Iron needs during pregnancy: do we need to rethink our targets?'-3

George H Beaton

ABSTRACT This paper argues that current estimates of theéron needs in pregnancy can be met from dietary sources alone,
need for absorbed iron, estimates of iron absorption, and henaven if the iron source has very high bioavailability. Second, that
estimates of iron requirements for preghant women greatlyunless stores of about 500 mg are believed to exist before preg-
depend on what is determined as the desirable or target hemancy, administration of iron supplements may be indicated if
globin concentration (goal). The existing goal appears to b@énpairment of the expected increase in hemoglobin mass is to be
based on the maximal hemoglobin concentration that can bavoided,” a view also expressed by Bothwell (1).

achieved with iron supplementation of well-nourished women; The 1988 FAO/WHO committee (3) made a new and impor-
this is a situation that can be expected to minimize iron absorgant contribution to the discussion of iron requirements when it
tion efficiency. | am unaware of attempts to define hemoglobirrecognized and estimated needs for different criteria of require-
or anemia goals based on functional criteria (health of infant oments. Specifically, the committee offered estimates of dietary
mother). The current approach may seriously overestimate iromon needs for the prevention of anemia and for the mainte-
need and discourage food-based programs; furthermore, it mayance of unconstrained hematopoiesis as an indicator that all
declare operational iron supplementation programs to be failurgsinctional needs for iron were met. The committee explicitly
when, in fact, many programs may be successful in preventindeclined to consider needs for the establishment and mainte-
functional effects of iron deficiency anemia. This is illustratednance of iron stores. Although viewed as desirable, “the esti-
with data from a completed comparative study of daily andmated levels of dietary iron needed to achieve such a state in all
weekly iron supplementation. The final plea is to set aside existsut the most highly bioavailable diets are very high. Thus . . .
ing traditions and, instead, attempt to develop functional criteriat was deemed to be more appropriate to estimate the dietary
for anemia and establish functional goals of hemoglobin concemeeds to prevent anemia as the second level of requirement.”
trations to be achieved during pregnancy. Am J Clin Nutr  This, and the above assertion that direct iron supplementation

2000;72(suppl):265S-71S. during pregnancy is needed unless the preexisting iron store is
~500 mg, indicates clearly that the 1988 FAO/WHO commit-

KEY WORDS Iron, anemia, requirements, pregnancy, sup-tee (3) was resigned to the apparent need for routine iron sup-

plementation, hemoglobin plementation in pregnancy. Although | chaired both of the

above committees, | admit to being very concerned that epi-
demiologic evidence, even just as a tool for validation of the

INTRODUCTION factorial models, was not formally considered in the delibera-

In this supplement, Bothwell (1) provides a good overview oftions. The exception was Hallberg et al's (4) work showing that
current thinking about iron requirements during pregnancy. Théhe amount of iron lost in menstruation, which is the major
factorial estimate of body iron needs during pregnancy hasource of variation in absorbed iron requirements between
changed very little since the early 1970s when the Food andomen, could be related to the likelihood of anemia in Scandi-
Agriculture Organization of the United Nations and World navian women. This omission remains a serious issue that war-
Health Organization (FAO/WHO) committee addressed ironrants discussion and perhaps dictates a need for reconsidering
requirements for pregnant women (2). The factorial approackhe published estimates of iron requirements of pregnant
adopted in 1977 was again applied by a second FAO/WHO conwomen, as well as for other groups, particularly as experience
mittee in 1988 (3). The only major change in th& decades in developing countries increases. The objective of this paper is
between the first and second FAO/WHO reports was a considete try to raise awareness of this unmet need and to urge that
ably lower reported estimate of the amount of dietary iron thaserious attention be directed to it.
could be expected to be absorbed by the body. The estimated
amount of absorbed iron was decreased from an assumed 2(
absorption by iron-replete individuals consuming a high-avail-
gbility diet and maintaining iron _sto_re_s at con_centrations stateversity of Toronto, Canada.
in the 1970 report te=7.5% for individuals with comparable 2Presented at the meeting Iron and Maternal Mortality in the Developing
iron stores in the 1986 report; dietary iron needs were propolporid, held in Washington, DC, July 6-7, 1998.
tionately increased. This led the 1988 FAO/WHO committee tC  3Reprints not available. Address correspondence to GH Beaton, 9 Silverview
declare 2 further positions. First, that it is extremely unlikely thaiDrive, Willowdale, Ontario, Canada M2M 2B2. E-mail: g.beaton@utoronto.ca.
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Factorial approaches in estimating nutrient requirements arTABLE 1
useful. Nevertheless, an attempt must be made to validate ttEstimated costs of absorbed iron in a normal full-term pregrtancy
assumptions and targets implicitly included in such approache:gioq costs

