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There are a number of reports on metabolic alterations produced in patients receiving
contraceptive pills. Alteration in thyroid function tests such as elevation of protein bound
iodine(PBI), thyroid binding globulins (TBO) (60; 19) and a decrease in red blood cell uptake
of radioactive tri-iodothyronin (11) has been shown to occur during oral contraceptive therapy.
An increase in measurable total plasma corticoids in patients taking pills has also been shown
(16). All these effects are also reported to occur during normal pregnancy 'presumably as a
result of oestrogen excess. Alterations in carbohydrate metabolism in women receiving oral
contraceptives have been less extensively investigated. Most studies on carbohydrate ,metabo-
lismare not properly controlled. The results are therefore conflicting. Some investigators have
reported "no change" while others have reported "marked alterations" in glucose tolerance
(9, ID, 22).

GlucoseTolerance and the Pill

Gershberg et al in 1964 (10) were the first to report on the effect of oral contraceptives
on carbohydrate metabolism lmd observed that a high percentage of women receiving 5 mg of
nor-ethynodrel with mestranol in cyclic fashion for contraception had a decreased oral glucose
tolerance. Wynn and Doar (33) studied intravenous and oral glucose tolerance in women
receivingoral contraceptives for thirty days and found that while intravenous tolerance was
normal, the oral glucose tolerance was abnormal. He suggested that effect of oestrogen was in
someway due to a change in glucose absorption rather than to any diabetogenic activity.
Theseworkers also found that effect of intravenous hydrocortisone on glucose tolerance which
wasclearly evident before oral contraceptive treatment became much less impressive or was
almostabsent after oestrogen- therapy. Spellacy et al (25) in 1966 investigated intravenous
glucosetolerance and plasma insulin level before and after one cycle -;f oral En~vid and re-
portedhigher values of both glucose and insulin for the group receiving the contraceptive
steroids. These.wor rs later in \967 reported normal glucose toleraoc ~ur all subjects W
receivingcontraceptive steroids (27). ~--------------------------
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Patterson 1966 (18) reported thirty seven percent incidence of abnormal glucose toler
ance in women taking oral contraceptives for three months to seven years. Ten of the
subjects with abnormal curve continued on oral contraceptive therapy for one more year. Fii
of them became normal in spite of continued therapy while one showed further deterioratio
He further reported that there is a higher incidence of abnormal glucose tolerance (56 %) i
patients with a family history of diabetes than in those in whom there was no family histon
of diabetes. Wynn and Doar (33) made similar observations and also showed that there w
an increase in serum free fatty acids and a delayed fall after glucose administration. The mo
striking observation was an increase in the levels of pyruvic acid in fasting state as well
after glucose load. Recently Clinch et al (4) reported that a very low concentration of con
traceptive steroids significantly improved glucose tolerance, while stronger preparations cause
some deterioration. He found that mean blood glucose values in subjects treated with con
traceptive steroids were higher than before treatment. Marshall and Martin (15) in thei
studies in twenty one subjects treated with oral contraceptives for twelve' months found on]
two patients with transient abnormalities in the first month. This did not recur in subsequen
months.

Pregnancy, Glucocorticoids and the Pill

'It is reasonable to associate changes in glucose tolerance with pseudopregnancy pr
duced by the drug. Some investigators in fact reported incidence of 10 to 81 % of abnorma
glucose tolerance in pregnancy, of which 32-66 % are said to develop diabetes in I:
years. Beck et al (2) studied the influence of pregnancy, gluco-corticoids and oral contrace
tives on oral glucose tolerance and insulin response in normal women during gestation an
compared these with those who had subclinical diabetes during gestation period. The or
contraceptives were administered for periods extending from two weeks to two and hal
months, post partum. Their study indicated that oral contraceptives unmask subclinica
diabetes less readily than pregnancy or glucocorticoids. Further, they showed that glucocorti
coids inhibit insulin release in response to glucose while oral contraceptives seem to enhan
insulin secretion following hyperglycaemia.

