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INTRODUCTION

Oral contraceptives have been available since the early 1960s. 1In 1974,
it was estimated that about 10 million women in the United States were taking
these medications for fertility control (1). Because of their low cost,
virtually 1007 efficacy and greater convenience than other methods of birth
control, oral contraceptives have gained wide acceptance.

The metabolism of women receiving oral contraceptives is similar in
many respects to that of pregnant women. Since the metabolic changes during
pregnancy are responsible to some extent for the increased vitamin and
mineral requirements of pregnant women (2), the oral contraceptive user
should have vitamin and mineral'requireﬁents more similar to those of the
pregnant woman than to tﬁose of the non;pregnant woman not taking steroids.
The purpose of this report is to relate the findings of current research
on the effects of oral contraceptives and their ingredients, estrogen and

progestin, upon nutrition.
TYPES OF ORAL CONTRACEPTIVES

Oral contraceptives fall into three major regimens: combined, sequential,
and continuous progestin. In the combined regimen, a progestin and an
estrogen combined in a tablet are administered daily for 20 or 21 days.

In the sequential regimen, an estrogen is administered for 14 to 16 days
followed by the daily administration of the combined estrogen and progestin
tablet for 5 or 6 days (4). Tables 1 and 2 list the composition and
dosages of the commonly available contraceptive medication (3). Both types
of treatment inhibit ovulation and at the same time supply sufficient
exogenous sex hormones, estrogen and progestin, so that the endometrium

is developed and maintained.



Table 1: Combined Oral Contraceptives (3)

Ovral
Norlestrin 2.5
Norlestrin 1 mg.
Norlestrin 28%
Norlestrin Fe#

Norgestrel 0.5
Norethindrone
Norethindrone

2.5
1.0

Ethinyl
Ethinyl
Ethinyl

Progestin and dose Estrogen and dose

Trade name mg. per day mg. per day
Enovid 5 Norethynodrel 5 Mestranol 0.075
Enovid E Norethynodrel 2.5 Mestranol 0.10
Ovulen-21 Ethynodiol diacetate 1.0 Mestranol 0.10

. Ovulen-28# -

Norinyl 2 Norethindrone 2.0 Mestranol 0.10
Norinyl-1 (Noriday%*) Norethindrone 1.0 Mestranol 0.05
Norinyl 1/80 Norethindrone 1.0 Mestranol 0.08
Ortho Novum 10 Norethindrone 10.0 Mestranol 0.06
Orthoe Novum 2 Norethindrone 2.0 Mestranol 0.10
Ortho Novum 1 Norethindrone 1.0 Mestranol 0.05
Ortho Novum 1/80 Norethindrone 1.0 Mestranol 0.08
Provest Medroxyprogesterone acetate 10.0 Ethinyl estradiol 0.05

estradiol 0.05
estradiol 0.05
estradiol 0.05

*Days 22 to 28, seven inert tablets.

#Days 22 to 28, iron supplement tablets.

Table 2: Sequential Oral Contraceptives (3)

. , Estrogen and dose Progestin and dose
Trade name mg. per day 5 to 25 mg. per day 21 to 25
Oracon Ethinyl estradiol 0.10 Dimethestrone 25
C-Quens Mestranol 0.08 Chlormadinone 2.0
Ortho Nowvum SQ Mestranol 0.08 Norethindrone 2.0
Norquen Mestranol 0.08 Norethindrone 2.0

Estrogens used in oral contraceptives consist of either ethinyl estradiol

or its methyl ester, Mestranol.

related to l9-nortestosterone, 17-hydroxyprogesterone derivatives,

The progestins employed are structurally



medroxyprogesterone acetate and chlormadinone. The continuous daily
administration of a progestin, Chlormadinone, in a dose of 0.5 mg. per

day, or Norgestral, in a dose of 0.05 mg. per day has been found effective,
but their widespread acceptance may be delayed by the higher incidence

of bleeding irregularities encountered with their use (5).
EFFECT OF ORAL CONTRACEPTIVES ON FEMALE REPRODUCTIVE SYSTEM

At the béginning of a new menstrual cycle for an untreated non-
pregnant woman, the uterine lining is thin and there are no ripe follicles
in the ovaries. Anterior pituary hormone acts on the hypothalamus which
gradually increases the secret%on of follicle-stimulating hormone (FSH),
which in turn, causes growth of follicles in the ovaries. The growing
follicles begin secreting estrogen which stimulates the lining of the
uterus to thicken and also stimulates the leuteinizing hormone (Lﬁ)
center in the hypothalamus. This leads to a decrease in FSH secretion
and an increase in LH secretion. When the LH has reached a peak level,
ovulation occurs (6).

following ovulation, the follicular cells are converted to corpus
luteum which begins to secrete progesterone. If no fertilization occurs
during the cycle, the high levels of progesterone inhibit the secretion
of I§. When this happens, the uterine lining can no longer be maintained
and is sloughed off as the menstrual flow.

It is generally agreed that when oral contraceptives are used, they
‘cause an inhibition of ovulation and that this effect occurs by means of
control of pituitary gonadotropin secretion. Cargille and Ross (7) have

shown that the combined preparations inhibit the early FSH elevations and



abolish the midcyclic LH and FSH peaks. The sequential preparations
interfere with the cyclic secretions of FSH and LH. Changes in plasma
levels of FSH and LH do not necessarily mean that the pituitary gland is
the site of action. In fact, the actual site of action may be the
hypothalamus.

