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Abstract: Background: Many risk-modifying factors affect cancer incidence and mortality rates.
Solar UVB reduces cancer risk by producing vitamin D, which has many mechanisms to reduce risk
of cancer incidence, progression, and metastasis. Obesity increases cancer risk through several
mechanisms, including increased inflammation. Method and Materials. We present an ecological
study (a type of observational study) of incidence and/or mortality rates for cancers during 2007-
2016 of 17 anatomical sites with respect to solar ultraviolet-B (UVB) doses and obesity prevalence.
Data were averaged for 12 geographical regions. Results: Solar UVB doses were significantly
inversely correlated with incidence rates for three types of cancer for males. They were inversely
correlated with mortality rates for five cancers for males and four for females. Obesity prevalence
was directly correlated with mortality rates for three cancers for males and seven for females.
Discussion: The ecological approach has certain limitations, such as its sensitivity only to regional
variations in relation to specific risk-modifying factors. In this study, these limitations include
numerous factors influencing cancer risk and the fact that the data are averaged across entire
regional populations, which may not reflect individual risks. Despite this, the study reveals
important correlations. Specifically, it found that solar UVB exposure is linked to a lower risk of
certain cancers, while obesity is associated with an increased risk of some cancers in France. These
findings are consistent with results from a similar study in the United States on cancer rates between
2016 and 2020. The association between obesity and cancer risk aligns with other observational
studies. However, it is uncertain to what extent higher solar UVB exposure or elevated serum 25-
hydroxyvitamin D levels might mitigate the impact of obesity on cancer risk. Reducing cancer
mortality in France may be achievable through vitamin D supplementation and efforts to lower
obesity prevalence.

Keywords: cancer; diet; ecological study; incidence rate; mortality rate; obesity; risk; solar UVB;
smoking; vitamin D

1. Introduction

France’s population in 2010 was approximately 65 million, with 31.5 million males and
33.5 million females [1]. For males in 2010, the estimated all-cancer incidence rate was 363 per 100,000
person-years and the all-cancer mortality rate was 134 per 100,000 person-years [2]. For females, the
values were 252 and 73, respectively. From 2005 to 2012, all-cancer incidence and mortality rates for
males decreased each year by 1.3% and 2.9%, respectively, whereas for females, the all-cancer
incidence rate increased by 0.2% and all-cancer mortality rates decreased by 1.4%. Standardized
death rates per 100,000 people for France in 2010 were all causes, 684; cancer, 232; cardiovascular
diseases, 156; other diseases, 124; violent deaths, 64; unspecified or ill-defined causes of death, 55;
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and infectious and parasitic diseases , respiratory diseases, 52 [3]. Thus, cancer was a leading cause
of death.

To reduce cancer rates in France, trying to determine the causes of cancer there is worthwhile.
A set of studies were conducted to estimate the causes of cancer related to lifestyle and environmental
factors in France in 2015. The top seven given in Table 3 in the summary article from that set [4] are:
tobacco smoking, 19.8% population attributable fraction (PAF); alcohol consumption, 8.0%; dietary
factors, 5.4%; overweight and obesity, 5.4%; infectious agents, 4.0%; occupational exposures, 3.6%;
sun exposure, 3.0%. It would be helpful if an ecological study could evaluate the cancer-specific and
total risks for each of these factors. However, that is not possible due to the fact that the cancer
incidence and mortality rate data for the period 2007-2016 are only available for 12 regions with large
populations. In statistical analyses, ten observations per variable is generally considered the
minimum number to avoid computational difficulties [5]. However, as will be seen, sometimes useful
results can be obtained for two risk-modifying factors using only 12 geographical units, as found in
this study.

Tobacco smoking has been a leading cause of cancer since the late 20th century. In the United
States, lung and bronchus cancer was the leading cause of cancer death for males from 1955 to present
and for females from 1988 to present [6]. For France in 2015, the PAF of cancer cases for active tobacco
smoking was estimated at about 28% for males and 8% for females [7].

Alcohol consumption is France’s second-leading cause of cancer. For 2015, light, moderate,
heavy, and former alcohol drinking were responsible for 1.5%, 1.3%, 4.4%, and 0.6% of all new cancer
cases, respectively [8]. Esophageal squamous cell carcinoma had the highest PAF (58%). An estimated
15,000 of all cancer deaths in France in 2009 were due to alcohol consumption [9].

High body mass index (BMI) had an estimated PAF for cancer of 4.1% for males and 6.7% for
females [10]. The highest estimated PAFs were for esophageal adenosarcoma (37%) and corpus uteri
cancer (34%). Data on mean BMI by sex and age group were used from the 2006 National Nutrition
and Health Survey (Etude nationale nutrition santé, ENNS) (Table 1 in Ref. 14 in [10]). The data were
for 2413 French adults between February 2006 and March 2007.

Solar radiation’s effect on cancer incidence in France was limited to cutaneous melanoma [11].
Three data sets were used in the analysis: the 1903 South Thames birth cohort, a historical reference
from France in 1980, and a geographical reference from France for 2003-2007. The PAF for all-cancer
incidence varied from 1.4% to 2.8% for males and from 0.9 to 3.2% for females.

