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ABSTRACT

MATERNAL IRON DEFICIENCY ANEMIA
AT ROCKY MOUNTAIN ALTITUDES

By
Cynthia Dickinson Anderson

Retrospective survey format was utilized to retrieve
existing demographic and longitudinal clinical data from 132
medical records of pregnant women living at 6,000 to 7,000
feet elevation. Normal maternal values for hemoglobin,
hematocrit, mean corpuscular volume, mean corpuscular
hemoglobin and mean corpuscular hemoglobin concentration
were found for the landmark anemia screening intervals
throughout pregnancy. Maternal iron deficiency anemia
(MIDA) was operationally defined as an MCV less than 80 fL
and either an MCH less than 27 pg or an MCHC less than 32
g/dL. Only 2 cases of MIDA were found due to sampling
criteria that selected for normal pregnancies. The 1989
Centers for Disease Control Guidelines were found unreliable
in identifying MIDA at 6,000 to 7,000 feet elevation.
Recommendations included the abandonment of MIDA screening
based solely on measures of hemoglobin and/or hemotocrit,
and revision of MIDA screening and diagnostic panels for

populations at 6,000 to 7,000 feet elevation.
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INTRODUCTION

This study describes the appearance of maternal iron-
deficiency anemia (MIDA) in a sample of pregnant women
living at 6,000 to 7,000 feet above sea level. The purpose
of this study was to: a) call attention to the primary care
practitioner's dilemma of recognizing MIDA with coexisting
compensatory relative polycythemia; b) enhance the
recognition of MIDA at Rocky Mountain Altitudes by
presenting empiric maternal normal values for red blood cell
(RBC) indices collected at the usual landmark screening
intervals; c) determine MIDA incidence rates at 6,000 to
7,000 feet elevation; d) test the reliability of the 1989
Centers for Disease Control (CDC) guidelines in identifying
MIDA; and e) examine the data for significant relationships
between demographic variables and incidence of MIDA.

MIDA is an acquired organic disease occurring during
pregnancy, well known as the most common hematologic
complication of pregnancy (Bently, 1985 [classic];
Cunningham, MacDonald, Gant, Leveno, & Gilstrap, 1993).
Worldwide incidence of MIDA has been estimated at 50 to 60%,
ranging to 80% in tropical and developing nations (DeMaeyer
& Adiels-Tegman, 1985 [classic]). The Third National Health
and Nutrition Examination Survey 1988-1994 (NHANES III) was
the first large scale study to include pregnant women and
determine MIDA incidence for the general population in the

United States. Results for pregnant women are still pending
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analysis and publication. Since the introduction of iron
fortified foods, baby formulas, and supplemental food
programs, there has been a significant decrease in iron-
deficiency anemia (IDA) among infants and children. 1IDA
rates in pregnant women and women of child-bearing age
remain unchanged (Kim et al., 1992).

Over the past 25 years, MIDA has been increasingly
associated with serious complications of pregnancy, poor
outcomes, and increased maternal and fetal mortality (Garn,
Ridella, Petzold & Falkner, 1981; Murphy, Newcombe,
O'Riordan, Colles & Pearson, 1986). Concern for maternal
and child health has been escalating in Rocky Mountain
states as studies reveal increased rates of maternal
mortality, late prenatal care, pregnancy-induced
hypertension (PIH), premature labor, increased amniotic
fluid indices, intrauterine growth retardation (IUGR), low
birthweight (LBW) and small for gestational age (SGA)
infants (Maternal and Child Health Bureau, Health Services
Division, Health and Environment Department & New Mexico
Health Systems Agency, 1986; New Mexico Department of Health
[NMDH], Public Health Division, Bureau of Vital Records &
Health Statistics, 1996; New Mexico Prenatal Care Network &
University of New Mexico, School of Medicine, Maternity and
Infant Care Project, 1992; Olmas, Figueroa, Rodriguez,
Halac, & Irrazabal, 1988; Unger, Weiser, McCullough, Keefer
& Moore, 1988; Yancey, Moore, Brady, Milligan & Strampel,

1992; Yancey & Richards, 1994; Yip, 1987; Zamudio et al.,
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1993). Over the past 20 years, several studies have noted a
direct relationship between increasing altitude and
incidence rates for these complications, particularly above
6,000 feet (McCullough, Reeves & Liljegren, 1977; Moore,
Hershey, Jahnigen & Bowes, 1982; Unger et al., 1988; Yancey
et al., 1992; Yancey & Richards, 1994; Yip, 1987; Zamudio et
al., 1993). Most of these complications are known for
strong association with MIDA, hypoxia, or errors in blood
volume expansion. Premature labor and LBW have been
directly linked to MIDA (Cook & Lynch, 1986; Cook, Skikne &
Baynes, 1994; Godfrey, Redman, Barker & Osmond, 1991;
Scholl, Hediger, Fischer & Shearer, 1992). Direct
relationships between MIDA and other complications remain
unknown.

At sea level, MIDA is easily recognized, diagnosed and
treated with over-the-counter oral iron supplements. At
altitudes above 3,000 feet, recognition of MIDA is
complicated by the confounding variable of compensatory
relative polycythemia. Since there has been so little
maternal research at these altitudes, primary care
practitioners (PCPs) lack empirically derived altitude-
adjusted reference tables for maternal norms of the
traditional screening tests, hemoglobin (HGB) and hematocrit
(HCT), which are elevated in high altitude dwellers.
Considering the high cost of the associated morbidity, there
is pressing need for: a) an altitude-appropriate consensus

definition for MIDA; b) altitude-adjusted reference tables
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of maternal norms for screening and differential diagnostic
laboratory tests; and c) the refinement of MIDA screening
guidelines for populations at altitudes above 3,000 feet.
Nurses in advanced practice, such as certified nurse
midwives, nurse practitioners, and clinical nurse
specialists, are strategically positioned in primary care
settings to play a significant role in reducing the
incidence of MIDA and its associated morbidity. Advanced
practice nurses (APNs) are ideally prepared to provide early
identification, appropriate intervention, and individualized
patient education, which is the most important feature of
successful treatment (DeMaeyer, 1989; Food and Nutrition

Board [FNB]; Institute of Medicine [IOM], 1993). Until a

substantial database can be amassed to support the

formulation of altitude-appropriate norms and standards of

care, the ability of APNs and other PCPs to recognize MIDA

in populations at middle altitudes remains compromised.
The study questions were:

1. What are the mean empiric maternal values for red cell
indices (i.e., HGB, HCT, mean corpuscular volume [MCV],
mean corpuscular hemoglobin [MCH] and mean corpuscular
hemoglobin concentration [MCHC]) measured at the usual
screening intervals during the course of pregnancy
(i.e., at less than 20 weeks from the first day of the
last menstrual period [LMP], 28 weeks LMP, and 36 weeks

LMP), at altitudes of 6,040, 6,400 and 7,000 feet?



2. What is the rate of MIDA when MIDA is defined as
observed microcytosis (MCV < 80 fL) and hypochromia
(MCH < 27 pg or MCHC < 32 g/dL)?

3. What are the mean and range values for HGB and HCT
associated with MIDA at each screening interval at
altitudes ranging between 6,000 and 7,000 feet
elevation?

4. Do the 1989 CDC Guidelines accurately identify MIDA in
this population?

5. Is there a significant relationship between demographic
variables (i.e., age, race, socioeconomic status,
interconceptual time interval, parity, altitude) and
MIDA?

Prior MIDA studies rarely utilized longitudinal data.
Longitudinal changes revealed by this study may assist in
understanding MIDA at altitudes between 6,000 and 7,000
feet. This altitude level marks the onset of significant
increases in complications and poor outcomes of pregnancy
observed in prior studies (Jackson, Mayhew & Hass, 1988a;
Jackson, Mayhew & Hass, 1988b; McCullough, Reeves &
Liljegren, 1977; Moore, Hershey, Jahnigen, & Bowes, 1982;
Reshetnikova, Burton, Milovanov & Folkin, 1996; Unger et
al., 1988; Yancey et al., 1992; Yancey & Richards, 1994;
Zamudio et al., 1993).

It is hoped that this study will stimulate support for
a large-scale prospective MIDA study encompassing the Rocky

Mountain region. A carefully conducted longitudinal study
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with multiple data collection sites at altitudes above 3,000
feet would provide an invaluable database. The database
would facilitate the development of a consensus definition,
standardized tables of norms, and altitude-appropriate
standards of care needed worldwide in primary care
facilities serving pregnant populations at middle altitudes.
CONCEPTUAL FRAMEWORK
Conceptual Definitions

The concepts under study are maternal iron-deficiency
anemia, and Rocky Mountain Altitudes. Each concept is
described and defined below.

Maternal Iron-Deficiency Anemia

Maternal iron-deficiency anemia is a treatable disease
that appears in many women during pregnancy. MIDA is
notoriously asymptomatic and poses serious threats to the
health of the pregnant woman and her fetus. To fully
understand the concept of MIDA, it is useful to break the
term into its parts. One must be familiar with the normal
hematology profile for non-pregnant adult women and the
normal changes brought about by pregnancy. For this study,
one must also be aware of normal hematologic adaptations to
altitude in order to distinguish normal from pathologic
changes. Discussion of adaptations to altitude is contained
in the section entitled “Rocky Mountain Altitudes”.
Anemia

Anemia is most simply described as an organic disease

characterized by alterations in red blood cell morphology
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and diminished oxygen-carrying capacity of red blood cells.
These alterations result in decreased tissue oxygenation,
impaired metabolism, cell death, impaired function of major
organs, and possibly death. Anemias are categorized into
three major groups reflecting the size of RBCs (microcytic,
normocytic or macrocytic), and then further classified by
the density of hemoglobin pigment (hypochromic, normochromic
or hyperchromic) contained in the red cells. Structural
classifications narrow the range of possible causes for
observed anemias (Brown, 1991; Bushnell, 1992).
I Defici

Iron deficiency is a progressive deterioration in iron
status characterized by three distinct stages; first,
exhaustion of iron stores, then iron-deficient
erythropoiesis, and finally anemia. Exhaustion of iron
stores is objectively identified by: a) drops in HGB, HCT,
transferrin saturation (TS), and serum ferritin; b) a rise
in total iron-binding capacity (TIBC); and c) the absence of
stainable iron in bone marrow macrophages. Iron-deficient
erythropoiesis is identified by: a) elevated free
erythrocyte protoporphyrin (FEP) or red blood cell zinc
protoporphyrin (RBC ZP); b) a drop in TS; and c) possibly a
drop in MCV. Anemia is marked by all of the indicators
above, plus further drops in HGB, HCT, MCV, and MCH or MCHC.
Table 1 integrates tables presented in Herbert (1991), Lee
(1993b), and Ulmer and Goepel (1988) for reference and cut-

off values for each stage, using gea level norms for non-
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deficiency often co-exists with other nutritional
deficiencies (i.e., folic acid, vitamin B,,, and protein)
which alter the expected values for some laboratory
indicators.

Iron-Deficiency Anemia

Dorland's Illustrated Medical Dictionary defines iron-
deficiency anemia (IDA) as an "anemia characterized by low
or absent iron stores, low serum iron concentration,
elevated free erythrocyte porphyrin, low transferrin
saturation, elevated transferrin, low serum ferritin, low
hemoglobin concentration or hematocrit, and hypochromic
microcytic red blood cells” (Dorland's Illustrated Medical
Dictionary, 1994, p. 73). IDA is the most common
nutritional deficiency worldwide, affecting 1.2 billion
people (Viteri, 1994). The NHANES III data suggests that
3.3 million women of child-bearing age in the U.S. have IDA
(Looker, Dallman, Carroll, Gunter & Johnson, 1997).

In the past, many studies used World Health
Organization (WHO) cut-off values for HGB as the only
determinant to define IDA. Hemoglobin by itself is a poor
indicator of iron status because it does not isolate iron-
deficiency from acute inflammatory processes, chronic
disease, thalassemias, or hemoglobinopathies. Normal ranges
for HGB vary by gender, age (Yip, Johnson & Dallman, 1984),
race (Isaacs, Altman & Yalman, 1986; Lazebnik, Kuhnert &
Kuhnert, 1989; Meyers, Habicht, Johnson & Brownie, 1983;

Perry, Byers, Yip & Margen, 1992), cigarette smoking,
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duration of pregnancy (Scott & Pritchard, 1967) and altitude
(Buys de Jorge et al., 1988; Dainiak, Spielvogel, Sorba &
Cudkowicz, 1989; Hurtado, Merino & Delgado, 1945 ([classic];
Piedras, Loria & Galvan, 1995). Recent nutritional surveys
and IDA studies have used various combinations of laboratory
indicators to define "true IDA". As laboratory technology
advances, definitional criteria vary considerably, and it
becomes difficult to compare studies.

