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Preface

Pregnancy is characterized by extensive maternal physiologic adjust-
ments involving a variety of metabolic processes. These characteristic
changes are often reflected in altered results of laboratory tests such
that values in healthy pregnant women may fall outside a ‘‘normal
range’’ derived from studies of nonpregnant individuals. Failure to
appreciate the effects of normal gestation can thus result in errors in
diagnosis. ‘

The primary purpose of this publication is to review the current state
of knowledge regarding laboratory indices reflecting nutritional .and
metabolic status during normal pregnancy and thus provide normative
data with respect to such indices in the healthy gravida. A secondary
aim is to identify gaps and deficiencies in understanding of this funda-
mental aspect of human biology.

Because maternal physiologic adjustments represent a dynamic pro-
cess, special care has been taken, insofar as possible with existing data,
to tabulate values with respect to the duration of gestation. Considera-
tion has been limited to the antepartum period (i.e., excluding parturi-
tion and the puerperium), and no effort has been made to include
abnormalities or disease states.

The book was prepared under the auspices and supervision of the
Committee on Nutrition of the Mother and Preschool Child, a commit-
tee of the Food and Nutrition Board, National Research Council. Each
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of its seven chapters was written by an individual or individuals with
special expertise in the particular field, assisted in many cases by
review and consultation with a working group of other experts.
Support for the Committee’s activities, including this publication,
has been provided by the Bureau of Community Health Services, U.S.
Department of Health, Education, and Welfare. Additional financial
assistance was provided by Ross Laboratories, Columbus, Ohio.
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Physiologic Adjustments
in General

ROY M. PITKINand WILLIAM N. SPELLACY

BODY WEIGHT AND COMPOSITION

The magnitude and patterns of weight gain during pregnancy have been
the subject of much study over many years. Nevertheless, definition of
normative data is beset with great difficulty. After reviewing 35 pub-
lished reports dealing with weight gain over at least the last two-thirds
of gestation, Hytten and Leitch (1971) concluded that few. if any met
acceptable criteria for establishment of normality. Among the deficien-
cies of these reports were: (1) manipulation of weight, usually by
advice to restrict the diet; (2) failure to differentiate between normal
and abnormal pregnancies; (3) questionable reliability of the prepreg-
nant weight; and (4) inability to assess potential modifying influences
such as age, parity, and antecedent body weight. Thus, it is not
possible to determine normal values with any degree of confidence in
their precision. At best, only estimates of the average pattern can be
made. Moreover, in any population there will be a considerable distri-
bution about this average.

Total weight gain during pregnancy probably averages between 10
and 12 kg (Pitkin et al., 1972). Customarily, there is minimal change
during the early weeks following conception. Near the end of the first
trimester, weight begins to accrue, and gain continues until parturition.
Individual subjects exhibit considerable variability, but in general the

1
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2 PITKIN AND SPELLACY

rate of gain during the second and third trimesters is essentially linear
and averages 350 to 400 g/wk. While great emphasis has been placed on
total weight gain, it seems self-evident that the pattern by which weight
accumulates is the more important datum.

The pattern and components of gestational weight gain, using data
from several sources, are illustrated in Figure 1-1. If total gain is
assumed to be 11 kg at term, the maternal compartment represents 6
kg and the fetal compartment 5 kg. While the overall rate of gain is
similar over the last two trimesters, accumulation in maternal and fetal
compartments varies with stage of pregnancy. During the second
trimester, most of the gain reflects increase of maternal components
with blood volume expansion, growth of uterus and breasts, and
storage of fat. By contrast, during the third trimester most of the
growth involves the fetus, placenta, and amniotic fluid, while maternal
tissues and fluids (except for extracellular fluid) increase to only a
small degree.

Determinations of body composition in pregnancy necessarily reflect
the combination of the maternal organism and the products of concep-
tion. Moreover, the opportunity for direct analysis in the human
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FIGURE |-1 Pattern and components of cumulative gain in weight during pregnancy

assuming total gain of 11 kg. Reproduced with permission from Pitkin (1976).
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Physiologic Adjustments in General 3

virtually never exists, and it is necessary to rely on indirect (e.g.,
isotope dilution) indices. Total body water increases progressively;
several deuterium oxide studies summarized by Hytten and Leitch
(1971) indicate an increment of about 7 1 by term. Most of this
accumulation, 5 or 6 |, reflects extracellular water. However, pregnant
women with edema (particularly generalized) may have substantially
greater amounts. Fat increase auring pregnancy, evidenced by under-
water weighing and measurement of skinfold thickness, averages ap-
proximately 2 kg but is highly variable. The total amount of protein
added during pregnancy, calculated from nitrogen measurements of
fetus, placenta, and expanded maternal components, amounts to
slightly less than 1 kg. Whether protein is stored in additional sites,
such as liver and muscle, is a matter of considerable controversy
(King, 1975). Sodium and other minerals accumulate in amounts ap-
propriate to the added tissues and fluids of mother and fetus, but their
contribution to total weight is minimal.

ENDOCRINE ACTIVITY

Pregnancy is associated with elaboration of peptide and steroid hor-
mones having effects extending beyond the reproductive system. Many
of the physiologic adjustments discussed throughout this publication
result directly or indirectly from these pregnancy hormones, the serum
levels of which are illustrated in Figures 1-2 through 1-5. Because of
methodological variation, the illustrations are intended to depict gen-
eral trends rather than absolute values.

Human chorionic gonadotropin (HcG) (Figure 1-2) may be detected
in the serum and urine within a few days after implantation. Because of
its close chemical, immunological, and biological relationship to pitui-
tary luteinizing hormone, most assay systems do not differentiate these
two agents. Recent developments of radioimmunoassays utilizing only
the beta subunit of the HCG molecule, however, permit clear distinc-
tion. Serum levels increase rapidly during early pregnancy to peak
values at approximately 60 days after conception. Thereafter, they
decline as quickly as they rose until a relatively low level is reached,
which is then maintained until term. The principal reproductive effect
of HCG is maintenance of the corpus luteum in early pregnancy,
providing hormonal support of the developing conceptus until placental
steroid production becomes sufficient. HCG has few known effects on
nonreproductive tissues.

Human placental lactogen (HpPL) (Figure 1-3) is synthesized by the

Copyright © National Academy of Sciences. All rights reserved.
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FIGURE 1-2 Pattern of human chorionic gonadotropin (HCG)
levels in serum during pregnancy. Based on data of Teoh (1967).

syncytiotrophoblast in progressively increased amounts during preg-
nancy. Its precise role in reproduction is poorly understood, but, based
on its marked immunologic and biologic similarity with growth hor-
mone, it may represent some type of growth factor for the fetus and/or
placenta. In any event, serum levels seem to correlate with placental
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FIGURE 1-3 Pattern of human placental lactogen (HPL) during
pregnancy. Based on data of Spellacy (1972).
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Physiologic Adjustments in General 5

mass and to be raised or lowered with certain types of pregnancy
complications. HPL exerts effects on carbohydrate and lipid
metabolism and seems to be a major factor in the pregnancy adjust-
ments reviewed in detail in Chapter 4.

All three classical estrogens (estrone, estradiol, and estriol) increase
during the pregnancy (Figure 1-4). The initial source of estrogens is the
corpus luteum, maintained for the early weeks after conception by
HCG. Estrogen biosynthesis during the last two-thirds of gestation is a
complicated process involving coordinated activities by mother, fetus,
and placenta. In addition to its considerable effects on the uterus and
other reproductive organs, estrogen exerts more generalized influ-
ences. It produces a rise in concentration of certain binding proteins,
particularly those globulins that bind hormones, with the result that
total hormone levels are elevated, while amounts of unbound (and
biologically active) hormone remain unchanged. Estrogen also appears
to be involved to some extent in adjustments in carbohydrate and lipid
metabolism during pregnancy.
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FIGURE 14 Pattern of estrone, estradiol, and estriol in serum during pregnancy.
Based on data of deHertogh et al. (1975).
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FIGURE 1-5 Pattern of progesterone in plasma during pregnancy.
Based on data of Johansson (1969).

Progesterone levels rise progressively during pregnancy (Figure 1-5).
The initial source is the corpus luteum, but later placental sources
come to predominate. Progestational effects include relaxation of
smooth muscle, not only of the genital tract but of other organs as well.
Thus, the tendency to atony of the gastrointestinal and urinary tracts
appears to be a reflection of progesterone influence.

ORGAN SYSTEMS

A number of changes in the cardiovascular system accompany preg-
nancy. Pulse rate increases by an average of 15 to 20 beats/min to a
maximum in the early third trimester and falls slightly thereafter.
Arterial blood pressure, particularly the diastolic component, falls
through the first and second trimesters and then rises during the last
trimester to reach the nonpregnant levels by term. The effect of
pregnancy on cardiac output is a matter of some controversy, but it
seems likely that the fall in late pregnancy described in earlier studies
reflected inferior vena cava obstruction and that the increased level of
pregnancy persists from at least midgestation until term. The increased
cardiac output amounts to about a third of nonpregnant norms (4.5 to
6.0 1/min) while that of pulse rate is but a fifth (70 to 85 beats/min); thus,
a small rise in stroke volume must also occur. Venous pressure
centrally and in the upper extremity is unaffected by pregnancy, while
that of the lower extremity rises progressively with advancing
gestation.

In respiratory function, the vital capacity is unchanged but its

Copyright © National Academy of Sciences. All rights reserved.
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components are rearranged. Tidal volume increases, mainly at the
expense of expiratory reserve volume, and this change, coupled with
a diminished residual volume, leads to the gravida’s lung being, in
effect, more collapsed at the end of expiration. Gas mixing in the lung
is thus more efficient. Alveolar pCQO, falls during the luteal phase of
the cycle, and this progesterone effect continues into and through
pregnancy.

Renal changes of two types, anatomic and functional, accompany
pregnancy. The principal anatomic effect is dilation of the renal pelvis
and ureter, typically with a right-sided preponderance. At first the
mechanism was assumed to be mechanical, but this was replaced by a
hormonal (progesterone) theory; the bulk of recent evidence seems to
favor a primary mechanical cause with additive endocrine effects.
Renal plasma flow seems to be increased by some 200 to 250 ml/min
from early pregnancy onwards. Similarly, glomerular filtration rate is
elevated by as much as 50 percent throughout at least the last two-
thirds of gestation. Such changes have profound implications with
respect to urinary clearance, as discussed in detail in other sections.
The activity of the renin-angiotensin system is greatly enhanced during
pregnancy. The concentrations of renin and renin substrate are both
increased severalfold. The increased angiotensin levels, which would
be the anticipated result, do not, however, result in elevation of arterial
blood pressure because of the high degree of angiotensin resistance
exhibited by the pregnant woman. Thus, the major physiologic conse-
quence of increased angiotensin activity production appears to be
stimulation of aldosterone secretion, which enhances tubular reabsorp-
tion of sodium and other substances from the glomerular filtrate.

The major effect of pregnancy on the alimentary tract is a gener-
alized reduction in tone and motility of the stomach and small and large
intestines, presumably a reflection of the smooth-muscle relaxing
property of progesterone. As a result, gastric emptying and intestinal
transit times are prolonged. Gastric acid secretion is fairly regularly
reduced and the incidence of achlorhydria correspondingly increased.
Liver function is generally unaffected by pregnancy, although certain
“‘liver function tests’’ (e.g., a fall in serum albumin or a rise in alkaline
phosphatase due to increased heat-stable enzyme from the placenta)
exhibit characteristic alterations.
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Hematologic
Indices

ROY M. PITKIN

HEMOGLOBIN-ERYTHROCYTE INDICES

As summarized in the preceding chapter, an increasing maternal blood
volume represents one of the fundamental physiologic adjustments of
pregnancy. The pattern of change differs substantially for plasma and
erythrocytes, and this difference accounts for alterations in various
hemoglobin-erythrocyte indices during the course of gestation. The
increase in plasma volume follows a gently sigmoid pattern with the
increase beginning in the first trimester, continuing through the second
and early third trimesters, and then leveling off during the last 6-8 wk
of pregnancy. At maximum, the augmented plasma volume amounts to
an average of 1,200 ml, or approximately 50 percent of the nonpregnant
mean (Hytten and Paintin, 1963). Total erythrocyte volume, by con-
trast, exhibits a more nearly linear pattern of increase, which at term
attains a value some 20 to 30 percent above that of the nonpregnant
(Hytten and Leitch, 1971).

As a consequence of these differential rates of increase for plasma
and erythrocytes, the hemoglobin concentration, hematocrit, and
erythrocyte count decline during pregnancy, reaching a nadir at 32-34
wk and rising slightly thereafter. While the general pattern of these
changes is not particularly influenced by maternal iron status, the
absolute levels depend directly on this variable.

9
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10 ROY M. PITKIN

Table 2-1 contains values from a number of different studies of
hemoglobin concentration, hematocrit or packed cell volume, erythro-
cyte count, mean corpuscular volume (Mcv), mean corpuscular hemo-
globin (MCH), and mean corpuscular hemoglobin concentration
(McHC). All studies were longitudinal in nature. Table 2-1 is arranged
by gestational duration and by presence or absence of iron
supplementation.

It can be seen that the hemoglobin concentration, hematocrit, and
erythrocyte count decline progressively, particularly in unsupple-
mented subjects in which mean values at mid-third trimester are
usually in the range of 10.5 to 11.0 g/dl for hemoglobin, 32 to 34 percent
for hematocrit, and 3.7 to 4.1 million/mm? for erythrocyte count. Iron
supplementation *‘blunts’’ this response so that mean values during the
mid-third trimester are usually about 12 g/dl for hemoglobin, 36 percent
for hematocrit, and 4 million/mm?® for erythrocyte count. Further
evidence of the effect of iron on hemoglobin indices may be found in
the review by Pritchard (1970), in which the mean hemoglobin concen-
tration at or near term in five reported studies was 12.3 g/dl with iron
supplements and 11.1 g/dl without.

As indicated additionally in Table 2-1, neither the volume nor the
hemoglobin content of individual erythrocytes change remarkably dur-
ing gestation, nor does iron supplementation have an appreciable
influence. However, the concentration of hemoglobin within individual
erythrocytes is increased slightly in women taking iron supplements.

A diurnal variation in hematocrit, with higher values in the morning
than in the afternoon, has been described during the third trimester of
pregnancy (Agboola, 1974). The diurnal change was slight, though
statistically significant, averaging 0.7 vol%.

The reticulocyte count apparently increases during pregnancy, pre-
sumably reflecting increased erythropoietic activity. In a study of
healthy, nonanemic, iron-sufficient Anglo-Saxon women in the third
trimester, the mean value was 1.2 percent (range, 0.2—-1.8 percent).
compared with a 6 wk postpartum mean of 0.8 percent (Traill, 1975).
Higher reticulocyte counts were found in women of Greek and Italian
descent, even though hemolytic anemia had been ruled out in all
subjects.

Erythrocyte fragility, customarily expressed as the strength of saline
solution at which hemolysis of 50 percent of erythrocytes occurs.
increases during pregnancy to a maximum at 32 wk and declines
slightly thereafter. For example, in a longitudinal study of 22 patients
examined at 4-wk intervals, Robertson (1968) found values of 0.432
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percent at 8 wk, 0.460 percent at 32 wk, and 0.451 percent at term. The
increase in erythrocyte fragility presumably reflects the fall in serum
colloid osmotic pressure due to fall in serum proteins and is of no
pathological significance.

LEUKOCYTE INDICES

The total leukocyte count increases during pregnancy. Values from
two reports (both cross-sectional investigations) are listed in Table 2-2.
Though somewhat different values were found in these studies, there is
agreement that the mean count apparently rises shortly after concep-
tion to a level near the traditional upper limit of normal for the
nonpregnant (10,000/mm?) and changes little throughout the remainder
of pregnancy.

The cell type mainly responsible for the leukocytosis of pregnancy is
the neutrophil, with the result that the mean proportion of the total
leukocyte count represented by phagocytic cells rises from 66 percent
in nonpregnant to 76 percent in pregnant subjects (Mitchell et al.,
1966). Eosinophils, basophils, and monocytes change little if any
during gestation, while the lymphocyte count declines by 10-15 per-
cent from the first to the third trimester (Efrati et al., 1964).

Published data regarding counts of the types of leukocytes in preg-
nancy all relate to relative proportions rather than absolute numbers.
In view of the increase in both total leukocyte count and relative
proportion of neutrophils, the absolute neutrophil count would be
expected to increase substantially. Similarly, eosinophils, basophils,
and monocytes should not change relatively, but should increase abso-
lutely. In the case of lymphocytes, a decline in percentage is balanced
against a similar increase in total count; thus, the absolute number of
lymphocytes per unit volume probably does not change appreciably
during gestation.

The morphology of polymorphonuclear leukocytes, in particular the
number of nuclear lobes per cell, is important because of the well-
‘known tendency to neutrophil hypersegmentation with folate defi-
ciency. Kitay et al. (1969) computed the average number of lobes in 100
consecutively observed leukocytes in peripheral blood smears; in 188
normal pregnant and puerperal subjects, the mean (+sp) value was
2.90 (+0.36). This was statistically significantly less than that of 59
nonpregnant gynecologic patients (3.07 + 0.32), indicating that preg-
nancy per se does not cause hypersegmentation. Neither parity nor
duration of pregnancy exerted any influence on the lobe average.

Copyright © National Academy of Sciences. All rights reserved.
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™ TABLE 2-1 Hemoglobin-Erythrocyte Indice_s

Unsupplemented or Placebo

Iron Supplements (78-115 mg/d)

References 12wk 16wk 20wk 24 wk 28 wk 32 wk 36 wk 40 wk PP 12wk 16wk 20wk 24wk 28wk 32wk 36wk 40wk PP
Hemoglobin (g/dl)
DeLeeuweral. (1966) 12.5 124 1.7 1.4 1.0 10.6 10.7 10.9 1.9 1.4 1.4 1.8 11.8 11.8 1.8 120 124 13.0
Chanarin et al. (1965) 129 12.2 1.8 1.8 120 121 12.8 12.0 12.1 124 13.0 13.1
Chanarin et al. (1968) 12.2 12.0 12.5
Paintin er al. (1966) 1.7 10.4 10.7 1.9 1.6 1.3 120 12.6
(x0.7) (0.9 (1.0 (1.0 (x0.8) (x0.9) (21.0) (=0.9)
Lind (1975) 12.2 1.2 1.1 1.0 1.1 124 1.4 11.6 1.7 12.2
(=0.8) (x0.7) (=0.8) (=038) +0.9) (£1.0) (21.0) (LD (213) (=13)
Svanbergetal. (1975) 12.5 12.2 1.6 1.5 1.3 1.3 1.4 129 12.5 12.0 11.6 11.6 11.6 12.0 124 13.4
(£0.13) (20.11) (%0.12) (0.14) (*0.14) (=0.16) (=0.17) (£0.15) (£0.18) (*0.14) (=0.14) (%0.17) (=0.13) (=0.17) (=0.18) (20.18)
Hematocrit (vol %)
DeLeeuweral. (1966) 38.3 39.5 36.4 35.6 34.6 34.1 343 349 391 35.7 36.3 37.1 371 36.8 37.0 375 38.7 398
Chanarin et al. (1965) 39.1 373 36.7 36.7 369 377 389 36.7 36.9 379 39.1 40.0
Chanarin et al. (1965) 37 36 38
Lind (1975) 353 327 326 326 328 36.0 33.2 34.0 342 36.0
(x24) (223) (225 (223) (x2.) (£2.9) (£26) (£3.0) (£34) (39
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Svanbergeral.(1975)  38.0 370 35.4 353 4.2 4.2
(£0.4) (204) (204) (£04) (204) (209
Erythrocytes (10%mm?)
DeLecuweral. (1966) 4.4 44 4.1 4.1 4.1 4.1
Lind (1975) 42 37 37
(x0.3) (x03) (x03)
Mcv (u?)
DeLecuweral.(1966) 86 90 90 90 89 89
Lind (1975) 84.6 88.0 87.0
(+4.2) (£4.8) (%49
MCH (pg)
Lind (1975) 293 303 299
(x1.6) (x1.6) (1.7
MCHC (%)
DeLeeuweral. (1966) 38 39 36 35 k) 34
Paintin et al. (1966) 324 324
(x0.8) (x£1.0)
Svanbergeral. (1975)  32.9 330 329 326 329 327

(£0.18) (=0.19) (£0.24) (:0.18) (=0.16) (+0.18)

kTN
(£0.5)

4.1
38
(£0.3)

90
85.8
(%5.3)

29.1
(x2.1)

k)

1.6
(x1.4)

328
(x0.19)

43
3.9
(x0.3)

91
85.2
(+6.0)

288
(£23)

35

399
(£0.4)

4.6

39

310
(x1.3)

323
(x0.24)

38.0
(20.5)

40
43
(£0.3)

90
83.6
(x4.9)

289
(=21

36

329
(x0.25)

36.4
(£0.4)

40

9l

36

33.0
(=0.19)

354
(£0.4)

4.1

91

37

323
(0.9)

33.1
(£0.21)

354
(20.9)

4.

91

kY

330
(£0.29)

349 36.6
(£04) (20.5)
41 41
38 39
(£03) (203)
91 90
87.6 873
(6.9 (*6.8)
30.2 30.0
(£26) (*26)
37 37
325
(x£1.2)
333 328
(=0.24) (=0.19)

36.9
(x0.7)

4.1
39
(£0.3)

91
87.3
(£6.7)

299
(£2.8)

38

322
(x13)

3.5
(£0.27)

40.5
(£0.5)
43 44
4.0
(+0.3)
92 92
89.1
(£7.0)
304
(x28)
39 40
316
(=LD
331
(x0.19)

“Six to thirteen weeks postpartum.

NO1E: All values refer to mean + sem except those of Lind. which are mean = sp.
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TABLE 2-2 Total Leukocyte Count (10°/mm?)®

Trimester
Nonpregnant
References Controls 1 2 3
Efrati et al. (1964) 8.7 8.73 8.5
(6.3-15) (6.58-21.25) (4-18)
Mitchell ez al. (1966) 7.21 9.41 10.72 10.35
(4.75-9.6) (3.15-15.3) (6.3-16.1) (5-16.6)

“Values are means with range in parentheses.

PLATELET AND COAGULATION INDICES

The effect of pregnancy on the platelet count is unclear. Sejeny et al.
(1975) noted that, of 11 papers published from 1908 to 1968, 3 reported
an increase, 3 a decrease, and S no significant change. This uncertainty
is illustrated in the 4 reports listed in Table 2-3. It may be significant
that the more recent studies, as well as the only longitudinal study,
indicate a tendency (of varying proportions) for the platelet count to
decline during gestation. Assuming that a decline does occur, its extent
is no more (and perhaps less) than the increase in total blood volume.
Thus the total platelet mass would remain constant or perhaps in-
crease, a consideration of some physiologic significance, as the regula-
tion of platelet production is thought to be indicated through total
platelet mass rather than platelet count.

Fibrinogen has been studied extensively during pregnancy, and
virtually all reports are in agreement that levels are generally increased
over nonpregnant values, as indicated in Table 2-4. Discrepancies in
absolute values among various reports probably reflect methodological
differences. The exact point at which fibrinogen begins to rise is not
entirely clear, but it increases progressively until term, at which the
level is 100 mg/dl or more above nonpregnant norms, representing an
increase of approximately 50 percent.

With respect to other coagulation factors, levels of factors VII and X
increase by as much as fourfold and those of factors VIII and IX by 25
to 40 percent during gestation (Todd et al., 1965). By contrast, the
concentrations of prothrombin and factors V, XI, and XII are unaf-
fected (Todd et al., 1965).

Bleeding, clotting, and prothrombin times are unaffected by preg-
nancy (Margulis et al., 1954; Todd et al., 1965).
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TABLE 2-3 Platelet Count (10°/mm?3)

Trimester
No. of Type of Nonpregnant
References Subjects Study Mean | 2 3
Mor et al. (1960) 200 Cross- 187 210 276 316
sectional (126-450)* (126-639)° (103-672)°
Sejeny et al. (1975) 405 Cross- 2104 + 52.3% 2033 + 45.8° 183.9 + 50.3°
sectional
Shaper et al. (1968) 20 Cross- 236 + 55°¢ 172 + 36"
sectional
Bonnar et al. (1969) 10 Longi- 250° 220 200 230
tudinal

“Values in parentheses refer to observed range.

®Mean + sD.
<Six week postpartum value.
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TABLE 24 Plasma Fibrinogen Levels (mg/dl)

Trimester
No. of Type of Nonpregnant _—
References Subjects Study Levels 1 2 3
Bonnar et al. (1969) 10 Longi- 2859 340 380 450
tudinal
Todd et al. (1965) Combined 32 + 320 315 357 390
Shaper et al. (1968) 20 Cross- 350°+ 45° 432
sectional =57
*Six week postpartum value.
*Mean = sD.
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3

Electrolytes in
Normal Pregnancy

W. ANN REYNOLDS

Movement of electrolytes to and from plasma is governed by cell
membranes throughout the body as well as by the kidneys. In-
tracellular fluid is characterized by high potassium and phosphate
contents, while extracellular fluid normally contains high levels of
sodium and chloride. Because of its quantity, its alterations with
dietary intake, and its role in disease states, sodium is undoubtedly the
most important cation, with potassium ranking second. It should be
noted that inside the cell potassium is the principal cation, while
sodium presides in interstitial fluid and serum. Similarly, chloride is the
dominant anion; bicarbonate and phosphate are also important because
of their buffering capacities.

The pregnant woman acquires approximately 7 | of extra water,
comprising about 60 percent of the weight gain of pregnancy (Browne,
1973). Some 1,300 ml of this increased water load is contained in the
plasma and 2,500 ml in the interstitial fluid. Much of this fluid acquisi-
tion is probably due to sodium retention in response to increased
aldosterone secretion during pregnancy (Plentl and Gray, 1959; Davey
et al., 1961).

Serum osmolarity decreases during pregnancy, reflecting in general a
relative fall in concentration of serum electrolytes (Macdonald and
Good, 1971; Robertson and Cheyne, 1972). The one notable exception
is chloride, which undergoes a drop early in gestation and then rises to

18
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approximately nonpregnant values from midgestation to term (Mac-
donald et al., 1973).

The literature on alterations in serum electrolytes during pregnancy
is sparse. It is noteworthy that the figures given in current texts and
handbooks (see for example The Physiology of Human Pregnancy by
F. E. Hytten and 1. Leitch, 1971, Blackwell; Handbook of Obstetrical
and Gynecological Data by R. C. Goodlin, 1972, Geron-X, Inc.; and
‘‘Maternal and Fetal Blood Constituents’’ by T. H. Kirschbaum and J.
C. DeHaven, in Biology of Gestation, vol. 11, The Fetus and Neonate,
N. S. Assali, ed., 1968, Academic Press) are all derived from New-
man’s (1957) study of only 27 women. The study did involve serial or
longitudinal determinations on the same women throughout gestation,
which tends to yield more useful data with less variability than cross-
sectional studies. Similarly, a recent study of Macdonald et al. (1973)
involved only five women, but, because all were induced to ovulate,
preconception as well as early pregnancy values followed by closely
timed samples throughout gestation make these data useful (Figure
3-1).

As can be noted in the tables, considerable interlaboratory variabil-
ity is encountered, presumably reflecting methodologic differences.
Various laboratories tend to standardize values internally, and there is
little cross-standardization between laboratories or at a national level.
Thus, in attempting to define normal values for electrolytes, a variety
of mean values are encountered for each ion (Table 3-1). These
problems make it important that sample bloods are obtained either
prior to conception or postpartum from women whose alterations in
serum electrolytes are being followed during pregnancy.

BICARBONATE

The pCO, begins to fall early in pregnancy in a manner suggesting an
increased sensitivity of the respiratory centers, which may be induced
by progesterone (Goodland et al., 1953). The lowering of pCO, results
in a reduction in plasma bicarbonate (Table 3-2; Figure 3-1) in order to
maintain an appropriate pH level. It is noteworthy that unlike serum
osmolality, sodium, or potassium, which show a nadir early in gesta-
tion with some recovery by term (although not to prepregnant levels),
plasma CO, combining power continues its slow but steady decrease
throughout gestation (Figure 3-1). It has been suggested (Hytten and
Lind, 1973) that the drop in plasma bicarbonate may contribute to
lowered sodium levels and, thus, osmolality.

Newman (1957) determined serum bicarbonate levels by means of
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FIGURE 3-1 Serial changes in plasma potassium. sodium chloride. osmolality. and
CO, combining power in moving from the nonpregnant state through pregnancy into the
puerperium. The points denote mean values, and the vertical lines indicate + 1 sD of the
mean. K*, Na*, and CO,CP values are derived from five individuals, while Cl- values
refer to three individuals only. From Macdonald er al. (1973).
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TABLE 3-1 Electrolyte Levels in Normal Adults
95%
References Electrolyte No. Mean Range
Schwab (1962) Bicarbonate 15 249 21.3-28.5
(meg/1)
Stutzman and Amatuzio (1952) Calcium 48 5.09 4.7-5.5
Gyllensward and Josephson (1957) (meg/1) — 5.2 4.8-5.6
Bauditz (1967) 70 4.74 4.56-4.92
Schales and Schales (1953) Chloride 100 102.7 99-110
Flear and Hughes (1963) (meq/1) 157 106 101-111
Wallach er al. (1962) Magnesium 77 2.0 1.70-2.30
Hanze (1962) (meg/1) 46 1.70 1.30-2.10
Hanze (1962) 40 1.73 1.45-2.01
Maclntyre (1963) 76 1.66 1.50-1.82
Stewart et al. (1963) 100 1.74 1.52-1.96
Thiers (1965) 58 1.89 1.6-2.2
Basinski (1965) 97 1.80 1.28-2.32
Greenberg et al. (1960) Phosphorus 3.5-4.0°
Wertheim et al. (1954) (mg%) 3.36 2.56-4.16
Flear and Hughes (1963) Potassium 157 4.30 3.40-5.20
Marongiv et al. (1966) (megq/1) 37 4.05 3.37-4.73
Funder and Wieth (1966) 22 44 3.6-5.2
Gessler (1961) Sodium 20 144.5 138-151
Marongiv et al. (1966) (meg/l) 37 143.1 136-151
Flear and Hughes (1963) 157 138 132-144
Bergstrom and Hultman (1962) 20 142.6 132-148
Marongiv et al. (1966) 106 138.4 132-145
“Read from regression curve for females, ages 20—40.
TABLE 3-2 Bicarbonate Levels (meq/l) during Pregnancy
Trimester
No. Non-

References Patients pregnant 1 2 3
Newman (1957) 27 25.9 24.6 239 23.2

(serum) (22.0-30.0) (22.0-27.0) (21.5-26.5) (20.5-26.0)
Hytten and Lind  15,27,69,12 234 22.0 21.5 21.2

(1973) (plasma)
Brandstetter 10,20,20,30 26.4 24.5 22.8 22.8

and Schuller (25.3-27.5) (23.6-25.4) (22.0-23.6) (21.9-23.7)

(1959)" (serum)

9Cross-sectional study.
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the titration method of Van Slyke. Following CO, estimations with
Astruss apparatus, serum bicarbonate was also calculated in pregnancy
(MacRae and Palarradji, 1967). Carbon dioxide combining power
(Macdonald et al., 1973) was measured by Technicon (Figure 3-1) and
yields results similar to those of direct bicarbonate determinations
(Newman, 1957; Hytten and Lind, 1973).

No alterations in plasma bicarbonate have been found in conjunction
with various complications of pregnancy (MacRae and Palarradji,
1967), even in conditions such as pneumonia or pneumonectomy,
which would be expected to interfere with respiratory function.

CALCIUM

Alterations in serum calcium levels during pregnancy have received
more study (Table 3-3) because of interest in direct hormonal regula-
tion of calcium levels and because of disease states such as maternal
hyperparathyroidism and neonatal hypocalcemia.

All investigators agree that total serum calcium levels decline during
gestation (Table 3-3). A slight reprieve from this decline is encountered
during the last few weeks before term (Michel, 1971). Investigators
vary on the extent of the observed decrease; as can be seen in Table 3-3
it varies from approximately 2 to 10 percent less than prepregnant
values.

Alterations in serum calcium level closely parallel the gradual de-
cline in serum proteins occurring during pregnancy (Pitkin, 1975). If so,
this would mean that only bound calcium would decrease during
pregnancy, while ionic or free calcium stays constant. Indeed, diffusa-
ble calcium does not appear to change during pregnancy according to
studies involving filtration (Andersch and Oberst, 1936), ultracentrifu-
gation (Kerr et al., 1962), and calcium ion electrode determinations
(Reitz et al., 1972). It should be noted, however, that Tan and col-
leagues (1972) (Table 3-3) have reported a decrease in ionized calcium
during pregnancy. However, there are only two studies in the literature
(Reitz et al., 1972; Tan et al., 1972) that involve calcium electrode
analysis of serum ionic calcium since the instrumentation is new and
notoriously tricky to use. Thus, more studies are needed in this area.

Serum levels of parathyroid hormone (PTH) increase during preg-
nancy (Reynolds et al., personal communication; Cushard et al., 1972;
Reitz et al., 1972; Samaan et al., 1973). Determinations of plasma
calcitonin (cT) levels in pregnancy are still ongoing. Samaan et al.
(1973) have reported that the levels rise during gestation. Recently,
Reynolds and co-workers (personal communication) have observed a
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% Decrease
Trimester (Nonpregnant
and 3d
References No. Patients Nonpregnant | 2 3 Trimester)
Total calcium
Newman (1957) 27 - 4.86 4.94 4.81 4.69 3.5
(4.5-5.5)° (4.45-5.55) (4.1-5.5) (4.15-5.05)
Reynolds et al. 40 4.6 4.84 4.62 4.52 1.7
(personal com- 33,29, 33 (4.36-4.85) (4.66-5.02) (4.38-4.88) (4.294.73)
munication)”
Kerr et al. (1962) 24 5.2 4.7¢ 9.6
(5.0-5.4) 4.54.9)
Tan et al. (1972)° 15, 44, 61 4.40 447 4.38
(4.32-4.50) (4.42-4.53) 4.354.42)
o Brandstetter and 10,20,20,30 5.08 4.89 4.82 4.74 6.6
w Schuller (1959)* (4.83-5.33) (4.58-5.20) (4.53-5.11) (4.55-4.93)
Michel (1971) 100 5.03 5.00 8 wk 4.85 16 wk 4.69 28 wk 8.6
4.71-5.29) (4.56-5.14) (4.42-4.96)
4.97 12 wk 4.92 20 wk 4.55 32 wk
(4.67-5.27) (4.63-5.21) (4.334.77)
4.73 24 wk 4.54 36 wk
(4.42-5.04) (4.25-4.83)
4.61 40 wk
(4.34-4.88)
Ultrafiltrable calcium
Kerr et al. (1962) 2.8 2.6° 7.1
(2.6-3.0) (2.4-2.8)
Ionic calcium
Tanet al. (1972) 16, 55, 59 443 +0.12¢ 4.41 = 0.06¢ 4.21 + 0.04¢
“Values in parentheses are 95 percent range. %Cross-sectional study. <Six to eight months of gestation. “Mean + SE.
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decrease in serum CT in pregnancy, a finding more consonant with the
documented elevation in PTH over the course of gestation. Estrogen
and progesterone injections given to a nonpregnant woman failed to
alter calcium metabolism (Heaney and Skillman, 1971). However,
serum calcium levels are reduced in women consuming progestational
contraceptives (Simpson and Dale, 1972).

