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Nutritional status in pregnant adolescents: a systematic
review of biochemical markers

Victoria Hall Moran
Maternal and Infant Nutrition and Nurture Unit (MAINN), Faculty of Health, University of Central Lancashire, Preston, UK

Abstract

Adolescent pregnancy is a major public health challenge for many industrialized countries and
is associated with significant medical, nutritional, social and economic risk for mothers and their
infants. Despite this, relatively little is known about the nutritional status of this population.
The aim of this paper was to conduct a systematic review of the current evidence relating to
the biochemical markers of nutritional status of pregnant adolescents living in industrialized
countries. Six papers were identified that fulfilled the inclusion criteria, the majority of which
were conducted in the United States. The studies were of variable quality and most failed to
control for potential confounders which may have strongly influenced the findings. Due to
limited research, conclusions cannot be drawn about the zinc and calcium status of pregnant
adolescents, and data on folate and vitamin By, status appeared conflicting. There was some
consensus among studies, however, to suggest that indicators of anaemia and iron status were
compromised in pregnant adolescents, particularly during the third trimester of pregnancy.
Chronological age did not appear to influence nutritional status, although there was some
evidence to suggest that increasing gynaecologic age may positively influence plasma ferritin
levels. Current research is limited by sampling and measurement bias, and research is urgently
required to address these limitations. Further consideration should also be made of the influence
of the role of socio-economic support on pregnant adolescents’ nutritional status. The achieve-
ment of improved nutrition in pregnancy among adolescents requires multidisciplinary
collaborations of adolescent healthcare providers, academics, professional organizations,
policymakers, industry and service users. Only once this is achieved can adolescent nutrition,
and adolescent nutrition in pregnancy, be significantly and sustainably optimized.
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Introduction

Adolescent pregnancy is a major public health chal-
lenge for many industrialized countries, with the
United States having the highest rates of adolescent
births in the developed world (more than twice the
European average), and the United Kingdom having
the highest adolescent birth rate in Europe (UNICEF
2001). Adolescent pregnancy is associated with signif-
icant medical, nutritional, social and economic risk for
mothers and their infants throughout the world. Ado-
lescent mothers are more likely than older mothers to
come from unskilled manual backgrounds or live in
areas with higher social deprivation (Teenage Preg-
nancy Unit 2004), a life circumstance long associated
with poor dietary intake. In addition to the social and
economic environment of adolescent pregnancy, fac-
tors such as gynaecologic immaturity, competition for
nutrients, and the growth of the mother are likely to
impact on the mother’s nutritional status (King 2003).
Poor maternal nutritional status has been associated
with short- and long-term health implications for both
mother and child. Short-term health outcomes of inad-
equate maternal nutritional status include pregnancy
and birth complications, poor postpartum nutritional
status, poor lactational performance and increased
mortality in mothers, and compromised fetal growth,
increased risk of preterm births, spontaneous abor-
tion, congenital abnormalities, and morbidity and
mortality in the infant (IOM 1990).

For the adolescent mother, the long-term effects of
poor nutritional status are considerable. As adoles-
cence is a critical period during which lifetime habits
are established (Cavadini et al. 2000), the dietary hab-
its acquired during adolescence have the potential to
enhance or undermine health throughout life. For
example, high fat intake during adolescence and into
adulthood is associated with an increased risk of heart
disease, and low calcium intake during adolescence is
associated with low bone density and an increased
risk of osteoporosis in later life (Lytle 2002). Poor
maternal nutritional status could also have long-term
implications for the offspring. Impaired intrauterine
growth and development due to inadequate nutri-
tional status may ‘program’ the fetus for cardiovascu-
lar, metabolic or endocrine disease in adult life

(Barker & Osmond 1986). Epidemiological associa-
tions have been found to exist between lower birth
size and a greater risk of death in later life from
cardiovascular disease (Barker & Osmond 1986) and
type 2 diabetes mellitus (Ravelli ef al. 1998). More
recent work has suggested that adult disease risk has
developmental origins, i.e. the concept that certain
adult diseases come about as a consequence of the
fetal response to its environment, rather than a causal
role for birth size. Thus, the current working model is
one whereby early life events (e.g. maternal nutri-
tion), acting through the processes of developmental
plasticity (i.e. the ability of the fetus to respond to
environmental cues by choosing a trajectory of devel-
opment that often has adaptive advantage), alter the
development of the organism to such an extent that
it affects its capacity to cope with the environment of
adult life and therefore influences disease risk. Exper-
imental data suggest that the period in which these
early life events influence lifelong consequences can
extend from conception (and possibly preconception)
to infancy, depending on the organ system involved
(Gluckman et al. 2005).

Adequate nutrition in adolescent pregnancy there-
fore presents many challenges for health profession-
als and policymakers alike. Despite this, relatively
little is known about the nutrient status of this popu-
lation. Nutritional surveys have shown that the high-
est prevalence of nutritional deficiencies occurs in
adolescence, with most commonly noted deficiencies
in non-pregnant adolescents being calcium, iron, zinc,
riboflavin, folate, and vitamins A and D (e.g. Gregory
et al. 2000). A recent systematic review (Hall Moran
2007) reported that the nutrient intakes of pregnant
adolescents appeared to be low in a number of nutri-
ents recognized to be vital for fetal growth and devel-
opment during pregnancy. Intakes of energy, iron,
calcium, folate, vitamin E and magnesium were par-
ticularly low. These papers, however, did not assess
whether such low nutrient intakes reflected a dimin-
ished nutritional status in pregnant adolescents. The
aim of this paper is to review the current evidence on
the nutritional status of pregnant adolescents, as
assessed by biochemical indicators.

