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ABSTRACT

Background. Metabolic changes induced by combined oral contraceptives (COC) use is regularly active in females.
Objectives. Analyzing blood cortisol and other biochemical variables in active (COC) users and non-users. Methods.
A total of 123 active female students (25 COC users and 98 non-users) volunteered to participate in the study. The
COC users declared 2-3 years of using different types of combined the fourth generation COC pills. In all participants’
body composition, physical activity and dietary habits were determined. Circulating cortisol and insulin were
determined using standard radioimmunoassay techniques. Plasma glucose and lipoproteins were determined using
colorimetrical methods. To evaluate the health risk ratio of total cholesterol to HDL-cholesterol (Castelli index I) and
LDL-cholesterol to HDL-cholesterol (Castelli index Il) were calculated. Results. There were no between-groups
differences in body composition and dietary habits. The COC users had markedly elevated plasma cortisol (p < 0.001),
triacylglycerols (TG) (p < 0.001), total cholesterol (TC) (p < 0.002) and HDL-C (p < 0.040) with no effect on glucose,
LDL-cholesterol (LDL-C) and TC-to HDL-C ratio. In contrast, the LDL-C to HDL-C ratio in COC users was lower
vs. non-users (p < 0.002). COC users were characterized by a higher frequency of elevated TC (p < 0.001) and HDL-
C (p < 0.040). However, in all participants Castelli index I and Il were within the accepted limits suggesting a low risk
of cardiovascular disease. Conclusion. In COC users regular physical activity does not prevent changes in circulating
biochemical variables, however, these changes did not affect cardiovascular risk which is low and similar to that noted
in active non-users.
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INTRODUCTION

Assuming a wide spectrum of cortisol action increases the risk of metabolic disturbances

in many human tissues its elevated level brings
about marked adverse changes in pancreas
function, insulin sensitivity, but also in the liver
triacylglycerol (TG) synthesis and very-low-
density lipoprotein (VLDL) secretion into
circulation (1). However, elevated cortisol is also
observed in healthy individuals of both sexes
under stress conditions and in women under
hormone replacement therapy (HRT) and using
oral contraceptives (OC) (2, 3). In consequence,
OC use but especially combined OC (COC)
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including cardiovascular disease (4, 5).

However, it should be stressed that data
concerning OC use and metabolic status in
regularly active females are rare and focused
mainly on cortisol and testosterone response to
training and it consequences for sport competition
(6, 7) There is only one study which showed a
positive effect of regular moderate physical
activity (150 min/week) on insulin sensitivity in
progestin-only OC (8). However, it should be
stressed that regular physical activity per se has
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the potential to increase circulating cortisol (9),
Thus, to eliminate the possible effect of physical
activity on circulating cortisol our study was
undertaken and focused on the comparison of
body composition, dietary habits, biochemical
variables (cortisol, insulin, glucose, lipoproteins
and calculated indices of cardiovascular risk) in
active females - OC users with elevated blood
cortisol and active non-users with normal cortisol
levels.

Innovation. Elevated blood cortisol and its
effect on blood biochemical variables in
combined oral contraceptive (COC) users have
been thoroughly studied. However, there is no
data concerning metabolic changes induced by
COC use in regularly active females.

MATERIAL AND METHODS

Participants. A total of 123 university
students (25 OC-users and 98 non-users) active
female students of participated in the study. All
subjects were volunteers who responded to the
advertisement in student dormitories and
information provided by word—of-mouth. Both
oral contraceptive users and non-users were
encouraged to participate in the study. All
participants lived in a big city (over 1 million
inhabitants), were healthy non-smokers, and
declared not taking any vitamin, mineral
supplements and not taking any medication on a
regular basis. Additionally, the condition for
participation was engagement in regular physical
activity for at least for 3 months. Additionally the
OC users declared regular menstruation, and 2-3
years of using different types of the fourth
generation of combined pills containing
ethinlyestradiol (0.02-0.03 mg), but different
progestin’s (3 mg of drospirenone, 0.15 mg of
desogestrel, and 0. 15 mg of levonogestrel). All
participants provided written consent for
participation in the study. The research protocol
was accepted by the ethics committee of the Jozef
Pitsudski University of Physical Education in
Warsaw.