About 30 g of calcium is accrued by the pregnant women, mostly
during the last trimester (Pitkin, 1975), making calcium the electrolyte
accumulated in greatest quantity during gestation. The miscible cal-
cium pool increases by some 20 percent during pregnancy (Heaney and
Skillman, 1971), while the pool turnover and bone mineral accretion
rates increase gradually during pregnancy to double the nonpregnant
values. Intestinal absorption of calcium is twice normal levels early in
gestation and remains this way throughout gestation (Heaney and
Skillman, 1971). Even so, if maternal consumption of calcium is less
than 2 g per day, balance studies suggest that maternal stores of this ion
will be depleted in order to supply fetal demands (Duggin et al., 1974).

Mull and Bill (1934) serially studied large numbers of patients and
noted a significantly greater decrease in total serum calcium near term
in the winter and spring than in pregnancies terminating in the summer
and fall. This study was performed 40 yr ago, and well could reflect
seasonal alterations in dietary patterns. Recently (Watney et al., 1971;
Olatunbosun et al., 1975), it has been noted that West Indian and
Nigerian women do not exhibit the lowered serum calcium levels in the
third trimester characteristically found in European, American, and
Asian women. These investigators suggest adequate sunlight exposure
tends to maintain normal serum calcium levels in the West Indian and
Nigerian women.

CHLORIDE

In contrast to the other electrolytes, chloride changes relatively little
during pregnancy. A slight increase (Macdonald and Good, 1971;
Macdonald et al., 1973) in chloride levels with increasing gestation has
been reported (Table 3-4). In a closely timed study throughout gesta-
tion (Figure 3-1), Macdonald et al. (1973) observed an initial drop in
plasma chloride, which recovered to prepregnant levels by the end of
the first trimester and rose to a level some 2.5 percent above prepreg-
nant levels at term.

Macdonald and Good (1972) suggest that steady or slightly increasing
chloride levels are to be anticipated with gestation because plasma
bicarbonate concentration decreases, which would shift chloride ions
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TABLE 3-4 Chloride (meq/l) Levels during Pregnancy

Y4

Trimester
Non-
References No. Patients pregnant 1 2 3

Newman (1957) (serum) 27 104.7 102.7 104.2 104.2
(100.5-109.5) (98.7-107.0) (96.0-107.6) (98.0-108.0)

Brandstetter and Schuller (1959)° 10,20,20,30 105.3 104.2 103.9 102.5
(serum) (103.4-107.2) (102.5-105.9) (102.9-104.9) (101.4-103.6)
Macdonald and Good (1971) (plasma) 204,191,210 - 101.2 £ 0.32 101.8 £ 0.31 102.0 + 0.30

%Cross-sectional study.
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out of cells into plasma and the extracellular fluid. The fact that the rise
is so slight probably results from the diluting effect of increased plasma
volume during pregnancy. It is noteworthy that primigravidae, who
experience less increase in plasma volume than multigravidae, exhibit
a greater increase in plasma chloride with advancing gestation (Mac-
donald and Good, 1972).

No studies seem to be available that correlate serum chloride mea-
surements with complications of pregnancy.

The more recent studies (Macdonald and Good, 1971; Macdonald et
al., 1973) were performed by Technicon autoanalyzer; Newman (1957)
used a titration method, as did Brandstetter and Schuller (1959). Thus,
the disparity in the latter’s data, where chloride reportedly decreased
with gestation, cannot be explained methodologically. Greater reliance
can probably be given to the studies of Macdonald (Macdonald and
Good, 1971; Macdonald ¢t al., 1973) because of the greater numbers of
patients involved and the conformity of their data.

MAGNESIUM

Although various workers do not report the same values, there is
complete unanimity that this electrolyte decreases substantially as
pregnancy proceeds (Table 3-5). The decreases reported over prepreg-
nant values range from 7 to 12 percent. The decline would appear to
reflect uncompensated dilution due to increasing plasma volume. In
fact, if serum magnesium levels are corrected for hemodilution, preg-
nant women are hypomagnesic only during the first 120 days of
gestation (Delorge et al., 1965).

PHOSPHORUS

After absorption, phosphorus enters the blood, wherein most of it
circulates as orthophosphate ions. Proportionately (depending on pH).
the concentrations of these ions are: H,PO,~, 18.6; HPO2~, 81.4;
PO.2-, 0.008. Obviously, HPO,?~ is the dominant phosphate ion in
circulation. About 12 percent of plasma phosphorus is bound to pro-
teins. Various investigators, utilizing different techniques, derived
serum phosphate or inorganic phosphorus levels in measuring electro-
lytes during pregnancy. For comparative purposes, all values have
been converted into serum inorganic phosphorus (Table 3-6). This is
not altogether satisfactory because today most clinical laboratories
measure serum HPO,?™ levels in patients.

Some years ago, Mull and Bill (1934) serially determined inorganic

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

TABLE 3-5 Serum Magnesium (meq/l) Levels during Pregnancy

Trimester
No. Non-
References Patients pregnant | 2 3 % Decrease
Newman (1957) 27 1.67 1.57 1.53 1.47 12
(1.35-24) (1.34-2.2) (1.14-1.8) (1.03-1.74)
™ Brandstetter and 10,20,20,30 1.78 1.75 1.72 1.65 7
Schuller (1959)* (1.50-2.06) (1.57-1.93) (1.49-1.95) (1.51-1.79)
Michel (1971) 100 1.61 165+0.17 8wk 153+0.23 16 wk 148 +0.17 28 wk 9
1.55+0.22 12wk 146+0.28 20wk 146 = 0.21 32 wk
1.56 = 0.26 24 wk  1.48 + 0.20 36 wk
1.45 = 0.20 40 wk
Reynolds et al. 33,29,37 - 1.51 1.42 1.39 8

(personal communication)

(1.36-1.66) (1.30-1.54)

(1.36-1.42)

%Cross-sectional study.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

28 W. ANN REYNOLDS

TABLE 3-6 Serum Inorganic Phosphorus (mg%) Levels
during Pregnancy

Trimester
No. Non-
References Patients pregnant | 2 3
Newman (1957) 27 3.04 3.02 2.76 2.82
(1.714.03) (2.174.03) (1.86-3.57) (2.02-4.03)
Kerr et al. (1962) 24 3.5 3.0
(3.1-3.9 (2.5-3.9)
Tan et al. (1972)° 16,51,60 3.83 3.91 3.56
(3.67-3.99) (3.78-4.04) (3.46-3.66)
Reynolds er al. 33,29,37 4.11 4.33 4.53
(personal (3.494.73) (3.53-5.13) (3.48-5.56)

communication)®

%Cross-sectional study.

phosphorus levels in a large number of pregnant women (Figure 3-2).
Note the gradual fall in inorganic phosphorus, reaching a nadir at about
29 wk of gestation, followed by some recovery towards nonpregnant
values 1 to 2 wk before term. More recent studies yield confounding
data (Table 3-6). Three groups (Newman, 1957; Kerr et al., 1962; Tan
et al., 1972) observed a downward trend in phosphate (Newman, 1957)
or inorganic phosphorus (Kerr et al., 1962; Tan et al., 1972) toward
term. Two more recent studies (Reynolds et al., personal communica-
tion; Simpson and Dale, 1972), involving cross-sectional determina-
tions, found elevated total serum phosphorus levels near the end of
gestation. All methods (Table 3-6, Figure 3-2) involved variations of
colorimetric procedures.

POTASSIUM

Blood levels of potassium appear to decrease throughout the first
two-thirds of pregnancy and rise slightly before term (Table 3-7, Figure
3-1). Interestingly, both the decrease and increase are statistically
significant in multigravidae but not in primigravidae (Macdonald and
Good, 1972). It is likely that hemodilution is responsible for the fall in
potassium early in gestation. The increase in serum potassium late in
gestation is harder to explain. Aldosterone influences on the distal
kidney tubule regulate the reabsorption of sodium but probably not
potassium in pregnancy (Ehrlich, 1971). A redistribution of extracellu-
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FIGURE 3-2 The curve illustrates the fall and recovery of the inorganic phosphorus of
the serum during pregnancy, with the sharp increase following delivery. The numbers
indicate the determinations made in each interval, the average of which is plotted. The
two isolated points in the first and second weeks postpartum are values uncorrected for
the effect of carbohydrate metabolism. No determinations were made from the end of the
second to the beginning of wk S postpartum. From Mull and Bill (1934).

Iar and intracellular potassium may occur; red blood cells tend to lose
potassium in late pregnancy (Herbinger and Wichmann, 1967).

No correlations of alterations in serum potassium levels with preg-
nancy complications were found in the literature.

SODIUM

Plasma sodium levels decrease, probably beginning shortly after con-
ception and continuing through wk 28 (Table 3-8). Only Newman (1957)
reported increasing sodium levels throughout gestation. However, his
values for the first trimester are lower than those for nonpregnant
women, suggesting a decrease early in gestation. Some recovery in
serum sodium towards the end of gestation has been noted (Macdonald
and Good, 1971) (Figure 3-1). Again, multigravidae, who experience a
greater expansion of plasma value than do primigravidae, exhibit the
greater decrease in plasma sodium levels (Macdonald and Good, 1972).
It has been suggested (Macdonald and Good, 1971) that the decrease in
sodium early in gestation may be countered by the increasing produc-
tion of aldosterone later in gestation. It is noteworthy, however, that
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TABLE 3-7 Potassium (meq/l) Levels during Pregnancy

Trimester
No. Non-
References Patients pregnant 1 2 3
Newman (1957) (serum) 27 4.25 4.07 4.00 3.97
(3.15-5.2) (3.15-5.2) (3.15-4.65) (3.154.45)
w Brandstetter and Schuller 10,20,20,30 4.23 4.25 4.24 4.11
(1959) (serum) (4.07-4.39) (4.06-4.44) (4.08-4.40) (3.994.23)
Macdonald and Good 60 426 +0.13 - 3.99 + 0.12 20 wk 387 +£0.12 28 wk
(1972) (plasma) 3.92 +0.12 24 wk 4.10 =+ 0.15 32 wk
426 +0.13 36 wk
4.21 + 0.17 40 wk
Macdonald and Good 198,196,209 - 3.83 =+ 0.02 3.78 + 0.03 4.00 = 0.04
(1971) (plasma)

°Cross-sectional study.
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TABLE 3-8 Sodium (meq/l) Levels during Pregnancy

Trimester
No. Non-
References Patients pregnant [ 2 3
Newman (1957) (serum) 27 143.3 138.9 139.1 139.5
(136.5-150.0) (135.0-144.5) (131.0-144.0) (132.5-143.0)
Brandstetter and Schuller 10,20,20,30 146.1 144.0 141.1 139.7
(1959)® (serum) (144.3-147.9) (142.3-145.7) (139.3-142.9) (137.9-141.5)
Herbinger and Wichmann 60 138.7 + 0.8 - 136.4 + 0.36 20 wk 138.6 + 1.05 28 wk
(1967) (plasma) 1363 + 1.34 24 wk 137.3 + 0.88 32 wk
136.7 + 0.98 36 wk
136.7 + 1.30 40 wk
Macdonald and Good 205,198,210 - 135.5 £ 0.4 1346 + 0.4 1348 + 0.4

(1971) (plasma)

*Cross-sectional study.
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diminishing sodium levels do not appear to be the cause of the
increasing rate of release of aldosterone in pregnancy (Landau and
Lugibihl, 1961). The role of aldosterone in conserving sodium in the
pregnant woman is emphasized by the fact that extensive natriuresis
accompanies suppression of aldosterone secretion in pregnant women
(Ehrlich, 1971).

Progesterone enhances renal excretion of sodium (Landau and
Lugibihl, 1961) and thus may be in part responsible for the lowered
values encountered throughout pregnancy.

All values reported for sodium (Table 3-8, Figure 3-1) were deter-
mined by flame photometer.
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Carbohydrate and
Lipid Metabolism

ROBERT H. KNOPP, AGUSTIN MONTES,
and MARIA R. WARTH

INTRODUCTION

Metabolic studies in pregnancy usually focus on the problem of mater-
nal diabetes. Several diagnostic criteria are presently available for
this purpose. Apart from blood glucose levels, however, firm norms
for the other parameters are wanting. For example, available measure-
ments of insulin, glucagon, ketone bodies, and lipids can provide only
a general idea of normality and abnormality. Furthermore, little
attention has been given to metabolic disorders in pregnancy other
than diabetes.

The orientation of this review is to present examples of metabolic
studies performed in pregnancy. Differences in analytical technique are
emphasized where they can reconcile differing results. Also, the ra-
tionale for performing each metabolic study is briefly explained. While
an attempt has been made to be comprehensive, space precludes
mention of all contributors to a topic.

GLUCOSE

Urinary Glucose

A method for accurately measuring urinary glucose has been de-
veloped recently by Lind and Hytten (1972) employing a coupled

35
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hexokinase glucose-6-phosphate dehydrogenase system. Earlier glu-
cose oxidase methods, including enzyme-impregnated paper strips,
appear to be inhibited by interfering substances such as ascorbic acid,
giving levels that are falsely low in pregnancy and limiting their value
for screening purposes. With this new methodology, Lind and Hytten
(1972) find that urinary glucose excretion is increased roughly five-,
seven-, and eight-fold in the first, second, and third trimesters, respec-
tively. However, the variation is very great not only between individ-
uals (see Table 4-1) but also between days for the same individual. The
variation is so great that the authors did not calculate averages for the
three trimesters. While we have made such a calculation, it is certainly
not intended to gloss over the impressive variability that is implicit in
the large standard deviation and wide range. Similar problems with
variable urinary glycosuria were previously observed by Sutherland et
al. (1970) and Soler and Malins (1971).

While the variation in glycosuria appears to have some basis in
altered proximal tubular glucose reabsorption, the explanation for
variation in tubular transport of glucose is still lacking (Davison and
Hytten, 1975). The unpredictable changes in glycosuria place in ques-
tion the value of urinary glucose screening in pregnancy, especially
since the glucose-oxidase strips also correlate poorly with quantitative
urinary glucose determination (Davison and Lovedale, 1974).

TABLE 4-1 Mean Urinary Glucose Excretion in the Three
Trimesters®

Urinary Glucose (mg/24 h)

Weeks Gestation

Nonpregnant® 10-12 14-26 38-40
No. 22 38 107 154
Mean 61.2 318 417 502
SD 20.2 366 791 1,021
SE 43 59 77 83
Range 30-97 44-1,565 33-4,890 9-9,832
“Data calculated from Lind and Hytten (1972). Glucose determined by a hexoki il 6-phosph dehy-
drogenase method. In this study 30 subjects were foll d serially through g i As great variation was
observed within, as well as between, individuals, the authors did not summarize their data, necessitating the
arbitrary summary above.

*Noapregnant subjects in this study are postpartum 6-8 wk.
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Methods for Glucose Measurements in Blood

Table 4-2 reviews important issues on the measurement of glucose in
blood. Capillary blood glucose is higher than venous blood glucose,
especially after glucose administration. Capillary blood is often used by
European workers, while plasma is generally used in the United States.
As long as appropriate standards are used, analysis of blood from
either source should be informative.

A failure to distinguish between glucose determined on whole blood
and that determined on plasma can lead to serious confusion, as, for
example, in the interpretation of the glucose tolerance test. Glucose
measurements can be converted from one form to the other using the
conversion factors given in Table 4-2. Glucose is often measured on
plasma, because it is technically simpler and avoids the effect of
differing hematocrits seen in whole-blood glucose measurements (Ta-
bles 4-2 and 4-3). It is perhaps surprising to discover that all of the
standards defining normal and abnormal are expressed in terms of
whole-blood glucose. One reason is that standards were set some years
ago when glucose was determined only on whole blood. The standards
have become so ingrained that there is little likelihood of change
occurring soon. Other methodological considerations, including veni-
puncture technique and use of sample tubes containing sodium
fluoride as a glycolytic inhibitor, are also important (Table 4-2).

Analytical methods most often encountered are the *‘true glucose”
methods of Somogyi-Nelson, Hoffman, and glucose oxidase. The
Somogyi-Nelson and automated Hoffman ferricyanide methods have
givenidentical results in field testing (O’Sullivan and McDonald, 1966).
The neocuproine method in use on Autoanalyzer sMA 6/60 and 12/60
systems runs slightly lower than the other reduction methods (Carey et
al., 1974). Glucose oxidase yields results 3—10 percent lower than the
automated ferricyanide method (Gochman and Schmitz, 1972; Carey et
al., 1974) (Table 4-2). Glucose oxidase methods are under active study,
and many laboratories with sMA systems are switching to enzyme
systems because of their specificity (Gochman and Schmitz, 1972;
Carey et al., 1974; Lott and Turner, 1975). The presence of NaF as a
glycolytic inhibitor has interfered with tne peroxidase oxygen acceptor
of older glucose oxidase systems (ADA Committee on Statistics, 1969)
but not in newer methods (Gochman and Schmitz, 1972; Carey et al.,
1974; Lott and Turner, 1975).

With respect to the effect of hematocrit on whole-blood glucose, the
lower the hematocrit, the higher the resulting glucose (Table 4-3). If,
for example, a borderline abnormal glucose tolerance test were ob-
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TABLE 4-2 Guide to Interpreting Glucose Measurements

I. Venous versus capillary blood

Venous blood glucose concentrations are lower than in capillary blood. The dif-
ference is exaggerated after a glucose load and may range from 8 to 61 mg/dl higher in
capillary blood (Seltzer, 1970; Lind et al., 1972).

II. Whole blood versus plasma glucose

Whole blood glucose levels are lower than in plasma owing to the fact that red
cells do not contain as much water as plasma. Thus blood glucose levels are also
hematocrit dependent (see Table 4-3). Assuming an average pregnancy hematocrit of
35 (Hytten and Leitch, 1971), glucose concentrations can be converted from one form
to the other (Zalme and Knowles, 1965; O’Sullivan and Kantor, 1963).

a. Plasma glucose to whole blood glucose: w = p x (.88.

b. Whole blood glucose to plasma glucose: P = wB X 1.14.

I11. Blood collection

Blood should be collected in tubes containing an anticoagulant and sodium fluo-
ride (2 mg/ml of blood) as a glycolytic inhibitor. Without this precaution, glucose will
decrease 10-20 mg/100 ml/h at room temperature (Cornblath and Schwartz, 1966).

1V. Analytical methods

Methods that measure ‘‘true glucose’’ are preferable to the older methods (Folin
Wu, Folin Malmros, and Hagedorn Jenson) that react with non-glucose-reducing sub-
stances (Seltzer, 1970). ‘‘True glucose’’ methods include:

a. Reduction methods (Seltzer, 1970)

1. Somogyi-Nelson (manual)
2. Ferricyanide method of Hoffman (autoanalyzer I)
3. Neocuproine (autoanalyzer Il including sMA 6/60 and 12/60)

b. Enzyme methods (Seltzer, 1970)

1. Glucose oxidase-peroxidase system linked to an oxygen acceptor color
indicator
2. Hexokinase

V. Correlations of various methods

The Somogyi-Nelson and ferricyanide methods have seen the widest use and
give nearly identical results (Sunderman, Jr., and Sunderman, 1961; O’Sullivan and
McDonald, 1966). The neocuproine method is a few percent lower (Carey et al., 1974).
The glucose oxidase method may run 2 to 9 percent below Somogyi-Nelson (Sunder-
man, Jr., and Sunderman, 1961; Mager and Farese, 1965) and 3 to 10 percent below
the ferricyanide method (Gochman and Schmitz, 1972; Carey et al., 1974). Depend-
ing on the indicator, glucose oxidase measurements may yield falsely low values due
to interference by other oxygen acceptors such as ascorbic acid and uric acid
(Romano, 1973; Carey et al., 1974; Lott and Turner, 1975).
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TABLE 4-3 Ratios for Converting Glucose Concentrations in
Plasma to Whole Blood at Various Hematocrits®

Blood Glucose if

Hematocrit (%) Ratio Plasma Glucose = 200 (mg/dl)®
20 0.910 182.0
25 0.901 180.2
30 0.892 178.4
35 0.883 176.6
40 0.874 174.8
45 0.865 173.0
50 0.856 171.2

“Based on the formula of Zalme and Knowles (1965).

*Whole blood glucose = 13.2 + 0.88 x plasma glucose — 0.36 x Hct. At a hematocrit (Hct) of 36 (the average
of 105 subjects) the conversion ratio is 0.88, which is that reccommended by O'Sullivan and Kantor (1963) (see
Table 4-2) and corresponds reasonably closely to the third-trimester hematocrit (Hytten and Leitch, 1971).

tained in a woman with a hematocrit of 25, she might be normal if her
hematocrit were corrected to 35. A blood glucose value in this instance
could be corrected by multiplying the glucose value by the ratio of
0.883/0.901. While such a correction may not be necessary very often,
it does serve to illustrate the extent of the hematocrit effect on whole-
blood glucose.

Fasfing Glucose in Pregnancy

After an overnight fast, plasma glucose is reduced in pregnancy. The
reduction is gradual but is noted consistently in the first trimester and
progresses as term approaches. The condition is independent of the
method of glucose measurement, having been first observed in whole
blood by Silverstone et al. (1961) (Table 4-4) and confirmed by O’Sulli-
van (1970) (see Table 4-7) but also seen in capillary blood (see Table
4-6) and plasma (see Tables 4-9, 4-13, 4-16, and 4-20). While glucose
utilization by the growing fetus contributes to this finding in late
gestation (Freinkel, 1965), it seems less likely in early gestation when
the conceptus is small, implying other regulatory factors.

Postprandial Glucose

Table 4-5 presents mean and two standard deviations above the mean
for glucose levels in third-trimester subjects who had eaten breakfast at
an earlier specified time. These data were obtained from ambulatory
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TABLE 44 Fasting Whole Blood Glucose at Various Stages in
Pregnancy”
Blood Glucose (mg/dl)®
Trimester 1 wk
Non- Post-
pregnant 1 2 3 partum
No.” 30 21 20 20 25
Mean” 65.9 61.3 59.1 59.6 56.1
SE 1.2 1.5 1.6 1.9 2.0
Range 52-84 50-75 45-77 44-78 40-91

“Data of Silverstone ¢r al. (1961).
*Somugyi-Nelson method.
“All subjects were selected to be free of diabetes.

“Similar fasting data are presented for venous whole blood (Table 4-7). capillary whole blood (Table 4-6). and

plasma glucose (Tables 4-9. 4-13. 4-16. and 4-20).

pregnant subjects and are appropriately applied to a morning clinic
setting (O’Sullivan ¢t al., 1966). inasmuch as the degree of postprandial
hyperglycemia is not necessarily the same at the different meal times
(Gillmer et al., 1975; Persson and Lunell, 1975). These standards for
postprandial glucose have the additional recommendation of having
been *‘field tested’’ in a study of insulin therapy in gestational diabetes
(O’Sullivan et al., 1974a). Specifically, when the postprandial glucose
in the third trimester exceeded the two sD limits, the insulin dosage was
raised a minimum of 5 units (O’Sullivan et al., 1974a). In our experi-

TABLE 4-5 Postbreakfast Blood Glucose in Third-Trimester

Nondiabetic Ambulatory Subjects?

Time after Blood Glucose (mg/dl)®
Initiation of
Breakfast (h) No. Mean * sD 2 sp above Mean
-1 54 81.6 + 16.4 114.4
1-2 323 743+ 15.2 104.7
2-3 166 68.6 + 12.6 93.8
34 54 67.3 = 12.5 92.3
<4 or fasting 77 659+ 93 84.1

°Data of O'Sullivan er al. (1966). Diets consisted of 30 cal’kg of ideal body weight with 1.5-2.0 g/kg of pro-

tein, and 40 per cent of calories as fat. The amount taken at breakfast is unspecified.
*Somogyi-Nelson method.
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ence, this procedure has proved to be safe and efficient and minimizes
delays in ‘‘keeping up’’ with a rising glucose in late gestation.

Postprandial glucose measurements using capillary whole blood
have been reported by Victor (1974) on hospitalized subjects (Table
4-6). It is interesting that the 12 M. and 7 p.M. mean values are higher in
the third trimester than in the O’Sullivan study (Table 4-5) despite the
fact that the measurements were made with glucose oxidase (Table
4-6), which should give lower values than the Somogyi-Nelson method.
Presumably the higher values observed by Victor are due to the
tendency of capillary glucose to be higher than venous whole blood,
particularly in the postprandial state (Table 4-2). The fact that these
measurements were obtained in hospitalized subjects who had reduced
activity and illnesses (albeit nondiabetic) that necessitated admission
could also be a factor in the higher values (Victor, 1974). The sensible
use of these values would be the hospital setting at the times specified if
capillary whole blood is used. Conversion of capillary blood glucose to
venous blood glucose in pregnancy has been tried, but it is not
considered to be reliable (Lind et al., 1972).

Another screening method is the 1-h glucose measurement following
ingestion of 50 g of oral glucose (O’Sullivan et al., 1973). As described
by O’Sullivan et al. (1973), this test was used in an afternoon prenatal
registration clinic regardless of the time or amount of lunch previously
consumed. A whole-blood glucose at 1 h of greater than 130 mg/dl
proved to be a better predictor of abnormal glucose tolerance in

TABLE 4-6 Fasting and Postprandial Glucose at Various Times in
Gestation in Nondiabetic Hospitalized Subjects?®

Time (h pc) Time (h pc)

Gestation 7 AM. 12 M. 3p.M. 7 p.M.

(wk) No. (12.5) No. (0.75) (3.75) (0.50)
Nonpregnant 180 78 = 11° 45 114 +22 92+18 108 =18
5-20 88 73+ 9 35 103 +23 88 25 98 + 21
21-32 85 70+ 9¢ 39 105 +17 82=x14 95 + 21
33-36 83 67+ 8 33 14 22 8015 95 = 21
37-38 46 66 + 8 29 2+17 79+10 86 15
39- 102 65+ 9 80 91+16 76+ 13 86 = 15

“Data of Victor (1974). Hospital diet consisted of 2,200 kcal and 246 g of carbohydrate daily; amount given at
breakfast not specified. Capillary whole blood was measured by a glucose oxidose autoanalyzer method.

*Mean + sp. Each value is compared statistically to that i diately preceding it.

P < 0.001.

P< 0.01.
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pregnancy than a number of clinical criteria, including poor obstetrical
history, a previous baby weighing greater than 9 1b, maternal obesity,
and family history of diabetes (O’Sullivan et al., 1973).

Oral Glucose Tolerance

For many years it was debated that there was no effect of pregnancy on
oral glucose tolerance (Jackson, 1965) or, if differences did exist,
delays in glucose absorption and other possible variables invalidated
interpretation (Burt, 1960a). The first objection is answered by Tables
4-7, 4-8, and 4-9, where there is a clear elevation in glucose in late
gestation after oral glucose challenge. With the 50-g dose (Table 4-9),
the challenge to homeostasis is less and the glucose elevation is
perhaps more subtle. The shift to hyperglycemia in the later portion of
the test is particularly noteworthy (Table 4-9).

The question of interpretation was at one time confounded by the
application to pregnancy of a variety of standards derived for nonpreg-
nant individuals. O’Sullivan and Mahan (1964) resolved the problem by
deriving standards specific to pregnancy itself (Table 4-8). Apart from
the fact that there is security in large numbers of test subjects (Table
4-8), this study has the added advantage that the subjects were ran-
domly selected and are therefore representative of mothers attending
the two hospital clinics involved. Whether or not these data can be
applied to other populations differing in socioeconomic, dietary, and
racial background is yet to be determined. To date, there is no evidence
to support these possibilities. In any case, the O’Sullivan criteria are
the most scientifically obtained criteria for interpreting the oral glucose
tolerance in pregnancy. Notice in Table 4-8 that the criteria are derived

TABLE 4-7 Effect of Pregnancy on 100-g Oral Glucose Tolerance
in 163 Subjects Studied Pre- and Postpartum¢

Whole-Blood Glucose (mg/dl)® at:

Oh l1h 2h 3h
Average 31 wk gestation®  69.1 = 10.4 111.8 273 944 =243 81.5 + 208
Postpartum? 759 = 12.7 87.7+227 805174 73.1%17.0
“From O'Sullivan et al. (1970).
*Hoffman autoanalyzer method.

h

‘Mean age 25.5 yr; all subjects previously screened negative for di
“All differences between pregnant and postpartum are statistically significant.
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TABLE 4-8 Tolerance to 100-g Oral Glucose in 752 Randomly
Selected Pregnant Subjects®

A. Characteristics of Subjects Studied

Median age 24 (range, 13-44)
Median parity 2 (range, 0-9)
Race 60% Caucasian, 40% Negro
No. in each trimester
Ist 20
2d 339
3d 393

Dietary preparation 250 g carbohydrate for 3 days

B. Results
Whole-Blood Glucose (mg/dl)® at:
Oh 1h 2h 3h
Mean * sp 69.3 + 10.4 103.6 + 30.8 91.7 +258 79.4+ 24
2 sp upper limit 90 165 143 127
O’Sullivan criteria®
Whole blood 90 165 145 125
Plasma® 103 188 165 143

*From O'Sullivan and Mahan (1964).

*Somogyi-Nelson methodology.
“Two or more elevated values constitute an abnormal test.
“Plasma criteria are calculated from whole blood x 1.14.

from a group about evenly divided between second and third trimester.
While possible diagnostic distinctions between second and third
trimesters are not provided, standards applicable to the transition
period between second and third trimester have practical value, since
most women register around this time; diabetes is most likely to
become manifest at 26-28 wk gestation (Pedersen, 1967), and insulin
treatment should be instituted at this time to be beneficial (O’Sullivan
et al., 1974a).

The fact that glucose tolerance deteriorates as gestation proceeds is
illustrated in Table 4-10, which for practical purposes compares glu-
cose tolerance tests done in the second and third trimesters (Wilkerson
and O’Sullivan, 1963). These data illustrate that diagnostic criteria
specific to each trimester are still needed.

The data shown in Table 4-11 are the result of studies to determine

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

TABLE 4-9 Tolerance to 50-g Oral Glucose at Various Times in Gestation in 19 Healthy Subjects®

Plasma Glucose (mg/dl)® at:
Gestational
Age 0 min 15 min 30 min 45 min 60 min 75 min 90 min 120 min

Nonpregnant® 798 £ 57 109.8 = 11.7 1148 =193 109.0+225 91.1 214 851=x205 825167 77.4=x19.7

10 wk 75083 1049149 1123215 111.9*24.0 100.2 = 26.7 93.7+ 189 894 +226 87.1 +23.0
t 20 wk 71.1 £ 7.2 954 + 114 1055+ 189 107.1 = 23.8 992 +23.0 93.0+207 8.5+236 708 =+ 17.5

30 wke 743 7.2 1013 160 119.1 +23.4 1223 =288 111.7+242 101.2+228 96.6+222 79.1 +17.0

38 wk/ 68.8 + 7.7 89.7+ 128 113.1 =155 121.7 207 121.5+19.7 1113209 1025+ 199 813 + 183

°From Lind ez al. (1973).

%Glucose determined with gl idase-peroxidose system.

‘Nouapregnant subjects were the previously pregnant subj 10-12 wk postpartum; only one was lactating.

“Mean + sp.

‘Mean maximal increment significantly greater than nonpregnant (P < 0.01).
‘M ean maximal increment significantly greater than nonpregnant (P < 0.001).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://lwww.nap.edu/catalog.php?record_id=19995

Carbohydrate and Lipid Metabolism 45

TABLE 4-10 Comparison of Glucose Tolerance Tests Performed in
Two Successive Trimesters®

Glucose (mg/dl)® at:

Test Oh lh 2h 3h
First Trimester 69.4 94.9 85.3 73.9
Second Trimester 69.8 111.5 93.3 82.5
Difference 04 + 0.8° 16.6 + 1.9¢ 8.0 + 1.5¢ 8.6 + 1.5¢
*Data of Wilkerson and O'Sullivan (1963). With seven pti the parison is b the second and third
Mimesters.
*Somogyi-Nelson method.
‘Mean * SE.

“Diff erence is significantly different from 0 (P < 0.001 in all instances).

the effect of age and increasing parity on the oral glucose tolerance test
(oGTT). Glucose tolerance tests were performed in three successive
pregnancies in 52 third-trimester subjects (O’Sullivan and Mahan,
1966). Little effect of age over this 4-yr span can be clearly detected.
However, even if oGTT standards should rise with age, the range of
expectant mothers is fairly narrow, and, even if older gravidas might be
slightly over-diagnosed, it appears permissible since the >25-yr-old
group is at greatest risk of neonatal losses in gestational diabetes
(O’Sullivan et al., 1974a).

Different doses of glucose and methods of glucose determination
require their own specific standards. Guttorm (1974) has obtained such
standards (Table 4-12) using capillary blood and measuring glucose
with glucose oxidase. Characteristically, the postglucose standards are

TABLE 4-11 Effect of Age on Repeat Glucose Tolerance Tests in
52 Third-Trimester Subjects®

Glucose (mg/dl)® at:
Observed
Pregnancy Age Oh 1h 2h 3h
1 23.5 69.9 + 9.6° 108.8 + 28.1 91.7+276 81.0=x17.2
2 25.6 73.7 = 8.3 1059+248 914176 81.5=%17.7
3 274 75.7 = 8.7 1109 + 214 954 £ 17.5 81.8 = 19.1
“Based on O'Sullivan and Mahan (1966).
*Hoffman autoanalyzer method.
‘Mean * SD.
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TABLE 4-12 Upper Limits (2 sp) to Oral Glucose (1 g/kg) in
154 Pregnant Subjects Screening Negative for Possible Diabetes®

2 sp Upper Limit for Glucose (mg/dl)® at:

0 30 45 60 90 120 150 180

min min min min min min min min

Plasma 103 200 228 227 197 167 148 130
Whole blood 86 168 191 190 165 140 121 109

*From Guttorm (1974).
*Glucose measured on capillary blood with a glucose oxidase method.

higher with capillary blood despite the lower glucose dose (70 g per 70
kg of body weight) and use of the glucose oxidase method.