Kalkhoff (14) reported that prednisolone had a basic suppressive effect on plasma
insulin in response to glucose load and this effect was potentiated by contraceptive agents i
normal individuals resulting in a diabetic glucose tolerance curve. The impaired toleran
appeared to revert to normal when contraceptive agents were discontinued. Pi-sunyer an
Oster (20) have shown that the effect of oral contraceptive on glucose tolerance depends on th
dose employed. The improvement in glucose tolerance after smalldQ,?~ of oral contracep-
tives noted by some workers with the. concomitant administration of corticosteroids could be
due to such small doses of contraceptive agents stimulating enough insulin secretion to counter
the effect of glucocorticoids, That oestrogens potentiare the diabetogenic effect of adrenal
corticoids is shown by enhanced glycosuric effect of hydrocortisone in the presence of oestrogens
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(17). However, subjects receiving oral contraceptives do not show any change in 17-ketos·
teroids and their excretion in urine. On the other hand, it is known that oestrogen increases
the plasma alpha globulin "transcortin" (26) which binds hydrocortisone firmly (3\) and
render it biologically inactive. This mechanism may account for blunting of the hydrocor-
tisone effect on glucose tolerance after oral contraceptives as seen in some studies.

Differential Actions of Pill Components
. \Since contraceptive pill contains both the oestrogenic and progestogenic components It

is reasonable to associate the change in glucose tolerance to either of the two. Paola et al
(21) observed a high incidence of abnormal prednisolone primed glucose tolerance tests in
women who received mestranol. Mestranol produced these effects in women both in the re-
productive state as well as in climacteric. Similar effects were not noted after the administra-
tion of ethinyl oestradiol. Wain et at (32) reported decrease in glucose tolerance in rheumatoid
arthritis patients treated with large doses of Enovid. Some workers suggested that oestrogen in
this combination may stimulate pituitary ACTH secretion as they do in rats (5).

In experimental diabetes in rats oestrogens have variable effects depending upon the
mode cf administration, sex, species of animals, duration of treatment and diet etc. (24). In
subtotal pancrcatectomised rats oestrogen produced an early increase and later reduction in
incidence of diabetic state. In force fed normals and in alloxan diabetic rats, oestrogens tem-
porarily increase glycosuria and hyperglycaemia. In all the e experiments progesterone in
moderate doses was found inactive. Oestradiol benzoate, diethyl stilbesterol and large dose of
norethynodrel (5 mg for 5 days) increase fasting blood sugar levels in intact rats. In rats
oe trogen seems to cause hyperglycaemic effect during early administration, but amelioration
of hyperglycaemia occurs if the therapy is continued.

Benjamin and Carsper (3) studied carbohydrate metabolism in two endometrial di ease
where carbohydrate metabolism was disturbed and reported an improvement in glucose toler-
ance after the intramuscular injection of 250 mg of 17-hydroxy progesterone, a long acting pro-
gestational compound. He also observed a depression of plasma inorganic phosphate following
progesterone suggesting that this compound may act by increasing peripheral utilisation of
glucose or by increasing the function of islets of pancreas. Tt has been shown that administra-
tion of porgesterone to rats and ferrets causes an increase in liver glycogen (8). Some workers
have observed diabetogenic effect or an aggravation of experimental diabetes after proge terone
treatment. In these studies however, the investigators have used very large doses of proges-
terone (12). /

Spellacyet ~l (28) :::ported that serum growth hormqne levels inyrcase significantly after
oral c~ntraceptive treatment in normal subjects They postulated that oral contraceptives
because of their high oestrogen content cause an elevation of circulating growth hormone which
produces the effect. The elevated growth hormone levels after oral contraceptive treatmen t
may lead to an elevation of plasma insulin. Oestrogen even in small amount is sufficient to
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increase the plasma protein binding thyroxin (11) and as little as 0.01 mg of oestrogen a day
rai es PBI level in women for one to eleven months. Moreover, it has been shown that nor-
ethynodrel is converted in vivo to a substance having oestrogenic activity. Thus oestradiol may
increase the plasma protein binding of insulin as it does that of thyroxin (l I) and of corticoids
rendering it inactive. It is also possible that mestranol may increase the plasma insulin
antagonist like synalbumin or non-esterified fatty acids (I).

Resistance to Insulin Action

Pregnancy is marked by in ulin resistance (23), high serum insulinase activity and de-
truction of insulin by placenta (7). on-diabetic pregnant women appear to be in a state of
mild hyper insulinism as predicted by long term experiments in rats. In support of this
theory are the decreased blood glucose values, increased insulin level and pancreatic hyper-
plasia reported in pregnancy by Spellacy and Goetz (29).