Rush (5) correctly challenged some of the public health nutri  gasaj losses from body Generally taken as being equivalent to
tion community’s hard-held—but poorly documented—nbeliefs, those of nonpregnant women. Average
and rightly pleaded for careful, open-minded reconsideratior loss = 0.8 mg/d or 220 mg/pregnancy.
of the evidence on which the constructs have been built. Suc Fetal deposition Full-term fetus contain®90 mg Fe.

an objective examination might lead to confirmation of exist- The rate of deposition varies with

ing positions, but it is also quite possible that a different posi- stage of pregnancy. Total iron

deposited depends on birth size.

tion could emerge that would have profound bearings on sug i )
Placenta Estimated to contair25 mg Fe

plementation programs in developing countries. Question: including entrapped blood
should be asked about current definitions of goals anc g o 4 oocie 220 + 290 + 25 = 535 mg'
approaches in estimating iron requirements during pregnanc\iaple cost

Two key components of the factorial model warrant close gxpansion of red cell mass ~ Taken as iron needed to achieve an

examination in determining iron requirements during preg- average hemoglobin concentration of
nancy: first, the estimates of dietary iron bioavailability, which ~130 g/L at the end of

are not unique to pregnancy and, second, the target hemogl pregnancy = 500 nig

bin concentration and, therefore, target hemoglobin mass i Total cost 535 + 500 =1035 mg

pregnancy. Most of the argument in this paper addresses tt  'From reference 3.
currently accepted targets for hemoglobin concentrations dur  *Well-nourished women given iron supplements throughout preg-
ing pregnancy and their implications. It is at least possible, ithancy can achieve an average hemoglobin concentration approaching
not probable, that iron supplementation interventions are dri 130 g_/L. This was the assumed target hemoglobin concentration for the
ven by the myth and assumption that bigger is better. Indee(actorial model of absorbed iron requirements.
the evidence supporting current target hemoglobin concentre
tions in pregnancy is adequately summarized in the Food an
Nutrition Board (6) report on nutrition during pregnancy. Dis-
cussing the hematologic findings of iron supplementationvides a distinction between the fixed and the variable costs of
studies, the report describes unsupplemented women as “faikbsorbed iron during pregnancy. The former includes body
ing to meet their potential” and assumes that this is undesirexcretory losses and iron deposited in the fetus and pregnancy-
able. The report states the underlying premise as, “iron admirassociated tissues, whereas the latter includes the cost associ-
istration, regardless of dose, will not raise hemoglobinated with expansion of the red cell mass. Designating a variable
concentration in the absence of deficiency.” It further specifiexost to red cell mass expansion would not have been acceptable
that “the acceptable goal for iron nutrition during pregnancy igo the members of either of the FAO/WHO committees who
simply to avoid progression beyond low iron stores to stageaddressed iron needs (2, 3). It should be emphasized, however,
of impaired hemoglobin production.” This, of course, is thethat few data exist to establish a link between filling the fixed
inferred situation when hemoglobin concentrations are beloveost compartment, and relative filling of the variable cost com-
the individual's potential maximum concentration and, at apartment as marked by maternal hemoglobin concentration. The
group level, hemoglobin is responsive to iron supplementaexception is in severe anemia, which is usually considered as a
tion. Conventional cutoffs are defined based on an assumdtemoglobin concentration <70 g/L (6-8). In the presence of
person-to-person variation in these maximum concentrationsevere anemia, several findings are generally accepted as asso-
A potential for functional effects at this cutoff is mentioned in ciated with the anemia and are seen as serious functional out-
the Food and Nutrition Board report. However, the only docu-comes, although Rush (5) has challenged the causal linkage in
mented functional effects in mothers or infants actually citedsome of these associations.
are at hemoglobin concentrations far below the accepted cut- The costs of absorbed iron shown in Table 1 refer to estimates
off used to define anemia in pregnancy. This construct of estief absorbed iron utilization, including iron that may be drawn
mating iron needs for real-world situations is challengedfrom stores, and are not estimated dietary needs. If only 5% or
below. 10% of dietary iron is available for absorption, which reflects
If a need to achieve maximal potential hemoglobin concentraestimates often applied to typical diets in many developing
tions can be supported with convincing evidence, then the argwountries that are low in iron absorption promoters and some-
ments of this paper evaporate. Without such evidence, and unleBmes high in known inhibitors, then dietary iron intakes of
the bigger-is-better dictum is accepted, iron needs in pregnancy20-40 mg/d would be needed to meet fixed costs. An equal
may be seriously overestimated. This has unfortunate implicaeamount of iron would also be needed to provide for red cell mass
tions, particularly for the developing world. expansion. The actual situation is even more serious because iron
is not utilized at the same rate throughout pregnancy. Shown in
Table 2 are the calculated implied dietary iron needs, with iron

