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Nutritional Anemia and Megaloblastosis in Pregnancy
LOUIS LOWENSTEIN, M.D., LAUDER BRUNTON, M.D. and

YANG-SHU HSIEH, M.D., Montreal

ABSTRACT

Macrogranulocytic and/or erythroid megalo¬
blastic bone marrow changes which could
not be accurately predicted from the
hematologic findings in the blood were

present in 25% of 305 mildly to moder-
ately anemic pregnant women attending
a public antepartum clinic in Montreal.
Iron deficiency was the primary cause of
anemia in most instances. Serum folate
activity of less than 4.1 ng./ml. and/or
serum vitamin B12 levels of less than 100
pg./ml. were present in 90% of the 77 pa¬
tients having these bone marrow changes,
whereas approximately one-third of 228
patients with normoblastic marrow had
these low values. Red cell folate did not
correlate as well as serum folate activity
with bone marrow changes. After treatment
with oral folic acid in the range of 0.2
mg. to 0.8 mg., daily, for seven to 14 days,
the megaloblastic and macrogranulocytic
changes in patients with low serum folate
activity and normal serum vitamin B12
values disappeared in 15 of 21 patients.
Of five women having both low folate
and vitamin B12 values, three failed
to respond and two showed only partial
improvement after 0.4 mg. of folic acid
daily, per os, for 10 days. The average diet
of these anemic women was suboptimal in
folate and in iron.

MEGALOBLASTIC anemia is a common com¬

plication of pregnancy in certain tropical
regions.1*11 Until recently, the development of
megaloblastic anemia was considered a rare com¬

plication of pregnancy or the puerperium in tem-
perate areas.1215 With the recognition that mild
to moderate anemia with transitional megaloblastic
changes in the bone marrow occurs much more

frequently than the severe form with classical
megaloblastosis, the reported incidence has con¬
tinued to rise.16'22 These mild to moderate forms
often can only be diagnosed from megaloblastic
changes in the bone marrow.16'23'25'26 In fact, these
morphologic changes may exist in the absence of
anemia and almost invariably are indications of
maternal deficiency of folate and/or vitamin B12.25, 26

SOMMAIRE

Des modifications macrocytaires et megalo-
blastiques de la moelle osseuse, qui
n'auraient pu etre pr£vues a partir des
donnees des analyses hematologiques,
etaient presentes chez 25% des 305 femmes
enceintes, souffrant d'une anemie benigne
ou moderee, qui frequentaient une clinique
publique pour femmes enceintes de
Montreal. Dans la majorite des cas, l'insuffi-
sance de fer etait la cause principale de
l'anemie. On a trouve dans le serum une

activite en folate, inferieure a 4.1 ng./ml.
et des concentrations seriques en vitamine
B12 inferieures a 100 pg./ml. (ou Fune des
deux deficiences) chez 90% des 77 femmes
qui presentaient des modifications de la
moelle osseuse, alors que le tiers environ
des 228 femmes a moelle normoblaste
avaient ces valeurs d£ficientes. L'activite en

folate des erythrocytes ne correspondait pas,
aussi bien que l'activite en folate du serum,
aux changements de la moelle osseuse.

Apres traitement per os a l'acide folique, aux
doses de 0.2 a 0.8 mg./jour, pendant sept
a 14 jours, les modifications megalo-
blastiques macrocytaires observees chez des
sujets ayant une faible activit£ en folate
serique et des concentrations seriques
normales en vitamine B12 ont disparu chez
15 femmes sur 21. Des cinq femmes qui
avaient a la fois une faible teneur en folate
et en vitamine B12> trois ne r^agirent pas
au traitement et deux furent partiellement
ameliorees apres 0.4 mg. d'acide folique
per os, pendant 10 jours. Le r^gime
alimentaire moyen de ces femmes ane-

miques etait a la limite de la deficience en

folate et en fer.
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In temperate climates, most pregnant women
with this disease have responded to large (5 mg.
or more) doses of folic acid,1621 whereas satis¬
factory response to vitamin B12 has occurred less
frequently.34 When it did occur, massive doses of
vitamin Bl2 often were required, and in some
instances the response even to these massive doses
was incomplete.16' 26>32 In certain areas of the
tropics, however, satisfactory response has been
obtained with small doses of vitamin B12.32

In 1955 it was suggested that deficiency of folate
and, less frequently, of vitamin B12 was responsible
for the development of megaloblastic anemia in
pregnant women attending the antepartum clinic
of the Royal Victoria Hospital in Montreal16 and
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that the diet of many of these patients was deficient,
particularly in folate. In the last several years, a
number of workers have performed microbiological
and biochemical studies to test this hypothesis.