One theory proposes that there is an increased level of in ulin antagonist circulating
during pregnancy which could produce these effects. The insulin antagoni t could be a growth
hormone or a placental growth hormone or a prolactin like protein. Pregnancy has also been
compared to a state of starvation because glucose is drained off from maternal circulation
through placenta to the foetus and insulin is degraded by the placenta. The placenta i known
to synthesise oestrogen and progesterone. Recently, Joshirnovich and Maclaren (13) have
shown that placenta also produces a growth hormone like protein which has growth promoting
activity. .,Q.ne action of this r one like rotei n could be to slit tri I cerides and
thus elevate the levels of circulating free fatty acids. The free fatty acids . bloc Kreb's
cycle so that there is a relatIve resistance to msuhn action. The oestrogen an progesterone
fr6fu placenta can elevate the circulating insulin levels. T ohjtlrate
alterations of pregnancy ma be attributed to the lacental n. It is
worthwhi.e to note here t at insulin levels are increased durin pregnanc. This is similar
t w at win treatment with oestrogen and progesterone in normal

Our Investigations

It is thus evident that the exact mode of action of oral contraceptives on carbohy-
drate metabolism remains an enigma. In our studies in experimental female rabbits, we
have been able to produce an impairment in glucose tolerance by the oral administration of
oestrogen and progesterone combination (Table 1). Itappear to uUha estro ether --------------------
than, progssteroae-plays-a-maj . e in causin alteration in carboh drat We
have noted that a continued oral administration of 1 ug/kg of ethinyl oestradiol for ix
months produces a definite evidence of impaired glucose tolerance (Table I). The fasting blood
sugar in animals receiving oestrogen continues to be high. Further, intravenous glucose
tolerance is impaired indicating that the 'impaired tolerance is not due to impaired absorption
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Blood glucose (mg%)

Control group Group I Group If
Initial Final' Initial Final Initial Final

Fasting 66 ,.. 7.1 73 % 11 55 ,j: 3.7 117 ~ 14.7 62 ~ 7.2 145 ~ 21.4

[hr 250 ± 20.5 266 ~ 24.7 223 ± 26.5 335 ~ 47.9 302 ± 12.0 429 ,E 4.0

1hr 167 ~ 20.8 197 ± 17.9 157 ± 23.7 237 ~ 51. 3 219 ~ 30.2 387 ~ 13.8

It hr 130 ± 18.3 135 ± 21.3 99 "'= 9.6 197 ••• 35.8 120 ~ 2.8 259 ,to 17.0

1hr 92 ± 9.6 93 ~ 11.8 81 "= 4.6 161 ± 28.8 85 ~ 2.8 )093 ~ 15.9
-

~!hr 76 ~ 4.2 75 "'= 10.5 54 "" 2.0 149 ± 22.2 73 ± 3.5 143 ± 20.8...
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of glucose. Intravenous tolbutamide test in these animals is also impaired. In control animals
intravenous tolbutamide (50 mgjkg) causes an immediate and prolonged hypoglycaemia. In
animals receiving oestrogen, the hypoglycaemic response to tolbutamide is impaired both III

everity and duration (Fig. 1). There is also an increased level of free fatty acids in circul-
ation (Table 2). Our results therefore indicate that one of the ways oestrogen may produce its
action is by impairing a release of insulin from beta cells of pancreas and this in turn may
set a chain of biochemical reactions such as decreased glucose tolerance and increased lipolysis.
Allthese may lead to a diabetic state.
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TABLE I: Blood glucose concentration in fasting state and after 0.75 g/kg iv glucose
administration initially and after six months of contraceptive treatment.

Control group: 0.1 ml/kg olive oil oral.
GroupI: 1 [Jog/kgethinyl oestradiol and magesterol acetate 80 fLg/kgorally in 0.1 ml of olive oil.
GroupII: Ethinyl oestradiol 1 fLg/kg orally in 0.1 ml. of olive oil.

TABLE 11. Effect of ethinyl oestradiol (1 fLg/kg orally) on free fatty acid levels.
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Free fatty acid level (fL/mol/m)

Control group Ethinyl oestradiol group.

Initial 0.52 * 0.028 0.6 * 0.084

Final 0.73 * 0.074 1.57 ,E 0.106
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Further work is necessary to elucidate the exact mechanism of carbohydrate intole
ranee in women on prolonged treatment with oral contraceptive, particularly because 0

the evidence that the oral contraceptive pill can precipitate a diabetic tate in women havim
family history of diabetes.

REFERENCES

1. Aure 11, M.K., K. Cramer and G. Rybo. Serum lipids and lipoproteins during long term administration
an oral contraceptive. Lancet 1: 291-293,1966.

