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THIS PAPER IS INTERESTING IN THE POSSIBILITIES DESCRIBED. I WOULD NOT USE THIS TO RECOMMEND MORE UV EXPOSURE, BUT RATHER TO INVESTIGATE THE USE OF VITAMINE D. THRE IS TOO MUCH EVIDENCE OF THE HARMFUL EFFECTS OF EXCESS UV EXPOSURE – BOTH FOR SKING CANCER AND EYE CATARACTS.

SINCE THIS IS AN HYPOTHESIS PAPER, I WONDER AT THE INCLUSION OF A LARGE AMOUNT OF MEDICAL DISCUSSION THAT DOES NOT BEAR ON A DIRECT CONCLUSION. IT SEEMS TO DILUTE OR CONFUSE THE POINTS YOU ARE TRYING TO MAKE. 

AT THE END YOU MENTION THE USE OF “case-control or cohort approaches”. THESE APPROACHES MIGHT HAVE BEEN USEFUL TO GREATLY IMPROVE THE STATISTICAL USEFULNESS OF YOUR CORRELATION STUDIES.  

AS YOU KNOW, THERE ARE 2 MAJOR FACTORS CONTROLLING UV EXPOSURE FOR A GIVEN MONTH, LATITUDE AND THE DEGREE OF CLOUDINESS. THUS THE SOUTHWEST US HAS MUCH LOWER EXPOSURES THAN DO CORRESPONDING SOUTHERN LATITUDES IN AUSTRALIA FOR THE CORRESPONDING SUMMER MONTHS, AND MUCH HIGHER EXPOSURES THAN THE SOUTHEASTERN US.

I WOULD LIKE TO SEE THE REVIEWERS COMMENTS FOR THIS INTERESTING AND USEFUL WORK

JAY HERMAN

SEE COMMENTS IN THE TEXT
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Precis

The relationship between solar UV-B exposure in July and cancer mortality rates for state economic areas for all but the states of high immigration from 1970-1994 was determined using regression analysis.  It was found that inverse correlations exist for 12 types of cancer and that lack of sufficient solar UV-B radiation and/or vitamin D may account for 15,000 premature cancer deaths per year.

Abstract 

Background:  A number of studies have found inverse correlations between solar radiation and cancer of four organs.  Vitamin D has been found to be associated with reduced risk of cancer for these and additional organs.  

Methods:  The present study uses UV-B data from a satellite instrument in 1992 along with cancer mortality rates in the U.S. from 1970-1994 using regression analyses.

Results:  The present study confirms previous results that solar UV-B radiation is associated with reduced risk for four types of cancer (breast, colon, ovary, and prostate).  In addition, it is found that solar UV-B is inversely correlated with mortality rates for four types of cancer for which vitamin D has been found to reduce the risk (bladder, kidney, non-Hodgkin’s lymphoma, and rectum).  It also finds similar results to four additional cancers not yet linked to vitamin D (esophagus, gallbladder, stomach and corpus uteri).  Assuming that living in a region where the mortality rate for each cancer was a minimum for July 1992 solar UV-B exposure, the annual number of premature deaths from these cancers due to lower exposures is found to be 14,800 (95% C.I. 12,100-17,200) white and 500 (95% C.I. 300-800) black Americans. 

Conclusion:  This study finds that much of the geographic variation of cancer mortality rates in the U.S. can be attributed to variations in solar UV-B radiation exposure.  Thus, many lives could be extended through increased exposures of solar UV-B radiation or, very likely MORE SAFELY, increased vitamin D supplementation, increasing with age. 
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Introduction 
The hypothesis that solar UV-B radiation (280-320 nm) exposure mediated through production of vitamin D explains a large portion of the observed geographical variations in mortality rates for several types of cancer in the U.S., Canada, and the former Soviet Union has been in the literature for two decades.  There have been reports of inverse correlations between solar radiation and cancer for cancer of the breast,1-4 colon,5 ovary,6 and prostate.7,8  In addition, vitamin D or its analogues have been shown to play a number of roles in cell biology that reduce the risk of cancer, such as prostate cancer.9  However, the reports to date have not used the best measure of UV-B radiation for the production of vitamin D, nor have they linked solar UV-B radiation as protective to more than the four cancer types, linked UV-B radiation as a protective factor for black Americans, nor quantified the number of annual premature deaths from cancer that could be prevented by more UV-B radiation or vitamin D.  This paper seeks to extend the previous work in these areas.

