1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2024 March 31.

-, HHS Public Access
«

Published in final edited form as:
J Matern Fetal Neonatal Med. 2012 August ; 25(8): 1233-1240. doi:10.3109/14767058.2011.636102.

Potential role for elevated maternal enzymatic antioxidant status
in Andean protection against altitude-associated SGA

Colleen Glyde Julianl, Enrique Vargas?, Vaughn A. Brownel, Megan J. Wilson?, Abigail W.
Bigham?3, Carmelo Rodriguez?, Joe M. McCord®, Lorna G. Moore®

1Department of Emergency Medicine, University of Colorado Denver Anschutz Medical Campus,
Aurora, CO, USA

2Instituto Boliviano de Biologia de Altura, Universidad Mayor de San Andrés, La Paz, BO, USA
SAnthropological Genomics Lab, Pennsylvania State University, State College, USA
4Clinica Sirani, Santa Cruz de la Sierra, BO, USA

SDepartment of Pulmonary Sciences and Critical Care, University of Colorado Denver Anschutz
Medical Campus, USA

5Graduate School of Arts and Sciences, Wake Forest University, Winston-Salem, NC, USA

Abstract

Oxidative stress has been implicated in the uteroplacental ischemia characteristic of preeclampsia
and small-for-gestational-age (SGA) birth, both of which are more common at high (>2500 m) vs
low altitude. Since Andeans are protected relative to Europeans from the altitude-associated rise in
SGA, we asked whether alterations in maternal antioxidant status or oxidative stress contributed to
their protection. Enzymatic antioxidant (erythrocyte catalase and superoxide dismutase [SOD])
activity and a plasma marker of lipid peroxidation (8-iso-PGF2a) were measured during
preghancy and in the non-pregnant state in Andean or European residents of low (400 m) or

high altitude (3600-4100 m). Pregnancy and altitude increased catalase and/or SOD activity to

a greater extent in Andeans than Europeans. 8-iso-PGF2a. levels were independent of altitude

and pregnancy. SOD was lower in mothers of SGA infants at weeks 20 and 36. Our findings are
consistent with the possibility that elevated enzymatic antioxidant activity contributes to Andean
protection against altitude-associated SGA.
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Introduction

One of the most potent environmental factors raising the risk of a newborn being small for
gestational age (SGA) is the chronic hypoxia of residence at altitudes greater than 2500

m (8250 ft [1,2]). The incidence of preeclampsia is also greater at high altitude, an effect
which contributes to but does not explain the extent to which fetal growth is compromised
[3]. The effect of high altitude on birth weight is independent of maternal age, parity,
prenatal care or other factors known to influence fetal growth [4,5], but is heavily influenced
by population ancestry. Specifically, infants of multigenerational highland populations
(Tibetans or Andeans) weigh more at birth and are less likely to be SGA than infants

born to high-altitude residents of lowland ancestry (European or Han “Chinese [2,6]”).
Physiologic studies indicate that such effects are likely due to protection against hypoxia-
related impairment of maternal vascular responses to pregnancy [7-9]. Here we consider the
possibility that maternal antioxidant or oxidant status contributes to Andean protection from
hypoxia-associated reductions in fetal growth.

Oxidative stress is characterized by a rate of oxidant production that outpaces antioxidant
defense systems. Pregnancy itself increases markers of oxidative damage [10] and

reduces levels of circulating antioxidants, with the pro-oxidant state being exaggerated

in cases of preeclampsia or fetal growth restriction [11-13]. While recent studies,

indicate that supplementation with dietary antioxidants exerts no protective effect against
the development of these pregnancy complications (e.g [14,15]), current literature
overwhelmingly indicates that oxidative stress remains important in their etiology. Since
hypoxia also induces oxidative stress [16], we asked whether the chronic hypoxia of
residence at high altitude amplified the pro-oxidative effects of pregnancy so as to
compromise fetal growth. Given Andean protection from hypoxia-associated fetal growth
reduction, we also asked whether Andeans had lower levels of oxidative stress and/or greater
antioxidant capacity during pregnancy than Europeans at high altitude and, if so, whether
such differences were associated with fetal growth. To address these questions, we measured
maternal superoxide dismutase and catalase activity as indices of endogenous antioxidant
status and plasma isoprostane (8-iso-PGF2a.) levels as an index of oxidative stress in the
non-pregnant state as well as at weeks 20 and 36 of pregnancy in Andean and European
residents of low or high altitude in Bolivia. Birth weight and other indices of fetal growth
were obtained at delivery. We considered that such studies would enable us to determine
whether oxidant status was involved in Andean protection from hypoxia-associated SGA
and aid in our understanding of these still incompletely understood conditions.