Several theories have been advanced as to the
pathogenesis of megaloblastic anemia of pregnancy.
There is, as yet, no general agreement as to the
basic mechanism involved in this condition, owing
to the wide variation in the population groups
studied and the large non-specific doses of folic acid
or vitamin B12 which have been used. Also, it has
not been determined finally whether the established
normal values for microbiologic and biochemical
assays of these vitamins or their metabolites apply
in pregnancy.25'34> 40

Past observations have shown that folate and/or
vitamin B12 deficiency may exist for some time,
with low serum microbiological values only, before
megaloblastic bone marrow changes and subsequent
anemia develop. If megaloblastic anemia of preg¬
nancy follows exhaustion of the body stores due to
inadequate diet in the face of increased require¬
ments, then microbiological evidence of deficiency
of folate and/or B12 might be expected to occur
more frequently than overt megaloblastic anemia.
Moreover, the development of megaloblastic anemia
should correlate well with low levels of folate and/
or B12 and would represent a more severe state of
deficiency than the presence of low microbiological
values alone.
The present report records observations on 305

consecutively studied anemic pregnant women who
attended the antepartum clinic of the Royal Victoria
Hospital. Preliminary studies in some of these
women have been reported previously.23' 25> 40

Materials and Methods
Women attending the antepartum clinic were

considered to be anemic and were referred to a

special clinic if their hemoglobin or packed cell
volume (PCV) dropped below the following values:

Hemoglobin PCV

First 16 weeks of pregnancy. 11.6 g.% 36%
17th to 24th week of pregnancy. 11.0 g.% 34%
25th week to term. 10.4 g.% 32%

At the anemia clinic, a detailed history (including
dietary) was taken and a complete physical ex¬
amination was carried out. Initially, and often
serially thereafter, the peripheral blood and bone
marrow (including iron stain) were examined by
methods long used in our laboratory.16' 24 At the
first visit, and serially when indicated, the serum

iron, unsaturated iron-binding capacity (UIBC),
serum vitamin B12 concentration, serum folate acti¬
vity and, more recently, erythrocyte folate activity
were determined. Initial studies also included de-
termination of blood volume and, in some cases, of
serum vitamin C concentration, total serum protein
and electrophoretic pattern and urinary FIGlu

(formiminoglutamic acid) excretion after stressing
with L-histidine.
The effect of the administration of small daily

doses of folic acid or of vitamin B12 upon the bone
marrow morphology and upon the blood folate and
serum vitamin B12 levels was determined in some
of the women having megaloblastic changes in the
bone marrow.

Bone marrow aspiration was performed, usually
from the sternum. The aspirates were stained with
Jenner-Giemsa and smears containing marrow par-
ticles were stained for iron with potassium fer-
rocyanide.35'36 The bone marrow preparations were

interpreted independently by two observers (L.L.
and L.B.). Megaloblastic transition was considered
to be present if any degree of megaloblastic change
of nucleated red cells was present, and/or if classi¬
cal late macrometamyelocytes and macrogranulo-
cytes were found consistently33 by both observers.
The presence of increased Howell-Jolly bodies was
noted in a number of cases. The amount of iron in
the preparations was graded from 0 to 3-f-.24
Methods for serum iron, UIBC and plasma

volume determinations and for the calculation of
red cell volume and hemoglobin mass have been
detailed elsewhere.24 Oral iron administration was
omitted for 48 hours before serum iron determina¬
tions. Ten drops of LugoFs solution was adminis¬
tered daily, for one week, before the determination
of plasma volume, to minimize uptake of I131 by
maternal and fetal thyroid.

Previously described methods33,38 were used for
the determination of serum folate and whole blood
folate activity (expressed as nanograms (ng.)/ml.
of packed erythrocytes). Except on rare occasions,
these determinations were performed within seven
to 10 days of drawing the blood. When a greater
interval was anticipated, the blood was taken in
citrate, ascorbate was added and the samples were
stored at -20° C.
Serum vitamin B12 was determined with E. gracilis

var. bacillaris.39
Total plasma protein concentration was calcu¬

lated from the refractive index increment as mea¬
sured with a refractometer.* Fractionation was

carried out using a modification of the horizontal
strip technique. The strips were stained with amido
black 10 B and were examined in a Densicord.

Results
The incidence of anemia in 2685 patients attend¬

ing the antepartum clinic over a two-year period
is shown in Table I.
Of the total 305 anemic women in this study,

the bone marrow was completely normoblastic in
228 (75%), and some degree of megaloblastic
transition was present in 77 (25%). Iron deficiency
was the primary cause of the anemia in most of the

?These determinations were carried out through the courtesy
and under the supervision of Dr. Eleanor E. McGarry.
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TABLE I..Anemia in 2685 Pregnancies TABLE II.

No.

Anemic patients. 274
Megaloblastic. 63
Normoblastic. 211

%of
deliveries

% of274
anemias

10.2
2.35
7.85

100
23
77

patients of both groups, although in a small minority
the anemia was due to thalassemia minor, infection,
or other causes. It was rarely severe enough to give
rise to symptoms.
The megaloblastic and the normoblastic groups

were compared with reference to toxemia, pre-
maturity, birth weight, congenital anomalies and
neonatal morbidity. No difference was found be¬
tween the two groups. There was no evidence for
an increased incidence of megaloblastic anemia in
the winter months. Over a two-year period, 26%
of the patients were found to have megaloblastic
bone marrow changes during the summer months
(May 1-October 31), and 18% exhibited these
changes during the winter months (November 1-
April 30); there was no significant difference in
the number of deliveries during these two periods.
Patients who were para 3 or greater constituted
75% of the megaloblastic group and 23% of the
normoblastic group. These figures suggest that
repeated pregnancies play some part in the develop¬
ment of megaloblastic anemia.