In the United States, the majority of IDA is due to
acute blood loss, or dietary patterns of: a) inadequate
intake of bio-available heme-iron containing foods; b)
excessive intake of substances that block iron absorption in
the duodenum and gastrointestinal tract; c) inadequate
intake of substances that enhance iron absorption; or d) the
combined effects of all three patterns (Dimperio, 1988;
Farley & Foland, 1990; Finch & Cook, 1984). Other common
causes of IDA include chronic blood loss, or malabsorption
syndromes as encountered in chronic disease, sprue,
substance abuse, eating disorders (i.e., anorexia, bulimia,
and pica), or following surgical excision of portions of the
stomach, duodenum, or small intestine. Less common causes
of microcytic hypochromic anemias include: a) accelerated
hemolysis; and b) genetic or chemically induced errors of
metabolism that affect the synthesis of either the heme or
globin portion of the HGB molecule (i.e., thalassemias,
hemoglobinopathies, sideroblastic anemias, gallium

treatment, lead or aluminum toxicity).
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High rates of IDA are consistently reported for
infants, children, adolescents, women who are menstruating,
pregnant or lactating, and hemodialysis patients.
Populations commonly identified as high risk include the
poor, minorities, and the geographically isolated. Although
11 to 25% of American women of child bearing age have no
iron stores, only three to five percent have frank anemia
(Cook, Skikne, Lynch & Reuser, 1986; Dallman, Yip & Johnson,
1984; IBNMRR, 1993; Looker, Dallman, Carroll, Gunter &
Johnson, 1997; Pilch & Senti, 1984). In U.S. studies prior
to 1990, rates of IDA in Hispanic Americans were just
slightly above those for non-Hispanic Whites, and rates in
Native Americans were higher than those for Hispanics but
less than rates in Blacks (Fanelli-Kuczmarski & Woteki,
1990; Looker, Johnson, McDowell & Yetley, 1989; National
Center for Health Statistics & Department of Health and
Human Services, 1985). The NHANES III data reveals a
significant increase in IDA for Hispanics which is now
higher than rates reported for Blacks (Looker, Dallman,
Carroll, Gunter & Johnson, 1997). One out of four American
prenatal clients has impaired iron status prior to
conception. At highest risk are pregnant adolescents with
pre-existing high iron demand to accommodate maternal
growth, and impoverished, multiparous women with closely
spaced pregnancies who fail to recover iron stores prior to
conception (Dimperio, 1988; Lanzkowsky, 1985; Leshan,

Gottlieb & Mark, 1995).
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Although IDA is often asymptomatic, some clients
present with complaints of paresthesias, reduced endurance
for activity, chronic fatigue, difficulty in concentration,
burning or soreness of the tongue, ulcers or fissures at the
corners of the mouth, or chronic gastritis. IDA has been
associated with a long list of impairments including:
reduced attention span, learning disabilities, impaired
cognitive, psychomotor and physical development in children
and adolescents, impaired cell-mediated immunity, reduced
numbers of circulating T cells, reduced killing capacity of
polymorphonuclear leukocytes, reduced physical work
capacity, impaired oxidative metabolism, and impaired
athletic performance (as cited in Cook & Lynch, 1986, and in
Cook & Skikne, 1989). Chronic IDA may manifest as
koilonychia (“spoon nails”), glossitis, stomatitis,
esophageal webs, chronic or atrophic gastritis, and
malabsorption (as cited in Cook & Lynch, 1986).

N L H tologic Cl Duri p

Over the past forty years, research has yielded
significant insight into the physiologic coping mechanisms
of human pregnancy. Scott and Pritchard's classic 1967
study revealed significant differences in HGB concentration
between pregnant and non-pregnant women, and fluctuations in
maternal HGB throughout the course of pregnancy. In this
study of healthy young women with proven iron stores and
normal folate levels, Scott and Pritchard (1967) found mean

hemoglobins of 11.5 g/dL in women 16 to 22 weeks LMP, and
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12.3 g/dL in pregnant women at term, compared to a mean HGB
of 13.7 g/dL in the non-pregnant control group. During
pregnancy, the white blood cell count normally rises to
between 10,000 and 14,000 cells per ml of whole blood.
Total blood volume gradually increases until the twentieth
week LMP, and rapidly expands between 20 and 32 weeks LMP.
At 32 weeks LMP, blood volume expansion stabilizes at a
level ranging between 20 and 150% above baseline (an
increase of at least 1000 cc) until delivery. Plasma volume
rises minimally in the first 12 weeks, more dramatically
between 12 and 32 weeks LMP, and remains at a level about
50% above baseline between 32 weeks LMP and delivery. The
maternal red cell mass increases by 35 to 45% (250-500 cc)
throughout pregnancy, with the greatest rise occurring
between 28 and 36 weeks LMP. Throughout pregnancy, maternal
stroke volume and cardiac output increasg, reaching a
maximum at term of about 30% above baseline (Bently, 1985;
Hytten, 1985; Scott & Pritchard, 1967; Viteri, 1994).
N 1 ¢l in I C 1 Duri P

In the first trimester, iron demand increases only
slightly, and iron stores, if present, supply the additional
iron required. In the second trimester, there is a normal
period of hemodilution, commonly referred to as the
"physiologic anemia of pregnancy", as plasma volume
increases faster than RBCs can be synthesized. The uterus,
placenta and fetus are undergoing rapid growth. 1In an

attempt to keep pace with the demand for red cells, the

14



spleen releases immature red cells, remaining maternal
storage iron is "dumped" into the maternal circulation, and
increased erythropoietin is released from the glomeruli of
the kidneys. At 26 to 28 weeks LMP, significant drops in
HGB can be detected. A drop of 2.2 g/dL below baseline is
considered normal (Scott & Pritchard, 1967). Peak iron
demand occurs at about 32 weeks LMP. At 36 weeks LMP, iron
demand drops until delivery, and a HGB value 1.4 g/dL below
baseline is normal (Scott & Pritchard, 1967). At delivery,
average maternal blood loss is about 400-500 cc. The
maternal red cell mass contracts to pre-pregnancy levels in
the initial post-partum period. Total "iron cost" of a
normal singleton pregnancy ranges between 500 and 700 mg
iron (Bently, 1985; Dimperio, 1988; Lamparelli et al.,
1988b; Lee, 1993b). Breast-feeding women continue to have
slightly increased iron demand for the synthesis of breast
milk, even when they are not menstruating.

There is general agreement that it is nearly impossible
for pregnant women to meet their increased needs for iron in
the latter half of pregnancy through dietary sources alone
(Bently, 1985; DeCherney & Pernoll, 1994; DeMaeyer, 1989;
FNB & IOM, 1993; Kitay, 1994; Letsky, 1991; Viteri, 1994;
Williams & Wheby, 1992). Universal iron supplementation
during the latter half of pregnancy, a common practice in
developed countries, is still debated in the literature
following reports of excessive perinatal mortality, fetal

growth retardation, LBW, PIH, and pre-term delivery
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associated with maternal iron toxicity and above-average
maternal HGB concentrations (Garn, Ridella, Petzold &
Faulkner, 1981; Goodlin, Holdt & Woods, 1982; Koller, 1982;
Koller, Sagan, Ulstein & Vaula, 1979; Koller, Sandevei &
Sagen, 1980; Murphy, Newcombe, O'Riordan, Coles & Pearson,
1986) . For this reason, it is important to identify those
who truly require additional iron prior to initiating iron
therapy.
Evaluation of Iron Status During Pregnancy

There is a long tradition of reliance on HGB and HCT as
inexpensive screening tests for MIDA. For the past 15
years, serum ferritin (the new "gold standard"), TS, FEP,
and serum transferrin receptor have been promoted as more
sensitive indicators of maternal iron status (Guyatt et al.,
1992; Ho, Yuan & Yeh, 1987; Lazebnik, Kuhnert & Kuhnert,
1989; Lee, 1993b; Lewis & Rowe, 1986; Marsh, Nelson &
Koenig, 1983; Schifman, Thomasson & Evers, 1987; Skikne,
Flowers & Cook, 1990; Ulmer & Goepel, 1988; Yepez et al.,
1994). None of the newer indicators are mentioned in the
American College of Obstetricians and Gynecologists (ACOG)
"Standards for Obstetric-Gynecologic Services" (ACOG, 1989),
nor in the "Guidelines for Perinatal Care" co-authored with
the American Academy of Pediatrics (AAP) (AAP & ACOG, 1992).
Serum iron measures are of questionable merit for
differential diagnosis of MIDA since a) levels often fall
during pregnancy even when iron stores are present, b) there

is wide diurnal variation in individuals, and c) there is

16



significant variation from laboratory to laboratory (Lee,
1993b).

In 1985, Bull and Hay (1985) concluded that norms for
MCV, MCH and MCHC are universal and reliable as laboratory
quality assurance standards. Although red cell distribution
width (RDW) is 90-100% sensitive for iron deficiency, it is
only 50-70% specific (Lee, 1993a). Ulmer and Goepel (1988)
make a strong case for eliminating HGB and MCH
determinations altogether, since serum ferritin levels less
than 20 ug/L are diagnostic of IDA (depleted stores) at any
time during pregnancy, and highly predictive of pre-term
labor (p < 0.001). They observed pre-term (before 37 weeks
LMP) labor rates of 52% when third trimester ferritin was
less than 10 ug/L, 43% with values between 10 and 20 ug/L,
and nine percent when ferritin was above 20 ug/L. They also
found that HGB and MCH were poorly correlated with both
serum ferritin and pre-term labor.
Maternal Iron-Deficiency Anemia

Maternal IDA is a pathologic deterioration in maternal
iron status, beyond the lower limits of normal changes
attributable to pregnancy alone. MIDA is objectively
identified by: a) the presence of microcytic [MCV < 80 fL],
hypochromic [MCH < 27 pg or MCHC < 32 g/dL] RBCs, b) drops
in HGB greater than 2.2 g/100 ml from baseline, c) drops in
HCT greater than 4% from baseline, d) TS less than 16%, e)
serum ferritin less than 10 ug/L, f) serum transferrin

receptor greater than 8.5 mg/L, g) TIBC greater than 410
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sg/L, h) FEP greater than 100 ug/dL RBC, or RBC ZP greater
than 60 ug/dL, i) serum iron less than 40 ug/dL, and j) the
absence of stainable iron in bone marrow macrophages.
Further confirmation of MIDA is achieved with a two week
trial of oral iron supplements, resulting in a rise in HGB
of 2 g/dL or more.

Approximately 95% of maternal anemias in the U.S. are
due to iron-deficiency (Bently, 1985; Cook, Skikne, Lynch &
Reuser, 1986; Dallman, Yip & Johnson, 1984). Pilot samples
from NHANES II 1976-1980 revealed U.S. MIDA rates of 10.7 to
25.5% (Expert Scientific Working Group, 1985). Prior U.S.
studies of low-income women reported a third trimester MIDA
incidence of 18 to 24% in Whites, and 38 to 45% in Blacks
(CDC, 1990; Kim et al., 1992). Incidence of MIDA in low-
income women varied significantly by race: non-Hispanic
Whites were lowest (9.5% in the second trimester, 24% in
third trimester), followed by Hispanics (11% and 32%
respectively), then Asians and Pacific Islanders (12% and
27%), then Native Americans (13% and 33%), and highest rates
were in non-Hispanic Blacks (22% and 45%). Among all races,
rates of MIDA in the third trimester were at least double
the rates observed in the second trimester (CDC, 1990; and
as cited in IBNMRR, 1993, p. 17).

Maternal risks of MIDA. The increased risk of maternal
death during pregnancy is 4.6% with mild MIDA and 11.25%
with severe MIDA (as cited in Viteri, 1994). MIDA has been

associated with the following maternal complications and
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poor outcomes of pregnancy: pre-eclampsia, PIH, feto-
maternal hemorrhage (Frikiche, Cusumano, Senterre &
Lambotte, 1990), post-partum hemorrhage, cardiac failure
during labor, and poor tolerance of minimal blood loss
during delivery. Suppression of the immune system in anemic
pregnant women increases their vulnerability to urinary,
vaginal and cervical infections, pyelonephritis,
tuberculosis and malaria (as cited in Viteri, 1994).