Ecological studies are observational studies that consider populations in defined geographical
regions, using population-averaged health outcomes and values for risk-modifying factors. The
ecological approach is only sensitive to outcomes for which the ratios of risk modifying factors to
health outcome vary between the geographical populations, preferably in a quasi-linear fashion.
Many ecological studies have studied the correlations between solar UVB doses and cancer incidence
and mortality rates such as in the U.S. [12-14]. Two ecological studies in the U.S. also included alcohol
consumption and lung cancer rates as a proxy for smoking [13,15]. The most recent U.S. ecological
study also include obesity prevalence [15].

Strengths of the ecological approach include that large numbers of participants are included,
and that they can be conducted efficiently since the data used are generally readily available. Thus,
they can show large-scale effects analogous to satellite images of weather patterns. The limitations of
ecological studies include that the population average values for the risk-modifying factors may not
relate well to those who develop the health conditions of interest, such as being appropriate for
different age groups, and that some important risk-modifying factors are not included in the analysis.
However, these limitations have not been found to reduce the accuracy of the findings in large-scale
studies. For example, in a 2002 ecological study of cancer mortality rates in the U.S., solar UVB doses
were found inversely correlated with 13 types of cancer for data averaged over ~500 state economic
areas in 44 states without the inclusion of any other risk-modifying factors [12]. In the follow-on study
involving 48 states and the addition of several risk-modifying factors, alcohol consumption, Hispanic
heritage, lung cancer mortality rates, poverty, and urban/rural residence, the findings for solar UVB
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dose were essentially unchanged and the findings for the other risk factors were in general agreement
with the peer-reviewed journal literature [13].

The ecological study approach to studying the role of sunlight in reducing risk of cancer was
first used in 1941 by Apperly [16]. Garland and colleagues used this approach for colon, breast, and
ovarian cancer mortality rates in the 1980-1994 period using data from the U.S. [17-19]. They were
also first to suggest that the effect of sunlight in reducing risk of cancer was due to vitamin D
production [17].

The present study uses the geographical ecological study approach to determine the correlations
between solar UVB dose, obesity prevalence, and smoking and cancer incidence and mortality rates
in France for 2007-2016. Cancer incidence and mortality rate data are averaged for 12 geographical
regions, as are obesity prevalence, UVB doses, and lung cancer incidence or mortality rates and
statistical analysis is used to determine the correlations.

2. Materials and Methods

The present ecological study uses cancer incidence and mortality rates for 12 regions in France
with respect to obesity rates, solar UVB doses, lung cancer incidence and mortality rates, and a proxy
of alcohol consumption rates. Lung cancer rates are a proxy for smoking, which occurs after decades
of smoking. However, as noted, second-hand smoking and air pollution can also increase the risk of
lung cancer, as can diet such as from red and processed meat [20]. Data used for the study were
obtained from publicly-available datasets as discussed in the following paragraphs.

Cancer incidence and mortality rates came from a publication of the Santé publique France with
the Institut national du cancer [21]. Tables 2-1 to 2-24 in that report included incidence and/or
mortality rate data for cancers at 23 anatomical sites as well as for all cancers combined. National
estimates of incidence for 2007-2016 and mortality for 2007-2014 included average annual population,
crude rate, standardized rate on the age structure of the world population per 100,000 person-years
(the year of the data were not specified) accompanied by their prediction/95% CI, distribution of
estimated departmental rates (5th and 95th percentiles: Q5-Q95), and percentage of cases in the total
number of incident cases or deaths. Data for 13 regions were available. Data for Corse (Corsica) were
not used in that analysis because of the few cancer cases (960 for males, 842 for females) and cancer
deaths (492 for males and 351 for females) compared with the other regions (>6000 cases and 2800
deaths).

Obesity data came from a 2012 report on prevalence of obesity in 22 French regions for 2007 and
2012 [22]. Data for 2012 were based on information for 25,714 people older than 18 years. Because the
number of regions with obesity data is greater than the number of regions with cancer data, the
obesity data for each region for cancer were averaged with respect to populations in the major cities
and data combined for 2007 and 2012. Table 1 gives the values used in this study.

Table 1. Values for obesity prevalence, solar UVB dose, and all-cancer incidence and mortality rates
in ascending order by annual mean solar UVB doses.

Region Annual mean Obesity prevalence
solar UVB (Wh/m?) [23] (%)** [22]

Hauts-de-France 5.45 20.4
Grand Est 5.6 18.0
Normandie 5.7 16.8
Tle-de-France * 13.8
Bretagne * 12.1
Centre-Val de Loire * 16.8
Bourgogne-Franche-Comté 6.1 15.1
Pays de la Loire * 12.6
Auvergne-Rhone-Alpes 6.8 13.3
Nouvelle-Aquitaine 7.1 14.6
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Occitanie 8.1 13.6
Provence-Alpes-Cbte d’Azur * 11.6

*, see values in Table 1 in [23]; **, used with permission of authors.