Methods

The work presented here is an ecologic study of cancer mortality rates in the U.S. with respect to solar UV-B exposure. The cancer mortality data are from the Atlas of Cancer Mortality10 in which age-adjusted rates for males and females are given for by county (N = 3,053) and state economic area  (SEA) (N = 506) for the periods 1950-1969 and 1970-1994.  SEAs are individual counties or groups of counties that are relatively homogeneous with respect to various demographic, economic, and cultural factors.

Data for two racial divisions are used: white Americans, including Hispanic-Americans, and black Americans.  The cancer data are obtained from the National Center for Health Statistics, while population estimates are obtained from the Census Bureau.

A number of cancers take 15-25 years to develop,11,12 so if the population growth came via immigration, those who immigrated could not be expected to have experienced the same UV-B exposure as long-term residents.  Since it is important in this analysis that people living in the state have lived there much of the study period, states with large population increases greater than 25% between 1980 and 1990 were omitted from the analysis.  The states exceeding this value are Alaska, Arizona, California, Florida, and Nevada.  An inspection of the Atlas shows that these states had cancer mortality rates much higher than neighboring states or had large changes in mortality rates between the 1950-1969 and 1970-1994 periods.  A secondary criterion used was whether there were large increases in cancer mortality rates between the two periods.  Hawaii was eliminated based on this criterion. 

Some data had values of populations and/or deaths so low that the uncertainty in the mortality rate was greater than 20%.  For cancers with low mortality rates, data were omitted from the analysis if the population was below a value found to yield good regression results for that particular cancer, gender, and racial group.  This approach was especially important for cancer mortality rates for black Americans, since many SEAs had very low black populations.  For black Americans, data were included only for which the black male or female population was greater than 2500 in the case of breast cancer or 3250 for the other cancers.

Care was exercised in choosing a solar UV-B index and data set for the study.  Previous studies had used other measures of solar radiation: average annual solar radiation2,3 and SO2 and haze.1  While these studies provided useful findings, the measure of solar radiation was not optimized for that related to vitamin D production. Thus, using a measure of solar radiation more closely approximating the action spectrum for vitamin D production should yield better results. The wavelength most effective in converting cholesterol to vitamin D is 295-300 nm,13 but all of the UV-B range is effective. 14  While there are a number of spectrally-weighted UV exposure curves in the UV-B spectral region (UV-B, DNA, erythemal),15 none is exactly weighted for vitamin D production.  The DNA-weighted UV spectrum seems to be a better approximation than the erythemally-weighted one since it is weighted to shorter wavelengths.  

The primary data set used for this analysis is the DNA-weighted UV-B radiation for July 1992 obtained using the Total Ozone Mapping Spectrometer (TOMS).16  TOMS is a space-based instrument that yields UV data for the entire country.  The July 1992 DNA-weighted UV-B exposures is used.17  TOMS data provide complete coverage for the U.S. in 1 deg. x 1.25 deg. grid spacing.  The color images were digitized to yield average values for each SEA or population center in SEAs with major urban areas included.  The estimated uncertainty of the digitization is 5-10%. The color contour interval is 0.75 kJ/m2, with a range in the U.S. from 4-10 kJ/m2.  Generally a SEA is located inside a color contour.  The location of the SEA can be determined to about 1/3 of a contour or about 0.4 kJ/m2.  This represents about 10% at the lower exposures and 4% at the higher exposures.