Anthropometry. Body weight was measured
to the nearest 0.1 kg and body height to the nearest
0.5 cm using standard medical equipment in
subjects wearing light indoor clothing without
shoes, jackets and sweaters. Waist circumference
(WC) was measured in the midway section
between the lower edge of the ribs and the iliac
crest with an accuracy of 0.1 c¢cm using non-
stretchable tape. Body fat was evaluated from
four skinfold measurements (biceps, triceps,

suprailiac and subscapular) using Harpenden
caliper (British Indicators, Burges HILL, UK).
Each measurement was performed twice and was
repeated for the third time in the case of
discrepancies. The percentage of body fat was
calculated according to Durnin and Womersley
(10). Fat mass and lean body mass were also
calculated. All measurements were performed by
a well-trained technician.

Physical Activity. The subjects’ physical
activity was briefly determined by an experienced
interviewer using the Seven-Day Physical
Activity Recall Questionnaire (SDPAR) (11).
Data concerning duration, frequency and intensity
of various activities (leisure, occupational, active
transportation, and sport participation) within a
week were collected. Light, moderate, hard and
very hard physical activity was defined as
metabolic equivalent (MET) value of 1.5, 4, 6 and
10, respectively (11).

Energy and Macronutrient Daily Intake.
Participants’ daily energy intake was assessed
using 24-h food records provided by previously
instructed participants. Records contained all
foods and drinks consumed during 4 days (2
weekdays and weekend). All information was
carefully validated by trained technicians who
established the size of meals using the Album of
Photographs of Food Products and Meals (12).
Subsequently, the household measures of intake
were converted into grams and diet composition
was analyzed using the computer program Dieta
5.0 purchased in the National Food and Nutrition
Institute in Warsaw (Poland).

Biochemical Analysis. All participants were
asked to refrain from physical activity for at least
24 h and to eat the last meal at 19:00 a.m. before
blood sampling. Blood was withdrawn from the
antecubital vein into  tubes  containing
anticoagulant and centrifuged 15 min/4000rpm at
4° C to obtain plasma. Plasma was stored at -70°
C until analysis. Plasma cortisol was determined
using standard radioimmunoassay and BioSource
commercial kits (Belgium). Inter- and intra assay
coefficients of variation for hormones did not
exceed 7%. The accepted normal level of
circulating cortisol was 133.0 — 538.2 nmol/L.
Plasma glucose was assayed using the GOD-PAP
method. Plasma total cholesterol (TC), HDL-
cholesterol (HDL-C) and triacylglycerols (TG)
were assayed using colorimetric methods and
commercial kits (Randox Laboratories, UK).
Inter-and intra assay coefficients of variation for



the above variables did not exceed 5%.
Circulating LDL-cholesterol (LDL-C) was
calculated according to the Friedewald formula
(13). All analyses were performed in duplicate
and in the case of discrepancies were repeated for
the third time. According to the information from
the laboratory normal range of plasma cortisol
was 133.0 — 538.2 nmol/L. Normal level of
glucose was established according to the
International Diabetic Association as < 5.6
mmol/L (14).The following levels of lipoproteins
were established as indicating low health risk -
(TG < 1.7 mmol/L, TC £ 5.2 mmol/L, HDL-C >
1.3, LDL-C < 3.4 mmol/L (15).

Castelli index | (TC-to HDL-C ratio) and
Castelli index Il (LDL-C to HDL-C ratio) were
also calculated as indicators of cardiovascular risk
(16).The following values of both indices were
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differences was set at p < 0.05. Moreover, in both
COC-users and non-users the frequency of
biochemical variables exceeding the accepted
limits was established. All analyses were
performed using Statistica for Windows, ver. 12.

