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Abstract

Breast cancer is the most prevalent malignancy among women worldwide. Increased oxidative 

stress and poor subjective health outcomes have been associated with increased risk of cancer 

recurrence and metastasis, but few studies until now have explored the relationship between 

oxidative stress and chronic stress/anxiety. This study aims to examine the association between 

anxiety and a potential dermal correlate of oxidative stress in patients with breast cancer. 102 

breast cancer patients were enrolled in a cross-sectional study at Highland Hospital, a county 

hospital in Oakland, California. Each participant’s skin carotenoid score (SCS), a potential dermal 

correlate of oxidative stress, was recorded via Raman spectroscopy. Patient demographics, breast 

cancer stage, and subjective health measures (anxiety and self-rated health) were ascertained. 

Multivariate linear regression analysis was performed to quantify any associations between SCS 

and the above health correlates. Higher levels of skin carotenoids were associated with decreased 

severity of anxiety, lower BMI, increased servings of vegetables/fruits in daily diet, Hispanic race, 

lower educational status, and nonsmoking status. Severity of anxiety as graded by the GAD-7 was 

inversely associated with dermal carotenoid measurements via SCS. Conclusions. Increased levels 

of oxidative stress as quantified by SCS is associated with greater severity of anxiety. Because 

chronic stress has been associated with tumor progression, increased recurrence rates, and 
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increased metastatic risk in breast cancer, non-invasive dermal carotenoid measurements could be 

used as a novel objective correlate of subjective health during cancer treatment.

INTRODUCTION

Breast cancer is the most common malignancy in women worldwide and affects 12% of 

women in the USA.12 The etiology of breast cancer is multifactorial, with intrinsic 

propensity (inherent risk and genetic risk factors) and extrinsic offenders (eg, oxidative 

stress, increased estrogen levels) playing essential roles synergistically.3 Oxidative stress, an 

imbalance between oxidizing free radicals and antioxidants, can trigger DNA damage and 

has been widely implicated in breast cancer carcinogenesis. 3 DNA damage from oxidative 

stress can eventually override tumor suppressors gene repair mechanisms, leading to faulty 

DNA integration and tumorigenesis.4

Carotenoids, nutrients with antioxidant properties derived from fruits and vegetables, have 

been shown to protect against oxidative DNA damage. Previous research has demonstrated 

decreased carotenoid levels to be associated with decreased fruit/vegetable intake, positive 

smoking status, and higher body mass index (BMI) measurements.5–8 Furthermore, previous 

studies have suggested that higher serum carotenoid levels are associated with decreased risk 

of invasive breast cancer9 and with reduced risk for breast cancer recurrence in women 

previously treated for breast cancer.10

The current gold standard of measuring serum carotenoids is through high performance 

liquid chromatography, an invasive and costly process.1112 Skin carotenoid levels, a non-

invasive and affordable technique, have been found to correlate with serum carotenoid levels 

with a correlation coefficient of R=0.77 between skin carotenoid levels and serum 

carotenoid levels.13–15 Evidence has suggested that skin carotenoid levels derived from 

Raman spectroscopy may provide a more accurate representation of true carotenoid status 

compared with serum carotenoid levels, as skin carotenoids are less affected by acute 

postprandial fluctuations.1316–19

In addition to objective health outcomes, there has been an increasing body of evidence 

suggesting a link between subjective health assessments and the risk of cancer. Increased 

self-reported stress levels can trigger a myriad of changes that could hasten metastasis 

among patients with cancer. In addition, increased perceived stress is also positively 

correlated with increased recurrence risk among patients in remission.2021

This study has two primary aims: (1) to assess skin carotenoid score (SCS) levels and two 

measures of subjective health—perceived anxiety and self-reported health and (2) to assess 

the association between SCS levels and breast cancer stage, fruit/vegetable intake, smoking 

status, and BMI using SCSs in place of the more invasively acquired plasma carotenoid 

levels.
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METHODS

Cross-sectional study design

Patient recruitment—We asked all current and previous female patients with breast 

cancer, aged 18–80 years, who came in for treatment or follow-up at Highland Hospital/

Alameda Health System’s Hematology/Oncology Clinic, Infusion Center or Breast Clinic 

between December, 2015 and April, 2016 to participate in this cross-sectional study. A total 

of 137 patients (92% response rate) were recruited. The Institutional Review Board of 

Highland Hospital in affiliation with UCSF approved this cross-sectional study.