The maximum UV-B exposure used in the regression analysis was sometimes limited to values of 6.7-9.5 kJ/m2 for a variety of reasons. For example, stomach cancer mortality is 3 times higher in Mexico than in the U.S., 18 and many Mexican-Americans live in the U.S.-Mexican border states where UV-B exposures are >8 kJ/m2.  Sodium, nitrate and hot peppers are risk factors for stomach cancer.19 

It should be noted that this study has a number of limitations in that it uses solar UV-B radiation from only one month and no information on dietary sources of vitamin D.  People do not have as much personal exposure to UV-B as would be expected solely on the basis of regional UV-B exposures.  In addition, detection and treatment of cancer will vary by individual.  Nonetheless, it should provide useful information for further study.

Premature mortality determination

In order to assess the role of solar UV-B radiation as a protective factor against cancer, it is worthwhile to estimate the number of lives that were lost prematurely due to insufficient solar UV-B radiation.  To make the calculations, the following steps are taken:  

1 –  The regression analyses were performed using the available data.  Second-order regressions were used since in some cases the values above a specific exposure level either deviated from a linear relationship or were too sparse to yield meaningful results.

2 - The fraction, Fr, of cancer mortality that could be assigned to insufficient UV-B for a perfect regression was determined from the expression:

Fr = (MRA-MRmx)/MRA

where MRA is the average MR and MRmx is the MR at the maximum UV exposure appropriate.  By calculating Fr from the entire ensemble for several types of cancer, it was determined that this expression agrees to about 1%.

3  The annual number of deaths for each cancer and gender were multiplied by Fr and                  

r2 where r is the regression coefficient, in accordance with the general rule that a statistical regression explains r2 of the variance.  The resulting value was considered to represent the number of deaths that could be attributed to insufficient UV-B/vitamin D.

4 – The 95% confidence interval (C.I.) was calculated in the same manner as above using the C.I. values at UVmax.

Results

The statistical results for the TOMS DNA-weighted UV data are given in Tables 1 and 2 and Figures 1-5.  A total of 12 cancer types, 9 for men and 10 for women, were found to have statistically-significant (p<0.001) inverse correlations with DNA-weighted UV-B radiation (Table 1). For black Americans living in rural areas, statistically significant results (p=0.001 for ovarian cancer, p<0.001 for all others) were found for a total of 7 cancers, 5 cancers for males and 6 for females (Table 2).  The regression analysis results are that 14,600 (95% C.I. 11,700-18,200) white and 500 (95% C.I. 300-800) black Americans annually died prematurely from cancer from 1970-1994 due to insufficient UV-B radiation OR VITAMIN-D INTAKE.

All-cause mortality rates were also investigated.  The Atlas of United States Mortality20 for the period 1988-1992 shows that for white males and females, mortality rates are highest in the mid-Atlantic and southern states from Oklahoma and Louisiana to West Virginia and North Carolina, and the far West (California, Nevada, and portions of Arizona and Colorado).  The mortality rates in the New England states are near the national average.  The highest states for mortality due to heart disease are the same south and mid-Atlantic states with the addition of some northeastern states up through New York.21  The high mortality rates in the south may be linked to smoking, which is where liver and lung cancer mortality rates are highest. Thus, the mortality rate data do not provide any support for the idea that the high cancer mortality rates found for several types of cancer in New England states are the result of such underlying factors as poor medical services.  In fact, the quality of medical care is probably more important for heart disease than for cancer due to the different time scales involved between detection of the problem and when care must be delivered.  I MUST NOT BE READING THIS CORRECTLY – THIS AND THE NEXT PARAGRAPH SEEM TO CONFUSE THE ISSUE ABOUT THE INVERSE CORRELATION WITH UV-B
However, the region with the lowest mortality rates is the north-central U.S., a region where prostate cancer rates are highest.  When the data for 1998 for heart disease mortality rates from Ref. 21 are added to the regression analysis for prostate cancer, the values found are r = -0.472, t (UV-B) = -7.40, t (heart disease) = -8.67, showing that r increased from -0.311 for UV-B alone, and that heart disease mortality rates gave a stronger association than did UV-B.  What this implies is that the age-adjusted prostate cancer mortality rates have not been age-adjusted in a manner that accounts for the fact that prostate cancer increases at a higher rate with age than do other forms of cancer.  Thus the estimates of the number of premature deaths from prostate cancer due to insufficient UV-B in Tables 1 and 2 are too low.  If we can assume that the higher r is a more appropriate value to use, the white excess death rate would increase by a factor of 2.3 over than in Table 1.  

