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Abstract 
Background: Nonmelanoma skin cancers are the most frequently occurring skin cancers. Vitamin A is in-
volved in epithelial cell differentiation and may control skin tumor development. Vitamin E is a powerful lipo-
philic antioxidant that can quench and scavenge reactive oxygen species. However, there is little consistent 
evidence considering micronutrients and the development of basal cell carcinoma (BCC). Therefore, we aimed 
to investigate the possible difference between retinol and α-tocopherol in BCC patients and controls in Iranian 
population. 
Methods: This case-control study was conducted on adults with newly diagnosed BCC referred to Razi Hos-
pital, Tehran, Iran in 2015. Serum and subcutaneous fat tissue retinol and α-tochopherol were measured by 
HPLC method. 
Results: Overall, serum retinol level was lower significantly in BCC patients (0.237±0.01 µg/ml) in comparison 

with control group (0.27±0.02 µg/ml, P-value: 0.038). However serum ɑ-tocopherol level was not significantly 
different between BCC patients (4.41±0.33 µg/ml) and control subjects (4.06±0.35 µg/ml, P-value=0.18). Sub-
cutaneous adipose tissue retinol was lower significantly in BCC patients (38.60±3.30 ng/mg) compared with 
control group (54.78±3.49 ng/mg, P-value=0.002). Furthermore, results revealed lower subcutaneous adipose 

tissue ɑ-tocopherol in BCC patients (4.41±0.33 µg/ml) in comparison with control group (4.06±0.35 µg/ml, 
P-value=0.18).  

Conclusion: Skin tissue concentration of retinol and ɑ-tocopherol and serum retinol level was lower in BCC 

patients in comparison with control group but serum ɑ-tocopherol was not different between groups.  
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Introduction 
 
Nonmelanoma skin cancer (NMSC) including Ba-
sal cell carcinoma (BCC) and squamous cell carci-
noma (SCC) are the most frequently occurring 
skin cancers in white populations and incidence 
rates have increased by 5-fold worldwide in the 
last 3 decades (1, 2). Skin cancer is the most com-
mon cancer and BCC is the frequent morphologic 
type of skin cancer in Iran (3, 4). BCCs are slow-
growing tumors which cause local tissue damage 
and are the most common type of keratinocytic 
skin cancer (KSC), occurring more frequently than 
SCC (5).  
UV radiation is the main risk factor for NMSC (4). 
Greater exposure to ultraviolet radiation as a con-
sequence of ozone layer depletion and aging of the 
population has been suggested as explanation for 
increased NMSC incidence around the world (6). 
The probability remains for factors other than sun 
exposure, including age, sex, skin phototype (I, II), 
and also diet which influences the development of 
BCC (6, 7). 
Both direct DNA damage because of absorbance 
of UV radiation and indirect DNA damage con-
tributed to reactive oxygen species (ROS) may lead 
to mutations and skin cancer (8). Skin also has sev-
eral defense mechanisms include efficient repair 
mechanisms and an antioxidant defense system 
(9). The antioxidant levels play an important role 
in the pathogenesis and treatment of skin carcino-
mas. Cellular communication, cell receptor func-
tioning, DNA repair systems and cell proliferation 
pathways may be altered because of UV-induced 
free radicals (8). Several animal and in vitro studies 
provided enough evidence that dietary antioxi-
dants may play a crucial role in skin cancer preven-
tion (5). Vitamin A is involved in epithelial cell dif-
ferentiation and may control skin tumor develop-
ment (10). In vivo models have reported that ret-
inoids decrease tumor size and improve survival in 
skin cancer (11). Vitamin E is a powerful lipophilic 
antioxidant that can quench and scavenge reactive 
oxygen species (10). Tocopherol also has several 

other functions, including inhibition of protein ki-
nase C (PKC) activity and suppression of tumor 
angiogenesis (12). Like previous epidemiological 
studies considering associations between micro-
nutrients such as retinoids and cancer risk, the role 
of antioxidant level for BCC development was not 
consistent (13, 14). Despite previous studies which 
reported no significant relationship between either 
plasma retinol concentrations or intake (6, 8, 15), 
inverse association of serum retinol have also been 
reported in keratinocytic cancer risk (8) and other 
cancers including lung (16), breast (17) and gastric 
cancer (18). Furthermore, the evidence is insuffi-
cient for effect of vitamin E in nonmelanoma skin 
cancer risk. Some studies found no relationship 
between vitamin E intake and BCC risk but others 
found inverse association between vitamin E in-
take and BCC risk (5, 8). 
Although previous studies reported altered vita-
min metabolism in different cancers, to best of our 
knowledge subcutaneous adipose tissue level of 
retinol and alpha-tochopherol in BCC patients 
have not been investigated. Here, we aimed to in-
vestigate the possible difference between retinol 
and α-tocopherol in BCC patients and control 
subjects in Iranian population.  
 