RESULTS

The COC-users and non-users did not differ in
their  physical  activity,  anthropometric
characteristics, daily energy and macronutrient
intake (Table 1). Circulating cortisol in COC-
users was higher by 114% vs. non-users (p <
0.001) (Table 2). There were no between group
differences in circulating glucose, insulin, and
LDL-C. In contrast, in COC users blood TG, TC
and HDL-C were significantly higher in
comparison with non-users (by 42.8 %, p < 0.001,
by 9.5%, p < 0.02 and by 17.6%, p < 0.004) for

TG, TC and HDL-C, respectively. There were no
differences between groups in the TC-to-HDL-C
ratio (Castelli index I). On the contrary, in COC-
users the LDL-C/HDL-C ratio (Castelli index I1)
was significantly lower in comparison with non-
users (by 23.1%, p < 0.002).

accepted as normal < 4.5 for index I and < 3.0 for
index 11 (17).

Statistics. All data were analyzed for
normality using the Shapiro-Wilk test. The Mann-
Whitney test was used for comparison of data of
COC-users and non-users. Significance of

Table 1. Anthropometric characteristics and dietary habits of active female students using and Non-using combined oral contraceptives

COC —users,n=25 COC - non-users, n =98

Physical activity, MET - min/week 3488.5 +1429.7 3773.3.7 +1607.7
Age, years 20922 21.2+17
Weight, kg 60.5+7.9 62.0+9.1
Height, cm 167.2+6.5 168.3£6.3
WC, cm 70.3+5.38 709+6.8
Body fat, % 254+6.0 248+59
Body fat, kg 154 +5.6 154 +58
LBM, kg* 451+32 46.6 £5.1
Energy intake, kcal/day 2009 + 579 1890 + 515
Protein, % 15.4+£3.2 152 +£3.6
Fat, % 32.7+6.1 33279
Carbohydrates, % 51.9+7.0 51.6 + 7.6ET —

Data in table are presented as Mean + SD.
Abbreviation: MET: metabolic equivalent; COC: users — students using combined oral contraceptives; COC: non-users — students not
using combined oral contraceptives; WC: waist circumference;* LBM: lean body mass
Comparison made using the Mann-Whitney test.

Table 2. Biochemical Variables in Active Female Students Using and Non-using Oral Combined Oral Contraceptives

COC —users,n=25 COC - non-users, n =98
Cortisol, nmol/L 2 775.6 +328.4a 361.8 +80.1
Glucose, mmol/L 45+0.3 46+0.3
TG, mmol/L 10+05a 0.7+0.3
TC, mmol/L 46+£10b 42+0.7
HDL-C, mmol/L 20+£09¢ 1.7+£0.3
LDL-C, mmol/L 21108 22+05
TC/HDL-C 2.3+0.6 25+05
LDL-C/HDL-C 1.0+05d 1.3+04

Data in table are presented as Mean + SD.
Mean (standard deviation) for all variables; comparison made using Mann-Whitney test;
Abbreviations: TG: triacylglycerols; TC: total cholesterol; HDL-C: high-density cholesterol, LDL: low-density cholesterol; TC/HDL-C:
Castelli index I; LDL-C/HDL-C: Castelli index II;
Ap <0.001; bp <0.020; cp < 0.004; dp < 0.002; significantly different vs. COC - non-users
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Table 3. Analysis of the Frequency of Abnormal Concentrations of Biochemical Parameters and Calculated Indices of Health Risk in
Active COC-user and Non-users

COC —users,n=25 COC - non-users, n =98
Cortisol 100 (25) *, a none
Glucose, mmol/L none 1.0 (2)
TG, mmol/L 4.0 (1) 1.0 (1)
TC, mmol/L 25.0 (6) 2 3.1(3)
HDL-C, mmol/L 12.0(3)° 3.1(3)
LDL-C, mmol/L 4.0 (1) 2.0(2)
TC/HDL-C none none
LDL-C/HDL-C none none

For abbreviations — see Table 2; "~ in brackets - number of subjects.
2p < 0.001; °p < 0.040 - significantly different vs. COC - Non-users

Table 3 presents the analysis of the frequency
of abnormal concentrations of biochemical
parameters and calculated indices of health risk in
active COC-user and non-users. When circulating
biochemical variables in both groups were
evaluated with respect to their healthy levels it
became clear that COC users are at the risk of
unhealthy TC observed in 25.0% of subjects. In
contrast, in both groups the frequency of
disturbed glucose, TG, and LDL-C did not differ
significantly. In contrast, in all participants
Castelli index | and Il were within the accepted
limits.