Oral contraceptives produce definite changes in the endometrial glands
and stroma that could prevent implantation of the blastocyte (3). Another
area of the reproductive tract affected by oral contraceptives is cervical
mucus, The most important change induced by the progestin is in cervical

mucus which inhibits sperm migration (8).
EFFECTS OF ORAL CONTRACEPTIVES ON PROTEINS, CARBOHYDRATES AND LIPIDS

Proteins. During the progestational phase, urinary nitrogen excretion
is greater in ovulatory than in non-ovulatory cycles; and there is no
increase in amino acid nitrogen. It was suggested that this increase in
urinary nitrogen is chiefly urea (9). Craft and Wise, noting a decrease
in plasma amino-acids in those women taking oral'contraceptives, concluded
that the catabolic effect of progesterone is the result of increased
amino-acid utilization by the liver and also by peripheral tissues (9).
This may be associated with the tendency to gain weight on an oral
contraceptive regimen. This weight gain represents an increase in lean
tissue and not merely fluid-retention.

To determine whether estrogen or progestogen was responsible for
the increases in macroglobulin, transferrin and immunoglobulin G, Horme (10)
found that serum levels of alpha-Z-macroglobulin and transferrin were

raised in the group taking estrogen, but there were no significant changes



in albumin and immunoglobulin G.

Recently, Spellacy found a decrease in plasma albumin and increases
in the alpha and beta globulins and fibrinogen with oral contraceptive use
(11). The fall in albumin is attributed to a decrease in synthesis, as
no considerable change in catabolism had been noted. Plasma volume did
not change appreciably in response to the fall in albumin (11). The
cortisol-binding globulin (CBG), thyroid-binding globulin (TBG) and carrier
proteins for copper and iron, ceruloplasmin and transferrin, increased with
oral contraceptive use.

The rise in blood pressure seen in some women "on the pill'" may be
attributed to the increase in an alpha—z—globulin, angiotensionogen I,
vwhich is converted by rennin t; angiotensin II, a potent vasoconstrictor (11).

With the antiplasmic activity of alpha-z—macrogiobulin, these findings
may be relevant to the tendency to thrombosis associated with oral
contraceptives (10,.13). In contrast, Pollar and Thomson (12) found a
decrease in clotting tendency in women who changéd from an estrogen-
containing oral contraceptive to one containing only a 17-acetoxy-progestogen.

Briggs and Briggs (13) noted that the effects of Mestranol on serum
protein were significantly less than those of oral Ethinyl estradiol.

With the addition of 1.0 mg. Norethindrone to either estrogen, there was
no effect in serum protein concentration when given alone, but a daily dose
of 10.0 mg., a ten-fold increase, of Norethindrone induced changes unlike

" those produced by estrogen. They observed increase in ceruloplasmin and
decreases in albumin, haptoglobin and orosomucoid which were largely dose-

dependent.



After administration of an oral dose of L-tryptophan, women who are
taking combined estrogen-progestogen preparation for contraceptive purposes
excrete grossly increased quantities of xanthurenic acid, other tryptophan
metabolites and N-methyl-nicotinamide in the urine (14). Rose (14)
suggested that high tryptophan-oxygenase activity could cause low plasma-

- tryptophan with reference to depression and low brain S-hydrOXYtrypt;min.

Elstein (15) reported an increase in the protein of cervical mucus
and suggested that such protein may contribute to the cross-linking mechanism
between the glycoprotein fibrils of cervical mucus in a similar way to
that which occurs in the bonding between mucopolysaccharides. Thus,
cervical mucus protein provides a useful mean of evaluating low-dose

progestogens which are being developed as locally active oral contraceptives.
Kalesh et al. (16) placed two groups of women on a low ascogfic acid
diet, and found that women taking oral contraceptives exhibited significantly
lower platelet amino acid levels than the control group. This decline in
platelet amino acid could be due to increased excretion of amino acids or

to the increase in concentration of ascorbate oxidase ceruloplasmin.

Carbohydrates. Glucose metabolism may be altered in women by continual

use of contraceptive steroids. The changes in glucose tolerance are
related to the combination of steroids empioyed, the dosage, the duration
of therapy and the ability of the individual's pancreas to increase insulin
production (17). However, the changes in glucose tolerance are usﬁally
small and are related to age.
Spellacy et al. (18) showed that neither Mestranol nor Ethinyl estradiol
produced a change in oral glucose tolerance in normal women after 6 months
of treatment, even though an increase in fasting serum growth hormone

concentration was observed. Goldman et al. (19) observed no significant



changes in carbohydrate tolerance in normal women treated with Medroxy-
progesterone acetate, a progesterone derivative. However, Spellacy et al.
(20) found a slight deterioration in glucose tolerance with concurrent
increase in plasma insulin concentration in normal women six months after
receiving a single large injection of Medroxyprogesterone acetate.
Nevertheless, neither the synthetic estrogen nor Chlormadinone acetate
treatment produced any significant changes in the serum insulin responses
to a glucose challenge in women (18).

No significant alteration in glﬁcose utilization was observed by
Larsson-Cohn et al. (21) in women treated with a small dosage of
Norethindrone daily for one year. However, Spellacy ef al. (22) observed
deterioration of oral glucose tolerance in 13% of normal women after six
months of treatment with Ethynodiol diacetate (a nortestosterone derivative).

Mestranol appears to potentiate the hyperglycemic effect of nortestosterone
derivatives in normal women. Those using control pills that contained a
nortesterone derivative for one yeaf developed a greater incidence of
deterioration of cérbohydrate tolerance than women using agents that
contained a synthetic derivative of progesterone (23). On the other hand,
Starup (24) found a significant change in glucose utilization in women
treated with sequential administration of contraceptive steroids.