Objective criteria for the 50-g oGTT are hard to find. They might be
found in the Lind et al. (1973) data (Table 4-9), but the number of
subjects is small. Criteria of the wHo Expert Committee (1965) dis-
cussed in Hytten and Lind’s monograph (1973) are inexact and are not
specific to pregnancy.

Recently, the H test has been devised for interpreting the shape of
the pregnancy GTT (Billewicz et al., 1973). Interestingly, Lind et al.
(1973) find that the shape of the curve changes as gestation proceeds,
while Gillmer et al. (1975) do not. Further work is required to establish
the usefulness of this analytical technique.

Intravenous Glucose Tolerance Tests

Another way of meeting objections to the oral GTT is to administer the
glucose dose intravenously and circumvent possible effects of delayed
glucose absorption. Again the parallel debate has arisen over whether
the intravenous glucose tolerance test 1VGTT) in pregnant subjects is
greater (Silverstone et al., 1961), the same (Bleicher et al., 1964; Yenet
al., 1971), or less (Picard et al., 1968; O’Sullivan et al., 1970; Edstrom
et al., 1974) than in nonpregnant ones. While a detailed review of this
question can be found elsewhere (O’Sullivan et al., 1975), examining
the glucose values of 1vGTTs done in the third trimester and after 6 wk
postpartum discloses differences (Table 4-13). Specifically, glucose
values antepartum are lower in the early portion of the test.

For calculation of the fractional rate of glucose disappearance (k) in
the ivGTT (Table 4-14), data are transformed to logarithms or plotted on
semilog paper to obtain an approximate straight line function. A greater

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

Carbohydrate and Lipid Metabolism 47

TABLE 4-13 Mean Blood Glucose Values in the 25-g Intravenous
Glucose Tolerance Test in 149 Subjects?

Blood Glucose (mg/dl)®

Time (min) Antepartum® Postpartum Difference

0 77 82 -4.7°

5 263 286 -242°
10 213 234 -20.7¢
20 169 175 -5.1
30 137 137 0.8
40 116 114 14
50 100 100 0.9
60 88 90 -22

-2

*From O'Sullivan and Mahan (1964).
Gh hod I ferri
‘Mean gestational age was 30 wk.
“Results reported by Silverstone er al. (1961) are systematically lower by about 15-20 mg/dl (Somogyi-Nelson
method). Results for a 37.5-dose in 77 subjects are (mg/dl): (5) 349, (10) 273, (20) 212, (30) 169, (40) 137, (50) 114,
(60) 98 (O'Sullivan er al., 1974b).

Differences significant at P < 0.01.

curvilinearity persists in the postpartum data compared to antepartum
(O’Sullivan et al., 1970). In addition, O’Sullivan et al. (1970) have
found varied degrees of nonlinearity among individual antepartum and
postpartum tests. For these reasons, these authors have developed
rules to truncate individual curves to use only the most linear portion
for calculating k. Previous workers always used the same portions of
the IVGTT curve in comparing pregnant and nonpregnant subjects
(Silverstone et al., 1961; Bleicher et al., 1964; Picard et al., 1968; Yen
et al., 1971; Edstrom et al., 1974) although the portion of the curve
used differed between studies.

Three groups have now reported on the IVGTT in pregnancy using the
truncation rules (O’Sullivan et al., 1970; Yen et al., 1971; Sutherland
and Stowers, 1975).* In the two studies presenting postpartum com-

*Truncation rules of O’Sullivan et al. (1970):

(a) If there is evidence of incomplete mixing at 10 min as defined by a 10 min value 50
gm/100 ml higher than expected from the slope of the subsequent values, the 20-min
value is the first one used in the calculation.

(b) If the whole-blood glucose concentration returns to the fasting region (100 mg/100
ml) prior to 60 min, the first value below 100 mg/100 mlis the end point in the calculation.

(c) If there is a leveling of the slope (two successive values < 5 mg/100-ml difference)
prior to the return to the fasting region, the first of these two values is the end point for
calculation.
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TABLE 4-14 Intravenous Glucose Tolerance in Pregnancy (25-g Dose) Based on Actual Glucose Values®

k (%/min)
Trimester Postpartum
Non-
References No. Subjects 1 2 3 1 wk 6 wk pregnant
Normal values
Silverstone er al. (1961) 20-31¢ 242 +0.14c 1.92 +0.09 191 £0.10 1.58 + 0.08 - 1.67 = 0.08
Bleicher et al. (1964) 10 - - 1.41 +0.09° - 1.29 = 0.12 -
Billis and Rastogi (1966) 5+50 - 2.51 £ 0.56 1.73 =0.33 - - -
Picard et al. (1968) 9 3.1 - 1.5 - - 29
O'Sullivan eral. (1970  162-232 - - 2.02 = 0.05¢ - 2.53 £ 0.10 -
Sutherland and Stowers 11 3.64 £ 1.01¢ 279 +0.75 1.93 =0.16 - - -
& (1975)
Yen et al. (1971) 10 - - 1.69 =0.13¢ - 1.88 + 0.17 -
Edstrom et al. (1974) 12-14 2.51 £0.83¢ 241 *0.75 1.96 = 0.76 - - 2.17 = 0.85
Lower limits
Silverstone et al. (1961) 2 sp (lower limit)  1.37 1.18 13 0.93 - -
Billis and Rastogi (1966) 2 spb (lower limit) - - 1.17 - - -
O’Sullivan et al. (1970) Lower 5th - - 1.13 - - -
percentile’

“The fractional turnover rate or k rate is calculated by visual fit on semilog paper (Silverstone er al., 1961) or by the method of least squares using the equation BS = BS,ek’
where BS, = blood glucose at any time, BS, = blood glucose at time zero, and k = rate of glucose fall with time (O'Sullivan et al., 1970). A reduced version of this equation
is 69.3/1, where ¢ is the time for the log-transformed values for glucose to decrease by . O'Sullivan et al. (1970), Sutherland and Stowers (1975), and Yen et al. (1971) excluded

non-log lincar portions of the curve according to certain rules (see text). Nonli

ity was parti

Aah

*Subjects represent differing popul
‘Mean + SE.
“Mean = 3D,

All were pi d to be

larly striking in the postpartum tests.
ic except those of O'Sullivan er al. (1970), who were a

1 "l

a city hosp

PP

“In a sepante study, O'Sullivan er al. (1974b) found that a 37.5-g glucose load produced a significantly greater k rate of 2.24 in 77 subjects (P < 0.01).

TLower limits cannot be calculated directly from the 8D since IV GTT data are skewed positively; log transformation served to normalize the data (O'Sullivan er al., 1970).
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parisons (O’Sullivan et al., 1970; Yen et al., 1971) (Table 4-14) a lower
k value is obtained in third-trimester subjects compared to postpartum.
These results differ from the earlier studies of Silverstone et al. (1961)
and Bleicher et al. (1964) in which the third-trimester results were
slightly higher compared to those of nonpregnant controls (Table 4-14).
While use of truncation rules may account for the differences, others
(Picard et al., 1968; Edstrom et al., 1974) have found a lower third-
trimester k value without these rules. Comparing the studies, the
greatest variation is seen in the postpartum data, with the third-
trimester data being surprisingly close. Differences in postpartum data
may be due to the greater curvilinearity of the IVGTT curve postpartum
and a differential effect of the truncation rules between the pre- and
postpartum periods, as well as subject selection, timing of the postpar-
tum test, and other methodological differences.

In contrast to the controversy over third-trimester and postpartum
IVGTTS, some obvious consistencies are seen in Table 4-14 regardless
of source or method of calculation. In every study there is an increase
in the k value early in gestation and a progression downward as
gestation proceeds. While the mechanism is not completely clear, an
increased rate of glucose disposal could help explain the lower fasting
glucose in early gestation (Table 4-4). The other consistent feature in
these data is the agreement on the lower limit of normal in the third
trimester in the three studies in which it has been assessed (Table 4-14).
The conclusion is that Silverstone’s original lower limit for & of 1.13
appears to be quite serviceable (Silverstone et al., 1961).

More recently, Sutherland and Stowers (1975) and O’Sullivan et al.
(1974b) have calculated k values based on the glucose increment over a
specified baseline (Table 4-15). This is the method proposed initially by
Amatuzio et al. (1953). Since none of the studies of this method in
pregnancy report paired studies at greater than 6 wk postpartum, only
Amatuzio’s (1953) mean value serves as a comparison (Table 4-15).
Again, the issue of the effect in late gestation versus postpartum is
unresolved. However, the elevation in the first trimester followed by a
decline is again seen in the data of Sutherland and Stower (1975). This
method has the advantage that the k values are independent of the dose
(confirming Amatuzio et al., 1953) and also of body weight (O’Sullivan
et al., 1974b).

Special Studies: Responses to Insulin, Tolbutamide, Glucagon, and
Arginine

The resistance to the hypoglycemic effect of intravenously adminis-
tered insulin (Burt, 1956) was the first objective evidence of insulin
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TABLE 4-15 Intravenous Glucose Tolerance Test in Pregnancy Based on Glucose Elevations
above Specified Baseline Glucose®

k (%0/min)
Trimester
Non-

References Dose (g) No. pregnant H 2 3
Sutherland and Stowers (1975) 25 11 - 6.29 + 1.26" 5.09 = 1.01 3.64 = 0.42¢
O’Sullivan et al. (1974b) 25 232 - - - 5.20 + 0.98¢
O’Sullivan et al. (1974b) 37.5 77 - - - 5.00 + 1.20¢
Amatuzio et al. (1953) 25 40 3.61 - - -

(3.00-4.84)¢

“The arbitrary baseline was the fasting glucose level in the hands of Sutherland and Stowers (1975) and of Amatuzio et al. (1953). O’Sullivan er al. (1975) plotted the increment
above a level lower than fasting, which was estil d for each subj Gl measurements were on capillary blood with glucose oxidase (Sutherland and Stowers, 1975), whole-

blood autoanalyzer ferricyanide (O’Sullivan et al., 1974b), and whole-blood Folin-Malmros (Amatuzio et al., 1953).
*All values are means + sD.

¢In the third trimester, Sutherland and Stowers (1975) used the lower limit of 2.97 of Amatuzio et al. (1953).
9There is no significant difference in k rate between the two doses.

cRange of values.
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resistance in normal pregnancy (it had been recognized in diabetic
pregnancy for many years [Skipper, 1933]) (Table 4-16). A similar
impairment is seen in response to endogenous insulin in the intraven-
ous tolbutamide test (Burt, 1958; Kalkhoff ef al., 1964; Spellacy et al.,
1965c) (Table 4-16).

The response to intravenous glucagon in the third trimester of
pregnancy is not impaired, and in fact glucose levels are higher later in
the test (Burt, 1957) (Table 4-16). The implication is that glucagon
responsiveness is at least intact and that the elevated glucose levels
may reflect diminished utilization of glucose. The glycemic response to
arginine (Table 4-16) is of interest since it reflects in part arginine-
stimulated glucagon release, which stimulates hepatic glycogenolysis,
as arginine is not itself a gluconeogenic substrate. In the third trimes-
ter, the glucose rise is equal to or greater than the nonpregnant
response. However, in the first and second trimesters, the glycemic
response is lower. These results depend on a complex interplay be-
tween the plasma arginine level, which is reduced in late gestation
(King et al., 1971), glucose removal, which is increased early in
gestation and then declines (Table 4-14), and the glycogenolytic-
gluconeogenic stimulus, which is also altered as judged by basal insulin
and glucagon levels (see Table 4-20). It is difficult to predict the precise
role of glucagon from these data, and further studies are required.

INSULIN SECRETION IN PREGNANCY

Fasting Insulin

Basal insulin levels at various stages of gestation are presented in
Tables 4-17 through 4-20. A significant elevation in basal insulin in the
third trimester is seen in the data of Spellacy and Goetz (1963),
Spellacy et al. (1965a, 1965b), and Bleicher et al. (1964) (Table 4-18)
and Freinkel et al. (1975) and Kiihl and Holst (1976) (Table 4-20). Basal
insulin levels are significantly lower in the first and second trimesters
compared to control (Tyson et al., 1969) and compared to third tri-
mester (Lind et al., 1973). The data of Felig and Lynch (1970) in
second-trimester subjects support these findings (X + SE): nonpregnant
6), 11.1 = 1.1 pU/ml; pregnant (12) 6.5 = 0.6 nU/ml (P < 0.05). The
lower basal insulin levels in early and midgestation resemble the
changes seen on high carbohydrate feeding of normal and mildly
diabetic subjects (Brunzell et al., 1971) and are consistent with an
enhanced postglucose insulin response in the first and second tri-
mesters (see below).
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TABLE 4-16 Special Studies: Glucose Response in Pregnancy to Intravenous Insulin, Tolbutamide,
Glucagon, and Arginine®

Glucose (mg/dl)® at:
Study No. 0 min 10 min 20 min 30 min 40 min 50 min 60 min 90-120 min

Insulin (0.1 wkg)

Nonpregnant 20 - - 31.0+ 7.8 - - - - -

8-26 wk 20 - - 346+9.5 - - - - -

3640 wk 20 - - 57.6+13.4 - - - - -
Tolbutamide (1 g/kg) M (120 min)

Nonpregnant 12 90.7+22° 749+4.6 - 57.5+43 - - 67.6+x14 777 %20

N 3640 wk 12 84.0x22 81.6+23 - 72.1 %29 - - 69.1+2.1 749=x*1.6

Glucagon (0.02 mg/kg)!

Nonpregnant 20 - 24.0+9.2°¢ 314=*164 - 11.6 +24.9 - -125=%15.5 -

3640 wk 20 - 23.2+5.2 41.8+8.7 - 35.8+14.8 - 12.7 + 14.6¢/ -
Arginine (0.25 g/Ib in 30 min) (90 min)

Nonpregnant 28 86.1x1.9° - - 107.9+3.3 - - 81.5+33 752+26

Ist trimester 9 70.5+2.5 - - 814+ 7.0/ - - 675511 T723+x4.2

2d trimester 7 67.5+3.9 - - 764 £ 5.9 - - 674+49 71.1+38

3d trimester 5 57.7x6.5 - - 909 + 12.8 - - 809+9.7 72056

“References: insulin. Burt (1956); tolbutamide. Spellacy er al. (1965c); glucagon. Burt (1957); arginine. Tyson et al. (1969).

*Glucose methodology: insulin, Somogyi-Nelson: tolbutamide, Somogyi-Nelson: glucagon, Somogyi-Nelson: arginine, glucose oxidase.
‘Mean = SE.

9Change from baseline.

“Mean * sp.

‘Significantly different from nonpregnant (P < 0.05 or more).
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TABLE 4-17 Insulin Response to 50 g of Oral Glucose at Various Times in Gestation in 19 Healthy Subjects®

Plasma Immunoreactive Insulin (wU/ml)® at:

Gestational
Age 0 min 15 min 30 min 45 min 60 min 75 min 90 min 120 min
Nonpregnant® 58 +4.0¢ 27.7+ 18.2 388 +18.0 42.0+ 18.8 32.7 = 16.1 232+ 12.8 19.5 + 10.8 134 + 12,5
10 wk 42+24 283 +24.8 414 +249 426+250 348=+19.7 314203 32.0 + 40.2 16.9 + 12.6
20 wk 42+ 18 276 £ 13.9 404 =252 453 +21.7 387+188 343 +150 234143 158 = 11.0
30 wke 7.6 29 37.1 = 21.7 559 + 37.9 67.1 £39.7 614 +368 528324 406 +19.6 227+ 17.2
38 wk° 78 + 3.8 37.7 £ 29.3 57.6 + 35.7 63.0 +260 664 352 568 +228 51.6*242 282 * 149

°From Lind ez al. (1973).

*Single antibody, charcoal adsorption method.

“Nonpregnant subjects were the previously pregn bj 10-12 wk postpartum: only one subject was | ing.
“Mean * sD.

Fasting level was significantly greater than 10 and 20 wk (P < 0.01). Postglucose values were significantly greater than nonpregnant (P < 0.01).
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TABLE 4-18 Insulin Response to 25 g of Glucose Intravenously in the Three Trimesters®

Immunoreactive Insulin (uU/ml)® at:

Gestational
References Age Display Omin 15min 20min 30min 40min S50 min 60 min 90 min 120 min
Spellacy and Goetz (1963); 13-15 wk X 39.0 121.3 80.7 43.5 34.2
Spellacy et al. (1965a, SE 5.1 19.7 11.7 6.1 3.7
1965b) " Postpartum X 35.2 95.5 58.5 42.7 37.0
SE 49 21.5 6.1 5.2 4.2
25-29 wk X 75.8 171.6 127.7 66.5 49.7
SE 13.4 24.1 21.5 6.4 53
Postpartum X 49.7 84.2 66.3 87.1 48.2
SE 39 6.5 44 33 3.1
36-40 wk X 108.7  333.1 222.0 102.0 61.0
SE 21.0 4.1 46.8 11.8 5.9
Postpartum X 61.7 117.5 84.5 65.7 57.0
SE 5.0 12.1 8.0 8.8 5.5
Bleicher er al. (1964) 30-39 wk b3 276 136.8 128.4 85.3 64.9 47.9 39.9 26.7
SE 2.6 17.7 17.7 10.4 6.7 7.0 6.1 5.2
Postpartum X 17.1 86.3 71.9 52.7 51.7 343 30.1 14.7
SE 2.8 12.1 14.6 7.7 9.2 6.4 5.1 4.8

“In the Spellacy and Goetz (1963) and the Spellacy e al. (1965a, 1965b) studies, 20 palred studies were done in each trimester. In the Bleicher ez al. (1964) study, 10 paired studies

pre- and postpartum were performed. In all of these studies, plas

were sli

y lower in g

at all time points.

*In some of these earlier insulin assays, basal levels tend to run hnghcr than with more cun'ent melhods (see Tables 4-17 and 4-20).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

TABLE 4-19 Special Studies: Insulin Responses to Tolbutamide and Arginine

Immunoreactive Insulin (wU/ml)

Study No. 0 min 15 min 30 min 60 min 90 min 120 min
Tolbutamide (1 g/kg)
Nonpregnant” 12 4] +9° 85 +17 80 +15 45 +9 - 45+ 12
36-40 wk 12 59+10 265 + 56 134 + 22 81 =14 - 87 =19/
D Arginine (0.25 g/lbin30 min)
Nonpregnant” 28 17414 - 90.4 +8.6 38.2 +6.9 19.0 £2.0 -
Ist Trimester 9 5.0 2.0 - 203 7.4 74 +3.4¢ 7.2+3.14 -
2nd Trimester 7 7.7 4.4 - 15.4 +6.5! 77 +3.6 7.5+4.4 -
3rd Trimester 5 14.8 +3.2 - 59.2+153 52.6 +19.8 24.0 £5.2 -
“Ref : tolb ide, Spellacy ez al. (1965¢): arginine, Tyson ez al. (1969).
Paired studies > 6 wk postpartum.
“Mean =+ SE.
“Significantly different from nonpregnant at P < 0.05 or greater.
“A separate control group not ily hed with preg y but which is said to be nonobese.
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TABLE 4-20 Immunoreactive Glucagon (IRG) in Pregnancy and Its Interrelations with Glucose
and Immunoreactive Insulin (1R1)¢

Trimester
Study 2 3 4-8 wk Postpartum Nonpregnant
Fasting levels
Freinkel et al. (1975) (25) (16) (26)
Glucose (mg/dl) - 80.0 = 1.5° 87.0 + 1.4¢ 88.0 + 0.8¢
IRI (wU/ml) - 13.0+1.0 8.2 +0.6¢ 6.0 £0.3¢
IRG (pg/ml) - 60.0 +3.0 43.0 +3.3¢ 64.0 +5.8¢
Kiihl and Holst (1976) ® 8) 8)
" Glucose (mg/dl) 84.6+1.8 826+ 1.8 84.6 £3.6 -
= IRI (wU/ml) 6.4 +0.6 9.4 +1.44 5.0+0.5 -
IRG (pg/ml) 97.5 £4.5¢ 153.7 £ 17.2¢ 118.1 +£10.1 -
IRINRG (molar ratio) 1.7 £0.2¢ 1.8 £0.4¢ 1.1 +£0.2 -
Postglucose response
Daniel et al. (1974) (16) (16)
Glucose area (mg min/ml) - 102.0 = 6.1 75.0+0.9 -
1r1 area (uU min/ml) - 15,800 = 1,850 10,900 + 1,230 -
IRG maximum suppression (%) - 29.6 15.3 -
Kiihl and Holst (1976) @®) ® ®8)
IRr1 area (uU min/ml) 3,801 =743 5,894 + 1,502 2,133 +£343 -
IRG maximum suppression (%) 25.5 244 20.0 -
“Data of Freinkel er al. (1975), Daniel et al. (1974), and Kiih]l and Holst (1976). Values in parentheses indicate number of subjects.
*Mean = sem.
rSignificant difference d or third tri versus postpartum, P < 0.0S.
“Signficant difference second or third tri versus postparium of nonpr P - 0.0l
- Sigmif difference wm versus
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However, low first and second trimester fasting insulin levels were
not seen by all workers (Spellacy and Goetz, 1963; Spellacy et al.,
1965a; Edstrom et al., 1974; Kiihl and Holst, 1976) and the matter
requires further study.

Oral Glucose Tolerance Test

The oral glucose tolerance test has been used many times as a stimulus
to insulin secretion in pregnancy. Unfortunately, the data have been
presented illustratively rather than as absolute values. However, data
for the area under the insulin curve following glucose administration
have been recorded. Three examples are given in Table 4-21 and show
that a 50-90 percent greater insulin response is seen in third trimester
regardless of the glucose dose (Beck and Wells, 1969; Lind et al., 1973;
Daniel et al., 1974). Lind et al. (1973) have measured insulin levels
after the 50-g oral test (Table 4-17). A trend toward elevated insulin
levels postglucose is seen late in the test at 10 and 20 wk but is not
significant until 30 and 36 wk, coincident with the appearance of
clinical insulin resistance (Pedersen, 1967) and the rapid rise in human
placental lactogen (HPL) (Samaan et al., 1966).

Intravenous Glucose Tolerance Test

Spellacy and Goetz (1963) and Spellacy et al. (1965a, 1965b) have
measured insulin secretion in the three trimesters in response to IV
glucose: in the first trimester the maximum insulin response is about 40
percent elevated, in the second trimester 2.2-fold, and in the third
about 3-fold (Table 4-18). The data of Bleicher et al. (1964) (Table 4-18)
are shown for comparison inasmuch as the basal insulin level is lower
and more representative and blood is drawn at more frequent intervals.
In these data, the maximum plasma insulin response is 60 percent
greater than the postpartum controls.

Insulin Response to Tolbutamide and Arginine

As shown in Table 4-19, intravenous administration of 1 g of tol-
butamide elicits a threefold greater rise in insulin in the third trimester
as compared to the nonpregnant control (Spellacy et al., 1965c). By
contrast, a hyporesponsiveness of insulin secretion to intravenously
administered arginine is seen in the first and second trimesters in the
work of Tyson et al. (1969). This hyporesponsiveness was confirmed
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TABLE 4-21 Integrated Insulin Responses to Oral Glucose Administration in Third-Trimester Pregnant Subjects

Immunoreactive Insulin (xU min/ml)

Glucose

References Dose (g)
&  Beck and Wells (1969) 100
Daniel et al. (1974) 100
Lind ez al. (1973) 50

3rd Trimester® Nonpregnant® P
9,859 5,069 <0.005

15,800 + 1,850° 10,900 + 1,230 <0.01
5,860 + 675¢ 3,150 = 1,290

“Antepartum studies were done in the third trimester (Beck and Wells, 1969): 3040 wk gestation (Daniel et al., 1974): and 38 wk gestation (Lind et al., 1973).
®Postpartum subjects were studied after S wk (Beck and Wells, 1969): 5-8 wk (Daniel et al., 1974): and 10-12 wk (Lind et al., 1973).

“Mean * SE.

9The data of Lind et al. (1973) have been multiplied by 15. Mean =+ sD (significance not given).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://lwww.nap.edu/catalog.php?record_id=19995

Carbohydrate and Lipid Metabolism 59

by King et al. (1971) and could be attributed in part to the lower levels
of plasma arginine achieved during the infusion. However, King et al.
(1971) also showed that the plasma insulin response was inappropri-
ately low for the level of plasma arginine achieved in the second
trimester. Third-trimester insulin levels were normal (Tyson ef al.,
1969) or low (King et al., 1971) but not high due agnin to a low arginine
level (King et al., 1971). However, the insulin response was appropri-
ate to the level of arginine achieved compared to nonpregnant controls
(King et al., 1971). A similar set of responses in the three trimesters is
seen following protein ingestion (Tyson and Merimee, 1970). The
mechanisms of these responses and their relationship to the fasting
hypoinsulinism of early and midgestation deserve further study.

GLUCAGON SECRETION

Table 4-20 shows the fasting immunoreactive glucagon (IRG) mea-
surements obtained in late human pregnancy with concurrent measures
of insulin and glucose (Daniel et al., 1974; Freinkel et al., 1975; Kiihl
and Holst, 1976). Changes in glucose and insulin are in good agreement
in the two studies. The absolute levels of glucagon differ, but this
probably reflects differences in immunoassay specificity and tech-
nique. Whether or not glucagon is judged to be elevated in late
gestation depends upon the basis for comparison. In both studies,
glucagon level is elevated in the third trimester relative to postpartum
controls. In addition, IRG is higher in third trimester than second
trimester in the one study where it was evaluated. However, in the
study of Freinkel et al. (1975), comparison of third-trimester IRG with a
nonpregnant group shows no difference. It may be that IRG is lower in
postpartum rather than higher in third trimester and that postpartum
comparisons around 6 wk may be premature in certain parameters, as
maternal metabolism may not yet be entirely back to normal.

After the administration of glucose, a greater suppression of IRG
occurred in gestation in both studies (Daniel ez al., 1974; Kiihl and
Holst, 1976). All of the observations point to a heightened insulin to
glucagon ratio in late gestation in both the basal and stimulated state, as
has been reported in the laboratory rat (Saudek et al., 1975) and
emphasize the anabolic nature of glucoregulation in pregnancy (Saudek
et al., 1975). Similar conclusions have been reached by Luyckx et al.
(1975). An increased insulin to glucagon ratio could contribute to the
lower fasting glucose in early gestation, at a time when total demands
for glucose are small.
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GROWTH HORMONE (HGH)

It took some time before accurate methods to measure growth hor-
mone in pregnancy were developed, because of the cross-reaction of
antigrowth hormone antibody with human placental lactogen
(Josimovich and MacLaren, 1962). This cross-reaction formed the basis
of the earlier discovery of human placental lactogen (Josimovich and
MacLaren, 1962). Both of the studies presented in Table 4-22 indicate
slight increases in basal HGH as gestation proceeds (Tyson et al., 1969;
Yen et al., 1970). This effect probably represents some small HPL
contamination, especially since Varma et al. (1971) were able to
completely dilute out this effect (see footnote, Table 4-22). Following
intravenous arginine or insulin administration, HGH response was
reduced in late gestation. Since a reduced HGH release could in part be
due to a lesser degree of hypoglycemia or a lesser rise of arginine in the
third trimester (King et al., 1971), it is still uncertain if a physiological
reduction in HGH secretion in pregnancy really exists.

FREE FATTY ACIDS AND GLYCEROL

A recent study by McDonald-Gibson et al. (1975) indicates a small
elevation in FFA in the third trimester relative to the second or first
trimesters (Table 4-23), a pattern that has also been observed in the rat
(Knopp et al., 1973b). Burt (1960b) found a similar pattern in his initial
report on the subject. What is new in the data of McDonald-Gibson et
al. (1975) is the very minimal third-trimester rise and the failure of the
FFA to fall by 6 wk postpartum. Freinkel et al. (1975) also found only a
small third-trimester rise, and Persson and Lunell (1975) report no
increase. Why earlier investigators found more prominently elevated
levels of FFA throughout gestation remains to be explained. One
possible source of artifact is the endogenous hypertriglyceridemia of
pregnancy (see below), which, if any test-tube lipolysis were to occur,
would cause a higher FFA level in the pregnancy sample. For instance,
if plasma samples are not frozen soon after collection but are kept in a
refrigerator overnight, the plasma FFa level may double (R. H. Knopp,
unpublished observations). Glycerol levels run about one-tenth of the
FFA values on a molar basis but show the same trends, lending support
to the patterns in plasma FFA reported by McDonald-Gibson et al.
(1975). Since increased adipose tissue fatty acid mobilization has been
well documented in late gestation in both the rat and man (Knopp et
al., 1970; Elliott, 1975), the possibility of an increased fractional
turnover of FFA is raised by these observations.
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TABLE 4-22 Growth Hormone (HGH) Secretion in Gestation after Intravenous Insulin or Arginine

HGH (ng/ml)"
Study No. 0 min 30 min 60 min 90 min 120 min Maximum Change

Insulin hypoglycemia®

Nonpregnant (0.1 p/kg) 10 2.5+1.44 4013 28.0 5.7 22.5+3.8 15.5+2.8 25.5+5.2

Ist Trimester (0.1 p/kg) 10 48+1.2 5.7x1.5 16.2 £3.2 17.5+2.9 82=x17 12.7+2.5

2nd Trimester (0.125 p/kg) 10 6.3+0.9 7.0+0.7 13.5 £ 2.6° 10.5 £ 2.1° 6.2 +2.6° 7.2x2.1°

3rd Trimester (0.15 p/kg) 10 5.5+1.0 6.8 1.2 10.5 + 2.4 7.3+ 14 5.5+1.9° 5019
Arginine infusion®

Nonpregnant 28 34+0.7¢ 18.7 £3.6 27.8+3.5 23.7+34 - -

Ist Trimester 9 9.8 = 1.4 376 £7.1° 302+4.5 174 £2.7

2nd Trimester 7 127+ 1.7¢ 324 £ 6.5 40.2 £ 10.2 21.5+33 - -

3rd Trimester 5 125+1.0 14.8 2.6 15.8 £ 1.7¢ 15.7 £2.3¢

“lmmunoassays for HGH had some cross- ion with pl: | | since HGH values do not rise when antibody reaction with HpL is diluted out [(weeks gestation) mean * sD
in mg/ml}): (6-10) 3.36 = 1.68, (11-15) 4.95 = 1.94, (I6—20) 4.58 = 1.75, (2| 25) 4.36 = 1.55, (26-30) 5.65 + 2.60, (31-35) 4.29 = 1.46, (36—40) 3.94 = 1.98, (5-26 subjects). Data of Varma
etal. (197)).

5Study of Yen et al. (1970). Although insulin doses were i din ding tri s, 30-min gl nadirs also increased (mg/100ml): nonpregnant, 32.4: first trimester, 29.5: 2nd
tri . 35.5; third tri . 40.5 (Yen et al., 1970).

“Study of Tyson er al. (1969).

“Mean + SE.

Significantly different from nonpregnant (P < 0.05 or greater).
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TABLE 4-23 Plasma Free Fatty Acids (FFA) and Glycerol
in Pregnancy"

No. FFA (umol/l) Glycerol (umolfl)

Nonpregnant” 7 428 + 119" 5017
13 wk 14 413+ 84 4 x 14
20 wk 15 370 = 147 38+9

30 wk 15 336 + 87 39+ 14
38 wk 15 422 + 89 50 = 18
Postpartum-6 wk 15 468 = 122 54+ 17
Postpartum—12 wk 14 383+ 96 49 = 14
Postpartum-24 wk 13 328 = 107 42+ 12

“Data of McDonald-Gibson er al. (1975).

*Results are for 13- 15 women studied serially with a separate nonpregnant control group.

“Mean * sp.

“Aggregate values (see McDonald-Gibson ¢r al.. 1975) show a sigaificant increase at 38 wk over 30 wk.

KETONE BODIES IN PREGNANCY

Whether or not ketone bodies are elevated after an overnight fast in
pregnancy is controversial. The data of Felig and Lynch (1970) indicate
a three- to fourfold rise in ketones after overnight fast in the second
trimester as compared to controls (Table 4-24). Similar results were
reported by Lunell ¢t al. (1973) (see footnote. Table 4-24) in nonpreg-
nant young women. In contrast. extensive third-trimester mea-
surements of ketone bodies by Persson and Lunell (1975) in healthy

TABLE 4-24 Ketone Bodies in Pregnancy after Overnight Fast

Ketone Bodies (mmol/l)

Trimester
Start of Labor
Study Nonpregnant (6)" 212 3 (149 8"
Total ketones - - - 0.169 = 0.040
Acetoacetate 0.06 = 0.01" 0.15+0.03* 0.05 = 0.05 -
B-Hydroxybutyrate 0.10 = 0.05 0.37£0.04° 0.09 = 0.02 -

“Data of Felig and Lynch (1970): enzymatic method.

*Data taken from an illustration of Persson and Lunell (1975) at 3R wk g i enzymatic hod. With respect
to B-OHB, not different from 39 nonpregnant women: 0.079 = 0.011 (Lunell er al .. 1973).

“Data of Sabata er al. (196R).

“Mean + SEM.

Significantly increased over nonpregnant (P < 0.01.
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mothers discloses no rise compared to the nonpregnant subjects of
Felig and Lynch (1970) or Lunell et al. (1973). The acetoacetate and
B-hydroxybutyrate totals of Persson and Lunell (1975) in the third
trimester interestingly correspond closely to the total ketones mea-
sured by Sabata er al. (1968) at the onset of delivery. In view of the
minimal FFA rise in late gestation, a minimal ketone body rise may be
occurring but be very hard to measure. There is no question that a
striking ketonemia occurs on prolonged fasting in both human and
animal pregnancy (Herrera et al., 1969; Felig and Lynch, 1970). What
may be at issue are variations in the length of the ‘‘overnight’’ fast.
Alternatively, the data may represent genuine differences between
second and third trimester. Further studies are required to assess these
possibilities.

LIPIDS AND LIPOPROTEINS

Methodology

Since all lipids in the blood plasma are bound to proteins, certain
factors affect all lipids in common (see Table 4-25). For instance,
upright posture tends to cause hemoconcentration and supine posture
tends to lead to hemodilution (Tan et al., 1973; Statland et al., 1974).
Likewise, tourniquit stasis is a factor (Statland et al., 1974). The use of
an anticoagulant such as EDTA tends to draw water out of red cells,
thus diluting the sample as compared to serum. Whether or not the
subject has eaten or is fasting at the time the blood is drawn is also an
obvious consideration.