‘Adolescence’ can be described as the transitional
stage of development between childhood and adult-
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hood. It is a cultural and social phenomenon, and
therefore its endpoints are not easily defined. The
World Health Organization (WHO 1998) defines
adolescence as a person between 10 and 19 years of
age. For reasons of clarity, throughout this paper
‘adolescence’ refers to the ages 10-19 years inclusive
(unless otherwise stated).

Methods

The research question applied to the systematic
review was ‘what is the nature of the nutritional sta-
tus, as measured by biochemical indicators, of preg-
nant adolescents living in industrialised countries?’
Papers that focused on adolescents living in develop-
ing countries were not included in this review due to
the cultural and socio-economic disparities between
the industrialized and developing world, making syn-
thesis of findings impractical. The systematic review
protocol broadly followed the National Health Ser-
vice (NHS) Centre for Reviews and Dissemination
guidelines (2001). The main stages of the review are
illustrated in Fig. 1.

Stage 1 of the review involved searching for publi-
cations using electronic databases, websites, citations,
hand-searching relevant journals and contacts with
experts. The search terms used in the electronic data-
bases were: pregnant, pregnancy, maternal, mother,
nutritional = status, nutrition assessment, biological

markers, biological assays, adolescent, adolescence,

teenage, young, child, and girl. The databases searched
were: Ovid Medline, CINAHL, British Nursing
Index, Proquest Nursing Journals, The Cochrane
Library, and EBSCO Host Electronic Journals Ser-
vice. The Journal of the American Dietetic Associa-
tion and the British Journal of Nutrition were hand
searched. Studies published in the English language
between 1980 and 2006 were included in the review.

At sstage 2 of the review, the title and abstracts were
analysed for relevance to the research question; the
inclusion and exclusion criteria were applied (see
Table 1). Primary papers were then obtained and fur-
ther scrutinized against the inclusion and exclusion
criteria (stage 3). Studies that fulfilled the inclusion
criteria were then assessed for quality (stage 4) using
quality criteria for quantitative studies (CASP 2004).

Analysis

This review describes the biochemical indicators of
nutrient status in pregnant adolescents living in
industrialized countries. Given the methodological
variation in the included papers, the papers were tab-
ulated and summarized narratively.

Findings

Six papers were identified that fulfilled the inclusion
criteria (see Table 2). Two of the papers were based
on the same cohort of pregnant adolescents (Wolfe
et al. 1994; Gadowsky et al. 1995). The number and

Identify relevant studies — search
Stage 1 p| databases, websites, citations, p Nn=4452
contacts with experts
.| Scrutinize references for o =4
Stage 2 ”| relevance to review and obtain L
primary papers
Reapply inclusion/exclusion
Stage 3 P criteria p N=24
Critically appraise studies for
Stage 4 P quality p N=6
Fig. 1. Main stages of the systematic
review process.
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Table 1. Inclusion and exclusion criteria

Aspect Inclusion criteria

Exclusion criteria

Types of paper Research papers using any methods

Focus of study

of pregnant adolescents using biochemical markers
Studies with emergent findings relating to nutritional
status of pregnant adolescents using biochemical

markers

Participants Healthy pregnant human adolescents

Pregnant adolescents living in industrialized countries

Presentation of data
below cut-off values provided

Studies designed to assess the nutritional status

Mean values and proportions of participants above/

Opinion papers

Letters to editor

Conference abstracts

Foreign language

Papers evaluating nutritional status using anthropometric
or dietary intake methods

Studies designed to assess the effect of vitamin and/or
mineral supplementation on the nutritional status of
pregnant adolescents'™*

Non-human studies

Non-pregnant or unwell adolescents

Pregnant adolescents living in developing countries® '

Insufficient presentation of data or where data from
adolescents and adults were combined'* '

"Hunt et al. (1985); *Martner-Hewes et al. (1986); *Cherry et al. (1989); ‘Dawson & McGanity (1989); *Dawson et al. (1989); *Geervani &
Jayashree (1988); "Bezerra et al. (2002); *Massawe et al. (2002); °Casanueva et al. (2003); ’Garcia-Casal et al. (2005); 'Shirima & Kinabo (2005);
2Thame et al. (1999); “Bailey et al. (1980); “Schuster er al. (1981); “Endres et al. (1985); "*Schneck et al. (1990); "Beard (1994); *Sowers et al.

(2000).

demographic characteristics of the adolescents partic-
ipating in each of the two studies differed slightly as
insufficient blood was available to complete all the
biochemical assays on each blood sample. Four stud-
ies were conducted in the USA, and two were carried
out in Canada. In three papers, the nutritional status
of pregnant adolescents was the primary outcome of
interest. Other primary outcome measures included
the influence of adolescents’ nutritional status on
birth outcome (Jackson & Mathur 1991; Chang et al.
2003a) and a comparison of adolescents’ nutritional
status during pregnancy and in the early postpartum
period (O’Brien et al. 2003). Birth outcome was also
reported as a secondary outcome measure by Wolfe
etal. (1994) (birthweight and birth length) and
Gadowsky et al. (1995) (birthweight). It was not clear
whether any of these studies were powered to exam-
ine the relationships between biochemical indicators
and birth outcome, and therefore their findings
should be treated with caution. Two studies compared
nutritional status at different stages of pregnancy
(Chang et al. 2003a; Tannotti et al. 2005), one did not
clarify the stage of pregnancy when measurements
from adolescent participants were obtained (Jackson
& Mathur 1991), and the remainder took measure-
ments during the third trimester. Three studies

pooled data on adolescent nutritional status for
analysis, regardless of ethnicity (Wolfe et al. 1994;
Gadowsky eral. 1995; O’Brien etral. 2003). Two
studies focused entirely on African American preg-
nant adolescents (Chang et al. 2003a; Iannotti et al.
2005), and one compared the nutritional status of
black and non-black adolescents (Jackson & Mathur
1991). Four studies sought to determine whether ado-
lescent age was associated with nutritional status
(Wolfe etal. 1994; Gadowsky et al. 1995; O’Brien
et al. 2003; Tannotti et al. 2005).