Fetal risks with MIDA. Infants of women who had mild
MIDA during pregnancy are at low risk for hematologic
deficits at birth. However, infants of women who had severe
MIDA are often premature, LBW, and at high risk for IDA, low
iron stores, and smaller circulating hemoglobin mass, which
manifests at two months of age (as cited in Viteri, 1994).
Poor fetal outcomes associated with MIDA include:
dysmaturity, SGA, LBW (Unger et al., 1988; Fleming et al.,
1989), pre-term birth (Klebanoff, Shiono, Selby,
Trachtenberg & Graubard, 1991), abortion, stillbirth, and
fetal hypoxia during labor (Bhargava et al., 1989; Colmer,
1990).

Definitions of MIDA. 1In 1989, the CDC published
guidelines and definitional criteria for IDA in infants,
children, pregnant women (see Table 2), and women of child
bearing age for use in the public health sector (CDC, 1989).
The criteria listed cut-off values for HGB and HCT only.
Reference tables were based on data from NHANES II and four

European iron supplement studies conducted between 1975 and
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1982. Additional calculations were suggested for smoking
and altitude adjustments. Altitude adjustments were based
on data from children in mountain states, and a classic
Peruvian study on men (Hurtado, Merino & Delgado, 1945).

Examples of operational definitions used in prior MIDA
studies are:

1. HGB < 11.0 g/dL at anytime during pregnancy (WHO,
1972),

2. HGB < 11.0 g% and serum ferritin < 12 ng/ml in pregnant
women at term (Ho, Yuan & Yeh, 1987),

3. HGB < 11.0 g/dL, TS < 16.0% and serum ferritin < 12
pg/L in Black pregnant women at term [at 5,000 feet
elevation] (Lamparelli et al., 1988a),

4. "Low HGB" and 2 abnormal values out of 3 for serum
ferritin (< 12 ug/L), FEP (> 28 ug/dL), or TS (< 16.0%)
in post-partum Nigerian women (Daouda et al., 1991),

5. "a hemoglobin concentration (or hematocrit) that is
below the 95% confidence interval (i.e., below the
2.5th percentile) for healthy, well-nourished
individuals of the same age, sex, and stage of
pregnancy", with cut-off values for first, second and
third trimester HGB and HCT as follows: HGB < 11.0,
10.5, and 11.5 g/dL respectively, and HCT < 33, 32, and
34% respectively (Life Sciences Research Office, 1984,
as cited in FNB & IOM, 1993),

6. serun ferritin < 12.0 ug/dL [at 5,200 feet elevation]

(Lamparelli et al., 1988b), and

21



7. HGB < 10.0 or 11.0 g/dL [at 5,400 feet elevation)

(Watson & Murray, 1969).

Conceptual definition of MIDA. MIDA is a treatable,
frequently asymptomatic disease acquired during pregnancy,
due to a failure to meet the increased physiologic
requirements for iron. This failure of adaptation may be
rooted in physiologic, psychologic, social, economic,
political or environmental circumstances. These
circumstances may include, but are not limited to: a) pre-
conceptual nutritional status, b) dietary patterns, c)
eating disorders, d) substance abuse, e) religious
practices, f) cultural practices related to pregnancy, g)
socioeconomic status, h) closely spaced pregnancies, i)
extremes of age at conception, j) geographic isolation, k)
political environment, or 1) possible genetic factors
related to race. MIDA is a serious threat to maternal and
infant health. It is known to cause premature labor and LBW
infants, and is associated with numerous complications of
pregnancy and poor pregnancy outcomes.

Rocky Mountain Altitudes

The term "Rocky Mountain Altitudes" was selected to
connote the environment within which this study was
conducted, and to highlight the impact of environment upon
the definitional criteria for MIDA. In conceptualizing
"environment" as a variable one must consider both the
physical and social circumstances affecting a population.

The interaction between physical and social environment
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variables may be so intertwined that it is impossible to
isolate the variables to observe effects due strictly to one
variable. Environmental, socioeconomic and demographic
factors exert substantial physiologic influences on the
sample population for this study. The effects of these
variables are described following a brief discussion of
terms encountered in the literature.

It is helpful to be reminded of the mathematical
conversion factor of 3.281 (1,000 meters=3,281 feet) when
reviewing and comparing altitude literature, as both
measures frequently appear. When reviewing physiologic
studies conducted at high elevations, the following terms
are common. In discussions of observed variations, the term
"at altitude" is often used as a convenient contraction for
"at altitudes above 3,000 feet or 1,000 meters”. Although
no formal criteria were encountered, the term "high
altitude" generally referred to elevations above 3,000
meters or 10,000 feet (i.e., Pamir, Tien Shan and Rocky
Mountains), and "very high" or "extremely high altitude"
referred to elevations above 5,000 meters or 15,000 feet
(i.e., Andes and Himalayas). In Colorado studies, Denver
(elevation 5,000 feet) was considered "at middle altitude",
whereas Leadville (elevation 10,000 feet) was "at high
altitude".

Physical Environment
The Rocky Mountain region hosts a population of about

12.5 million, and includes the states of Arizona, Colorado,
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Idaho, Montana, New Mexico, Utah and Wyoming. Each state
contains mountains higher than 12,500 feet, with the highest
peak at 14,400 feet. Altitudes of populated areas range
from plateaus at 3,000 feet to mountain villages at 10,000
feet or more.

The sites included in this study, Taos, Las Vegas, and
Santa Fe, New Mexico, are located at altitudes of 6,040,
6,400 and 7,000 feet respectively. The town sites are
located on the measured plateaus, but their outskirts merge
with foothills of the Sangre de Cristo and Santa Fe
mountains, whose nearby peaks range between 11,000 and
13,000 feet. The Sangre de Cristo range is considered the
southeastern fork of the Rocky Mountains. The climate is
arid high desert with diurnal air temperature variations of
20 to 40 degrees Fahrenheit and significant winter snowfall
at elevations above 5,000 feet. Although New Mexico's
population density is 13.94 people per square mile, one
third of the population lives within 30 miles of Albuquerque
city limits. Only three out of 33 counties have populations
above 100,000. The remainder of the state is quite rural
and there are large land areas of wilderness scattered
throughout the state. For the cities included in this
study, city limits range from about five to twelve miles in
diameter. 1In all three cases, rural environments begin
within 2 miles of city limits. All three cities lie between

60 and 140 miles northeast of Albuquerque.
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Normal hematologic adaptations to altitude. As an

adaptation to the physiologic stress of lower atmospheric
pressure and lower oxygen tension, acclimated populations at
altitudes above 3,000 feet demonstrate compensatory relative
polycythemia due to chronic hyperactive erythropoiesis
(Athens & Lee, 1993; Buys de Jorge et al., 1988 [classic];
Reynafarje, Lozano & Valdivieso, 1958 [classic]; Ross, 1988;
Winslow et al., 1989). The resulting larger red cell mass
is revealed as elevated RBC count, HGB and HCT, potentially
masking signs of anemia. Total blood volume is increased,
but total plasma volume is decreased, resulting in increased
blood viscosity (Athens & Lee, 1993; Dainiak, Spielvogel,
Sorba & Cudkowicz, 1989; Sanchez, Merino & Figallo, 1970).

Red cell indices at altitude. Table 3 summarizes
reference values for RBC indices in adult non-pregnant women
at sea level, and presents empiric values obtained in
studies of non-pregnant women at sea level and at altitudes
above 3,000 feet. Note the altitude-dependent variations in
RBC count, HGB and HCT, whereas other indices remain stable
within sea level normal limits.

There are minor discrepancies in the literature
regarding changes in MCV at altitude. Most investigators
report a slight increase (upper limits of normal range) or
no change from sea level norms. In Mexico, Ruiz-Arguelles
et al. (1980) observed a significant drop of more than five

percent in mean MCV between sea level and 6,000 feet,
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indicating larger numbers of small red cells. Between 6,000
and 7,000 feet, MCV was stable but below lower limits of sea
level norms. At 8,700 feet, mean MCV returned to sea level
norms. The bulk of data supports the concept of universal
normal limits of human RBC size, independent of race,
gender, age or altitude. MCV may increase by 3 million/mm’
in smokers at any altitude, due to increased levels of
carboxyhemaglobin.

In Equador, Yepez et al. (1994) conducted a one month
trial of iron and folic acid supplementation, comparing
responses at sea level and at 9,200 feet elevation. They
utilized an altitude correction factor suggested by Hurtado
et al. (i.e., 4% for every 1000 meters above sea level).
They found WHO cut-off values for HGB to have high
specificity, but low sensitivity (58%) at sea level, and no
sensitivity at 9,200 feet elevation. They concluded that
HGB alone was a poor criteria for anemia at both sea level
and 9,200 feet.

Athens and Lee (1993) suggested that there may be
adaptive mechanisms which result in specific local
hematologic variations. They listed geographic, geologic,
occupational, cultural, dietary pattern, lifestyle and
racial factors which may explain the red cell indicator
differences observed by Winslow et al. (1989), who compared
Himalayan Sherpas to Andean Quechas living at the same

altitude level.
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Other indicators of iron status at altitude. Serum
ferritin, TS and TIBC appear to be unaffected by altitude,
and are useful as diagnostic determinants of anemia
(Hofvander, 1968; Ross, 1972). Although serum iron is
unaffected by altitude, it is a poor measure of iron status
during pregnancy (Lee, 1993b).

Socioceconomic Environment

Population figures from the 1994 census for Taos, Las
Vegas, and Santa Fe were as follows: town site populations
were 4,400, 15,600, and 62,500 respectively, and county
populations were 25,000, 27,350, and 112,200 respectively.
The major racial groups populating the state were non-
Hispanic Whites (50%), Hispanics of both Spanish and Mexican
descent (40%), and Native Americans (9%) including Pueblo,
Apache, Kiowa and Navajo groups. In 1994, New Mexico was
ranked the eighth fastest growing state in the nation and
the Rocky Mountain region hosted five of the ten fastest
growing states (NMDH, 1996).

The following statistics reflect 1994 New Mexico data
unless otherwise noted. Per capita personal income
statewide was $17,106, ranking New Mexico 47th in income,
with 20% of the population living below federal poverty
level. Per capita personal income in Taos county was
$13,569, in San Miguel county $12,294 and in Santa Fe
$22,538. The 1994 national rate for families living below
poverty level was 10%. In Taos, San Miguel and Santa Fe

counties, rates were 23.8, 26.3 and 10.4% respectively. The
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Medicaid eligible population statistics for March 1997 were
as follows: for the entire state, 14.53% (245,802 out of
1,691,645), for Taos, San Miguel (Las Vegas) and Santa Fe
counties, 8.6%, 23.32% and 7.12% respectively (personal
communication, Anthony Garcia, New Mexico Medical Assistance
Office, May 1997 [see Appendix A]). The median age was 32.4
years, reflecting the unusually high fertility rate and
large population of children. There were on average 33
marriages, 27 divorces, 76 births and 33 deaths per day
statewide (NMDH, 1996; NMDH, 1997).

In 1994, the New Mexico birthrate, which has been
significantly higher than the national birthrate for the
past 20 years, was at an all time low of 16.7 live births
per 1,000 population compared to the national rate of 15.2.
Birthrates in Taos, San Miguel and Santa Fe counties were
14.6, 14.4 and 13.3 respectively. In 1993, the statewide
birthrate among mothers aged 15 to 19 years was 37% higher
than national averages. Forty percent of births and 80% of
legal induced abortions were to unmarried women. Ninety-
eight percent of births occurred in hospitals. Eighty
percent of births were physician assisted and about 17.5%
were certified nurse midwife assisted.

In 1994, there were five maternal deaths in New Mexico,
yielding a maternal death rate of 18 per 100,000 live births
compared to 7.0 nationally. In 1995, the New Mexico
maternal death rate was 11.1 compared to 6.3 nationally.

The statistic for maternal death rate varies widely each

29



year, and is skewed due to the small population. The New
Mexico maternal death rate is generally above national
rates. Causes of maternal deaths between 1992 and 1995 were
PIH, pregnancy-related infection, pulmonary embolism and
hemorrhage due to placenta previa. Fetal and infant
mortality rates are consistently lower than national rates
(NMDH, 1996; NMDH, 1997).

The 1994 statewide incidence of LBW was one out of
every 14 births, 7.3%, or 73 per 1,000 live births. LBW was
above national averages in mothers aged 25 to 39 years.

Five New Mexico counties reported LBW rates between 20 and
43% in mothers under 15 years old. Four counties reported
LBW rates between 25 and 40% in mothers over 40 years old.
The three year aggregate incidence of LBW for 1993 to 1995
in Taos, San Miguel and Santa Fe counties was 10.1%, 10.5%
and 6.7% respectively, compared to the national rate of 7.3%
(NMDH, 1996; NMDH, 1997).