Materials and Methods 
 

Study Population 
We carried out a hospital-based case-control study 
on new cases of BCC patients in Razi Hospital, 
Tehran, Iran in 2015. Forty BCC patients with his-
topathologically confirmed disease were included 
in present study.  
The biopsy and blood samples of the cases were 
collected following the ethical committee of 
TUMS approval of the study protocol (Ethical ap-
proval number: IR.TUMS.REC.1394.635). All of 
the study procedures performed according to 
guidelines in the Helsinki Declaration. Informed 
consent was obtained from all patients.  
The control subjects were randomly selected from 
first-visit outpatients who visited Razi Hospital 
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without any history of skin cancer. Exclusion cri-
teria for both groups are taking any supplement 
which contained vitamins, previous systemic dis-
order other than skin cancer like diabetes mellitus, 
cardiovascular diseases and the history of treat-
ment. Cases and controls both were matched on 
Body Mass Index (BMI) for controlling possible 
confounding factors.  
 

Data Collection and Sample acquisition 
All of patients completed a standardized, ques-
tionnaire pertaining to basic demographic data, 
medical and drug history, etc., through face to face 
interview by qualified interviewer. Weight and 
height were calculated by Digital seca 700, based 
on approved procedures for measurement. BMI 
was calculated as weight in kg divided by height in 
meters squared. 
Five milliliters blood samples were acquired from 
antecubital vein after 8-12 h overnight fasting and 
then were centrifuged in 3000 RPM and the over-
laying serums were kept in -80 refrigerators until 
analytical measurements. The subcutaneous fat tis-
sue samples were incised after removal or biopsy 
of lesions. The fat tissue samples were kept in -80 
freezers until analytical measurements.  
 

Dietary assessment 
Dietary assessment performed through two 24-
hour dietary recalls by nutritionist help in two ran-
domly selected days (week/day) and then were an-
alyzed using Nutritionist IV software (First Data-
bank, San Bruno, CA, USA) adjusted for Iranian 
foods. 
 

Materials 
Ethanol, methanol and hexane were HPLC grade 
from Sigma-Aldrich. (St. Louis, MO, USA). More-
over, sodium dodecylsulfate, sodium monobasic 
phosphate (NaH 2 PO 4), dihydrate disodium eth-
ylenediamine tetraacetic acid, retinyl acetate (Na 2 
EDTA. 2H 2 O) were purchased from Sigma 
Company (St. Louis, MO, USA).  
 

Sample preparation and HPLC analysis: 
Each sample was added in a tube which contained 
2 mL of a buffer (pH 7.0). The buffer consisting 
of NaCl 130 mM in H 2 O, Na 2 EDTA. 2H 2 O 

(1 mM), and NaH 2 PO 4 (10 mM), 50 μL butyl 
hydroxyl toluene as an antioxidant (1 mg/mL in 
ethanol), and 1 mL sodium dodecylsulfate (0.1 M). 
The sample was homogenized for 5 min and after 
addition of 2 mL ethanol vortexed for 15 sec. Two 
milliliters of hexane were added followed by vor-
texing for 15 sec. The final mixture was centri-
fuged for 15 min at 500 rpm. Then, 1.5 mL of the 
hexane layer was transferred to a vial, and the sol-
vent was evaporated under nitrogen stream. The res-
idue was dissolved in 0.2 mL methanol, reagent al-
cohol (ethanol/2-propanol 95/5) 1: 1, vortexed and 
was kept in storage at -80 °C, until injection to the 
HPLC system. Because of light sensitivity of retinol 
and a-tochopherol during both extraction proce-
dures, the samples and solutions were shielded from 
light. 
The sample injected in reverse phase (RP) high-
performance liquid chromatographer (LKB, Phar-
macia, Russia) with C18 NovaPak column (L, 
125nm; ID, 3mm; dP, 3μm) for quantification of 
variables. Quantitation was performed by a stand-
ard curve equation in a range of 0.05–10 μ Μ. 
Tests with standard fresh solutions were fre-
quently injected during analysis. 
 