SCS measurement—Each patient’s SCS was acquired during one of the routine follow-

up clinic visits via a Raman Spectroscopy machine (NuSkin Enterprises, Provo, Utah, USA). 

The technique of Raman Spectroscopy used to measure SCS in our study has been 

described, explored, and validated previously in a variety of clinical settings.13–15

Health survey—We administered a survey to collect demographic, treatment, symptom, 

health behavior, and health status information. Demographic questions inquired about 

patient age, race (Non-Hispanic Black, Hispanic, Asian, White, Other), educational 

attainment (less than high school, high school, associate’s degree, bachelor’s degree, 

master’s degree, doctorate, other), stage of breast cancer (Stage 0, Stage 1, Stage 2, Stage 3, 

Stage 4), smoking status, diet, weight, and height. Self-rated health (outstanding, good, some 

chronic issues, or poor) was used to obtain each patient’s own assessment of health 

according to his/her individual definition of health. Self-reported anxiety was assessed using 

the standard Generalized Anxiety Disorder 7-item (GAD-7).22 We also acquired a 

confirmation of patients’ medical information from patient records.

Data analysis—We performed statistical analyses using STATA V.14.2 (Stata). We 

analyzed associations between SCS scores according to demographic and health-related 

characteristics using bivariate analyses with analysis of variance. We examined the 

correlation between SCS and cancer stage, smoking status, BMI, self-reported anxiety, and 

self-rated health using multivariate linear regression analysis.

RESULTS

Patient demographics

Patients were, on average, 55±10 years of age. All patients were women, with Hispanic 

patients representing the largest proportion of the study population (33%; table 1). Race/

ethnicity was significantly associated with SCS (F=4.73, p=0.0016). The level of highest 

education was also significantly associated with SCS (F=5.73, p=0.0182).

Health-related characteristics

Most patients were overweight, with a mean BMI of 29±7 and a median of 28 (table 2). BMI 

was inversely correlated with SCS, a finding consistent with previous literature (r=−0.252, 

p<0.05). Breast cancer stage, contrary to our hypothesis, did not appear to be associated with 

SCS (r=−0.042, p=0.67). Moreover, current medication status (receiving chemotherapy, 
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radiation therapy, hormonal therapy, etc) did not appear to be associated with SCS (r=0.06, 

p=0.54). Of note, 7% of patients were actively receiving radiation therapy, 7% were within 1 

year post surgery, 11% were actively receiving chemotherapy and 55% were on some form 

of hormonal medications. The results of bivariate analysis show that health behaviors were 

associated with SCS: active smoking status and vegetable/fruit intake (carotenoid source) 

intake were associated with SCS (r=−0.2145, p=0.030; r=0.295, p=0.024, respectively) 

(table 2).

Multivariate analyses

In multivariate linear regression analyses, BMI (β=−0.46, 95% CI −0.85 to −0.06; p=0.024), 

being an active versus non-active smoker (β=−8.00, 95% CI −13.83 to −2.18; p=0.008), and 

vegetable/fruit intake (β=5.10, 95% CI 1.28 to 8.93; p=0.010) were associated with lower 

SCS levels (see table 2). Self-reported anxiety score (β=−0.48, 95% CI −0.91 to −0.06; 

p=0.027) was associated with SCS (table 4), and self-rated health scores (β=21.09, 95% CI 

18.03 to 49.99; p=0.002) were associated with SCS (table 5).