Seventy-five anemic pregnant Greek women were

included in the study and are of special interest.
The Greek population of Montreal is a closely knit
group, retaining many of the customs of their
country of origin. Many of the women become iron
deficient and develop anemia during pregnancy.
Megaloblastic bone marrow changes were found in
only four of the 75 anemic Greek women, an inci¬
dence of 5.3%. When the Greek women are ex¬

cluded from the calculation, the incidence of
megaloblastic transition in the bone marrow of the
remainder was 31.7%. The median serum folate
activity was 5.5 ng./ml. in the anemic Greek women,
and 4.1 ng./ml. in the non-Greek anemic women.

A dietitian, accompanied by an interpreter, was sent
into the homes of four members of the Greek group.
One of these patients was found to be destitute
and in need of financial assistance. The dietitian
spent some time observing the type of food pur-
chased and the method of cooking in the homes
of the other three patients. In this small sample
group, it was found that the Greek patients ate liver
or kidney, usually twice a week, as well as large
quantities of beans and lentils, and it was felt that
this diet provided an abundant source of folate.
Visceral protein is seldom eaten by the Canadian
women attending our clinic.
The results of the serum protein studies are de¬

picted in Table II.
The total serum protein and the serum albumin

at the 38th antepartum week were slightly lower
in 20 normal, well-nourished pregnant women than

Total protein
Albumin
Alpha i globulin
Alpha2 globulin
Beta globulin
Gamma globulin

6.52 ±2.6
3.11 ±0.76
0.48 ±0.28
0.76 ±0.30
1.14 ±0.50
1.07 ±0.45

7.10 ± 1.70
3.20 ±0.62
0.60 ±0.22
0.90 ±0.33
1.20 ±0.47
1.30 ±0.54

7.30 ±2.3
3.20 ± 0.50
0.50 ± 0.16
0.90 ±0.25
1.30 ± 0.45
1.40 ±0.57

in non-pregnant normal women. These values were

not further reduced in the anemic pregnant women
of either the normoblastic or the megaloblastic
group.

Hematological Observations

Severity of Anemia: The majority of patients of
both groups had hemoglobin levels between 8 and
10 g. %, while over a quarter of both groups had
greater than 10 g. % (Fig. 1). The anemia was

more severe (6 to 8 g.) in 14% of the megalo¬
blastic and 7% of the normoblastic group. A single
patient with an acute gastrointestinal hemorrhage
had a hemoglobin value of less than 6 g.
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Fig. 1..Distribution of hemogrlobin values in 305 anemic
pregnant women.

Anemia was observed initially before the 29th
week of pregnancy in 46% of the normoblastic
group and in only 15.6% of the megaloblastic
group. Eight anemic patients who had normoblastic
marrows when first seen developed megaloblastic
changes later. They all responded to iron therapy,
and when the megaloblastic changes were first
observed, five had more than 10.1 g. % hemoglo¬
bin.
Evidence and Incidence of Iron Deficiency: At

the time of the initial diagnosis of anemia the bone
marrow iron content, the serum iron, and the mean

corpuscular hemoglobin concentration (MCHC)
were determined in 100 patients with normoblastic
bone marrow and in 60 patients with megaloblastic
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Fig. 2..Iron deficiency in 160 anemic pregnant women.

marrow. These results are depicted in Fig. 2. Serum
iron, UIBC and MCHC were determined in the
remaining patients, but their marrow was not
stained for iron. The peripheral blood smears of all
patients were also examined for hypochromia, but
this was found to be a late sign of iron deficiency
and not as reliable an indicator as the other para¬
meters.

Stainable iron was absent from the bone marrow

in 83% of the 100 patients in the normoblastic
group and in 95% of the 60 patients in the megalo¬
blastic group, or in 87.5% of the total 160 patients.
The bone marrow contained no iron and the serum

iron was less than 50 fig. % in 34% of the normo¬

blastic group and 52% of the megaloblastic group,
or in 40% of the total 160 patients. Bone marrow

iron was absent, the serum iron was less than 50
fig. % and the MCHC was 30%? or less in 25%
of the normoblastic and 50% of the megaloblastic
group, or 34% of the total 160 patients.

In 41 patients there was no stainable iron in
the bone marrow and the MCHC was 30% or less,
although the serum iron was greater than 50 fig.
% but only ranged between 51 and 70 fig. %.
Satisfactory response to iron therapy provided
further evidence of iron deficiency in 28 of these
patients, and thalassemia minor was present in
another eight of these patients, but in view of the
borderline serum and absent iron stores, iron
deficiency may have contributed to their decreased
MCHC. The remaining five of these 41 patients had
plasma hypervolemia with normal erythrocyte and
hemoglobin mass for late pregnancy. In another 14
patients, all in the normoblastic group, the MCHC
was 30% or less, although stainable iron was present
in the bone marrow and the serum iron was not
decreased. Ten of these patients had thalassemia
minor, and one had pyelitis.

