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The study population consisted of 144 healthy, non-obese male adolescents, aged 
between 11-18 years, who were in different stages of sexual maturation as described 
by Tanner. The fasting plasma cholesterol (TC), triglyceride (TG), high density 
lipoprotein cholesterol (C-HDL), low density lipoprotein cholesterol (C-LDL), and very 
low density lipoprotein cholesterol (C-VLDL) levels were calculated for each subject.
There were significant differences observed in the following: mean TC levels between 
G1 and G2; mean C-HDL levels between G2 and G3 and between G3 and G4; mean TG 
levels between G1 and G2 and between G2 and G3; mean C-LDL levels between G1 
and G2, and mean C-VLDL levels between G1 and G2 and between G2 and G3. There 
were no significant differences for lipids and lipoproteins between the prepubertal 
(G1) and postpubertal (G5) stages.
It is generally believed that testosterone may play a role in mediating lipid and 
lipoprotein levels in the pubertal phase, but, since we found no significant differences 
in the levels of lipids and lipoproteins between G1 and G5, and also because these 
levels fluctuated from G1 to G5, it strongly suggests that the effect of testosterone on 
lipids and lipoproteins is dependent on other factors such as hormones, dietary 
habits, age, race, etc. Key words: lipids, lipoproteins, male adolescents, Tanner sexual 
maturation stages.

The association of total serum cholesterol (TC) and low density lipoprotein 
cholesterol (C-LDL) levels with the development of atherosclerosis has been well 
established1'3. However, the high density lipoprotein cholesterol (C-HDL) concen­
tration is inversely related to the incidence of coronory artery disease4*5.
Age and gender have been demonstrated to affect the C-HDL level6. Women tend 
to have higher C-HDL levels than men. Plasma C-HDL level are similar in both 
sexes during childhood and adolescence, and by the end of sexual maturation, 
changes in lipids and lipoproteins occur, which result in "adult" male-female 
lipoprotein differences7.
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Most, but not all, cross-sectional and longitudinal studies have reported 
reductions in plasma cholesterol during adolescence7’10. The fall in total plasma 
cholesterol in males during adolescence is thought to be primarily accounted for 
by reductions in C-HDL and increases in C-LDL in late adolescence7. Subsequ­
ently, males maintain lower C-HDL levels than females throughout adult life. 
This study was designed to assess cross-sectional changes in lipids, lipoproteins 
and stages of sexual maturation in male adolescents.

Material and Methods
The study population consisted of one hundred and forty-four healthy, non-obese 
male adolescents, aged between 11-18 years. The genitalia of each adolescent 
were classified, by the same observer, according to the stages of development 
described by Tanner11, which are as follows: (G1) Prepubertal stage (G2) marked 
by enlargement of the scrotum and testes and reddening of the scrotal skin. (G3) 
Further growth of the scrotum and testes and an increase in the size of the penis, 
mainly in length. (G4) Still further growth of the scrotum and testes and an 
increase in the size of the penis, mainly in breadth. (G5) Adult developmental 
stage. Fasting plasma cholesterol, triglyceride (TG), C-LDL, C-HDL and very low 
density lipoprotein cholesterol (C-VLDL) levels were calculated for each adoles­
cent.
TC was determined by the iron chloride-sulphuric acid method and the C-HDL 
level by the phosphotungstate-magnesium chloride precipitation technique12’14. 
The TG level was measured colorimetrically15. C-LDL and C-VLDL levels were 
calculated using the following formula: C-LDL (mg/dl):TC-(C-HDL + TG/5); the 
TG/5 value corresponds to the C-VLDL value16.

Results
Table I gives a cross-sectional distribution of lipids and lipoproteins according to 
the Tanner stages of sexual maturation.
There were statistically significant differences observed in the following: mean 
TC levels between G1 and G2 (p < 0.05); mean C-HDL levels between G2 and G3 
(p < 0.001) and between G3 and G4 (p <0.05); mean TG levels between G1 and 
G2 (p < 0.001) and between G2 and G3 (p < 0.001); mean C-LDL levels between 
G1 and G2 (p < 0.001), and mean C-VLDL levels between G1 and G2 (p < 0.001) 
and between G2 and G3 (p < 0.001). There were no other statistically significant 
differences noted between the other stages of Tanner's sexual maturation 
classification as regards lipids and lipoproteins (p > 0.05). In addition, there were 
no statistically significant differences found in the values for lipids and lipoproteins 
when comparing the prepubertal (G1) stage with the postpubertal (G5) stage 
(p>0.05) (Fig. 1).



