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Background:  Daytime sleepiness refers to the propensity  

of falling asleep in a variety of situations, maybe due to in- 

sufficient sleep (major cause), or fragmented sleep. Objec- 

tive: Measure lipid peroxidation and evaluate the effect of 

antioxidant vitamin intake in medicine interns with daytime 

sleepiness in Peruvian hospitals. Methods: Fluorometric as- 

says were used to determine the concentration of Malondial- 

dehyde, glucose, total cholesterol, triglycerides, HDL, LDL, 

and VLDL. We also evaluated Body Mass Index and age. The 

values of these variables were compared between groups of 

sleepy (n=33) and normal interns (n=33). Then vitamin C and 

E were given, for 10 weeks, to 17 sleepy interns and the re- 

maining sample (n=16) were considered the control group. 

Results: sleepy interns had more MDA than the non-sleepy 

group (greater lipid peroxidation) due to poor sleep. Vitamins 

C and E decrease MDA levels in sleepy inmates and levels of 

lipid peroxidation. These results were similar to those report- 

ed by other scientists. Conclusions: Drowsy interns have 

almost double of lipid peroxidation, compared to control. Vi- 

tamins C and E reduce the level of Malondialdehyde in inters 

with Daytime sleepiness. 

Keywords: Sleep deprivation, Malondialdehyde (MDA), Lipid 

Peroxidation 

Daytime sleepiness refers to the propensity of falling asleep 

in a variety of situations1, may be due to insufficient sleep 

(major cause), or fragmented sleep2. The first case, lack of 

sleep, maybe due to poor sleep hygiene or socially imposed 

sleep deprivation, as is the case of those jobs that involve 

making night guards2. While fragmented sleep is caused 

mainly by Obstructive Sleep Apnea, which is a syndrome 

caused by multiple respiratory cessations during sleep that 

induces partial arousals and interferes with the maintenance 

of sleep. It may be central, obstructive, or mixed central - ob- 

structive apnea3. 

Sleep problems have been  associated with the imbalance  

of many systems such as lipid peroxidation (LPO), which is 

peroxidase-catalyzed lipid oxidation and having hydrogen 

peroxide as the electron acceptor. 

Reactive species oxidizes phospholipids of cell membranes, 

the oxidized phospholipids may play an important role in in- 

flammatory and pro-inflammatory processes, and even par- 

ticipate in programmed cell death4,5. LPO is related to the se- 

verity of depression and the number of depressive episodes6. 

Malondialdehyde (MDA) is an organic molecule with formula 

CH2 (CH0) 2 resulted from lipid peroxidation of polyunsat- 

urated fatty acids (PUFA)7, and has been evaluated as an 

excellent measurement of lipid peroxidation8. and as a good 

marker of LPO for sleep problems, specifically Obstructive 

Apnea syndrome9. 

Since 1994, the theory that sleep is an antioxidant was put 

forward10, and since then, research carried out in Russia and 

first world countries have focused on the relationship of oxi- 

dation and sleep problems, mainly focused on Obstructive 

Sleep Apnea (OSA)1,11-14. Although OSA is a cause of Daytime 

DS, this is not the only one. Investigations focused on Day- 
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time Sleepiness, measured with the Epworth scale are few, 
highlighting the Russian investigations, focused mainly on 
pregnant or menopausal women, in which it has been found 
that this is dependent on ethnic origin1,15. Also, researchers 
recommended exploring the effect of sleep in a population 
whose training is to stay awake16 - such is the case of medi-
cal interns.

To our knowledge there is no research about the relation-
ship of lipid peroxidation and daytime sleepiness in Peruvian 
population, considering that previous studies found variation 
according to ethnicity, it would be interesting to evaluate this 
relationship in the local population subjected to sleep distur-
bance due to their job’s requirements. Concurrently the effect 
of vitamins C and E over lipid peroxidation in this population 
could be explored.

Consequently, it is proposed to evaluate the level of lipid per-
oxidation in inmates who lack daytime sleepiness and apply 
vitamins D and E to evaluate its effect on the level of lipid 
peroxidation.

Methods 

Population and sample
The population consisted of 94 medical interns in hospitals 
in the department of Lambayeque-Perú. The sample size 
was calculated using the Epidat program, version 4.2, based 
on previous research17. It was included Medical interns regis-
tered at the Hospitals who agreed to participate in the study 
and to donate a blood sample, it was excluded medical interns 
who suffered from kidney disease, AIDS, cancer, diabetes, 
high blood pressure, smoking, morbid obesity and who had 
received drug treatment in the last two weeks. Out of the 94 
medical interns, it was selected, randomly, 33 suffering from 
Daytime Sleepiness, and 33 without this condition. The 33 pre-
senting DS were divided into two groups, 17 of them received 
vitamins C and E during, and the 16 remaining were controls. 