In summary, Taos and San Miguel counties had high rates
of poverty and LBW whereas Santa Fe had rates closer to
national rates. Birthrates in all three counties were 1-2%
lower than the national rate. Fetal and infant death rates
were lower than national rates. Maternal deaths were not
analyzed by county, so no conclusion can be drawn. Two of
the four causes of maternal death listed were complications

associated with MIDA in the literature.
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In conceptualizing the term "Rocky Mountain Altitudes",

one concludes that a) Rocky Mountain inhabitants live at
altitudes ranging from 3,000 to 10,000 feet elevation, b)
these elevations are considered "middle altitude" by
informal standards, and c) middle altitude is an
environmental factor that exerts a physiologic stress,
resulting in hematologic adaptations. Hematologic
adaptations to altitude are expressed objectively as
elevations in some RBC indices (RBC count, HGB and HCT),
increased blood volume and viscosity, and decreased plasma
volume, all of which vary directly with increasing altitude.
There is insufficient published data to determine altitude
specific corrected norms for these adaptations, or whether
the hyperactive erythropoietic adaptation to middle altitude
is sufficient to withstand the additional stress of
pregnancy.

The literature suggests that socioeconomic status and
certain demographic variables are strongly associated with
IDA. Also, there may be unidentified local or genetic
factors influencing hematologic adaptation to altitude.
These factors may be impossible to isolate individually from
the effects of altitude alone. Of particular concern in
this study are the factors of race, socioeconomic status,
high fertility and possible frequent travel to altitudes

more than 1,000 feet lower or higher than the domicile.
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For this study, Rocky Mountain Altitudes is
conceptually defined as: a) an arid, mountainous physical
environment of such high vertical elevation above sea level
that atmospheric pressure and oxygen tension are reduced,
forcing human inhabitants to physiologically adapt in the
form of hyperactive erythropoiesis, elevated RBC count, and
elevated HGB and HCT values; and b) a socioeconomic
environment of low population density, high fertility, high
divorce rate, low per capita income, and an unusual racial
mix.

Theoretical Framework

This study could have been applied to several
theoretical frameworks including: a) Roy's Adaptation Model
- the physiologic mode; b) a physiologic version of
Bertalanffy's Systems Theory; and c) a modified, physiologic
version of Stress Theory, integrating concepts from Selye,
Hill, and McCubbin. However, the Starfield model of "The
Health Services System" (Starfield, 1996), popularly known
as "The Starfield Model of Primary Care", was selected as
the most appropriate framework. Although all of these
models can be used to explain the physiologic phenomenon
under study, Starfield's model also clarifies a
constellation of issues encountered in the primary care
context.

Starfield's Model
Starfield's model first appeared in the literature in

1973 (Starfield, 1973). 1In 1992, Starfield elaborated upon
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the concepts in the model, demonstrated the application of
the model to primary care, and described potential
applications to evaluation of services and policy
development (Starfield, 1992). 1In 1996, Starfield discussed
the use of the model for guiding primary care research
(Starfield, 1996). Starfield's model presents an effective
framework for a) identifying particular features of the
health care system, and b) understanding how these features
impact the function of the system, and the health status of
the population. A creative integration of systems and
interactionist theories, the model a) classifies health-
services variables into categories of structure, process and
outcome, b) illustrates the relationship between the
categories, and c) identifies intervening factors in the
primary care context. Ultimately, the model reveals the
relationship between the primary care system and the health
status of the population it serves as the result of an
interactive process between the providers of care and the
receivers of care., By simply shifting focal points, the
same model can be utilized by several disciplines for
multiple purposes (i.e., developing standards for clinical
practice, focusing and directing research, evaluating health
service delivery). The model utilizes familiar,
straightforward concepts that readily address a) the
practitioner's dilemma of problem recognition [MIDA], b) the

influence of the peculiar environment [Rocky Mountain
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Altitudes], and c) the relationship between problem
recognition and health outcome.

The goal of any health services system is to promote
the well being of the population it serves. The population
("persons") defines "well being®™ and identifies specific
health care needs within the context of its cultural beliefs
and values, religious beliefs, prevailing political
structure, socioeconomic structure, and physical
environment. The function of the primary care system is to
serve as the individual's first point of contact with the
health services system. The primary care system (out-
patient services) must effectively address a wide variety of
health concerns, whether of an acute, chronic or maintenance
nature. Where it is available, secondary care (out-patient
specialist services) is activated when individuals present
health problems requiring more sophisticated assessment,
monitoring or intervention related to a particular body
system. Tertiary care (hospitalization) is activated when
intense specialized care is required to preserve and restore
the health of the individual.

Structure

Using Figure 1 as a reference point, it is clear that
structural features must effectively interface with the
social and physical environment, in order to be relevant to
the population ("persons") served. The structure must
include personnel that are educated to address issues

identified by “persons” as health care needs. The range of
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services must address a variety of health concerns. The
system must be accessible (physically and financially) and
culturally acceptable to a significant portion of the
population, and provide some assurance of continuity. The
means of financing the system must be appropriate, adequate
and acceptable within the context of the socio-cultural,
political and physical environment to permit continuation of
the system. Facilities and equipment must be adequate to
allow provision of care, and appropriate for the social and
physical environment. Management and amenities within the
system must promote the function and continuation of the
system. All structural features must be in place and
functional to permit the process of care to occur
(Starfield, 1992).

The bi-directional arrow connecting structure and
environment implies that environmental features (i.e.,
physical environment, socioeconomic factors, cultural
beliefs related to health, social structure) exert strong
influence over structural features (i.e., location, size and
type of facilities, transport, type and use of supplies and
equipment, range of services, types of personnel, financing,
eligible population). It also implies that structure
affects both the social and physical environment. Examples
of structure affecting the social environment include: a)
the employment of members of the population; b) the
provision of services to the target population; c) the

potential introduction of different beliefs or values; and
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d) the attraction of visitors (staff or clients) from other
locations. Examples of structure affecting the physical
environment include: a) changes related to transportation of
people, supplies and equipment; b) building or alteration of
physical structures related to the provision of services
(i.e., roads, facilities, support services, housing, food
services, waste management); and c) increased utilization of
natural resources and utilities.

The bi-directional arrow connecting persons and
structure implies that "persons" exert strong influence on
structure and vice versa. "Persons" identify specific
health concerns. Unless structure addresses these concerns,
"persons" will not utilize the system. Structure must
define the limits on the range of services and the
population eligible in order to a) establish realistic
expectations and maintain credibility with "persons", and b)
promote the effective function and continuation of the
system (Starfield, 1996).

Process

The process of care is dependent upon structure, but
features both the individual and interactive activities of
the providers of care and the recipients of care. The
provider must be able to recognize health problems, diagnose
problems accurately, manage problems with the use of
appropriate and acceptable interventions, and reassess the
effectiveness of the management plan. The provider must be

educated and skilled, communicate effectively, be aware of
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the social and physical environmental factors affecting
"persons", provide health education related to specific
diagnoses, and perform these functions in a manner
acceptable to "persons". The receiver must access the
system (utilization) and participate in the process of care
by: a) presenting health concerns; b) participating in the
assessment phase; c) understanding the health problem; 4)
providing input in the selection of a management plan that
is acceptable to both parties; and e) participating in the
plan of care. The effectiveness of the interactive process
determines outcome.
Qutcome

According to Starfield's model, the health outcome for
the receiver, and ultimately, the health status of the
population are the result of the interactive process of
care, as indicated by the uni-directional arrow linking
process and outcome. If there has been good interaction,
outcomes will be favorable (i.e., prevention or management
Qf disease, increased comfort, longevity, activity and well
being of persons utilizing the system). If thére has been
poor interaction, outcomes will be unfavorable (i.e., no
change, spread or increase in disease, or worsening of
health status). Unfavorable outcomes can be traced back to
ineffective process or structure.

Outcome is also partially dependent on social and
physical environment, as indicated by the uni-directional

arrow linking these portions of the model. For instance,

38



geographic isolation or catastrophic environmental events
such as drought, flood, or earthquake certainly impact the
health status of a population, but these events are not
necessarily a poor reflection on the primary care system.
Likewise, the social environment may preclude favorable
outcomes. An example might be the mother who obtains high
guality baby formula intended for her malnourished infant
but defeats the purpose by diluting it to low nutrient value
to feed all four of her children.
MIDA at Rocky Mountain Altitudes Applied to
Starfield's Model

In applying this study to Starfield's model (Figure 2),
the areas of direct fit include "physical environment" and
"problem recognition". Figure 2 includes additional
structure, process and outcome features of primary care for
prenatal clients to complete the picture. The "physical
environment" (Rocky Mountain Altitudes) alters the
hematologic norms of "persons" (pregnant women), obscuring
"problem recognition®™ (MIDA) using conventional standards of
care (screening practices). Failure to recognize the
problem leads to delayed or mis-diagnosis and inadequate
management, potentially resulting in maternal or fetal
complications and poor pregnancy outcome.

In addition to the relationships between variables
noted by Starfield, Figure 2 notes the additional
relationship between environment and the provider features

of problem recognition and diagnosis with a unidirectional
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arrow. This arrow demonstrates that physical environment
(Rocky Mountain Altitudes) may so alter the appearance
(usual diagnostic signs) of health problems that providers
fail to recognize them using conventional assessment tools
and standards of practice. When evidence of poor outcomes
(i.e., maternal mortality, PIH, premature labor, and LBW)
clusters in peculiar patterns (i.e., above 6,000 feet
elevation), it becomes necessary to re-examine the system
for flaws. In the case of MIDA at Rocky Mountain Altitudes,
problem recognition and diagnosis are impaired by: a) the
lack of prior research; b) an incomplete body of knowledge
(altitude-adjusted reference tables to assist in
differentiating normal from pathologic changes]; and c) the
lack of altitude-appropriate guidelines and standards for
clinical practice.
REVIEW OF THE LITERATURE
Prior MIDA Studies Above 3,000 Feet Elevation

Six prior MIDA studies at altitudes above 3,000 feet
are located in the literature. Regrettably, all six are
conducted in Africa more than nine years ago. Table 4
summarizes the numeric data in order of increasing altitude.
Data contained on the table are not included in the
presentation of each study. Discussion of findings is
included in the critical remarks. A synthesis of empiric
findings and general critique of the literature follows the

presentation of individual studies.
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Gerritsen and Walker

Gerritsen and Walker (1954) studied pregnant Bantu
women who lived in rural areas near Johannesburg and
Pretoria, South Africa. Previous studies reported extremely
high daily dietary intake of iron (M=171 mg, ranging up to
200 mg per day), attributed to teff (a potato-like staple
food) and the use of iron pots and utensils in food
preparation. Prior postmortem examinations of this group
found high incidence of abnormal iron deposits throughout
the tissues of adult men and women. Gerritsen and Walker
found that blood values related to iron were essentially
unchanged during pregnancy, despite high altitude and
dietary deficiencies of other nutrients.

The authors presented an excellent summary of the
contemporary knowledge base regarding maternal iron
metabolism, hemodilution and fluctuations in iron demand.
The detailed presentation of dietary iron sources and
consumption patterns was engaging. The mean daily iron
consumption was 12 times the recommended allowance, and iron
stores were pathologically high (i.e., 50% of adult females
demonstrated abnormal tissue deposits at autopsy). One
concludes this extraordinary population exemplifies the
maximal human physiologic capacity for dietary iron
absorption and iron saturation at that altitude! Since the
concept of iron toxicity was not examined, it is impossible
to deduce whether these data are representative of "normal"

or toxic values of HGB, or if these data are appropriate to
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generalize to pregnant women living at the same altitude in
other parts of the world.

The investigators did not collect data for MCV, MCH or
MCHC, although they remarked that hypochromic anemia was
rare in this population. Data for these measures would have
demonstrated the lack of microcytosis and hypochromia,
supported their claim that there is no IDA, and strengthened
the operational definition of anemia.

The introductory discussion reflected an understanding
of hemodilution and variations in HGB as pregnancy advances.
However, data were reported in peculiar groupings of 0-22
weeks LMP and 26-40 weeks LMP, thus avoiding the period of
hemodilution. This grouping obscured the significant
fluctuations in iron status reported by later investigators.
Had data been grouped by trimester, comparison to other
studies would be possible. Trimester grouped data might
have furthered the understanding of HGB fluctuations
throughout bregnancy.