DISCUSSION

From our study it could be tentatively
postulated that physical activity does not prevent
changes in circulating lipoproteins observed in
response to COC-use. It is worth noting that
similar changes in circulating TG, TC and HDL-
C were observed in different groups of COC-
users whose physical activity was not evaluated
(18, 19).These effects are probably due to the
detrimental action of elevated cortisol on liver
metabolism in COC-users. An early study
indicated that elevated cortisol markedly
stimulates the activity of 3-hydroxy-3-methyl-
glutaryl CoA reductase (HMG-CoA reductase,
EC 1.1.1.88), a key regulatory enzyme for TC
synthesis (20). Moreover, increased circulating
cortisol promotes hepatic TG synthesis and
promotes lipolysis in omental fat resulting in
increased portal vein free fatty acid delivery to the
liver which results in elevated blood TG (21).

On the other hand, in active females COC use
significantly increased circulating HDL-C due to
ethinylestradiol action which mimics natural 17-
R-estradiol effects on lipoproteins (22).This effect
has to be recognized as positive and was also
noticed by others in females whose physical
activity was not evaluated (23). Additionally,
Tikkanen et al. (24) demonstrated that OC use
affects mostly the HDL-C2 fraction responsible

for protection against atherosclerosis. On the
contrary, there are data indicating decreased
paraoxonase 1 (EC 3.1.8.1) activity and elevated
oxidative stress in OC-users vs. non-users which
in turn adversely affects protective HDL-C effects
on cardiovascular risk (25-27). Thus, at present it
is difficult to determine if elevation in circulating
HDL-C in COC-users really means improved
protection against cardiovascular disease.

The observed lack of an effect of COC use on
circulating LDL-C in our participants is in
contrast to other studies (28). However, there are
also data indicating no effect of COC on blood
LDL-C in participants using levonogestrel-
drospirenone pills which were also used by our
participants (29). It should be stressed that
progestins, the second compound of COC used by
our participants, also affect metabolic processes.
Shoupe (30) demonstrated that desogestrel
decreases glucose tolerance. Moreover, Wynn
and Niththananthan (31) found that levonogestrel
markedly depressed HDL-C2 and decreased the
HDL-C2 to LDL-C ratio and in consequence
increased health risk. On the contrary, Barkfeld et
al. (32) did not find any effect of progestin-only
pills on lipid metabolism. In our study both COC
users and non-users did not differ with respect to
circulating glucose, however, this does not
exclude disturbances in insulin action (33).

However, more  precise information
concerning COC health effects in active females
was provided by analysis of frequency
distribution of unhealthy biochemical variables.
The only variables which markedly differentiate
COC users and non-users are higher incidence of
elevated TC and low HDL-C in the former than in
the latter. Taking into account similar dietary
habits and weekly physical activity in both groups
these differences were due to COC use. It should
be pointed out that circulating levels of TC, TG
and LDL-C are commonly used in medical
practice in cardiovascular risk assessment (34).
However, there are numerous data suggesting that



ratios of lipoproteins provide more accurate
information about health risk (35). Thus, as
normal values of both Castelli indexes were
observed, COC-users were at low risk of
cardiovascular events.

Moreover, taking into account new data
suggesting decreased skeletal muscle mass in
COC-users (36) our data and no changes in LBM
probably suggest that physical activity prevent
adverse changes in body composition. However,
this issue needs further studies.

CONCLUSION
Our study indicated that in active females
COC use affects circulating lipoprotein with
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However, the latter was the consequence of low
use of contraception, but especially modern
contraception in Eastern Europe vs. Western
countries (37).

APPLICABLE REMARKS

The authors suggest that physical activity may
be recommended for COC-users as a simple way
to prevent adverse health effects.
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pronounced adverse effects on circulating TC but
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This was cross-sectional and single-center
study with small number of recruited COC-users.
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