2. Beck, P., S.A. Wells and D. Colo. Plasma i~sulin respon es to glucose in normal and subclinical diabeti
women treated with oral contraceptives. Diabetes, 17: 307-308, 1968.

3. Benjamin, F. and D.J. Carsper, Alternations in carbohydrate metabolism induced by progesterone in c
~ of endometrial carcinoma nd hypertension. Am. J. Obst. Gynec., 94: 99J -996, 1966.

4. Clinch, J., A.C. Turnbull and T. Khosla. Effect of oral contraceptives on glucose tolerance. Lancet,
587-858, 1969.

5. Drill, V.A. Endocrine properties and long term safety of oral contraceptives. Metabolism, 14: 295-310, 196;
6. Florsheim, M. and M.A. Faircloth. Effect of oral ovulation inhibitors on serum protein bound iodine an

throxine binding proteins. Proc. Soc. Exp. BioI. Med., 117: 56-58, J964.
7. Freinkel, M. and C.J. Goodner. Carbohydrate metabolism in pregnency. 1. The metabolism of insulin bl

human placental tissue. J. Clin. Invest., 39: 116-131, 1960.
8. Gaunt, R., J.W. Remington and A. Edelmann. Effect of progesterone and other hormones on liver glycog

Proc. Soc. Exp, Bioi. Med., 41: 429432, 1939.

Volume 16
Number 1

9. Gersia, C.R. and G.
International Fertilit
Gershberg, H., Z. Ja
betes, 13: 378-382,

1t. Hollander, C.S., A.
protein bound iodine

12. Ingle, D.J., D.F. Bea
glycosuria of partiall

13. Josimorich, J.B. and
stance immunologica

14. Kalkhoff, R.K., H.
contraceptive agent
Marshall, B.T. and I~-1"~

16. Matealf, M.G. and I
Lancet, 2: 1095-109

17. Nelson, D.H., H. T
adminstered cortiso-.d'. Patterson, W.F.,
tolerance. Am. J.

19. Pilgerm. L.O. and
Med., 112: 758-760

20. Pi-sunyer, F.x. and
Obst, Gynec., 31: I

2. Paola, G.D., F. Pu
metabolism. Am ..

22. Posner, .A., F.A.
tolerance. IT long

23. Rivin, A.U. and S.I
in females with hyp

24. Rodriguez, R.R., B
ington, Indiana, 191

25. Spellacy, W. . anc
Am. J. Obst, Gyn

26. Sandberg, A.A. an
vitro inhibition of
Spellacy, W.N., K.
insulin and blood!

28. Spellacy, E.N., K.
oral contraceptive

29. Spellacy, W.N. an
991, J963.

30. Talat, M. and E.B.
curves ill normal a

31. Warren, r.c. and ~
Exp. Bioi. Med., J

52. Wain, H., E.H. Fri
Arthritis and Rhei

33. Wynn, V. and 1.\1
719. 1966.



January 1972
lnd. J. Physiol, Pharrnac.

)ESTRADIOL

oestrogen treated rabbits.
glucoseover the initia I.

mechanism of carbohydrate intole-
traceptives, particularly because of
ite a diabetic state in women having

roteins during long term administration of

glucosein normal and subclinical diabetic
1968.
:tabolisminduced by progesterone in cases
~4:991-996,1966.
ceptiveson gluco~e tolerance. Lancet, 1:

raceptives, Metabolism, 14: 295-310,1965.
bitors on serum protein bound iodine and
:,1964.
'egnency. 1. The metabolism of insulin by

'oneand other hormones on liver glycogen.

Volume16
Number 1

Oral Contraceptives and Carbohydrate Metabolism 29

9. Gersia, C.R. and G. Pincus. Ovulation inhibition by progestin-oestrogen combination. Presented at the
lrnernational Fertility Meeting, Brussels, Belgium, March, 2-3, 1963.

IQ. Gershberg, H., Z. Javier and M. Hulse. Glucose tolerance in women receiving ovulatory suppressant. Dia-
betes, 13: 378-382, 1964.

11. Hollander, C.S., A.M. Garcia, S.H. Strugis and H.A. Selenkow. Effect of ovulatory suppressant on serum
protein bound iodine and red cell uptake of tri-iodothyronin. New England J. Med., 269: 501-504, 1963.

12. Ingle, D.J., D.F. Beary and A. Purmalis. Comparison of effect of progesterone and ll-ketoprogesterone upon
glycosuria of partially pancreatized rats. Proc: Soc. Exp. Bioi. Med., 82: 416-419, 1953.