DISCUSSION

In this cross-sectional study of 102 patients with breast cancer presenting for routine 

treatment or follow-up, we found fruit and vegetable intake to be positively associated with 

SCS, while BMI and educational attainment were inversely associated with SCS. Active 

smoking status and African American ethnicity were also associated with decreased SCS. 

Moreover, severity of anxiety via GAD-7 was inversely correlated with SCS measurements. 

Breast cancer staging, however, was not associated with SCS measurements in this cohort of 

patients.

The link between dietary carotenoid intake and overall health outcomes has been studied 

extensively in the past decade, and our findings in this study are consistent with previous 

findings. BMI has been found to inversely correlate with SCS (BMI 30.1±7.1 kg/m2 in SCS 

>25,000 Raman counts (RC) vs 26.7±4.6 kg/m2 in SCS <25,000 RC; p=0.0003) based on a 

study by Holt et al823 as well as with low plasma carotenoid measurements.24 This finding 

was illustrated in our study. Moreover, the relationship between smoking and lower plasma 

carotenoid levels has been extensively documented (13% smokers in SCS group <25,000 RC 

vs 1% in SCS group >25,000 RC)825; smoking-induced free radical damage may result in 

lower carotenoid levels.2627 Our study demonstrated similar findings (25% smokers total 

with mean SCS of 25,530 RC vs 75% non-smokers total with mean SCS of 32,300 RC). 

Consumption of fruit/vegetable (measured in servings) has also been shown to be positively 

associated with SCS levels (3.0±2.1 servings per day in SCS <25,000 RC vs 4.7±2.7 

servings per day in SCS >25,000 RC, p<0.001).823 Likewise, our study demonstrated a SCS 

of 36,500 RC in those with 4 or more servings of fruit/vegetables per day, whereas those 

who took less than 4 servings of fruit/vegetables per day had a mean SCS of 29,600 RC.

There was a statistically significant inverse correlation between educational attainment and 

SCS. We initially hypothesized that less-educated subjects are less likely to be cognizant of 

the relationship between nutrition and oxidative stress. Therefore, they would be more likely 

to have higher BMI and thus lower SCS. However, based on our cross-sectional study, an 
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opposite trend was seen. Finally, Hispanic respondents in our study had the highest SCS, 

while Non-Hispanic Black respondents had the lowest SCS. This could be explained by 

dietary habits differing between these cultural groups, but a more expansive and nationally 

representative sample size may be needed to assess true differences in SCS between racial 

demographics.

Anxiety severity via the GAD-7 was inversely associated with SCS, suggesting a 

relationship between subjective health outcomes and dermal carotenoid levels. While this 

appeared to be a novel finding at the time of the study, a recently published (2017) double-

blind, placebo-controlled trial demonstrated macular carotenoid (lutein, zeaxanthin, and 

meso-zeaxanthin) supplementation to coincide with decreased levels of psychological stress 

and improved emotional health, lending support to our foremost hypothesis during our study 

enrolment period.28

Contrary to expectations, self-rated health was inversely associated with SCS. This finding 

may be explained by a heightened sense of health awareness—an illness-distorted 

perception of health—among a subset of patients after receiving a breast cancer diagnosis. 

Plausibly, these patients may be more likely to implement lifestyle changes, such as 

increasing their fruit/vegetable intake, quitting smoking, and losing weight (lowering BMI), 

thus being more likely to have higher SCS levels not manifested in self-rated health 

assessment scores.

Previous studies have documented increased rates of metastasis and cancer recurrence with 

higher levels of subjectively reported stress, which may suggest a relationship between 

oxidative stress and anxiety.2021 The specific mechanism may be multifactorial, but chronic 

stress appears to induce immunological alterations leading to changes in leukocyte count, 

natural killer (NK) cell activity, and stress hormone levels.29 Because patients undergoing 

chemotherapy have been shown to sustain increased levels of anxiety and decreased quality 

of life, could the resulting impact on emotional health worsen treatment outcomes and 

increase the risk of metastasis/recurrence in a positive feedback-like fashion3031 ? While 

there is a movement toward incorporation of complementary care to improve psychological 