Materials and methods

Subjects

A total of 160 women were studied, comprising 54 residents of low altitude (Santa Cruz,
400 m) and 106 residents of high altitude (La Paz or EI Alto, 3600— 4100 m) in Bolivia.
Most (n = 78) of them were participants in a larger study [9]. At low altitude, 22 Andeans
and 32 Europeans were studied at weeks 20 and 36 of pregnancy as well as 3-4 months
postpartum for a measurement in the non-pregnant state. At high altitude, 24 Europeans
were studied at the same time points but prospective studies in Andean women participating
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in the larger study had been completed by the time these oxidative stress studies began.

For this reason, additional cross-sectional studies in Andean women at high altitude were
required to complete the aims of this study [n = 83; 14 at 20 weeks, 47 at 36 weeks and 16 in
the non-pregnant state (7 nulliparous and 9 = 3 months postpartum)].

Women were recruited through their prenatal care providers at private or public clinics
after obtaining their informed consent. Inclusion criteria were that women self-identify

as being Andean or European ancestry; had resided at the altitude of study for =1 year;
were receiving prenatal care, of good general health, having a singleton pregnancy, and
free of known risk factors for adverse pregnancy outcome (e.g., diabetes). None of the
women included here developed preeclampsia. High-altitude studies were conducted at
the Instituto Boliviano de Biologia de Altura (Bolivian High-Altitude Biology Institute)
and the Clinica del Sur (Southern Clinic) in La Paz (Pg = 495 mmHg) and low-altitude
studies at Clinica Sirani in Santa Cruz (Pg = 725 mm Hg). Because maternal age, gene
markers indicative of ancestry group, and infant birth weights were similar between the
prospectively-studied women reported elsewhere [9] and these cross-sectional subjects, we
felt the inclusion of the cross-sectional data in this otherwise prospective study design was
justified. All recruiting procedures and study protocols were approved by the Colorado
Multiple Institutional Review Board (COMIRB) and the Colegio Médico, the equivalent
ethical review group in Bolivia, and adhered to the principles described in the Declaration of
Helsinki.

Protocol, variables and definitions

On the first visit, each woman completed a questionnaire administered in the subject’s
spoken language to determine her self-identified ancestry, parents’ and grandparents’
surnames; altitude of birth, childhood and current residence; medical and reproductive
history; and personal characteristics that could influence fetal growth or pregnancy outcome
(e.g., body weight before pregnancy, prenatal care, income and educational status). Maternal
height was measured at the first visit and a general clinical assessment conducted at

each visit that included measurements of blood pressure, heart rate, weight and skinfold
thickness, and collection of the blood sample.

Ancestry was assessed by self-identification as either Andean (i.e., Aymara or Quechua)

or European, examination of her parents’ and grandparents’ surnames, and a panel of

100 ancestry informative genetic markers (AIMs) that had been selected in order to
quantify the proportion of an individual’s ancestry that can be ascribed to African,
European or Indigenous American origin [17]. Since AIMs cannot presently distinguish
between Andean vs. Amazonian or other low-altitude Indigenous American groups, parental
and grandparental surnames and residential history were examined in cases where self-
identification and AlMs did not match [18]. A woman was classified as Andean if at least
three of her parents’ four surnames were Aymara or Quechua, she self-identified as Andean
and had no known non-Andean parentage, and >60% of her AlMs were of Indigenous
American origin. Women were classified as of low-altitude origin if she self-identified as
European or other low-altitude populations and had <50% Indigenous American AlMs.
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The principal population of low-altitude origin was European, this group is referred to as
“European” here. Women who did not fit these criteria were excluded.

Maternal weight was measured by balance scale, height by stadiometer, and skinfolds as
the bilateral average of the triceps and subscapular skinfold-thickness (Lange calipers;
Beta Technology Inc., Santa Cruz, CA). Blood pressure was measured by arm cuff
sphygmomanometer and heart rate by auscultation.