Discussion

The results suggest that cancer mortality rates are inversely correlated with regional solar UV-B exposure for 12 types of cancer.  These results both confirm and extend earlier findings.  One interesting aspect of the correlations is that above a value of about 7.5 kJ/m2, there is a leveling off of the slope of the regression.  Looking at the mortality rates for other skin cancer for white males, Figure 6, we see that it has a maximum at about 7.5 kJ/m2.  Note that the states with DNA-weighted UV-B >7.5 kJ/m2 are found primarily in the southwestern and southeastern U.S., including Arizona, Colorado, Georgia, Louisiana, Mississippi, New Mexico, Oklahoma, Texas, and Utah.  The states in the southwest have large fractions of Hispanic residents, which are included the in the category of white Americans.  They tend to have darker skin pigmentation than European Americans, so would be less likely to develop either skin cancer or vitamin D through UV-B exposure.  YOU FORGET THE DIFFERENCES IN EXPOSURE TIME DUE TO OCCUPATION THAT SHOULD MAKE UP FOR THE BIOLOGICAL DIFFERENCES BETWEEN EUROPEANS AND HISPANICS.

Possible other explanations or confounding factors

These results provide strong support for the role of solar UV-B radiation OR VITAMINE-D in providing protection against SOME TYPES OF cancer.  However, to confirm that it is solar UV-B radiation, rather than some other factors, possible confounding factors must be examined and shown not to explain the observed geographical distributions.

The etiology of cancer involves a number of dietary, genetic, lifestyle, and environmental risk factors.22-25  The primary dietary risk factors for many types of cancer are animal products such as saturated fat and meat, and calcium, with salt, sugar and alcohol playing lesser roles.25,26  Obesity is also considered a risk factor for several cancers, which may be related to high animal product consumption along with carbohydrates.27  The primary dietary risk-reduction factors are vegetables, antioxidant vitamins and minerals, fruits, and fish.  Smoking has a major influence on a number of cancers, but of these, only cancers of the bladder and esophagus were included in the analysis.  However, in the 1970s and 1980s, smoking rates through out the U.S. were more similar than they are now. WHAT ARE THEY NOW?  In addition, cancer of the esophagus is also linked to a number of dietary factors such as acid reflux from overeating and tannins from red wine and tea.  Bladder cancer is also linked to occupational exposure.29  In order for dietary factors to explain the geographical patterns in cancer mortality rates in the U.S., there would have to be large differences in dietary component consumption between the NE and SW U.S.  According to a food consumption survey in the late 1970s,29 the differences in consumption for components linked to various types of cancer lie in the range of 0-25% and did not necessarily vary in accordance with cancer mortality rates.  However, a number of non-dietary factors such as alcoholic beverage consumption, exposure to pesticides on farms and other chemicals on the job, and tobacco use as well as ethnic differences,30 will result in minor yet observable differences in the geographical distribution of cancer mortality rates in the U.S.  These will reduce the correlations with solar UV-B radiation exposure.

Garland et al.3 also discusses potential confounding factors such as diet and socioeconomic factors with respect to sunlight and breast cancer and find that they did not explain their findings.

PERHAPS TO SORT OUT THE DIFFERENCES IN EXPOSURE, ONE SHOULD GROUP BY SKIN TYPE AND THE NUMBER OF REPORTED SKIN CANCERS. THOSE WITH HIGHER SKIN CANCER RATES SHOULD HAVE LOWER INCIDENCES OF OTHER TYPES OF CANCER WITHIN THEIR SKIN TYPE GROUP BASED ON YOUR HYPOTHESIS.
Some papers have examined the geographic distribution of breast cancer mortality among white females in the U.S.  In one study, it was concluded that approximately 50% of the excesses in the Northeast and Midwest and 10% of the excess in the West could be explained on the basis of regional differences in the prevalence of recognized breast cancer risk factors and prognostic factors.31 Another study concluded that little regional variation in age-adjusted breast cancer incidence rates was observed, with the exception of a modest excess for postmenopausal women in California: adjustment for differences in the distribution of established risk factors explained some of the excess risk in California.32 The elevated mortality in the Northeast is apparent only in older women according to Ref. 33, and that since incidence and mortality are poorly correlated, one should assess survival and should examine differences in cancer control practices that affect survival.  These three papers are consistent with this work.