A 2011 article reports values for annual mean UVB radiation for each Mutualité sociale agricole
region in France [23]. The values were based on typical values determined for global UVB all-sky
measurements from MeteoStats, Switzerland. The data were accessed from the Solar Radiation Data
(SoDa) company from an apparently inactive website. However, maps are still available (www.soda-
pro.com/maps/maps-for-pay; accessed June 10, 2024), but we did not pursue that line of inquiry
further due to cost and time constraints. Solar UVB doses do not change appreciably from year to
year. The main cause of change is fluctuations in stratospheric ozone concentration. Measured solar
UV index for Observatoire de Haute-Provence (44° N) from 1975 to 2017 showed an increase to about
1994, followed by relative stability albeit with year-to-year fluctuations [24]. More important, air
pollution such as from aerosols as well as clouds also reduces the amount of UVB reaching Earth’s
surface. Aerosol loading in France is highest in northern France [25,26]. However, ecological studies
generally do not consider those factors.

Data for alcohol consumption in 21 regions came from a 2010 report in France [27]. To develop
data for the 12 regions used in this study, we averaged data for each region for cancer with respect
to populations in the major cities. Three measures were used in preliminary analyses: daily alcohol
use, use at chronic risk or dependence, and repeated drunkenness. Because repeated drunkenness
had the highest correlation with cancers such as esophageal cancer, we chose that as the index of
alcohol consumption in the analyses.

Annual mean solar UVB doses for the regions vary from 5.45 Wh/m? in Hauts-de-France to 8.7
Wh/m? in Provence-Alpes-Coéte d’Azur. Serum 25(OH)D concentrations were measured between
January 2011 and February 2012 in 10 university hospitals involving 892 French white healthy adults
[28]. Mean 25(OH)D concentrations in northern France were 22 + 8 and 25 + 8 ng/mL in southern
France. Figure 1 in Souberbielle and colleagues [28] shows the 10 sites where measurements were
made. Using the data in Table 1, we estimate that the mean solar UVB dose in northern France was
6.0 Wh/m?, whereas that in southern France was 6.8 Wh/m2. The ratio of 25(OH)D concentrations is
25/22=1.14, and the ratio of solar UVB doses is 1.13, showing good agreement. Although those values
are only approximations, they indicate that the UVB doses are reasonable proxies for mean serum
25(OH)D concentrations in each region. The odds ratio for 25(OH)D <20 ng/mL in the north
compared with the south was 1.91 (95% CI, 1.43-2.54).

Lung cancer incidence and mortality rate data also were included as an index of the cancer risk
due to smoking. However, lung cancer also is affected by air pollution such as fine particulate matter
(PM25) in France [25]. PM2s concentrations are much higher in northern France [25,26] and several
smaller regions throughout France. Because smoking generally takes decades to result in lung cancer,
data for smoking rates would not be useful.

Data were analyzed using SigmaStat 4.0 (Grafiti, Palo Alto, CA, USA). Data plots were made
using KaleidaGraph 4.5.4 (Synergy Software, Reading, PA, USA).

Table 2 gives the cross-correlation coefficients for the risk-modifying factors used in this study.
Factors with significant cross-correlation coefficients should not be used in the same regression
analysis. In general, 10 independent pairs of data are needed to produce useful regression results.
Because only 12 data sets are used, few useful results involving any two risk-modifying factors would
be expected.

Table 2. Cross-correlation regression results (r, adjusted 72, p) for the risk-modifying factors used in
this analysis.

Factor Obesity LCi, males LCi, females LCm, males LCm, females
Solar 0.67, 0.40, 0.47,0.14,0.12 | 0.20,0.00,0.54 | 0.51,0.19, 0.09 0.02, 0.00, 0.94
UVB 0.02
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Obesity 0.83, 0.66, 0.34, 0.03, 0.28 0.87,0.74, 0.00. 0.00, 0.99
<0.001 <0.001
LCi, 0.95, 0.90, 0.01, 0.00, 0.97
males <0.001
LCi, 0.85, 0.70, <0.001
females

LCi, lung cancer incidence rate; LCm, lung cancer mortality rate; NS, not significant; UVB, ultraviolet-B.

3. Results

Tables 3-6 show the regression results (all p <0.10) for cancer incidence and mortality rates for
males and females. The good agreement of the results for obesity with estimates in a model study for
France [10] supports the findings in this ecological study for UVB dose in that the same analytic
method was used. However, very little effect was found for smoking when using lung cancer
incidence or mortality rates as proxies for smoking. Also, no significant correlations were found for
repeated drunkenness, the index of alcohol consumption.

Table 3. Regression results for cancer incidence rates for males.