Statistical Analysis 
Distribution of dermatological characteristics and 
food intakes were compared between BCC pa-
tients and controls by Kolmogorov-Smirnov test. 
Test for continuous variable and dietary intakes 
between case and control groups were compared 
using Independent t-test. Means of dietary intakes 
were adjusted for age and gender. All values ex-
pressed as mean ± SEMs. If P-value was less than 
0.05, it was considered significant. All statistical 
analysis were performed using SPSS ver. 17 (Inc., 
Chicago, Illinois, USA).  
 

Results 
 

Demographic characteristics of cases and controls 
were shown in Table 1. There were no statistically 
significant differences for any of the demographic 
characteristics between BCC and control groups.  
Dietary assessment analysis revealed that there 
were no statistical significant differences between 
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groups as shown in Table 2. Energy intake, all of 
macronutrients and micronutrients especially reti-

nol and ɑ-tocopherol were not different in pa-
tients and control groups. 
 

Table 1: Demographic characteristics and medical history of control and Basal Cell Carcinoma group# 

 

Demographic characteristics BCC Control P value* 

Sex Male (%) 28 (70%) 21 (52.5%) 0.18** 

Female (%) 12 (30%) 19 (47.5%) 

Age (years) 57.76±1.56 54.05±1.16 0.06* 

Weight (kg) 72.39±1.94 72.48±2.46 0.98* 

Height (cm) 167.76±1.59 166.30±1.36 0.49* 

BMI (kg/m2) 26. 02±0.74 25.74±0.67 0.78* 

# Mean ± SE 
*P reported based on Independent Sample t-test 
**P reported based on Chi-Square test.  
 

Table 2: Energy, macronutrients and micronutrients intakes of BCC subjects and control group# 

 

Variable BCC Control P value* 
Total energy (kcal) 2537.65±146.68 2246.55±234.98 0.27 
Total carbohydrate (g) 327.32±23.78 320±27.55 0.86 
Total protein (g) 68.85±3.33 68.90±4.99 0.99 
Total fat(g) 80.82±6.02 85.49±8.09 0.65 
SFA (g) 20.22±1.91 17.57±1.55 0.36 
MUFA (g) 32.00±3.98 29.63±2.84 0.62 
PUFA(g) 30.41±3.36 36.06±6.39 0.39 
Cholesterol (mg) 115.37±39.94 120.42±11.65 0.74 
Oleic fat (g) 19.56±2.06 23.24±2.2 0.26 
Linolenic (g) 2.47±1.33 1.33±0.39 0.54 
Linoleic (g) 28.47±3.19 34.27±21.18 0.37 
DHA (g) 0.02±0.01 0.001±0.00 0.39 
EPA (g) 0.01±0.00 0.00±0.00 0.43 
Dietary Fiber (g) 23.87±9.50 7.94±1.42 0.22 
Vitamin C (mg) 67.21±12.89 33.61±9.19 0.08 
Vitamin D (µg) 7.58±5.13 1.61±.42 0.39 
Selenium (mg) 0.22±0.15 0.04±0.00 0.38 
Magnesium(mg) 255.19±14.37 234.93±28.88 0.48 
Calcium(mg) 654.26±81.05 473.95±65.62 0.14 
Zinc (mg) 8.38±0.53 9.27±0.81 0.34 
Alpha tocopherol (mg) 12.63±1.60 14.36±2.86 0.57 
Beta carotene (µg) 613.55±186.05 538.35±220.61 0.80 

# Mean ± SE 
*P reported based on Independent Sample t-test 
SFAs= saturated fatty acids, PUFAs= polyunsaturated fatty acids, MUFAs= monounsaturated fatty acids 
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Fig. 1 shows the level of serum Retinol and alpha-
Tochopherol in BCC patients and their age-
matched controls. Serum retinol was significantly 
(P=0.002) lower in cancer patients (0.237±0.01 
µg/ml) than in their matched controls (0.27±0.02 
µg/ml). There was no significant difference 