HEMOGLOBIN CONCENTRATION TARGETS AND THE utilization expressed per day by trimester of pregnancy, based on

FACTORIAL ESTIMATE OF IRON REQUIREMENTS the dietary iron bioavailability data provided in the FAO/WHO
The costs of absorbed iron in pregnancy, as estimated by threport (3).

1988 FAO/WHO committee, are shownTable 1 (3). Although Depending on dietary iron bioavailability, the data in Table 2

some individuals may quibble about some of the numbers, thehows that apparent dietary iron needs in the third trimester of
numbers have attracted broad consensus support. Table 1 ppregnancy could be60-125 mg/d in developing countries. Even
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TABLE 2
Estimated rates of iron utilization during pregnancy and implied dietary 'needs

Implied dietary need by absorption degree

Trimester and component of use Need for absorbed iron 5% Absorption 10% Absorption 20% Absorption
mg Fe/d mg Fe/d
First trimester
Basal 0.8 16 8 4
Fetus and placenta 0 0 0 0
Red cell mass 0 0 0 0
Total 0.8 16 8 4
Second trimester
Basal 0.8 16 8 4
Fetus and placenta 0.8 16 8 4
Red cell mass 2.7 54 27 14
Total 4.3 86 43 22
Third trimester
Basal 0.8 16 8 4
Fetus and placenta 2.7 54 27 14
Red cell mass 2.7 54 27 14
Total 6.2 124 62 32

1Assuming a 55-kg woman. Data from reference 3.

in a Western setting, with high-iron-availability diets rich in ani- tion in response to body iron need, just as such a system operates
mal products and low in iron inhibitors, the apparent iron needn nonpregnant subjects. In retrospect, Heinrich’s subjects were
might be~=30 mg/d. Such amounts are unlikely to be achievedalmost certainly iron depleted by today’s conceptual framework.
through the diet by any woman. Committee after committee hashis, too, would operate to increase iron absorption.
admitted that it is estimating iron requirements that cannot be met An earlier study by Hahn et al (10) estimated iron absorption
through diet and, therefore, implicitly or explicitly, is recom- during pregnancy as a function of both dose amount and stage
mending pharmaceutical supplementation. Bothwell (1) is moref gestation. The results are illustratedrigure 1 as percent-
optimistic about iron amounts that might be absorbed from thage of iron absorbed and absolute amount of iron absorbed. Iron
diet during pregnancy, but he still concludes that dietary irorabsorption increases, with the stage of pregnancy as iron needs
alone would be insufficient to meet the needs of absorbed irorincrease. Percentage iron absorption decreases as the supple-
With dietary requirement estimates as high as those suggestedrirent dose increases, but the absolute absorption also increases,
Table 2, even fortification cannot be expected to meet such intakehich is a well-known and widely documented phenomenon in
targets. The possible exception would be when iron fortificatiomonpregnant subjects.
increases stores in nonpregnant women to an extent sufficient to The corollary of this portrayal is that at maximum potential
substantially subsidize the cost of a pregnancy (2). hemoglobin concentrations, reflecting perhaps maximal absolute
The current numeric estimates of iron requirements during@bsorption, the expected efficiency of iron absorption is low. Thus,
pregnancy drive public policy in a very direct way. Neverthelessa high target iron utilization or high target hemoglobin concentra-
one must ask whether these estimates are justifiable. If it is cotion can be expected to increase dietary iron needs disproportion-
rect to classify the hemoglobin mass expansion as a variabkgely. There is a maximal hemoglobin response in pregnant women,
rather than a fixed cost of pregnancy, then the question must Iz is illustrated ifrigure 2, which is based on data in the Food and
asked, Does it really matter whether women achieve maxima\utrition Board report (6). Note that among supplemented women,
potential hemoglobin concentrations? the group mean hemoglobin concentration increases slightly with
There are 2 reasons the target hemoglobin concentration @ose, but the change is quite small. Note also that across these sev-
so important. First, the target hemoglobin concentration aneral studies, the unsupplemented control groups had mean hemo-
the total estimate of the physiologic need for absorbed iron arglobin concentrations in the range of 110-120 g/L compared with
obviously linked. Second, if enough iron is introduced into the1l25-130 g/L achieved in the supplemented groups. The question is,
body to achieve current target hemoglobin concentrationsls there evidence that a 5-15-g/L difference in group mean hemo-
then the efficiency of iron absorption must also be reducedglobin concentration is functionally important? This is one of the
which would increase the dietary iron intake needed to maineritical questions raised by Rush (5).
tain this adequate status. Simple calculationsAppendix A) suggest that for every 10-g/L
Consider iron absorption in pregnancy. In 1968 Heinrich et athange in hemoglobin concentration in the last trimester of preg-
(9) estimated the absorption of radioactively labeled iron inmnancy, there is a difference fL75 mg in the estimate of utilized
women at various stages of pregnancy. In these studies, the ragen (eg, estimates in Tables 1 and 2). This would represent a sub-
ulated capacity to absorb iron increased dramatically duringtantial difference in estimated dietary needs; a difference of
pregnancy in parallel with the demand for iron. The estimate®-15 g/L in hemoglobin concentration might be equivalent to
absorption of a test dose rose from 40% in the fourth month t85-260 mg Fe. Because it is likely that iron absorption decreases
90% in the ninth month. The main contribution of this study wasas the target hemoglobin concentration increases, there can truly
to show the existence of a functioning regulation of iron absorpbe a dramatic effect on dietary iron requirements. To suggest that
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FIGURE 1. Absorption of iron as a function of dose and stage of gestation. The left panel shows the efficiency of absorptionggainelri
shows the absolute amounts of iron absorbed. Together, the panels illustrate the existence of an imperfect regulatiosoopticon gdverned by
relative need for iron (stage of pregnancy) and load presented in the gut (dose). As dose increases in any stage oftpregfficiecyyt of utiliza-
tion falls sharply (left panel), but the total amount of iron absorbed increases (right panel). Data from references 6 and 9.