Phillips and Duffy (28) did a study of 1,772 women using a variety of
birth control pills. They noted that the alteration in carbohydrate
tolerance was age-related, but it appeared to be unrelated to the type or

dosage of the estrogen employed (Figure 1).
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Figure 1. Mean serum glucose concentrations after oral glucose in current,
past, and nonusers of contraceptive steroids adjusted for age (28).
Estrogen tends to cause an excess secretion of insulin and growth
hormone (23, 26). Insulin and growth hormone levels were higher in those
with high glucose levels, but growth hormone levels were suppressed as
blood glucose levels rose (26).
The methods of alteration of carbohydrate metabolism are not known,
but several hypotheses have been proposed (25). Plasma glucocorticoids
are elevated in oral contraceptive users because of the action of estrogen,
which raises the protein binding level. The rates of production of
glucocorticoids and the metabolic clearing rates are lower in oral
contraceptive users. Although this alteration has been found, it is doubtful
that it alone is responsible for carbohydrate changes.
It is well recognized that the liver is involved in carbohydrate

metabolism with glycogen storage and glucose release. Wynn and Doar (27)



reported that the fasting blood pyruvate levels are elevated in women
taking oral contraceptives. This change might be explained by abnormal
liver functionm.

Several studies have demonstrated that on discontinuing the use of
oral contraceptives, the glucose tolerance tests in diabetic women will
. return to normal, yet insulin levels-may remain elevated for some time
(23, 25, 28). This suggests that the elevated insulin level may serve as a
compensatory mechanism for the maintenance of glucose homeostasis. This
fact raises the question of possible long-term effects of oral contraceptives.

Lipids. Early work by Furman et aql. (29) demonstrated that estrogen
raised serum triglyceride concentration in postmenopausal women. Later,
Gustafson and Svanborg (30) pr&huced an increase in fasting plasma
triglyceride and very low density lipoprotein (VLDL) concentrations with
estrogen administration. Glueck et al. (31) demonstrated that Norethindrone
acetate lowered triglyceride concentrations. However, Larsson-Cohn et al.
(21) did not find significant alterations in fasting serum triglyceride
concentrations in normal subjects treated with either Norethindrone acetate
5 mg/day or Norethindrone 0.4 mg/day, respectively. No changes in
triglyceride metabolism have been observed when progesterone derivatives
have been used as the sole contraceptive agent (32).

Although birth control pills containing combinations of synthetic
estrogens with a synthetic progestin generally increased fasting serum
triglyceride concentration, birth control pill combinations containing
nortestosterone derivatives generally produced a smaller change in
circulating triglycerides than those containing progesteronerderivatives (21).
Data presented by Stokes and Wynn (33) demonstrated that the hypertriglyceri-

demic effects of Mestranol and Ethinyl estradiol are dose-related (Figure 2).
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Figure 2. Relation of estrogen dose to fasting serum triglyceride
concentrations in women using birth control pills containing
Mestranol or Ethinyl estradiol plus a derivative of nortestosterone
or progesterone (33).

They also showed that increasing doses of Noréthindrone acetate may

increasingly counteract the hypertriglyceridemic effect of a single dose of

synthetic estrogen (Figure 3).

S 150 ¢

T p€.05  p<£.0L

3 ey, o~

o

b0

T~ 100}

5g ] l

D ~

"8

g S0F

)

+1

i

s 0.
0 i 3 4 4
Norethindrone acetate  Megestrol acetate

(mg/day)

Figure 3. Norethindrone and Megestrol acetate modification of the
hypertriglyceridemic effect of ethinyl estradiol (33).
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The mechanism by which contraceptive steroids elevate serum triglyceride
concentration is still not entirely clear. Earlier work by Hazzard et al.
(34) demonstrated that the plasma clearing rate of triglycerides may be
impaired in women using contraceptive steroids. In 1971, Kekki and Nikkila
(35) demonstrated that triglyceride production and removal rates are
accelerated in women using combined oral contraceptives. This suggests that
the increases observed in serum triglyceride concentrations were due to a
rate of triglyceride synthesis which exceeded the removal rate.

As mentioned earlier, the increase in serum triglyceride concentrations
observed in women using contraceptive steroids appears predominately in the
very low density lipoprotein (VLDL) fraction, the lipoprotein fraction
generally presumed to be synthesized in the liver. Thus, increased hepatic
production of triglycerides appears to be the critical factor determining the
increase in serum triglyceride concentrations produced during contraceptive
steroid use (30).

With regard to cholesterol metabolism, Spellacy et al. (18) suggested
that contraceptive steroids alter serum cholesterol only a small amount.

As shown by Stokes and Wynn (33), the modest increase in serum cholesterol
concentration observed in users of estrogen-progestin combinations did not
appear to be realted to the synthetic estrogen dose (Figure 4). However,
increasing doses of Norethindrone with daily Ethinyl estradiol are associated

with increasing fasting serum cholesterol concentrations at a constant dose

of estrogen (Figure 5).
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The mechanisms by which contraceptive steroids alter cholesterol
metabolism are obscure, although they appear related to age and ovarian
function. Aitken and co-workers (36) showed that in young women,
ocophorectomy led to an increase in circulating cholesterol, but not in
women over 46. In postmenopausal women, both ethinyl estradiol and conjugated
" estrogen increase the cholesterol content of HDL but lower the cholesterol
content of LDL. Testosterone derivatives increase LDL cholesterol content
and lower HDL cholesterol content {29). Thus, the mechanisms by which
contraceptive steroids alter the normal aging pattern of cholestercl
metabolism in women and the pathologic significance of these changes remain

to be determined.