(P=0.18.) in serum ɑ-tocopherol levels. Fig. 2 
shows tissue retinol and alpha-tochopherol levels 

in both groups. Subcutaneous adipose tissue from 
cancer patients contained significantly lower reti-

nol (P=0.002) and ɑ-tocopherol (P<0.001) levels 
than the control tissue samples (Retinol 

38.60±3.30 ng/mg tissue in BCC group against 

54.78±3.49 ng/mg tissue in control group and ɑ-
tocopherol 2.06±0.14 µg/g tissue in BCC group 
gainst 4.51±0.59 µg/g tissue in control group). 

 

 
 

Fig. 1: Retinol and alpha-Tochopherol serum concentration in BCC patients and control subjects 

 

 
 

Fig. 2: Retinol and Alpha-Tochopherol tissue concentration in BCC patients and control subjects 

 

Discussion 
 
In the present study, newly diagnosed BCC pa-
tients have lower α-tochopherol and retinol con-
centration in skin specimen and lower serum reti-
nol concentration in comparison with control 
group. However, serum α-tochopherol was not 

significantly different between two groups. These 
results obtained while dietary intake also showed 
no statistical difference between patients and con-
trol groups.  
Previous studies of skin cancer and diet have failed 
to indicate beneficial effect of retinol and its deriv-
atives for prevention of new NMSC (19). How-
ever, intake of retinol is significantly associated 
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with reduced risk of melanoma (20). Previous 
case-control and cohort studies found no relation-
ship between either plasma retinol concentration 
or intake and risk of NMSC (6, 8, 15). On the con-
trary, higher serum retinol levels among patients 
with BCC compared with controls have been re-
ported (8). Here we show lower concentration of 
serum retinol in BCC patients. Inverse association 
of retinol has also been reported in other cancers 
including lung (16), breast (17) and gastric cancer 
(18). Furthermore, in one case-control study and 
one nested case control study in BCC and SCC pa-
tients, there was an inverse association between se-
rum retinol and keratinocytic cancer risk (8). An 
inverse association was reported with use of vita-
min A supplements in the hospital-based case-
control study in BCC patients (8). Retinoids have 
been indicated to prevent NMSC in high-risk pa-
tients such as those with Xeroderma Pigmento-
saand organ transplants (21). Different study de-
signs, different study population as well as method 
of retinol assessment might have contributed to 
the inconsistency of published studies.  
The evidence for a protecting effect of vitamin E 
in NMSC is weak. Although some studies found 
no relationship between either vitamin E serum 
level or intake and risk of BCC (5), other studies 
found inverse association between vitamin E in-
take and BCC risk (8). In addition, one cohort 
study showed a significant positive relationship 
between vitamin E intake and BCC risk (22). A 
double-blind clinical trial found no significant dif-
ference in clinical or histological response to Ul-
traviolet B (UVB) in patients receiving 6 months 
of oral vitamin E supplement compared with pla-
cebo (23). We found no significant difference in 
the serum level of α-tochopherol in BCC patients 
and control subjects.  
BCCs have a long-term induction period and it is 
still probable that diet act at earlier stages of 
keratinocytic cancer development (24, 25). A 
probable explanation for the lack of association 
between dietary factors and BCC is that the related 
period of dietary exposure was not measured (26, 
27). Actually, most of serum/plasma biomarkers 
are hypothesized to indicate dietary exposure over 
the short term despite dietary intake estimation 