Cancer Ntsm Equation 1, PAF, PAF,
(cases/100,000) Adjusted | obesity UVB
% p
All 355 316 + 3.3 x Obes 0.57, 0.01
0.26,
0.052
Bladder 14.5 5.2+0.18 x LCi 0.50,
0.18, 0.08
Colorectal 37.8 32 +0.43 x Obes 0.55, 0.01
0.23, 0.06
Esophageal 5.2 14-0.97 x UVB 0.58, 0.06
0.26,
0.051
Lips, mouth, -5.9+0.23 x LCi 0.67,
pharynx 0.40, 0.01
Lips, mouth, 34-29xUVB 0.53, 0.07
pharynx 0.20, 0.07
Lung 51.8 29 +1.5 x Obes 0.83, 77
0.66,
<0.001
Thyroid 49 -0.80 +0.85 x 0.84, 27?7?
UVB 0.68,
<0.001

LCi, lung cancer incidence; Ntsv, number of cases per 100,000, standardized to the world population, Ref. [21],
used with permission of Santé publique France authors; Obes, obesity; PAF, population attributable fraction;
UVB, ultraviolet-B.

Table 4. Regression results for cancer mortality rates for males.

Cancer N1sm Equation r, Adjusted 12, p PAF, PAF,
(cases/100,000) (p, p) obesity UVB
All 139.6 84 + 3.9 x Obes 0.70, 0.45, 0.01 0.05
All 200 - 6.9 x UVB 0.63, 0.35, 0.03 0.03
All-lung 1014 29 +2.0xLCm 0.78, 0.49, 0.007
All-lung 150 - 6.8 x UVB 0.64, 0.35, 0.03 0.04
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All-lung 66 + 2.5 x Obes 0.60, 0.30, 0.04 0.03
Bladder 5.0 -0.02+0.13xLCm | 0.67,0.40, 0.01
Bladder 2.5+ 0.17 x Obes 0.67,0.39, 0.02 0.06
Colorectal 12.7 2.6+0.27 x LCm 0.81, 0.62, 0.001
Colorectal 6.9 + 0.41 x Obes 0.81, 0.62, 0.001 0.08
Esophageal 1.0 43-08xUVB+ 0.77,0.50, 0.01
0.16 x LCm (0.03, 0.10)
Esophageal 71+043 xLCm - 0.72,0.41, 0.04
0.028 x Obes (0.048, 0.35)
Esophageal 12-0.99 x UVB 0.63,0.33, 0.03 0.11
Esophageal -3.7+0.23 xLCm 0.56, 0.26, 0.045
Laryngeal 0.2 -0.64 +0.085 x 0.73,0.43, 0.04
LCm - 0.050 x (0.048, 0.40)
Obes
Laryngeal -0.28 + 0.056 x 0.70, 0.45, 0.01
LCm
Lips, mouth, -12+1.1 xLCm - 0.79, 0.54, 0.01
Pharynx 0.79 x Obes (0.02, 0.22)
Lips, mouth, 5.9+0.31 x LCm 0.78, 0.58, 0.003
Pharynx
Lips, mouth, 13-1.1xUVB 0.70, 0.43, 0.01 0.15
Pharynx
Liver 9.2 16 -0.92 x UVB 0.54, 0.22, 0.07 0.15
Lung 38.2 19 + 1.5 x Obes 0.87, 0.74, <0.001 72?7?
Melanoma 1.7 1.5-0.20 x Obes + 0.73, 0.43, 0.03
0.043 x LCm (0.02, 0.09)
Melanoma 2.3-0.043 x Obes | 0.58,0.27,0.048 ?27?7?
Pancreatic 7.7 4.3+ 0.066 x LCi 0.69, 0.43, 0.01
Pancreatic 6.1 +0.11 x Obes 0.64, 0.34, 0.03 0.02
Prostate 10.0 15-0.77 x UVB 0.68, 0.40, 0.02 0.14
Stomach 45 6.7-0.32=xUVB | 0.83, 0.65, <0.001 0.08
Testicular 0.2 0.55-0.045xUVB | 0.61,0.31,0.04 0.10

LCi, lung cancer incidence; LCm, lung cancer mortality; Ntsv, number of cases per 100,000, standardized to the
world population, Ref. [21], used with permission of the authors; Obes, obesity; PAF, population attributable
fraction; UVB, ultraviolet-B.

Table 5. Regression results for cancer incidence rates for females

Cancer Nrsm Equation r, Adjusted 12, p | PAF, obesity | PAF, UVB
(cases/100,000)
Esophageal 1.5 1.8-0.13xUVB | 0.59,0.29, 0.04 0.07
Kidney 6.3 4.4+0.13 x Obes | 0.76, 0.54, 0.004 0.05
Thyroid 14.8 —2.1+25xUVB | 0.85, 0.70, <0.001

Nrsm, number of cases per 100,000, standardized to the world population, Ref. [21], used with permission of the
authors; Obes, obesity; PAF, population attributable fraction; UVB, ultraviolet-B.