Morphological Evidence of Megaloblastic Transi¬
tion in the Peripheral Blood and Bone Marrow
The MCV of the normoblastic group ranged from

72 to 100 cu./x., with a mean of 90.3, while that of
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Fig. 3..Mean Arneth counts in anemia in pregnancy.

the megaloblastic group ranged from 82 to 100
cu.jtt., with a mean of 91.4. Arneth counts were

performed in 15 patients with normoblastic erythro-
poiesis and in 15 patients whose bone marrow

showed megaloblastic changes (Fig. 3). These pa¬
tients were selected at random from their respective
groups. There were no significant differences in the
Arneth counts of these two groups. Counts were

performed in another 10 patients having morpholo¬
gical changes in the erythrocytes in their blood
smears, suggesting the presence of megaloblastosis.
This group had a slightly greater percentage of five-
lobed neutrophils than the former two groups.
On examination of blood smears obtained at the

same time as the initial bone marrow aspiration,
macrocytes and/or hypersegmented neutrophils
were found in 37% of the 77 patients with megalo¬
blastic bone marrow changes. Oval macrocytes were

present in 18% and hypersegmented neutrophils in
22%. When macrocytes were observed in the
peripheral blood, their greatest diameters measured
8-9 fi. Thus, the presence of megaloblastic changes
in the bone marrow could not be predicted from
the morphological changes in the peripheral blood
in the majority of cases.

The marrow aspirates of 70% of the 77 patients
in the megaloblastic group contained macrogranulo-
cytes, but no erythroblasts undergoing megalo¬
blastic transition; these changes were present in
both granulocytic and erythroid cells in the remain¬
ing 30% of patients. Increased numbers of Howell-
Jolly bodies were noted in the erythroblasts of some
patients, but this finding was not as constant as the
presence of macrogranulocytes and was not noted
in their absence. The degree of megaloblastic
changes in the bone marrow could not be related to
the degree of anemia, which in most cases varied
directly with the severity of iron deficiency.
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Fig. 4..Serum folate and serum vitamin B12 determinations

on 292 anemic pregnant women.

Relation of Blood Folate and Serum Vitamin B12
Levels to Bone Marrow Findings
The serum folate activity was determined in all

305 patients. In six of the megaloblastic group, and
in eight of the normoblastic group, serum vitamin
B12 determinations were not obtained. From the
scattergram (Fig. 4) of the initial serum folate and
vitamin B12 values in the two groups, obtained at
the same time as the initial bone marrow aspirate,
it is apparent that the presence of low serum folate
activity and/or low serum vitamin B12 correlates
reasonably well with the presence of megaloblastic
changes in the bone marrow, but correlates poorly
in those patients having only normoblastic
erythropoiesis. Thus, there is considerable overlap
of microbiological values in the normoblastic and
megaloblastic groups. It may be seen from Fig. 5
that the serum folate activity was 4 ng./ml. or less,
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values

fel.Vo of 228 normoblastic H.% of 77 megaloblastic
Fig. 5..Serum folate activity and serum vitamin B12 in 305

anemic pregnant women.

and/or the serum vitamin B12 was < 100
picograms (pg.)/ml. in approximately

^ 90% of patients with megaloblastic bone
marrow changes. These levels were

exceeded in only 10% (eight patients)
of this group (discussed below). In the
normoblastic group, 37% of the patients
had similar low values.
The serum folate was decreased and

vitamin B12 concentration was normal in
65% of the megaloblastic group and in
31% of the normoblastic group. All pa¬
tients of the megaloblastic group upon
whom serum vitamin B12 determinations
were not performed were found to have
a low serum folate activity. Fig. 5 also
shows that approximately 25% of all pa¬
tients having megaloblastic bone marrow

changes had serum vitamin B12 concentra¬
tions of less than 100 pg./ml., that over
half of these also had low serum folate
activity, and that low serum vitamin B12

only was observed in 10%. Only three patients,
all in the megaloblastic group, had serum
vitamin B12 concentrations of less than 60 pg./ml.
An additional 12 patients, or 16.7% of the megalo¬
blastic group, had serum vitamin B12 determinations
of 100 to 130 pg./ml. at the time of the initial
observation. Although these latter values would be
considered abnormally low in the non-pregnant
subject, such significance has not yet been proved
in the pregnant subject.

In our laboratory, non-pregnant patients with
proved folate deficiency have had whole blood
folate activities of less than 175 ng./ml. of packed
red cells,25' 38 and those without folate deficiency
have exhibited values above this level.
The determination of whole blood folate activity

was performed simultaneously with the serum folate
and vitamin B12 determinations at the time of diag¬
nostic bone marrow examination in the last 148
patients investigated. The serum folate is plotted
against the whole blood folate for each of these
cases in Fig. 6. Whole blood folate levels showed
a definite trend, with 50% of the megaloblastic
group having levels of less than 175 ng./ml. as

compared with 25% in the normoblastic group.
The whole blood folate, however, did not correlate
as well with the bone marrow findings as did the
serum folate. Only one of the megaloblastic patients
with low serum vitamin B12 levels had elevated
serum folate activity, and the red cell folate activity
of this patient also was elevated.