Techniques and instruments for data collection
Epworth Daytime Sleepiness Scale was used to detect sleepy 
individuals. the overall score has a range of 0 to 24. A score 
greater than 10 was considered positive for the characteristic 
of excessive daytime sleepiness18. 

For both groups of 33 medical interns, MDA, glucose, and 
lipid profile were measured; likewise, blood pressure and 
body mass index (BMI) were evaluated. The evaluation of the 
concentration of MDA in blood was carried out following the 
Northwest kit for lipid peroxidation and the determination of 
glucose and lipid profile.

Thirty-three interns suffering daytime sleepiness were ran-
domly distributed to two groups (17 interns with treatment 
and 16 controls). The first group was given vitamin C and E 
for 12 weeks in doses of 1 g and 400 IU, respectively. 

At the end of the treatment, the concentration of MDA, glu-
cose, lipid profile, blood pressure, and BMI were measured 

again, mean plus standard deviation was calculated and the 
Difference of Unpaired Means test was applied, to determine 
the role of chance in the difference stockings.

Statistical analysis
The results were recorded as continuous variables (MDA, 
Glucose, Cholesterol, Triglycerides, HDL, LDL, VLDL, PAS, 
PAD, IMC, Age) and expressed as mean and standard de-
viation (SD) depending on their normal distribution. The 
Mann–Whitney U test was employed for the asymmetrically 
distributed variables. Statistical analysis was performed us-
ing SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). Two-
tailed significance values were used, and the significance 
levels were set at 0.05.

The research protocol was approved by the Ethics Commit-
tee of the Lambayeque Regional Hospital. All participating 
interns sign an individual informed consent, after explanation 
and information for the study.

Results

The concentration of various analytes such as glucose, cho-
lesterol, triglycerides, HDL, LDL, VLDL, PAS, PAD, and BMI 
(Table 1) was compared and a significant difference was 
found only for the concentration of MDA between the two 
groups (p<0.01). Finding that the group of drowsy interns had 
a higher concentration of MDA (7.7±2.1) than the group of 
students without daytime sleepiness (4.8±2.2). Also, it should 
be noted that the concentration of cholesterol and triglycer-
ides did not have a significant difference.

Cholesterol levels remained close to the upper limit of refer-
ence values (200 mg / dL) in both groups, the same hap-
pened with values for LDL and VLDL, whose values remained 
around 120 and 24 mg / dL, respectively.

Depending on the reference levels, HDL greater than 50 mg 
/ dL10, the values for both groups were close to the lower limit 
than recommended (Table 1). The BMI was close to the up-
per limit for what is considered “normal” or referential.

Of the 66 medical interns who participated in the study, 33 
drowsy identified had a higher concentration of MDA (x̅ = 7.7 
µM), compared to non-drowsy (x̅ =4.8 µM), with a significant 
difference (p<0.01). For the other analytes, no significant dif-
ferences were observed, (Table 1).
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Table 1. Comparison of the levels of different analytes between 
sleepy and non-sleepy groups before treatment

Analytes Sleepy
x̅        D.E

Non-sleepy
  x̅     D.E

MDA (µM)* 7.7 2.1 4.8 2.2

Glucose (mg/dL) 93.6 13.2 95.3 23.5

Cholesterol (mg/dL) 180.3 22.8 203.7 39.6

Triglycerides (mg/dL) 111.6 36.8 122.6 47.4

HDL (mg/dL) 43.9 10.8 47.4 13.3

LDL (mg/dL) 114.0 25.4 129. 38.7

VLDL (mg/dL) 22.330 7.4 24.67 9.7

PAS (mmHg) 104.0 12.2 105.7 12.7

PAD (mmHg) 68.8 8.9 66.1 8.6

IMC (mmHg) 24.3 3.1 25.0 4.5

* p<0.01, Mann Whitney U nonparametric test

When the values of the various variables (analytes) were 
compared, before and after, in the group that did not receive 
the vitamin treatment, it was observed that the concentration 
of MDA increased slightly after the end of the experiment 
(12 weeks), the difference was significant (p=0.027). It was 
also observed that the concentration of glucose, cholesterol, 
triglycerides, HDL, VLDL, PAS, and PAD did not show sig-
nificant differences, although before and after the BMI was 
significantly different (p=0.004), the decrease was mildly ob-
served (Table 2).