Vitamin D

The most likely mechanism whereby solar UV-B radiation provides protection against cancer is through production of vitamin D.  Serum levels of 1,25-D obtained between 1964 and 1971 were found to be inversely correlated with prostate cancer diagnosis prior to 1988.34  Breast cancer 4 and colon cancer 35,36 have similar findings.  However, one paper indicates that the amount of vitamin D in the body years >3.5 years prior to subsequent development of prostate cancer is of little value.37  Indeed, pharmaceutical companies are currently developing vitamin D analogues for cancer treatment that do not have the hypercalcaemia associated with large exposures of vitamin D.9,38,39
In order to examine this possibility, it is important to see whether there is strong evidence that vitamin D could be the agent.  There are several reports of supporting laboratory evidence for protective effects of vitamin D [G.G. Schwartz, personal communication].  First, cells that are likely to respond to the hormonal form of vitamin D should possess specific, high-affinity receptors for 1,25(OH)2D.  This was predicted in prostatic cells in 1990,6,7 and they were first demonstrated by LNCaP prostate cancer cells in 1992.40  They are widely distributed in many epithelial cell types: the risk factor for survival for four cancers has been shown to be linked to genetic polymorphisms in vitamin D receptor: breast;41-43 melanoma;44 prostate;45,46 and rectal cancer.47  Second, when exposed to hormone, the proliferation rate of the cells should drop.  This has been demonstrated for cells of prostate,48 colonic cancer,35 Karposi sarcoma,49 lung carcinoma cells,50 melanoma,51 non-Hodgkin’s lymphoma;52 osteosarcoma,51 ovarian cancer cells,53 pancreatic cancer cells,38 renal cancer cells,39 and squamous cell carcinoma cell lines.54  Also, the cells may appear to be better differentiated, using several techniques (increase in differentiation markers, histological evidence of morphological change, etc.) colonic HT 29 cells,55 endometrial carcinoma cell lines,56 and lung carcinoma cells.50  Thus, a wide variety of cancer cells can be controlled by vitamin D analogues.  While analogues are often used since they have much less disruption on the calcium metabolism, it has recently been shown that 25-Hydroxyvitamin D3, the prohormone of 1,25-dihydroxyvitamiin D3, is as effective in reducing proliferation of prostatic cancer cells, but is less calcemic.57 

Vitamin D supplementation

There are a number of reasons why exposure to solar UV-B radiation may not be the optimal way to generate vitamin D to reduce the risk of cancer.  For one, solar UV-B radiation carries with it the inherent risk of melanoma and other skin cancer.  In addition, not all regions of the country have enough UV-B during the year to generate vitamin D, and not all lifestyles lend themselves to sufficient UV-B exposure. It should be noted that many populations now obtain their vitamin D through diet, rather than UV-B.  Studies in Finland,58 Spain,59 and Sweden60 have shown that much of the vitamin D comes from fish, which, in turn, obtain their vitamin D from phytoplankton.  A study in Europe found that serum vitamin D metabolites were higher in northern European countries than in southern European countries, evidently through diet and supplementation.61  Garland et al.3 report that 8 of 9 epidemiologic observational studies of the association of dietary vitamin D intake found that daily intake of >160 IU per day was associated with reduced risk of colon cancer.  Tests to see whether vitamin D supplements reduce the risk of prostate cancer are underway.62.63  Thus, there is a reasonable body of evidence supporting the idea that dietary supplementation of vitamin D would likely be equivalent in protective power as exposure to solar UV-B radiation.

Non-Hodgkin’s lymphoma

There is some controversy over whether solar UV-B radiation is a risk factor for NHL.  