Table 6. Regression results for cancer mortality rates for females

Cancer N1sm Equation 1, Adjusted 12, p PAF, PAF,
(cases/100,000) (p, p) obesity | UVB
All 79.3 51 +1.6 x Obes 0.94, 0.86, <0.001 0.08
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All 58 +1.4 x Obes— | 0.94, 0.81, <0.001
0.69 x UVB (<0.001, 0.32)
All 95-3.1 x UVB 0.71, 0.46, 0.009 0.03
All-lung 63.2 49 +1.4 x Obes— | 0.92, 0.81, <0.001
0.85 x UVB (0.002, 0.32)
All-lung 40 + 1.6 x Obes 0.91, 0.81, <0.001 0.11
All-lung 85-3.2x UVB 0.71, 0.46, 0.009 0.04
Bladder 0.9 0.56 + 0.026 x Obes | 0.85.0.69, <0.001 0.08
Breast 15.5 11+0.42xObes— | 0.86, 0.68, 0.002
0.33 x UVB (0.01, 0.37)
Breast 8.0 +0.51 x Obes | 0.85, 0.69, <0.001 0.10
Breast 23-1.1xUVB 0.69, 0.42, 0.01 0.05
Corpus uteri 6.6 7.2 +0.22 x Obes 0.68, 0.41, 0.02 0.04
Colorectal 7.5 4.6 +0.20 x Obes | 0.88, 0.77, <0.001 0.09
Esophageal 1.0 1.8-0.13 x UVB 0.59,0.29, 0.04 0.07
Kidney 1.5 0.97 +0.035 x Obes | 0.49,0.16,0.11 0.02
Liver 2.2 1.1+0.081 x Obes | 0.75,0.52, 0.005 0.08
Ovarian 45 51-0.19xUVB+ | 0.89,0.75, <0.001
0.047 x Obes (0.02, 0.10)
Ovarian 6.3-0.27 x UVB 0.85, 0.69, <0.001 0.07
Ovarian 3.1+0.10 x Obes 0.78, 0.56, 0.003 0.05
Stomach 1.7 25-0.13x UVB 0.70, 0.43, 0.01 0.05
Thyroid 0.2 0.068 +0.012 x 0.57, 0.26, 0.054 0.05
Obes

Nrsv, number of cases per 100,000, standardized to the world population, Ref. [21], used with permission of the
authors; Obes, obesity; PAF; population attributable fraction; UVB, ultraviolet-B.

The PAF of cancer incidence and mortality rates can be estimated from the regression results
from the regression equation. It is essentially the area of the triangle for the regression fit to the data
from low to high value of the risk-modifying factor divided by the rectangle for the mean value of
the cancer rate times the difference between high and low values for the risk-modifying factor, then
multiplied by adjusted 72 for the regression fit. For all-cancer mortality for females with respect to
obesity, the PAF is:

| All-cancer mortality | 51+1.6 x Obes | 0.94,0.86,<0.001 |

(1.6 x 8.8 x 8.8/2)/[(51 + 1.6 x 16) x 8.8] x 0.86
= [1.6 x 8.8/2]/[(51 + 1.6 x 16)] x 0.86
= [7.04/76.6] x 0.86 = 0.08

However, that estimate is a lower limit, based only on having obesity rates in all regions set to
the lowest value. If the obesity rate were set to zero, the estimate would be that the rate would be 51
deaths/100,000 per year. However, such an extrapolation cannot be made because many relationships
are nonlinear, often reaching a minimum or maximum value before the zero value of the independent

variable is reached. PAF values are given in Tables 3 to 6 for the types of cancer for which meaningful
results were obtained.

Figures 1 and 2 are scatter plots of data used in this study. Figure 1 is for all-cancer mortality
rate for females vs. obesity rates. Figure 2 is stomach cancer mortality rate for males vs. annual mean
solar UVB dose. Both figures illustrate how the data is used for the PAF calculations.
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Figure 1. Plot of all-cancer mortality rate for females vs. obesity prevalence (%), 2009-2012 [22].
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Figure 2. Plot of stomach cancer mortality rates vs. annual mean solar UVB doses [23].
4, Discussion

4.1. Solar UVB

Solar UVB dose was more strongly associated with reduced cancer risk for males than for
females, possibly because, for example, males are more likely to be outdoors occupationally, e.g., in
agriculture, construction, or public safety as an ecological study in Nordic countries showed that
effect [29]. Cosmetics now generally include sunscreen [30,31], thereby reducing vitamin D
production in women.

It is interesting to observe that the results of this ecological study with a similar one for cancer
incidence rates in the US for the period 2016-2020 [15]. There is substantial agreement for obesity
prevalence and/or solar UVB doses for these cancer outcomes for males: incidence rate, all cancer,
colorectal cancer (CRC), esophageal, and stomach cancer; male mortality rate, all, all-less-lung, CRC,
esophageal, and stomach cancer. For females, there is substantial agreement for: incidence rate,
esophageal and kidney cancer; mortality rate, all, all-less-lung, breast, CRC, esophageal, kidney, and
stomach cancer. The findings that did not agree with the results for the U.S. were for bladder cancer:
in the U.S, UVB was inversely correlated, in France lung cancer was directly correlated, and lung
cancer for males, correlated with obesity in the French study but diabetes, obesity and UVB in the
U.S. study. The U.S. study also had results for several additional cancers for males: brain and
laryngeal cancer and non-Hodgkin’s lymphoma. For females, the additional cancers were laryngeal
cancer and non-Hodgkin’s lymphoma. Thus, even though the French study had fewer cancer cases
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and geographical regions, it nonetheless produced reasonable correlations with obesity prevalence
and solar UVB dose.