Serial observations of bone marrow, serum folate
activity and vitamin B12 concentrations were made
in 29 megaloblastic patients who did not receive
folic acid or vitamin B12. Initially, eight of these
patients had megaloblastic bone marrow changes
with normal serum values (Fig. 7). The serum

folate activity decreased to 4 ng./ml. in one and
to 2.5 ng./ml. or less in five of these patients. The



Fig. 6..Whole blood and serum folate determinations on
148 anemic pregnant women.

serum vitamin B12 concentration decreased to 70
pg./ml. in the seventh patient. If the results of the
initial and the serial observations are combined,
only one of the 77 patients with megaloblastic bone
marrow maintained serum values within the normal
range, and in that case the value was 4.2 ng./ml.
Low serum values preceded megaloblastic changes
in the bone marrow in seven patients. Low serum

values and megaloblastic changes were both present
in 14 patients at the time of the initial observation.
The low serum values persisted in these 14 patients
and in some the marrow showed progressive in¬
crease of the megaloblastic changes.
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Fig. 7..Serial folate studies in eight anemic pregnant
women with megaloblastic bone marrow changes.

Response to Specific Anti-Anemic Therapy

Iron..In initial reports23'40 it was found that
these pregnant women with mild to moderate iron
deficiency anemia and megaloblastic bone marrow

changes responded satisfactorily to oral or intra-
muscular iron therapy. In the present larger series,
this experience was confirmed. After iron therapy,
the macrogranulocytic and/or megaloblastic ery-
throid transition either remained unchanged or be¬
came somewhat more marked, but showed no dif-

lers: Megaloblastic Changes in Pregnancy 641

ferent trend from the bone marrow changes ob¬
served in the 29 serially studied patients who re¬

ceived no antianemic therapy.
Folic Acid and Vitamin BV1.Table III sum-

marizes the response of the bone marrow to small
oral daily doses of folic acid administered to pa¬
tients in the megaloblastic group who had low
serum folate and/or vitamin B12 values. Morpholo¬
gical changes in the bone marrow before treatment
were compared with those present 48 hours after
the last dose of folic acid. Eleven of 16 patients
receiving 0.4 mg. daily, by mouth, for periods of
10-14 days, showed complete disappearance of the
megaloblastic bone marrow changes. The marrows

of two patients remained unchanged after receiving
this dosage for four and six days respectively. Two
of the patients who failed to respond to the 0.4-
mg. dose daily for 14 days subsequently responded
to 0.8 mg. daily per os for 14 and 42 days respect¬
ively, while a third patient, who failed to respond
to the 0.4-mg. daily dose, also failed to respond to
0.8 mg. of folic acid given daily per os for 10 days.
Two additional patients receiving 0.2 mg. daily per
os, one for seven and the other for 10 days, showed
complete reversion of the bone marrow to normal.

TABLE III..Antepartum Megaloblastic Anemias with

Folate Deficiency. Response to Small Oral Doses of

Folic Acid

DailyBone marrow response
No. of dose YesNo
cases (fig.) No. of days complete partial

16.400 4-14 115
2. 200 7, 10 2

3*. 800 10, 14, 42 21
5f. 400 102 3

* = Failure to respond to previous dose of 400 /zg.
t = Serum vitamin Bi2 < 100 pg./ml.

Five patients in whom both serum folate and
vitamin B12 levels were low received a daily oral
dose of 400 fig. of folic acid for 10 days. The mar¬

rows of three failed to improve, and two showed
only partial improvement. Fig. 8 shows the serum

folate levels before and after daily oral adminis¬
tration of 0.4 mg. of folic acid to some of the
patients included in Table III; the serum folate
determinations were performed 24 to 48 hours after
the last dose of folic acid. The serum folate level
responded variably to these small doses of folic
acid, and increased at least as much, if not more,
in those patients whose bone marrow showed no

reversion to normal. Many patients responded satis¬
factorily to the administration of 5 mg. or more of
folic acid.

Several additional patients seem worthy of men-

tion because of their unsatisfactory response to
either large or small doses of folic acid and/or
vitamin B12 (Table IV). One patient who had no

lowering of serum folate activity or of serum vita¬
min B12 concentration failed to respond to a daily
oral dose of 400 fig. of folic acid for 10 days, then
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Fig. 8..Serum folate response to 400 ug. pteroylgutamic
acid (folic acid) per os daily A.P. in megaloblastic anemia in
pregnancy.

to 100 fig. of vitamin B12 intramuscularly, but did
show complete disappearance of megaloblastic
changes after oral administration of 15 mg. of folic
acid daily for 10 days. Two patients had serum

folate activity of less than 4 ng./ml. with normal
serum vitamin B12 levels. Partial bone marrow re¬

sponse was obtained in one after injection of 16.2
mg. of folic acid, and in the other after injection
of a single dose of 5 mg. of folic acid. Two patients
had microbiological evidence of combined defi¬
ciencies of folate and of vitamin B12. One showed

TABLE IV..Antepartum Megaloblastic Anemias.Unsatisfactory
Therapeutic Response in Eight Cases

Bone marrow response
No. of YesNo
days complete partial
10

10

14

10

no response to the intramuscular injection of 16.6
mg. of folic acid and the other failed to respond
to the intramuscular injection of 21 fig. of vitamin
B12. Two other patients with pure vitamin B12
deficiency microbiologically showed partial re¬

sponses of the bone marrow; in one, to the ad¬
ministration of 30 fig. of vitamin B12 intramuscu¬
larly, and in the other, to 10 fig. of vitamin B12
daily, by mouth, for 10 days; a third such patient
failed to respond to oral folic acid, 0.4 mg. daily
for 14 days.