With respect to lipid extraction from plasma, a variety of organic
solvent systems have been used (Table 4-25). Isopropanol or 2:1
(vol/vol) chloroform methanol are probably the most commonly used at
present. These extractions separate the lipids from plasma proteins and
other constituents and allow for analysis of the following: total lipids by
gravimetry (Wybenga and Inkpen, 1974), phospholipids usually by the
molybdenum blue reaction (Wybenga and Inkpen, 1974), triglycerides
by measuring the glycerol after saponification (Litchfield, 1972), and
cholesterol, usually by the Lieberman-Burchard reaction or the ferric
chloride method (Tonks, 1967).

Because they are so frequently performed, the analyses for tri-
glycerides and cholesterol are discussed in greater detail in Table 4-25.
The reference methods are the Carlson procedure (Carlson, 1959, 1963)
for triglycerides and the Abell-Kendall method (Abell et al., 1952) for
cholesterol. Triglyceride measurements vary from lab to lab, often
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TABLE 4-25 Guide to Interpreting Triglyceride and Cholesterol
Measurements

1. Effect of posture

Posture affects blood lipid measurements as well as all proteins and protein-bound
materials in blood. Standing tends to hemoconcentrate and recumbency tends to hemo-
dilute. In one study, recumbency compared to upright posture reduced cholesterol
10.4 percent, and triglyceride, 12.4 percent (Tan et al., 1973). In another study the
same comparison produced an 8.2 percent drop in cholesterol (Statland er al., 1974).
Lesser reductions occur on sitting (2 to 6 percent for cholesterol) (Tan er al., 1973;
Statland er al., 1974). Brief tourniquet application tends to reduce cholesterol 1-2
percent. A longer (3-min) tourniquet application raises cholesterol about 3 percent
(Statland et al., 1974).

2. Serum versus plasma

Venous serum or plasma are suitable for lipid determinations. EDTA (1.5 mg/dl of
blood) is the preferred anticoagulant as it has the additional effect of stabilizing
lipoprotein lipids (Lipid Research Clinics Program, 1974). Lipid measurements run
about 3 percent lower in plasma than serum, probably due to the osmotic effect
of EDTA, which draws water out of red cells (personal communication, Russell
Warnick, Clinical Chemist, N.W. Lipid Research Clinic).

3. Sample preparation

Lipids are extracted in organic solvents (Litchfield, 1972). Interfering substances in-
cluding glucose and bilirubin are removed by washing the lipid extract or by adsorp-
tion with CuSQ,-Ca(OH), and Lloyd’s reagent. Phospholipids are adsorbed by silicic
acid or zeolite. Mono- and diglycerides are more completely removed by silicic
acid than zeolite. The glyceride extract is then saponified to yield its constituent
glycerol and fatty acids, the glycerol being conveniently measured.

4. Glyceride glycerol analyses (Litchfield, 1972)
a. Manual methods

(1) Carlson (1959, 1963): This method employs silicic acid adsorption in chloro-
form methanol and uses chromotropic acid as color reagent. This method or its
automated version is the reference standard.

(2) Van Handel and Zilversmit (1957): This method employs zeolite adsorption
in chloroform and chromotropic acid for color development (Wybenga and Inkpen,
1974). It tends to run higher than the Carlson method since partial glycerides are
not completely removed. The presence of background color produced by nonsaponi-
fied material in the unknowns may also cause a slightly higher value of a few
percent.

b. Semiautomated methods

(1) Autoanalyzer I. The Lofland (1964) method is the semiautomated version
of the chromotropic acid methods.
(2) Autoanalyzer I: The method of Kessler and Lederer (1965) consists of treat-
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TABLE 4-25 (Continued)

ing the isopropanol extract with zeolite, CuSO,-Ca(OH),, and Lloyd’s reagent;
saponification; periodate oxidation; and condensation with acetylacetone to produce
a fluorescent product. This method may run higher than the Carlson method for
reasoas discussed under the Van Handel method.

(3) Autoanalyzer II method number 24 of Leon et al. (1970): This is an adap-
tation of the Kessler and Lederer (1965) method.

c. Glycerol kinase enzyme methods

(1) Linked to glycerol phosphate dehydrogenase (Wieland, 1963).

(2) Linked to pyruvate kinase plus lactate dehydrogenase (Wabhlefeld er al.,
1975). This method corresponds well to AAII in preliminary studies (personal com-
munication with R. Warnick).

5. Cholesterol analyses (Tonks, 1967)
a. Manual methods

(1) Bloor: This method was described in 1916; it employs Lieberman-Burchard
reagent (acetic anhydride, concentrated sulfuric acid, and glacial acetic acid) in a
chloroform lipid extract (Tonks, 1967). Methods by Theorell, Cramer, Lieboff, and
King are related (Tonks, 1967).

(2) Abell-Kendall: Abell et al. (1952) introduced a saponification step before the
Lieberrman-Burchard reaction since cholesterol esters produce a greater color intensity
than free cholesterol. This is the current reference method (Abell er al., 1952). Methods
by Sperry, Keys, and Ham are closely related (Tonks, 1967).

() Zlatkis et al. (1953) introduced ferric chloride as a color reagent, which
reacts to cholesterol and cholesterol ester with equal intensity. There are numerous
modifications of this method (Tonks, 1967). Saponification is unnecessary, but the
method runs 4-10 percent higher than Abell-Kendall (Tonks, 1967).

(4) Rappaport and Eichorn (1960) used para-toluene sulfonic acid directly on
plasma without extraction. This method tends to give higher values than Abell-Kendall
and bilirubin interferes.

b. Automated methods

(1) Autoanalyzer I: An automated adaptation of Zak’s methods employing iso-
propanol extract and the ferric chloride-sulfuric acid-acetic acid reagent system (Tech-
nicon method N24a) (Block et al., 1966).

(2) Autoanalyzer II: Employs an isopropanol extract and the Lieberman-
Burchard reagent (Technicon Autoanalyzer Method File No. 24, 1972). This method
is more stable than AAI, but because the saponification step is eliminated the cho-
lesterol esters produce an excessive color reaction. One solution in current use
calibrates the AAII against sera standardized in the Abell-Kendall method (Lipid
Research Clinics Program, 1974).

(3) Autoanalyzer 11, direct method: No extraction is performed; thus, interfer-
ing substances in plasma are not removed (Technicon Autoanalyzer Method File No.
24, 1972). Results are 10-15 percent higher than the comparable method by extrac-
tion. This is the common method used in clinical laboratories (sMA 6/60 and 12/60
systems) and can lead to an overdiagnosis of hypercholesterolemia.
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TABLE 4-25 (Continued)

c. Enzyme methods

These are under development and involve production of free cholesterol with a
cholesterol esterase, subsequent oxidation by cholesterol oxidase, and coupling with
catalase or peroxidase systems to a chromagen as in the glucose oxidase methods
(Allain et al., 1974).

without obvious explanation. As for cholesterol, the direct method of
the sMA 6/60 or 12/60 series may overestimate the cholesterol 10-15
percent for a variety of reasons but mainly because a lipid extractis not
made (Table 4-25). Thus, methodology must be considered in the
evaluation of results.

Lipid Measurements in Pregnancy

An abundant literature on this subject dates back many years. Table
4-26 reviews the literature from 1934 on, separating the studies into
those performed under fasting and nonfasting conditions. The table is
constructed to permit comparisons among studies employing varied
methods. The consistency of the techniques can be judged from the
nonpregnant data. These are surprisingly homogeneous. In the nonfast-
ing group (Table 4-26), total lipids, cholesterol, and phospholipids
tend to be higher than those of the fasting group.

In pregnancy, triglycerides increase 2.5- to 4-fold, and cholesterol
and phospholipids each increase about 25 percent (Table 4-26). A
greater variation is seen in these data than in the nonpregnant group,
suggesting that the differences are due to the pregnancies studied
rather than the analytical methods. While these data include only
third-trimester subjects, important differences can exist within this
time interval (see Table 4-27). Racial differences may also be impor-
tant. The lowest levels of triglyceride and cholesterol and the second
lowest phospholipid level in pregnancy are seen in the Nigerian women
studied by Taylor (1972). Comparing the racial composition of two
American studies, over 90 percent of the subjects of Hillman ez al.
(1975) were Negroes, while those of Montes et al. (1976) were almost
all Caucasians. Both triglyceride and cholesterol values were higher in
the Montes study compared to those of Hillman et al. despite the fact
that the methodologies were identical and standardized to the same
reference methods. This tendency toward higher triglycerides in Cau-
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casians compared to Negroes has been seen in nonpregnant women as
well and emphasizes the need for racially specific lipid standards.

Serial Lipid Changes in Pregnancy

Serial changes in plasma lipids over the length of gestation are illus-
trated in Table 4-27. Two of the three studies suggest a peak at 29-36
wk and then a decline at term. The drop at delivery may be exaggerated
in the data of Oliver and Boyd (1955), since earlier measurements were
made after subjects had eaten, whereas at delivery subjects were
probably postabsorptive. The data of Taylor and Akande (1975) do not
show the late downward trend, but the women studied were not very
hypercholesterolemic. Phospholipids show a tendency to level off in
the third trimester, as do triglycerides, but the dataare limited. There is
a suggestion of a reduction in cholesterol in the first trimester. Other
authors studying individual cases have raised this possibility as well
(Peters et al., 1951; Green, 1966). A similar trend is not seen in
triglyceride or phospholipid (Table 4-27).

Lipoprotein Lipids

Lipid changes in the major lipoprotein fractions are illustrated in Table
4-28. Prior to 1965, beta lipoproteins referred to the sum of the vLDL
and LDL fractions; more recently these have been isolated separately
and are termed beta and prebeta (see Knopp et al., 1973a, for review).
It can be seen that triglycerides increase two- to fourfold in each of the
fractions in pregnancy. The extent of the cholesterol increase in vLDL
parallels the triglyceride increase, whereas lesser increases are seen in
LpL and HDL cholesterol. In pregnancy, HDL cholesterol mea-
surements are strikingly close in all five studies, and they are higher or
unchanged but never lower compared to the nonpregnant. These
results contrast with the atherosclerosis-associated hyperlipidemias,
where HDL cholesterol is reduced (Fredrickson et al., 1968). Changes
in phospholipids mirror those in cholesterol.

Norms for the Lipoprotein Lipids

In order to provide some basis for assessing normal and abnormal for
triglyceride and cholesterol in pregnancy, the two sp upper and lower
limits for the various fractions have been calculated from data of
Montes et al. (1976). Of the 30 subjects, all but one were Caucasian.
Therefore, the tentative values presented in Table 4-29 are intended for
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TABLE 4-26 Plasma Lipids in the Third Trimester of Pregnancy

Plasma Lipids (mg/dl)

Pregnant
References Methods" No. TL" TG(NF) TC
Fasting
Boyd (1934) TC: Bloor 9 900 + 130 (353 +75) 205 * 45
Others: chromic
acid oxidation
Russ et al. (1954)° TC: Bloor 27 - - 282 + 62
pL: F&S
Konttinen et al. TG: Van H 28 - 302 + 136° 345 + 92
(1964) TC: Keys (LB)
pL: Bartlett
Dannenburg and Burt ‘'TG: Van H 17 - 280 = 224 321°
(1965) TC: Zak
PL: Stewart
Aurell and Cramér TG: Carlson 18 - 167 258 + 8
(1966) TC: Cramér
Karsznia and Kaffarnik TL: Gravimetric 23 1,043 = 173 284 + 84 300 = 70
(1969) TG: Van H
TC: Watson
pL: Bartlett
Fioretti et al. TG: Van H 23 - 166 = 181 291 + 11
(1970 TC: Rap
pL: Bartlett
Taylor TG: Van H 16 - 120+ 67 176 = 5
(1972) TC: Ham'
pL: King
Knopp et al. TG: K&L 8 - 158 = 199 200 = 10
(1973a) TC: AAl
Samsioe et al. TG: Carlson 20 - 180 + 137 265 + 8
(1975) TC: Cramér
Hillman et al. TG: AAll 38 - 178 + 74 217 + 48
(1975) TG: AAIl
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Nonpregnant

PL EC/TC No. TL TG(NF) TC PL EC/TC
248 +43 067 009 9 61775 154 =77 181 =37 195 =37 0.70 = 0.06
372 = 80 - 21 - - 189 + 35 225 + 28 -
348 + 57 - - - - - - -
386+ 13 0.61 17 - 715 193 225 + 13 0.58
283 +7 - 18* - 53 162 +6 185 =+4 -
315+ 59 - 32 645 104 105 =22 214 + 34 226 + 42 -
565 + 57 - 12 - 572 1798 170+ 8 -
24+ 6 - 23 - 477 1623 1854 -

- - 12 - 62+5 160 =10 - -

- - 18 - 544 2068 - -

- - 27 - 86 +40 173 + 34 - -
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TABLE 4-26 (Continued)

Plasma Lipids (mg/dl)

Pregnant
References Methods* No. L TG(NF) TC
Warth et al. TG: K&L 10 - 218 + 119° 213 + 40
(1975) TC: AAI
PL: Bartlett
Montes et al. TG: AAII 30 - 243 + 15¢ 261 =8
1976y TC: AAII
Nonfasting
Dieckmann and Wegner TC: Lieboff 49 - - 331 +9.4¢
(1934)
Von Studnitz TC: Abell 10 966 + 145° - 326 + 42
(1955) PL: Petersen
Oliver and Boyd TC: Sperry 12 - - 283 * 600
(1955)
Watson (1957) TC: King 39 - - 243 + 58°
de Alvarez et al. TL: Gravimetric 10 1,039 + 238° - 257 + 4
(1959) TC: Sperry
PL: F&S
Green (1966) TC: Abell 5 - - 304
Hashmi and Froze TC: Abell 6 - - 212 + 14¢
(1972)

® Abbreviations: (lipid classes) TL = total lipid; TG = m;lycende NF = neutrll fn( which is roughly equivalent to
TG; TC = total cholesterol; EC = esterified chol ol, pL = ph id hods) Van H = Van Handel;
= Lieberman-Burchard; Rap = Rappaport and Eichorn: K&L = Kessler and Lederer, AA = autoanalyzer:
F&S Fiske and Subbarow.
*Mean + sp.
<Samples were obtained at delivery and are assumed to be fasting.
9Mean =+ SE.
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Nonpregnant
PL EC/TC No. TL TG(NF) TC PL EC/TC
263 + 62 - 10 - 54 =32 189 =40 207 + 41 -
- - 30 - 78+6 203 +4 - -
398 + 111 - 10 664 = 124 - 200 + 33 242 + 28 -
- - 12 - - 201 + 45 - -
- - 38 - - 228 + 43 - ~
357+ 39 - 8 761 + 232 - 212 + 44 299 +26 -
5 - - 198 - -
217 £ 27 - - - - - - -

“Sum of free and esterified cholesterols.

/Data originally p d as lipid phosphorus are converted to phospholipid by multiplying by 25.

“Data originally presented as mmol/l are converted to mg/dl using the molecular weight of triolein (885.5).

*Same subjects studied 9 mo postpartum.

‘Postpartum subjects not taking oral contraceptives are most >12 wk postpartum.

Unpublished data of A . M and R. H. Knopp. At 6 wk postpartum, no subjects were taking oral contraceptives.
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TABLE 4-27 Serial Lipid Measurements in Pregnancy (mg/dl)?

Weeks Gestation
Post-
References Diet NP 0-8 9-12 13-16 17-20 21-4 25-28 29-32 33-36 3740 partum
Total Lipid
de Alvarez et al. Fed 20y (¢4} (0)] 8) (13) (10 12) [¢)] (10 ®) (20)
(1959) 711 = 139° 688 + 105 653 + 33 694 + 148 745+ 105 737 + 55 900 + 198 964 + 208 1018 + 194 1039 + 239 711 + 139
Triglyceride
Svanborg and Fast - - 33¢ 62 - 113 122 170 244 228 -
Vikrot (1965) Fed - - 64¢ 7 4 95 95 140 166 - -
Karsznia and Fast (32)
Kaffarnik (1969) 105 = 22¢ - - 104 + 33 - - 147 + 54 - - 284 + 84
Cholesterol
:l) Oliver and Boyd Fed (12) (12 (12) (12) (12)
(1955) - - 187 £ 35¢ - - - - 282+ 57 28360 23956 201 4S5
de Alvarez et al. Fed (15) ) @) [¢)] (10) (1) (10) ® ) @ ®
(1959) 178 £35¢ 200 =51 152+4]1 189+42 207 +31 211 +38 29+56 266+ 58 257 +44 24944 21244
Taylor and (12) (24) (16) (¢3)) (10) ) ) (b))
Akande (1975) Fast - - 166 + 40/ 175+26 207 +21 196+28 209+21 209+16 205+ 27 210 = 16 -
Phospholipid
de Alvarezetal. Fed (15) ) @ [¢)) (10) (10)) (10) ® ()] “) 8)
(1959) 256 + 36° 240 263 37 258+55 278+64 282+49 333 +49 346+48 357 x39 35016 299 + 26
Taylor and 12 (v2)] (12 22) 15) (10) )
Akande (1975) Fast - - 187 + 41 203 +48 207 +38 212+33 206 +36 231 +42 227 +33 - -
Rep . dies are p N
*Values in parentheses indi ber of subj
‘Mean + SD.

“Results converted from millimoles to mg/100 ml using molecular weight of triolein= 885.5.
“Sampies taken at delivery and therefore probably fasting.
The highest of three socioeconomic strata of Nigerian women.
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TABLE 4-28 Lipoprotein Lipids after Overnight Fast in the Third Trimester of Pregnancy (mg/dl)®

Pregnant Nonpregnant
Beta Beta
Alpha Alpha
References No. VLDL LDL (HDL) No. VLDL LDL (HDL)
Triglycerides
Aurell and Cramér (1966) 18 - 127 - 23 18 - 54 - 7
Hillman ez al. (1975) 38 86 + 55° 52+19 35+8 27 48 + 35 22+6 9+4
Warth et al. (1975) 10 129 + 105° 5915 35+17 10 31+ 19 23+8 12+4
Montes and Knopp°® 30 121 = 114 81+6 29+2 30 315 28+2 9+1
Cholesterol
\. Russ et al. (1954) 27 - 207 = 59 - 63+ 18 21 - 123+32 - 61 + 13¢
w Aurell and Cramér (1966) 10 - 185+ 9¢ - 64 +4 10 - 1185 - 45+ 2
Hillman et al. (1975) 38 17 £ 15° 126 + 45 62+ 14 27 Bx14 108 + 31 48 + 129
Warth et al. (1975) 10 30+ 17® 98 +38 61 =18 10 9+3 91 21 75 £ 22¢
Montes and Knopp® 30 25 +2¢ 1719 613 30 8+1 125+ 4 61 +3*
Phospholipid
Russ et al. (1954) 27 - 206 + 53° - 139 + 34 21 - 98 +23 - 117 £20
Aurell and Cramér (1966) 18 170 + 8¢ 117 £ 8 18 - NS - 98 +4
Warth et al. (1975) 10 43 +33% 8517 131 £30 10 14+7 66 = 17 138 £ 30
¢ Abbreviati VLDL, very-low-density lipoprotein; LDL, low-density lipoprotei lly p < 1.006-1.063: however, for Cramér this fraction is p < 1.063); HDL, high-density lipoprotein
(p = 1.063-1.21 and also corresponds to alpha lipoprotein). ViDL plus LDL = beta lipoprotein in this older usage.
®Mean + SD.
Previously unpublished data of M and Knopp.
9Mean + SE.
“Noapregnant subjects.

’Nine months postpartum.
*Most subjects tested after 12 wk gestation.

*Six weeks postpartum; 20 wk postpartum the HDL chol ol in these subj was 54 + 2 in lactating subjects and 44 + 6 in
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TABLE 4-29 Tentative Two sD Upper and Lower Limits for Plasma
Triglyceride and Cholesterol in Third Trimester Pregnancy
(mean, 36 wk) and 6 wk Postpartum?

Pregnant (36 wk) Postpartum (6 wk)
Test Lower Limit®  Upper Limit® Lower Limit  Upper Limit

Triglyceride

Total 131 416 33 166

VLDL® 55 231 4 161

LDL® 31 150 13 53

HDL® 27 60 3 14
Cholesterol

Total 177 345 157 227

VLDL 0 b)) 0 18

LDL 78 264 80 170

HDL 32 90 31 91

“Previously unpublished data of M and Knopp. Studies were done between 30 and 40 wk gestation and 6 wk
postpartum. Twenty-three of the postpartum subjects were lactating, and seven were not. There are no differences
between the two groups postpartum. Twenty-nine were Caucasians, and one was black. In non-oral-contraceptive-
taking subjects, results are identical after 20 wk postpartum except for a drop in HDL cholesterol (see Table 4-28).
Methodology for triglyceride and cholesterol is based on lyzer Il techniq Fracti ions were performed
according to methods of the Lipid Research Clinics Program (1974).

* All values represent the 2 sp upper or lower limit; 2.5 percent of the population exceeds each limit. These limits
are only tentative and are to be used only as a general guideline until data from larger numbers of subjects are
available and the fifth and ninety-fifth percentiles can be calculated. For triglyceride, the 2 sp limits are based on
log,-transformed data.

‘vLDL = very-low-density lipoprotein: LDL = low-density lipoprotein; HDL = high-density lipoprotein.

use primarily in Caucasian subjects and when lipid measurements are
done using AAII methodology. These data will be useful until studies
with larger numbers of subjects are available.

Lipoprotein Lipid Composition

When lipoprotein lipid composition is analyzed (Table 4-30), two
distinct patterns are seen (Warth et al., 1975). Increases in all con-
stituents of VvLDL and IDL are proportional, maintaining constant the
percentage composition of the lipids in these two fractions. By con-
trast, LDL, and HDL show greater increases in triglyceride than the
other lipids, leading to a percentage shift in the direction of tri-
glyceride. The compositional studies suggest that vLDL and IDL are
metabolized as a unit and that there may be some similarities in the
metabolism of LDL, and HDL as well (Warth et al., 1975).
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TABLE 4-30 Effect of Third-Trimester Pregnancy on
Plasma Lipoprotein Lipid Percentage Composition?

Percentage Composition

Test Pregnant Control P

vLDL® (10)° (10)

Triglyceride 63.0+4.1¢ 53.7+14.5 NS

Cholesterol 15.7+3.7 18.5+ 5.7 NS

Phospholipid 21425 26.5+ 13.5 NS
IDL (p = 1.006-1.019) O] )

Triglyceride 35.0+84 434+ 183 NS

Cholesterol 33.6+7.0 258 +6.1 NS

Phospholipid 31.8+59 30.6 + 14.2 NS
LDL, (p = 1.019-1.063) (&) 5)

Triglyceride 24.2+6.5 11.2+29 <0.01

Cholesterol 386+94 51,0+ 1.7 <0.05

Phospholipid 379+ 17.5 38.2+2.6 NS
HDL (10) (10)

Triglyceride 15.1+ 4.4 53+23 <0.001

Cholesterol 26.7+4.3 33.3+5.8 <0.01

Phospholipid 58.1+3.6 61.8+4.38 NS

“Data of Warth et al. (1975).

*Abbreviations: vLDL = very-low-density lipoprotein (p < 1.006), 1DL = intermediate-density lipoprotein (p =
1.006-1.019), LDL, = low-density lipoprotein, (p = 1.019-1.063), HDL = high-density lipoprotein (p > 1.063).%
“Number of subjects.

‘Maan + SD.

Apolipoproteins

Complete studies of apolipoproteins in pregnancy have been performed
by Schonfeld’s group and our own and are presented in Table 4-31
(Schonfeld and Pfleger, 1974; Hillman ez al., 1975; Montes et al., 1976).
With respect to apolipoprotein B the data are in reasonable agreement,
showing the greatest increase in VvLDL. A less dramatic increase in
apolipoprotein Al is seen in the data of Montes et al. (1976) compared
to the data of Schonfeld and Pfleger (1974). The data of Montes should
be more accurate since a more quantitative delipidation step is used in
the Albers method (Albers et al., 1976) for apo Al immunoassay. A
decrease in apolipoprotein CII relative to CIII, was detected by
Montes et al. (1976) probably because of the superiority of the Kane
(1973) method of delipidation and electrophoresis. As CII is an ac-
tivator and CIII an inhibitor of lipoprotein lipase, the implication is that
lipoprotein lipase regulated removal of vLDL triglycerides should be
reduced in late gestation.
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TABLE 4-31 Plasma Apolipoproteins after Overnight Fast in Third Trimester of Pregnancy

Pregnancy Nonpregnant
References No. VLDL LDL HDL No. VLDL LDL HDL
Apolipoprotein B (mg/100 ml)
Hillman et al. (1975) 38 7+4¢ 91 £ 25 - 38° 3+1 84 + 60 -
Montes et al. (1976)° 30 21+ 2¢ 95+7 - 30° 4+1 116 £ 5 -
Apolipoprotein A; (mg/100 ml)
Schonfeld and Pfleger (1974) 22 - - 197 + 367 34 - - 104 + 34
Montes et al. (1976)¢ 30 - - 165 + 34 30° - - 123 + 4
Apolipoprotein C (%)
3  Hillman er al. (1975) 4 4
- CII 19 +2¢ - - 21 +3 - -
ClIlI, 48 + 1 - - 45 = - -
Clll, 33=+1 - - 345 - -
Montes et al. (1976)¢ 29 16
Cll 18+ 14 - - 28+1/ - -
CIll, 44 + 1 - - 43 + 1 - -
Clll, 38+ 1 - - 28 +2/ - -
“Mean = SD.
P bjects include 11 taking oral ptives. Most subjects were studied >12 wk postpartum.
Dln ofMomec et al. (1976). Diff erences from Schonfeld and Pflegef (1974) and Hillman ef al. (1975) probably are hodological. See text for details.
“Mean = SE.
*Pustpartum studies all done at 6 wk. At 20 wk postpartum, apoB levels were 99 + 3 mg/dl in non-oral ive-taking sub jects.
’Signifcantly different from pregnant, P < 0.001. These studies represent pooled data from subjects studied 6 or 20 wk postpartum, there being no difference between the two times.
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Total Lipoproteins

An assessment of total lipoprotein changes in pregnancy can be ap-
preciated from data obtained using the analytical ultracentrifuge (Table
4-32). The results obtained by Gofman and associates (1954) and
generally confirmed in the data of Barclay (1972) are compatible with
the results of individual lipoprotein constituents already presented.
The greatest increase is in the Sf 20-100 fraction, which corresponds to
the increases in the vLDL lipid and apoprotein already described.

Fatty Acid Composition

Analysis of fatty acid composition in pregnancy is of interest in that it
provides information on the importance of synthesis of endogenous fat
(saturated fatty acids) versus exogenous fat (polyunsaturated fatty
acids), assuming removal to be the same. In general, the saturated fatty
acids become more abundant relative to the polyunsaturated fatty acids
in late gestation as reported by de Alvarez et al. (1967) and confirmed
in lecithin by Samsioe et al. (1975). New information is provided by
Taylor (1972), who finds an exaggeration of this trend in midgestation
(Table 4-33). These data suggest that the greatest amount of endogen-
ous fat synthesis occurs in midgestation, an idea proposed elsewhere
based on data from animal models (Knopp et al., 1975). Partly on this
basis, we have speculated that the hyperlipidemia of pregnancy is due
to lipid overproduction in midgestation with an additional element of
underremoval near term (Knopp et al., 1975).

Carbohydrate Induction Studies

In a further attempt to understand the basis for the hyperlipidemia of
pregnancy, we have studied four pregnant subjects in the third trimes-
ter before and after high carbohydrate feeding. Ordinarily, an increase
in triglycerides is induced that is 50 to 100 percent of the baseline
triglyceride (Glueck et al., 1969). In this study by Warth and Knopp
(1977), only a 9 percent increase in total triglyceride was detected,
which in itself is not significant (Table 4-34). By contrast, postpartum
studies in two subjects showed a 63 percent increase in total tri-
glycerides. These data point to a ‘‘resistance’’ to dietary exacerbation of
hypertriglyceridemia and suggest a primacy of hormonal mechanisms.
Nonetheless, at least two reports suggest a reduction in plasma lipids
during pregnancy in poorly nourished individuals (Hashmi and Afroze,
1972; Taylor and Akande, 1975). The possibility that reduced maternal
lipids may reflect poor maternal nutrition deserves further study.
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TABLE 4-32 Total Lipoprotein in Various Fractions as Determined in the Analytical Ultracentrifuge

Total Lipoprotein (mg/dl)

Sf° HDL
No. of
References Subjects 100400 20-100 12-20 0-12 i 2 3
Gofman et al. (1954)°
Pregnant 9 34.2 1413 105.2 369.2 21.7 151.0 254.7
Nonpregnant 9 20.9 56.4 47.7 298.6 15.1 121.0 207.0
P NS <0.05 <0.05 <0.05 <0.05 NS <0.01
Barclay (1972)°
Pregnant
(24 wk) 54 122 112 535 102 213
(30 wk) 11 107 131 568 112 250
Nonpregnant 2 3 18 389 133 126
0 3 6 339 161 126
Fl ranges approxi the following density fractions:  vLbL = Sf° 20400, LoL = Sf° 0-20, DL (LDL,) = Sf° 12-20, LDL, = Sf° 0-12, HDL, = HDL lipoproteins at p < 1.063,
HDL, = p of 1.063-1.125, HDL; = p of 1.125-1.25.
*Dietary status was not specified in these studies, and subj are pr d to be nonfasting.
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TABLE 4-33 Serum Fatty Acid Composition in Pregnancy
Fatty Acid Composition (%)
Test NP Wk 24 Wk 36
Total fatty acids
(Data of Taylor, 1972) (23)° (12) (16)
16:0 28.4 +0.7° 325+0.8 30.0 = 0.5¢
16:1 4.0+03 3.5+04 28=+0.1
18:0 83+0.4 83+0.5 6.2+0.1°
18:1 26.0+ 0.7 27.6+ 0.8 27.0+ 0.6
18:2 23.6+0.8 19.6 + 0.9 22.6 = 0.6°
20:0 1.0+0.2 1.5+0.5 09+03
20:2 0.8 +0.3 0.1x0.1 1.4+0.3
2033 0.1+0.2 0 02=+0.1
20:4 3.1+0.2 29+0.2 3.9+0.2¢
Saturated fatty acid 383 +0.9 429+ 1.2 378+ 04
Monounsaturated fatty acid 30.0+ 0.6 3l.1x 1.1 29.8 + 0.4
Polyunsaturated fatty acid 26.7+ 1.5 226+ 1.0 26.7 = 0.6
Phosphatidyl choline fatty acids
(Data of Samsioe et al., 1975) (18) (20)"
16:0 29.6 + 0.3° - 37.4+04
16:1 07 £0.1 - 1.0+ 0.0
18:0 13.9+0.2 - 9.5+0.2
18:1 11.7+ 0.2 - 127+ 0.3
18:2 28.5+0.7° - 24.9+ 0.4
203 2.1+0.2 - 28 + 0.1
20:4 67 +0.3 - 5.7+03
22:6 42+03 - 4.0x0.2

A

P "

“Values in par
*Mean + SE.

of subjects.

“Wk 24 and 36 are significantly different (P < 0.01).
“Mean gestational age = 33.6 wk.
<18:2 is relatively decreased in gestation but in absolute terms is significantly increased (mg/100 ml): (Np) 57.1 versus

(R) 65.2 (P < 0.01).
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TABLE 4-34 Effect of Pregnancy on Triglyceride
Response to High Carbohydrate Feeding?®

Triglyceride Increase®

mg/dl %
Test 3d Trimester 6 wk Postpartum® 3d Trimester 6 wk Postpartum®
@ 2 ) )
Total plasma 13 +16° 48 + 18 9+10 41 = 10/
VLDL 14+6 53+19 17+6 68 + 19
HDL 3+2 4+ 11+9 21+6

*Data of Warth and Knopp (1977). Dietary regimen consisted of 3 days of standard diet (40% carbohydrate, 45%
fat, 15% protein) followed by 5-7 days of high carbohydrate diet (75% carbohydrate, 5% fat, 15% protein).
Increase is calculated as the difference between the last two days of baseline diet compared to days 4-7 of the
test diet.

“The sub jects studied postpartum are among the four studied antepartum.

“Values in parenth indi ber of subjects.

“Mean + SE.

/Postpartum result greater than antepartum., P < 0.06. In the two paired studies, postpartum i were con-
sistently greater than antepartum.

*Postpartum result greater than anteparwm, P < 0.02S.

SUMMARY

Table 4-35 presents norms for metabolic parameters in pregnancy that
are reasonably well documented. These include standards for fasting
and postprandial glucose, the 1-h 50-g glucose screening test, the oral
and intravenous glucose tolerance tests, and fasting plasma tri-
glycerides and cholesterol. Still lacking are norms for ketone bodies and
polypeptide hormones in pregnancy. These needs and the general goal
that all babies born be healthy as population growth declines should
spur further research on nutrition and metabolism in pregnancy.

ACKNOWLEDGMENTS

Portions of this study were supported by contract #NOI-VN12157
from the Lipid Research Clinics Program, grant HD-08968-02, and the
National Academy of Sciences. We are grateful to Drs. Paul Beck,
Ronald Kalkhoff, John B. O’Sullivan, and William N. Spellacy for
their reviews of the manuscript and the typing assistance of Ms. Linda
Lillard.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://lwww.nap.edu/catalog.php?record_id=19995

TABLE 4-35 Summary of Diagnostic Norms for Metabolic Studies in Pregnancy®

Whole Blood (mg/dl) Plasma (mg/dl)
Test Lower Limit Upper Limit Lower Limit Upper Limit
Glucose
Fasting 90 - 103
Postprandial (morning) -
0.5-1h - 114 - 130
1-2h - 105 - 120
2-3h - 4 - 107
34h - 92 - 105
0 >4 h - 84 - 96
Screening (50 g of glucose,
draw blood 1 h later) - 130 - 148
Oral GgTT (100 g) (any
2 values constitute an abnormal test)
Oh - 90 - 103
1h - 165 - 188
2h - 145 - 165
3h - 125 - 143
Intravenous GTT (25 g) (k value) 1.13 - 1.13 -
Lipids (tentative)®
Triglyceride (total) - - 131 416
Cholesterol (total) - - 177 345

2All values represent the 2 sp upper or lower limit for subjects in the second and third (oral GTT) or third trimesters (all of the other tests).

*The lipid values are for tentative use (primarily in Caucasians) until data from larger studies are available.
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Nitrogenous
Indices
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CREATININE

Serum

Serum creatinine is determined with or without the use of Lloyd’s
reagent. Serum creatinine levels of normal adult nonpregnant women
range from 0.5-1.0 mg/dl when Lloyd’s reagent is used (Henry et al.,
1974) and from 0.8-1.2 mg/dl without Lloyd’s reagent.