Solar UVB dose was not found associated with several types of cancer for which it was found in
ecological studies of cancer mortality rates in the United States such as bladder and colorectal cancer
[12,13]. The likely reason is that since people now have higher BMI, obesity becomes a more
important risk factor, in part since serum 25(OH)D concentration tends to be inversely correlated
with BMI and fat mass. For example, an observational study conducted in Italy involving 147
overweight and obese subjects, the regression fit for serum 25(OH)D concentration increased from 5
ng/mL for fat mass = 43 kg to 40 ng/mL for 26 kg [32]. In multiple regression analysis using two
models, fat mass was the only significant factor correlated with 25(OH)D concentration (p < 0.01). In
turn, systemic inflammation, increases cancer risk and is inversely correlated with serum 25(OH)D
levels [33]. An observational study involving 8024 individuals in the Rotterdam Study followed
found that over a ten-year period, cancer risk increased from 9.7% in the lowest quartile to 14.7% in
the highest quartile (p = 0.009) [34].

In 2010, Grant published an ecological study of French cancer incidence and mortality rates
between 1998 and 2000 with respect to latitude, an index of vitamin D production from solar
ultraviolet-B (UVB) radiation [35]. Cancers with significant inverse correlations for both incidence
and mortality rates included all, all excluding Iung, breast, colorectal, esophageal, lung (males only),
prostate, and uterine cervix and uterine corpus. Those results were similar to those from the United
States [13]. However, that analysis did not include other important cancer risk factors, such as obesity.
Thus, the findings could have been due to a latitudinal gradient in obesity rather than UVB for some
of the cancers.

4.1.2. Vitamin D

Solar UVB’s inverse correlation with several cancers suggests that vitamin D reduces both cancer
incidence and mortality rates. Solar UV’s main effect in reducing cancer risk is through vitamin D
production. A moderately important effect of solar UV exposure is an increase in serum nitric oxide
concentrations through liberating it from subcutaneous nitrate stores [36]. The main effects of this
mechanism seem to be reduced risk high blood pressure [36] and protection against viral diseases
such as COVID-19 [37]. However, there is no evidence that nitric oxide plays a role in reducing risk
of cancer.

As for making causal inferences, randomized controlled trials (RCTs) are generally used for that
purpose. Since modern medicine uses the RCT to determine the efficacy and adverse effects of
pharmaceutical drugs, the RCT approach has been applied to studying the effect of vitamin D
supplementation on risk of disease such as cancer. However, most vitamin D RCTs have been based
on the guidelines for drugs. In drug trials, the only source of the drug is in the trial and only the
treatment arm is given the drug. That is not appropriate for vitamin D trials as not every participant
has deficient 25(OH)D concentrations. In 2014, Robert Heaney outlined the guidelines for clinical
trials for nutrients such as vitamin D [38]. The more important guidelines as applied to vitamin D
include measuring 25(OH)D concentration of prospective participants and choose those with low
concentrations for the outcome of interest, supplement with high enough vitamin D dose to raise
concentrations to where significant reductions in adverse health outcome have been reported, then
measure achieved 25(OH)D concentration and use that value in the analysis. As discussed in two
recent reviews, most vitamin D RCTs reported to date have not found strong supporting evidence
for vitamin D supplementation as a result of not following Heaney’s guidelines [39,40].

An alternate approach for assessing causality is through application of A. Bradford Hill’s criteria
for causality in a biological system [41]. The important criteria for solar radiation and vitamin D and
cancer include strength of association, consistency, temporality, biological gradient, plausibility,
coherence with known science, and experiment. Not all criteria need to be satisfied, but the more that
are, the stronger the case for causality. A 2009 evaluation of Hill’s criteria regarding vitamin D and
cancer concluded that it largely satisfied the criteria except for experimental verification [42]. As
outlined in a 2022 review [43], the evidence regarding consistency for many types of cancer in both
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geographical ecological studies and prospective observational studies and plausibility (mechanisms)
has been strengthened. The main limitation is in experimental verification. Medical science uses RCTs
to demonstrate efficacy. There are some preliminary results from RCTs regarding vitamin D
supplementation and all-cancer mortality [44] and all-cancer incidence for daily vitamin D
supplementation for normal-weight people [45]. Also, a recent vitamin D supplementation RCT
found that gastrointestinal cancer patients who were p53 immunoreactive had greatly reduced
relapse or death associated with vitamin D supplementation over nearly six years of follow [46].
Patients were supplemented with 2000 IU/d vitamin Ds or placebo. In the p53-Antibody (+) and p53-
immunohistochemistry (3+) group, the HR for relapse or death was 0.27 (95% CI, 0.11-0.61). In the
p53-Antibody (-) group, the HR for vitamin D supplementation vs. placebo was 1.09 (95% CI, 0.65—-
1.84).