health in patients with cancer, few evidence-based methods exist to monitor the impact these 

interventions have on subjective health.3233

Limitations

The results from our study do not indicate a significant correlation between breast cancer 

staging and SCS (β=0.49, 95% CI −1.82 to 2.80). One explanation for this lack of 

correlation could be that only 7% and 11% of patients were receiving radiotherapy and 

chemotherapy, respectively, treatments that may rely on free radical generation for efficacy.
34 Patients with higher cancer stages and worse prognosis will often have more aggressive 

chemotherapy or radiotherapy regimens, and the excess free radical generation may lower 

overall carotenoid levels. This is consistent with the dynamics of free radical theory as 

carotenoids function in vivo as free radical quenchers.35

Moreover, despite our finding regarding the association between dermal carotenoid scores 

and subjective anxiety, the exact causal relationships between SCS and subjective health 
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correlates could not be demonstrated given the study’s cross-sectional nature. Finally, 

because the study’s population was derived from a county hospital, the generalizability of 

our study’s results may be limited by the homogeneity of the studied patient population.

CONCLUSIONS

To our knowledge, no previous study has demonstrated an association between anxiety and 

dermal carotenoid levels, as measured by the GAD-7 and SCS, respectively. Additionally, 

our findings further affirm that lower dermal carotenoid scores are associated with higher 

BMI, positive smoking status, and lower fruit/vegetable intake. Breast cancer staging was 

not associated with SCS in this cross-sectional study. Future research could involve a larger, 

prospective study to better assess SCS levels in patients as they progress through cancer 

treatment to clarify whether SCS is associated with cancer stage or the aggressiveness of 

treatment regimen. Moreover, randomized controlled studies may be needed to investigate 

the potential causal mechanisms between anxiety and carotenoids. The findings may 

facilitate the development of novel tools to quantify subjective anxiety levels in patients with 

cancer, allowing patients and physicians to mindfully monitor stress and anxiety levels 

during cancer treatment.

Acknowledgments

Funding: The project described was supported by the National Center for Advancing Translational Sciences, 
National Institutes of Health, Award Number TL1TR001062. This project was also supported by the Research Pilot 
Grant from Highland Hospital, Department of Medicine.

We are indebted to the Department of Medicine, Department of Surgery, and to Stephen Yee, MD, Richard Godfrey, 
MD, Miranda Weintraub, PhD, Lihong Mo, MD, Wayne Matecki, DAOM LAc, Candace Luo MsTCM, LAc, Pasha 
Jackson MD, Lei Wang, MB, PhD, the medical and nursing staff, and interpreter services for their research 
assistance. We appreciate the feedback we received from the review of the draft of this manuscript, conducted by 
Irene Yen, PhD and Carmencita Mercado-Poe, EdD, RN, OCN.

References

1. Cancer.org. How common is breast cancer?. http://www.cancer.org/cancer/breastcancer/
detailedguide/breast-cancer-key-statistics

2. Benson JR, Jatoi I, Keisch M, et al. Early breast cancer. Lancet. 2009; 373:1463–79. [PubMed: 
19394537] 

3. Nourazarian AR, Kangari P, Salmaninejad A. Roles of oxidative stress in the development and 
progression of breast cancer. Asian Pac J Cancer Prev. 2014; 15:4745–51. [PubMed: 24998536] 

4. Davis JD. DNA damage and breast cancer. World J Clin Oncol. 2011; 2:329–38. [PubMed: 
21909479] 

5. Hammond BR, Wooten BR, Snodderly DM, Smoking C. Cigarette smoking and retinal carotenoids: 
implications for age-related macular degeneration. Vision Res. 1996; 36:3003–9. [PubMed: 
8917800] 

6. Ford ES, Mokdad AH, Giles WH, et al. The metabolic syndrome and antioxidant concentrations. 
Diabetes. 2003; 52:2347–52.