tended to represent a longer-term estimation of 
habitual intake (28).  
We investigated also subcutaneous adipose tissue 
concentration of α-tochopherol and retinol. How-
ever, majority of studies are focused on enzymatic 
antioxidants such as glutathione peroxidase or glu-
tathione and superoxide dismutase (29, 30). Con-
sidering all the mechanisms during carcinogenesis 
and its progression, stimulation of lipid metabo-
lism occur because of peroxidation of membrane 
lipids and phospholipids (31) which can increase 
lipophilic environment. The increasing lipophilic 
environment in BCC not only lead to reduction in 
the solubility of hydrophilic antioxidants but also 
lipophilic environment encircles the lipophilic an-
tioxidants (α-tocopherol and retinol) and prevents 
them from reacting as skin protectors (32). More-
over, constant concentrations of lipophilic antiox-
idants are ensured through regeneration by taking 
hydrogen atoms from thiols and vitamin C, so they 
could protect the skin from oxidative stress (32). 
However, lipid peroxidation and amyloid-like pro-
tein formation causes more lipophilic environ-
ment. In these circumstances the solubility of hy-
drophilic antioxidants especially Vitamin C de-
creased and consequently reduces the action of 
lipophilic antioxidants. Oxidative stress also can 
influence concentration of lipophilic antioxidants. 
In vitro experiments indicated that vitamin E con-
centrations influence the proteins’ physiological 
structure like α-helix and β-sheet (33). In spite of 
oxidative stress nature of skin cancer, protective 
mechanism of the body does not react under these 
conditions (32). Our results indicated lower con-
centration of these fundamental antioxidants, 
however we have not measured their activity, it 
must be decreased based on what is mentioned.  
Mechanisms by which antioxidant nutrients may 
inhibit carcinogenesis include scavenging of reac-
tive intermediates; inhibition of cell proliferation; 
induction of cell differentiation; and induction of 
apoptosis (34). Vitamin A and its derivatives in-
hibit the activation of the ERK (Extracellular sig-
nal-regulated kinases) and JNK MAPK (C Jun N 
Terminal Kinase Mitogen-Activated Protein Ki-
nase) pathways and the activity of AP-1 (Activator 
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protein 1). Moreover, it can induces cell-cycle ar-
rest through some proteins including cyclin 
D1/CDK4 (Cyclin-dependent kinase), cyclin 
E/CDK2, p21 and p27 (35). Alpha-Tocopherol 
inhibits protein kinase C activity and could directly 
modulate genes involved in growth, apoptosis and 
inflammation. Protein kinase C plays an important 
role in cell proliferation, adhesion, immune re-
sponses, and gene expression (36).  
Our study had strengths mentioned. The newly di-
agnosed serum specimens minimized the possible 
influence of disease progression and treatment. 
Skin specimen is another strength which allows 
further interpretation. The third strength of this 
study is that there were two measures of dietary 
exposure which were serum biomarkers and recall 
estimates of dietary intake. Some methodological 
limitations, however, need clarification. We could 
not comprise all the potentially confounding fac-
tors. For example, considering serum folate re-
ported to influence BCC risk (6) and also other 
nutrients which not measured. Next, the sample 
size was a limitation of this study that we cannot 
examine the sex-specific effects of variables. 

 

Conclusion 
 
Overall, BCC patients have lower subcutaneous 
adipose tissue concentration of retinol and α-
tochopherol. Although serum retinol was lower in 
BCC patients in comparison with control subject 
our results did not show significant differences in 
α-tochopherol in cancer patients. This study, along 
with previous studies provides further evidence 
for alteration of retinol and α-tocopherol level in 
BCC. However, the results must be evaluated with 
caution because of small sample size. Although 
possible protective role of some antioxidants has 
been reported in BCC due to lack of studies which 
investigating subcutaneous adipose tissue level of 
antioxidant in BCC patients, there is currently in-
sufficient evidence to draw conclusions. Future 
studies should focus on subcutaneous adipose tis-
sue concentration of antioxidants to clarify new 
points in this disease. Furthermore high-quality 
comprehensive studies with larger numbers of 

cases and different population are necessary for in-
vestigating the possible effect of sex or other con-
founding factors. 
 

Ethical considerations 
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors.  

 

Acknowledgements  
 
The authors gratefully acknowledge the Research 
Council of Tehran University of Medical Sciences 
for financial support.  

 

Conflicts of interest  
 
All the authors declared that they have no conflicts 
of interest. 

 

References  
 

1. Lomas A, Leonardi‐Bee J, Bath‐Hextall F (2012). 
A systematic review of worldwide incidence of 
nonmelanoma skin cancer. Br J Dermatol, 
166(5): 1069-80. 

2. Apalla Z, Nashan D, Weller RB et al (2017). Skin 
cancer: Epidemiology, disease burden, patho-
physiology, diagnosis, and therapeutic ap-
proaches. Dermatol Ther (Heidelb), 7(1): 5-19. 