the increase in hemoglobin mass should be sufficient, at least supplemented women who are already deemed to be healthy and
match the expected blood iron loss at delivery, is reasonable (8)ell nourished. Increasingly, anemia and now iron depletion
Estimates for this have ranged freai50 mg Fe t&500 mg Fe  without anemia are defined by values of iron status indexes and
(2, 3, 6, 8). If an arbitrary mean blood loss of 300 mg is assumediemoglobin concentrations that can only be achieved with phar-
and this is set as the target increment in circulating hemoglobimaceutical supplementation, even in otherwise apparently
iron, the implied target group mean hemoglobin concentratiorhealthy and well-nourished populations. This is the historical
would be=110 g/L. This is much lower than the existing target medical-biochemical approach to confirming a diagnosis of iron
mean hemoglobin of 130 g/L and is lower than the mean hemanadequacy and estimating iron intakes needed to prevent
globin reported for unsupplemented women in Figure 2. If a tardefined inadequacy. A second way to define anemia or iron
get mean concentration is set at 110 g/L, then the statisticallgepletion is to measure the hemoglobin concentration in popu-
defined cutoff 2 SD) might be between 90 and 95 g/L, which lations accepted as healthy—ie, individuals without signs of
is well below the widely applied cutoff of 110 g/L. The only firm iron depletion. The latter definition is the standard clinical
point to be made from this is that both a basis and a rationale exishemistry approach to defining what is normal or abnormal,
for reconsidering target hemoglobin concentrations. Such recor{atypical) concerning iron status. Both the medical-biomedical
sideration would seem to need an external marker of functionand clinical chemistry approaches have considerable support
adequacy. Without such a marker, the arguments are largely cifrom tradition and neither approach, by itself, is appropriate;
cular—if the goal is set higher, more iron is needed; if more irorthus, both approaches must be examined critically. Before advo-
is given, higher hemoglobin can be achieved, but the human bodyating what must be seen in physiologic and epidemiologic
may not need it. terms as extreme intervention measures of iron supplementation
in the developing world, public health nutritionists need to ask,
Does achieving the reference hemoglobin concentration during
OBSERVED HEMOGLOBIN CONCENTRATIONS IN pregnancy really matter? Is it a valid goal that warrants the
DEVELOPING COUNTRIES action being proposed? Such questioning should serve to focus
The current WHO (7) criterion for defining anemia during greater attention on the contribution of iron to moderate and
pregnancy is shown iRigure 3 along with the US Centers for severe anemia, for which there appear to be well-documented
Disease Control and Prevention (CDC) reference curve, whickunctional associations. This is not to detract from the impor-
is based primarily on hemoglobin concentrations of suppletance of reducing the burden of moderate and severe anemia, but
mented north European women (11). CDC suggested that thanly to question the importance of mild anemia.
WHO criterion be modified to allow for the dip in hemoglobin  An examination of the experience gained from weekly and
concentration midpregnancy. Perhaps more important than thamily iron supplementation is currently underway by Beaton
position of reference concentrations at different stages of pregnd McCabe (GH Beaton and G McCabe, with the assistance
nancy is the recognition that both of the WHO and CDC referand advice of S Zlotkin and R Yip, “Efficacy of Intermittent
ences portrayed in Figure 3 are based on observations of irofron Supplementation in the Control of Iron Deficiency Anemia
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160 programs (12-14). Hallberg (15) expressed doubt that sufficient
M supptemented iron could be provided by weekly dosing. As is often pointed
[Junsupplemented out, the most important concern in programs has been compli-