Sims and Krantz (1958) and Kuhlbéack and Widholm (1966) report the
serum creatinine level during the second and third trimesters of preg-
nancy to be lower than in the nonpregnant state. Although Kuhlback
and Widholm found the serum creatinine level during the first trimester
to be similar to the nonpregnant level, Sims and Krantz (1958), on the
basis of limited data from four patients, reported that the creatinine
level during the first trimester decreased to essentially the level main-
tained throughout the rest of pregnancy. Kuhlbiack and Widholm did
not use Lloyd’s reagent, while Sims and Krantz did (see Table 5-1).
Considering the difference in methodology, the agreement between the
two reports is reasonably good.

Subsequently, Lind ez al. (1971), using a method employing Lloyd’s
reagent, found creatinine levels during the last trimester to be only
slightly lower than that expected in the nonpregnant state, i.e., an
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TABLE 5-1 Serum Creatinine (mg/dl + sp) Levels during Pregnancy

Trimester
No.
References Patients Nonpregnant 1 2 3
& Kuhlbick et al. (1966) -, 30, 26, 25 0.83 +£0.16 0.73 £0.11 0.58 +0.18 0.53 £ 0.16
Sims and Krantz (1958) 16, 4, 16, 32 0.67 = 0.07 0.43 + 0.02 0.47 = 0.07 0.48 = 0.07
Lind ez al. (1971) -, 28,43, 138 - (0.55 = 0.10) (0.60 = 0.11)° 0.64 =0.11¢

“Cross-sectional study.
%6 to 20 wk.
€30 wk or less.

3] through 39 wk and over. Presented by weeks in the original report; averaged here.
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average of 0.63, with a range of from 0.38 to 0.89 mg/dl. This level is
about 1.14 times higher than the average (about 0.56) reported by
Kuhlback and Widholm and about 1.32 times the average value (about
0.48) reported by Sims and Krantz for the third trimester of pregnancy.
Creatinine levels early in pregnancy may be slightly lower than during
the third trimester (Lind et al., 1971). These data are summarized in
Table 5-1.

The differences are most probably due to differences in the proce-
dures used for determination of serum creatinine since the analysis of
serum is technically difficult, particularly with low levels of serum
creatinine.

Urine

The creatinine excreted in the urine has been used classically to
determine the completeness of the collection of a 24-h urine. The
validity of the basic concept is questionable (Vestergaard and
Leverett, 1958; Chattaway et al., 1969). The extent of the variation is
indicated in a recent longitudinal study in which 182 24-h urines col-
lected biweekly from 20 normal patients from wk 21 through 40 of
pregnancy were analyzed for creatinine by the Folin (1917) method
(Aubrey et al., 1975). The average 24-h excretion of creatinine for the
whole group was 1.13 + 0.15 g, and the coefficient of variation was 13
percent. Similar results were obtained for three normal pregnant pa-
tients from whom 24-h urines were collected daily during the third
trimester until they delivered (Bonsnes et al., 1963). Creatinine clear-
ance is variable and can be diminished by a diet low in creatine, for
example (Calloway and Margen, 1971).

Creatinine Clearance

The creatinine clearance of the normal adult nonpregnant woman
ranges between 82—-146 mg/min/1.73 m? (Henry et al., 1974). There has
been much controversy concerning the significance and interpretation
of the creatinine clearance in the human. The present prevalent accep-
tance of the endogenous creatinine clearance as a measure of glomeru-
lar filtration rate seems to date back to a report by Brod and Sirota
(1948). Data on the creatinine clearance during pregnancy by Sims and
Krantz (1958) and by Bucht (1951) as summarized by the authors are
presented in Table 5-2.

Generally, the values presented by Bucht are higher than those of
Sims and Krantz. Most striking are those for the nonpregnant controls.
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TABLE 5-2 Creatinine Clearance

References No. of Patients Mean (ml/min) sD
Bucht (1951)
2-8¢ 19 186.0 51.5
9-10 13 153.0 23.6
Nonpregnant 22 148.0 21.0
Sims and Krantz (1958)
3a 3 171.0 15.53
4 3 194.0 6.55
5 7 164.3 21.38
6 4 163.8 40.42
7 7 160.9 27.38
8 10 161.4 32.61
9 7 159.7 27.69
10 11 142.7 29.00
Puerperium 3 102.7 17.79
Nonpregnant 17 101.0 23.05

°Lunar month.

Bucht’s average value of 148 ml/min is 46 percent higher than that of
Sims and Krantz. Moreover, Bucht’s value is higher and that of Sims
and Krantz is lower than might be expected if endogenous creatinine
clearance approximates glomerular filtration rate as measured by in-
ulin. The average of the two values (125 mg/min) is likely an acceptable
value for the glomerular filtration rate of the normal nonpregnant
woman.

Differences in methodology probably account for the variance in
reported data.

UREA

Blood, Serum, and Plasma

The serum urea nitrogen of the normal adult human is reported by
Henry et al. (1974) to be between 8—26 mg/dl. This range is probably
too high for both pregnant and nonpregnant women. A more accurate
range for clinically normal adult women is from 6—18 mg/dl (Bonsnes,
1948). Plasma values are essentially the same as serum values; whole-
blood values (BUN) are 92 to 93 percent lower, depending upon the
hematocrit.

The concentration of urea and thus urea nitrogen in the blood in any
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individual changes with the state of hydration, the metabolic rate,
kidney function, and protein intake. In normal-pregnancy hydration,
anabolic rate and kidney function increase. These changes result in a
decrease in blood urea nitrogen. Protein intake, if adequate, is the only
factor that tends to increase the urea nitrogen.

That blood urea nitrogen is reduced during pregnancy was first
reported by Folin in 1917. This report has been adequately substan-
tiated by three different groups of investigators using different methods
(Table 5-3). The small differences observed are most likely due to
differences in methodology, or diet of the populations studied.

Urine

The total nitrogen excreted in the urine per day is a function of protein
intake. In turn, the urea excreted in the urine is a function of total
nitrogen excreted. On a normal diet resulting in the excretion of about
11 g of total nitrogen per day, about 85 percent is urea nitrogen (Beard,
1935). On a high-protein diet, with about 15 g of total nitrogen in the
urine per day, approximately the same percentage of the urea nitrogen
is excreted (Folin, 1905; Beard, 1935). However, when protein intake is .
low, urinary total nitrogen falls, and urea nitrogen accounts for a
decreasing percentage of total nitrogen. For example, when urinary
total nitrogen is about 8.0 g, urea nitrogen accounts for 77-80 percent
of total nitrogen (Folin, 1905; Beard, 1935); at about 5 g of total urinary
nitrogen per day, urea nitrogen accounts for about 60 percent of the
total nitrogen (Folin, 1905). At extremely low levels of nitrogen intake
(about 1.6 g per day), urea nitrogen excretion is only 20 percent (Smith,
1926).

This general pattern of excretion of total nitrogen probably holds for
the pregnant women, though it may be somewhat altered in magnitude.
Certainly, it holds at the higher levels of protein intake.

For example, 24-h urine samples from three patients receiving a diet
containing approximately 75 g of protein (12 g of nitrogen) a day were
analyzed for total nitrogen by the micro-Kjeldahl method (Parnas and
Wagner, 1921; Oser, 1965) and urea nitrogen by the single-channel
Autoanalyzer (Bonsnes et al., 1963). Between 86—88 percent of total
nitrogen excreted per day was urea nitrogen. The coefficients of
variation were under 2.2 percent, a figure lower than the coefficient of
variation for the daily total urea nitrogen excretion. The excretion of
urea nitrogen in relation to total nitrogen correlates well with protein
nutrition in the pregnant patient (Beydoun et al., 1972).
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TABLE 5-3 Whole Blood or Serum Urea Nitrogen (mg/dl, + sp) during Pregnancy

Trimester
No.
References Patients Nonpregnant 1 2 3

Bonsnes (1948)° 29, 36, 28, 8 10.79 = 2.77 7.14 = 1.67 7.00 = 1.95 8.05 + 2.08

(whole blood)
Sims and Krantz (1958) 21, -, 14, 32 12.50 + 2.71 9.38 + 1.39 9.38 + 1.70 8.35+0.43

(serum)
Lind et al. (1971) -, 35, 43, 144 - (8.40 = 2.24)® (7.90 = 2.60)° 8.12 + 1.83¢

(serum)

“Cross-sectional study.

6 to 20 wk.

€30 wk or less.

“3] through 39 wk and over. Presented by weeks in original report: averaged here.
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Urea Clearance

Maximal urea clearance values (C,—with urine flow of 2 ml/min or
more) range between 59-95 ml/min/1.73 m?; standard clearances
(Cy—urine flow of less than 2 ml/min) range between 20-65 ml/min/m?
(Henry et al., 1974). In order to make the maximal and standard
clearances roughly comparable, it is possible to use the factor 75 as the
average normal C, and 54 for the average normal so that data can be
expressed as percent of normal.

Urea clearance during pregnancy has been measured by many inves-
tigators. Reports vary considerably, and urea clearance has been
observed to be decreased, normal, or elevated in pregnancy. The
observations by Bonsnes and Lange (1950) and of Bucht (1951) that the
inulin clearance is markedly increased throughout most of pregnancy,
but may decrease near term, suggest that urea clearance likely is ele-
vated during normal pregnancy.

Table 5-4 includes data of Horwitz and Ohler (1932) and that col-
lected by Bonsnes (1948) on patients who might possibly have had a
change in renal function. At the time and place the latter data were
collected, urea clearances of from 100-170 percent of nonpregnant
clearances were considered normal for pregnancy.

These data are of interest because the clearances were carried out as
routine procedures. At about the same time, however, an investigation
of the urea clearance throughout pregnancy yielded a value of 135
percent of normal with a standard deviation of 16. This lower standard
deviation (16 versus approximately 23) is due to the fact that many
fewer people were involved in carrying out the clearances.

TABLE 5-4 Urea Clearance in Pregnancy

References No. Patients Mean (% of Nonpregnant) SD

Horwitz and Ohler (1932)

(trimester not stated) 9 136.0 28.11
Bonsnes (unpublished data)

Ist Trimester 36 129.6 21.35

2nd Trimester 27 134.7 25.10

3rd Trimester 4 125.0 17.45

Nonpregnant 28 98.2 12.97
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URIC ACID

Serum Uric Acid

Serum uric acid levels of normal nonpregnant females range from
2.5-6.8 mg/dl when a uricase method is used and from 2.8-7.5 mg/dl
when a phosphotungstate method is used (Henry ez al., 1974).

Data from the literature on serum uric acid during pregnancy are
shown in Table 5-5. Steenstrup (1956) and Sample et al. (1974) used
uricase methods. Both investigators report low values early in preg-
nancy with an upward trend throughout pregnancy; values are gen-
erally below those observed in the nonpregnant state. Dash and Verma
(1969) and Boyle et al. (1966), using phosphotungstate methods, ob-
served relatively constant values throughout pregnancy, which were in
the lower range for the normal adult nonpregnant females. Considering
the differences in the methods used these data agree fairly well. The
decrease in serum uric acid is likely due to the increased glomerular
filtration rate that accompanies pregnancy.

Urine Uric Acid

Only one study on uric acid excretion during normal pregnancy has
beenreported (Boyle et al., 1966). The amount excreted during the first
trimester is essentially the same as that excreted in the nonpregnant
state, about 600 mg/24 h. However, in the second and third trimesters,
significantly higher amounts are excreted, about 925 mg/24 h in the
second trimester and about 830 mg/24 h in the third trimester.

ENZYMES

Alkaline Phosphatase

The alkaline phosphatase level in the normal nonpregnant adult female
ranges from 4-17 King-Armstrong units (Henry et al., 1974), 1.5-4.0
Bodansky units (Bodansky, 1933), or 30-85 mU/ml on the Technicon
SMA 12/60.

Serum alkaline phosphatase increases progressively as pregnancy
progresses (Table 5-6). This increase appears to be due to the secretion
of a heat-stable alkaline phosphatase (HsAP) by the placenta. Preg-
nancy also is accompanied by an increase in alkaline phosphatase from
tissues other than the placenta, since the HSAP remains constant over
time at about 70 percent of the total alkaline phosphatase (TAP).
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TABLE 5-5 Serum Uric Acid (mg/dl + sp) Levels during Pregnancy

Trimester
No.
References Patients Nonpregnant 1 2 3
Boyle et al. (1966) 64, 44, 48, 14 3.86 +0.72 2.72 £ 0.62 2.60 + 0.54 2.61 =0.75
Sample et al. (1974) 26, 13, 13, 13 436 +0.77 3.02 £ 0.61 3.19 +0.61 3.86 = 0.61
Months
2-3 4-5 6-7 8-9
Steenstrup (1956) 45, 93, 43, 15, 90 3.70 = 0.95 2.95 +0.55 2.94 +0.53 3.05 £ 0.50 3.60 £ 0.75
Dash and Verma (1969) 98, 20, 14, 12, 27 2.78 £ 0.28 2.64 + 0.94 2.29 +0.88 236 £ 0.34 2.64 +1.32
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TABLE 5-6 Alkaline Phosphatase

Aleem (1972) (King-Armstrong Units) Elder (1972) (P1U)®
Bagga et al. (1969) (Bodansky Units)
Week of Heat Heat
Pregnancy No. Total Stable No. Stable No. Total
8 - 2 1.66
12-16 - 11 2.15+0.89
17-24 - 8 644 +3.8
25 -
26 6 8.61 + 1.77 524 1.4 10 8.10 +4.9
27 -
28 11 9.74 + 2.02 6.60 + 1.72 14 11.7 £ 3.31
29 5 9.84 +1.19 7.54 + 0.89
S 30 14 10.76 + 2.45 7.75+1.53 9 11.0 = 4.98 13 11.62 £ 6.9
31 8 11.83 £ 2.26 8.73+1.53 17 13.3 £4.96
32 11 12.60 + 2.31 8.67 = 1.96 17 12.8 4.9
33 9 1231+ 1.34 8.93 + 1.65 17 13.8 £ 6.21
34 18 14.28 + 3.04 10.07 £ 3.27 27 16.6 + 6.80 11 15.32 £ 6.59
35 15 14.13 £3.13 10.34 £ 2.00 23 17.5 + 5.87
36 20 15.35 + 3.81 10.14 £ 2.72 30 17.5 £ 4.95
37 26 16.50 + 3.25 10.90 + 2.31 37 19.2 £ 5.91
38 27 17.22 £ 2.11 12.41 £ 2.34 30 20.0 + 6.04
39 23 18.41 =+ 3.50 13.07 £ 3.29 24 20.9 + 5.64
40 12 19.95 + 3.46 13.37 £ 3.05 16 19.1 £6.73
41 7 21.65 15.80 . 9 19.3 +5.26
42 7 20.3 = 8.52
4042 32 19.4 + 6.58

°piu = placental isoenzyme units (see Elder, 1972).
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It is difficult to compare enzyme values of different investigators
because the activity expressed as units varies with substrate concentra-
tion, temperature and other factors. It is possible, however, to com-
pare the ratios of activities.

For example, Aleem (1972) reported both TAP and HsAP in King-
Armstrong units from wk 26 onward. The HSAP activity during 14
wk reported averaged about 70 percent of the TAp, while the TAP
increased about 2.3 times during this time. This number is close to the
other coefficients of variation presented. Bagga et al. (1969) also found
that the HsAP was 70 percent of the TAP during gestation. If approxi-
mately 70 percent of the serum TAP is HSAP of placental origin, the
increase in TAP during pregnancy is partially derived from other tissues
as well.

Aspartate Amino Transferase, Alanine Amino Transferase, Lactic
Dehydrogenase

Most reports of the serum levels of aspartate amino transferase and
alanine amino transferase agree that they remain within nonpregnant
limits throughout pregnancy regardless of the method of assay or the
units used. There may well be a slight continuous rise well within the
normal range throughout pregnancy.

Some investigators have reported elevations of serum lactic dehy-
drogenase (LD) levels in otherwise normal pregnancies. Unless it is
known that the serum has been separated from the red cells shortly
after the blood has been drawn, it might be better to consider the
elevation of the LD to be due to LD from red blood cells, since red cells
contain approximately 160 times as much LD as serum. It seems likely
that the pattern of serum L D throughout pregnancy is much like that of
the amino transferases.

Table 5-7 contains the data of Romalis and Claman (1962), which is

TABLE 5-7 Aspartate Amino Transferase, Alanine Amino
Transferase, and Lactic Dehydrogenase Levels in Normal Pregnancy®

AST ALT LD
Week of
Pregnancy No. Mean Range No. Mean Range No. Mean Range
1-14 wk 18 7.9 3-14 17 5.1 1-12 18 88.2 62-123
15-28 wk 41 9.3 3-20 39 5.6 1-17 41 91.4 55-133

2840 wk 65 11.1 246 61 6.9 1-20 65 92.6 58-146

°From Romalis and Claman (1962).
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representative of the slight increase in serum levels during pregnancy
of these three enzymes.

AMINO ACIDS

The a-amino nitrogen in plasma is lower during pregnancy than in the
nonpregnant state (Bonsnes and Brew, 1947; Macdonald and Good,
1971). As shown in Figure 5-1, it is lowest early in pregnancy, increases
somewhat in midpregnancy, and then decreases again near term (Mac-
donald and Good, 1971).

It has been known for some time that the excretion of certain amino
acids is increased during pregnancy. For example, the increase in the
histidine concentration in the urine has been used as a pregnancy test
(Voge, 1929).

Plasma levels of 19 individual amino acids (Hytten and Cheyne,
1972) are presented in Table 5-8. Levels of most plasma amino acids
are lower during pregnancy than those found 8 wk postpartum. There
is, however, considerable variation. The plasma level of arginine may
increase up to wk 20 of pregnancy, but then decreases to below the
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FIGURE 5-1 Plasma amino nitrogen concentrations during.pregnancy and the early
puerperium. From Macdonald and Good (1971).
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TABLE 5-8 Plasma Amino Acids during Pregnancy?

Under 20-29 30 wk 8 wk

Amino Acid 20 wk wk and Over Postpartum
Alanine 295 + 56 338 £ 69 341 + 89 382+ 128
Arginine 8024 68 + 31 59+23 75+33
Asparagine 28+9 28+13 27+ 13 32+23
Cystine 2=+9 3724 2411 33+21
Glutamic acid 145 + 56 148 + 79 167 = 64 162 + 71
Glycine 161 = 37 154 + 37 132+44 246 + 105
Histidine 92+ 22 92+ 11 923 +17 92+ 34
Isoleucine 58+19 50+ 15 49 + 11 56 +23
Leucine 100 + 27 99 +20 85+ 18 105 + 46
Lysine 163 + 41 170 + 31 152 + 26 212+ 99
Methionine 2+8 13+£7 12+5 1815
Ornithine 46 = 10 53+13 46 = 15 93 + 43
Phenylalanine 54 =18 56 + 13 50+9 61+24
Proline 150 + 58 151 £ 62 167 + 51 251 + 88
Serine 135 + 50 143 + 62 118 + 44 169 + 73
Taurine 80 + 34 75+26 62+ 15 104 + 69
Threonine 295 + 46 3718+ 75 354 + 106 400 + 118
Tyrosine 47 = 18 42+6 45+6 68 + 31
Valine 186 + 45 178 + 33 156 + 33 204 =93

*Plasma amino-acid concentrations (mol) in pregnancy and in the postpartum period from ten normal subjects
(mean + sp) from Hytten and Cheyne, 1972.

nonpregnant level. The plasma level of histidine is unchanged during
pregnancy.

Urinary excretion rates of the individual amino acids are generally
increased during pregnancy over what is observed 8 wk postpartum,
although there is considerable variation. The specific reasons for the
fall in the plasma levels and the large increase in the urinary excretion
of the amino acids are not known. Plasma concentrations of amino
acids vary during the menstrual cycle and are decreased in women on
oral contraceptives (Craft and Peters, 1971). This finding suggests a
role of steroid hormones in regulating plasma amino acid levels.

SERUM PROTEINS

Total Serum Proteins and Albumin

The total serum proteins of the normal adult range between 6.6-8.3
g/dl; for albumin, 3.5-5.0 g/dl; for a,-globulin, 0.1-0.4 g/dl; for a,-
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globulin, 0.6-1.2 g/dl; and for gamma globulin, 0.5-1.5 g/dl (Henry et
al., 1974).

Using classical chemical methods, it is well documented that the
total protein of serum gradually decreases during pregnancy. At about
wk 28, it levels off, after which it remains essentially constant
(Table 5-9). The fall in serum total protein is due largely to the decrease
in the serum albumin (Table 5-10), which, as Macdonald and Good
(1971) have pointed out, falls more than the total protein because of the
elevation of some of the globulin fractions.

Serum Globulins

The globulins of serum can be separated by free and paper elec-
trophoresis. These fractions migrate more slowly than albumin and in
order are called «;, a,, 8 and gamma globulins. The majority of reports
agree that there is a small increase in the «,, a;, and 8 globulins in
pregnancy, with a decrease in the gamma globulins, but with no change
during the course of pregnancy (Hytten and Lind, 1973). Illustrative of
paper electrophoretic patterns of pregnancy sera is Table 5-11 from
MacGillivray and Tovey (1957).
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FIGURE 5-2 Median and ninety-fifth percentile of maternal
plasma-aFp throughout normal pregnancy. From Leighton ef al.
(1975).
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TABLE 59 Serum Total Protein in Pregnancy?®

Serum Total Protein (g/100 ml) at wk of Pregnancy:

No. of Method of Non-
References Type of Study Subjects Estimation pregnant 4-8 9-12 13-16 17-20 21-24 25-28 29-32 33-36 37-40
Von Studnitz Cross-sectional 101 Kjehldahl 7.1 7.1 7.0 6.8 6.6 6.6 6.5 6.6 6.6 6.8
(1955)
MacGillivray and Partly longitudinal 3 Kjehidahl 73 7.3 6.8 6.6 6.6
— Tovey (1957)
8 De Alvarez et al. Partly longitudinal 28 Biuret 7.18 7.27 6.61 562 5.59 5.74 5.96 6.01 5.74 5.90
(1961)
Reboud er al. Cross-sectional 135 Densimetric 7.03 6.73 6.68 6.14 6.33 5.94 6.27 6.13 6.13
(1967)
Kruglov (1967) Longitudinal 103 Refraction 8.09 733 723 1.0 6.88 6.91 6.94 696 7.07 7.20
Wilken and Longitudinal 75 Biuret No 7.13 6.76 6.74 6.72
Schwebke (1968) data
Robertsoa (1969) Longitudinal 83 Biuret 7.04 6.47 6.36 6.29 626 6.23 6.19 6.24
and personal
communication
Published with permission of Blackwell Scientific Publications Ltd., Oxford, England. From F. E. Hytten and I. Leitch, The Physiology of Human Pregnancy, 2nd ed., 1971, p. 49.
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TABLE 5-10 Serum Albumin in Pregnancy®

Serum Albumin (g/100 ml) at wk of Pregnancy:

No. of Non-
References Type of Study Subjects Method pregnant 4-8 9-12 13-16 17-20 21-24 25-28 29-32 33-36 3740
Von Studnitz Cross-sectional 101 Paper 4.53 436 443 4.18 3.95 3.79 3.74 3.69 3.52 3.69
(1955) electrophoresis
MacGillivray and  Partly longitudinal 13 Paper 4.63 420 3.91 3.34 3.34
Tovey (1957) electrophoresis
— De Alvarez et al. Partly longitudinal 28 Paper 3.62 3.69 3.12 2.57 2.62 2.67 2.75 2.72 245 2.40
g (1961) electrophoresis
Reboud er al. Cross-sectional 135 Paper 3.33 313 2.87 2.53 2.59 233 238 230 238
(1967) eectophoresis
Kruglov (1967) Longitudinal 103 Paper 4.48 38 369 353 3.42 3.38 333 3.30 3.30 3.33
electrophoresis
Wilken and Longitudinal 5 Paper No 4.87 433 4.24 4.00
Schwebke (1968) electrophoresis data
Robertsoa (1969) Longitudinal 83 Paper 3.42 322 304 2.93 2.81 280 275 275
and persoanal electrophoresis,
communication Chemical 4.04 3.83 3.67 3.60 3.46 3.45 3.4 3.42
precipitation
Published with permission of Blackwell Scientific Publications Ltd., Oxford, England. From F. E. Hytten and 1. Leitch, The Physiology of Human Pregnancy, 2nd ed., 1971, p. 49.
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TABLE 5-11 Serum Protein Changes in Pregnancy?
Normal Pregnancy
Normal Nonpregnant 8-16 wk 16-24 wk 23-32 wk 3240 wk
Values
% of % of % of % of
Protein gm/dl + sp % of Total gm/dl Total gm/dl Total gm/dl Total gm/dl Total
Albumin 4.63 = 0.33 66.8 +4.7 4.20 60.7 3.91 61.0 3.34 53.6 3.34 54.7
a,-Globulin 0.24 + 0.06 29+09 0.29 3.6 0.32 4.2 0.35 49 0.39 54
a,-Globulin 0.52+0.10 6.4+14 0.65 8.2 0.65 8.6 0.78 10.7 0.77 10.7
B-Globulin 093 = 0.11 103+ 1.6 1.01 11.7 0.95 11.8 1.21 15.8 1.25 15.8
y-Globulin 0.98 = 0.21 13.7+3.0 1.15 15.8 0.97 14.6 0.92 15.0 0.85 13.4
Total Protein 7.3 7.3 7.3 7.3 6.8 6.8 6.6 6.6 6.6 6.6
No. of Cases 100 100 13 13 13 13 15 15 13 13

*From MacGillivray and Tovey (1957).
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a;-Fetoprotein

ay-Fetoprotein (AFP) is synthesized by the fetal liver and yolk sac
(Gitlin and Boesman, 1967). It increases in fetal serum from wk 6 to its
highest concentration at about wk 13 of gestation, and thereafter it
decreases to low levels by wk 34 (Gitlin and Boesman, 1966).

Bruck and Sutcliffe (1972) hypothesized that abnormally high levels
of ay-fetoprotein in amniotic fluid could permit detection of a fetus with
anencephaly or spina bifida early in pregnancy. Since then, there have
been many reports on measuring AFP in amniotic fluid as a marker for
neural tube defects. But, amniocentesis, as an invasive technique, has
certain drawbacks for screening purposes.

More recently, a simple, rapid radioimmunoassay has permitted the
determination of AFP in maternal serum for screening purposes (Leek
et al., 1975). Leighton et al. (1975) prospectively screened 1,322
pregnant women for AFP levels in normal pregnancy (Figure 5-2).
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Vitamin
Indices

HOWERDE E. SAUBERLICH

Various biochemical methods have been developed over the past25 yr
that have proved useful in the evaluation of the nutritional status for
most vitamins. The techniques are based on measurement of several
indices including: (a) changes in enzyme activities on blood compo-
nents that can be related to intake of a given vitamin, (b) abnormal
metabolic products in blood or urine resulting from a deficient or
submarginal intake of a given vitamin, (c) level of a given vitamin in
blood or urine, (d) urinary metabolites of a given vitamin, and (e)
saturation or load tests of a given vitamin.

In general, these biochemical measurements can provide an objec-
tive assessment of the nutritional status of an individual with respect to
specific vitamins. However, as will be noted, for some of the proce-
dures only limited experience is available concerning their usefulness
in evaluating nutritional status during pregnancy. In some instances,
values are available only for nonpregnant adult subjects. Undoubtedly,
as the biochemical procedures become increasingly available and em-
ployed, more precise indices applicable during pregnancy will evolve.

In view of the various methods employed in individual laboratories
for measuring a given vitamin, caution must be exercised in the
utilization of the values presented. Moreover, the vitamin levels ob-
served may be influenced by numerous factors including maternal age,
multivitamin intake, season of the year, parity, social class, smoking,

109

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://lwww.nap.edu/catalog.php?record_id=19995

110 HOWERDE E. SAUBERLICH

previous use of oral contraceptive agents, intake of medicinal agents,
and fetal sex. The values presented are representative of the informa-
tion available and may provide guidance for the establishment of
normal values during pregnancy.

VITAMIN A

Conflicting reports exist as to serum vitamin A changes accompanying
pregnancy. Darby et al. (1953b) observed that serum vitamin A levels
fell about 10 percent during pregnancy and thenrose again postpartum.
These investigators regarded the decreased serum levels during preg-
nancy as reflecting a normal phenomenon, perhaps related to
pregnancy-associated changes in lipid metabolism (Darby et al., 1948).
Similar observations were reported by Pulliam et al. (1962). On the
other hand, Lewis et al. (1974) reported that the decline in blood
vitamin A values during the last trimester could be prevented with daily
supplements of retinol or carotene, suggesting that the decrease in
serum vitamin A reflects increased demands during pregnancy.

In more recent studies, al-Nagdy et al. (1971) found no significant
difference in serum vitamin A levels in pregnant and nonpregnant
women. Morse et al. (1975) also found no change in plasma vitamin A
levels over time in pregnancy but did observe a significant increase
postpartum. Gal and Parkinson (1972, 1974) reported, however, a
decrease in serum vitamin A levels in the first trimester, followed by an
increasing trend as pregnancy advanced. Toward the end of pregnancy,
vitamin A levels again decreased, but rose following delivery, returning
almost to nonpregnant levels by 6 wk postpartum. In contrast, Basu
and Arulanantham (1973) observed a decrease in serum retinol levels in
subjects with a low socioeconomic background as pregnancy advanced
to full term.

Serum vitamin A levels of lactating women have been observed to be
higher than those of the women not breast-feeding their infants (Gal
and Parkinson, 1972, 1974). Although the magnitude of these changes
in serum vitamin A in the normal subject is relatively small, these
variations should be kept in mind when conducting and interpreting
vitamin A studies in lactation (Gal and Parkinson, 1974).

The state of vitamin A nutriture of the mother is reflected in the level
of the vitamin in the breast milk and in liver stores of the infant at birth
as a result of placental transfer (al-Nagdy et al., 1971; Rodriguez and
Irwin, 1972). Prolonged low intakes of vitamin A are usually reflected
in low serum levels of retinol.
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Vitamin A is transported in the plasma by a specific retinol-binding
protein (Glover, 1973; Underwood, 1974). The levels of plasma
retinol-binding protein correlate closely with plasma retinol levels.
Serum and plasma vitamin A may be readily measured with the use of
colorimetric, spectrophotometric, or fluorometric procedures (Thomp-
son et al., 1973; Sauberlich et al., 1974).

Laboratory indices for vitamin A nutritional status in the adult
female are given in Table 6-1.

VITAMIN C (ASCORBIC ACID)

The measurement of serum levels of ascorbic acid is the most com-
monly used and practical procedure for determining vitamin C nutri-
tional status (Sauberlich et al., 1974; Sauberlich, 1975). Although
leukocyte and whole-blood ascorbate levels have been measured in
human subjects, little information is available concerning levels during
pregnancy.

Serum vitamin C levels have been observed to decrease 10-15
percent during pregnancy (Darby et al., 1953b; Vobecky et al., 1974a;
Morse et al., 1975). These changes have been suggested as indicating
an increased requirement for vitamin C as pregnancy advances (Vob-
ecky et al., 1974a). However, in view of the reported effects of the
phase of the menstrual cycle and of ingestion of oral contraceptive
agents on the ascorbic-acid levels in plasma and leukocytes, these
decreases may be related in part to hormonal adjustments occurring
during pregnancy (McLeroy and Schendel, 1973; Rivers, 1975). Darby
et al. (1953a, 1953b) observed a further decrease in serum ascorbic acid
levels during postpartum, especially in lactating women. Morse et al.
(1975), however, did not observe a significant change in plasma ascor-
bic acid during the postpartum period.

Ascorbic acid can be measured in serum or plasma with the use of
automated or manual colorimetric and fluorometric procedures
(Sauberlich et al., 1974, 1976; Sauberlich, 1975).

Laboratory indices for vitamin C nutritional status in the adult
female are given in Table 6-2.

THIAMIN

Various biochemical techniques have been developed that have been
useful for assessing thiamin nutrition status (Sauberlich et al., 1974).
The most commonly used procedure has been the measurement by
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TABLE 6-1 Biochemical Assessment of Vitamin A Nutritional Status in the Adult Female

Pregnancy Trimester

Special Non- Post-
Test Conditions Display pregnant | 2 3 partum References
_ Serum or Mean + sb 25+ 10 - 36 + 8 32+17 30+ 13 Garcia et al. (1974)
—  plasma (1) (11 (34) 8)
retinol (ug/dl) Mean + sD - 33+9 33+9 29+9 43 + 11 Darby et al. (1953b)
(332 (686) (553) (1,493)
Mean + SE - 50 + 3.1 50+24 50 = 2.5 62 +2.6 Morseetal. (1975)
(&3] 95) (168) (89)
Mean + sp - 25676 24078 246=x93 353+ 89 Edozien et al. (1976)
(2,793) (1,883) (204) (128)
Mean * SE 26 + 1.0 33 £ 0.6 34 + 0.3 30 = 0.3 - Darby et al. (1953a)
(278) (344) (1,086) (699)
Mean + sp 38+8 - - 2=+5 30+8 Pulliam et al. (1962)
@n 25 (15)
Mean + sb 38+8 - - - - Sauberlich (1976a)
(348)
Range 20-68
Mean 55 - - - - Health Services and
(6,563) Mental Health
Administration
(1972)
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Low-income  Mean + S 31 +2 30 2 24+ | 23+ 1 - Basu and
subjects (12) (10) 29) (56) Arulanantham
(1973)
Mean + sp 52+ 11 - - 51+15 - al-Nagdy et al.
(29) (36) 1971)
Range 25-78 22-78
Mean + sp 42 + 8 25+ 14 40 + 34 57 +28 47 + 21 Gal and Parkinson
30) 30) 30) 30) (30) (1972, 1974)
Mean + SE 52 + 0.76 - - - - U.S. Department of
(2,406) Health, Educa-
tion, and Welfare
(1974)
Adolescents Mean - 73 47 40 - McGanity et al.
(26) @81) (129) (1969)
No oca® Mean * sb 37+ 19 - - 33+ 1.7 53 + 31 Horwitt et al. (1975)
32) (22) an
- + OCA Mean + sp 53+25 - - - -
had (15)
Range 28-83
No oca Mean * sD 4 + 10 - - - - Smith et al. (1975)
(80)
+ OCA Mean + sp 54 + 12 - - - - Smithetal. (1975)
(84)
"Values in par indi b b d
*Oral contraceptive agents.
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TABLE 6-2 Biochemical Assessment of Vitamin C Nutritional Status in the Adult Female

Pregnancy Trimester

Special Non- Post-
Test Conditions Display pregnant 1 2 3 partum References
Serum Mean + sp  0.95 *+ 0.46 - 1.25+ 030 097 £038 0.67 + 033  Garcia et al. (1974)
vita- (16)° an (34) (10)
— minC Median 0.50 0.45 0.39 0.34 0.20 Darby et al. (1953b)
= (mgdl) (125) (195) (287) 399) (1,140)
Mean +sp  0.58 + 0.32 - - - - Sauberlich (1976a)
(348)
Range 0.08 - 1.48
Mean + SE - 143 £ 0.06 137 +0.05 1.10 = 0.05 1.10 = 0.05 Morse et al. (1975)
(58) (94) (76) (90)
Mean + s 0.98 + 0.04 - - - - Darby et al. (1953a)
(106)
Mean + sp - 0.60 + 0.22 066 +0.24 0.54 = 0.25 - Vobecky et al.
(229) 475) (922) (1974a)
High-income Mean 0.87 - - - - Health Services
states (1,776) and Mental
Health Adminis-
tration (1972)
Low-income Mean 0.58 - - - - Health Services
states (470) and Mental
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No ocA® Mean + s 0.63 * 0.05 - - 1.22 £ 0.11 0.74 £ 0.08 Horwitt et al.
32) (22) an (1975)
+0CA Mean = s 0.75 + 0.08 - - - - Horwitt et al.
(15) (1975)
No oca Mean +sp 039 = 0.22 - - - - Smith et al. (1975)
(84)
+0CA Mean + sp  0.38 + 0.22 - - - - Smith et al. (1975)
(84)
Nonsmokers Mean + s 0.97 = 0.05 - - - - Brook and
(50) Grimshaw (1968)
Moderate Mean = s 0.74 = 0.07 - - - - Brook and
smokers (28) Grimshaw (1968)
Mean + sp - 095+049 091 047 085+042 0.90+ 0.52 Edozien et al.
(1,866) (1,371) (166) (105) (1976)
Leucocyte
Vita-
— minC
[ mg/dl No oca Mean + sp  25.7 = 145 - - - - McLeroy and
cells (63) Schendel (1973)
+0CA Mean +sp 194 * 6.6 - - - - McLeroy and
(49) Schendel (1973)
ug/108 Nonsmokers Mean + s 30.7 = 1.4 - - - - Brook and
cells (50) Grimshaw (1968)
Moderate Mean =+ S 25.6 + 1.6 - - - - Brook and
smokers (28) Grimshaw (1968)
“Values in parenth indicat ber of subjects studied.
*Oral contraceptive agents.
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chemical or microbiological methods of urinary levels of thiamin. A
reasonably close correlation exists between the development of a
thiamin deficiency and the decreasing excretion of thiamin in the urine.
The thiamin requirement of the adult human has been considered to be
approximately 0.30 to 0.35 mg per 1,000 cal. When this intake is
maintained, 40 to 90 ug of thiamin is excreted in the urine daily. A
correlation between thiamin intake and the urinary excretion of thiamin
per gram of creatinine has been observed. Consequently, as a matter
of expedience, random urine samples may be obtained (preferably
during a fasting state) and the thiamin content related to creati-
nine content.