Participants

Participants were aged between 12 and 19 years. Only
one study randomly selected their participants
(Jackson & Mathur 1991), one carried out a retrospec-
tive review of medical charts over a 10-year period
(Chang et al. 2003a), and the remainder used conve-
nience samples. Eligibility criteria for participation
were often limited, with only three studies employing
exclusion criteria. O’Brien et al. (2003) excluded mul-
tigravida adolescents and those with complicated
pregnancies, medical problems, a history of drug or
alcohol abuse, smokers and adolescents taking
medications known to influence nutrient metabolism.
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Chang etal. (2003a) and Iannotti eral. (2005)
excluded adolescents with multiple pregnancies.

Few studies provided detailed information regard-
ing the socio-economic status of their participants. All
participants in Jackson & Mathur’s study (1991) were
enrolled on the Special Supplementary Nutrition Pro-
gram for Women, Infants and Children, indicating
185% of poverty, and Wolfe etal. (1994) and
Gadowsky et al. (1995) reported that 65% and 67%
of participants (respectively) were not living with
their parents and were transient, and that the major-
ity of adolescents (55% and 56%, respectively)
obtained their main source of income from govern-
mental sources.

Data collection

Details of the included studies are given in Table 3.
The measures utilized to ensure the validity of the
measures of nutritional status were diverse and often
inadequate. Only two studies stated how and when
blood samples were separated and stored before
analysis (Wolfe et al. 1994; Gadowsky et al. 1995).
Other variables known to confound interpretations
of the findings, including fluctuations due to diurnal
variation and meal consumption, hydration status,
medications, infection, inflammation and stress
(Gibson 2005), were only partially addressed in the
design and/or statistical analyses of the studies. Most
studies either did not clarify whether participants had
taken prenatal vitamin or mineral supplements, or did
not incorporate their contribution into their calcula-
tions of nutritional status (see Table 3).

Inter-relationships between biochemical status
and other variables

Iron status and anaemia

Four studies described indices of iron status and
anaemia in pregnant adolescents. Anaemia appeared
to be prevalent among pregnant adolescents. Measur-
ing haemoglobin (Hb) in 58 adolescents in the third
trimester of pregnancy and using the WHO (Stolzfus
& Dreyfuss 1998) classification system for anaemia
(Hb< 110 gL™"), Gadowsky etal. (1995) reported
that 22% of their mainly Caucasian participants were

anaemic. Using Centers for Disease Control and Pre-
vention (CDC 1989) criteria to identify anaemia in
pregnant women (Hb <110 g L™ in the 1st and 3rd
trimesters; <105 g L' in the 2nd trimester), Chang
et al. (2003a) and Iannotti ef al. (2005) found that, as
pregnancy progressed, the prevalence of anaemia
increased in African American pregnant adolescents.
In a retrospective medical chart review of 918 adoles-
cents, Chang et al. (2003a) reported the prevalence of
anaemia to be 10% of pregnant adolescents in the
first trimester, 20% in the second trimester and 57%
in the third trimester. Similar findings were reported
by Iannotti eral. (2005), with the prevalence of
anaemia rising from 31% in the second trimester to
63% in the third trimester in 80 adolescents. Compar-
ing black and non-black pregnant adolescents,
Jackson & Mathur (1991) reported that 71% of black
(n=98) and 54% of non-black adolescents (1 =28)
had a haematocrit (HCT) value of 34% or below. It
is not clear how many participants had HCT values
below the WHO (Stolzfus & Dreyfuss 1998) cut-off
values for anaemia of 33%.

Tannotti ez al. (2005) measured other indicators of
iron depletion and deficiency [serum ferritin, serum
transferrin receptors (TfR) and body iron] and
reported that, for all indicators, there was a rise in the
prevalence of compromised iron status during the
third trimester. Gadowsky et al. (1995) also assessed
iron stores (plasma ferritin) and reported that, using
the National Health And Nutrition Examination Sur-
vey (NHANES) III ferritin cut-off value of 12.0 pg
L™ (Looker etal. 1997), 78% of participants had
depleted stores at 36 weeks’ gestation, and that all
participants demonstrating anaemia based on Hb con-
centration had low iron stores. In order to assess the
relation between iron status indicators, infection and
inflammation, Tannotti et al. (2005) conducted a num-
ber of analyses using the variables of white blood cell
counts, the presence of sexually transmitted infection
and various iron status indicators, with no significant
correlations observed. Gadowsky et al. (1995) did not
measure biochemical indicators of infection and,
because the presence of infection can increase plasma
ferritin levels, their findings may be confounded.

Chang et al. (2003a) found that lower Hb was asso-
ciated with multiparity and inadequate prenatal care
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(in all trimesters), low pre-pregnancy body mass
index (BMI) (in the 1st and 2nd trimesters), and
infection with sexually transmitted diseases and self-
reported cigarette use (during the 3rd trimester).
Tannotti ez al. (2005), on the other hand, reported that
parity and age were risk factors for anaemia during
the first trimester only, and that neither Hb nor any
other iron status indicator was associated with smok-
ing status, number of prenatal visits, BMI or serum
leptin concentrations. While not found to be corre-
lated with chronological age, Gadowsky et al. (1995)
observed that gynaecologic age was positively corre-
lated with plasma ferritin levels. Only one study
investigated the influence of vitamin/mineral supple-
mentation on iron status (Gadowsky efal. 1995).
Despite adolescents’ consumption of approximately
31 mg of supplementary iron per day, based on self-
reported weekly supplement usage, no association
was found to exist between iron intakes from prenatal
supplements and Hb or plasma ferritin concentra-
tions (Gadowsky et al. 1995). Data regarding the type
and frequency of supplement use were determined
during one prenatal interview, and therefore their
accuracy may be questionable.