ance in pill-taking behavior, and there is little to suggest that
compliance will be better with weekly dosing than with daily
dosing under operational program conditions. This complicates
*************************************** any inferences that might be drawn from the current efficacy tri-
120 als analyzed by Beaton and McCabe. Rather than accept that
iron supplementation, daily or weekly under operational condi-
tions, is a general failure, a different argument is put forward

here for consideration:
100

Hemoglobin concentration (g/L)

1) Both daily and weekly iron supplementation work in effi-
cacy trial settings because the actual iron provided, gener-

80 | ally 60 mg Fe/d or 120 mg Fe/wk, is substantially greater
30 65 65 105 200 200 200 than needed. A smaller daily dose might also work just as
Supplement dose (mg/d) well.

2) If the views expressed by critics are correct, ie, that weekly dos-
ing cannot supply enough iron, then daily dosing would be
expected to have a much higher differential benefit than has
been seen. | would expect that a higher absolute level of iron

FIGURE 2. Relation between concentration of iron supplementation
and circulating hemoglobin concentration in healthy pregnant women.
Note the absence of any major dose-response effect over this dose range. - L S
Note also that the supplemented women reached an average hemoglobin ad.mlnls.tratlon in the.presence of regulated .absorptlon n a'ne-
concentration of 125-130 g/L, whereas the unsupplemented groups had MiC subjects would give the advantage to daily dosing. A major