For measuring markers of oxidative stress and antioxidant status, blood (14 ml) was
withdrawn from the antecubital vein at each study time, prepared as required for the
particular assay, and stored at —80°C until analysis. Oxidative stress was assessed

by measuring plasma 8-iso-PGF2a concentrations as quantified by HPLC-MS [19].
Antioxidant status was measured as total erythrocyte superoxide dismutase (SOD) activity
(Mn-SOD; Cu, Zn-SOD and EC-SOD) using the xanthine oxidase/xanthine/cytochrome ¢
method [20] and erythrocyte catalase activity using the method of Beers and Sizer which
determines the rate of disappearance of hydrogen peroxide (H,0,) by catalase [21].

Birth weight, ponderal index, head and abdominal circumferences, and gestational age were
obtained from labor and delivery records. Gestational age was calculated using the elapsed
weeks from the last menstrual period as verified by fetal biometry at 20 weeks. Infants were
considered to be SGA when the birth weight for gestational age and sex was less than the
10th percentile of published sea-level values [22]. Ponderal index was calculated as 100 x
birth weight (gm)/crown-heel length (cm)3. Infants born at <37 weeks of gestation were
considered preterm. All the low-altitude and nearly all [94% (Andean) and 96% (European)]
the high-altitude infants were born in hospitals; the remainder were born at home and birth
weights were obtained at the hospital within 24 hours of birth.

Statistical Analyses

Results

Maternal attributes, fetal biometry and newborn characteristics were compared within
altitude and ancestry groups using ANOVA or 2 tests as appropriate. Two-way ANOVA
was used to detect interaction between the effects of altitude, time and/or ancestry on the
primary variables of interest. Categorical variables were dichotomized using a biologically-
relevant threshold (e.g., prematurity) or were self-dichotomized (e.g., prenatal vitamin use,
yes/no). Scheffé’s post-hoc tests were used to determine the source of significant differences
observed across time for continuous variables. Differences were considered significant when
p < 0.05 and trends were considered when 0.05 < p <0.10. Values are expressed as mean +
standard error of the mean (SEM) or as percentages with 95% confidence intervals (CI) as
appropriate.

Maternal characteristics

Lowland Andeans and Europeans did not differ in age, primiparity, height, body weight
(non-pregnant and week 36), skin-folds, non-pregnant blood pressures, reported smoking,
prenatal vitamin use, monthly income, educational status (all reported having secondary
school education or greater), or years of high-altitude residence (2.6 + 1.3and 1.1 £+
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0.8 years, respectively) (Table I). Lowland Andeans were of largely Indigenous American
ancestry (71.8 + 2.6%) with some European (18.2 + 2.6%) or West African (10.0 + 1.0%)
admixture. Lowland Europeans were largely of European (49.5 + 3.5%) or Indigenous
American origin (40.1 £ 2.8%), with all of the latter being from Central American,
Caribbean, Guarani, or other low-altitude regions. In other words, the Indigenous American
origin in the lowland European group was attributed to lowland rather than highland
Indigenous American populations.

Highland Andeans had lived at altitudes ~2500 m an average of 11.6 years longer than

their European high-altitude counterparts (25.0 £ 0.7 vs. 13. 8 + 2.5 years, respectively; p <
0.001). Highland Andeans were younger, shorter and had lower body weight, subcutaneous
adiposity and mean arterial pressure in the non-pregnant state than Europeans (Table ).
Primiparity was equally prevalent in highland Europeans and Andeans. Highland Europeans
compared to Andeans reported greater monthly incomes (Table 1) as well as a higher
frequency of smoking, prenatal vitamin use, and secondary school education (100% [87.1,
100] and 72% [61.4, 80.2], respectively, p < 0.05). Highland Andean AlMs were also largely
of Indigenous American origin (82.9 £+ 1.4%), with less than 10% being of European or West
African origin (9.6 = 1.3% and 7.5 + 0.6%, respectively). Highland Europeans AIMs were
largely of European origin (72.9 £ 3.5%) with some Indigenous American (19.6 + 3.1%) or
West African (7.4 £ 1.4%) origin.