Indicators of iron status and/or anaemia were not
found to be significantly associated with birthweight
(Jackson & Mathur 1991; Gadowsky et al. 1995).
Chang etal. (2003a) reported that while low Hb
(<105 g L") was not significantly associated with pre-
term delivery or low-birthweight (LBW) infants, a
high Hb (>120 g L") was associated with an increased
risk of LBW in the second and third trimesters and
with an increased risk of preterm delivery in the sec-
ond trimester. No significant associations were
observed to exist between Hb concentration and
births that were small for gestational age.

Zinc status

One study investigated the zinc status of adolescents
in the third trimester of pregnancy. Appropriate tech-
niques were used in the treatment and storage of the
samples (samples were collected after an overnight
fast, separated within 3h of collection and then
frozen), avoiding artificially raised zinc values. Using
a tentative 36-week gestation cut-off value

(6.12 umol L) suggested by Hambidge et al. (1983),
Wolfe et al. (1994) reported that none of their 66
pregnant adolescent participants had plasma zinc val-
ues indicative of impaired zinc status. Similarly, no
adolescents had hair zinc levels below the cut-off
value of 1.07 umol g'. Plasma zinc concentrations
correlated negatively with reported birth length (but
not birthweight) when chronological age was taken
into account. Wolfe et al. (1994) also found evidence
of a differential impact of type of prenatal supple-
ment on zinc status. Adolescents who reported con-
suming a prenatal supplement with zinc sulphate had
a significantly higher mean plasma zinc concentration
than those not taking supplements or consuming sup-
plements with zinc oxide. Wolfe et al. (1994) did not
evaluate biochemical indicators of infection and
therefore, as the presence of infection lowers serum
zinc values, the reported values may be confounded.

Calcium

O’Brien et al. (2003) investigated the efficiency of
fractional calcium absorption and changes in urinary
calcium during (and after) pregnancy in a small sam-
ple (n =23) of mainly African American adolescents.
Fractional calcium absorption was determined by giv-
ing adolescents oral (**Ca or “Ca) and intravenous
(**Ca) stable calcium isotopes at 32-36 weeks’ gesta-
tion. A 24-h urine collection was obtained postdosing,
and three spot urine collections were obtained daily.
Percentage calcium absorption averaged 53% in ado-
lescents during pregnancy and was nearly 60% higher
than values measured 3—4 weeks after delivery. Cal-
cium absorption was not significantly affected by age
across the range of 13-18 years, and the findings did
not markedly differ from data reported for pregnant
adults (Cross et al. 1995; Ritchie et al. 1998). Higher
calcium intakes during pregnancy, however, did
appear to be protective against loss of trabecular
bone at the lumbar spine in the early postpartum
period.

Folate status

Two studies investigated the folate status of pregnant
adolescents. Using cut-off criteria suggested by
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Bailey et al. (1980), Gadowsky et al. (1995) reported
that 7% and 17.5% of participants (n=50-57) had
plasma folate concentrations indicative of deficient
(<7.0 nmol L") and marginal (<13 nmol L™) status,
respectively, and 1% and 7% had erythrocyte concen-
trations indicative of deficiency (<317 nmol L) and
marginal (<362 nmol L™) folate status, respectively. A
more recent study of African American pregnant
adolescents (Iannotti et al. 2005) found that only one
participant (of the 60 evaluated) had a serum folate
concentration of <6.8 nmol L™ (Herbert 1967). How-
ever, it was not stated whether suitable antioxidants
were added to the blood samples in this study (a
procedure utilized to prevent the oxidation of folate),
and so these findings may be erroneous. Folate status
was not found to be correlated with chronological or
gynaecological age, infant birthweight (Gadowsky
et al. 1995) or indicators of iron status (Iannotti ef al.
2005). Erythrocyte folate concentrations, however,
were negatively associated with the average number
of cigarettes smoked per day during pregnancy
(Gadowsky et al. 1995). Only Gadowsky et al. (1995)
reported details of folate supplementation, with 45
(of the sample of 58) adolescents consuming supple-
mental folic acid and iron simultaneously. Limited
information was available regarding the frequency of
supplement use.

Vitamin BIZ

Two studies investigated the vitamin By, status of
pregnant adolescents. A study of African American
pregnant adolescents (Iannotti et al. 2005) found that
none of their 60 participants for whom measures were
available, had serum vitamin B;, concentrations
indicative of depletion (<111 pmol L™) or deficiency
(<74 pmol L") (Herbert 1999). Using different cut-
off values, Gadowsky et al. (1995) reported that 20%
and 26% of participants had plasma B;, concentra-
tions in the intermediate (118-148 pmol L™") and defi-
cient (<118 pmol L™) range, respectively. Gadowsky
etal. (1995) also measured plasma methylmalonic
acid concentrations, as this accumulates in the plasma
when the supply of vitamin By, is reduced thereby
providing a sensitive and specific marker of vitamin
B, deficiency (Gibson 2005). Four participants had

elevated plasma methylmalonic acid concentrations,
but only one of them had a plasma vitamin B,, con-
centration in the intermediate/low range. Vitamin B,
status was not found to be correlated with chronolog-
ical or gynaecological age or infant birthweight
(Gadowsky et al. 1995). Neither study collected data
regarding vegetarianism, and only Gadowsky et al.
(1995) reported details of vitamin B,, supplementa-
tion. Of their entire sample of 58 adolescents, only 22
consumed a supplement containing vitamin By, dur-
ing pregnancy. Limited information was available
regarding the frequency of supplement use.