EFFECTS OF ORAL CONTRACEPTIVES ON VITAMIN FUNCTIONS

Folic acid. Shojania et al. (37) reported in 1968 that many women
taking oral contraceptives have low levels of serum folate, thereby focusing
attention on a possible interaction between these drugs and folate metabolism.
This was followed by a number of reports of megaloblastic anemia in women
using these agents. Streiff in 1970 described megaloblastic anemia in seven
women who had been taking oral contraceptives for more than one year (38).
Serum folate levels in these women were low, and Bl2 levels were normal.
Subsequent articles described no significant differences in plasma folate
levels between users of oral contraceptives and nonusers (39, 40). However,
others have objected to these conclusions (41). Shojania et al. (39, 41)
found, after a histidine load in oral contraceptive users, lower plasma
and erythrocyte folate concentrations plus a greater 12-hour urinary

formininoglutamic acid (FIGLU) excretion. These indicators often improved
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after discontinuation of medication (41).

The possible effects of oral contraceptives on folate metabolism, as
indicated by other studies of serum folate concentrations, may therefore
be mild but could assume considerable importance in subjects with gastro-
intestinal disease and decreased absorption of folate, women with marginal
dietary folate intake, and those who subsequently become pregnant and then
have an increased requirement for folic acid (37).

Impairment of absorption of conjugated folate by oral contraceptives
initially appeared to be a likely possibility. Streiff (38) measured
serum folate levels after a administration of free folic acid in nine
normal women and in nine other women who had been taking oral contraceptives
for at least one year. He found similar rises in serum folate in both
groups. In contrast, when the same women were given yeast folate poly-
glutamate orally, the rise in serum folate was less in the women taking
oral contraceptives.

The findings of Stephens et al. (39) were similar, but they also
reported that if tissues are saturated with folate before testing, folate
polyglutamate absorption, as measured by rises in serum folate monoglutamate,
was of the same degree in women using oral contraceptives and in those
who were nonusers. The hypothesis that contraceptive steroids might
Interfere with folate deconjugation in the small intestine was examined by
Stephens et al. (39). Estradiol, estrone, and progesterone were found not
to inhibit folate conjugase in these systems or ﬁo inhibit tramsport of
folate conjugase across lysosomal membranes.

Little is known about other aspects of folate metabolism, such as the
factors that determine plasma clearance in either normal subjects or

users of oral contraceptive steroids. A plasma clearance study of injected
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folic acid in six women taking oral contraceptives and seven controls was
recently reported (42). Plasma concentrations measured 5 minutes after
injection were significantly lower in the contraceptive users. After the
initial 5 minutes there was no difference in clearance rates, suggesting
that only the initial distribution volume of the initial tissue uptake was
greater in the subjects on medication.

As mentioned earlier, plasma protein concentrations change during
treatment with contraceptive steroids (15). About half of the folate in
plasma is reported to Be protein-bound (43), and some effects of oral
contraceptive use on the binding of folic acid to blood proteins have been
reported (44).

There has been little investigation of effects of contraceptive steroids
on the tissue metabolism of folate. Bovine et al. (45) reported data
indicating that oophorectomy resulted in decreased tetrahydrofolic acid and
increased methyltetrahydrofolic acid in livers. This effect was partially
corrected by exogenous estrogen treatment. It is not known whether
contraceptive steroids given to normal women affect metabolic interconversions
of various forms of endogenous folate. Anothér interesting postulate is
that induction of drug metabolizing enzymes in the liver by exogenous
chemicals may increase physiological demand for folate (46). At present,
there are not sufficient data to decide whether detaﬁgements in folate
metabolism unrelated to absorption occur in oral contraceptive users, and
further research is needed.
Vitamin B

Vitamin B status in oral contraceptive users has

12. 12

received less attention than that of folate, possibly in part, because there

have been no reported cases of megaloblastic anemia with evidence of 312



16

deficiency in oral contraceptive users. All women with apparent folate
deficiency anemia in association with use of oral contraceptives had normal
serum B, levels (38).

There are several reports (47, 48), however, that women using oral
contraceptives have statistically significant lowering of serum Bl2 levels
when compared to normal control women. Wertalik et gql. (48) observed four
women before and after starting oral contraception, and noted that all
developed reductions in serum B12 levels, ranging from 24 to 58%Z. Reduction
in 312 levels in women using oral contraceptives seldom appears to be
severe and has not been associated with decreased tissue (red blood cell)
312, anemia, or hypersegmentation of polymorphonuclear leukocytes (47, 48).

Some women taking oral co;traceptives may have subnormal levels of both
folate and B12, suggesting a relationship between these two changes (48).
However, when women with low serum folate and B12 concentrations were
treated with oral folic acid and cyénocobalamin without stopping oral
cohtraceptives, their serum folate levels rose, but serum 312 concentrations

did not (48). Therefore, a clear relationship between B 3 and folate serum

1
concentrations in contraceptive users is not apparent.
African women using combined oral contraceptives were observed to have

lower serum B levels than nonusers (47). However, a significant B12

12
reduction was not found in women given 'I?Jepo-~}E']:mre_r:.':1"r (Medroxyprogesterone
acetate) every three months, possibly indicating that estrogens have a

greater effect on B12 metabolism than do progestogens. The mechanism for

an effect of any oral contraceptives on B12 is not clear.

Pyridoxine (Vitamin BL). Pyridoxine status is most commonly assessed.

by measuring the amounts of xanthurenic acid and other tryptophan metabolites
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in the urine. Most of these are excreted in increased amounts when 36 is
deficient. Excretion of those metabolites in some women taking oral
contraceptives resembles that found in pyridoxine deficient women and can
be corrected by giving large amounts of pyridoxine (49). This has

suggested that oral contraceptives may either produce an absolute deficiency
of pyridoxine or increase the body's requirement for this important

vitamin.

Rose showed that excretion of the following was increased in women
taking oral contraceptives: kynurenine, 3-hydroxykynurenic acid,
acetylkynurenine, N'-methylnicotinamide; but not 2-pyridone (4%, 50). Lack
of elevation of 2-pyridone with oral contraceptive use may be due to
interference by progestogens with the effects of estrogen on nicotinic acid
metabolism, in particular the oxidation of N'-methylnicotinamide to
2-pyridone (52).