Lamparelli et al,

In 1988, Lamparelli et al. conducted two MIDA studies
in the Johannesburg area. In the first study, cross-
sectional data were collected from 224 pregnant women for
HGB, TS, TIBC, whole blood zinc protoporphyrin, folate,
vitamin B,,, and serum ferritin (Lamparelli et al., 1988a).
RBC counts fell significantly between the first and second
trimester, but were unchanged thereafter. Serum iron,

ferritin and TS decreased significantly throughout
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pregnancy. Folate levels were low in 20%, but only one
subject was folate deficient. Vitamin B,, levels showed a
slight, significant drop throughout pregnancy, but no
subjects had B,, deficiency or macrocytic anemia.
Correlations of iron status with income, dietary intake,
parity and method of contraception were not significant.
The tabulation of data according to stage of iron deficiency
revealed that only 28% had maintained normal iron status in
the third trimester. Although 72% showed evidence of iron-
deficiency in the third trimester, only 9% were fully
anemic.

The large sample size is commendable, rendering the
results highly significant. The inclusion of cut-off values
for TS and serum ferritin in addition to a low HGB adds
strength to the operational definition, and meaning to these
results. The reporting of results according to stage of
iron deficiency presents a very clear picture of iron status
in this population. The reporting of results by trimester
aids comparison with other studies. The use of unusual
units of measurement (umol/L) for serum iron and TIBC makes
it difficult to compare these results to other studies.

The control group of 47 non-pregnant female medical
students may or may not be representative of the local
population. There was no information for the control group
regarding the variables of race, age, or duration of
exposure to 5,000 feet altitude. The investigators

concluded that "no adjustment for altitude was necessary"
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because the control group mean and standard deviation HGB
values (14 * 2 g/dL) were not significantly different than
those encountered at sea level.

In the second study, Lamparelli et al. (1988b) surveyed
pregnant Indian women following reports of unusually high
incidence of IDA in Indian women in a neighboring community.
Cross-sectional data were collected for serum iron, TIBC,
TS, serum ferritin, folate, vitamin B,,, CBC, RBC ZP, FEP,
and HGB electrophoresis. The same control group used in
Lamparelli et al. (1988a) was utilized for this study.
Values of HGB, TS and serum ferritin were “corrected for
hemodilution of pregnancy" using formulae developed
following the previous study.

Again one questions whether the control group
accurately represented the study population. One also
questions the validity of the "hemodilution corrected"”
values for TS and serum ferritin, since these norms have
been shown to be universal. Once more, serum iron and TIBC
values were reported in unusual units of measurement. Data
were collected for MCHC, but the table summarizing RBC
indices omitted MCHC values.

Although there were 100 subjects, there was
maldistribution by trimester. The first trimester was over-
represented (53 subjects). Only 10 subjects represented the
third trimester, where 80% had iron-deficient erythropoiesis

and 20% had MIDA. This results in more reliable information
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about the group with the least change and the lowest iron
demand than the group at highest risk.

Except for a brief reference to serum ferritin < 12
#g/L, MIDA is not succinctly defined in the text. No
definitions are provided for the labels "depleted iron
stores", "iron-deficient erythropoiesis"™ or "IDA", although
incidence rates are reported for each trimester.

Watson and Murray

Watson and Murray (1969) surveyed 187 pregnant women
from 14 different tribal groups in the second and third
trimester. Cross-sectional data was collected for HGB, HCT,
MCHC, serum iron, and TIBC. 1Initially, MIDA was defined as
HGB < 10.0 g/100 ml, then later as HGB < 11.0 g/100 ml. A
rise in TIBC was noted as pregnancy advanced, but this rise
was independent of serum iron level. Results were reported
by parity groupings of primigravidae, para three to five,
and para six or more. Data from multiparous women were
further subdivided by age groups. Data were not reported by
trimester. The investigators concluded that IDA was not a
serious problem, even among pregnant multiparous women.

The most striking feature of this study is the loss of
impact by grouping data by parity and age rather than by
trimester. By lumping second and third trimester values
into such groups, one cannot distinguish hemodilution from
MIDA and the normal fluctuations between trimesters are
lost. Gerritsen and Walker (1954), who suggested that there

was some significant hematological phenomenon occurring in
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the second trimester, were cited as references.
Hemodilution in the second trimester had been reported by
Scott and Pritchard (1967) two years prior to this study.
Sample size was adequate and there was a good distribution
of subjects representing each trimester. The failure to
report results by trimester renders their data of little
practical value, and impossible to compare with other
studies. Had the data been grouped by trimester and
subdivided by age and parity, valuable insight regarding the
effects of age and parity at altitude would have been
revealed.

Although data were collected for serum iron, TIBC and
iron saturation, it is not evident that any of these
measures were included in the operational definitional for
MIDA. The stated definition consisted of WHO cut-off values
for HGB. Surprisingly, data for HCT or packed cell volume
was not reported.

Clearly the primiparous group, and the multiparous
groups over 25 years of age had borderline mean HGB values,
suggesting that subjects in the first standard deviation
below the mean were highly suspicious for MIDA according to
the criteria. They reported a MIDA rate of 17% when using
HGB < 11.0% as a criteria, and a mean HGB of 7.5 g/dL in the
anemic para three to five group (no numbers of subjects
provided for this group), but concluded that MIDA “was not a
serious problem". In the U.S., adult HGB values of 7.0 g/dL

are often considered grounds for transfusion per usual
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standards of practice, due to the increased risk of
myocardial infarction.
Ross

Ross (1972) collected cross-sectional data on 497
pregnant Ethiopian women for HGB, HCT and MCHC. Previous
studies indicated high daily dietary intake of iron in this
low-income population. Of interest, the predominant
religion observed 180 days of fasting (refraining from
eating animal products) annually. Ross did not define
anemia per se, but merely surveyed hematological values.

The data revealed two surprising findings. There was very
low correlation between low HGB values and high parity (mean
parity was three, but parity ranged from zero to 17). There
was no significant difference in HGB values for those who
observed all the fast days versus those who observed none of
the fast days. The empiric mean MCHC was not statistically
different than sea level norms for non-pregnant women,
lending support to previous findings that MCHC is not
affected by altitude or pregnancy.

Although the focus of Ross' study was more on dietary
analysis and nutritional status as a function of income,
this is a nice presentation of maternal hematologic values
at 7,600 feet elevation. Large numbers of subjects
represented the control group and each of the trimesters,
and data was reported by trimester. There are four basic
criticisms: a) MIDA is not defined; b) racial information is

not given; c) the cross-sectional design does not allow for
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appreciation of individual changes in hematologic values as
pregnancy progresses; and d) there is no report of
microcytosis, hypochromia, or rates of MIDA provided.
Hofvander

Hofvander (1968) presented an extensive review of the
IDA literature and summarized numerous small-scale studies
noting high dietary iron intake in populations living at
middle altitude in Ethiopia. One of the reviewed studies
contained a table of various hematologic measures for a
control group, several non-pregnant groups, and a group of
76 pregnant women in the latter half of pregnancy. MIDA was
not defined separately from IDA and MIDA incidence was not
calculated. There was only a small decrease in mean HCT in
pregnant women. Surprisingly, there was an increase in
serum iron in the ninth month of pregnancy that exceeded the
mean value for the non-pregnant control group. The data
supported earlier observations that MCHC, TIBC and serum
iron norms are not affected by altitude. IDA in non-
pregnant adult females was operationally defined as MCHC <
27 g/dL and HGB < 12.8 g/dL. Later, the investigators added
an “altitude correction factor” of 7% to sea level HGB
norms, and revised the cut-off value for HGB to 13.4 g/dL.
The reported rates of IDA in non-pregnant females were 8.2%
with HGB less than 12.8 g/dL, and 16.3% with HGB less than
13.4 g/dL.

Incidence of MIDA is impossible to tease out of the

tabulated data. The MCHC cut-off value of 27 g/dL used to
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define IDA in the non-pregnant samples surveyed
simultaneously is 5% lower than today's reference range.
Had MIDA been defined and rates calculated for this study,
these data would be more useful.
Synthesis of Pertinent Empiric Findings

For study question number one, "what are the mean
empiric maternal values for red cell indices (i.e., HGB,
HCT, MCV, MCH, and MCHC) measured at the usual screening
intervals during the course of pregnancy .. at altitudes of
6,040, 6,400 and 7,000 feet", one would predict values close
to those observed by a) Ruiz-Arguelles et al. (1980) at
6,100 and 7,280 feet, b) Robles-Gil and Gonz&les-Ter&n
(1948) at 7,457 feet, and c) Ross (1972) and Hofvander
(1968) both at 7,600 feet. One would expect to find mean
HGB ranging at about 12.5 to 15.2 g/dL, mean HCT ranging
between 40 and 45%, and mean MCHC values ranging between 30
and 34.5 g/dL. Ruiz-Arguelles (1980) found MCV values at
these altitudes ranging between 89.7 and 91.2 fL.
Unfortunately, the only data at the appropriate altitude to
predict MCH values is 50 years old (Robles-Gil & Gonz&es-
Ter&n, 1948). They found a mean MCH of 30.33 pg at 7,450
feet. Data from Lamparelli et al. (1988b) provides evidence
that sea level reference values for MCH are reliable at
5,200 feet elevation. Lamparelli's third trimester group,
showing a MIDA rate of 80%, was the only group with mean MCH

below the reference range. In both Lamparelli studies
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(1988a and 1988b), incidence of MIDA is accurately reflected
in the pattern of mean values for MCH and MCV.

For study question number two, "what is the rate of
MIDA when MIDA is defined as observed microcytosis (MCV < 80
fL) and hypochromia (MCH < 27 pg or MCHC < 32 g/dL)", the
ansver can only be obtained by data analysis. Although
there have been no prior MIDA studies in New Mexico, one
suspects high rates of MIDA due to high rates of poverty and
LBW in two of the three sites sampled. The literature
provides no precedent for utilizing this operational
definition, but does provide support for using MCV, MCH and
MCHC as definitional criteria. These measures have been
shown to be unaffected by altitude, and appropriate for use
as universal standards (Bull & Hay, 1985; Ross, 1972). The
data for MCHC in the study reviewed by Hofvander (1968) was
dramatically lower (3 to 4 g/dL) than Ross' (1972) values at
the same altitude. One recalls that the MCHC cut-off value
used to define IDA for non-pregnant groups in the Hofvander
(1968) study was 5% lower than the reference range. One
questions if the method used to measure MCHC introduced this
level of discrepancy, or if perhaps there was a
typographical error and these were actually MCH values
(normal range 27-31 pg).

The answer to study question number three, "what are
the mean and range values for HGB and HCT associated with
MIDA at each screening interval, at each altitude", cannot

be predicted on the basis of prior studies. Watson and
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Murray (1969) was the only study providing mean HGB values
for anemic groups. The way the data were grouped does not
allow for meaningful prediction of results for this study.

The answer to study question number four, "do the 1989
CDC guidelines accurately identify MIDA in this population",
cannot be predicted. No studies utilizing CDC criteria for
definition of MIDA were found in the literature.

For study question number five, "is there a significant
relationship between demographic variables and MIDA", one
anticipates a "yes" answer for the variables of
socioeconomic status, age, interconceptual time interval,
and race based on evidence from prior studies. Prior
outcome studies at middle and high altitudes suggest that
there may be a relationship between MIDA and altitude due to
high rates of premature labor and LBW. The empiric evidence
is inconclusive when examining the patterns revealed on
Table 4. Lamparelli et al. (1988a) found MIDA rates of 4%,
3%, and 9% in first, second and third trimesters
respectively. Lamparelli et al. (1988b) found rates of 53%,
49% and 80% at the same elevation, near the same site, in a
different race of people. Watson and Murray (1969) found an
over-all rate of 17% in pooled samples representing second
and third trimester at an altitude only 200 feet higher than
the Lamparelli studies. These findings suggest that race,
socioeconomic status or lifestyle factors are more important

determinants of MIDA than altitude alone.
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Critique of the Literature

Five of the six studies presented in detail were
conducted on non-white populations (i.e., Gerritsen &
Walker, 1954; Lamparelli et al., 1988a; Watson & Murray,
1969; Ross, 1972; Hofvander, 1968). All six studies were
conducted in African nations. One must remember to adjust
these HGB values upward by 0.5 to 1.0% for comparison to
White populations, due to racial variations in HGB noted in
prior studies. One must also consider the confounding
variables of socioeconomic status and pre-existing
nutritional status. Gerritsen and Walker (1954), and
Hofvander (1968) studied populations with known patterns of
high dietary iron intake, despite malnutrition of other
nutrients. Lamparelli et al. (1988a), and Watson and Murray
(1969) studied impoverished populations.

All six of these studies utilized a cross-sectional
design. When relying on HGB as the sole indicator of iron
status, it is important to show change over time in the same
individual. No longitudinal MIDA studies could be located
in the literature. 1In order to differentiate hemodilution
from pathologic deterioration in iron status, PCPs at
altitudes above 3,000 feet still need longitudinal data to
clarify the range of acceptable values, and the range of
acceptable change in individuals at routine screening
intervals or from trimester to trimester.