average hemoglobin concentrations of 110-125 g/L. The data suggest advantage was not a seen consistently, however, when the group
that for most groups, iron supplementation raised hemoglobin concen- mean hemoglobin concentration, adjusted for initial hemoglo-
trations by=5-15 g/L."” Sustained-release forrii;2 X 100 mg/d. Data bin concentrations, was the outcome measure. A highly consis-
from reference 6. tent finding seen across 22 trials of children, adolescents, and
adult pregnant and nonpregnent women, was that the post-inter-
vention risk of being anemic (judged by WHO criteria) was
higher in the weekly than daily supplemented group.
in Developing Countries: An Analysis of Experience. Final 3) This line of argument may imply that reference hemoglobin
Report to the Micronutrient Initiative,” unpublished observa- targets have been set too high and that regulated iron absorp-
tions, April 1999). Preliminary analyses from 3 pregnancy tion favors uptake from the weekly iron dose to meet physi-
studies, 2 in Indonesia and 1 in Africa, offer some salient ologic needs. At the same time, high absorption from the
results. With a pool of >1100 pregnant women randomly daily iron dose is not facilitated to the same degree as the
assigned to receive 1 of 2 modes of iron dosing, the data weekly iron dose and may actually be inhibited by the regu-
showed with reasonable assurance that daily supplementation latory system. Both daily and weekly iron doses would be
was better than weekly supplementation. Nevertheless, it was seen as providing more iron than actually needed. The final
also possible to suggest that the difference was so small inference would be that more realistic hemoglobin targets
(adjusted postsupplementation mean hemoglobin concentra- need to be adopted. Perhaps these targets could be based on
tions of 112 g/L compared with 110 g/L) as to be programmat- the concentrations seen in apparently well-nourished but
ically meaningless. This, however, is not the issue to be dis- unsupplemented women (8).
cussed at this time. More interesting, in the present connotation,
are the final prevalence figures for anemia (hemoglobin <110 An alternate explanation that cannot be disregarded is that a
g/L): 51%, 57%, and 22% in the 3 pregnancy studies. If the crisubstantial part of observed anemia is not iron responsive (16).
terion for defining anemia was reset at 90 g/L, which is theThis could account for the high numbers of women with residual
point at which current opinion suggests functional conseanemia observed in these pregnancy studies.
guences of low hemoglobin concentrations may begin to Still another explanation has been recognized and given recent
become apparent, the prevalence figures become 0%, 9.3%, aptbminence. This argument states that it is impossible to nor-
1.4% in the 3 studies, respectively. malize hemoglobin concentrations during pregnancy, regardless
Because it has been deemed unethical to withhold iron sumf iron dose or mode of administration, unless substantial pre-
plementation during pregnancy, none of these pregnancy trialsonception iron stores exist (1). This hypothesis suggests that
included placebo control groups. As a result, judging true effipreventive supplementation of all women of reproductive age be
cacy is not possible, and the 2 modes of iron administration canndertaken before pregnancy. It is not yet known whether this
only be compared. In the Beaton and McCabe review (unpubaould be an effective approach, and it is certainly not known
lished, 1999), an important question is, Were any of the iron supwvhether achieved benefits would justify the cost and effort of
plementation programs effective or should weekly iron dosing b@repregnancy supplementation. Much would depend on the
considered just as ineffective as everyone claims daily dosing tavailability of evidence relating hemoglobin concentration dur-
be? Bothwell (1) expresses serious doubt about the effectiveness) pregnancy to functional outcomes.
of weekly supplementation, citing the failure of scale-up effica- Separate from the assessment of daily compared with weekly
cious daily supplementation pilot studies to operational fieldiron supplementation, or even the proposal for preventive sup-
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FIGURE 3. Reference hemoglobin concentrations in pregnancy. The horizontal line at 110 g/L represents the World Health Organigtion (WH
cutoff that has been in place 825 y and is now the most widely used criterion for anemia in pregnancy. The other pair of curved lines represent data
from reference 11 based on studies of hemoglobin concentrations in iron-supplemented northern European women, complerdataex ety
pregnancy gathered in the United States. The upper curve represents the estimated group mean hemoglobin concentratiuaowesreas/e rep-
resents the 5th percentile of the hemoglobin distributions, assuming an SD of 9 g/L (Ray Yip, personal communication, 1998).

plementation, are 3 issues that should be examined very car@tional infrastructure is not making supplements available on
fully before intervention programs are planned: a continuing basis. If we continue to press the above asser-

tions, we are likely to convince program planners and others

1) Are operational programs now being declared as failure§hat—even more than they now suspect—the problem of iron
when instead they should be seen as successes? def|C|enCy anemia In pregnancy IS |nsurm0untab|e. Un]us“-

2) Are iron requirements being overestimated and the potentidied claims for high (perhaps unreachable?) hemoglobin con-

for diet-based approaches being underestimated and, thus, 4§
there a continuing insistence that relatively high-potencyu
pharmaceutical preparations be mandatory? In

ntration targets are counterproductive and the public health
trition community must find a way to break out of the box
which they have placed themselves. Rush (5) has given us

3) Has the picture of iron deficiency anemia in pregnancy becomt€ impetus that is collectively needed, and I thank him most

so distorted that it is now viewed as an insurmountable problemsincerely for doing so.

CONCLUSION

This paper ends as it began, with questions to be answered
rather than with answers to be questioned. Emphasis was given to
a point about which | feel very strongly. Public health nutritionists
seem to have gotten caught up in the thinking that if a response, ie,

an increase of hemoglobin concentrations in healthy populations,;

can be induced by giving what are, in physiologic and epidemio-
logic terms, incredible concentrations of pharmaceutical supple-

ments, then it must be beneficial and that thus there is a moral and.

scientific obligation to advocate such a program.

| truly fear that we have managed to get ourselves and our>:

research priorities very mixed up. The public health nutrition
community must look hard at the evidence supporting the
assumption that mild anemia in pregnancy has any functional
significance. Without such evidence, I think it is scientifically -
unjustifiable—and perhaps immoral—to continue to claim
that existing programs of iron supplementation are failing.
The exception is in those cases that have shown that the oper-
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