7. Blaum CS, Xue QL, Michelon E, et al. The association between obesity and the frailty syndrome in 
older women: the Women’s Health and Aging Studies. J Am Geriatr Soc. 2005; 53:927–34. 
[PubMed: 15935013] 

8. Holt EW, Wei EK, Bennett N, et al. Low skin carotenoid concentration measured by resonance 
Raman spectroscopy is associated with metabolic syndrome in adults. Nutr Res. 2014; 34:821–6. 
[PubMed: 25249018] 

Li et al. Page 6

J Investig Med. Author manuscript; available in PMC 2018 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cancer.org/cancer/breastcancer/detailedguide/breast-cancer-key-statistics
http://www.cancer.org/cancer/breastcancer/detailedguide/breast-cancer-key-statistics


9. Wang Y, Gapstur SM, Gaudet MM, et al. Plasma carotenoids and breast cancer risk in the Cancer 
Prevention Study II Nutrition Cohort. Cancer Causes Control. 2015; 26:1233–44. [PubMed: 
26081425] 

10. Rock CL, Flatt SW, Natarajan L, et al. Plasma carotenoids and recurrencefree survival in women 
with a history of breast cancer. J Clin Oncol. 2005; 23:6631–8. [PubMed: 16170170] 

11. Johnson EJ. The role of carotenoids in human health. Nutr Clin Care. 2002; 5:56–65. [PubMed: 
12134711] 

12. Mayne ST, Cartmel B, Scarmo S, et al. Resonance Raman spectroscopic evaluation of skin 
carotenoids as a biomarker of carotenoid status for human studies. Arch Biochem Biophys. 
2013:539–163. 70.

13. Ermakov IV, Gellermann W. Validation model for Raman based skin carotenoid detection. Arch 
Biochem Biophys. 2010; 504:40–9. [PubMed: 20678465] 

14. Meinke MC, Darvin ME, Vollert H, et al. Bioavailability of natural carotenoids in human skin 
compared to blood. Eur J Pharm Biopharm. 2010; 76:269–74. [PubMed: 20558286] 

15. Lima XT, Kimball AB. Skin carotenoid levels in adult patients with psoriasis. J Eur Acad Dermatol 
Venereol. 2011; 25:945–9. [PubMed: 21054574] 

16. Smidt CR, Burke DS. Nutritional significance and measurement of carotenoids. Current Topics in 
Nutraceutical Research. 2004; 2:79–91.

17. Zidichouski JA, Mastaloudis A, Poole SJ, et al. Clinical validation of a noninvasive, Raman 
spectroscopic method to assess carotenoid nutritional status in humans. J Am Coll Nutr. 2009; 
28:687–93. [PubMed: 20516269] 

18. Hata TR, Scholz TA, Ermakov IV, et al. Non-invasive raman spectroscopic detection of carotenoids 
in human skin. J Invest Dermatol. 2000; 115:441–8. [PubMed: 10951281] 

19. Mayne ST, Cartmel B, Scarmo S, et al. Noninvasive assessment of dermal carotenoids as a 
biomarker of fruit and vegetable intake. Am J Clin Nutr. 2010; 92:794–800. [PubMed: 20685953] 

20. Thornton LM, Andersen BL, Carson WE. Immune, endocrine, and behavioral precursors to breast 
cancer recurrence: a case-control analysis. Cancer Immunol Immunother. 2008; 57:1471–81. 
[PubMed: 18327581] 

21. Le CP, Nowell CJ, Kim-Fuchs C, et al. Chronic stress in mice remodels lymph vasculature to 
promote tumor cell dissemination. Nat Commun. 2016; 7:10634. [PubMed: 26925549] 

22. Spitzer RL, Kroenke K, Williams JB, et al. A brief measure for assessing generalized anxiety 
disorder: the GAD-7. Arch Intern Med. 2006; 166:1092–7. [PubMed: 16717171] 

23. Perrone A, Pintaudi AM, Traina A, et al. Raman spectroscopic measurements of dermal 
carotenoids in breast cancer operated patients provide evidence for the positive impact of a dietary 
regimen rich in fruit and vegetables on body oxidative stress and BC prognostic anthropometric 
parameters: a five-year study. Oxid Med Cell Longev. 2016; 2016:1–8.