Three studies (i.e., Gerritsen & Walker, 1954;

Lamparelli et al., 1988a; Watson & Murray, 1969) relied on
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HGB cut-off values for part of the operational definition of
MIDA. Authorities in the field (i.e., Bothwell, Charlton,
Cook, DeMaeyer, and Yip) have commented on a) the relative
uselessness of single measures of HGB or HCT as indicators
of iron status, and b) the use of arbitrary cut-off values
for indicators that vary widely in populations. There is
strong sentiment that the only justifiable use of single HGB
measures today is in large population studies or in
establishing local reference ranges in healthy individuals
(Johnson, 1990). The coupling of HGB values with other iron
indicators (i.e., serum ferritin, TS, TIBC, FEP, and
transferrin receptor) and controlling for factors that lead
to misinterpretation (i.e., lead toxicity, thalassemias,
folate or vitamin B,, deficiencies) provides a more precise
evaluation of iron status, as shown in the Lamparelli
studies.

It is disturbing to discover such a paucity of MIDA
literature from developed countries. The bulk of MIDA
research has been conducted in the public health context,
heavily influenced by WHO, international nutrition groups,
and nutrition surveillance groups. Most of the data come
from tropical and Third World nations that are notoriously
poor, malnourished, heavily populated by Blacks, and have
high incidence of thalassemias, hemoglobinopathies, malaria
and hookworm. It has only been within the past 25 years
that the U.S. has established large scale nutrition

surveillance systems which include pregnant women. These
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include a) the Interagency Board for Nutrition Monitoring
and Related Research, and b) the Pregnancy Nutrition
Surveillance System, Division of Nutrition, National Center
for Chronic Disease Prevention and Health Promotion at the
Centers for Disease Control and Prevention. Historically,
pregnant women were excluded from large U.S. studies because
of known variations in HGB values and hemodilution in the
second trimester (NHANES I and II). Three of the four MIDA
studies conducted in the U.S. between 1950 and 1960 surveyed
low-income populations in the South. We have more MIDA
information about poor and malnourished women than we do
about the "average American" woman! In an effort to fill
this gap in the literature, this study sampled apparently
healthy adult women who lived in an unusual environment,
where little was known about normal maternal laboratory
values.
METHODS
Study Design

This study utilized a descriptive, retrospective survey
design. Existing demographic and longitudinal hematologic
data were retrieved from medical records of adult pregnant
women living at Rocky Mountain Altitudes.

Sample

The sample was the medical records of non-smoking, non-
Black, adult women who delivered term infants from a
singleton pregnancy between January 1 and December 31, 1996.

Three primary care practices located within the altitude
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interval of 6,000 to 7,000 feet above sea level served as

data collection sites, one each in Taos, Las Vegas, and

Santa Fe, New Mexico.

Sample Criteria

Medical records selected for inclusion in the study met

the following criteria:

1.

The record contained evidence that the subject: a) had
been between 18 and 45 years of age at first day of
LMP; b) was non-smoking for the duration of the
pregnancy; c) delivered a singleton term infant in
1996; d) identified her race; and e) had a home address
within city limits or on the measured plateau (i.e.,
domicile was at the same altitude as the data
collection site).
Laboratory data (CBC, HGB or HCT) were available for
initial and follow-up MIDA screenings at 28 and 36
weeks LMP.
There was absence of documentation that oral iron
supplements were used in addition to prenatal vitamin
formulas between the initial and 28 week LMP laboratory
screenings.
There was absence of records transferred from another
facility at a different altitude level since the first
day LMP.

Field Procedures

Each site provided a list of clients who delivered

singleton infants in 1996. The primary investigator
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retrieved the records of clients listed, and did on-site
review of each record for the sample criteria. Records
meeting the criteria were selected for study. On-site data
collection was done by the primary investigator only.
Data Collection

Demographic and clinical data were extracted from each
record. Demographic data included age at first day LMP,
race, marital status, number of pregnancies (gravida),
number of previous deliveries (para), number of previous
abortions and miscarriages, date of last delivery or
abortion, interconceptual time interval in months, and
insurance provider. Clinical data included laboratory
values for HGB, HCT, MCV, MCH, and MCHC from initial, 28 and
36 week LMP screenings.

Recording of Data and Scoring

Demographic and clinical data were encoded onto scoring
sheets. For demographic items, numeric codes were created.
Age in years was calculated from birthdate to first day of
LMP. Marital status was scored as "2" for married, "1" for
single, and "0" for other or not stated. Race was scored as
"1" for non-Hispanic White, "2" for Hispanic, Spanish or
Mexican, "3" for Native American, "4" for Asian, and "5" for
other. Gravida was scored as the number of documented
pregnancies. Parity was scored as the number of documented
prior deliveries. Abortions was scored as the documented
number of prior miscarriages or abortions. Interconceptual

time interval was the calculated number of months between
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last delivery (or abortion) and LMP. A score of zero "O"
was entered for cases of missing data, primiparous
pregnancy, or if an interval greater than 36 months had
elapsed. Insurance status was scored as "1" for none, "“2"
for Medicaid, "3" for health maintenance organization, and
w4" for private insurance. For clinical data, numeric
laboratory values were encoded exactly as they appeared on
laboratory report sheets.

Altitude was encoded into the identification numbers.
Case numbers ranging 101 to 119 represented Taos at 6,040
feet. Case numbers ranging from 201 to 240 represented Las
Vegas at 6,400 feet. Case numbers ranging from 301 to 373
represented Santa Fe at 7,000 feet.

To indicate cases that met the operational definition
criteria for MIDA (MCV < 80 fL, and either MCH < 27 pg or
MCHC < 32 g/dL), labels of MIDAl, MIDA2 and MIDA 3 were
utilized to indicate the screening interval in which MIDA
appeared. Those meeting the criteria upon the initial
screen were assigned a “1" for MIDAl. Those meeting the
criteria upon the second screen at 28 weeks LMP were
assigned a “1" for MIDA2. Those meeting the criteria upon
the third screen at 36 weeks LMP were assigned a “1" for
MIDA3. A score of zero (“0") was entered for cases not
meeting the criteria, and for cases of incomplete data for
each screening interval.

Similarly, labels of CDC1l, CDC2, and CDC3 were utilized

to a) identify cases meeting the CDC criteria for MIDA,
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utilizing the cut-off values listed on Table 2 for each
screening interval, at each altitude, and b) indicate the
screening interval in which MIDA was identified. For the
initial screen at less than 20 weeks LMP, the CDC1l label was
used. For the 28 week LMP screen, CDC2 was used. For the
36 week LMP screen, CDC3. For the Taos and Las Vegas
samples, cut-off values for HGB were 11.3 g/dL upon initial
screen, 11.4 g/dL at the 28 week LMP screen, and 12.1 g/dL
at the 36 week LMP screen. For the Taos and Las Vegas
samples, cut-off values for HCT were 34.0%, 34.0% and 36.0%
respectively. For the Santa Fe sample, HGB cut-off values
were 11.6, 11.7, and 12.4 g/dL upon initial, 28 week LMP and
36 week LMP screens respectively. The cut-off values for
HCT for the Santa Fe sample were 35.0, 35.0, and 37.0%
respectively. For each screening interval, cases with HGB
or HCT values below the cut-off value were identified as
anemic per the CDC Criteria and were assigned a score of “1”
for CDC1, CDC2, or CDC3.
Data Analysis

Scored data were entered onto an Excel 7.0 spreadsheet,
converted to Excel 4.0 and then copied to SPSS (Statistical
Program for Social Sciences) Base 7.5 for Windows, Graduate
Professional Pack software for analysis, utilizing a PC
computer.

To answer Study Question 1, "what are the mean and
range empiric values for RBC indices . . .", descriptive

statistical analysis was performed for each site separately,
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and for the entire sample. For each screening interval,
range, mean and standard deviation values were calculated
for HGB, HCT, MCV, MCH, and MCHC. Results were tabulated.
A sub-set of normal cases was then created by eliminating
all cases identified as anemic by either the operational
definition for MIDA or the CDC criteria (i.e., cases scored
as “1" for MIDAl, MIDA2, MIDA3, CDCl1l, CDC2, or CDC3) from
the sample. Descriptive analyses were repeated for the
remaining “normal” cases and results were tabulated.

To answer Study Question 2, "what is the incidence of
MIDA when MIDA is defined as observed microcytosis and
hypochromia", frequencies were calculated for MIDA at each
screening interval.

To answer Study Question 3, "what are the mean and
range values for HGB and HCT associated with MIDA at each
screening interval, at 6,000 to 7,000 feet elevation",
descriptive analysis for mean, standard deviation and range
was planned but not performed due to the very low rates of
MIDA observed. Laboratory values for each case were
tabulated.

To answer Study Question 4, "do the CDC Guidelines
accurately identify MIDA in this population", correlations
were planned but not calculated due to the small sub-sample
meeting criteria for MIDA. Frequencies were calculated for
cases meeting the CDC Criteria to provide comparison to
rates observed when utilizing the operational definition for

MIDA.
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To answer Study Question 5, "is there a significant
relationship between demographic variables and MIDA",
correlations were planned but not calculated. The number of
cases meeting the criteria for MIDA was too small to assess
for relationships with demographic factors.

Confidentiality of Human Subjects

Confidentiality of subjects was strictly maintained.
The primary investigator had no contact with the women
represented by the medical records reviewed for the study.
The list of clients provided by the data collection site,
and the master list matching names and study identification
numbers were destroyed at the data collection sites upon
completion of the study.

This research proposal was reviewed and approved by the
University Committee on Research Involving Human Subjects
(UCRIHS) at Michigan State University, East Lansing,
Michigan (see Appendix B).

Operational Definitions
MIDA

MIDA was operationally defined as an MCV < 80 fL
(observed microcytosis) and either MCH < 27 pg or MCHC < 32
g/dL (observed hypochromia) at any time in the course of
pregnancy.

Rocky Mountain Altitudes

"Rocky Mountain Altitudes" was operationally defined as

the altitude interval of 6,000 to 7,000 feet above sea

level. Altitude level for each data collection site was
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determined utilizing U.S. Geological Survey maps of New
Mexico. Confirmation of official altitude was provided
verbally by the local Chamber of Commerce at each location.
Assumptions and Limitations
Assunmptions

The following assumptions were made: a) sea level norms
for MCV, MCH, and MCHC are reliable at Rocky Mountain
Altitudes; and b) medical laboratories that performed the
automated CBCs are essentially "equal", due to quality
assurance standards.

Limitations

Design Factors

Due to the retrospective survey format, items of
available data were limited to RBC indices and documented
demographic variables. The socioeconomic environment may
have had a significant impact upon the results. Insurance
provider was the only retrievable datum of socioeconomic
status given the study design. Study design also prohibited
assessment of duration of exposure to the altitude surveyed,
and assurance that subjects were fully acclimated
physiologically prior to conception. Retrospective study
design prohibited assurance of a full data set for each
subject.
Contamination of Results

Results may have been affected by undocumented frequent
travel to significantly higher or lower elevations than were

ascribed to subjects for the purpose of this study. Unknown
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or unidentified local factors (genetic, geologic,
occupational, or cultural) may confound the interpretation
of data.

RESULTS

Data sets for all three sites included cases with
incomplete data for the variables studied. At Taos, marital
status was not documented for approximately 25% of the
sample and HCT was the only MIDA screen at the 28 and 36
week LMP visits. Although the Taos sample was small (n=19),
available data were included to provide comparison to other
sites. At all sites, clients without health insurance and
health maintenance organization members frequently had only
HGB and/or HCT screens at the 28 and 36 week LMP visits.

For these cases, data for MCV, MCH and MCHC were not
available. Frequently, dates of abortions and miscarriages
were not documented at all three sites.

Minor difficulties were encountered in obtaining lists
of potential cases for the study from primary care sites.
At one site, the list could not be generated from office
records. Delivery records had to be retrieved from the
hospital. There were confidentiality issues involved in
releasing the list directly to the primary investigator, who
was not employed by the hospital. This issue was resolved
by having the attending doctor retrieve the list of his own

clients from the medical records department.
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Sample

only 132 of approximately 700 records reviewed met the
criteria for inclusion in the study. Demographic
characteristics were summarized by site and for the entire
sample on Table 5. There was variation by site in racial
distribution, insurance provider, parity, and
interconceptual time interval.

The Las Vegas sample was younger than the Taos and
Santa Fe samples, had the largest percentage (60%) of single
women, and displayed no ethnic diversity. Santa Fe had the
largest percentage of married women (two-thirds), and had
the highest number of HMO and private insurance subscribers.
In Las Vegas and Taos, over two-thirds relied on Medicaid.
All three sites were similar in regards to mean number of
pregnancies, abortions and miscarriages but patterns for
multiparous women varied by site.