Urinary tryptophan metabolites appeared to increase with the dose of
estrogenic component and with the duration of treatment (51). Estrogens
given alone produce the same changes in urinary tryptophan metabolites of
women as do estrogen-progestogen combination (50). Progestogens, in contrast,
have been found not to produce these effects. There is evidence that
estrogen administration results in increased activity of tryptophan pyrrolase.

A mestranol-norethynodrel combination has a greater stimulatory effect
on tryptophan pyrrolase in rats than does estradiol, and progesterone alone
is an inhibitor of this enzyme in rat liver (52). Estrogen may modify the
activity of enzyme in the kynurenine pathway other than tryptophan pyrrolase.
Mason and Manning (53) have presented in vitro and in vivo evidence that

estrogens may affect binding of pyridoxal phosphate to the apoenzyme of
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kynurenine transaminase.

Estrogens and progestogens may also affect steps in the tryptophan-
niacin pathway after the formation of 3-hydroxyanthranilic acid. Hormones
probably do not change tissues levels of nicotinamide adenine dinucleatide
(NAD) in normal humans, but they may regulate how much NAD is derived from
tryptophan (54).

A number of-methods have been described for estimating vitamin B6
compounds in blood and tissues (55). Pyridoxal phosphate (PLP) is a major
form of vitamin 36 in blood, and its level in blocd has been shown to correlate
with other biochemical indications of Bﬁ nutrition (55). Lumeng et al. (56)
compared plasma PLP Foncentrati?ns of women taking oral contraceptives for
six months or more. They noted that PLP levels were lower in contraceptive
users than nonusers, but this was less commonly found than was excretion
in urine of abnormal quantities of tryptophan metabolites. This supports
the idea that the abnormalities in fryptophan metabolism induced by
contraceptive steroids do not alwayé reflect absolute Bﬁ deficiency.

A recent study (57) of normal human plasma indicates that added PLP
binds strongly to plasma proteins, especially.albumin; that pyridoxal is
more weakly bound; and that pyridoxine does not bind. Such information was
suggested as a basis for investigating the possible modifying effects of
exogenous steroids. |

There is evidence that altered pyridoxine status may be associated
with the mental depression that sometimes occurs in women taking oral

contraceptives. According to Green and co~wofkers (58), an increased level

of tryptophan oxygenase may result in a decreased availability of tryptophan

for serotonin synthesis. Luhby (59) stated that depression may be related
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to a decreased production of serotonin. Luhby alsc found that a minimal
dose of about 25 mg. of pyridoxine hydrochloride is required to normalize
xanthurenic acid excretion in oral contraceptive users. This amount of the
vitamin is much greater than generally recommended daily allowances.

Vitamin A. Several reports have indicated that women taking oral
contraceptives had significantly increased levels of vitamin A in serum or
plasma (60, 61). The data of Yeung (60) demonstrate this clearly (Table 3).
The existence of elevated levels of vitamin A for protracted periods has
given rise to the concern that these levels may represent hypervitaminosis
and, after pregnancy is decided upon, result in congenital abnormalities
in newborn infants (61). The gse of an intramuscular progestogen preparation
'Depo-Provera' every three months did not lead to an increase in the level

of plasma vitamin A level (63).

Table 3: Mean fasting plasma vitamin A levels in women during the menstrual

cycle (60)
. Mean values (pg + SD per 100 ml) p value for
- Woman taking oral '3%gnificance o&
Days of cycle Controls contraceptives Pitexene: Detmeen
values in columns 2 & 3
1-5 27.3 + 0.9 45.6 + 4.3 <0.01
6-10 33.9 + 1.4 40.6 + 3.2 <0.05
14-19 32.3 + 1.0 46.5 + 4.5 <0.01
20-24 29.3 + 0.7 45.4 + 4.7 <0.01
25-28 30.5 + 1.1 42.6 + 2.3 <0.01
Total cycle 30.5 + 5.0 44.2 + 14.5 <0.01
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Briggs and co-workers (62) have verified that combination-type oral
contraceptives may elevate the plasma level of vitamin A, while Medroxy-
progesterone acetate had the opposite effect. Vitamin A exists in plasma
mﬁinly bound to beta lipoproteins. As this lipid fraction is increased
during treatment with estrogen-containing oral contraceptive, those authors
believed that the increase in plasma level of vitamin A was secondary to
alterations of the plasma lipids.

Ascorbic acid. The effects of oral contraceptives on ascorbate levels

in plasma, leukocytes and platelets of African women living in the Republic
of Zambia have been studied in some detail by Briggs and Briggs (63, 64).
They concluded that administration of oral contraceptives leads to ascorbate

decreases in the plasma, leukocytes and platelet concentrations (Table 4).

Table 4: Effect of oral contraceptives on concentration (+1 SD) of ascorbic

acid.
Oral
Control : . Contraceptives Reference

Platelets 0.26 + 0.11 0.19 + 0.13% (64)
(mg/g wet wt.)
white gells .39 + 28 26 + 22 (64)
(ug/10~ cells)
Plasma (mg/100 ml.) 0.75 + 0.2 0.45 + 0.31 (63)

2 p value is <0.01

A more detailed study of the effect of oral contraceptives on the
ascorbic acid level in leukocytes was submitted by McLeroy and Achendal (65).
The results obtained are shown in Table 5. The concentration of ascorbic

acid was significantly decreased as the result of administering the
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contraceptive agents, and it may be noted that the level in those subjects
on contraceptives and taking ascorbic acid supplements was no higher than in

those on the ordinary intake.