Antioxidant activity and oxidative stress

As shown in Figure 1, catalase was unaffected by pregnancy and did not differ between
ancestry groups at low altitude. At high altitude, catalase declined with pregnancy in
Europeans (p < 0.01) but remained constant in Andeans. Comparing altitudes, non-pregnant
catalase values were greater at high than low altitude in both groups (p < 0.05), whereas
only Andeans showed elevated catalase at high compared to low altitude during pregnancy
(20 or 36 weeks, p < 0.01). In other words, Andean ancestry appeared to defend against

the pregnancy associated decline in catalase that was seen in the Europeans at high altitude
(interaction of time, altitude and ancestry; p < 0.05) with the result that catalase was elevated
during pregnancy (20 and 36 weeks) in Andeans compared to Europeans.

SOD activity at low altitude was higher in non-pregnant Andeans than Europeans, but
equivalent between groups during pregnancy (Figure 2). Pregnancy lowered SOD in
Andeans at low altitude, whereas values were unchanged in Europeans (interaction of time
and ancestry, p < 0.05). At high altitude, SOD was similar between ancestry groups in the
non-pregnant state, but greater in Andeans than Europeans during pregnancy (36 weeks;

p < 0.05). In other words, SOD was higher in Andeans than European during pregnancy
due to ancestry-dependent differences in the effects of pregnancy on antioxidant status
(interaction of time and ancestry, p < 0.05) rather than preexisting differences between
groups. Comparing altitudes, non-pregnant SOD was reduced at high relative to low altitude
in both ancestry groups (both, p < 0.05; Figure 2).

8-is0-PGF2a levels at low altitude were unchanged by pregnancy in Europeans but tended
to decline in Andeans, resulting in lower 8-iso-PGF2a Andean levels at weeks 20 or 36
(Figure 3). At high altitude, pregnancy reduced 8-iso-PGF2a levels in both ancestry groups.
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Comparing altitudes, 8-iso-PGF2a values were similar in Andeans but lower at 36 weeks in
the European women at high compared to low altitude (p < 0.001).

Delivery and newborn characteristics

As shown in Table 1, delivery and newborn characteristics were similar between ancestry
groups at low altitude. At high altitude, the frequency of preterm deliveries tended to be
greater in the European than Andean groups due to the high proportion of elective c-sections
(71% vs. 30%, respectively; p < 0.05), which were generally scheduled 1 week earlier than
vaginal deliveries. Absolute birth weights tended to be greater in Andeans than Europeans
(Table I1). After adjusting for gestational age, Andean infants weighed 208 gm more than
Europeans (p < 0.05, 1-tailed) and twice as many Europeans were SGA. All other newborn
characteristics were similar between ancestry groups at high altitude.

Comparing altitudes, European infants weighed less at birth at high compared to low altitude
(adjusted or unadjusted for gestational age). The unadjusted Andean values were also lower,

but this was due to modest differences in gestational age as the adjusted Andean values

were similar at the two altitudes (Table I1). Head circumference was reduced at high vs. low

altitude in the Europeans but not Andeans.

Relationship between antioxidant status, oxidative stress and birth weight

Antioxidant activity or 8-iso-PGF2a levels were unrelated to infant birth weight (adjusted
or unadjusted for gestational age) in either altitude or ancestry group. However, women who
delivered SGA infants had lower levels of SOD at week 20 and 36 compared to those who
delivered infants of average size for their gestational age at high altitude (p < 0.05) (Table
[11). The same tendency was apparent at 20 weeks when both altitudes were considered
together, largely due to lower SOD activity in Europeans at high altitude. European women
delivering SGA vs. AGA babies at high altitude also tended to have lower catalase at 20
weeks. 8-is0-PGF2a levels were unrelated to SGA at either altitude or in either ancestry

group.

Discussion

Our findings indicate that endogenous antioxidant activity was markedly greater in Andean
than European women during pregnancy at high but not low altitude. Strengthening our
observations, SOD and catalase followed a similar pattern across time at high-altitude.

In each case, non-pregnant values at high altitude were equivalent between Andeans and
Europeans and diverged with the additional stress of pregnancy such that antioxidant activity
was greater in Andeans than Europeans during pregnancy. The chief difference being that
Andeans did not exhibit the pregnancy-related decline in catalase or the altitude-related
decline in SOD that was apparent in Europeans. While no differences in oxidative stress
(using 8-iso-PGF2a as a marker of lipid peroxidation) were identified, and no relationships
between antioxidants or oxidative stress markers and birth weight were present, women who
delivered SGA infants at high altitude had lower SOD activity than those who delivered
infants of normal birth weight for a given gestational age. We therefore concluded that
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antioxidant capacity may contribute to the protective effect of Andean ancestry against
altitude-associated SGA.