24. McEligot AJ, Rock CL, Flatt SW, et al. Plasma carotenoids are biomarkers of long-term high 
vegetable intake in women with breast cancer. J Nutr. 1999; 129:2258–63. [PubMed: 10573560] 

25. Lagiou P, Benetou V, Tebelis N, et al. Plasma carotenoid levels in relation to tobacco smoking and 
demographic factors. Int J Vitam Nutr Res. 2003; 73:226–31. [PubMed: 12848001] 

26. Halliwell B. Free radicals, antioxidants, and human disease: curiosity, cause, or consequence? 
Lancet. 1994; 344:721–4. [PubMed: 7915779] 

27. Church DF, Pryor WA. Free-radical chemistry of cigarette smoke and its toxicological 
implications. Environ Health Perspect. 1985; 64:111–26. [PubMed: 3007083] 

28. Stringham NT, Holmes PV, Stringham JM. Supplementation with macular carotenoids reduces 
psychological stress, serum cortisol, and sub-optimal symptoms of physical and emotional health 
in young adults. Nutr Neurosci. 2017:1–11.

29. Andersen BL, Kiecolt-Glaser JK, Glaser R. A biobehavioral model of cancer stress and disease 
course. Am Psychol. 1994; 49:389–404. [PubMed: 8024167] 

30. Schreier AM, Williams SA. Anxiety and quality of life of women who receive radiation or 
chemotherapy for breast cancer. Oncol Nurs Forum. 2004; 31:127–30. [PubMed: 14722597] 

31. Pandey M, Sarita GP, Devi N, et al. Distress, anxiety, and depression in cancer patients undergoing 
chemotherapy. World J Surg Oncol. 2006:468.

Li et al. Page 7

J Investig Med. Author manuscript; available in PMC 2018 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



32. Kang DH, McArdle T, Suh Y. Changes in complementary and alternative medicine use across 
cancer treatment and relationship to stress, mood, and quality of life. J Altern Complement Med. 
2014; 20:853–9. [PubMed: 25343303] 

33. Klafke N, Mahler C, von Hagens C, et al. A complex nursing intervention of complementary and 
alternative medicine (CAM) to increase quality of life in patients with breast and gynecologic 
cancer undergoing chemotherapy: study protocol for a partially randomized patient preference 
trial. Trials. 2015; 16:1651.

34. Conklin KA. Cancer chemotherapy and antioxidants. J Nutr. 2004; 134:3201S–4. [PubMed: 
15514307] 

35. Hernandez-Marin E, Galano A, Martínez A. Cis carotenoids: colorful molecules and free radical 
quenchers. J Phys Chem B. 2013; 117:4050–61. [PubMed: 23560647] 

Li et al. Page 8

J Investig Med. Author manuscript; available in PMC 2018 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Significance of this study

What is already known about this subject?

• Carotenoids, nutrients with antioxidant properties derived from fruits and 

vegetables, may harbor protective effects against oxidative DNA damage.

• Higher body mass index, positive smoking status, and lower fruit/vegetable 

intake generally correlate with lower levels of serum carotenoid 

measurements.

• Oxidative stress levels and poor subjective health have been positively 

associated with the risk of cancer recurrence and metastasis.

• Supplementation with macular carotenoids (lutein zeaxanthin and meso-

zeaxanthin) has been found to coincide with lower levels of psychological 

stress and improved emotional health.

What are the new findings?

• Anxiety severity (quantified by Generalized Anxiety Disorder 7-item) in a 

cohort of patients with breast cancer is inversely associated with dermal 

carotenoid measurements via skin carotenoid score (SCS).

• Self-reported health quality measurements were inversely associated with 

dermal carotenoid measurements, an unexpected finding.

• In our cross-sectional study, there was no significant association between 

breast cancer stage and dermal carotenoid measurements via SCS.