Mean values for interconceptual time interval (number
of months between pregnancies) were consistent with prior
observations of high fertility. Las Vegas had the highest
number of pregnancies occurring less than 6 months post-
partum, and one-third had become pregnant within two years
of their previous delivery. At all three sites, 25-33% had
spaced their pregnancies less than 24 months apart, putting
them at risk for MIDA due to failure to recover iron stores
prior to subsequent pregnancy. Only 15-20% of women were

spacing pregnancies by two years or more. Taos was
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exceptional in that women were spacing pregnancies by at
least 18 months.
Research Questions

For research question one, mean empiric values for red
cell indices are summarized by screening interval and
altitude level on Table 6. Table 7 summarizes “normal
values”; the calculated mean for all remaining data after
anemic cases were eliminated from the sample. Findings for
each indicator follows.

HGB

Mean HGB values at all sites ranged between 12.5 and
13.9 g/dL, in agreement with prior findings (Ruiz-Arguelles
et al., 1980; Robles-Gil and Gonz&les-Ter&n, 1948; Ross,
1972; Hofvander, 1968) of mean HGB levels ranging from 12.5
to 14.6 g/dL. There was a predictable drop from baseline of
about 1.0 g/dL in mean HGB at 28 weeks LMP, and a small rise
in mean HGB of 0.1-0.5 g/dL between 28 and 36 weeks LMP.
This pattern is consistent with variations reported by Scott
& Pritchard (1967), and well within the normal limits (drop
of 2.2 g/dL at 28 weeks, then a rise of about 0.7 g/dL at 36
weeks) they described.

An interesting pattern is revealed when looking at HGB
range values on Table 6. Lower limits of the range decline
and ranges widen both as altitude increases and as pregnancy
progresses. Perhaps this pattern suggests that physiologic
adaptation to altitude (hyperactive erythropoiesis) is

beginning to be taxed by pregnancy.
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Prior studies (Ruiz-Arguelles et al., 1980; Robles-Gil
& Gonzdles-Ter&n, 1948; Ross, 1972; Hofvander, 1968) found
mean HCT values ranging between 40 and 45%. The empiric
data were 2.5-4% lower than expected, in slight disagreement
with prior studies. For the sub-set of “normal” healthy
subjects (Table 7), mean HCT ranged from 37.4 to 40.9% in
this study. The observed drop between the initial and 28
week screens ranged between 2 and 3.3%. The observed rise
between 28 and 36 weeks ranged between 0.8 and 2.4%.
MCV

Ruiz-Arguelles et al. (1980) found mean MCV ranging
between 89.7 and 91.2 fL. Mean MCV for this study ranged
between 89.4 and 92.7 fL in close agreement, and lying well
within the reference range of 80-95 fL. Of note, the range
of values widened and variation increased directly as
altitude increased. Outliers were just as likely to
represent macrocytosis as microcytosis.
MCH

The reference range for MCH is 27-31 pg (Pagana &
Pagana, 1992). At 7,450 feet altitude, Robles-Gil and
Gonzdles-Ter&n (1948) observed a mean MCH value of 30.33 pg
and a range of 25-35 pg. Mean MCH values for the current
study ranged from 30.71 to 31.41 pg. There was a very
slight trend towards upper limits of normal or hyperchromia.
The observed range of MCH values was 25.1 to 35.3 pgq,

identical to the Robles-Gil and Gonz&les-Ter&n (1948) study.
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Standard deviations were less than 2.2, indicating tight
clustering around the mean or small variation.
MCHC

The reference range for MCHC is 32-36% (Pagana &
Pagana, 1992). All mean MCHC values fell between 33.6 and
34.6%, and standard deviations were less than 1.3%. There
were very few outliers at 36 weeks LMP, again indicating
tight clustering around the mean. Prior studies (Ruiz-
Arguelles et al., 1980; Robles-Gil & Gonz&les-Ter&n, 1948)
of non-pregnant women noted mean MCHC values ranging between
30 and 34.5%. Values obtained in this study were well
within the reference range and, although slightly higher, in
agreement with prior studies.

In answering the second research question, “What is the
rate of MIDA when MIDA is defined as MCV < 80 fL and MCH <
27 pg or MCHC < 32 g/dL?", the data revealed only two cases
of MIDA. Both cases occurred in Las Vegas, one upon initial
screen and one at the 36 week LMP screen. The observed
rates for MIDA were none at Taos, none at Santa Fe, and at
Las Vegas, 0.4% at < 20 weeks LMP, 0% at 28 weeks LMP, and
0.4% at 36 weeks LMP. The overall rate of MIDA for the
entire sample was 0.75% at initial and 36 week LMP screens.
These values were summarized on Table 8.

The third research question, “What are the mean and
range values for HGB and HCT associated with MIDA?", could
not be answered because of the extremely low rate of MIDA

observed. The single case of MIDA at < 20 weeks LMP had the

77



*Koueubaxd bHutanp sur3l
Aue e Tp/b6 z€ > OHOW 10 Hd LZ > HOW ISY3T® pue ‘I3 08 > ADW Se pauIjop SeMm VAIW °930N

$SL°0 o (T=u)s¥°0 0 dW1 sS)®9M 9¢

0 0 0 o dW1 s)o9m 82

$SL°0 0 (t=u)g¥v-0 0 dW1 s)°@9M 0Z s

3993 000L-0009 3993 000L 3993 00V9 3993 0v09 NITJOS
SALIS TIV dd VINVS SV9IA SV1I SOVl

YJIR 30 so3ed

‘g arqes

78



following CBC values: HGB=11.5 g/dL, HCT=34.3 §, MCV=77.9
fL, MCH=26.1 pg, and MCHC=33.6 g/dL. The single case at 36
weeks LMP had the following CBC values: HGB=10.3 g/dL,
HCT=31.1 %, MCV=75.7 fL, MCH=25.1 pg, and MCHC=33.1 g/dL.
Demographic characteristics for these cases were summarized
in Table 10.

For the fourth research question, “Do the 1989 CDC
Guidelines (see Table 2) accurately identify MIDA in this
population?”, the data indicate that CDC Guidelines are more
accurate in detecting iron-deficiency than identifying
actual anemia. For the single case of MIDA at < 20 weeks
LMP, the HGB and HCT values were borderline, just above the
CDC cut-off values, although the MCV and MCH were abnormally
low and indicative of anemia. The CDC criteria missed this
case. For the single case of MIDA at 36 weeks LMP, the CDC
criteria identified this individual as anemic both at the 28
and 36 week LMP screens, indicating accuracy in detecting
some stage of iron-deficiency was present, although not
specific as to severity. 1In general, the CDC criteria
identified more cases of MIDA than were actually present by
this study's operational definition, and missed one case of
actual MIDA. Number of cases and rates of MIDA identified
by CDC Criteria were summarized on Table 9.

For research question five, “Is there a significant
relationship between demographic variables and MIDA?", the

rate of MIDA was too low to conduct any meaningful analyses.
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Table 10.

Case Comparison of Anemic Subjects: Demographic
= teristi

Demographic Case 1 Case 2
Variable @ < 20 weeks LMP @ 36 weeks LMP
Age 25 21
Marital status married married
Race Hispanic Hispanic
Insurance provider Medicaid Private
Pregnancy # 4 2
Parity 1 0]
Prior abortions/miscarriages 2 1
Interconceptual time interval 24 months > 36 months
DISCUSSION

Of greatest importance, this study discovered normal
values for red cell indices of healthy, pregnant women
living at 6,000 to 7,000 feet elevation. Table 6 summarizes
the raw data, and Table 7 summarizes data from the “normal”
sub-set. Table 7 is the first empirically derived table of
normal maternal red cell indices at 6,000 to 7,000 feet
elevation to appear in the U.S. literature. Cases
identified as anemic by the CDC Criteria were often
borderline or had only one abnormal value for MCV, MCH or

MCHC. These cases were probably representative of impaired
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iron status, although not fully anemic by the operational
definition. The sub-set of “normals” was created to
ascertain the most reliable mean and standard deviation
values for the healthiest women in the sample. In this
healthy population, there was no indication of a sudden
change in values between altitudes that might account for
poor outcomes of pregnancy or other phenomena.

Rates of MIDA were not determined for the altitude
interval of 6,000 to 7,000 feet due to the small number of
cases found (two) and sampling criteria that selected for
normal pregnancies. Approximately 80 percent of records
reviewed did not meet the sampling criteria. Late prenatal
care, age at conception (under 18 years old), smoking,
premature labor, multiple fetus pregnancy (i.e., twins),
change in domicile or inability to confirm the altitude of
the subject's domicile from available information excluded
many potential cases from the sample.

The 1989 CDC Criteria were not accurate in identifying
MIDA in this sample. The criteria detected iron deficiency,
but were inaccurate as to severity. One concludes that
these criteria are unreliable for the detection of MIDA in
populations at elevations between 6,000 and 7,000 feet.
Primary care practices utilizing CDC tables may be over- or
under-diagnosing MIDA, although the prudent practitioner
would be alerted to borderline or suspicious values

warranting further diagnostic investigation.
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The Starfield Model was effective in describing the
relationship between environment and the process of care,
and the relationship between environment and outcome. It
was also effective in giving direction to future research
efforts in the primary care context. For this study, the
model required a small refinement highlighting the
relationship between environment and process of care (i.e.,
the provider features of problem recognition and diagnosis).

Retrospective survey for retrieval of existing
longitudinal data was effective as a means of determining
normal RBC indices for normal pregnancies with good outcomes
at altitudes above 3,000 feet. Longitudinal data were
important in appreciating changes in laboratory values as
pregnancy progressed. Retrospective survey imposed
limitations on items of data available for study (i.e.,
demographic variables, clinical data), sampling criteria,
and upon the interpretation of findings.

Racial distribution patterns among the three sites were
radically different than reported state racial distribution
statistics (i.e., 50% non-Hispanic White, 40% Hispanic, 9%
Native American). The Taos sample was 84% non-Hispanic
White and only 16% Hispanic. There were no Native Americans
in the Taos sample although a major pueblo is located less
than 20 miles from the Midwifery Center. The Las Vegas
sample was 100% Hispanic. The Santa Fe sample was more
evenly mixed, but still reflected a higher concentration of

Hispanics than expected. For the pooled sample, non-
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Hispanic Whites (35%) and Native Americans (0.8%) were
under-represented, and Hispanics were over-represented
(63%). Surprisingly, there were more Asians (1.5%) than
Native Americans in the sample. The under-representation of
Native Americans in the sample is unclear, but might be
explained by the provision of free prenatal services to
registered Native Americans through the U.S. Public Health
Service (PHS). Primary care services were available at

individual pueblo PHS clinics, local public health clinics

and at the PHS hospital in Santa Fe. The unusual ethnic
distribution patterns in Taos and Las Vegas can be traced to
historic settlement patterns.

Legal and socioeconomic factors may explain the wide
differences noted in insurance provider categories from site
to site. Low numbers of cases with private insurance in the
Taos sample reflected the political and economic
environment. Few Taos businesses provided health insurance
benefits to employees. Although state Medicaid regulations
permitted direct reimbursement to Certified Nurse Midwives
in 1996, some third party payors did not. The absence of
health maintenance organizations reflected the small size
and relative isolation of the community. In 1996, the
Midwifery Center was one of four prenatal care provider
sites in Taos and the fee for prenatal care and delivery was
55% lower than fees charged by other providers. Certainly,
economic factors influenced the selection of prenatal care

provider in the Taos sample. Perhaps this finding reveals a
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social phenomenon that women who opt for midwifery services
or home birth are less likely to have health insurance, or
that there is strong financial motivation to select
midwifery services.

The Medicaid eligible statistics did not accurately
reflect the high reliance on Medicaid for prenatal care in
the Taos and Las Vegas samples. The State of New Mexico
provided special temporary medical assistance (through
Medicaid) and supplemental food programs (through W.I.C.)

for infants and pregnant women. The income criteria for the

temporary programs were more liberal than for the standard
programs. The “Medicaid eligible statistics” were
inaccurate in reflecting levels of poverty by county
(especially in Taos) and did not reflect the distribution of
funds for special programs targeting pregnant women.
Although the Medicaid eligible statistic indicated
similar levels of poverty in Taos and Santa Fe, per capita
personal income and poverty level statistics did not. The
discrepancies in insurance status at these two sites were
dramatic. These differences are explained by: a) the
dissimilar availability of health insurance benefits through
employers at each location; b) a difference in the number of
prenatal care options available at each location; and c)
practice policies which restrict the number of new clients
who rely on Medicaid. One must be mindful of differences in
services provided and type of practice. The Santa Fe OB/GYN

group practice routinely managed high-risk obstetric cases
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and required a doctor assisted hospital delivery. The Taos
midwifery practice routinely screened out (or referred out)
high-risk cases and provided midwife assisted home birth or
delivery in the home-like birth center. Planned hospital
delivery was not offered as a service to Midwifery Center
clients at that time. These features limited the clientele
at each site.