This study was designed to test the hypotheses that enzymatic antioxidant status during
pregnhancy was diminished and oxidative stress augmented at high compared to low altitude,
and that Andeans were protected relative to Europeans from such effects. Our hypotheses
were based on two lines of evidence. First, hypoxia and pregnancy are independently
recognized to increase oxidative stress [10,16] and therefore it is likely that the hypoxia

of chronic exposure to high altitude amplifies the pro-oxidant effect that accompanies
pregnancy. Second, oxidative stress is implicated in the maternal endothelial dysfunction
characteristic of preeclampsia and/or SGA [11,13,23] at low altitude. For these reasons,

we considered that maternal antioxidant status may be of even greater importance during
pregnancy at high compared to low altitude if altitude and pregnancy act synergistically to
increase oxidative stress. Although dietary antioxidant supplementation does not appear to
prevent these conditions [14,15] we considered that endogenous antioxidant capacity might
protect against hypoxia-associated SGA. The reason for this is that enzymatic antioxidants
act as catalysts of dismutation reactions and therefore have greater and more prolonged
antioxidant effects than dietary sources that are stoichiometrically consumed. We also
considered that Andean protection against SGA relative to European populations at high
altitude may be the result, in part, of greater antioxidant activity and reduced oxidative
stress.

It was surprising that 8-iso-PGF2a levels were unaffected by altitude or pregnancy given
the variation in antioxidant activity observed. While it may be that oxidant production is no
greater during pregnancy at high relative to low altitude and may not vary between ancestry
groups there are several other possible explanations for our observations. In particular, the
direct quantification of oxidant production is notoriously difficult given the unstable nature
and extremely short half-life of oxidant species. For this reason we chose to use circulating
levels of 8-iso-PGF2a. as a marker of oxidative stress based on the chemical stability,
specificity (i.e., non-enzymatic free radical-induced peroxidation of arachidonic acid) and
prior indications of reliability as an indicator of lipid peroxidation resulting from free radical
production and/or antioxidant insufficiency [24]. Since we were not able to assess oxidant
production directly or in multiple tissues it is possible that we were simply unable to detect
differences by assessing 8-iso-PGF2a. in the peripheral circulation. It may also be that
lipids were not the primary oxidation targets. However, Zamudio et al. report that protein
carbonylation products were equivalent in villous core placental tissue at high (3100 m)
compared to lower altitude (1600 m [25]), suggesting that markers of protein oxidation
would likely also be similar between altitudes in our study. Lastly, we recognize that
measurements of oxidative stress in the systemic circulation are not equivalent to those of
other tissues that play a more direct role in fetal growth (e.g., maternal vessels supplying the
uteroplacental circulation). We were unable to obtain such measurements of oxidative stress
given that access to such samples during pregnancy is limited by ethical considerations.

Antioxidants might influence pregnancy outcomes through one or more of several
mechanisms. One is the underlying concept that maternal antioxidant status serves to protect
against the oxidative stress that accompanies pregnancy. Several clinical trials that sought
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to determine whether dietary antioxidant supplementation could decrease the frequency

of preeclampsia and/or SGA were thus far ineffective (e.g., [14]). However, enzymatic
antioxidants may still play an important role in reducing oxidative damage during pregnancy
and thereby protect against preeclampsia and SGA. A second possibility is that oxidative
stress or antioxidant factors act as signaling mechanisms for triggering changes in other
important substances. In particular, it has been suggested that enhanced oxidant production
increases the transcription of hypoxia-dependent genes [26], whose products influence
vasoconstriction or vasodilation (e.g., endothelin 1), vascular growth (e.g., VEGF) and
inflammation (e.g., IL-6). Antioxidants such as catalase also inhibit the effect of certain
agonists (e.g., angiotensin 1) to increase the expression of HIF-1 a regulated genes [27]. For
these reasons, we considered it likely that redox status during pregnancy at high altitude may
be of importance as a mediator of HIF-1a expression.