Urinary thiamin levels fall during the second and third trimester of
pregnancy, with the most pronounced effects during the third trimester
(Darby et al., 1953b). The level of excretion returns to normal slowly
postpartum. These observations may reflect increased metabolic re-
quirements for thiamin during pregnancy (Tripathy, 1968; Migasena et
al., 1974).

Erythrocyte transketolase measurement has been shown to be a
more reliable and sensitive indicator of thiamin status than urinary
determinations of thiamin (Sauberlich, 1967; Sauberlich et al., 1974).
The erythrocyte transketolase stimulation represents any enhancement
in enzyme activity, expressed in percent, resulting from the in vitro
addition of thiamin pyrophosphate (Sauberlich ef al., 1974). The mea-
surement has been utilized to assess thiamin status in pregnancy
(Tripathy, 1968; Chong and Ho, 1970; Heller et al., 1974; Migasena et
al., 1974; Morse et al., 1975; Watson and Dako, 1975). Subjects with an
erythrocyte transketolase stimulation of less than 15 percent are com-
monly considered normal or acceptable in terms of thiamin nutriture
(Brin et al., 1965; Sauberlich et al., 1974). Automated analyzer systems
have provided rapid, simple, sensitive, and reproducible assay
methods.

Laboratory indices for thiamin nutritional status in the adult female
are given in Table 6-3.

RIBOFLAVIN

The measurement of urinary excretion of riboflavin has been com-
monly used for evaluating the nutritional status of this vitamin (Darby
et al., 1953b; Sauberlich et al., 1974). Correlations between dietary
intakes of riboflavin and urinary excretions of the vitamin have been
established through well-controlled human experiments. From these
studies, guidelines for interpreting urinary riboflavin excretion data
have been extrapolated.
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During pregnancy, urinary excretion of riboflavin increases during
the second trimester and falls during the third trimester (Darby et al.,
1953b). Normal excretion levels are observed postpartum. Although
the significance of these changes is uncertain, guides have been de-
veloped to interpret urinary riboflavin excretion in pregnant women
(Sauberlich et al., 1974). These guidelines must be used with caution,
however, because urinary riboflavin levels tend to reflect the recent
dietary intake of the nutrient and, hence, are prone to considerable
variation. The use of fasting urine samples helps reduce this effect.
However, this effect is minimal in persons subsisting on marginal or
inadequate intakes of riboflavin, whose body stores are depleted or
unsaturated.

Erythrocyte glutathione reductase activity measurement represents
a functional test of nutritional adequacy of riboflavin and largely avoids
the limitations associated with urinary riboflavin excretion data. The
measurement is simple and reproducible and requires only a minute
quantity of blood (Nichoalds et al., 1974). The assay results are usually
expressed in terms of activity coefficients, representing the degree of
stimulation resulting from the in vitro addition of flavin adenine dinu-
cleotide (Nichoalds et al., 1974; Sauberlich et al., 1974). Activity
coefficients for normal pregnant women appear to be comparable to
normal nonpregnant subjects (Cooperman et al., 1973; Iyengar, 1973;
Nichoalds et al., 1974).

The use of riboflavin load tests and the measurement of blood
riboflavin levels have also been proposed to evaluate riboflavin nutri-
tional status (Sauberlich et al., 1974).

Laboratory indices for riboflavin nutritional status in the adult
female are given in Table 6-4.

NIACIN (NICOTINIC ACID)

Biochemical procedures for evaluating niacin status are not entirely
satisfactory, and few studies have been conducted on niacin nutritional
status during pregnancy (Sauberlich et al., 1974).

A functional biochemical test has not been developed for assessing
body reserves of the nutrient. Nicotinic acid is present in only small
amounts in the urine, and the excretion is relatively uninfluenced by
dietary intakes of niacin or tryptophan. Little nicotinic acid is present
in serum, but appreciable quantities are present in the leukocytes and
erythrocytes as nicotinamide mononucleotide or dinucleotide. Thus
far, however, measurement of niacin compounds in blood or its com-
ponents has not appeared to be a reliable or satisfactory method for
evaluating niacin status.
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TABLE 6-3 Biochemical Assessment of Thiamin Nutritional Status in the Adult Female

Pregnancy Trimester

Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Urinary thiamin
excretion
ug/2h Median 120 130 100 70 90 Darby et al. (1953b)
(61)2 (118) (169) (181) 719
ug/g of Mean = sD 267 * 146 - - - - Sauberlich (1976a)
creatinine (260)
Range 49-914
— Male and
o female, age
17-34 yr Mean 398 - - - - Health Services and
(1,432) Mental Health
Administration
(1972)
Adolescents Mean - 200 220 225 - McGanity er al.
25) () (126) (1969)
Erythrocyte
transketolase
stimulation (%) Mean + SE - 7106 62*05 58=+0.5 5.6 = 0.6 Morse et al. (1975)
(61) 99) 80 (96)
Low-income Mean * SE - - - - 13+58 Bamji (1976)
subjects (15)
Mean + sp 56 +7.0 - - - - Sauberlich (1976a)
(344)
7 females, Mean <15 (15) - - - - Bayoumi and Rosalki
8 males (1976)
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Mean + sp 11 £45 - - - - Smeets et al. (1971)
(10
Age and Range 2-20
sex un-
known :
Adult male Range 0-17 39) - - - - Massod ez al. (1971)
and female ’
Mean + sb 18 = 26 - - - - Henshaw et al. (1970)
(18)
Mean + sb - 13 +0.1 13 +0.1 13 +0.1 - Heller er al. (1974)
41 79 (171)
Indian women Average 13 - - 19 - Bamji (1970)
(14) (16)
Ghanian
women Mean * sD 24+ 10 - - 27+9 - Watson and Dako (1975)
—_ 42) 28)
—_ Malaysians Mean *= sb - - - 23+ 15 - Chong and Ho (1970)
1Y)
(103)
Erythrocyte
transketolase
activity (1u)
(uM/h/ml whole
blood)

Glycerol-3-PO, 7 females; Mean 7.8 (15)* - - - - Bayoumi and
formation 8 males Rosalki (1976)
Glycerol-3-PO, Age and Mean 7.0 (10) - - - - Smeets et al. (1971)

formation Sex un- Range 5.0-9.2
known
Pentose dis- Adolescent Mean = sp 11.96 + 1.59 - - - - Wamnock et al. (1975)
appearance females (178)
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TABLE 6-3 (Continued)

Pregnancy Trimester

Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Sedoheptulose-
7-PO, forma-
tion Mean £ sp 3.8 + 0.65 - - - -
(39)
Adult male Range 2.52-5.16
and female
Mean = sp  2.13 = 0.61 - - 2.2 +0.59 - Watson and Dako
= @2) (28) (1975)
=) Mean + sp - - - 3.18 = 0.84 - Bayoumi and Rosalki
(103) (1976)
“Values in parenth indi ber of subjects studied.
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The two major metabolites of nicotinic acid are N'-methyl-
nicotinamide and N!-methyl-2-pyridone-5-carboxylamide (2-pyridone)
(Rosenthal et al., 1953; Sauberlich et al., 1974). The measurement
of these metabolites in urine has been the usual means of assessing
niacin status (Sauberlich et al., 1974). The excretion of N!-methyl-
nicotinamide was observed to increase gradually during the second
trimester of pregnancy and plateau during the third trimester
(Sauberlich et al., 1974). The level of excretion of the metabolite then
rapidly returned to normal postpartum.

More recently, niacin status has been evaluated by the use of the
2-pyridone/N'-methylnicotinamide excretion ratio (Joubert and De
Lange, 1962; DeLange and Joubert, 1964; Sauberlich et al., 1974).
Under normal conditions, adults excrete 40 to 60 percent of their
nicotinic acid as the 2-pyridone form and 20 to 30 percent as the
Ni-methylnicotinamide form. With niacin deficiency, the urinary
excretion of 2-pyridone is reduced more profoundly than that of
N!-methylnicotinamide. Thus, a ratio of 1.3 to 4 exists between
2-pyridone/N-methylnicotinamide excretion under normal conditions,
while a ratio of less than 1.0 is indicative of a latent niacin deficiency.
Although this appears to be the most practical index available for
assessing niacin status, the procedure requires further evaluation with
pregnant subjects to fully establish its reliability and usefulness.

Laboratory indices for niacin nutritional status in the adult female
are given in Tables 6-5 and 6-6.

FOLIC ACID (FOLACIN)

Megaloblastic anemia resulting from folate deficiency occurs in a
substantial proportion of pregnant women in developing countries and
a smaller though still significant number of those in developed nations
(Stone et al., 1967; Rothman, 1970; Sauberlich et al., 1974). Folacin
nutritional status in the human has been assessed through procedures
such as the assay of folate levels in serum, whole blood, erythrocytes,
leukocytes, liver biopsy specimens, use of folacin loading tests, and
measurement of urinary excretion of formiminoglutamic acid (FiGlu),
urocanic acid, and aminoimidazolecarboxamide (aic) (Herbert, 1965;
Stone et al., 1967; Sauberlich et al., 1974). Of these procedures,
measurement of serum folic acid levels is the most commonly per-
formed. Nevertheless, serum folate level is probably a relatively poor
indicator of the degree of folate deficiency (Hoffbrand et al., 1966;
Blakley, 1969) because low serum levels reflect recent low dietary
intakes and provide little information concerning tissue reserves. Thus,

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

TABLE 6-4 Biochemical Assessment of Ribc-flavin Nutritional Status in the Adult Female

[t : Pregnancy trimester
Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Urinary riboflavin
excretion
mg2 h Mean + SE - - 1.11 £ 0.04 0.91 = 003 0.88 = 0.04 Darby er al. (1953a)
(248)° @11 (340)
ug/g creatinine Mean + sp 481 + 280 - - - - Sauberlich (1976a)
(259)
Range 79-2,058
Mean 559 - - - - Health Services and
(839) Mental Health Ad-
ministration (1972)
Mean - 230 220 200 - McGanity et al.
(P2)] (69 (116) (1969)
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Erythrocyte
glutathione
reductase
stimulation
(activity co-

efficients) Various periods of time
during pregnancy
Mean + sp 098 + 0.05 Cooperman et al.
(20) (1973)
Range 0.9-1.09
Low-income Mean + SE - - 1.69 + 1.08 Bamji (1976)
subjects (15
Mean * sb 1.12 = 0.13 - - Sauberlich (1976a)
317)
Hospital Mean 1.17 - - Bayoumi and Rosalki
patients ® (1976)
Values in parentheses indi ber of subj died

tCl
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TABLE 6-5 Biochemical Assessment of Niacin Nutritional Status
in the Adult Female?®

Week Gestation No. N'-methylnicotinamide

or of Excretion
Postpartum Subjects (median values, mg/2h)
Ist Trimester
5-9 63 7.04

10-13 7 7.55
2d Trimester

14-16 140 8.06

17-19 101 9.19

20-22 139 9.54

23-26 118 11.20
3d Trimester

27-29 155 10.60

30-32 312 11.04

33-35 216 11.25

36 & over 53 10.62
Postpartum

<6 57

=6 421 5.44

9From Darby et al. (1953b).

low serum folate levels are not necessarily associated with megaloblas-
tic anemia or any biochemical changes (Herbert, 1965; Hoffbrand et
al., 1966; Blakley, 1969).

Folic acid is present in serum in association with serum folate-
binding proteins. Levels of serum folate-binding proteins may be
elevated in pregnancy and in women taking oral contraceptives
(Pritchard et al., 1971; Theuer, 1972; Shojania and Hornady, 1973).

Serum folate levels commonly fall during pregnancy, probably in
response to the marked increased demands for the vitamin, particularly
during the third trimester (Solomon et al., 1962; Kitay, 1969; Rothman,
1970; Iyengar, 1971; Sauberlich et al., 1974). A portion of the fall may
be due to the increased urinary excretion of folic acid reported to occur
in pregnancy (Landon and Hytten, 1971; Fleming, 1972). Administra-
tion of folic acid usually results in a prompt and significant increase in
serum folate values (Metz et al., 1965; Kitay, 1969; Iyengar, 1971).

The erythrocyte folate level has come to be regarded as a more
accurate and less variable quantitative index than serum folate as to the '
severity of folacin deficiency (Herbert, 1965; Hoffbrand et al., 1966;
Kitay, 1969; Rothman, 1970; Sauberlich et al., 1974). Erythrocyte
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TABLE 6-6 Biochemical Assessment of Niacin Nutritional Status in the Adult Female

Pregnancy Trimester

Post-
Test Display Nonpregnant 1 2 3 partum References
N!-Methylnicotinamide
excretion
mg/g Creatinine Mean 43 - - - - De Lange and Joubert
(adult male & female) (12)° (1964)
Mean - 8.5 9.6 10.2 - McGanity et al.
25) (94) (126) (1969)
~  uM/g Creatinine 26.1 =23 - - 174 + 28 303 +7.6 Horwitt et al.
b (32) (22) a1 (1975)
mg/24 h Range (men) 4.8-11.5 - - - - Joubert and De Lange
(10) (1962)
Urinary 2-pyridone
excretion
mg/g Creatinine Mean 8.7 - - - - De Lange and Joubert
(adult male & female) (12) (1964)
mg/24 h Mean 2.1 - - - - De Lange and Joubert
(adult male & female) (12) (1964)
Range 5.2-19.7 - - - - Joubert and De Lange
(men) (10) (1962)
“Values in parentheses indi ber of subjects studied.
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folate measurement has proven to be a useful biochemical test for
evaluating folacin nutritional status in pregnancy (Chanarin er al.,
1968; Kitay, 1969; Rothman, 1970; Colman et al., 1974; Colman et al.,
1975; Hershko et al., 1975). Moreover, erythrocyte folate levels corre-
late well with response to folic acid supplementation (Metz et al., 1965;
Chanarin et al., 1968; Balmelli and Huser, 1974; Colman et al., 1974,
1975; Hershko et al., 1975). ’

In evaluating folate levels in serum and erythrocytes, it must be
recognized that the period of folate deficiency that will cause a drop in
erythrocyte folate levels is much longer than that causing a decrease in
the serum levels of folacin (Herbert, 1965; Kitay, 1969). In addition, it
should be noted that erythrocyte folate measurements do not distin-
guish between megaloblastic anemia due to vitamin B,, deficiency and
that due to a folacin deficiency. In subjects with a primary vitamin B,,
deficiency, folic acid levels in the serum may be elevated while low
levels may be encountered in the erythrocytes (Herbert, 1965; Nixon
and Bertino, 1970; Sauberlich et al., 1974). However, a low folic acid
value for both serum and erythrocytes is strong evidence that a folacin
deficiency exists. Serum vitamin B,, measurements can be performed
to eliminate further the possibility of pernicious anemia or of a dietary
vitamin B,, deficiency.

Microbiological assay procedures have been used almost entirely to
measure folacin levels in serum and erythrocytes, although isotopic
assay procedures have been recently introduced (Sauberlich et al.,
1974; Eichner et al., 1975).

Laboratory indices for folic acid nutritional status in the adult female
are given in Table 6-7.

VITAMIN Bg

Because vitamin Bg participates in a wide variety of enzyme reactions,
numerous biochemical changes occur with a deficiency. Some of these
changes have served as a means for detection of an inadequate dietary
intake of the vitamin (Linkswiler, 1967; Sauberlich et al., 1970, 1972,
1974; Brown, 1972).

With a dietary restriction of vitamin Bg, man excretes increased
amounts of xanthurenic acid, kynurenine, hydroxykynurenine, and
other related metabolites following a tryptophan load test (Linkswiler,
1967; Leklem, 1971; Brown, 1972). Pregnant women may also excrete
abnormal amounts of these metabolites (Brown et al., 1961; Wach-
stein, 1964; Hamfelt and Hahn, 1969; Rose and Braidman, 1971; Brown,
1972; Sauberlich and Canham, 1973). The abnormal excretions of
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tryptophan metabolites are reduced to normal or near normal levels
with the administration of relatively large doses of pyridoxine (Rose
and Braidman, 1971; Brown, 1972; Sauberlich and Canham, 1973). Of
the tryptophan metabolites excreted in the urine, xanthurenic acid is
the easiest to measure (Sauberlich et al., 1970, 1972, 1974). Although
the tryptophan load test is relatively easy to perform and has been
widely used to evaluate vitamin Bg status, the results of the test need to
be interpreted with care in view of the interrelated metabolic and
hormonal factors involved in tryptophan metabolism (Luhby et al.,
1971; Rose and Braidman, 1971; Brown, 1972). A methionine load test
has also been used to evaluate vitamin Bg status in pregnancy
(Krishnaswamy, 1972). In vitamin B¢ deficiency, cystathionine excre-
tion is markedly increased following a load of methionine.

The major urinary metabolite of vitamin B, is 4-pyridoxic acid. With
inadequate intakes of the vitamin, the amount of 4-pyridoxic acid
excreted is low or nil (Sauberlich et al., 1972, 1974). The methods for
measuring 4-pyridoxic acid in urine are rather tedious and involved
and, hence, have seldom been used to evaluate vitamin B¢ nutritional
status (Linkswiler, 1967; Contractor and Shane, 1970).

A number of studies have been conducted to ascertain the usefulness
of measuring urinary levels of vitamin B for evaluating the nutritional
status of this nutrient (Sauberlich et al., 1970, 1972, 1974). In controlled
studies with adult subjects, the urinary excretion of free vitamin B,
correlated closely with the level of intake of the vitamin. Urinary
excretions of less than 20 ug/g of creatinine are indicative of marginal
or inadequate dietary intakes of vitamin Bg (Sauberlich et al., 1972,
1974). However, little information is available concerning the urinary
excretion of vitamin B¢ during pregnancy.

Vitamin Bg levels in whole blood, erythrocytes, and plasma fall
rapidly during vitamin Bg depletion and rise following supplementation
(Wachstein, 1964; Linkswiler, 1967; Baker and Frank, 1968; Hamfelt
and Hahn, 1969; Hamfelt and Tuvemo, 1972; Sauberlich et al., 1972,
1974; Sauberlich and Canham, 1973; Cleary et al., 1975; Brophy and
Siiteri, 1976). Levels of vitamin Bg are at least twice as high in cord
blood as in maternal blood (Contractor and Shane, 1970; Brin, 1971;
Brophy and Siiteri, 1976). Improvements in the procedures used for
measuring pyridoxal phosphate in serum and blood have led to the use
of this index in evaluating vitamin Bg status in human population groups

- (Hamfelt and Hahn, 1969; Chabner and Livingston, 1970; Hamfelt and
Tuvemo, 1972; Cleary et al., 1975; Brophy and Siiteri, 1976). Plasma
levels of pyridoxal phosphate progressively decline during pregnancy;
a daily supplement in excess of 2 mg is required to prevent the decline
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TABLE 6-7 Biochemical Assessment of Folic Acid Nutritional Status in the Adult Female

Pregnancy trimester

Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Serum of plasma
folic acid
(ng/ml) Mean =+ sp 55 +1.0 - - - - Hall et al. (1975)
15y
Mean * sD 47+ 1.0 - - - - Hershko et al. (1975)
(16)
Mean *+ sD 82 +28 - - - - Sauberlich (1976¢)
(348)
g Range 2.5-18.0
Mean 1.5 - - - - Sauberlich (1976¢)
(3,181)
Range 5-25 - - - - Rothman (1970)
Mean - - - 4.7 - Solomon et al. (1962)
Mean + SE - 6305 53+05 4304 - Hamfelt and Tuvemo
(19) (19) (18) (1972)
Indian women Mean * SE - 64+06 49+04 3004 - Iyengar (1971)
(44) (72) 44)
Mean 7.5 - - 6.2 - Avery and Ledger
(20) (85) (1970)
Mean - 6.0 5.4 5.1 54 Metz et al. (1965)
57 (&)} (57 (&)
Mean + SE 5.0 = 0.29 4.6 33 27 +£0.12 3.5 + 0.22 Temperley et al.
(30) (58) (132) (55 (1968)
Chinese Mean + sp - - - 45+ 1.5 - Hibbard and
331 Hibbard (1972)
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Malay Mean + sp - - - 4.1+ 1.1 - Hibbard and
(139) Hibbard (1972)
Indian Mean * sD - - - 33 +2.0 - Hibbard and
(73) Hibbard (1972)
Mean * sD - - - 34+ 26 - Landon and Oxley
(54) (1971)
No folate
supplement Mean 5-20 6.1 4.5 4.5 - Chanarin et al. (1968)
(101) (101) (101)
200-pg/day
folate
supplement Mean - 6.6 6.7 6.3 - Chanarin et al. (1968)
(105) (105) (105)
No oca Mean * sD 54+24 - - - - Smith et al. (1975)
an
+0CA 4.5+2.0 - - - - Smith et al. (1975)
o (80)
o No oca Mean 8.1 - - - - Pritchard et al.
(55) (1971)
+0CA Mean 8.0 - - - - Pritchard et al.
57) (1971)
No oca Mean 63 - - - - Theuer (1972)
(101) Shojania and
Hornady (1973)
+0CA Mean 4.1 - - - - Theuer (1972)
(162) Shojania and
Hornady (1973)
Erythrocyte
folic acid
(ng/ml) Mean + sp 250 + 84 - - - - Hall et al. (1975)
(15)
Mean 241 - - - - Sauberlich (1976¢)
(2,404)
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TABLE 6-7 (Continued)

Pregnancy Trimester

Special Post-
Conditions Display Nonpregnant 1 2 3 partum References
No folate
supplement Mean 165 157 139 118 - Chanarin e? al.
31 (101) (101) (101) (1968)
200-ug/day
folate Mean - 165 190 187 - Chanarin et al.
(105) (105) (105 - (1968)
Mean + SE - 135+ 9 161 = 16 111 = 10 - Hamfelt and Tuvemo
(19) (19) (18) (1972)
No folate
supplement Mean + SE - - 145 = 16 111 = 12 113 = 11 Iyengar (1971)
(26) (26) (26)
200-pg/day Mean * S - - 145 = 12 185 + 36 181 = 16 Iyengar (1971)
supplemental (25) (25) (25)
folate
Chinese Mean + sp - - - 219 =+ 71 - Hibbard and
(331 Hibbard (1972)
Malay Mean * sD - - - 219+ 78 - Hibbard and
(139) Hibbard (1972)
Indian Mean + sD - - - 167 = 52 - Hibbard and
(73) Hibbard (1972)
No oca Mean + sD 199 = 62 - - - - Smith et al. (1975)
(64)
+0CA Mean + sp 173 + 57 - - - - Smith ez al. (1975)
(70)

)

of subjects studied.
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(Contractor and Shane, 1970; Hamfelt and Tuvemo, 1972; Reinken et
al., 1973; Cleary et al., 1975; Shane and Contractor, 1975; Brophy and
Siiteri, 1976).

Erythrocyte transaminase measurements represent a biochemical
functional test that provides information regarding the state of defi-
ciency or the degree of depletion of vitamin B¢ reserves (Linkswiler,
1967; Sauberlich et al., 1970, 1972, 1974). Controlled human vitamin B,
studies have demonstrated that erythrocyte aspartate aminotransferase
(EGoT) and erythrocyte alanine aminotransferase (EGPT) activities fall
with depletion of the vitamin (Raica and Sauberlich, 1965; Canham et
al., 1966). Erythrocyte transaminase activities provide a much closer
reflection of vitamin B, status than serum transaminase activities.
However, measurement of EGOT and EGPT activity, if combined with
determination of the in vitro stimulation by pyridoxal phosphate,
provides a better indication of vitamin Bg status (Linkswiler, 1967;
Sauberlich et al., 1972, 1974). Erythrocytes contain considerably more
GOT activity than that of GpT. Consequently, EGOT stimulation mea-
surements are preferred over EGPT stimulation measurements in
evaluating vitamin B¢ status during pregnancy (Hamfelt and Tuvemo,
1972; Reinken et al., 1973; Shane and Contractor, 1975; Brophy and
Siiteri, 1976). Considerable individual variation has been observed with
normal individuals as to the erythrocyte transaminase activities either
with or without the addition of pyridoxal phosphate. Part of this
variation may be due to the analytical procedures employed. However,
the EGOT stimulation in normal subjects is usually less than 60 percent,
while a stimulation of over 100 percent may be encountered in
vitamin-Bg-depleted subjects (Raica and Sauberlich, 1965; Canham et
al., 1966; Sauberlich et al., 1972, 1974; Heller et al., 1973). Additional
studies are needed to establish the validity and usefulness of these
guidelines in evaluating vitamin Bg status in pregnancy.

Laboratory indices for vitamin Bg nutritional status in the adult
female are given in Table 6-8.

VITAMIN B,

Vitamin B,, deficiency due to a lack of dietary intake of the nutrient is
relatively rare, but may occur among vegan (vegetarians), who subsist
exclusively on vegetables (Yusufji et al., 1973; Sauberlich et al., 1974).
Most cases of vitamin B,; deficiency in the United States are the result
of an impaired absorption of the vitamin due to lack of the intrinsic
factor in the gastric secretions (pernicious anemia). The biochemical
procedures employed to evaluate vitamin B,, status are designed to
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TABLE 6-8 Biochemical Assessment of Vitamin Bg Nutritional Status in the Adult Female

Pregnancy Trimester
Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Urinary
vitamin B,
(ug/g creatinine) Mean + sp 405 = 1.1 - - - - Sauberlich (1976b)
(1,370)*
Mean + sD 54.0 = 23.0 - - - - Sauberlich et al. (1970)
(261)
Range 14-147 Sauberlich (1976a)
Plasma pyridoxal
—_ phosphate
] (ng/ml) 2-2.5 mg Mean + sp 10.5 + 4.1 - - 37+ 15 - Cleary et al. (1975);

B; sup- 13) Lumeng et al.

plement/ (1974)

day

10 mg B, Mean * sp - - - 7545 - Cleary et al. (1975)

supple- an

ment/

day
Average 84 +2.5 - - 4.3 - Wachstein ez al.

(20) (19) (1959)
Range 5.2-12.0 2-8.6
Mean + SE - 62+08 28=+0.6 14 £ 03 - Hamfelt and
19) (19 (18) Tuvemo (1972)
Mean 16.9 - - 43 - Brophy and
@) O] Siiteri (1976)
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No oca
+0CcA
No oca
+0cA
No oca
+ocA
Leucocyte pyri-
doxal phos-

e phate (ng/mil-
lion cells)

Urinary 4-pyri-
doxic acid
uM/day

mg/day

Mean * sD

Mean * sp

Mean * sp

Mean * sp

Range

Mean * sp
Mean + spD

Mean * sp

121 £ 23
(23)
11.7 £ 3.2
9)

9.15 2.6
(15)
94 + 4.2
an
78 3.7
(55)
9.6 x 1.7
12
76 = 1.1
&)

022 + 0.05
(20
0.14-0.30

3907
(26)

30+ 1.0
29

1.21 = 0.84
(26)

7.7 £ 3.7
(&)

51x13
(10

0.09
19)
0.02-0.19

1.45 = 0.47
(10$)

Copyright © National Academy of Sciences. All rights reserved.

Contractor and
Shane (1970)

Brown et al.
(1975)

Lumeng et al. (1974)

Shane and
Contractor (1975)

Wachstein ef al.
(1959)

Adams ez al. (1976)
Brown et al. (1975)

Contractor and
Shane (1970)
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TABLE 6-8 (Continued)

Pregnancy Trimester

Special Post-
Test Conditions Display Nonpregnant 2 3 partum References
".&’ Xanthurenic acid
excretion (after
tryptophan
load)
ug/ml fasting Mean 20.2 - 41.0 - Sprince et al. (1951)
morning ) (0}
urine Range 7.8-32.6 15.1-108.0
mg/24 h Mean 17 - 191 - Wachstein and
(10) (14) Gudaitis (1952)
Range 4-30 63-324
Mean * SE - - 198 + 15 - Wachstein and
(86) Gudaitis (1953)
Range 170-813
uMR4 h 254 - 95 Brown et al. (1961)
(14) ()]
No oca Mean + sD 27.0 = 8.0 - - - Rose et al. (1975)
(12)
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+0CA
pnM/8 h No oca
+0CA
No oca
+0CcA
uM/g Creati-
nine
Kynurenine
excretion (after
— tryptophan
o load)
uM/24 h

Mean = sp
Mean
Mean + sD
Range
Mean

Mean * SE

Mean * sp

Mean

426 + 363
9
63.0 + 40.0
(26)
193
(12)
27.1 + 5.7
(15)
38-500
1)
<35 (10)
167 (33)
540 + 4.0
32)

36.0 = 20.0
)

29
10)

183
=14

254 * 82
22

Copyright © National Academy of Sciences. Al rights reserved.

7224

133

an

Adams et al. (1976)

Hamfelt and Tuvemo
(1972)

Lumeng et al. (1974)

Lumeng et al. (1974)

Luhby et al. (1971)

Horwitt et al. (1975)

Adams et al. (1976)

Brown et al. (1961)
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TABLE 6-8 (Continued)

Pregnancy Trimester

Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Erythrocyte GoT
stimulation (%) Mean + sD 69.0 = 15.0 - - - - Adams et al. (1976)
(26)
Low-income Mean + SE - - - 41.0 7.0 - Bamji (1976)
subjects
Range - - - 10.7-111.1
§ Average 80 (7) - - - - Cheney et al. (1965)
Hospital Mean 72 (8) - - - - Lumeng et al. (1974)
patients
7 Females; Mean = sD 83.0 + 24.0 - - - - Lumeng et al. (1974)
8 males (15)
Mean + sb 69.0 = 17.0 - - 68.0 + 12.0 - Shane and Con-
12) (10) tractor (1975)
Mean + sp - - 91.0 + 16.0 116.0 = 19.0 - Reinken et al. (1973)
(23) 23)
. Mean * sp 53 (69) 64.0 + 23.0 68.0 + 31.0 64.0 + 28.0 - Heller et al. (1973)
(40) (62)) (142)
Mean * SE - 520 + 8.0 61.0+ 10.0 56.0 + 6.0 - Hamfelt and
(19 (19 a7 Tuvemo (1972)
No oca Mean + sp 77.0 = 15.0 - - - - Rose et al. (1973)
(30)
+0CA Mean = sp 71.0 = 23.0 - - - - Rose et al. (1973)
(65
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Erythrocyte GPT
stimulation (%) Mean + sD 19.0 + 20.0 - - -
(26)
Average 25(7) - - -
Range 0-15 (7) - - -
No oca Mean + sD 18.0 = 14.0 - - -
(50)
+0CA Mean + sD 25.0 = 21.0 - - -
(80)
Cystathionine
excretion (after
3-g L-methio-
nine load)
(uM/24 h)
Preload 183 + 2.8 - - 353 £ 6.2
@ ©) ©)
~ Postload 446 + 5.7 - - 165.3 + 13.0
6) 6)
Erythrocyte
pyridoxal
phosphate
(ng/million
cells) Average 0.32 = 0.02 - - 0.16 = 0.01
' (60) (51
Range 0.11-0.79 0.01-0.36

Adams et al. (1976)

Cheney et al. (1965)

Wachstein et al.
(1957)

Rose et al. (1973)

Horwitt et al. (1975)

Krishnaswamy (1972)

Krishnaswamy (1972)

Wachstein et al.
(1957)

“Values in parenth indicat ber of subj died
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establish whether a deficiency exists and, if so, whether the deficiency
is due to an impaired absorption of the vitamin.

Procedures proposed for evaluating vitamin B,, status include serum
and erythrocyte levels of vitamin B,,, urinary excretion of
aminoimidazolecarboxamide (a1c), formiminoglutamic acid (FiGlu), or
methylmalonic acid (MMA) and plasma disappearance rate of in-
travenously injected vitamin B,, (Sauberlich et al., 1974). Of these
procedures, the determination of the serum vitamin B,, level has been
the most useful and reliable. Microbiological assay methods or radioas-
say procedures are used for this purpose.