Table 2. Comparison of the biological indicators of the control 
group (16 interns) before and after the experiment.

Analyte Before (X ± DE) After (X ± DE)

MDA (µM)* 7.3 1.8 8.2 2.2

Glucose (mg/dL) 90.3 13.8 95.6 7.1

Cholesterol (mg/dL) 182.4 23.6 189 14.4

Triglycerides (mg/dL) 114.9 33.9 130.2 14.9

HDL (mg/dL) 42.3 11.6 45.6 10.0

LDL (mg/dL) 116.7 28.1 117.8 12.2

VLDL (mg/dL) 23.0 6.8 26.1 3.0

PAS (mmHg) 98.8 13.1 96.9 10.2

PAD (mmHg) 65.0 8.2 68.1 6.6

IMC (Kg/m2)** 24.6 3.4 24.0 2.9

EDAD (años) 27.9 5.1 27.9 5.1

* p<0.05, Mann Whitney U non-parametric test. ** p<0.01, Mann Whitney U non-
parametric test

From the group of drowsy inmates who were given vitamin 
C and E, it was observed that the concentration of MDA de-
creased below half after the end of treatment (Table 3). Glu-
cose and SBP decreased slightly, while PAD remained stable 
and the rest of the variables did not have a significant differ-
ence between their values before and after treatment (Table 3). 

Table 3. Comparison of the biological indicators of the experi-
mental group before and after treatment

Variable Before 
   x̅     DE

After   
    x̅         DE

MDA (µM)* 8.1 2.3 3.5 1.0

Glucose (mg/dL)* 97 12.6 83.8 11.3

Cholesterol (mg/dL) 175.7 21.7 179.3 16.7

Triglycerides (mg/dL) 106.7 41.9 122.9 32.9

HDL (mg/dL) 45.8 9.9 44.7 6.5

LDL (mg/dL) 108.6 21.8 111.0 16.2

VLDL (mg/dL) 21.4 8.3 24.7 6.6

PAS (mmHg)** 108.2 9.5 102.9 11.0

PAD (mmHg) 72.9 8.5 71.9 7.0

IMC (Kg/m2) 23.6 3.6 23.5 2.3

Age (years) 27.7 5.0 27.7 5.0

* p<0.05, Mann Whitney U non-parametric test. ** p<0.01, Mann Whitney U non-
parametric test

When the experimental and control groups were compared 
after 12 weeks of treatment, it was observed that there was a 
significant difference (p <0.01) for the concentration of MDA, 
the experimental group had a lower concentration of MDA. 
The glucose concentration was also lower in the experimen-
tal group than the control group (p = 0.03). On the contrary, 
the value of the rest of the variables had no significant differ-
ences (Table 4).

Table 4. Comparison of the biological indicators of the control 
group and the experimental group after treatment

Analyte Control (x̅ ± DE) Experimental (x̅ ± DE)

MDA (µM)* 8.2 2.2 3.5 1.0

Glucose (mg/dL)** 95.6 7.1 83.8 11.3

Cholesterol (mg/dL) 189 14.4 179.3 16.7

Triglycerides (mg/dL) 130.2 14.9 122.9 32.9

HDL (mg/dL) 45.6 10.0 44.7 6.5

LDL (mg/dL) 117.8 12.2 111.0 16.2

VLDL  (mg/dL) 26.1 3.0 24.7 6.6

PAS (mmHg) 96.9 10.2 102.9 11.0

PAD (mmHg) 68.1 6.6 71.9 7.0

IMC (Kg/m2) 24.0 2.9 23.5 2.3

* p<0.01, Mann Whitney U non-parametric test. ** p<0.05, Mann Whitney U non-
parametric test
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Discussion

The group of drowsy interns has more MDA (greater lipid 
peroxidation) than the group of non-sleepy due to Daytime 
Sleepiness. The results are similar to those found for re-
search in the Russian population. Two ethnic groups were 
investigated, the Russian (n=45) and the Buryat (n=28) con-
cerning the LPO, it was found that the women with daytime 
sleepiness suffered from higher lipid peroxidation, and that 
also the level varied according to an ethnic group, affecting 
to a greater extent the Buyat group, Coefficient of Oxidative 
Stress 2.2 versus 3.8, respectively11. In the same line, in 45 
perimenopausal women, Epworth scale 12.2±0.42, lipid per-
oxidation side products increased 2.2. times, compared to the 
control group15. What was found in the present investigation 
would help to evaluate that in a different ethnic population 
the result is the same, also, the LPO (MDA concentration) 
remains close to double, compared to the non-sleepy group.