Given the purported role of oxidative stress in the etiology of preeclampsia or SGA, we
asked whether antioxidant activity or oxidative stress markers influenced fetal growth at
high altitude. As has been reported previously, Andean infants were relatively protected
from the hypoxia-associated fetal growth restriction compared to Europeans [1,2]. Mothers
of SGA infants had lower levels of antioxidant activity at high altitude at either 20 or

36 weeks of pregnancy compared to women who delivered infants of normal birthweight.
Given the length of the erythrocyte life cycle enzymatic antioxidant values obtained at 20
weeks reflect events occuring between approximately 8 and 20 weeks of gestation, a critical
timeframe for protecting against oxidative insults that occur during the establishment of

the feto-placental circulation. Oxygen tensions are extremely low in the very early stages
of human pregnancy [28]. At approximately 12 weeks gestation the intervillous space

is gradually exposed to higher O, tensions of the maternal blood [28], and enzymatic
antioxidant activity rises in parallel [29]. We therefore speculated that increased antioxidant
status may reflect earlier vascular events during pregnancy that confer benefits in terms of
placentation, the establishment of uteroplacental blood flow, and subsequently protection
from hypoxia-associated SGA. If so, it would appear that such influences operated via a
threshold effect, rather than affecting fetal growth across the birth-weight continuum.

In summary, we concluded that greater enzymatic antioxidant activity may contribute to

the protection against altitude-associated SGA afforded by Andean ancestry. The ancestry-
associated variation in antioxidant status identified was only revealed by the combined
effects of pregnancy and high altitude, suggesting the importance of environmental
conditions for the expression of Andean-specific attributes or, possibly, gene-environment
interaction. Given that our genome scan and gene marker studies indicate that native Andean
highlanders have undergone genetic adaptation to high altitude (e.g., [30]) it may be that

the antioxidant differences observed here may stem from be genetic or epigenetic variations
in HIF-1a regulated or regulatory genes, given the role of redox status in oxygen sensing.
High altitude provides a unique opportunity to identify genetic and environmental factors
contributing to reduced fetal growth, whose pivotal role not only for neonatal health, but also
for the development of disease in later life.
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Figure 1.

At low altitude catalase activity did not vary by ancestry or across time. At high altitude
catalase was greater in Andeans than Europeans at 20 or 36 weeks (both p < 0.05) due to a
pregnancy-related decline among Europeans (p < 0.01). Catalase activity was greater at high
than low altitude in the non-pregnant (NP) state in Europeans (p < 0.01) and at all times

in Andeans (NP, p < 0.05; 20 or 36 weeks, p < 0.01). The effect of altitude on catalase
levels across time differed between ancestry groups (time x altitude x ancestry, p < 0.05).
Significant differences (p < 0.05) between ancestry groups are marked with an asterisk (*).
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Figure 2.
Superoxide dismutase (SOD) activity was unaffected by pregnancy in either ancestry group

at low (A) or high altitude (B). Non-pregnant SOD activity was reduced at high relative to
low altitude in both ancestry groups (both, p < 0.05). During pregnancy, SOD activity was
reduced at high relative to low altitude in Europeans but not Andeans. Andeans had greater
SOD activity than Europeans at high altitude at 36 weeks (p < 0.05). Significant differences
(p < 0.05) between ancestry groups are marked with an asterisk (*); trends (0.05 < p < 0.10)
are marked with a cross symbol (7).
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Figure 3.
Isoprostane levels tended to decrease with pregnancy at low (A) or high (B) altitude in

Andeans but not Europeans. At low altitude isoprostanes were higher in European than
Andean women at 20 and 36 weeks of pregnancy. Altitude had no effect on isoprostane
levels in Andeans at any time but levels were lower at high than low altitude in Europeans at
20 and 36 weeks (both p < 0.05). Significant differences (p < 0.05) between ancestry groups
are marked with an asterisk (*); trends (0.05 < p < 0.10) are marked with a cross symbol ().

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2024 March 31.



Page 14

Julian et al.

Author Manuscript

100°0> (1) 98¢ ¥ 05¢T (GT) 96 ¥ 6L  ueadoing ‘ow/$ ‘awodu]

500> SN Anssoue-d

00> (89 [18s'sel L2y (11) [es6 ‘2991 €98 ueapuy
SN (c2) [z'96 '6'T216'88  (8T) [068'€'T91 T'8,L  ueadoing  sak o5 ‘sUIUENA [e}eudld

T00'0> SN Anssoue-d

SN (zg)[r8'90lee g1z 80l 97 ueapuy
SN (e [Tve'telLL (8T) [0z 'L'Tl1€'9  ueadoing sak o5 ‘aows