Since a close interrelationship exists between vitamin B,, and fola-
cin, vitamin B,, nutritional status must be evaluated also in terms of
folacin nutrition (Lowenstein et al., 1966; Kahn, 1970; Nixon and
Bertino, 1970; Cook et al., 1971). In folacin deficiency, serum vitamin
B,; levels may be low, but usually the levels are still above those found
in patients with pernicious anemia. In these subjects, serum vitamin
B,. levels return to normal following folate treatment. In contrast, in
pernicious anemia, serum folate levels may be elevated, while erythro-
cyte folate levels may be low. Thus, both serum vitamin B,, and serum
folate levels should be determined (Sauberlich et al., 1974). If a normal
vitamin B,, level is found in the presence of a low serum folate level, a
diagnosis of pernicious anemia is improbable. Low serum vitamin B,
levels in the absence of a folacin deficiency are indicative of pernicious
anemia. The use of a Schilling test can determine whether the abnormal
vitamin B, status is the result of a lack of intrinsic factor, another form
of malabsorption, or is a nutritional deficiency of vitamin B,,.

Serum vitamin B,, levels have been observed to fall markedly during
pregnancy (Young et al., 1959; Ball and Giles, 1964; Metz et al., 1965;
Baker et al., 1975). Metz et al. (1965) noted a fall in vitamin B,, levels
of approximately 100 pg/ml of serum, although the mean serum vitamin
B,; level was approximately 300 pg/ml at delivery. The levels rose to
normal within 6 wk postpartum. Vitamin B,, supplementation did not
change the pattern (Metz et al., 1965; Lowenstein et al., 1966; Cook et
al., 1971). However, this fall did not occur during pregnancy in patients
with initial subnormal serum vitamin B,, levels (Roberts et al., 1973).
Morphological blood abnormalities were observed in many cases.
Evidence suggests that the fall in serum vitamin B,, levels frequently
observed in pregnancy represents in part a change in vitamin B,,
metabolism independent of the dietary intake of vitamin B,, and does
not necessarily reflect depletion of maternal vitamin B,, stores
(Rothman, 1970). Changes in serum binders for vitamin B,, may be
involved in the pathogenesis of the observed fall in serum levels of the
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vitamin during pregnancy (Green et al., 1975). In some instances,
inadequate folate nutrition may have depressed serum vitamin B,,
levels (Rothman, 1970). Nevertheless, it cannot be discounted that the
fall in serum vitamin B,, levels in pregnancy reflects, in part, depletion
of maternal vitamin B,, stores. Edelstein and Metz (1969) observed a
correlation between the serum vitamin B,, concentration and the level
of the stores of the vitamin in muscle in late pregnancy. Erythrocyte
vitamin B,, levels also tend to be subnormal in pregnant women
(Harrison, 1972).

Laboratory indices for vitamin B,, nutritional status in the adult
female are given in Table 6-9.

VITAMIN D

Vitamin D is required by humans of all ages, but the greatest need for
the vitamin appears to exist in infants and children. Hence, vitamin D
deficiency is very uncommon in the adult human unless exposure to
sunlight is restricted (Wasserman and Corradino, 1973; DeLuca, 1974).
Methods for assessing vitamin D status have been limited and unsatis-
factory; consequently, knowledge concerning the metabolism of the
vitamin during pregnancy has been largely conjectural.

The activity of serum alkaline phosphatase is increased in vitamin D
deficiency. Serum alkaline phosphatase may increase somewhat during
pregnancy, particularly during the third trimester, because of the
production of a heat-stable placental alkaline phosphatase (Hodgkin et
al., 1973; Jones et al., 1975; Morse et al., 1975). Numerous procedures
are available for measuring alkaline phosphatases in serum (Sauberlich
et al., 1974).

The principal circulating metabolite of vitamin D in human plasma is
25-hydroxycholecalciferol. Several competitive protein-binding assays
are now available for measuring 25-hydroxycholecalciferol (Belsey et
al., 1971, 1974; Haddad and Chyu, 1971; Edelstein et al., 1974; Haddad
and Stamp, 1974; Rosen et al., 1974). Assays for the more active
metabolite 1,25-dihydroxycholecalciferol (Eisman et al., 1976; Hughes
et al., 1976) also have been developed.

Serum levels of 25-hydroxylcholecalciferol in pregnant women have
been reported to vary w:th ethnic and racial background (Dent and
Gupta, 1975; Turton et al., 1977), vegetarian dietary practice (Dent and
Gupta, 1975), and season (Hillman and Haddad, 1976). However,
pregnancy per se does not appear to cause any change in serum
25-hydroxycholecalciferol levels (Dent and Gupta, 1975). Vitamin D
and its 25-hydroxy metabolite are transported in plasma by a specific

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

orl

TABLE 6-9 Biochemical Assessment of Vitamin B,, Nutritional Status in the Adult Female

Pregnancy Trimester

Copyright © National Academy of Sciences. All rights reserved.

Post-
Display Nonpregnant 1 2 3 partum References
Serum vitamin B,,
Mean + sD 498 + 95.7 - - - - Hall et al. (1975)
asy
Mean + sp 458 + 200 - - - - Sauberlich (1976¢)
(348)
Range 100-1,350
Mean + SE 155 + 26 - - - - Inamdar-Deshmukh
8) et al. (1976)
Mean = S 331 + 64 - - - - Inamdar-Deshmukh
an et al. (1976)
Mean 214-1,150 420 360 310 475 Metz et al. (1965)
(range) am arm 0y am
Mean + sp - - - - 236 = 106 Pinto et al. (1973)
(30)
Mean + sD - 224 + 115 - 182 + 96 - Roberts e? al. (1973)
(320) 119)
Range 44-696 36-468
Mean - 267 260 190 433 Green et al. (1975)
(29) &y (26) (24)
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Chinese Mean + sD - - - 267 = 111 - Hibbard and Hibbard
(326) (1972)

Malay Mean * sp - - - 293 + 109 - Hibbard and Hibbard
(53) (1972)

Indian Mean * sD - - - 219 + 105 - Green et al. (1975)
26)

No oca Mean + sD 690 *+ 290 - - - -

72)
+0CA Mean = sD 480 + 240 - - - -
an
Erythrocyte
vitamin Bu
(pg/ml)
Lactovege- Mean + SE 178 = 68 - - - - Inamdar-Deshmukh
tarians 8) et al. (1976)
Nonvege- Mean = s 156 = 19 - - - - Inamdar-Deshmukh
tarians an etal. (1976)
e Mean + sp 155 + 35 - 133 = 20 - Harrison (1972)
= a13)
Range 100-220 104-180
*Values in p th indi ber of subjects studied.
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binding protein (Imawari et al., 1976), and the binding capacity of
maternal serum increases during pregnancy (Haddad er al., 1976).

Laboratory indices for vitamin D nutritional status in the adult
female are given in Table 6-10.

VITAMIN E

Erythrocyte hemolysis tests provide indirect information concerning
vitamin E status, while more direct information can be obtained by
measuring tocopherol levels in plasma or serum (Darby et al., 1953b;
Horwitt et al., 1972; Leonard et al., 1972; Sauberlich et al., 1974).
Serum tocopherol level may rise an average of 40-50 percent during
pregnancy and return to normal prepregnancy levels postpartum
(Darby et al., 1953b; Ferguson et al., 1955; Gordon et al., 1958;
Leonard et al., 1972; Vobecky et al., 1974a). This rise does not appear
to occur until the second trimester of pregnancy (Ferguson et al.,
1955). Since these increases are observed without any changes in
dietary intake of vitamin E, the observations appear to reflect a
metabolic phenomena associated with changes in lipid transport during
pregnancy (Darby et al., 1953b; Horwitt et al., 1972, 1975). Neverthe-
less, low dietary intakes of vitamin E are associated with lower plasma
tocopherol levels (Ferguson et al., 1955). As the plasma vitamin E level
in the mothers is increased, an increase occurs in the vitamin E level in
the plasma of the infants (Leonard et al., 1972) and in the cord blood
(Mino and Nishino, 1973). The use of oral contraceptive agents has
been considered to give rise to increased plasma vitamin E levels as a
probable consequence of increases in transport proteins (Horwitt et
al., 1975; Yeung and Chan, 1975). Various procedures have been
described for performing the erythrocyte hemolysis test (Gyorgy et al.,
1952; Sauberlich et al., 1974) and for measuring plasma tocopherol
levels (Hansen and Warwick, 1969; Thompson et al., 1973; Sauberlich
et al., 1974).

Laboratory indices for vitamin E nutritional status in the adult
female are given in Table 6-11.

VITAMIN K

Although vitamin K is required by the adult human to maintain
prothrombin and other factors necessary for normal blood clotting, a
dietary deficiency of the vitamin uncomplicated by other factors is
considered to be rare (Owen et al., 1969; Quick, 1970; Rossi, 1972;
Food and Nutrition Board, 1974; Sauberlich et al., 1974). Such a
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TABLE 6-10 Biochemical Assessment of Vitamin D Nutritional Status in the Adult Female

Pregnancy Trimester

Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Total serum
alkaline phos-
phatase
Bodansky Mean * SE - 1.95+0.16 2.58 +0.13 5.72 = 0.14 3.28 = 0.14 Morse et al. (1975)
units/dl 61)? (C) (80) (95)
Bodansky Mean =+ SE 371 £ 0.58 381 +1.64 4.72 + 1.81 8.18 = 3.25 - Iyengar and
— units/dl (21) 17 (67) (102) Srikantia (1970)
] King- Asian female Mean + sD 85+34 - 82 +33 16.8=+5.1 - Hodgkin et al. (1973)
Armstrong 27 (16) (22)-
units/dl Caucasian
female 77 +£29
(23)
Caucasians Mean + sD 6.4 + 0.6 64+13 75+x13 13419 - Dent and Gupta
(20) (14) (14) (14) (1975)
Asians
Vegetarian Mean + sD 6.7 + 1.8 6411 95=*17 160=1.8 - Dent and Gupta
(18) (23) (23) 23) (1975)
Non vege- Mean + sp 62+10 62+09 98+18 15017 - Dent and Gupta
tarian (16) (16) (16) (16) (1975)
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TABLE 6-10 (Continued)

Pregnancy Trimester

Special Post-
Test Conditions Display Nonpregnant 2 3 partum References
Serum 25-hy-
droxycholecal-
ciferol (ng/ml)
Mean + SE - 223+ 1.5 244 x8.0 - Hillman and
A3 (W) Haddad (1974)
Caucasians Mean * SE - - 310 = 11.5 - Hillman and
(14) Haddad (1974)
Blacks Mean + SE - - 22.1 £ 9.7 - Hillman and
(20) Haddad (1974)
Adults—male Mean * sD 18.8 £ 7.6 - - - Haddad and Stamp
& female (81) (1974)
Mean =+ S - - 28.0 = 2.0 - Rosen et al. (1974)
a1s)
Adults—male Mean * sDp 15.2 £ 5.6 - - - Edelstein er al.
& female (18) (1974)
Normal sub- Mean * SE 352 +£ 3.6 - - - Belsey et al. (1971,
jects (15) 1974)
Range 20-100
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Caucasians Mean * sD 13.9 + 2.0 204 48 16730 15.0=x22 Dent and Gupta
(20) (14) (14) (14) (1975)
Asians
Vegetarian Mean * sD 67 1.8 9032 9224 7417 Dent and Gupta
(18) 23) (23) (23) (1975)
Nonvege- Mean * sp 113 = 1.8 10.7 £ 22 10.1 £ 16 98 + 1.2 Dent and Gupta
tarian (16) (16) (16) (16) (1975)
Israelis
Negev
Bedouins Mean + sp 254 = 9.78 - - 23.4 + 8.52 Shany e al. (1976)
(12) (19
Bersheeba Mean * sb 327 £ 6.02 - - 443 + 924 Shany et al. (1976)
@ (12)
Plasma a-1, 25-
dihydroxy-
cholecalciferol
—_ (ng/dl)
& Normal adults; Mean + sp 33 + 0.6 - - - Hughes et al. (1976)
male & (78)
female
Range 2.1-4.5
Normal adults Mean + SE 29+0.2 - - - Eisman et al. (1976)
(&)
“Values in parentheses indi ber of subj
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TABLE 6-11 Biochemical Assessment of Vitamin E Nutritional Status in the Adult Female

Pregnancy Trimester

Special Post-
Test Conditions Display Nonpregnant 1 2 3 partum References
Serum a-toco-
pherol (mg/dl)
Mean + sp 0.89 =020 1.04 023 1.16 +0.24 1.32 = 0.29 0.93 + 0.28 Darby et al. (1953b);
(74 (240) 273) (149) (35) Ferguson et al.
(1955)
Mean + sp 1.23 + 0.27 - - - - Wei Wo and Draper
749 (1975)
Mean + sp - 0.62 =+ 0.26 0.77 = 0.27 096 = 0.29 - Vobecky et al. (1974a)
- (108) @50) (503)
& Mean + SE - - - 1.71 = 0.17 - Mino and Nishino
57 (1973)
Mean * sD - - - 0.92 + 0.29 - Leonard et al.
(200) (1972)
0.84 - - - 1.32 Gordon et al. (1958)
(20)
No oca Mean * SE 0.96 + 0.04 - - 1.36 = 0.06 0.88 = 0.10 Horwitt et al. (1975)
(32) (22) an
+0CA Mean + SE 0.98 + 0.05
a15)
Erythrocyte
H,0, hemolysis
(%) Mean + sD 13 22 - - - - Sauberlich (1976a)
315)
Range 0-99
“Values in p h indi ber of subj died.
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TABLE 6-12 Biochemical Assessment of Pantothenic Acid Nutritional Status in the Adult Female

Pregnancy trimester

Post-
Test Display Nonpregnant 3 partum References
Whole-blood total pantothenate Mean = spD 183 + 60 103 = 26 112 + 26 Cohenour and
(ug/dD) 4 a7 (13) Calloway (1972)
Range 105-242 60-145 85-172
Free blood pantothenate
(ug/dl blood)
Mean 9.7 (39) - - Ishiguro (1972)
Bound blood pantothenate
(ug/dl blood)
Mean 96.4 (39) - - Ishiguro (1972)
Urinary free pantothenate
mg/g creatinine
Mean + sp 23 0.7 - 3.8 = 1.8 Cohenour and
o) (14) Calloway (1972)
Range 1.6-3.3 1.4-6.7
mg/24 h Mean * sp 25 +08 - 3.5+ 1.6 Cohenour and
® (14) Calloway (1972)
Range 1.4-3.5 1.0-5.2

“Values in parentheses indicate number of subjects studied.
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deficiency most commonly occurs in situations in which there is
malabsorption of fat-soluble materials or if prolonged antibiotic
therapy has altered the gut bacterial flora. A prolonged prothrombin
time results because of decreased activities of factor VII and pro-
thrombin. Factor IX level is also decreased, and a prolonged partial
thromboplastin time occurs. In order to distinguish vitamin K defi-
ciency from the causes of prolonged prothrombin and partial throm-
boplastin times, specific factor assays may be done. The simplest
confirmation of vitamin K deficiency is the rapid return of an abnormal
prothrombin time to normal when vitamin K is given parenterally.

PANTOTHENIC ACID

Information is limited on the biochemical assessment of pantothenic
acid status in pregnancy (Ishiguro, 1962; Cohenour and Calloway,
1972; Markkanen, 1973; Sauberlich et al., 1974). Pantothenic acid
levels in blood appear to fall during pregnancy and slowly return to
normal postpartum (Ishiguro, 1962, 1972; Cohenour and Calloway,
1972). Since most of the pantothenic acid in blood is present in the
erythrocyte, any changes in hematocrit must be considered in evaluat-
ing pantothenic acid status based on whole-blood levels. Until addi-
tional information and techniques become available, the indices pre-
sented here must be considered tentative at best.

Laboratory indices for pantothenic acid nutritional status in the
adult female are given in Table 6-12.
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Trace
Elements

K. MICHAEL HAMBIDGE
and ALVIN M. MAUER

Until very recently laboratory instrumentation and techniques have not
in general been available for the assessment of trace-element nutri-
tional status. Even today, biochemical indices for many of the
‘“‘newer’’ trace elements are either totally lacking or are limited in their
applicability to the research laboratory. Recent advances, especially in
the area of analytical instrumentation, have greatly facilitated the
quantitative measurement of more established elements such as zinc
and copper, as well as iron, in biological samples. However, the
measurement of the concentration of these elements in blood and other
samples does not necessarily provide a valid index of nutritional status,
and this is especially true during pregnancy. Even for zinc and copper,
significant interlaboratory differences still exist for normal values.
Therefore, until there is more general agreement on absolute values for
norms, it is important for each individual laboratory to establish its
own normal ranges.

IRON

The assessment of the nutritional status for iron during pregnancy is
important because of the frequency with which a deficiency of iron
leads to the development of anemia in pregnant women. There are
various tests for the measurement of iron status. Bainton and Finch
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(1964) have described the two degrees of the deficiency state for iron.
Iron deficiency is taken to mean simply a reduction in total body iron;
iron-deficient erythropoiesis results when there is an inadequate supply
of iron to meet the needs of the erythroid marrow, ultimately causing
anemia. The various tests for nutritional status for iron have varying
degrees of sensitivity in defining these two departures from normal.
The sensitivity of these tests in determining iron nutriture has been
studied by evaluating them during the progression from iron deficiency
to iron-deficient erythropoiesis (Conrad and Crosby, 1962; Bainton and
Finch, 1964; and Charlton and Bothwell, 1970).

The best indicator of adequate iron stores is the presence of stainable
iron in the macrophages of the bone marrow as determined by the
Prussian Blue reaction on smears prepared from bone marrow aspi-
rates. If iron stores are reduced to the point of depletion of the
reticuloendothelial iron, the next events are a decrease in serum iron
and an increase in the serum iron-binding capacity, leading to a
decrease in the percent saturation of transferrin. Coincidental with the
decline in saturation of the transferrin, the number of iron-staining
granules in the developing red cells (or sideroblasts) decreases. When
the saturation of transferrin is below 16 percent and that of sideroblasts
less than 10 percent, both the rate of erythrocyte production and the
size and hemoglobin concentration of erythrocytes decrease.

This change in erythropoiesis is first manifest by the transient
development of normocytic anemia, which is followed by the charac-
teristic microcytic hypochromic anemia of iron deficiency. The first
changes in the red cell morphology consist of a decreased mean
corpuscular volume (Mcv) and mean corpuscular hemoglobin (MCH),
followed by a decrease in the mean corpuscular hemoglobin concentra-
tion (MCHC).

There are some other measures of the state of iron nutriture as well.
An increase in iron absorption from the gut can be demonstrated only
with an absence of stainable iron in the bone marrow (Conrad and
Crosby, 1962). A normal individual absorbs less than 10 percent of an
administered dose of iron salt, but this level increases with the de-
velopment of iron deficiency. The final step in the biosynthesis of heme
involves the incorporation of iron into protoporphyrin. An increase in
free erythrocyte protoporphyrin levels characterizes iron deficiency;
levels are sixfold greater than normal in patients in whom the iron-
deficiency state is characterized by an absence of stainable marrow
iron (Dagg et al., 1966). These increased values, however, are seen
only when the saturation of transferrin has decreased below 16 percent.
Thus, this test is no more sensitive than a determination of serum iron

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

Trace Elements 159

and iron-binding capacity. Another measure of depletion of iron stores
is the determination of serum ferritin (Jacobs et al., 1972). The concen-
tration becomes less than 10 ng/ml at a time when the saturation of
transferrin is less than 16 percent. Thus, this method has the same
significance in detecting iron deficiency as does the transferrin satura-
tion determination.

There are special considerations that must be taken into account
when applying these measures of the nutritional status for iron during
pregnancy. Iron deficiency defined as a lack of iron stores is relatively
common among young, nonpregnant women. Scott and Pritchard
(1967) demonstrated that about one-third of apparently healthy young
women without history of hemorrhage or pregnancy had negligible iron
stores. In another one-third of these women, iron stores approximated
only the iron content of a single unit of blood. Thus, women of
child-bearing age are likely to have absent or diminished iron stores.

The iron requirements, however, of pregnancy are considerable. The
term-sized infant, on the average, contains about 200 to 250 mg of iron
(Sturgeon, 1956). The placenta and cord containing fetal blood contain
about 50 mg of iron. The maternal red cell volume during pregnancy
increases on the average about 500 ml, representing the need for an
additional 500 mg of iron (DeLeeuw et al., 1966; Pritchard et al., 1969).
Therefore, the total maternal iron requirements during pregnancy
typically are from 750 to 900 mg. Regardless of the maternal status for
iron nutrition, iron is transported from mother to fetus (Pritchard et al.,
1969).

Therefore, because of the frequency of depleted iron stores in
women beginning pregnancy and the further drain on iron stores during
pregnancy, the incidence of iron deficiency anemia developing late in
pregnancy in women not provided an extra source of iron would be
expected to be great. The criteria for distinguishing between physiolog-
ical changes of pregnancy with respect to the biochemical indices of
iron nutrition and the findings related to true iron deficiency must be
evaluated with care. For example, reports of studies of women not
given supplemental iron during pregnancy have indicated an inverse
relationship between serum iron levels and the length of gestation.
Serum iron values decrease as pregnancy proceeds, and, at the same
time, the serum iron-binding capacity increases with a concomitant
decrease in transferrin saturation. However, increase in total iron-
binding capacity is characteristic of pregnancy in the mouse without
iron deficiency (Jepson and Lowenstein, 1968) and occurs in healthy
women receiving oral contraceptives (Burton, 1967). There is a prob-
lem, therefore, of ascribing the cause of an increasing serum iron-
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binding capacity during pregnancy to endocrine effect or iron deple-
tion. Also, the potential effect of a physiologic increase in iron-binding
capacity on the interpretation of decreasing percent saturation of
transferrin must also be determined to properly evaluate the biochemi-
cal indices of iron during pregnancy.

There are two methods by which this assessment has been ac-
complished. As one method of evaluating the significance of changes,
pregnant women have been given iron and serial observations sub-
sequently made to determine the changes in serum iron, iron-binding
capacity, and percent transferrin saturation (Carr, 1974; Duke et al.,
1974). The other method of study has been the observation of women
given supplemental iron in comparison with another-group in which no
supplementation was used (Hancock et al., 1968). From an evaluation
of these types of studies, it is possible to distinguish between the
normal physiological alterations of the biochemical indices of iron
nutriture and those that are associated with the progressive develop-
ment of true iron deficiency during pregnancy.

Therefore, in evaluating any reports of studies of iron nutritional
status during pregnancy, it is important to know the characteristics of
the group under study. The frequency of iron depletion in women at the
beginning of pregnancy varies greatly with socioeconomic factors.
Even in those studies of women receiving supplementation it is impor-
tant to note the amount of iron recommended (DeLeeuw et al., 1966)
and whether there are reasons to suspect lack of compliance with the
recommended dosage scheduled (Molina et al., 1974). In the following
presentation of data, it will be noted whether these studies were
obtained with or without effective iron supplementation.

Values for serum iron levels obtained in women with and without
iron supplementation are given in Table 7-1. Most studies of unsupple-
mented subjects describe a decrease in serum iron values with advanc-
ing gestation. An exception is the study by Rath ez al. (1950) in women
presumed to be unsupplemented (since no mention is made of supple-
mentation), in which are reported values similar to those obtained in
other studies in which iron supplementation ‘was given during the
course of pregnancy. In studies in which iron supplementation was
given by either injectable iron dextran or daily oral iron, the serum iron
values do not change significantly during pregnancy. The importance
of knowing the dose of iron used for supplementation is illustrated by
the work of DeLeeuw et al. (1966), in which one group (values not
given in the Table 7-1) was given one-half of the iron supplementation
of those women shown in Table 7-1 as the supplemented group. The
women receiving half doses of supplemental iron did not develop
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TABLE 7-1 Serum Iron Values (ug/dl)

Pregnant
Early Mid Late
References Nonpregnant (10-20 wk) (21-29 wk) (30-40 wk) Postpartum
Nonsupplemented

Fay et al. (1949)° 105 75 60 80

(40-215)® (30-180) (20-220) (50-125)
Rath et al. (1950) 111 117 102 97

(62-143) (16-214) (54-415) (49-163)
Holly (1953) 103 103 88 68 76

— (64-192) (60)° (30) 23) 30)
S Morgan (1961) 115 % 95

(24-180) (20-274) (22-186)
DeLeeuw et al. (1966)° 103.8 + 6.16¢ 100 75 51 60
Hancock et al. (1968)° 110 80 55 70
Svanberg et al. (1975) 117.0 £ 7.1 80.8 +5.9 653 £5.5 86.6 7.9

Supplemented

Morgan (1961) 142 . 9 108

(89-210) (54-185) (37-191)
DeLeeuw et al. (1966)° 107 98 95 90
Hancock et al. (1968)° 120 110 125 100
Svanberg et al. (1975) 125.5 + 5.4 109.3 £ 6.5 112.4 + 8.9 110.2 £ 7.5

Derived from graphs.

*Values in parentheses indicate range.

<Single values in parentheses for Holly's data indicate minimal values.
“Mean + SE.
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anemia, but they did have evidences of iron depletion as indicated by
bone marrow iron stains, hemoglobin mass, and mean corpuscular
hemoglobin concentration at term.

The values for total iron-binding capacity in both supplemented and
nonsupplemented women during pregnancy are shown in Table 7-2. In
both groups the values for total iron-binding capacity increased with
increasing gestation, but the values are greater in those women who did
not receive iron supplementation. Thus, it appears that there is a
definite effect on the levels of transferrin related to pregnancy; these
levels are further increased if there is concomitant iron depletion. Once
again, it is of interest that the values reported in the studies of Rath'et
al. (1950) indicate that the nutritional status of iron in the women being
studied was generally good.

In Table 7-3 is shown the percent saturation of transferrin during
pregnancy. There is some progressive decrease in saturation in both
groups, but it is much more pronounced in those women who did not
receive supplemental iron. From the studies listed in Tables 7-1
through 7-3, it seems clear that iron supplementation ameliorates or
prevents the decline in serum iron, rise in iron binding capacity, and
resultant fall in percent saturation seen in unsupplemented gravidas.

Bone marrow iron stores have been evaluated during pregnancy in
several studies (DeLeeuw et al., 1966; Hancock et al., 1968; Svanberg
et al., 1975). At the beginning of pregnancy, from 10 to 55 percent of
patients were found to have depleted iron stores in the bone marrow.
Obviously, the variation reflects the population under study. In women
not given supplementation by the time of delivery, there was a consis-
tent finding of absent iron stores in the bone marrow. Even in women
who had supplementation during pregnancy, from one-fourth to two-
thirds had depleted marrow iron stores at term. Apparently, the
marrow iron stores serve as rapidly mobilized depots of iron that can
become depleted even though other indicators of iron deficiency, such
as decreasing serum iron values or percent saturation of transferrin, are
not evident (Hancock et al., 1968; Svanberg et al., 1975). This determi-
nation, therefore, is the most sensitive of all of the methods of
assessing the nutritional status for iron during pregnancy.

Iron absorption increases during pregnancy if no supplements are
given (Svanberg et al., 1975). Without supplementation the values
increase from an average of 6.5 percent at the beginning of pregnancy
to 14.3 percent near term. At term the range of absorption in this
nonsupplemented group was from 8 to 20.1 percent. There was a good
relationship between the evaluation of bone marrow iron stores and the
percent of iron absorption. In women who received iron supplementa-
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TABLE 7-2 Total Serum Iron-Binding Capacity (ug/dl)

Pregnant
Early Mid Late
References Nonpregnant (10-20 wk) (21-29 wk) (30-40 wk) Postpartum
Nonsupplemented
Fay et al. (1949)* ) 390 550 600 400
(260-450)® (360-650) (375-840) (350-500)
Rath ez al. (1950) 290 313 336 308
' (232-350) (256-423) (262-474) (258-381)
=Y Morgan (1961) 395 457 530
bt (230-634) (294-674) (264-712)
DeLeeuw et al. (1966) 313.2 = 10.98° 416
Hancock et al. (1968)* 430 600 610 410
Svanberg er al. (1975) 382 +93 461.2 +17.6 505.1 +19.3 346.0+11.9
Supplemented
Morgan (1961) 350 374 453
(310-408) (262-531) (269-640)
DeLeeuw et al. (1966) 422
Hancock er al. (1968)* 380 460 520 350
Svanberg et al. (1975) 352.5+8.9 409.9 + 11.0 458.5 + 13.7 300.2 + 8.9
*Derived from graphs.
*Values in parentheses indicate range.
‘Mean + SE.
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TABLE 7-3 Percent Transferrin Saturation

Pregnant
Early Mid Late
References (10-20 wk) (21-29 wk) (3040 wk) Postpartum

Nonsupplemented

Rath et al. (1950) 38 36 30 32

(24-59)° (18-62) (1246) (18-59)

DeLeeuw et al. (1966) 30 - 11 -

Hancock et al. (1968)° 25 15 12 17

Svanberg et al. (1975) 31.1 £2.1° 178 £ 1.2 13.2+1.2 26.0 +2.5
Supplemented

Deleeuw et al. (1966) 30 - 25.2 -

Hancock et al. (1968) 35 25 25 28

Svanberg e al. (1975) 358+1.9 272 +18 254 +2.1 385+3.4
“Values in parentheses indicate range.
*Derived from graphs.
‘Mean + SE.
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tion during pregnancy, the mean value at the beginning of pregnancy
was 6.7 percent, and near term, 8.6 percent. The range of values at
term was from 2.7 to 15 percent. In those women in whom greater than
10 percent absorption was found, there was a close correlation with the
depletion of marrow iron stores as indicated by hemosiderin grading.
Thus, the percent of iron absorption is another fairly sensitive indicator
of the state of iron nutrition during pregnancy.

Values for free erythrocyte protoporphyrin during pregnancy are
given in Table 7-4. Unfortunately, there are no values for women
receiving iron supplementation. The increasing values for free erythro-
cyte protoporphyrin in these two studies indicate the presence of iron
deficiency in the women under study. The increased values persist for
a much longer time after delivery than other indicators of iron defi-
ciency. Most likely, this reflects the long survival time of red cells
produced during the late stages of pregnancy, and, therefore, this
indicator would not be a useful guide in assessing nutritional status
after delivery. It is also somewhat slower to develop and, in general,
not as sensitive an indicator of the nutritional status for iron in
pregnancy.

There is only one available study of plasma ferritin determinations
during pregnancy, and those studies were done at the time of delivery
and compared with values in cord-blood samples (Rios et al., 1975).
The values in women at term ranged from 5 to 32 ng/ml. The authors
divided the women into two groups, those with less than 9 ng/ml and
those with greater than that level. In these two groups, other measures
of iron nutriture such as hemoglobin, transferrin saturation, and the
amount of iron supplementation during pregnancy were assessed. All
six women having ferritin values less than 9 ng/ml had transferrin
saturations less than 20 percent, with an average value of 12 percent.
However, 9 women of 20 women having plasma ferritin values greater
than 9 ng/ml had transferrin saturation values less than 20 percent.
Thus, it would seem that the plasma ferritin value is not as sensitive an
indicator of the iron nutritional status as is the transferrin saturation
value.

In summary, the evaluation of bone marrow iron stores is the most
sensitive indicator of the nutritional status of iron during pregnancy.
Iron stores in the marrow will be depleted in some women late in
pregnancy even though iron supplementation has been given and there
is no evidence of iron-deficient erythropoiesis. The serum iron values
during pregnancy in women receiving adequate iron supplementation
should remain about constant. The total iron-binding capacity will
increase even in the face of iron supplementation, but the percent
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TABLE 7-4 Free Erythrocyte Protoporphyrin Values (ung/dl RBC)

Pregnant
Early Mid Late
References Nonpregnant (10-20 wk) (21-29 wk) (30-40 wk) Postpartum

Nonsupplemented

Fay et al. (1949)* 40 42 50 50

(10-55)° (20-120) (10-100)
Holly (1953) 42.7 45 38.5 58 65
(23-67) (58)¢ (78) (96) (138)

“Derived from graphs.

*Values in parentheses indicate range.
Single values in parentheses for Holly's data indicate maximal values.
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saturation of transferrin should remain greater than 20 percent. In
women whose percent transferrin saturation is less than 20 percent, a
response to iron treatment with a significant increase in hemoglobin
and a restitution of transferrin saturation greater than 20 percent can be
demonstrated (Carr, 1974). It would seem that in pregnancy, as in the
nonpregnant state, a percent transferrin saturation of less than 16
percent is a good indicator of an iron deficiency state (Bainton and
Finch, 1964; Charlton and Bothwell, 1970). The absorption of iron
following oral administration of a radioactive test dose increases in the
face of iron deficiency to greater than 10 percent; however, this is
hardly a test for routine use. The determination of the free erythrocyte
protoporphyrin is a later and less sensitive indicator of iron depletion.
The determination of plasma ferritin values seems to be a less sensitive
indicator of the nutritional status for iron than is the determination of
transferrin saturation.

ZINC

Ideal biochemical indices of zinc nutritional status have not been
defined. However, there are several laboratory indices of established
or potential value in the assessment of zinc nutritional status and in the
detection of zinc deficiency.

Plasma Zinc Concentrations

The plasma zinc concentration is currently the most widely used and
accepted biochemical index of zinc nutritional status. Although
hypozincemia may not be a sine qua non of marginal zinc deficiency,
plasma zinc levels are usually depressed in human zinc deficiency.
However, hypozincemia does not necessarily indicate a deficiency
state: zinc levels may be depressed without a concommitant body
depletion of zinc, for example, in association with acute and chronic
infections, various endocrine disorders, and hypoalbuminemia.
Literature data for plasma (or serum) zinc levels during pregnancy
are scanty. Results of studies in which the stage of pregnancy has been
identified are summarized in Table 7-5. No details on duration of
gestation were given for data included in Table 7-6. All reported mean
values for plasma or serum zinc during pregnancy have been lower
than those of corresponding control values for nonpregnant women.
The mean level for unspecified times of gestation (Table 7-6) is 22.5
ug/100 ml (19.3 percent) lower than that of corresponding control
values. Where data are available (Table 7-5), a consistent decline in
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TABLE 7-5 Plasma (or Serum) Zinc Concentrations (ug/dl) during Specified Periods of Pregnancy

Pregnant
Nonpregnant Early Mid Late Postpartum
Type Controls, (10-22 wk) (23-29 wk) (30-40 wk) (6 wk)
of Mean + sp

Reference Sample No. (or Range) No. Mean+sp No. Mean+sp No. Mean+sp No. Mean + sp
Berfenstam (1952) Plasma 108 30 99 + 28 18 87+ 19 34 80 + 17
Hambidge and Plasma 10 88 + 8 20 68 +9 20 56 +9

Droegemueller

(1979) ]
Hahn et al. (1972) Serum 97 93 97 64
Schraer and Plasma 4 84 4 116

Calloway (1974)
Mischel (1963) Serum 123 109
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TABEL 7-6 Plasma Zinc Concentrations (ug/dl)—Duration of Pregnancy Unknown?