A 2023 meta-analysis of vitamin Ds supplementation on cancer mortality found in the main
analysis of 14 RCTs, HR = 0.94 (95% CI, 0.86-1.02) [47]. However, in the ten RCTs with daily vitamin
D supplementation, HR = 0.88 (95% CI, 0.78-0.98).

A 2023 review published in 2024 concluded that the vitamin D-cancer hypothesis has not been
demonstrated to be causal [48].

In case the vitamin D-cancer hypothesis is correct, vitamin D supplementation for cancer
prevention and treatment should be considered. A recent review recommended supplementation
with 2000 IU/d of vitamin Ds for good health [49]. That would be a good recommendation for
reducing cancer risk for people with BMI < 25 kg/m? of body surface area. However, as reported in
secondary analyses of the VITAL study, people with BMI <25 kg/m? had a 25% reduction in all-cancer
incidence and those with higher BMI did not. Even though those below and above 25 kg/m? increased
serum 25(OH)D concentrations by the same amount, 12 ng/mL, those with higher BMI did not
significantly reduce risk of all-cancer incidence [50]. The mean baseline 25(OH)D concentration of
participants in that study’s vitamin D arm was near 31 ng/mL. However, 25(OH)D concentrations
were not measured in those in the placebo arm or in all of the treatment group. Most likely, people
with higher BMI require higher vitamin D doses as well as higher 25(OH)D concentrations to reduce
cancer risk. Moreover, vitamin D supplementation has not been shown to significantly reduce
inflammatory markers in overweight and obese people, as shown in a meta-analysis of 11
randomized controlled trials with a total of 504 participants [51]. No significant change was apparent
in either C-reactive protein or tumor necrosis factor concentrations related to either vitamin D dose
or achieved serum 25(OH)D concentration.

Vitamin D supplementation might also be considered adjuvant treatment for people who
develop cancer [43,52,53]. Vitamin D is more effective in reducing cancer mortality risk than
incidence [50,54] because vitamin D is one of the few natural compounds in the body that reduce
angiogenesis around tumors and metastasis [43].

4.2. Lung Cancer

Several reasons may explain this ecological study not having found more cancers linked to lung
cancer:

¢ Lung cancer incidence or mortality rate may not be a good proxy for effects of smoking because
lung cancer risk also is related to diet, as shown here by the high correlation between obesity and
lung cancer mortality rate.

e Smoking rates may not vary geographically much in France.

¢ Smoking may have been less important than before because of a trend towards lower smoking
rates.

4.3. Alcohol Consumption

As for alcohol consumption, it is likely that repeated drunkenness is not a suitable measure for
alcohol consumption rates or assessing their effects on cancer risk, or alcohol consumption does not
vary much throughout France. Further speculation on reasons is beyond the scope of this study.


https://doi.org/10.20944/preprints202407.0701.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 August 2024 doi:10.20944/preprints202407.0701.v2

12

4.4. Obesity

For males, this ecological study found obesity correlated with incidence of CRC and with
mortality for all-lung, bladder, CRC, and pancreatic cancer. For females, this ecological study found
obesity correlated with incidence of kidney cancer and with mortality for all-lung, breast, CRC,
corpus uteri, kidney, liver, ovarian, and thyroid cancer. In comparison with the article by Arnold et
al. [10], this study did not find obesity correlated with incidence or mortality rate for esophageal,
gallbladder, and stomach cancers for males or females and liver cancer for males. In addition, it found
obesity correlated with bladder cancer for males and females and thyroid cancer for females. Obesity
has been found associated with risk of bladder cancer [55,56] and thyroid cancer [57]. An analysis of
the PAF for cancer incidence and mortality using data from the UK Biobank also found an association
with bladder cancer, but it was the lowest of 10 for incidence and 9 for mortality [58]. This UK Biobank
study found higher BMI associated with risk of ten types of cancer, of which eight were found
associated with obesity in this ecological study, the exceptions being gallbladder and stomach cancers.

Comparison of the PAF values from the two studies indicates that the ecological study found
lower values. This is likely due to the fact that the ecological study approach is only sensitive to
variations unless the linear regression fit to the data is compared for some value rather than minimum
value for the regions. The same consideration would apply to solar UVB dose.

Many papers have discussed obesity’s role in risk of cancer incidence and mortality rates. A 2021
review estimated that 55% of cancers diagnosed in women and 24% in men were related to
overweight/obesity [59].

A 2019 review has a comprehensive discussion of mechanisms by which obesity increases risk
of cancer [60]. A 2023 review also has useful information regarding the role of adipose tissue on risk
of cancer [61]. Figure 1 in that review shows the links between the various factors linking obesity to
risk of cancer. Their lists of important mechanisms are used as the framework to describe the
mechanisms.

A 2021 meta-analysis of 203 studies with 6,320,365 participants evaluated the association of
obesity with overall survival (OS), cancer-specific survival (CSS), and progression-free survival (PFS)
or disease-free survival (DFS) in cancer patients [62]. Overall, obesity compared to normal weight
was associated with a reduced OS (hazard ratio [HR] = 1.14 [95% CI, 1.09-1.19]) and CSS (HR = 1.17
[95% CI, 1.12-1.23]). Patients also were at increased risk of recurrence (HR = 1.13 [95% CI, 1.07-1.19]).
Conversely, patients with obesity and lung cancer, renal cell carcinoma, or melanoma had better
survival outcomes than nonobese patients with the same cancer (lung, HR = 0.86 [95% CI, 0.76-0.98];
renal cell, HR = 0.74 [95% ClI, 0.53-0.89]; melanoma, HR = 0.74 [95% CI, 0.57-0.96]).