T10°0> SN Axnsaoue-d

4SN (T8 VTF6'TL (T 9CcF8LL ueapuy
SN (To)L1F28L (8T)0TF€L.  uesdoin3 BHwWwW Baid-uou ‘9N

T00°0> SN Anseoue-d

100'0> (8 TTF6EC (T zeF8v9 ueapuy
100> 1) LSF98y (8T)0'¢¥7'99  ueadoin3  wuw Baid-uou ‘spjojuns

T00°0> SN Anseoue-d

100> (ov) L'T¥2729 ((RaE337] ueapuy
SN (zo)gT*T1EL (8T) €c¥T1'L.  ueadoing B 'sxaam 9¢ ‘WbIam

100> SN Anseoue-d

100'0> (z8) LT¥G98 (TT) 8TF9'99 ueapuy
SN (t2) 0cF019 (8T)€C¥T169  ueadoing B ‘Baid-uou b

SN SN Ansasue-d

SN [riv'oLel 99e [28,'0821 §'%S ueapuy
SN [6'v9 ‘622l 8'a¥ [r'19'cozl 68 ueadoinz % ‘snoJediwiid

100> SN Anseoue-d

100'0> (z8) 90 F505T (¥2) 0T ¥ T'85T ueapuy
SN (TT) 9TF6'19T (8T) 0'T¥2°09T  uesdoing wo WbieH

100> SN Anseoue-d

SN (z8) L'0F6'GC (€2)95¥6L2 ueapuy
500> T TTF60E (8T) 09 ¥6'9c  ueadoing s1eak ‘aby
apne-d apne ydiH spnie mo  Anssouy algerren

"S9INQLINE [eulaleN
‘| 8|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2024 March 31.



Page 15

Julian et al.

*() sesaypualed ui ale sazis ajdwes

'0T°0>d >50°0 %

sdnouf Ansaoue uiynm ‘sdno.b apnije ussmiag sanjen aouediubis :apnife-d sdnoib apnie uiyum sdnolb Ansaoue usamiaq sanfen aouedilubis = Ansaoue-d ‘ereuaid ‘pud ‘ainssaid [erislie ueaw ‘dv/IN

"Sa|qelIeA [eo1iobaled usamiag
suosiedwod 1o} pasn a1am $)sa) patenbs-1yd SajgelseA SnoONUIIUOD UsaMIB] SUOSIIedWod 10} Pash sem WAONY Aem-auQ *[] s1ex9eiq Ul 1D %G6 Yim sabejusdlad se Jo |NTS F sueaw Sse paiiodas ase senjeA

T00'0> SN Ansaoue-d
100°0> (28) 9+ 8 (8) e ¥ 282 uespuy
apnmnje-d apnne ybiH apmije mo1  A41saouy a|gelten

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2024 March 31.



Page 16

Julian et al.

Author Manuscript

SN @) [svz'odoer (1) lzsy'zetlzie  uespuy
SN (e) [Tov 'Letleoz  (81) [6'67 '9'82l 2’2 ueadoin3 % ‘Wialeld

SN SN Ansaoue-d

SN (69) 70 F v'8E (o) zo*88e uespuy
SN (e2)e0F68E (8T)S0FT'8E ueadoin3 M ‘abe 1599

SN SN Ansaoue-d

SN (es)90F€vE (o) zoFese uespuy
100> (8T) 0¥ 8€E (LT) 0¥ 08¢ ueadoin3 w9 ‘2119 pesH

SN SN Ansaoue-d

SN TOFE9Z 0T¥9.2 ueapuy
SN €0F 092 LOF6L2 ueadoin3 , parsnipe ew/b> ‘1d

SN SN Ansaoue-d

SN ¥S) T0FE9C (oM L0¥FvLe uespuy
SN (z2) roFeoe (8T)S0FTL2 ueadoin3 ew/by ‘Id

500> SN Anssoue-d

SN (01) €5 ¥ 16T€ (0T) €6 ¥ Gzee uespuy
00> (8T) ¥8 7 662 (8T) v8 ¥ 96€E ueadoing ,PaIsnipe wb ublam pig

1SN SN Ansaoue-d

500> (65) 9 ¥ geTE (0T) 21T ¥ 96€€ uespuy
100> (€2) L8 ¥ 826¢ (8T) 88 ¥ L€€€ ueadoin3 wb wbram yug