How might these results change the focus of research or clinical practice?

• Our study lays the foundations for a larger prospective study aimed at 

investigating and refining the potential utility of dermal carotenoids as an 

objective biomarker of subjective health during cancer treatment.
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Table 1

Dermal carotenoid measurements and subject demographics

Demographics† N Mean subgroup SCS (SD)*

Age 55 (10)

Race/ethnicity

White 8 32.75 (21.35)

Non-Hispanic Black 30 22.01 (9.34)

Asian 29 33.92 (14.81)

Hispanic/Latino 34 34.71 (11.42)

Other 1 35

Educational attainment level

Less than high school 28 37.88 (15.58)

High school graduate 28 29.40 (14.95)

Some college 24 24.89 (8.68)

Associate degree 8 28.87 (14.96)

BA 10 31.4 (9.37)

Masters 4 23 (5.13)

PhD 0 NA

*
SCS value is the measurement × 1000, as per convention.

†
SCS values did not differ significantly between race/ethnicities and those of different educational attainment levels at p=0.05.

SCS, skin carotenoid score.
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Table 2

Dermal carotenoid measurements and physical health correlates

Physical health variable N Mean subgroup SCS (SD)*

Body mass index 29.21 (6.69) 30.57

Breast cancer stage

 0 7 29.86 (16.26)

 1 24 30.08 (14.81)

 2 39 29.96 (11.06)

 3 12 33.39 (17.42)

 4 20 30.92 (15.52)

Medication status

 Active 56 31.35 (15.51)

 Not active 46 29.63 (11.56)

Smoking status

 Active 26 25.53 (14.31)

 Not active 76 32.30 (13.32)

Veggie/fruit servings per day

 0–1 31 24.96 (8.27)

 2–3 56 32.10 (14.39)

 4–5 13 35.33 (16.50)

 5+ 2 44 (29.23)

*
SCS value is the measurement × 1000, as per convention. p Value ranges are given in table 3.

SCS, skin carotenoid score.
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Table 3

Dermal carotenoid measurements and severity of anxiety

SCS range* #Subjects/group N with GAD ≥ 10† % With anxiety

10–20 26 10 38%

21–30 32 7 22%

31–40 23 9 39%

41–50 13 4 31%

51–60 3 0 0%

61–70 3 0 0%

71–80 2 1 50%

*
SCS value is the measurement × 1000, as per convention. p Value ranges are given in table 3.

†
Anxiety with 10 or higher on GAD-7 (moderate anxiety and above).

GAD-7, Generalized Anxiety Disorder 7-item; SCS, skin carotenoid score.
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Table 4

Dermal carotenoid measurements and self-rated health

Self-reported health quality level N Mean SCS (SD)*

Excellent 10 31.67 (16.06)

Good 45 29.16 (11.79)

Some chronic issues 40 30.18 (13.83)

Poor 7 40.29 (21.04)

*
SCS value is the measurement × 1000, as per convention.

SCS, skin carotenoid score.
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Table 5

Linear regression assessing the association between SCS and patient health characteristics (beta coefficients 

(β) and 95% CIs are presented)

β (95%CI) p Value

Physical health

 BMI −0.46* (−0.85 to 0.06) 0.024

Breast cancer stage 0.26 (−1.92 to 2.44) 0.814

 Medication status 3.40 (−1.60 to 8.40) 0.181

Health behaviors

 Smoking status −8.00* (−13.83 to 2.18) 0.008

 Veggie/fruit servings per day 5.10* (1.28 to 8.93) 0.010

Subjective health

 Self-reported anxiety score (GAD) −0.48* (−0.91 to 0.06) 0.027

 Self-rated health (reference=excellent)

Good 6.77 (−2.55 to 16.08) 0.152

Some chronic issues 9.11 (−0.43 to 18.64) 0.061

 Poor (18.03 to 49.99) 0.002

*
p<0.05,

**
p<0.01.

BMI, body mass index; GAD, Generalized Anxiety Disorder; SCS, skin carotenoid score.
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