Whether obesity can be considered a causal risk factor for some cancers is still being debated. A
2018 review discussed existing and new hypotheses for a causal connection [63]. A 2023 article
presented the evidence that metabolically (un)healthy obesity compared to metabolically healthy
normal weight status for cancer at ten body sites with HRs up to 2.55 to 3.00 for three types of cancer
(endometrial, liver, and renal cell) [64].

Lung cancer risk is inversely associated with obesity. To determine why, researchers analyzed
tissue differences between lung neoplasms and healthful lungs in seven gene expression data sets
[65]. Analysis showed significant enrichment of adipocytes and preadipocytes in healthful lung tissue
compared with lung cancers. An understudied adipokine, omentin, was significantly and
consistently lower in lung neoplasms than in healthful lungs. Omentin was consistently
downregulated in lung cancers and exhibited a negative correlation with important transcription
factors FOXA1, EN1, FOXC1, and ELK4. The authors suggested that omentin may serve as a
prognostic factor in lung cancer and explain the “obesity paradox” in lung cancer.

4.5. Interaction between Vitamin D and Obesity/Adiposity

Vitamin D and obesity have opposite roles regarding the risk of cancer. The present ecological
study found that obesity prevalence had higher correlations with all-cancer incidence rates for males
and mortality rates for males and females than solar UVB doses. An interesting topic to consider is
to what extent higher serum 25(OH)D concentrations reduce the effect of obesity and adipose tissue
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on risk of cancer. As discussed earlier, based on results from the VITAL study [50], it appears as if
25(OH)D concentrations that reduce overall cancer do not appear to be sufficient for those who are
obese. On the other hand, the VITAL study also found that when the first 1 or 2 years of follow up
were excluded, the rate of death from cancer was significantly lower with vitamin D than with
placebo (HR = 0.79 [95% CL, 0.63 to 0.99], and 0.75 [95% CI, 0.59 to 0.96], respectively). For cancer
incidence, inflammation is an important driver, but for death, angiogenesis and metastasis are
important drivers. Vitamin D seems more effective for preventing death from cancer than cancer
incidence.

4.6. Strengths and Weaknesses

Among this ecological study’s strengths are that it includes cancer data for geographical regions
across continental France. The results regarding solar UVB radiation are generally consistent with
findings in other studies. In comparison with a similar ecological study of cancer incidence rates in
the US for the period 20162020, there was stronger agreement between the results in this study for
cancer mortality rates with results for cancer incidence rates [66]. The differences may be due to
different strengths of cancer risk-modifying factors in the two countries. The method works well for
risk-modifying factors that have reasonable geographical variation as well as important impacts on
cancer risk.

An important weakness of the ecological study approach is that it is only sensitive to
geographical variations in cancer rates with respect to risk-modifying factors. Thus, the portion of
cancer risk due to values below the minimum for the regression fit to the data cannot be determined.
For example, if the mean smoking rate was similar for all regions, there would be very little variation
in lung cancer by region due to smoking. Another weakness is that data for some important cancer
risk-modifying factors, such as diet, were not available. In addition, the data used were
representative, not inclusive. Also, because data for individual people were not used, the interaction
between risk-modifying factors such as obesity and serum 25(OH)D concentrations could not be
assessed. Data for obesity were for adults and not just older adults with higher cancer risk. Data for
alcohol consumption did not appear to be suitable. It is noted that the 2024 U.S. ecological study [15]
included data for alcohol consumption, which was significantly correlated with several types of
cancer, but did not appreciably affect the results regarding solar UVB doses of obesity prevalence. In
addition, the study used no information on cancer screening, such as for breast, colorectal, and
prostate cancer, or treatment. Cancer screening could increase cancer incidence rates, as it did for a
few years near 1990 when the prostate-specific antigen test was widely adopted (see, e.g., Figure 2 in
[6]). There is also the limitation due to the multiplicity of testing. A 2004 opinion discussed how the
Bonferroni rule applies to ecological studies [67]. It appears from Table 3 in that paper that for four
repeated tests, a p value required to reject the null hypothesis at the 0.05 level for one test is lowered
to somewhere between 0.009 and 0.024. Thus, some of the regression results in Tables 3 to 6 should
not be considered significant just because p is <0.05.

5. Conclusions

This ecological study finds that obesity is associated with increased risk of several types of
cancer in France and that solar UVB is associated with reduced risk of some cancers. These findings
are consistent with findings from other ecological and observational studies. This study suggests that
cancer rates in France could be reduced through more solar UVB exposure and vitamin D
supplementation as well as taking steps to reduce the rate of overweight and obesity, preferably
through dietary measures.
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