e 
C

hi
-s

qu
ar

e 
te

st
 f

or
 c

at
eg

or
ic

al
 v

ar
ia

bl
es

. A
 p

 v
al

ue
 <

0.
05

 w
as

 c
on

si
de

re
d 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

. M
is

si
ng

 d
at

a 
w

er
e:

 R
ac

e,
 n

=
1;

 S
m

ok
in

g,
 n

=
1

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2015 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Miranda et al. Page 20

T
ab

le
 2

M
ed

ia
n 

(I
Q

R
) 

pl
as

m
a 

α
-k

lo
th

o 
co

nc
en

tr
at

io
ns

 (
pg

/m
l)

 in
 p

re
gn

an
ci

es
 w

ith
 a

n 
SG

A
 n

eo
na

te
, a

cc
or

di
ng

 to
 th

e 
re

su
lts

 o
f 

ut
er

in
e 

an
d 

um
bi

lic
al

 a
rt

er
y

D
op

pl
er

 v
el

oc
im

et
ry

C
at

eg
or

y
n

U
te

ri
ne

 A
rt

er
y 

D
op

pl
er

 V
el

oc
im

et
ry

p 
va

lu
e

n
U

m
bi

lic
al

 A
rt

er
y 

D
op

pl
er

 V
el

oc
im

et
ry

p 
va

lu
e

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

SG
A

 a
lo

ne
42

12
67

 (
55

4 
– 

18
30

)
93

2 
(5

83
 –

 1
30

7)
0.

39
43

12
56

 (
81

5 
– 

19
39

)
73

0.
6 

(5
64

 –
 9

06
)

0.
00

8*

Pr
ee

cl
am

ps
ia

+
SG

A
37

98
0 

(6
86

 –
 1

78
2)

95
3 

(6
50

 –
 1

52
5)

0.
65

39
10

65
 (

68
0 

– 
16

85
)

97
4 

(6
21

 –
 1

08
8)

0.
34

T
ot

al
79

11
56

 (
61

2 
– 

18
30

)
94

3 
(6

35
 –

 1
45

0)
0.

31
82

11
62

 (
68

5 
– 

17
03

)
81

0 
(5

87
 –

 1
05

6)
0.

00
6*

U
te

ri
ne

 a
rt

er
y 

(U
T

) 
D

op
pl

er
 v

el
oc

im
et

ry
 w

as
 d

ef
in

ed
 a

s 
ab

no
rm

al
 if

 th
e 

m
ea

n 
R

I 
w

as
 >

95
th

 p
er

ce
nt

ile
 f

or
 g

es
ta

tio
na

l a
ge

. U
m

bi
lic

al
 a

rt
er

y 
(U

A
) 

D
op

pl
er

 v
el

oc
im

et
ry

 w
as

 d
ef

in
ed

 a
s 

ab
no

rm
al

 if
 e

ith
er

 th
e

PI
 >

95
th

 p
er

ce
nt

ile
 f

or
 g

es
ta

tio
na

l a
ge

 o
r 

if
 a

bs
en

t o
r 

re
ve

rs
ed

 e
nd

-d
ia

st
ol

ic
 v

el
oc

ity
 w

as
 p

re
se

nt
.

* p<
0.

05

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2015 March 01.