An inverse relation between sunlight and NHL was reported for the U.S.64,65  However, a strong correlation between UV-B radiation and NHL has been reported for counties of England and Wales.66 Another report67 showed that the data base in Ref. 66 did not show a corresponding increase in risk for non-melanomic skin cancer and later extended his analysis.68 Another group showed that socio-economic factors are important in the etiology of NHL.69  Others showed that exposure to herbicides was a high risk factor for NHL, seeming to explain why agricultural workers had increased risk for NHL.70  A study from Finland reported that individual exposure are not consistent with an important role of sunlight in the etiology of NHL.71  However, the solar UV exposures in Finland are near the low end of those in the U.S.17
Premature mortality estimates in perspective

The 15,100 annual premature deaths due to cancer and insufficient UV-B/vitamin D can be compared to 6,680 white Americans and 200 black Americans who died each year from melanoma and other skin cancer.  However, approximately 1/3 of melanoma is not attributed to excess solar radiation but, instead, to genetic predisposition through nevi, etc.72  Thus, only about 3290 white Americans died annually from melanoma related to excess UV-B exposure, with an additional 1750 white Americans and 170 black Americans who died from other skin cancer, presumably due to excess solar UV-B radiation.  The total excess annual premature mortality rate from melanoma and other skin cancer that can likely be attributed to excess UV-B radiation is, then, 5210.   The total premature mortality rate for cancer that is attributed to insufficient UV-B and/or vitamin D is 15,150, or 2.9 times as many as die prematurely due to excess UV-B radiation.  However, the number of premature deaths due to insufficient UV-B radiation/vitamin D may be low due to the fact that personal UV-B exposures are not directly linked to solar UV-B exposure for the area, so the benefit of UV-B radiation and vitamin D may be much greater.

The black-white difference in premature mortality rate can be put into perspective as follows.  When the premature mortality rate is compared to the 1980 populations of blacks and whites aged 45+ years, the fraction of black Americans who died due to insufficient UV-B was 8.6x10-5 while the similar fraction of white Americans was 2.3x10-4, i.e., the preventable rate for white Americans was 2.7 times greater than that of black Americans.  That is a reasonable result given the fact that the darker skin of black Americans makes it more difficult for them to use UV-B radiation to generate vitamin D, assuming that they get similar exposures as do white Americans.

Gender differences 

The greater protective role of solar UV-B radiation against cancer for females compared to males may be another reason that females have lighter skin coloration in many populations in addition to their need for vitamin D for bone production in childbearing.73  In addition, it is likely that men have more facial and body hair than women both for a similar reason.  Paleoman likely needed more protection against solar UV-B when hunting and gathering and did not need as much vitamin D as did paleowoman. 

Summary and Conclusion

Strong inverse correlations were found between UV exposure and cancer mortality rates for 12 cancer types in the U.S. be The findings indicate that 14,800 (95% C.I. 12,100-17,200) white and 500 (95% C.I. 300-800) black Americans died annually from 1970-1994 from cancer associated due to insufficient solar UV-B radiation and/or vitamin D.  These ecologic study results are supported for some cancers through epidemiologic studies of vitamin D and cancer, in that genetic polymorphisms in vitamin D receptor have been shown to affect the outcome, and that for many cancers through laboratory studies of the effects of vitamin D analogues on the proliferation and differentiation.  It is suggested that cancer incidence and mortality rate in the U.S. and elsewhere could be reduced significantly by increased UV-B exposure or supplementary vitamin D consumption, especially later in life.  However, since this is a hypothesis paper, it is hoped that this work will form the basis for further work using case-control or cohort approaches.
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Figure captions

Figure 1.  Annual bladder cancer annual mortality rates for white males (1970-1994) vs. DNA-weighted UV radiation for July 1992 from TOMS.

Figure 2.  Same as Figure 1 for breast cancer mortality rates for white females.

Figure 3.  Same as Figure 2 for ovarian cancer mortality rates.

Figure 4.  Same as Figure 1 for rectal cancer mortality rates.

Figure 5.  Same as Figure 1 for colon cancer mortality rates for black males.

Figure 6.  Same as Figure 1 for other skin cancer mortality rates for white males.