13. Josimorich, J.B. and J.A. Maclaren. Presence in human placenta and term serum of a highly ketogenic sub.
stance immunologically related to pituitary growth hormone. Endocrinology, 71: 209-220, 1962.

14. Kalkhoff, R.K., H. Kim and F.J. Stofdord. Acquired subclinical diabetes mellitus in women receiving oral
contraceptive agents. Diabetes, 17: 307, 1968.

~ Marshall, B.T. and B.K. Martin. Effect of oral contraceptives on glucose tolerance. Am. J. Obst. Gynec.,
~lQ\1£;~ , .'

16. Matcalf, M.G. and D.W. Beaven. Plasma corticosteroiGe'tels i; women receiving oral contraceptives tablets.
Lancet, 2: 1095-1096, 1963.

17. Nelson, D.H., H. Tanney, G. Mestman, V.W. Gieschen and L.W. Wilson. Potentiation of biologic effect of
adminstered cortisol by oestrogen treatment. J. Clin. Endocrinol. Jvletabol., 23: 261-265, 1963.

~ Patterson, W.F., M.W. Steel and R.V. Coyne, Analysis of the effect of ovulatory suppressant on glucose
tolerance. Am. J. Obst. Gynec., 95: 484-488, 1966.

19. Pilgerm. L.O. and L.R. Pickart. Depression of plasma albumin by sterol therapy. Proc. Soc. Exp. BioI.
Med., 112: 758-760, 1963.

20. Pi-sunyer, F.X. and S. Oster. Effect of an ovulatory suppressant on glucose tolerance and insulin secretion.
Obst. Gynec., 31: 482-484, 1968.Y. Paola, G.D., F. Puchulu, M. Robin, R. Nicholson and M. Marti. Oral contraceptives and carbohydrate
metabolism. Am. J. Obst. Gynec., 101: 207-216, 1968.

22. Posner, N.A., F.A. Silvers tone, W. Pomerance and N. Singer. Oral contraceptives and intravenous glucose
tolerance. II long term effect. Obst. Gynec., 29: 87-92, 1967.

23. Rivin, A.U. and S.P. Dimitroff. The incidence and severity of atherosclerosis in oestrogen treated males and
in females with hypo-oestrogenic or hyper-oestrogenic state. Circulation, 9: 533-539, 1954.

24. Rodriguez, R.R., B.S. Ineibel and G.A. Wrenshall: Editors. The nature and treatment of diabetes. Bloom-
ington, Indiana, 1965 University of Indiana Press, P. 288.

25. Spellacy, W.N. and K.L. Carlson. Plasma insulin and blood glucose in patients taking oral contraceptives.
Am. J. Obst. Gynec., 95: 474-478, 1966.

26. Sandberg, A.A. and W.R. Slaunwhite. "Transcortin" A corticosteroid binding protein of plasma. V in
vitro inhibition of cortisol metabolism. J. CUn. invest., 42: 51-54, 1'963.

~pellacy, W.N., K.L. Carlson and S.L. Schade. Menstrual cycle carbohydrate metabolism: Studies on plasma
insulin and blood glucose during intravenous glucose tolerance test. Am. J. Obst. Gynec., 99: 382-386, 1967.

28. Spellacy, E.N., K.L. Carlson and S.L. Schade. Human growth hormone levels in normal subjects receiving
oral contraceptives. J. Am. Med. Ass., 202: 451-454, 1967.

29. Spellacy, W.N. and F.C. Goetz. Plasma insulin in normal late pregnancy. New England J. Med., 268: 988-
991, 1963.

30. Talat, M. and E.B. Estwood. Effect of oestradiol dipropionate on glucose tolerance and insulin sensitivity
curves in normal and ovarectomised female rabbits. Arch. Int. Pharmadyn Ther, 153: 290-299, 1965.

31. Warren, J.C. and H.A. Slhanick. Measurement of cortisol binding capacity of human plasma. Proc. Soc.
Exp, BioI. Med., 105: 624-628, 1960. -

n. Wain, H., E.H. Frieden, H.J. Caplen and T. Cole. Metabolic effects of enovid in rheumatoid patients.
Arthritis and Rheumatism, 6: 796-798, J 963.

33. Wynn, V. and I.W. Doar. Some effects of oral contraceptives on carbohydrate metabolism. Lancet, 2: 715-
719, 1966.