3. Keyghobadi N, Rafiemanesh H, Mohammadian-
Hafshejani A et al (2015). Epidemiology and 
trend of cancers in the province of Kerman: 
southeast of Iran. Asian Pac J Cancer Prev, 16(4): 
1409-13. 

4. Rahrovani F, Javanbakht MH, Ehsani A-H et al 
(2018). Erythrocyte membrane saturated fatty 
acids profile in newly diagnosed Basal Cell Car-
cinoma patients. Clin Nutr ESPEN, 23:107-
111. 

5. McNaughton SA, Marks GC, Gaffney P et al 
(2005). Antioxidants and basal cell carcinoma 
of the skin: A nested case–control study. Cancer 
causes and control, 16(5): 609-18. 

http://ijph.tums.ac.ir/
http://ijph.tums.ac.ir/


Ghaedi et al.: Retinol and α-Tocopherol Levels in the Serum and Subcutaneous … 

 

Available at:    http://ijph.tums.ac.ir                                                                                                      1845 

6. van Dam RM, Huang Z, Giovannucci E et al 
(2000). Diet and basal cell carcinoma of the 
skin in a prospective cohort of men. Am J Clin 
Nutr, 71(1): 135-41. 

7. Hallaji Z, Rahimi H, Mirshams-Shahshahani M 
(2011). Comparison of risk factors of single ba-
sal cell carcinoma with multiple basal cell car-
cinomas. Indian J Dermatol, 56(4): 398-402. 

8. McNaughton SA, Marks GC, Green AC (2005). 
Role of dietary factors in the development of 
basal cell cancer and squamous cell cancer of 
the skin. Cancer Epidemiol Biomarkers Prev, 14(7): 
1596-607. 

9. Kohen R, Gati I (2000). Skin low molecular 
weight antioxidants and their role in aging and 
in oxidative stress. Toxicology, 148(2): 149-57. 

10. Fung TT, Spiegelman D, Egan KM et al (2003). 
Vitamin and carotenoid intake and risk of 
squamous cell carcinoma of the skin. Int J Can-
cer, 103(1): 110-15. 

11. Asgari MM, Brasky TM, White E (2012). Associ-
ation of vitamin A and carotenoid intake with 
melanoma risk in a large prospective cohort. J 
Investig Dermatol, 132(6): 1573-82. 

12. Pal A, Alam S, Singhal J et al (2013). Protective 
Effect of Topical Application of α-Tocopherol 
and/or N-Acetyl Cysteine on Argemone 
Oil/Alkaloid-Induced Skin Tumorigenesis in 
Mice. Nutr Cancer, 65(sup1): 78-87. 

13. van der Pols JC, Heinen MM, Hughes MC et al 
(2009). Serum antioxidants and skin cancer 
risk: an 8-year community-based follow-up 
study. Cancer Epidemiol Biomarkers Prev, 18(4): 
1167-73. 

14. Moon TE, Levine N, Cartmel B et al (1997). Ef-
fect of retinol in preventing squamous cell skin 
cancer in moderate-risk subjects: a random-
ized, double-blind, controlled trial. Southwest 
Skin Cancer Prevention Study Group. Cancer 
Epidemiol Biomarkers Prev, 6(11): 949-56. 

15. Davies T, Treasure F, Welch A et al (2002). Diet 
and basal cell skin cancer: results from the 
EPIC–Norfolk cohort. Br J Dermatol, 146(6): 
1017-22. 

16. Klarod K, Hongsprabhas P, Khampitak T et al 
(2011). Serum antioxidant levels and nutri-
tional status in early and advanced stage lung 
cancer patients. Nutrition, 27(11): 1156-60. 

17. Shim E, Yeum K-J, Tang G et al (2012). Retin-
oids, carotenoids, and tocopherols in breast 

adipose tissue and serum of benign breast dis-
ease and breast cancer patients. Nutr Cancer, 
64(7): 956-63. 

18. Jenab M, Riboli E, Ferrari P et al (2006). Plasma 
and dietary carotenoid, retinol and tocopherol 
levels and the risk of gastric adenocarcinomas 
in the European prospective investigation into 
cancer and nutrition. Br J Cancer, 95(3): 406-15. 

19. Clouser MC, Roe DJ, Foote JA et al (2010). Dose 
response of retinol and isotretinoin in the pre-
vention of nonmelanoma skin cancer recur-
rence. Nutr Cancer, 62(8): 1058-66. 