Discussion
The relatively low incidence of megalo¬

blastic changes reported in Table I is due
to the fact that a marrow examination was

carried out only on patients who were

anemic, in most cases because of iron
deficiency. We, as well as others, have
found that megaloblastic changes in the
bone marrow occur frequently in pregnant
iron-deficient women2' 16>18> 25«42 and may
be present in the absence of anemia.2,16»
20,37,43,47 in ^is study? 25% of bone
marrows examined and in another investi¬
gation of non-anemic pregnant women
from the same population group25 28%
of bone marrows examined were found
to have megaloblastic changes. Thus, the
true incidence of bone marrow megalo¬
blastic changes in our clinic patients is

closer to 25% than to 2.35%. The relatively high
intake of food folate in the Greek women probably
accounts for the much lower incidence of megalo¬
blastic marrow changes and somewhat higher blood
folate values than were found in the anemic women
of other ethnic origins. Recently, Dawson41 and
Ohanarin et al.42'43 examined a proportion of
anemic pregnant women in England and found an
incidence of approximately 10%, while Hansen,44
in Sweden, found that a high proportion of preg¬
nant women had morphological changes in the
marrow. A number of patients with depleted iron
stores were found to have serum iron levels in the
range of 50-70 fig. %. These women showed a rise
in hemoglobin level in response to iron adminis¬
tration, if sufficient time elapsed prior to parturi-
tion. Iron stores were depleted in 87.5% of patients,
and additional evidences of iron deficiency were

present in 40%. In some cases, hypochromia was
due to thalassemia minor without iron deficiency.
The low serum iron level was found to be a better
indicator of depleted iron stores than was a de¬
crease in the MCHC.

In 70% of the patients classified as having
megaloblastic bone marrow changes, erythropoiesis
was entirely normoblastic and the abnormalities
were found in granulocytes only. Late giant meta-
myelocytes and band forms were present in signi¬
ficant numbers in these patients. The remaining
30% had erythroid megaloblastic changes as well.
That macrogranulocytosis alone may present as the
earliest stage in the development of megaloblastic
bone marrow has been demonstrated in the past
by ourselves16'23> 37 and others.5'2628-41 Only 37%
of the megaloblastic patients showed blood changes
suggesting this type of marrow. We found no signi¬
ficant shift to the right of neutrophils, a change
suggested by Herbert45,46 to be of diagnostic value.

Iron deficiency has occurred concurrently with
megaloblastic anemia of pregnancy in many
areas.2,16»18' 25>42 In some instances, the megalo¬
blastosis may be intermediate in degree but may



Canad. Med. Ass. J.
Mar. 26,1966, vol. 94 LOWENSTEIN AND OTHERS: MEGALOBLASTIC CHANGES IN PREGNANCY 643

become more marked after administration of
iron,18'22'48 and some cases of severe dimorphic
anemia do not respond initially to iron therapy,
probably owing to concomitant severe folate and
occasionally vitamin B12 deficiency. Similarly, we
have observed other pregnant and non-pregnant
patients with severe dimorphic anemia in whom
iron therapy was associated with conversion of in-
termediate to classical megaloblastosis, together
with failure of improvement of the anemia. In the
present patients the megaloblastic changes persisted
unchanged or increased slightly after iron therapy
and in no instance did classical megaloblastosis
develop, probably because severe folate or vitamin
B12 deficiency was not present. Eight cases, initially
normoblastic, developed megaloblastic bone mar¬
row changes while responding to iron therapy. The
magnitude of these changes did not differ from that
observed in the serial bone marrow examinations of
those patients who received no iron.

Iron administration has been noted to produce
partial or complete response of mild to moderate
dimorphic anemia and even of some cases of severe

anemia.2' 19» 25« 40' 42 The anemia in our patients was
of mild to moderate severity and responded satis-
factorily to adequate iron therapy.

Chanarin, Rothman and Berry42 state that iron
deficiency per se contributes to the production of
"folic acid deficiency in pregnancy". This statement
is based on their claim that the L. casei levels of
pregnant women taking iron supplements did not
fail, whereas those of pregnant women not taking
such supplements did fail in late pregnancy. Our
findings and those of others2'18' 19« 25> 49« 50 do not
support this statement but indicate that nutritional
deficiencies of both iron and folate commonly occur

together in pregnant women. Iron administration
in our cases did not alleviate folate deficiency as

judged by serial bone marrow and L. casei blood
folate findings. Inspection of Chanarin's data shows
that at 35 weeks the women receiving iron supple¬
ments had a lower mean serum L. casei folate value
and at 39 weeks a higher mean level than those of
the women receiving no iron. The median values,
however, did not differ in the two groups at these
stages of pregnancy, and it is well known that the
mean serum L. casei values can be misleading ow¬

ing to the skew distribution of these values. Fur¬
thermore, there was no significant difference in the
percentage of patients with megaloblastic marrow

changes when groups receiving lactose, those re¬

ceiving iron and those receiving iron plus 20 fig.
of folic acid daily were compared. Their conclu-
sions, based on the numbers of circulating hyper¬
segmented neutrophils, do not seem justified.
Serum L. casei folate activity is now accepted as