SN SN Ansaoue-d

SN (99) [2-26'9s8love  (11) [ooT ‘T'58] 00T uespuy
SN (z2) [e66'508]1 096  (87) [00T ‘e'68] 00T  ueadoun3 % ‘A1an113p [endsoH

500> SN Anssoue-d

G00> (¢8)[zev'setlgee  (11) [0°G6 'v'59] 'S8 uespuy
SN (vz) [z9s'00sl v'12  (81) [8'98 ‘67261 0°GL  ueadoin3 % ‘U0N28s-0
He-d W QOTy-W 009€ YBIH W 00F MO Anseouy algeLIen

spnny
"SONSIIg1R.IRYD AJSAISP pue UIOgMaN
‘I 81qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2024 March 31.



Page 17

Julian et al.

*() sesayuaued i aue sazis ajdwes "0T'0 > d > 500 u,N

sdnouf apnije uiynm ‘sdnoif Ansasue usamiag sanjea aouediiubis = Ansaoue-d ‘sdnof Ansaoue uiynm ‘sdnolb apniije usamiag sanjea asuediiubis = je-d
abe [euoneisab 1oy paisnipe Jybiam yuiq

1

abe Jeuoneisab-104-1eWs ‘YOS ‘Xxapul [esapuod ‘|d

"sa|qelieA [eatiobaled 1oy sdnoib A11sadue Jo apniife ssoJoe suosiiedwod Joj pasn aJaMm S)sa) pasenbs-1yD 'sa|geLieA Snonunuod
104 sdnolb A13saoue 1o apniilfe SsoJoe suosLiedwod 10) pasn sem WAONY Aem-auQ ‘[] s1939eiq Ul |D %G6 8yl Yiim sabejuaalad se pue NS F sueawl se pariodal ase sajgelieA SNoNUIUod 10} SanjeA

4SN SN Ansaoue-d
SN (69) [evz ‘69l €€T (o1) [ove ‘sl vt uespuy

ISN - (e 1wy 'zeetlese  (81) [6ve ‘vel L'6 ueadoing % ‘VOS
SN SN Ansaoue-d
SN (z8) [8'65'ssel g2y (T1) [G'GL '99€] T'2G uespuy
SN (o) [sv9 ‘g8zl zoy  (81) [2'6G 'v9zl 6Ty ueadoung % ‘a[eN
1SN SN Ansaoue-d
ye-d  wo0Ty—W 009€ YBIH W 00y Mo Ansaouy 3|qelIeA
apnny

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2024 March 31.



Page 18

Julian et al.

Author Manuscript

"paUIgUIOD SapNiIife Yiog pue apniife yBiy Ajuo apnjoul 01 palas|a am ‘Bpnilfe MO| 1B YOS JO S3SeD Ma) 81aM 313U} 90UIS

SN (TT) 9€T ¥ T0S

0T'0> (8) 26 F 08V

Jw/n ‘aos

SN (€1) 6968 ¥ 81G8YT  (G1) vEVY F €0ZEYT

SN (%) L10ZT + ZL80ET

(0T) 8629 F LevTyT  w/n ‘aseleled

anjen-d VoS anjea-d VoS sspnie ||
SNYeIS YOS 9€ H38M SNYeIS YOS 07 H38M
>99M [euo11e1SaD)
010> (6) 9V F vLv 500> (5) 28 ¥ vev qw/n ‘aos

SN (0T) ST80T ¥ 96€ST  (TS) 88ES F 9vZ6YT

SN (z2) L0z8 F Ov.8YT

() 2T6VT ¥ GVBSET  TW/N ‘Bselered

anfea-d VoS

anfea-d VoS

apnie ybiH

SNIEIS VYOS 9€ 19N

SNIEIS VYOS 0¢ %9™WN

>9aM |BUOIRISED

"S8LIBAIIBP YOS PUE [BWIOU US3MIaQ SNILIS JUBPIXOIUE [eulslew Jo uostiedwo)

‘Il a1qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2024 March 31.



	Abstract
	Introduction
	Materials and methods
	Subjects
	Protocol, variables and definitions
	Statistical Analyses

	Results
	Maternal characteristics
	Antioxidant activity and oxidative stress
	Delivery and newborn characteristics
	Relationship between antioxidant status, oxidative stress and birth weight

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table I.
	Table II.
	Table III.