In the case of humans, nocturnal apnea increases oxidative 
stress in patients with Obstructive Sleep Apnea as tested with 
8-isoprostane oxidative marker19. In patients suffering from 
depression, the concentrations of MDA were significantly 
higher in those with insomnia than in patients without insom-
nia (Average =2.87 (2.04-3.72) and 2.31 (1.62-3.17) nmol/mL 
respectively, (p=0.004)20. When the level of MDA was com-
pared in women with high sleep deprivation and women with 
low sleep deprivation, a significant difference was found for 
MDA levels (p<0.01) 6.1±1.8 and 4.1±1.2, respectively. There 
was also a significant difference for other oxidative stress 
markers such as Carbonyl Protein (PCO) and High Sensi-
tivity Protein C (hsCRP) Babies of mothers with high sleep 
deprivation showed anthropometric differences concerning 
those of mothers with low sleep deprivation21. Although other 
factors could explain the increase in the level of BMI or cho-
lesterol there was no significant difference when these values 
were compared before and after 12 weeks of treatment for 
both control and experimental groups. Also, other values that 
remained similar were LDL, VDLD, and HDL.

This differs from a study in the Colombian pediatric popula-
tion where a significant statistical association was found be-
tween serum LDL and total cholesterol concentrations with 
plasma MDA concentrations, indicating that the higher the 
concentration of serum lipids, the greater the lipid peroxida-
tion. The hypercholesterolemic children had concentrations 
of MDA 125% higher than controls of similar age and sex22. 
Others have reported that the level of MDA increased with 
the increase in BMI and the level of insulin resistance, signifi-
cantly correlated with abdominal obesity23. 

The vitamins C and E decrease MDA levels in drowsy interns, 
then lower levels of lipid peroxidation. When the level of lipid 
peroxidation was compared among the 17 interns who were 
given vitamins C and E and the control group, the level of 
peroxidation of the treated group decreased below half. It 
goes in accordance, with previous results, vitamin C together 
protects from oxidative damage in the mitochondria and lipids 
in neural circuits. However, this has been studied mainly in 
people experiencing depression and suicidal behavior24, and 

here we add more literature about the effect of these vitamins 
in people suffering from SDiurna.

These results were similar to those found in elderly hemodi-
alysis patients supplemented with vitamin C and E who im-
proved antioxidant status and decreased plasma lipid perox-
ides. For those who were supplemented with vitamin C and 
E, the concentration of MDA + 4-hydroxynonenal (µmol / L) 
decreased from 53.1±28.4 (week 0) to 32.3±21.6 (week 10)25. 

Vitamins C and E act as antioxidants disrupting the free radi-
cal formation chain, act as electron donors for the irrevers-
ible reduction of peroxide hydrogen which is a source of free 
radicals26. Studies have found that vitamin C can protect DNA 
from oxidative damage induced by radiation.

In the case of vitamin C, it is considered an important radia-
tion-induced radical scavenger and could be used to develop 
new radiotherapy protocols especially in cancer patients, 
since radiation-induced tissue damage is one of the largest 
complications in cancer radiotherapy27, meanwhile, vitamin 
E reduces hydroperoxides protecting membrane lipids. The 
concentration of the vitamin in the lipid bilayer determines 
the length of the chain of fatty acids affected by an oxidation 
event, vitamin E then acts by reducing peroxyl radicals by 
breaking the radical chain and therefore decreasing the rate 
of lipid peroxidation28. 

In this research, it is suggested that the supply of vitamin C 
and E to reduce the levels of lipid damage in people suffering 
from daytime sleepiness could be a good alternative to com-
pensate for the damages suffered at the cellular level.

Conclusions

The group of drowsy interns has almost the double of lipid 
peroxidation (MDA), compared to control, and this cipher is 
similar to the one found for perimenopausal Russian women 
with Daytime sleepiness. Vitamins C and E reduce the level 
of MDA in inters with Daytime sleepiness.
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Highlights

1.  The group of sleepy inmates had a higher MDA (x̅ = 7.7 µM) com-
pared to the non-sleepy MDA (x̅ = 4.8 µM).

2.  MDA decreased more than half from 8.1 µM to 3.5 µM in medical 
inmates with vitamin treatment which was not observed in inmates 
who did not receive treatment.

3.  The vitamins C and E did not cause any alteration in glucose, cho-
lesterol, triglyceride, and HDL values.

4.  Vitamin C and E therapy could be a good alternative to reduce lev-
els of cell lipid damage in people suffering from daytime sleepiness.

 

 