a reasonably accurate indicator of folate deficiency
in the non-pregnant subject and may be decreased
for some time before the bone marrow becomes
megaloblastic.33' ^ 50' B1» 63' 64 This may occur in
nutritional folate deficiency,52' 53 malabsorption, or

disease states in which there is increased folate
requirement. The low L. casei values found in a

large percentage of normal pregnant women could
be due to depletion of folate stores. The normal
range of values in pregnancy may differ, on the
other hand, from the non-pregnant state.23' 25,40' 54"

se, 65-69 Ball and Giles,57 applying an observation of
Waters and Mollin,56 concluded that measurement
of serum "labile" L. casei folate activity was more
accurate in detecting megaloblastic anemia in preg¬
nancy than measurement of total serum L. casei
activity. Their interpretation has been questioned
and requires confirmation.43
Serum vitamin B12 levels of < 100 pg./ml., using

assay with E. gracilis, are generally accepted as in-
dicative of vitamin B12 deficiency, except for falsely
low values found in patients receiving sulfonamides
and certain antibiotics.
Of the 77 patients in our megaloblastic group, 69

or 90% had initial L. casei serum folate activity of
4 ng./ml. or less and/or serum vitamin B12 levels of
<100 pg./ml. Serum L. casei values decreased sub¬
sequently in seven of the remaining eight patients,
although they were found to have megaloblastic
changes when the initial microbiological values
were normal. In other cases, the presence of low
serum values preceded or coincided with the pres¬
ence of megaloblastic changes. Thus, considering
the megaloblastic group alone, there was excellent
correlation of the low serum microbiological values
and the morphological changes in the marrow.

In the normoblastic group, the incidence of low
serum values was 37%. Thus, there was a con¬

siderable overlap of low folate and B12 levels be¬
tween the two groups.
Although it has been suggested that L. casei

whole blood or erythrocyte folate activity is a

more accurate indicator of folate deficiency than
L. casei serum folate activity,44' 54' 58 this could not
be confirmed in the 148 patients in whom these
two assays were performed simultaneously. Many
of the megaloblastic patients had red cell folate
values of greater than 175 ng./ml. It is noteworthy
that, in contrast to Addisonian pernicious anemia in
relapse,38 none of the megaloblastic patients with
low serum B12 values had high serum and low red
cell folate L. casei activity.

In a previous report, Lowenstein, Pick and Phil-
pott16 reported a deficient diet in 75% of patients
with megaloblastic anemia and emphasized that
this is not a homogeneous syndrome, but represents
a heterogeneous group of anemias with a common
manifestation: megaloblastosis in the marrow. The
results of a therapeutic trial in the present series
with small as well as large doses of folic acid and off
vitamin B12 would seem to confirm this hypothesis.
Although over two-thirds of patients with low
serum folate values responded fully to short trials
of small oral doses of folic acid, some failed to
respond to these doses, some responded to moderate
increase in dose, and although most responded to
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large doses, a few failed to respond to massive doses
of folic acid. The presence of low serum B12 values
in addition to low L. casei values seemed to impair
the response to daily oral doses of 0.4 mg. of folic
acid in five patients. The data seem to militate
against malabsorption as a cause for failure to
respond, in that in the group receiving small doses
there was a rise in the serum L. casei folate values
in patients who showed no marrow improvement
and, furthermore, there was a failure to respond to
large parenteral doses in a few of the others. Failure
of megaloblastic anemia to respond ante partum to
large doses of folic acid has led some to suggest
that impaired utilization of folate is of major etio¬
logical importance.18' 21» 25> 26' 59' 60

In the present cases, although impaired ability
to utilize folate seemed important in a minority and
may have been of lesser importance in others, most
cases seemed to result from maternal nutritional de¬
ficiency, especially of folate which was not avail¬
able in sufficient amount to meet the increased
requirements of mother and fetus. Support for this
view is afforded by the correlation of low micro¬
biological values for folate with megaloblastic
changes in the bone marrow and the satisfactory
response of the bone marrow of most patients re¬

ceiving small doses of folic acid. If our interpre-
tation of the data gathered in this paper is correct,
i.e. that a reduction of serum and/or erythrocyte
L. casei folate values in the blood of pregnant
women is indicative of maternal folate deficiency,
it seems likely that such low values often precede
the development of megaloblastic changes in the
marrow and thus produce a considerable overlap
between the normoblastic and megaloblastic cases.

If further studies confirm this view, the determina¬
tion of blood folate values may evolve as a con-

venient method for determining the incidence of
folate deficiency in pregnant populations. In this
regard, it should be noted that fetal folate require¬
ments increase greatly during the last trimester,
before which time megaloblastic anemia is rarely
seen, and that folate stores may be depleted in a

little over a month after normal individuals are

placed on a folate-deficient diet. In view of the
adequacy of vitamin B12 stores to meet the body
needs for three to six years in a non-pregnant
normal individual, it is difficult to explain the re¬

sponse of some patients to vitamin B12 and serum

B12 levels of less than 100 pg./ml. observed in 25%
of the megaloblastic patients in whom there was no

evidence of protein malnutrition.
It is impossible from these observations to esti-

mate the daily folate requirements in pregnancy.
All of these patients were from a low-income group.
In a separate nutritional study of patients from the
same clinic population the daily average food iron
and folate intakes were found to be suboptimal. In
this respect, the better folate intake and the lower
incidence of megaloblastic changes in the marrow

of the Greek women are of interest. Most, but not

all, patients in the megaloblastic group receiving
0.2-0.8 mg. folic acid daily for seven to 14 days
exhibited satisfactory response. In the non-pregnant
healthy subject, approximately 0.05 mg. of folate,
as folic acid, seems to be the daily requirement.52- 61