Table 5: Effect of oral contfaceptives and vitamin C supplementation on the
concentrations of ascorbic acid (mg/100g) in the leukocytes of
mature women (65).

Measure & group Control Experimental

Dietary intake of ascorbic
acid, mg/day

All subjects 86 + 45 84 + 48
Ascorbic acid, mg/100 g

leukocytes

All subjects | 25.7 + 14.5 19.0 + 6.67

No vitamin C supplement 24.1 + 14.5 19.0 + 7.0b

With vitamin C supplement  35.2 + 12.1° 19.4 + 6.1%

Significantly lower ( p<0.01) with respect to controls.
Significantly lower ( p<C0.05) with respect to controls.
Significantly higher ( p<{0.05) with respects to groups of all subjects

or subjects on ordinary dietary intake.

Thiamine. There appears to be only one reference on the effect of oral
contraceptives on thiamine. Briggs and Briggs (66) studied 20 healthy women
consuming normal mixed diets. None of the women took vitamin supplements.
They were given combined oral contraceptives during menstrual cycles. Before
treatment, the erythrocyte transketolase activity was stimulated by excess
thiamine pyrophosphate. After the third cycle, the stimulation was
significantly greater than during the control period. This indicated that

a relative deficiency of thiamine is sometimes induced by contraceptive
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steroid combinations. More Investigation of their éffects on thiamine
!
metabolism is needed.

Riboflavin. Employing the activity of erythrocyte glutathione reductase
as an indicator of riboflavin nutrition, Spanitak and co-worker (67) found
that the activity was significantly lower than normal in the erythrocytes
of women taking oral contraceptives. They also observed that the in vitro
stimulation of erythrocyte glutathione reductase activity by the addition
of flavin-adenine dinucleotide (FAD) to the assay mixture was much less
for the control women than for those taking contraceptives. Briggs and
Briggs {63) have reported that the urinary excretion of riboflavin was
decreased markedly in 10 Africag women taking combined contraceptives.

Niacin. As mentioned earlier, estrogens induce increased activity of
the enzyme that convert tryptophan to niacin (49), and also an increase in
the basal excretion of N'-methylnicotinamide, a nicotinic acid metabolite,
in women taking oral contraceptives (50). Increasing the yield of niacin
from tryptophan may decrease the need for preformed dietary niacin.

Vitamin E (Tocopherol). Oral contraceptives and tocopherol relationships

in female rats have been explored in some detail by Aftergood and co-worker
(68). 1In rats receiving oral contraceptives, the plasma tocopherol
concentration at the end of a 28-day period was significantly lower than in
the cont?ol rats. In the only reported study of humans, Briggs and Briggs
(63) showed that the plasma tocopherol concentration of oral contraceptive
users was not significantly lower than for the controls. Oral contraceptives,
therefore, may lower alpha-tocopherol plasma concentrations in rats but an

effect on human alpha-tocopherol metabolism has not been demonstrated.
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Vitamin XK. Increased serum levels of vitamin K-dependent clotting
factors have been found in women taking oral contraceptives (69). Schrogie
(70) found that women receiving oral contraceptives had a smaller than
normal level of anti-coagulant coumarin, a vitamin K antagonist. These
observations suggest that the need for vitamin K is reduced by oral
contraceptives.

The risk of thromboses occurring as a side effect of oral contraceptives
has been studied by a number of researchers. Tyler (71) concluded that
no evidence was available to relate spontaneous intravascular clotting with
the use of 'Enovid', a combined oral contraceptive. Later, the Food and
Drug Administration also found that there was no significant increase in
the risk of thromboembolic incidence from the use of this agent (72).
Vessey (73) believed that oral contraceptives are a cause of venous
thromboembolism and cerebral thrombosis, yet he did not indicate that they
are a cause of coronary thrombosis.. Inman (74) pointed out a positive

correlation between the dose of estrogen and the risk.of coronary thrombosis.

EFFECT OF ORAL CONTRACEPTIVES ON MINERAL FUNCTIONS

-~

Iron. Oral contraceptives result in a significant reduction of the
menstrual blood losses (75). So it could be expected that the incidence
of iron deficiency anemia would decrease in women usiﬁg oral contraceptives.
However, there is no significant increase of the hemoglobin concentration
during oral contraceptive therapy (75, 76). This may be because the plasma
volume increases relatively more than the red cell mass. Serum iron
concentration also increases and this increase does not appear ta be related

to the decrease attributed to menstrual losses (75).
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Jacobi and Goffney reported that plasma iron concentration and total
iron binding capacity (TIBC) increase during oral contraceptive therapy.
Cause of the increase in plasma iron concentration is probably an increased
mobilization of iron from stores, mediated by the elevated transferrin
concentration, which is probably due to an increase in protein synthesis (77).
The changes in levels of serum iron and TIBC do not appear to be inter-
dependent and are controlled separately (78).

No significant difference was found by Mardell in the effect of
different types oral contraceptive preparations on TIBC. The serum iron
concentration tended to be higher when the preparation contained
progesterone (78). However, Briggs found that oral progestogen stimulated
an increase in both serum iron.and TIBC (79). On the other hand, Powell et al.
(80) found contrasting results by giving Medroxyprogesterone acetate, a -
pure progestational agent, to 30 women. Eighteen of these women had
previously taken oral contraceptive of the combiﬁed estrogen-progestogen
type and during that time, their serum iron levels were raised. After
Medroxyprogesterone acetate was injected, the levels fell significantly
(Figure 6). In a further study of 12 postparfum women, the serum levels
did not change significantly after Medroxyprogesterone acetate (Figure 7).