Discussion

The quality of the studies included in the review var-
ied, and all suffered from methodological limitations,
which should be considered when interpreting the
results. Studies tended to use different reference cut-
off values to define nutritional adequacy, restricting
the ability to make meaningful comparisons between
studies. The application of exclusion criteria and con-
trol of potential confounding variables was limited in
most studies, thereby limiting the reliability of the
data. All of the studies were subject to sampling bias,
with most utilizing convenience sampling methods.
Only one study used random sampling in a study
comparing black and non-black pregnant adolescents
(Jackson & Mathur 1991). However, the small sample
number in the non-black group (n=28 versus 98
black adolescents) limits the generalizability of the
findings. The participants in the included studies
tended to be older adolescents, with a mean age of
between 16 and 17 years. It is likely that the nutri-
tional requirements of a younger adolescent group
(which are needed to sustain their own growth, as
well as the growth of their fetus) are different from
an older adolescent group. Only four studies sought
to determine whether adolescent age was associated
with nutritional status (Wolfe et al. 1994; Gadowsky
et al. 1995; O’Brien et al. 2003; Tannotti et al. 2005).
While none of the indices of folate, vitamin By, or
calcium status were found to be associated with chro-
nological age (Gadowsky et al. 1995; O’Brien et al.
2003), iron status did appear to be influenced by both
chronological and gynaecologic age. Increasing
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chronological age had a significant protective effect
against low Hb concentrations during the first trimes-
ter (Iannotti et al. 2005), and gynaecologic age corre-
lated positively with plasma ferritin (Gadowsky et al.
1995). Wolfe et al. (1994) found that plasma zinc con-
centrations were only significantly correlated with
chronological and gynaecologic age in adolescents
who smoked. However, most of these studies suffered
from small sample sizes and an over-reliance on older
pregnant adolescents, thereby potentially masking
any further associations. There was limited evidence
to support a significant influence of nutritional status
on birth outcome. However, as no power calculations
were conducted, it is likely that most, if not all, of the
studies were underpowered for this analysis, and it is
possible that small sample sizes played a role in the
lack of significant associations observed.

Iron is needed for the rapid expansion of maternal
blood volume and the deposition of iron in fetal tis-
sues. Iron-deficiency anaemia is the most common
nutrient deficiency in pregnancy and has also been
reported to be at its peak incidence between the ages
of 15 and 19 years in non-pregnant girls (Wahl 1999),
related in part to the rapid growth associated with
adolescence (Lifshitz et al. 1993). There does appear
to be some consensus among the studies included in
this review to suggest that anaemia was indeed prev-
alent among pregnant adolescents. Iron stores were
also low in pregnant adolescents, particularly during
the third trimester (Gadowsky et al. 1995; Iannotti
et al. 2005). Previous studies have associated iron-
deficiency anaemia with reduced fetal oxygenation
(Reifsnider & Gill 2000) and poor birth outcomes,
such as a greater risk of LBW, prematurity and an
increased perinatal mortality (Godfrey et al. 1991;
Scholl et al. 1992; Tomashek et al. 2006). Despite this,
there appeared to be little evidence that low iron
status and/or the presence of anaemia were signifi-
cantly associated with poor birth outcome among the
adolescents in the included studies. The association
between moderate anaemia and poor perinatal out-
comes, however, has been found through epidemio-
logical studies only, and the available evidence cannot
establish this relationship as causal (Yip 2000).
Indeed, anaemia may not be a direct cause of poor
pregnancy outcomes, unless very severe. It is possible

that a common factor could cause both anaemia and
poor birth outcomes.

Each of the studies was limited, by varying degree,
by measurement error. Many measures of anaemia
and iron status are subject to confounders such as
biological variation, ethnicity, smoking status and
deficiencies in other micronutrients, such as vitamins
A, Bg and By, riboflavin, folic acid and copper (Gib-
son 2005). There is also considerable within-subject
day-to-day variation in plasma ferritin concentrations
and other indicators of iron status such as plasma iron
and transferrin saturation (Beard 1994). As a conse-
quence, it has been argued that studies should include
replicated measures and report within-subject vari-
ability (Gibson 2005). Neither Gadowsky et al. (1995)
nor Iannotti ez al. (2005) accounted for within-subject
variability as plasma ferritin assessment relied on a
single blood sample.

One of the studies combined measures of iron sta-
tus from black and non-black participants (Gadowsky
et al. 1995). Black populations have been found to
have a Hb concentration of 5.5-8.5 g L™ lower than
white populations (Perry et al. 1992), potentially lead-
ing to a misclassification on anaemia in these studies
by using a single anaemia cut-off value across ethnic
groups. One study failed to control for smoking status
(Jackson & Mathur 1991), which is associated with
higher concentrations of Hb and a decrease in serum
TfR concentration.