Less is known about food folate requirements. Han-
sen and Weinfeld58 have described a non-pregnant
patient with megaloblastic anemia due to folate
deficiency who failed to respond to 0.1 mg. of folic
acid daily, but who did respond to 0.2 mg. daily.
The failure of some of our pregnant patients to
respond to 0.4 mg. daily,25 of Tasker's3 pregnant
Malayan women to respond optimally to 0.33 mg.
daily, and of a patient of Pritchard's62 to respond
to 0.4 mg. daily suggests that, in the last trimester,
the pregnant woman utilizes several-fold more
folate than the non-pregnant subject.

In view of the demonstration that some ante¬
partum women with megaloblastic bone marrow

changes have varying degrees of impaired ability
to utilize folate, the daily requirement of folate in
pregnancy would seem best determined by in-
vestigating these requirements in sizeable groups
of normal pregnant women.

Summary and Conclusions
The incidence of megaloblastic changes in the bone

marrow of anemic antepartum women attending a

public clinic in Montreal was 25%. The primary cause
of the anemia in most of these patients was iron
deficiency. The presence of megaloblastic changes in
the bone marrow could not be accurately predicted from
hematological findings in the blood.

Serum folate values of 4 ng./ml. or less and/or serum
vitamin B12 levels of less than 100 pg./ml. correlated
well with the development of megaloblastic bone mar¬
row changes; low serum folate values were found in
80% and low serum B12 values in 25% of these patients.
However, over one-third of patients with normoblastic
bone marrow had similar low serum folate values. Red
cell folate values did not correlate as well as serum
folate values.

Serum folate values of 4 ng./ml. or less, as performed
in our laboratory, probably are indicative of folate
deficiency in pregnancy, and the development of these
low values may precede the development of megalo¬
blastic bone marrow changes.
When treated for short periods with small doses of

folic acid, the megaloblastic bone marrow changes of
most pregnant women, but not all, responded satis-
factorily.

Mild to moderate folate deficiency develops com¬

monly in this pregnant population.
The megaloblastic bone marrow changes in a minor¬

ity of these women showed varying degrees of refrac-
toriness to folic acid, suggesting impaired utilization of
the administered vitamin.
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PACES OUT OF THE PAST: FROM THE JOURNAL OF FIFTY YEARS AGO

CONFOUND THOSE GRITS

In 1874 I was summoned to Sir John A. Macdonald, in
the Commons, where he was suddenly seized with acute
pain in the region of the left kidney, which proved to be
clue to the passage of a renal calculus to the bladder. The
pain was so intense that he was removed to a room in the
left block of Parliament Buildings, a hypodermic admin-
istered and perfect rest enjoined. After some hours the
difficulty was removed, and a normal state of the system
was restored. The following day Sir John asked me what
this kidney stone really was, when I stated, "A small gritty
calculus." At once Sir John replied, "Confound those Grits,
I knew they would be the death of me some day."

In 1873 I was called to Stadacona Hall, and on arrival
found Sir John had a slight cold. I was invited into his
studio, where he sat in a large armchair, warming his feet
by the fire and reading a book in which I noted a yellow
marker. This, Sir John drew out, and asked me to read.
It was a cable received the night previous from Grenfell,
London, England, stating that arrangements had been com-
pleted for construction of the Canadian Pacific Railway.
"Well," said Sir John, "after such a cable, I thought the
best thing I could do this Sunday morning was to read my
Bible, and thank Cod for what He had done for Canada."

In July 1860, I was summoned to an accident in Cumber-

land, Ontario, by a messenger on horseback. A farmer
crossing his fence, carrying a large scythe on his shoulder,
had accidentally punctured an artery, and blood was flow-
ing freely. At 2 am., raining cats and dogs, I mounted my
horse, and off we set a distance of twenty-five miles. On
arrival I found the thigh fortunately tightly tied by a pocket
handkerchief, and the wound in the popliteal region tightly
packed with softened tobacco. This I at once removed,
washed the wound, and found the popliteal artery had
been seriously punctured by the scythe in crossing the
fence. I at once secured the best light possible-a strip of
woollen cloth saturated in sweet oil in a small cup, in fact
the old Roman lamp. To save life, and without delay, I
found it necessary to ligate the femoral artery, and slackened
the compress when bleeding from the wound was still active.
The compress was at once replaced. I examined the femoral
artery carefully, and was obliged to ligate it higher up
owing to an abnormal subdivision of the artery. The com-
press was then removed, and there was no return of bleed-
ing from the popliteal wound. The parts were carefully
dressed, and the case placed under the charge of a local
surgeon. In a few weeks an excellent recovery followed. In
those days country roads were not inviting and household
effects were not encouraging, and yet it is surprising bow
life is saved, "roughing it in the busb".-J. Grant, Canad.
Med. Ass. 1., 6: 302, 1916.