These observations suggested that oral progestogen has no effect on the

serum levels of iron, TIBC and transferrin (80).
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Copper. The copper content of maternal blood increases during the
later stages of gestation. Following the administration of oral contraceptive,
serum copper concentration is elevated (81). The green copper-carrying
protein, ceruloplasmin, also is increased by estrogen (B2). Schenker et al.
{(83) found that the rise of serum copper content in oral contraceptive
. users is not due to the estrogenic compound alone, but that the progestive
agents also play a part.

The increases in ceruloplasmin and blood copper levels point to increased
absorption of dietary copper and consequently, less chance of dietary
copper inadequacy. In addition, increased ceruloplasmin and blood coprer
levels suggest that the need for vitamin A and ascorbic acid may be altered
by oral contraceptives (2). .

Zinc. Halsted et al. (84) reported that women taking oral contraceptive
had significantly lower plasma zinc levels. This may be caused by a shift
of plasma zinc into the erythrocyte. Differences occur between the various
estrogen-progestin combinations in the serum zinc levels. Schenker et al.
(83) pointed out that the zinc mean values were lower with the sequential
type oral contraceptives than with the combined. McBean et al. (85)
concluded that estrogen significantly lowered plasma zinc concentration in
rats when compared with the control group. In contrast, progesterone did
not significantly decrease plasma zinc.

However, O0'Leary and Spellacy (86) showed that zinec levels were not
significantly lowered in pregnant women, but they were elevated in subjects
taking oral contraceptives. Halsted et al. (84) argued that the technique
Spellacy used in respect to collection and preparation of samples provided

a strong probability of contamination.
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Calcium. Caniggia et al. (87) administered an oral estrogen-progestogen
combination to 15 post-menopausal women for six months. Comparing
intestinal absorption of radio calcium before and after oral contraceptive
treatment, they concluded that the estrogen in the oral contraceptive
significantly improved intestinal absorption of calcium. The stimulation
of calcium absorption by oral contraceptive should be beneficial since the
average calcium intake for women in the United States 'is much less than the
Recommended Dietary Allowances (2).

Magnesium. It has been reported that during oral contraceptive therapy,
serum levels of magnesium are decreased, due to estrogen inhibition of
bone resorption (88). There is some evidence that magnesium may be involved
in vascular health and blood coagulation. Women taking 'Enovid' showed a
decreased clotting-time (89). It appeared that the protectivé value of
the female endocrine system against the development of early cardiovascular
atherosclerotic disease may be seriously impaired by the use of oral
contraceptives.

Thin (90) studied the magnesium levels in women with normal menstrual
cycles and women who used oral contraceptive. Neither menstruation nor
oral contraceptive usage appeared to have any effect on plasma magnesium.
Thin stated that this may be due to the lower dosage of estrogen in the

oral contraceptive compared with the other research.
FURTHER ADVANCES IN BIRTH CONTROL

Metabolic changes that occur in oral contraceptive users are attributed
to the estrogen component of the oral contraceptive. Researchers have

continued to look for a method of birth control that does not produce the
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side effects of estrogen and progesterone combinations.

One of these agents is 'Depo-Provera', Medroxyprogesterone acetate,
which is injected intramuscularly every 90 days (91). Results demonstrated
that this was well accepted and tolerated by women even though it produced
amenorrhea or irregular menses in a high percentage of them. No major
adverse reactions were found. An advantage over oral contraceptive appears
to be the freedom from the necessity to remember to take medication daily.
Following discontinuation of therapy, fertility returmed to normal (91).

One type of oral contraceptive which contains only progesterone is
the 'mini' pill which is ingested each day (92). Nelson (92) studied the
effect of the 'mini' pill on 34? women. He found general acceptance of
the pill to be good. Side effects other than menstrual irregularity were
rare. Without the estrogen component, the usual oral contraceptive side
effects such as nausea, weight gain, fluid retention, hypertension, and
alteration of carbohydrate metaboligm were not observed.

The recent development in famiiy planning is the introduction of an
ultra-low-dose combined oral contraceptive cont#ining only 30 ug.of Ethinyl
estradiol plus 150 mg. of d-Norgestrel (93). lThis product is highly
effective in protecting against pregnancy and is associated with a very
low incidence of undesirable side effects. Clinical studies on this product
showed no change in body weight, unaltered blood preésure, and little or
no depression. The only adverse side effect was an increase in intramenstrual
bleeding which is usually mild and almost entirely confined to early
cycles of treatment (93). The conception rate of these newer methods is
slightly higher than with the estrogen-progestogen combinations, but they

appear to have advantages at least for some women.
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SUMMARY

Oral contraceptives ﬁave gained wide acceptance in the United States
because of their effectiveness and convenience for fertility control.
Available oral contraceptives are composed of estrogen and progestin in
various dosages. All oral contraceptives fall into three major regimens:
combined; sequential; and continuous progestin.

Contraceptive steroids seem to alter the metabolism of every nutrient
tested so far. Most of these changes are attributed to the estrogen
component of the oral contraceptive. This report relates the findings of
current research on the effects of oral contraceptives to nutrition.

There is evidence that metabolism of proteins, carbohydrates and
lipids is altered by oral contraceptives. Plasma albumin is decreased and
the alpha and beta glcbulin and fibrinogen are increased with oral
contraceptive use. TFinding no increase in urinary nitrogen suggests that
there is increased utilization of amino acids. Tryptophan metabolism is
altered by oral contraceptive use. Estrogens often result in small elevations
in blood glucose and plasma insulin levels which is evidence of altered
carbohydrate metabolism.. The estrogenic component of the pill appears to
increase plasma triglyceride levels markedly, but there are no consistent
changes in plasma cholesterol and often they are related to age.