20. Okuno M, Kojima S, Matsushima-Nishiwaki R et 
al (2004). Retinoids in cancer chemopreven-
tion. Curr Cancer Drug Targets, 4(3): 285-98. 

21. Payette MJ, Whalen J, Grant-Kels JM (2010). Nu-
trition and nonmelanoma skin cancers. Clin 
Dermatol, 28(6): 650-62. 

22. Fung TT, Hunter DJ, Spiegelman D et al (2002). 
Vitamins and carotenoids intake and the risk 
of basal cell carcinoma of the skin in women 
(United States). Cancer Causes & Control, 13(3): 
221-30. 

23. Werninghaus K, Meydani M, Bhawan J et al 
(1994). Evaluation of the photoprotective ef-
fect of oral vitamin E supplementation. AMA 
Arch Derm, 130(10): 1257-61. 

24. Chinem VP, Miot HA (2011). Epidemiology of 
basal cell carcinoma. An Bras Dermatol, 86(2): 
292-305. 

25. Lear W, Dahlke E, Murray CA (2007). Basal cell 
carcinoma: review of epidemiology, pathogen-
esis, and associated risk factors. J Cutan Med 
Surg, 11(1):19-30. 

26. Hunter DJ, Colditz GA, Stampfer MJ et al (1992). 
Diet and risk of basal cell carcinoma of the skin 
in a prospective cohort of women. Ann Epi-
demiol, 2(3): 231-39. 

27. Clark LC, Combs GF, Turnbull BW et al (1996). 
Effects of selenium supplementation for can-
cer prevention in patients with carcinoma of 
the skin: a randomized controlled trial. JAMA, 
276(24): 1957-63. 

28. Naska A, Lagiou A, Lagiou P (2017). Dietary as-
sessment methods in epidemiological research: 
current state of the art and future prospects. 
F1000Res, 6:926. 

29. Sander CS, Chang H, Salzmann S et al (2002). 
Photoaging is associated with protein oxida-
tion in human skin in vivo. J Investig Dermatol, 
118(4): 618-25. 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 48, No.10, Oct 2019, pp. 1838-1846  

 

1846                                                                                                      Available at:    http://ijph.tums.ac.ir
                                                                                                            

30. Pandel R, Poljšak B, Godic A et al (2013). Skin 
photoaging and the role of antioxidants in its 
prevention. ISRN dermatol, 2013:930164. 

31. Diaconu RE, Macarie AE, Orãsan R (2014). Anal-
ysis of oxidative stress in sun-exposed and un-
exposed skin. Human & Veterinary Med, 6(3). 

32. Grammenandi K, Kyriazi M, Katsarou-Katsari A 
et al (2016). Low-Molecular-Weight Hydro-
philic and Lipophilic Antioxidants in Nonmel-
anoma Skin Carcinomas and Adjacent Nor-
mal-Looking Skin. Skin Pharmacol Physiol, 29(6): 
324-31. 

33. Abu Teir MM AAI, Darwish SM, MM A-H ( 
2014). Study of the interaction of hydrophobic 
vitamins (vitamin E and vitamin D) with HAS 
using spectroscopic techniques. Int J Curr Res, 
6. 

34. Kabat G, Kim M, Sarto G et al (2012). Repeated 
measurements of serum carotenoid, retinol 
and tocopherol levels in relation to colorectal 
cancer risk in the Women's Health Initiative. 
Eur J Clin Nutr, 66(5): 549-54. 

35. Zhang M, Tao Y, Zhou W et al (2014). All‐trans 

retinoic acid induces cell‐cycle arrest in human 
cutaneous squamous carcinoma cells by inhib-

iting the mitogen‐activated protein kinase–ac-
tivated protein 1 pathway. Clin Exp Dermatol, 
39(3): 354-60. 

36. Wright ME, Lawson KA, Weinstein SJ et al 
(2006). Higher baseline serum concentrations 
of vitamin E are associated with lower total 
and cause-specific mortality in the Alpha-To-
copherol, Beta-Carotene Cancer Prevention 
Study. Am J Clin Nutr, 84(5): 1200-07. 

 

 
 
 
 
 
 
 

 

 
 

 

http://ijph.tums.ac.ir/
http://ijph.tums.ac.ir/