TABLE I: Distribution of Serum Lipids*  and Lipoproteins*  According to the 
Tanner Stages of Genital Development (mean±SD)

• mg/dl

Genital Stage

Mean chronological 
age and range 

(Yrs) Number of
Adolescents

TC C-HDL TG C-LDL C-VLDL

G 1 11.3 
(11.0-12.2)

26 141.5±27.3 48.6±13.0 100.6±50.4 72.7±22.9 20.2±10.2

G 2 12.0 
(11.2-13.4)

25 155.4±11.9 53.0±7.7 48.0±23.6 92.8±17.1 9.6±4.7

G 3 12.9 
(11.8-15.1)

30 146.3±29.8 42.9±8.0 105.5±61.5 82.1 ±28.7 21.2±12.5

G 4 13.8 
(12.4-16.4)

32 139.0±15.1 •48.4±10.9 82.0±53.5 71.0±10.7 19.5±12.5

G 5 16.2 
(14.8-18.0)

31 141.1±25.8

G1vsG2 p<0.05
G2vsG3 p>0.05
G3vsG4 p>0.05
G4vsG5 p > 0.05

G1vsG5 p > 0.05

51.4±12.4

G1vsG2 p>0.05
G2vsG3 p< 0.001
G3vsG4 p < 0.05
G4vsG5 p>0.05

G1vsG5 p>0.05

110.2±62.0

G1vsG2 p< 0.001
G2vsG3 p< 0.001
G3vsG4 p > 0.05
G4vsG5 p>0.05

G1vsG5 p>0.05

68.0±27.7

G1vsG2 p< 0.001
G2vsG3 p>0.05
G3vsG4 p > 0.05
G4vsG5 p>0.05

G1vsG5 p>0.05

22.0±12.3

G1vsG2 p< 0.001
G2vsG3 p < 0.001
G3vsG4 p > 0.05
G4vsG5 p > 0.05

G1vsG5 p > 0.05



22

mg/dl

G1 G2 G3 G4 G5

Fig. 1: Mean total cholesterol (TC), tryglycerlde (TG), low 
density lipoprotein cholesterol (C-LDL), high density lipoprotein 

cholesterol (C-HDL) and very low density lipoprotein cholesterol 
(C-VLDL) in male adolescents at different Tanner stages.
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Discussion

Adolescence is characterized by rapid alterations in physical growth and sexual 
maturation with a broad distribution of sexual maturation by calendar age11'17. 
Although adolescents follow the same sequence of changes (unless there is an 
intervening physical or hormonal abnormality), they enter, pass through and 
complete puberty at different ages.
Appreciable hormonal changes, primarily increased testosterone production in 
males, accompany the manifestations of adolescence18-20. Since the stage of 
sexual maturation (Tanner Classification), and not the age, coincides with an 
increase in the testosterone level, the adolescents in our study were classified 
according to the sexual stages described by Tanner11.21.22
Morrison et al21 speculated that a decrease in C-HDL and a late increase in C-LDL, 
as sexual maturation progresses, are associated with increased testosterone 
production. In two studies, one by Barr23, and the other by Nikkila24, it was 
demonstrated that the administration of methyltestosterone in adult males 
produced a decrease in C-HDL and an increase in C-LDL. However, in 1987, 
Kirkland et al22 reported just the contrary, as regards the relationship of 
testosterone to -HDL, and emphasized that testosterone should be considered a 
significant determinant of plasma C-HDL levels during pubertal development. 
Although in our study there was a decline in C-HDL levels in the G3, G4 and G5 
stages with respect to G2, those values were statistically insignificant. We found 
a sharp increase in C-LDL In the early pubertal stage (G2), and not in the late 
pubertal stages, as Morrison had mentioned21. Even though it is known that in 
adolescence plasma testosterone increases, the values of C-HDL and G-LDL in 
the various Tanner Stages might be the result of the effects of testosterone on 
these two lipoproteins. Although Bradley25 mentioned that an inverse relationship 
exists between TG and C-HDL, the increase in TG during sexual maturation which 
accompanies the decrease in C-HDL is expected. Since we obtained significantly 
higher TG levels in G3 with respect to G2, the high levels in G3, G4 and G5 were 
not significantly different from each other.
Since there is a relationship between C-VLDL and TG, we found a significant 
decline in G2 with respect to G1, and a significant increment in G3 with respect to 
G2, which are similar to TG results. Whether the initiating step in the sequential 
changes in C-HDL and TG during sexual maturation In males is a testosterone- 
mediated effect on high density lipoproteins, with a secondary reduction in 
C-VLDL removal or vice versa, remains to be determined by kinetic studies23*25. 
In conclusion, we believe that testosterone may play a role in mediating the levels 
of lipoproteins and lipids in the pubertal phase but the presence of statistically 
Insignificant differences between prepubertal (G1) and postpubertal (G5) lipid and
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lipoprotein levels and the fact that these levels fluctuate in the pubertal stages 
from G1 to G5, support the view that the effect of testosterone on lipids and 
lipoproteins is mediated by a combination of other factors (hormones, dietary, 
habits, age, race, etc) during puberty.
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