Misclassification of iron deficiency may also occur
due to overlapping of normal and abnormal values if
a single indicator is used. Thus, the use of several
different indicators of iron status simultaneously pro-
vides a more valid assessment of iron status than any
single measure. Moreover, multiple indicators differ-
entiate the severity of iron deficiency more readily. A
combination of three tests of iron status is commonly
advocated, with abnormal values for at least two of
the three tests indicating iron deficiency. At present,
however, there is no consensus on the best definition
of iron deficiency when based on multiple measure-
ments. Gibson (2005) argued that a combination of
serum TfR, serum ferritin and Hb measurements may
be the most useful model for the measurement of iron
status: serum ferritin levels reflect the decline and
eventual exhaustion of body iron stores; serum TfR
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reflects the degree of deficiency in functional iron
after the stores have been depleted; and Hb measures
the presence of anaemia. Only one study (Iannotti
et al.2005) assessed each of these indices in pregnant
adolescents, in addition to considering the effects of
a variety of potential confounding factors, and
reported an increased prevalence of compromised
iron status during the third trimester compared with
the second trimester. Unfortunately, they did not
investigate how this impacted upon birth outcome.
During pregnancy, calcium is needed for the devel-
opment of the fetal skeleton and the attainment of
peak bone mass in adolescents. In a still-growing ado-
lescent, calcium intake may be limited by poor mater-
nal diet and the need to retain enough calcium to
mineralize two skeletons (Lenders et al. 2000). Low
calcium intake has been significantly associated with
low bone density and increased later risk of
osteoporosis in adolescents (Lytle 2002) and
decreased fetal femur length in utero in pregnant ado-
lescents (Chang et al. 2003b). Only one study that
aimed to characterize the calcium status of pregnant
adolescents met the inclusion criteria of the current
review (O’Brien eral. 2003). Even though adoles-
cents in this study were unlikely to have achieved
peak bone mass, calcium absorption did not markedly
differ from data reported for pregnant adults in pre-
vious studies (Cross ef al. 1995; Ritchie et al. 1998).
Higher dietary calcium intakes during pregnancy
were significantly associated with maternal lumar z-
scores in the early post-natal period and improve-
ments in estimated calcium balance, suggesting that
higher calcium intakes were protective against bone
loss in these adolescents. However, calcium intakes
were substantially higher (approximately
1200 mg day™) in this study than those reported by
pregnant adolescents in previous studies (e.g. Endres
et al. 1985; Job & Capra 1995; Pobocik et al. 2003). It
has been suggested that, when calcium intake is low,
the physiologic adaptation to pregnancy in adoles-
cents may be different from that in adults, increasing
the adolescents’ susceptibility to bone mineral loss
(Bezerra et al. 2002). In a study of women and ado-
lescents with mean calcium intakes of 400-
500 mg day™, Bezerra etal. (2002) found that the
increased bone resorption associated with pregnancy

was less pronounced in adolescents, possibly as a pro-
tective mechanism against excessive bone loss when
calcium intake is low. Pregnancy also seemed to
impair bone formation in adolescents, suggesting that
skeletal growth may be suppressed. O’Brien et al.’s
(2003) study was also limited by small sample size and
the failure to address potential racial differences in
calcium status.

Evidence on the folate status of pregnant adoles-
cents was inconclusive, limited by interpretive diffi-
culties. While Gadowsky ez al. (1995) reported that
7% and 17.5% of their 58 participants had plasma
folate concentrations indicative of deficient
(<7.0 nmol L") and marginal (<13.0 nmol L™) status,
respectively, lannotti et al. (2005) found that only one
participant (of the 60 evaluated) had a serum folate
concentration of <6.8 nmol L., As described earlier,
because it was unclear whether the correct proce-
dures had been followed in order to maintain the
stability of the folate in the sample, these findings
may be erroneous. An alternative explanation for the
generally higher folate levels reported by Iannotti
et al. (2005) could relate to the US policy of folate
fortification of foods. The US government introduced
the mandatory fortification of cereals in 1998, which
consequently could have a marked effect on ‘normal’
reference ranges for folate (Klee 2000). Indeed, eco-
logical studies have shown a concomitant rise in
markers of folate status in similar populations during
this period (CDC 2002). Other factors found to be
significantly associated with folate status, including
smoking status (which lowers serum and erythrocyte
folate concentrations) and alcohol ingestion (which
results in an acute drop in serum folate levels), were
not measured comprehensively in lannotti et al’s
(2005) study. While not found to be associated with
plasma folate, Gadowsky et al. (1995) found that the
number of cigarettes smoked per day averaged over
the entire pregnancy was negatively associated with
erythrocyte concentration. The influence of alcohol
ingestion was not evaluated.

Other difficulties may also arise when attempting
to interpret these findings. While the commonly used
serum folate cut-off value of <6.8 nmol L™ (Herbert
1967) is known to be indicative of negative folate
balance at the time of sampling, it does not necessar-
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ily indicate folate depletion unless the negative folate
balance persists (Herbert 1987). Thus, as the included
studies took measurements at a single time-point,
individuals who had serum folate concentrations
below this cut-off point may have had normal bio-
chemical function and no evidence of tissue folate
depletion (Gibson 2005). Furthermore, while this cut-
off point is used for low serum folate values during
pregnancy, the data justifying its use are lacking
(O’Connor 1994). Indeed, pregnancy usually results
in a decline in serum folate values, due possibly to
haemodilution and changes in renal tubular function
(O’Connor 1994).

Gadowsky et al. (1995) also provided erythrocyte
folate concentrations, which are less sensitive than
serum folate levels to short-term fluctuations in folate
status and reflect stores of folate (Gibson 2005) and
are a more reliable measure of folate status than se-
rum folate (Senti & Pilch 1985). In their study of 58
adolescents, Gadowsky ef al. (1995) reported that 1%
and 7% of participants had erythrocyte concentra-
tions indicative of deficient (<317 nmol L") and mar-
ginal (<362 nmol L") folate status, respectively.
Although different cut-off values were utilized, the
folate status of this sample appears to be significantly
better than that reported in large nutritional surveys
of non-pregnant adolescents. The UK National Diet
and Nutrition Survey (NDNS) of Young People
(Gregory et al. 2000), for example, reported that al-
though no more than 1% of girls aged 4-18 years had
erythrocyte folate levels reflecting severe folate defi-
ciency (<230 nmol L™), 39% aged 15-18 years had
erythrocyte folate levels considered to indicate
marginal status (<425 nmol L™). The relatively low
prevalence of suboptimal folate status among preg-
nant adolescents in Gadowsky and colleagues’ study
may be attributed to the general practice of prescrib-
ing prenatal supplements to pregnant adolescents in
the study area (Southern Ontario, Canada). The
majority of participants were prescribed a prenatal
supplement containing either 1.0- or 0.8-mg folic
acid, although compliance was reportedly low (18%
consumed a prenatal supplement on average less than
once per week) (Gadowsky er al. 1995). The NDNS
also reported that erythrocyte folate concentrations
declined from childhood through to adolescence

(Gregory et al. 2000). In contrast, Gadowsky et al.
(1995) found no correlation between plasma or eryth-
rocyte folate concentration and chronological or gy-
naecologic age.