Oral contraceptives alter the requirements for various vitamins.
Biochemical and elinical findings point to an increased need for vitamin
B6 (pyridoxine) by women using oral contraceptive, since pyridoxal phosphate
is required as a coenzyme for the conversion of tryptophan to niacin. The

need for riboflavin also increases, since it is involved in the conversion
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of pyridoxine phosphate to the metabolically active form, pyridoxal
phosphate. The absorption of polyglutamic folic acid, the major food
form of folic acid, is substantially impaired in women receiving oral
contraceptive, and folic acid deficiency has been reported. Serum B12
binding capacity has been found to increase during oral contraceptive therapy.
Decreased serum Bl2 values have also been found in women on oral
contraceptive. Plasma concentration of vitamin A is elevated; this suggests
that vitamin A needs may be decreased during oral contraceptive use. The
concentration of ascorbic acid in plasma and blood corpuscles is reduced
in women on oral contraceptive. Increased serum levels of vitamin K-
dependent clotting factors hav% been found in women taking oral contraceptive,
This suggests that vitamin K may be needed in lesser amounts by oral
contraceptive users.

Oral contraceptive use also alters the requirements for various
minerals. Most studies show that ofal contraceptives cause an increase in
serum iron and copper and a decrease in plasma zinc. The transport proteins
for iron and copper (transferrin and ceruloplasﬁin) increase in the serum
prior to the mineral changes, suggesting thatlthey induce the alterations.
The decrease in plasma zinc may be caused by a shift of plasma zinc into
the erythrocyte. Intestinal absorption of caleium is improved significantly
during oral contraceptive use; this should be benefiﬁial to most women
in the United States, since thelr calcium intake is low. Serum levels of
magnesium are decreased, due to estrogen inhibition of bone resorption.

Although a majority of women are able to take combined oral contraceptive

without very serious side effects, alterations of metabolism appear to be

caused mainly by the estrogen component. Injection of progestin and the use
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of low-dose combined oral contraceptive provide less reliable contraception
but cause fewer metabolic alterations.

Whether 'the pill' changes the nutritional requirements of the women-
users cannot be answered from the existing data. One can conclude that
no large increases in requirements occur, because virtually no clinical
signs of nutritional deficiency have been noted. The best advice for a
woman taking the pill is to eat a healthful, well-balanced diet which

provides the recommended allowance for all nutrients.
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Oral contraceptives have gained wide acceﬁtance in the United States
because of their effectiveness and convenience for fertility control.
Available oral contraceptives are composed of estrogen and progestin in wvarious
dosages. All oral contraceptives fall into threé major regimens: combined;
sequential; and continuous progestin.

Contraceptive steroids seem to alter the metabolism of every nutrient
tested so far. Most of these changes are attributed to the estrogen
component of the oral contraceptive. This report relates the findings of
current research on the effects of oral contraceptives to nutrition.

There is e;idence that metabolism of proteins, carbohydrates and lipids
is altered by oral contraceptives: Plasma albumin is decreased and the alpha
and beta globulin and fibrinogen are increased with oral contraceptive
use. Finding no increase in urinary nitrogen suggests that there is increased
utilization of amino acids. Tryptophan metabolism is altered by oral
contraceptive use. Estrogens often reéult in small elevations in blood
glucose and plasma insulin levels which is evidence of altered carbohydrate
metabolism. The estrogenic component of the pill éppears to increase
plasma triglyceride levels markedly, but there ;re no consistent changes in
plasma cholesterol and often they are related to age.

Oral contraceptives alter the requirements for various vitamins.
Biochemical and clinical findings point to an increased need for vitamin
BG (pyridoxine) by women using oral contraceptive, since pyridoxal phosphate
is required as a coenzyme for the conversion of tryptophan to niacin. The
need for riboflavin alsc increases, since it is involved in the conversion of
pyridoxine phosphate to the metabolically active form, pyridoxal phosphate.

The absorption of polyglutamic folic acid, the major food form of folic



acid, is substantially impaired in women receilving oral contraceptive, and
folic acid deficiency has been reported. Serum Bl2 binding capacity has
been found to increase during oral contraceptive therapy. Decreased serum
Bl2 values have also been found in women on oral contraceptive. Plasma
concentration of vitamin A is elevated; this suggests that vitamin A needs
may be decreased during oral contraceptive use. The concentration of ascorbic
acid in plasma and blood corpuscles is reduced in women on oral contraceptive.
Increased serum levels of vitamin K-dependent clotting factors have been
found in women taking oral contraceptive. This suggests that vitamin K
may be needed in lesser amounts by oral contraceptive users.
Oral contraceptive use also alters the requireﬁents for various minerals.
Most studies show that oral contracéptives cause an increase in serum irom
and copper and a decrease in plasma zinc. The transport proteins for iromn
and copper (transferrin and ceruloplasmin) increase in the serum prior to
the mineral changes, suggesting that they induce the alterations. The
decrease in plasma zinc may be caused by a shift of plasma zine into the
erythrocyte. Intestinal absorption of calcium is improved significantly
during oral contraceptive use; this should be beneficial to most women in
the United States, since their calcium intake is low. Serum levels of
magnesium are decreased, due to estrogen inhibition of bone resorption.
Although a majority of women are able to take combined oral contraceptive
without very serious side effects, alterations of metabolism appear to be
'éaused mainly by the estrogen component. Injection of progestin and the use

of low-dose combined oral contraceptive provide less reliable contraception

but cause fewer metabolic alteratiomns.



Whether 'the pill' changes the nutritional requireménts of the women-
users cannot be answered from the existing data. One can conclude that no
large Increases in requirements occur, because virtually no clinical signs
of nutritional deficiency have been noted. The best advice for a woman
taking the pill is to eat a healthful, well-balanced diet which provides the

recommended allowance for all nutrients.