Nonpregnant Controls Pregnant Women Difference in Means
Type of
References Sample No. Mean + sD Range No. Mean + sp Range 1g/100 ml % Year
O’Leary and Plasma 27 134 95-175 30 117 96-136 -17 -12.7 1969
Spellacy (1969)
Halsted and Plasma 27 97 = 11 76-112 107 63 12 40-102 -34 -35.1 1970
Smith (1970)
Sinha and Serum 200 120 = 22 70-180 138 113 = 27 64-198 -7 - 6.2 1970
Gabrieli (1970)
Rosner and Plasma 14 138 + 21 87-222 27 103 + 36 0-183 =35 -25.4 1968
Gorfien (1968)
Rothe (1963) Serum 103 75 -28 -27.9 1960
Santoni e? al. Serum 10 153 10 139 -14 -92 1968
(1968)
“All analyses were by atomic absorption sp ph y except S i e al. (1968).
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mean values compared with those of nonpregnant women has been
observed from wk 10 of gestation onwards. This decline appears to
progress in a fairly linear fashion until wk 30 of gestation (Berfenstam,
1952). However, a more abrupt decline during the first trimester of
pregnancy has been reported (Hambidge and Droegemueller, 1974).
The mean value for plasma or serum zinc during late pregnancy (Table
7-5) is 27 ug/100 ml (26.5 percent) lower than that of corresponding
control values.

The consistency of this decline in plasma or serum zinc levels by the
last trimester of pregnancy indicates that a decline of approximately 25
percent below that of nonpregnant women is probably physiological.
Factors that may contribute to this decline include the physiological
increase in blood volume, a decline in serum albumin levels during the
third trimester of pregnancy, and the raised levels of endogenous
estrogens. Though not a consistent finding, administration of exogen-
ous estrogens to animals (McBean et al., 1971) and man (Halsted and
Smith, 1970; Prasad et al., 1975) can depress plasma zinc levels. With
one exception, no details of dietary zinc intake have been given for the
pregnant women included in these studies. Pregnancy is associated
with increased dietary zinc requirements (Food and Nutrition Board,
1974), and there are indications that many pregnant women may not
receive an optimal dietary intake of this nutrient (Sandstead, 1973).
Therefore, the possibility that an inadequate dietary intake of zinc
contributed to the lower levels during pregnancy cannot be excluded.
However, the subjects included in one study (Schraer and Calloway,
1974) had lower plasma zinc levels in the third trimester of pregnancy
than at 6 wk postpartum despite receiving a zinc-supplemented diet
(the dietary zinc intake averaged 29.4 mg/day).

Data are inadequate to define a normal rate of decline of plasma zinc
levels during the first and second trimesters. While it appears that a
gradual decline from wk 10 of gestation onwards is probably physiolog-
ical, a more abrupt decline, as reported in Hambidge and Droegemuel-
ler (1974), should not be accepted as normal without further confirma-
tory evidence.

The mean and range for both nonpregnant and pregnant subjects
included in Tables 7-5 and 7-6 vary widely. These variations may be
attributable to both sample contamination and analytical inaccuracies.
Concurrently with improved methodology, normal plasma zinc levels
have been revised downwards, and the generally accepted normal
mean lies between 80 and 100 ug of zinc/100 ml. Values for serum zinc
may be 5-15 percent higher. Because of the variation that still exists
between different laboratories, the range of acceptable values during
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pregnancy would depend on the values for normal nonpregnant con-
trols in the individual laboratory.

Atomic absorption spectrophotometry is now the standard analytical
instrumentation for determination of plasma zinc levels. Elaborate
precautions are essential to minimize the risk of sample contamination.
Plastic syringes and tubes should be used for sample collection and
storage. These should be checked for possible contamination. Vac-
utainers are not acceptable because of the high zinc content of the
rubber caps.

In conclusion, mean plasma zinc levels decline gradually during the
course of pregnancy. Although the decline is quite variable between
individuals, plasma zinc may drop about 25 percent in normal, preg-
nant women. Further research is required to identify the lower limits of
normalcy during late pregnancy. A provisional level of 45-50 ug/100 ml
is suggested. Further research is also required to define the normal
mean and range of plasma zinc levels during the first and second
trimesters of pregnancy.

Hair Zinc Concentrations

Normal hair zinc levels are dependent on adequate dietary zinc intake
and are depressed in human zinc deficiency. Hair zinc levels therefore
provide a useful biochemical index of zinc nutritional status; however,
information derived from hair analyses is retrospective. Assuming a
normal rate of hair growth, the zinc content of the proximal centimeter
of hair shaft adjacent to the scalp reflects the quantity of zinc taken up
by the hair follicle approximately 2—6 wk previously. Thus, hair zinc
determinations are of no value in the detection of current acute changes
in zinc nutritional status.

Literature data on hair zinc levels during pregnancy are summarized
in Table 7-7. Concentrations during the first trimester of pregnancy
(Hambidge and Droegemueller, 1974) are similar to those of nonpreg-
nant adults. The women included in this study had a small but statisti-
cally significant decline in mean hair zinc concentrations by mo 9 of
gestation. This is the only report that specifies the time of gestation.
The data from Baumslag et al. (1974) given in Table 7-7 apply only to
parity-one subjects included in that study. The mean for multiparous
women at term was significantly lower (mean for 17 parity-two or
-three subjects = 126 ug/g; mean for 13 parity-four or greater subjects
= 109 ug/g). In another study, in which hair samples were collected
from Iranian women 2 days postpartum (Sarram et al., 1969), hair zinc
levels were noted to be dependent on economic status and quality of
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TABLE 7-7 Hair Zinc Concentrations (ug of zinc/g of hair)

Nonpregnant Early Pregnancy Late Pregnancy Unspecified
Women (10-22 wk) (36—40 wk) Gestation
References No. Mean + sp No. Mean + sp No. Mean + sp No. Mean + sp
Hambidge and 88 180 + 37 20 171 = 22 20 156 + 27 -
Droegemueller (1974)
Briggs et al. (1972) 65 198 + 82 - - 29 158 + 85
Baumslag et al. (1974) - - 20 161° -
Klevay (1970) 70 167 + 129 - - 18 158¢
Hambidge and Baum (1971) - 20 144 + 49 -

Schroeder and Nason (1969) 47

172 + 64

*From Hambidge er al. (1972) (males and females).

SAt term.
<*During pregnancy and lactation.”
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the diet. Administration of oral contraceptives does not lower the zinc
content of hair (Briggs et al., 1972). It is probable that normal levels
during pregnancy are the same as those for nonpregnant womenand for
young adult men (no differences related to sex have been observed),
and that when lower levels are observed in late pregnancy this reflects
some depletion in body zinc. Data for nonpregnant subjects are in-
cluded in Table 7-7. The mean of these mean values is 179 ug of zinc/g
of hair. In contrast to mean values, however, the acceptable lower
limits of normalcy have not been defined. Pending clarification of this
limit it is recommended that any individual value below 100 ug of
zinc/g of hair be considered suggestive of inadequate zinc nutrition.

Other Biochemical Indices of Zinc Nutritional Status

The values of other biochemical indices have been less clearly defined;
urine zinc excretion rates and erythrocyte zone concentrations are
discussed below.

Urine Zinc Excretion Rates

The 24-h urine zinc excretion rate is depressed in severe zinc defi-
ciency (Prasad et al., 1963), but this is not a sensitive index of zinc
nutritional status. The normal daily urinary zinc excretion has been
reported to vary quite widely, with a range from 100 to 1,000 ug/24 h.
There is conflicting evidence on the existence of a difference between
men and women in urinary zinc excretion rates. As adult women may
excrete less zinc in the urine than men, only data for women are
included in Table 7-8. On a diet providing 15 mg of zinc per day,
urinary zinc excretion rates of women taking oral contraceptives are
indistinguishable from those of women not taking estrogens (J. C.
King, unpublished observations). There has been only one report of
urinary zinc excretion rates during pregnancy (Schraer and Calloway,
1974) (Table 7-8). The four women included in that study were receiv-
ing zinc-supplemented diets at the time, with a dietary zinc intake
ranging from 28-33 mg/day. Their urinary zinc averaged 620 + 180
1g/24 h. Though these data are insufficient to establish a normal range
of urinary zinc excretion at any stage of gestation, they do suggest that
rates are at least as great as those of nonpregnant women. It is
tentatively concluded, therefore, that any rate during pregnancy below
100 g of zinc/24 h is abnormally low. Rates between 100 and 150 ug of
zinc/24 h should be considered ‘‘borderline.’’
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TABLE 7-8 Urine Zinc Excretion Rates (ug Zn/24 h)

Nonpregnant
Women Pregnancy (Mean * sp)
References No. Mean + sp Early Mid Late
Santoni et al. (1968) 10 645 - - -
McKenzie and Kay (1973) 105 407 + 187 - - -
McKenzie (1972) 54 334 = 168 - - -
Pidduck et al. (1970) 39 358 + 237 - - -
Hambidge (unpublished 8 454 = 218 - - -
observations)
Schraer and Calloway (1974) 4 - - - 620 + 180

“Includes female children.
*Mean of 24 samples for each of four subjects.

Erythrocyte Zinc Concentrations

The red blood cell content of zinc is moderately depressed in subjects
who have been chronically depleted in zinc. Most of the zinc in
erythrocytes is incorporated in carbonic anhydrase and is not freely
exchangeable. As the red cell has a life span of 4 mo, erythrocyte zinc
levels would not be expected to decline acutely in the zinc-deficient
state. Berfenstam (1952) has reported that erythrocyte zinc increases a
little in the last trimester of pregnancy (1,333 + 208 ug percent in late
pregnancy compared with 1,121 + 183 ug percent for early pregnancy).
This increase has been attributed to an increase in erythrocyte carbonic
anhydrase.

COPPER

In nonpregnant subjects documentation of low levels of serum copper
or ceruloplasmin provides confirmatory evidence of copper depletion.
Hypoproteinemia and hepatolenticular degeneration are among other
causes of low serum copper and ceruloplasmin levels that have to be
excluded. There are no other established biochemical indices of copper
nutritional status. Ancillary data that are helpful in establishing a
diagnosis of copper deficiency, but which are nonspecific, are: a
hypochromic anemia which is unresponsive to iron therapy; absolute
neutropenia; and X-ray evidence of osteoporosis. Documentation of
copper deficiency has been limited to premature infants, cases of
severe malnutrition and diarrhea rehabilitated on milk-based diets, and
patients maintained on prolonged parenteral hyperalimentation.
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Serum Copper Concentrations

An increase in serum copper levels during pregnancy has been a
consistent finding (Table 7-9). However, reports differ considerably
with respect to the magnitude of this increase. It is unlikely that these
differences are explicable on the basis of variations in analytical
techniques, as values for nonpregnant controls are generally quite
similar. The wide variation in means may be attributable to the very
large differences observed between different individuals, even at the
same stage of gestation. The latter may also explain the discrepancies
between different reports on the rate and stage of gestation at which
copper levels increase. It should be noted that for any individual
report, the data on changes in serum copper with month of pregnancy
have not been derived from serial measurements on the same subjects.
In addition to the rate of increase shown in Table 7-9, data have been
presented in graphic form only in several other reports (Fay et al.,
1949; Dokumov, 1968; Schenker et al., 1969; Burrows and Pekala,
1971; Hahn et al., 1972). In most instances, a substantial increase has
been observed by the second month of pregnancy, followed by a steady
increase until term, with values returning to nonpregnant levels by 1-3
mo postpartum (Friedman et al., 1969; Schenker et al., 1969). How-
ever, in one report mean levels peaked at 25 wk gestation, and in other
instances relatively large rates of increase have been reported in the
third trimester. Increases in serum copper with duration of pregnancy
may be more linear in the same individuals (O’Leary et al., 1966), or
when a correction factor is applied for hemodilution (De Jorge et al.,
1965). In Nigeria (Olatunbosun et al., 1974), no increase in mean serum
copper levels was observed until mo 5 of pregnancy, and values for
later pregnancy were low in comparison with other reports. The
authors considered that these anomalous findings may be explained by
abnormalities of serum proteins that are common in that particular
population.

Relatively low serum copper levels for any particular stage of
gestation have been observed in association with placental insuffi-
ciency and intrauterine death (Heukenskjold and Hedenstedt, 1962;
O’Leary et al., 1966; Borglin and Heukenskjold, 1967; Friedman et al.,
1969; O’Leary, 1969; Schenker et al., 1969). Indeed, serum copper
levels may be of prognostic value in cases of threatened abortion.

While serum copper levels during pregnancy are certainly higher
than in the nonpregnant state and in general vary directly with the
duration of pregnancy, the wide variation between individuals and
different studies makes it difficult to define a normal range for any
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TABLE 79 Serum Copper Levels (ug/100 ml) by Month of Pregnancy

Month of Pregmncy
Nonpregnant
References Women 1 2 3 4 5 6 7 8 9 10
De Jorge et al. 108 + 8 145 = 8 153 +10 20012 24728 30137 32+4] 356 +33 3825 410x17 -
(1965y*
—.  Friedman et al. 121 - 223 246 255 276 288 290 302 305 -
a‘ (1969)° (114-128) (140-265) (215-260) (228-293) (128-300) (260-316) (272-340) (282-355) (280-36S5)
Borglin and Heuken- - - - 17231 18746 219+35 222+36 26+27 U2+69 213+t 44 -
skjold (1967)°
Hankiewicz and 109 + 12 - 16040 167 £33 191 +24 19435 208 +32 208 +31 214+22 213+25 234+28
Sevecek (1974)°
von Studnitz and - - 131 131 173 199 193 209 215 220 213
Berezin (1958)°
“Calendar months.

*Lunar months.
“Values in parentheses indicate range.
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stage of gestation. The values given in Table 7-10 are derived from the
lowest and highest values for any month of pregnancy (De Jorge et al.,
1965; Borghn and Heukenskjold, 1967; Friedman et al., 1969; Han-
kiewicz and Sevecek, 1974). The majority of the lowest values were
derived from Hankiewicz and Sevecek (1974), and the highest from De
Jorge et al. (1965). These should not be regarded as definitive values
for the extremes of the normal range at any stage of pregnancy.
Moreover, values below the lower of these limits are more likely to
reflect placental insufficiency than copper deficiency. The latter has
never been documented in any normal pregnant or nonpregnant adult.
However, serum copper levels do not fall below normal nonpregnant
values as a result of placental dysfunction. Thus, any level below
the normal range for nonpregnant women, in the absence of hypo-
proteinemia, would be strongly indicative of copper deficiency or an
abnormality of copper metabolism. Copper levels during pregnancy are
not dependent on age, race, or parity.

The recommended standard methodology for measurement of serum
copper concentrations is by atomic absorption spectrophotometry.

The increase in serum copper during pregnancy is attributable, at
least in large part, to the increase in endogenous estrogens (Evans,
1973) (see section on ceruloplasmin). Increased progesterone levels
may also contribute to the increase (Sato and Henkin, 1973).

Serum Ceruloplasmin Concentrations

Ceruloplasmin is a glycoprotein with a molecular weight of 160,000 that
contains 0.32 percent copper (eight copper atoms per molecule). In
nonpregnant subjects more than 90 percent of the serum copper is
ceruloplasmin copper. There are relatively few reports of serum
ceruloplasmin levels during pregnancy, but a consistent increase has
been observed (Markowitz et al., 1955; Adelstein et al., 1956; Abood
and Lipman, 1965; De Jorge et al., 1965; O’Reilly and Loncin, 1967;
Burrows and Pekala, 1971). Early reports (Markowitz et al., 1955;
Adelstein et al., 1956) indicated that this increase in serum ceruloplas-
min was proportional to the increase in serum copper. Other data have
been reported only in graphic form (Abood and Lipman, 1965; Burrows
and Pekala, 1971), lack corresponding copper values (Abood and
Lipman, 1965; O’Reilly and Loncin, 1967), or have been recorded only
in terms of optical density (Adelstein ez al., 1956; Abood and Lipman,
1965). In only one study have values been reported for each month of
pregnancy (De Jorge et al., 1965); these values are relatively low and
do not accord well with corresponding copper levels. Available data for
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TABLE 7-10 Additional Data on Serum Copper Levels (ug/100 ml) during Pregnancy

Pregnancy Unspecified
Nonpregnant Time of Postpartum
References Women Early Mid Late Gestation (6-11 wk)
O’Leary et al. (1966) 128 + 12 195 + 41 239 + 46 261 + 74
Hambidge and 107 + 23 162 + 27 192 +24
Droegemueller (1974)
Lahey et al. (1953) 109 = 17 222 + 38
3 Markowitz et al. (1955) 108 + 9 257 + 38
9 Thompson and Watson 106 + 18 184 21 243 119
(1949)
Sinha and Gabrieli 123 + 23 227+ 50
(1970)
Johnson (1961) 116 203 245
O’Leary and Spellacy 142 231
(1969) (104-168)" (139-510)"
Halsted and Smith 119 = 20 249 + 52
(1970)
“Range.
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serum ceruloplasmin levels during late pregnancy are summarized in
Table 7-11. In addition, a mean value of 91 = 12.6 mg/100 ml has been
reported for 10 women at term (Henkin et al., 1971). The wide variation
between means is of the same order of magnitude as that for serum
copper levels in the third trimester (Tables 7-9 and 7-10). These data
are inadequate and too variable for a definition of a normal range at any
stage of gestation.

The increase in serum ceruloplasmin during pregnancy is attributable
to raised levels of endogenous estrogens that induce de novo synthesis
of ceruloplasmin in the liver (Evans et al., 1970; Evans, 1973). A
similar marked increase in serum ceruloplasmin occurs in subjects
taking estrogen-containing oral contraceptives (Lahey et al., 1953;
Russ and Raymunt, 1956; Johnson et al., 1959; Carruthers et al., 1966;
Tovey and Lathe, 1968). In turn, the increased synthesis of cerulo-
plasmin accounts for the increase in serum copper levels. This increase
during pregnancy may represent an attempt to ensure both copper and
iron transport to the developing fetus. Ceruloplasmin (ferroxidase I)
has a vital function in iron mobilization.

Recommended methodology for determination of serum ceruloplas-
min is either by: (1) measurement of diamine oxidase activity, prefera-
bly using para-phenylene diamine as substrate (O’Brien ef al., 1962), or
(2) radial immunodiffusion.

Ideally, a biochemical index cf copper nutritional status is required
that is not affected by hormonal changes during pregnancy. Such an
indicator has not as yet been identified.

CHROMIUM

Biochemical indices of chromium nutritional status that are suitable for
routine application have not been established. This is in part due to the
considerable difficulties of chromium analysis in biological materials
that have not yet been completely resolved. However, recent research
has led to the identification of several indicators of potential value.
These include chromium concentrations in blood, plasma, and hair,
and urinary excretion rates for this metal. It should be emphasized that
these indices are currently of research interest only and are of no value
to the practicing obstetrician.

Plasma Chromium Concentrations

Fasting or random plasma chromium levels have been considered not
to reflect chromium nutritional status (Levine et al., 1968; Mertz and
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TABLE 7-11 Serum Ceruloplasmin and Copper Concentrations

Nonpregnant Controls, Late Pregnancy, Late Pregnancy,
Serum Ceruloplasmin Serum Ceruloplasmin Serum Copper
References Methodology (mg/100 ml) (mg/100 ml) (4g/100 ml)
Markowitz et al. (1955) Immunologic 34+4 84 + 15 257 + 38
De Jorge et al. (1965) Oxidase (p-phenylenediamine) 32+34 64+ 74 410 = 17
von Studnitz and Berezin (1958) Oxidase (p-phenylenediamine) 28 + 6° 41 = 6.9 -
O’Leary et al. (1966) Radial immunodiffusion - 70-80° 260-280"

“Postpartum (6 wk).
*Approximate from graph.
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Roginski, 1971; Hambidge, 1974a). However, results of two recent
studies (Davidson and Burt, 1973; Pekarek et al., 1975) suggest that
chromium depletion may depress the fasting plasma chromium concen-
tration and that this is detectable if the analytical technique employed
is sufficiently sensitive and precise. One center has reported (Burt and
Davidson, 1973; Davidson and Burt, 1973) finding lower fasting
chromium concentrations in pregnant women than in nonpregnant
controls (Table 7-12). Pregnancy may frequently be associated with
significant depletion of maternal chromium, and a depression in plasma
chromium probably reflects impairment of chromium nutritional status
rather than an acceptable physiological change. Despite recent im-
provements in analytical methodology, large differences in mean
plasma chromium concentrations (ranging from approximately 1 ng/ml
(Pekarek et al., 1975) to S ng/ml or higher (Davidson and Burt, 1973)
still exist between different laboratories. Concentrations of 1 or 2
orders of magnitude higher than those shown here have been reported
in the past; probably they can be explained on the basis of analytical
methodology. Thus no normal range can be given that would be
generally applicable to all laboratories.

The biologically potent fraction of the plasma chromium is probably
a nicotinic acid-chromium complex (Mertz et al., 1974) termed the
glucose-tolerance factor (GTF-chromium) (Mertz, 1969). Part of the
.disparity in plasma chromium concentrations between different lab-
oratories may be attributable to variable loss of GTF-chromium,
depending on the analytical procedure. There are no established
methods for measuring the GTF-chromium fraction of the total plasma
chromium. GTF-chromium is released into the circulation from a body
pool in response to increased circulating insulin. This may lead to a
detectable increase in total plasma chromium following a glucose load.
However, some investigators have noted a decline rather than an
increase in plasma chromium following administration of oral or in-
travenous glucose. In these circumstances, in addition to an increase in
the release of GTF-chromium into the circulation, there will also be
increased peripheral utilization. The net result is presumably depen-
dent on the relative magnitude of these two processes. Because of the
difficulties in interpretation of results and the cumbersome nature of
this test, it is not applicable outside the research laboratory. However,
it should be noted that the plasma chromium ‘‘response’’ to glucose
loading during the last month of pregnancy has been reported to be
different from that of nonpregnant women (Hambidge, 1971; Davidson
and Burt, 1973; Hambidge and Droegemueller, 1974).
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TABLE 7-12 Chromium Concentrations in Plasma, Hair, and Urine

Pregnancy
Nonpregnant
(Nulliparous) Early Mid Late At Term Parous Women
Mean * sp Mean * sD Mean + sD
References No. (Range) No. Mean + sD No. (Range) No. Mean + sD No. (Range) No. Mean + sD
Plasma chromium (ng/ml)
Burt and Davidson 14 57 =11 21 29+ 1.0 21 25x0.1
(1973) (4.1-7.3) (1.3-5.9 (1.7-3.9) °
Davidson and Burt 10 47x05 10 3003
(1973)
Hambidge and Droegemueller 20 34=18 20 4013
(1974)
Hair chromium (ug/g)
Burt and Davidson 39 057 £0.37 37 036+0.18
(1973) (0.18-1.36) (0.11-0.72)
Hambidge and Droegemueller 20 020 =0.19 20 0.16 = 0.19
(1974)
Hambidge and Rodgerson 10 0.75% 11 0.22
(1969) (0.20-2.81) (0.04-1.14)
Urine chromium excretion
(ug/24 h)
Mitman et al. (1975) 9 72=x12
(5.9-10.0)

9838 wk of gestation.
®Geometric mean.
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Hair Chromium Concentrations

The chromium content of hair appears to be dependent on chromium
nutritional status (Mertz, 1969; Hambidge and Droegemueller, 1974).
Hair chromium levels in pregnant women at term (Burt and Davidson,
1973; Giirson et al., 1975) are lower than those of nonpregnant nul-
liparous women (Table 7-12), and parous women have also been found
to have lower levels than nulliparous controls (Hambidge and Rodger-
- son, 1969). These changes have been considered to reflect impaired
chromium nutritional status resulting from the increased demands of
pregnancy. Thus, an acceptable range for hair chromium content
during pregnancy is the same as that for nulliparous women. Again,
absolute figures currently depend on the individual laboratory, and
considerable geographic differences may exist (Giirson et al., 1975).
Therefore, lower limits of normal have not been clearly defined.

Urine Chromium Excretion

The kidneys are the major excretory route for chromium, and mea-
surements of the rate of urinary excretion of this metal provide the
most promising biochemical index of chromium nutritional status. In
contrast to plasma chromium, most urinary chromium is in the ‘‘free”’
dialyzable form with a low molecular weight (Collins et al., 1961).
Though not proven, it is probable that a substantial proportion of this
chromium is GTF-chromium or a metabolic product. Thus, it appears to
offer a good indirect means of assessing the body status with respect to
biopotent chromium. Measurement of the urinary output of this metal

" in response to a glucose load may be even more informative (Mitman et
al., 1975). There are no published data on urinary chromium excretion
rates during pregnancy. Data for young, healthy, nulliparous women,
whose chromium nutritional status was considered adequate, are in-
cluded in Table 7-12 (Mitman et al., 1975). Chromium concentrations in
urine and daily excretion rates, like hair levels, are subject to consider-
able geographic variations (Giirson et al., 1975).

Chromium at physiological levels in biological samples can be mea-
sured by atomic absorption spectrophotometry. Use of a graphite
furnace is essential to achieve the sensitivity required. Though not a
universal practice, careful removal of organic matter (e.g., in a low-
temperature asher) appears to be important prior to introduction of the
sample into the furnace (Wolf et al., 1974).

Further research is necessary to establish reliable laboratory criteria
for the identification of chromium deficiency. In particular, adequate
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methods are needed for the assessment of the body status with respect
to biopotent GTF-chromium.

IODINE

Pregnancy is associated with major changes in iodine metabolism.
These physiological changes complicate the evaluation of iodine nutri-
tional status. Radioiodine tests are contraindicated during pregnancy
and this further increases the difficulty of determining the iodine
nutritional status of individual subjects.

The most widely used biochemical index of iodine nutritional status
is the 24-h urine iodine excretion rate or the urine iodine:creatinine
ratio (Follis, 1964; Underwood, 1971). The kidney is the major excre-
tory route for iodine, and urine iodine excretion rates are dependent on
dietary intake of this element. This test is particularly valuable for
population surveys, but less reliable for the individual subject; the
latter is attributable in part to variations in the renal clearance of
iodine. In nonpregnant subjects, a urine iodine excretion of less than 40
#g/24 h is suggestive of iodine deficiency (Underwood, 1971). Mean
values for goitrous areas range from 8.6-41.2 ug/24 h. In nongoitrous
areas means range from 72-343 ng/24 h with an overall mean of 150
ug/24 h (Riggs, 1952). Wayne et al. (1964) reported an individual range
of 44-171 in the United Kingdom. There are very few data on urine
iodine excretion rates during pregnancy, and it is unclear whether the
same lower limits of normal apply, especially as the renal clearance of
iodine is approximately doubled during pregnancy (Aboul-Khair et al.,
1964; Aboul-Khair and Crooks, 1965). However, the normal absolute
excretion rate is generally considered to be similar to that of nonpreg-
nant subjects (Hytten and Lind, 1973). A normal group of euthyroid
pregnant women in Lima, Peru, had a mean urinary excretion rate of
182 ug of iodine/24 h (Pretell et al., 1974) at unspecified times of
gestation. A mean value excretion rate of 146 ug/24 h has been reported
for both mid- and late pregnancy (Dworkin et al., 1966); corresponding
values for the same five subjects at 1 and 2 mo postpartum were 153
and 131 ug/24 h, respectively. There are unconfirmed suggestions that
the excretion rate may be increased during the last month of gestation
(Enright et al., 1935; Puppel and Curtis, 1938). In a goitrous area the
mean urinary excretion during pregnancy was 31 ug of iodine/24 h
(Pretell et al., 1974); this is similar to findings for nonpregnant subjects
in such areas.

The urine iodine is almost entirely inorganic and is derived from the
plasma inorganic iodide (pi1). The concentration of pi1 is very low

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19995

Laboratory Indices of Nutritional Status in Pregnancy
http://www.nap.edu/catalog.php?record_id=19995

Trace Elements 185

(approximately 0.2 ug/100 ml) and is difficult to measure directly
(Aboul-Khair and Crooks, 1965). The pi1 can be determined indirectly
with radioiodine studies (P11 = urinary I X 132 plasma/!*?I urine), but
such tests are contraindicated during pregnancy. The rate of urine
iodine excretion correlates well with the p11 if renal clearance of iodine
is “‘normal.”’ The pn is unusually low in pregnancy, presumably at
least in part due to the increased renal clearance. To compensate for
the low P11, thyroid clearance of iodine is increased two- to threefold to
a rate of approximately S0 ml/min in order to achieve the same absolute
iodine uptake by the thyroid in unit time (approximately 2 ug/h) as in
nonpregnant subjects (Aboul-Khair and Crooks, 1965). The increased
thyroid clearance of iodine will in turn accentuate the depression of pi
levels. Thus, levels of pi1 and thyroid clearance rates that are diagnos-
tic of iodine deficiency in the nonpregnant state must be considered
normal during pregnancy.

Tests of thyroid function may be affected by iodine deficiency; e.g.,
serum thyroxine (T4) and triiodothyronine (T3) can be reduced, and
plasma thyrostimuline (TsH) levels can be increased. In pregnancy,
there is an estrogen-stimulated increase in thyroid-binding globulin
(TBG) levels to approximately twice normal nonpregnant levels (Table
7-13). This increase in thyroxine (T4)-binding capacity necessitates an
increase in total T4 to ensure maintenance of the normal small, but
physiologically important, fraction of free T4 in the serum. This is
achieved by the negative feedback to the pituitary provided by a
decrease in the T4, which leads to the release of increased TsH; in turn,
this results in increased T4 production and release, the major part
binding to the TBG. Thus, in pregnancy there is an increase in TsH and
total T4 levels are elevated to a mean of approximately 2.5 ug/100 ml
above nonpregnant levels; T3 levels are also elevated during preg-
nancy. Free thyroxine levels are maintained within the lower limits of
the normal nonpregnant range (Table 7-13). The increase in TBG is
detectable by wk 3 after ovulation, and the increase in T4 has been
reported early in the first trimester. The increases are quite sharp and
rapidly reach a plateau for the remainder of pregnancy. However, there
are wide individual variations in T4 that overlap the nonpregnant
range.

Determination of urine iodine is accomplished by a chloric acid
digestion followed by use of the cerium-arsenic catalytic system to
measure iodine (Zak et al., 1952; Benotti and Benotti, 1963). The rate
of urine excretion of creatinine increases during pregnancy. If estima-
tions of 24-h urine iodine excretion are based on measurements of the
urine iodine:creatinine ratio (Vought and London, 1965), the increase
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TABLE 7-13 Changes in Selected Thyroid Function Tests during Pregnancy

Pregnancy
Nonpregnant
References Test Controls Early Mid Late Postpartum
Aboul-Khair and Crooks (1965); Serum thyroxine 4.7-6.32 6.9-7.8 6.9-10.2 7.8-10.2 4.1-54
Mestman et al. (1969); Lemarchand-Beraud (pg/100 ml) (3-8) 4-19 4-14) “4-14) (3.0-6.3)
and Mean (1970); Hallman et al. (1951) PBI
‘Man et al. (1969)® BEI 7.1 7.6 7.6 5.0
(x1.0)c (x1.0) (x0.9) (x0.9)
Mestman et al. (1969) T(C) 6.8 6.8 4.3
(2.9-6.4) 4.1 £ 9.6) 4.1x96) (24 =*6.2)
Souma et al. (1973); Malkasian and Mayberry T«d) 5.8-6.8 7.7-9.8 8.4-99 8.6-9.9 5.9
(1970) (4-9.4) (6-18) 4.5-14) (4.5-14)
Lemarchand-Beraud and Mean (1970): Free thyroxine 1.5-4.4 1.2-4.3 1.1-3.9 1.6-4.1
Souma (1973); Malkasian and Mayberry (1970) (ng/100 ml)
Man et al. (1969) TBG (ug%) 22 56 56 26
(18-25) (%6.2) (+6.2) (%3.6)
Malkasian and Mayberry (1970) TSH (uu/ml) 83 12.8 11.1 7.6 8.5
(%3.9) (3.9 (+3.8) (£2.5) (x2.7)
Fisher et al. (1973); Eastman et al. (1973); Serum tri-iodo- (70-160) - 179 156-209
Lieblich and Utiger (1973) thyronine (152-224) (144-288)
(ng/100 ml)

“Range of means for cited reports.
®Examples of individual range of values.
‘One standard deviation.
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in creatinine excretion should be taken into consideration when com-
puting the total 24-h excretion. However, it is preferable to collect a
24-h sample. Radioimmunoassay procedures are the ideal method for
measuring thyroxine [T4(D) and T4(ria)] and triiodothyronine
[T3(ri1a)). Data for T4 derived from measurement of the protein-bound
iodine (pBI), butanol-extractable iodine (BEI), and the resin column
absorption technique [T4(C)] are included in Table 7-13. Though
theoretically less ideal, mean results obtained with these techniques
are similar to those for T4(D). Fisher (1973) has recently reviewed
laboratory techniques used in the investigation of thyroid function.

In summary, there is a need to define the lower acceptable limits of
normal for urine iodine excretion rates during pregnancy. Interpreta-
tion of T3 and T4 levels is difficult because of the wide range of
individual levels and their dependence on factors other than iodine
nutritional status. However, unusually low values of serum total T4,
T3, and/or free T4 can be valuable in the diagnosis of iodine deficiency.
In pregnant women resident in an endemic goitrous area, iodine
supplementation was found to increase total and free T4 levels and to
lower TsH levels (Pretell ez al., 1974).

MANGANESE

There has been only one report of manganese concentrations in blood
plasma and hair of pregnant women (Table 7-14) (Hambidge and
Droegemueller, 1974). There is no information on the manganese
nutritional status of these women. The values in Table 7-14 are similar
to levels for adult men and nonpregnant women in the same laboratory.
Differences between the first and third trimester are not statistically
significant for either hair or plasma manganese concentrations. It is not

TABLE 7-14 Plasma and Hair Manganese Levels during Pregnancy

Pregnancy?®
Nonpregnant
Test controls® Early Mid Late
Plasma
(ng/ml) 1409 - 20 09
Hair
(ug/g) 0.29 + 0.13 0.17 + 0.21 - 0.13 + 0.13

“Data from Hambidge and Droeg
*Data from Hambidge ez al. (1974).

ler (1974).
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known if either plasma or hair manganese levels provide valid biochem-
ical indices of manganese nutritional status.

OTHER TRACE ELEMENTS

Other trace elements of recognized nutritional importance in animals or
man include: molybdenum, selenium, cobalt, fluorine, nickel, silicon,
vanadium, and tin. Useful biochemical indices for these elements have
not been established.
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