Cut-off values to interpret erythrocyte folate con-
centrations during pregnancy remain ill-defined. Sim-
ilar to serum folate, pregnancy and increasing parity
tend to be associated with lower erythrocyte folate
levels (Gibson 2005). Thus, the use of generic cut-off
values, as utilized by Gadowsky et al. (1995), may be
inappropriate. Furthermore, erythrocyte folate con-
centrations can underestimate the extent of folate
depletion in pregnancy, when depletion may be rapid,
because the concentration reflects folate stores at the
time of red cell synthesis. Thus, during the progressive
development of a deficiency state, erythrocyte folate
will always lag behind more acute markers, such as
serum folate (Gibson 2005).

Using a cut-off value suggested by Hambidge et al.
(1983), Wolfe etal. (1994) reported that pregnant
adolescents did not appear to have plasma zinc val-
ues indicative of impaired zinc status. Revised cut-off
values for serum zinc have been more recently sug-
gested by the International Zinc Consultative Group
(Hotz & Brown 2004), who took into account poten-
tial confounding factors such as low serum albumin,
elevated white blood cell counts, use of oral contra-
ceptive agents, hormones or steroids, and the pres-
ence of diarrhoea. Although data for pregnant
women were limited (n=061), the lower limit for
serum zinc in the third trimester was calculated at
7.6 umol L™, somewhat higher than the cut-off value
of 6.1 umol L™ used by Wolfe et al. (1994). Thus, if
this higher cut-off value were to be applied, it is pos-
sible that some adolescents did have a suboptimal
zinc status. Indeed, there is evidence to suggest that
adolescents are at risk of deficient zinc intake. The
UK NDNS (Gregory et al. 2000) reported that one in
three girls aged 11-14 years and one in 10 girls aged
15-18 years had a zinc intake below the lower refer-
ence nutrient intake (LRNI). By the age of 19—
24 years, the proportion of women whose zinc intake
fell below the LRNI was one in 20 (Henderson et al.
2003). The extent to which dietary zinc intake is asso-
ciated with circulating zinc concentration, however, is
unclear, and it has been suggested that plasma zinc
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concentrations are maintained at homeostatic levels
over a wide range of zinc intakes (Pilch & Senti
1984). Rather, it is likely that poor zinc status is due
to the presence of a condition or factor that alters
zinc utilization, such as smoking, alcohol abuse, or an
acute stress response to infection or trauma, rather
than to the intake of a zinc-poor diet (King 2000). In
pregnancy, such factors could lower plasma zinc con-
centrations and reduce the amount of zinc available
to the fetus.

The significance of plasma zinc concentrations
below the lower limits for pregnancy is uncertain, and
has varied with both the stage of gestation and the
outcome variable measured (King 2000). Wolfe et al.
(1994), controlling for chronological age, reported a
negative correlation between plasma zinc concentra-
tions and birth length, but not birthweight. A negative
correlation between plasma zinc and chronological
age was also observed, suggesting that younger preg-
nant adolescents may be more susceptible to zinc
deficiency and its adverse outcomes. The majority of
participants in Wolfe and colleagues’ study were aged
15-17 years (40%) and >17.1 years (53%), an age
group said to have lower risk of serious adverse preg-
nancy outcomes than those aged <15 years (Olausson
et al. 1999; Lenders et al. 2000).

The two studies that investigated the vitamin By,
status of pregnant adolescents, although using differ-
ent cut-off criteria, appeared to provide contrasting
results. Whereas Iannotti ez al. (2005) found no evi-
dence of serum vitamin B, depletion (<111 pmol L™)
or deficiency (<74 pmol L™), Gadowsky et al. (1995)
reported that 20% and 26% of subjects had plasma
B, concentrations in the intermediate (118-148 pmol
L) and deficient (<118 pmol L™) range, respectively.
Gadowsky et al. (1995) assessed vitamin By, status in
the third trimester, but stage of pregnancy for this
measurement was not clarified by lannotti efal.
(2005). This significantly limits the interpretation of
this study, as serum vitamin B;, concentrations are
known to decline steadily throughout the course of
pregnancy due to the rapid transfer of the vitamin to
the fetal circulation (Allen 1994). A recent study
demonstrated that maternal plasma cobalamin levels
declined significantly when tested at 18 (225 pmol
L™), 32 (172 pmol L™) and 39 (161 pmol L™) weeks’

gestation, and that 43% of women had cobalamin
values <150 pmol L™ at 39 weeks’ gestation (Milman
et al. 2006).

Values that indicate vitamin B, status, i.e. as ‘defi-
cient’, ‘moderate’ and ‘normal’, are not well defined
in the literature and vary with the analytical method
used, the laboratory conducting the analysis, the sam-
ple size and the study design. It is recommended that
each laboratory analysing serum or plasma vitamin
B,, establish its own lower reference limits or cut-off
points based on its own assay method (Gibson 2005).
Carmel eral. (1996) note that concentrations
<74 pmol L™ almost always indicate a vitamin By,
deficiency state, irrespective of the assay procedure
used. Unfortunately, it is impossible to assess if any
participants in Gadowsky et al’s (1995) study had
vitamin B,, concentrations below this cut-off value.