In Taos, the lack of RBC indices for the 28 and 36 week
LMP MIDA screens was attributed to a practice policy of
utilizing HCT only, due to the financial status of the
clientele. The Taos data for “insurance provider” imply
that 82% were at or below poverty level. This explains why
more thorough lab screening was not performed routinely.

In regards to interconceptual time interval, the
literature suggests that pregnancies be spaced by 18 to 24
months to allow for full recovery of maternal iron stores.
Subjects with interconceptual time intervals of more than 36
months were scored as zero (“0") for statistical analyses,
as these subjects were well beyond the danger period for
incomplete recovery of iron stores. The Taos sample was
exemplary in spacing pregnancies at least 18 months apart.
Without further research it is impossible to ascertain if
these women were financially motivated, health-consciously
motivated, or if this was merely a chance finding. One
recalls that in Taos 32% had no health insurance and 50%
relied on Medicaid. This group also had the highest

percentage of non-Hispanic Whites, and displayed the highest
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rate of abortion or miscarriage (47%). One might speculate
that a) these women more readily utilized legal abortion for
contraceptive failure or as a means of spacing pregnancies,
or b) the midwives had made an impact on decisions regarding
spacing of pregnancy through patient education.

There are three reasons why such low rates of MIDA were

found in this study. One is that subjects were in a state
of chronic hyperactive erythropoiesis pre-conceptually due
to altitude adaptation. The other reasons are selective
sampling, and retrospective design. Sampling criteria very i
effectively selected for apparently healthy women who
demonstrated healthy behaviors and had normal singleton
pregnancies with term deliveries. About eighty percent of
records reviewed failed to meet the sampling criteria.
Complicated pregnancies, unhealthy behaviors (e.g., smoking,
extreme age at conception, late prenatal care) and preterm
deliveries were intentionally screened out of the sample.
Retrospective design assisted in ascertaining normal
laboratory values utilizing pre-existing data for
traditional screening measures. Determination of normal
values is essential for recognition of pathologic deviation
(MIDA). Unfortunately, the sampling criteria suppressed
desirable information about abnormal laboratory values at
middle altitude. Prospective study design and liberal
sampling criteria would remedy this problem.

Although this study was unable to correlate demographic

variables with incidence of MIDA due to inadequate sample
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size, several prior studies have addressed this issue and
identified high risk groups. High risk groups have been
more aggressively studied than have normal populations in
differing environments, to the detriment of the knowledge
base. This study begins to address this gap in the
literature. Additionally, nutrition surveillance systems
are operational and one anticipates publication of the
NHANES III data for pregnant women.
Implications for Advanced Practice Nursing and Primary Care
APNs are encouraged to play an active role in changing
current protocols and practice policies related to MIDA
screening, diagnosis and management. Table 7 will provide
empiric evidence to assist APNs in justifying the need for
further diagnostic testing for pregnant women that live at
6,000 to 7,000 feet elevation and have borderline or clearly
abnormal values upon screening for MIDA. It is clear that
several conventional screening and diagnostic tests for
anemia are not valid during pregnancy or in populations
living at altitudes above 3,000 feet. Until a nationally
recognized authority revises standards of care and MIDA
screening guidelines for populations at altitude, health
maintenance organizations, Medicaid and managed care groups
will continue to refuse payment for “non-standard”
laboratory tests. If PCPs are limited to HGB an&/or HCT
screening for low-income or managed care clients, at least
they will now have some basis for suspicion of impaired iron

status, MIDA, and the potential for related complications.
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Until standardized tables for populations above 3,000
feet are available, practitioners are encouraged to revise
MIDA screens and diagnostic panels locally. Red cell
indices (CBC or hematology profile) may be considered the
minimum acceptable screen for populations above 3,000 feet
elevation. The addition of serum ferritin is prudent. For
borderline screen values (at or below the first standard
deviation below the mean) differential diagnostic testing
should include serum ferritin (if not included with the
screen), TS, TIBC and either FEP or RBC ZP in addition to
the usual folate and cyanobalamin (vitamin B,,). For
pregnant women, serum iron can be dropped from the standard
anemia profile as these values are ambiguous at best. While
awaiting results from diagnostic testing, APNs can initiate
a trial of oral iron supplements, confident that there is no
risk for iron toxicity and its related complications.

APNs can play a significant role in reducing MIDA
incidence and preventing complications related to MIDA. As
primary care providers, APNs can: a) select altitude-
appropriate screening and diagnostic tools; b) educate
prenatal clients about MIDA; c) promote the use of effective
post-partum contraception; d) promote change in local
protocols for MIDA screening, diagnosis and management; and
e) conduct small-scale MIDA and outcome studies for their
own practice. APN entrepreneurs can specialize in
preventative community education, case management, lecture

presentations for the academic and professional communities,
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and publication of articles in professional journals. APNs
in academic settings can enhance the education of future
nurses, APNs and PCPs by including MIDA education in the
obstetric portion of the curriculum. APN researchers can
approach local universities, state health departments,
existing prenatal nutrition surveillance groups, or existing
maternal and infant care projects for support of statewide
prospective MIDA studies. By networking, a regional network
and database could be formed in conjunction with prospective
studies.

Recommendations for Further Research

Although MIDA is not currently a “hot topic” for
research, the impact of managed care and outcome studies may
soon spur renewed interest. MIDA research provides an
excellent opportunity for multi-disciplinary cooperation in
expanding the knowledge base for Primary Care. APNs are
faced with a unique opportunity to take the lead in MIDA
research and make important scientific contributions.

The next step for research is to determine maternal
norms for red cell indices at altitudes ranging from 3,000
to 10,000 feet above sea level. Standardized tables
defining normal values for the traditional screening
intervals in 1,000 foot elevation intervals are greatly
needed. Simultaneous measures of MCV, MCHC, serum ferritin,
TS, TIBC and FEP are highly desirable. Longitudinal data
for these measures would assist in fully assessing iron

status and defining acceptable changes in individuals
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throughout pregnancy. Prospective longitudinal studies are
essential for clarifying acceptable laboratory values and
defining acceptable limits of net change in laboratory
values in individuals at landmark intervals throughout
pregnancy. Correlations of pregnancy outcome with these
laboratory measures may provide insight into causal
relationships or identify early indicators for poor
pregnancy outcomes. Funding for such projects may exist
within state public health departments or existing national
surveillance projects.

The second step is to assess the scope of the problem.
It is important to determine MIDA incidence rates
nationwide, by region, by state, and at various altitudes.
The NHANES III data may provide some answers. Prospective
longitudinal studies are still needed to assess the severity
of the problem at middle altitudes. To assure significant
gains in knowledge about MIDA, sampling criteria should not
exclude subjects under 18 or over 45 years old, smokers,
those who sought prenatal care after 20 weeks LMP, or those
with multiple fetus pregnancy. These subjects need to be
studied simultaneously, but separately as sub-groups.
Sampling criteria should assure that subjects a) have
achieved full physiologic adaptation to the specified
altitude level under study, b) do not spend significant
amounts of time at altitudes more than 500 feet higher or
lower than their domicile, and c) can verify the location

(altitude) of their domicile.
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The most difficult step is to determine the underlying
cause of MIDA. 1Is MIDA merely a phenomenon of poor
nutritional status in conjunction with the physiologic
stress of adaptation to pregnancy? One wonders if there is
a genetic hematopoietic factor related to ethnicity or race
that makes certain groups high risk for IDA, or if high
incidence in particular groups really due to socioeconomic
status or other underlying factors. Data from Blacks
indicates a genetic difference in hemoglobin production.
Why has IDA incidence in Hispanics jumped so dramatically?
Is this a phenomenon of sampling, an increase in the
Hispanic population, or is there a genetic reason for this
finding? The isolation of demographic variables will
require sophisticated research methods and complex data
analysis techniques. It would be helpful to know the
weighted value of particular demographic variables (i.e.,
socioeconomic status, interconceptual time interval, race,
age) .

The revision of guidelines for routine MIDA screening
is long over-due. Throughout the literature, experts in the
field (Bothwell, Bull & Hay, Charlton, Cook, DeMaeyer,
Johnson, Yepez, Yip) agree that HGB and HCT are poor
measures of maternal iron status. Considering the advances
in laboratory technology in the past 25 years, it is time to
abandon these crude measures. For 15 years, numerous
investigators have promoted the use of serum ferritin, TS

and serum transferrin receptor as more sensitive indicators
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of maternal iron status, yet these measures are not
addressed by nationally recognized authorities responsible
for setting standards for prenatal care. There are so many
variables affecting HGB values that results are ambiguous at
best. In the primary care context, it is extremely
cumbersome to calculate multiple "correction factors" for
each patient to obtain meaningful results. The technology
exists to support the formulation of new straightforward
standards for evaluating iron status in pregnant women.
Serum ferritin shows promise. The development of simple,
inexpensive tests for serum ferritin, TS and transferrin
receptor designed for use at primary care sites would be
beneficial.

The challenges of revising standards of care and
developing new guidelines for MIDA screening and diagnosis
remains. An addendum to current standards and guidelines
that addresses known variations at altitudes above 3,000
feet would be valuable. The empiric evidence in this study
suggests that there is minimal variation in mean values for
red cell indices within the altitude interval of 6,000 to
7,000 feet. Therefore, a single standard could be applied
to the entire thousand foot interval. 1In these days of
managed care, it will be important to substantiate the cost-
effectiveness of the new screening profile. 1In order to
encourage changes in third party payor policies, a
nationally respected authority (i.e., ACOG, the American

Academy of Pediatrics or perhaps the World Association of
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Perinatologists) must endorse revisions for a) a consensus
definition of MIDA, b) standards of practice for prenatal
care, and c) guidelines for MIDA screening and diagnostic
profiles MIDA that apply to populations residing between sea
level and 10,000 feet elevation.
SUMMARY

Although maternal iron deficiency anemia is the most
common complication of pregnancy, little research has been
done at altitudes above 3,000 feet. Recognition of MIDA at
elevations above 3,000 feet is complicated by compensatory
relative polycythemia, presenting a dilemma for APNs in
primary care. Normal elevations in RBC count, HGB and HCT
in altitude acclimated individuals can potentially mask
anemia when relying upon traditional screening measures to
evaluate iron status, especially in pregnant women.
Empirically derived altitude-adjusted reference tables for
maternal norms of RBC indices and specific recommendations
for MIDA screening in altitude-induced polycythemic
populations could not be found in the existing literature.

The Starfield Model of the Health Services System
served as a conceptual framework. Starfield's Model
adequately addressed the primary care provider issues of
problem recognition and diagnosis. The model required
refinement regarding the impact of environmental factors
which may alter conventional diagnostic indicators to the

point of obscuring the suspected disease.
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Existing data were extracted from 132 medical records
of pregnant women that lived at altitudes ranging from 6,000
to 7,000 feet elevation. Only two cases of MIDA were found
because sampling criteria selected for normal pregnancies.
The 1989 CDC Criteria were unreliable in detecting MIDA.
Mean, standard deviation and range values for RBC indices at
the traditional prenatal screening intervals were found for
healthy pregnant women upon eliminating cases of MIDA and
cases of borderline or impaired iron status identified by
CDC Criteria. Rates of MIDA incidence and correlations of
MIDA with demographic factors could not be calculated due to
the low rate of MIDA found.

APNs in communities located above 3,000 feet were
challenged to revise their individual practice protocols and
promote local revisions of MIDA screening and diagnostic
panels to reflect altitude-appropriate measures. CBC (or
hematology profile) and serum ferritin were recommended as
the minimal MIDA screening tools for populations at middle
altitude. Nationally recognized authorities were challenged
to revise the definition of MIDA, screening guidelines and
standards for prenatal care to include populations residing
at altitudes from sea level to 10,000 feet elevation.
Research leading to the development of standardized tables
for maternal norms of iron status indicators for altitudes
ranging up to 10,000 feet was encouraged. Other suggestions
for further research included: a) determination of efficacy

and cost-effectiveness for specific maternal iron
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indicators; b) determination of weighted values for
demographic risk factors; and c) the development of
assessment tools for serum ferritin and transferrin

saturation for use in Primary Care facilities.
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