Moderately low values for serum vitamin By, con-
centrations are often defined as 100-150 pmol L™".
Such levels are much more difficult to interpret
(Amos et al. 1994), however, as they can occur in
association with megaloblastic anaemia produced by
folate deficiency, in iron deficiency, and with other
disease states and conditions (Gibson 2005). Because
of these problems, many investigators recommend
measuring concentrations of serum methylmalonic
acid or serum homocysteine if serum vitamin By, con-
centrations are <225 pmol L. These tests are more
sensitive and specific indicators of functional vitamin
By, deficiency. Gadowsky et al. (1995) found that only
four adolescents had an elevated plasma methylma-
lonic acid concentration and, of these four partici-
pants, only one had a suboptimal plasma vitamin B,
value.

Serum vitamin B;, levels may also be inversely
related to BMI, although the evidence to support this
relationship remains conflicting (Hanger et al. 1991;
Weggemans et al. 1997; Wahlin et al. 2002). If such a
relationship exists, then it could influence the inter-
pretation of the serum vitamin B, of the participants
of the study of Iannotti et al. (2005), 53% of whom
were overweight (i.e. BMI > 26.1 kg m™).

Socio-economic factors are known to exert a strong
influence on nutrient intake and subsequent nutri-
tional status. Adolescents in lower socio-economic
groups are more likely to consume whole milk, table
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sugar and sugar confectionary, and have lower bio-
chemical status of folate, vitamin C, vitamin D and
iron (Gregory et al. 2000). Barriers to good nutri-
tional practices of women living in conditions of
material deprivation include problems with access,
cost and storage of food (Reid & Adamson 1997). It
has been reported that a high proportion of low-
income pregnant adolescents miss meals and resort
to buying less healthy ‘cheap filler’ foods when money
runs out (Burchett & Seeley 2003). Over time, such
ways of ‘managing’ poverty can become second
nature, despite the potential costs to the adolescents’
physical and emotional well-being (Attree 2005). In
addition, while peer influences may become more
dominant as adolescents get older (Buttriss 2002), the
influence of the family on their food choices and eat-
ing behaviours should not be overlooked. A recent
study has shown, for example, that parental presence
at the evening meal has been positively associated
with adolescents’ higher consumption of fruits, vege-
tables and dairy foods (Videon & Manning 2003).
A recent survey of British pregnant adolescents
revealed that over half had family members who
shopped and cooked for them (Burchett & Seeley
2003), and that family influences were often positive,
encouraging healthy eating and providing meals if the
adolescent was not living at home. Few of the studies
in this review provided sufficient amount of detail
regarding the socio-economic and living circum-
stances of their participants. Without this informa-
tion, it is not possible to accurately identify
adolescents who are in need of specific nutritional
intervention.

Thus, it is clear that, at present, there is a paucity
of high-quality well-controlled research to provide us
with a clear description of pregnant adolescents’
nutritional status. Double-blind randomized con-
trolled trails are needed to confirm relationships
between adolescents’ nutritional status and maternal
and neonatal outcomes, with representative samples
and a sample size appropriate for examining the out-
comes to be investigated. Adolescent age, use of sup-
plements, stage of pregnancy, ethnicity and the
various socio-cultural influences affecting the preg-
nant adolescent’s nutritional status should also be
investigated further.

Nutrition in adolescent pregnancy must be viewed
within a biopsychosocial context, because it has con-
sistently been shown that there are multiple influenc-
ing factors that play a role in the eating behaviour and
subsequent nutritional status of the pregnant adoles-
cent. Eating behaviours are likely to be related to
other, often ‘risky’, behaviours displayed in adoles-
cents and should not be viewed in isolation (Irwin
etal. 1997). Research has shown, for example, that
adolescents who make less-healthful food choices
than their peers have lower physical activity patterns
and are more likely to smoke cigarettes (Lytle et al.
1995), and that adolescents who have sex, drink and
smoke are more likely to eat high-salt, high-fat and
high-sugar foods (Irwin et al. 1997).

Achieving dietary change and improving the nutri-
tional status of this particularly vulnerable section of
the population, many of whom are from disadvan-
taged backgrounds (Social Exclusion Unit 1999),
presents a major public health challenge. Biopsycho-
social factors often experienced by such groups,
including low levels of disposable income, unemploy-
ment, poor housing, suboptimal mental and physical
health, and limited access to a wide variety of reason-
ably priced foods, all contribute to difficulties in tack-
ing behavioural change (Symon & Wrieden 2003).
These factors, in turn, lead to increasing health ine-
qualities (Acheson 1998). An important factor that
should be considered when developing appropriate
and effective strategies to promote healthy eating in
pregnant adolescents is the heterogeneity of the
group. Factors affecting food choices vary consider-
ably, depending on the individual’s particular circum-
stances. Family and peers are likely to have a strong
influence on the eating habits of most pregnant ado-
lescents. Poverty is a significant factor that limits the
ability of some pregnant adolescents to eat a healthy
diet, even in those who aspire to it.

Overcoming the barriers in order to achieve
improved nutrition in pregnancy among adolescents
requires multidisciplinary collaborations of adoles-
cent healthcare providers, academics, professional
organizations, policymakers, industry and service
users. Certainly, more needs to be done at a policy
level, both with regards to enabling adolescents’
access to optimal nutrition and in modifying the nutri-
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tion message that adolescents receive. Governments
around the world should ensure that there is consis-
tency of food and nutrition messages in schools, for
example, to include in the curriculum, food provision
in the canteen, vending machine policies, breakfast
clubs, snacking and lunchbox policies. Any interven-
tion that aims to encourage changes in lifestyle should
be multifactorial and incorporate measures to
improve the socio-economic circumstances of adoles-
cents and their families. Only once this is achieved
can adolescent nutrition, and adolescent nutrition in
pregnancy, be significantly and sustainably optimized.
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