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Abstract
Background

Vitamin D has been identi�ed as a potential protective factor the development of colorectal cancer (CRC).
We expect to see a stronger association of ultraviolet B (UVB) exposure and CRC crude rates with
increasing age since chronic vitamin D de�ciency leads to sustained molecular changes that increase
cancer risk. The DINOMIT (disjunction, initiation, natural selection, overgrowth, metastasis, involution, and
transition) model postulates various stages of cancer development due to vitamin D de�ciency and the
associated latency period. The purpose of this study is to examine this age-dependent inverse
relationship globally.

Methods

In this ecological study, a series of linear and polynomial regression tests were performed between
country speci�c UVB estimates adjusted for cloud cover and crude incidence rates of CRC for different
age groups. Multiple linear regression was used to investigate the association between crude incidence
rates of colorectal cancer and UVB estimate adjusting for urbanization, skin pigmentation, smoking,
animal consumption, per capita GDP, and life expectancy. Statistical analysis was followed by geospatial
visualization by producing choropleth maps.

Results

The inverse relationship between UVB exposure and CRC crude rates was stronger in older age groups at
the country level. Quadratic curve �tting was preferred, and these models were statistically signi�cant for
all age groups. The inverse association between crude incidence rates of CRC and UVB exposure was
statistically signi�cant for age groups above 45 years, after controlling for covariates.

Conclusion

The age-dependent inverse association between UVB exposure and incidence of colorectal cancer
exhibits a greater effect size among older age groups in global analyses. Studying the effect of chronic
vitamin D de�ciency on colorectal cancer etiology will help in understanding the necessity for population
wide screening programs for vitamin D de�ciency, especially in regions with inadequate UVB exposure.
The study supports the need for adequate public health programs such as selective supplementation and
food forti�cation.

1. Background
Colorectal cancer (CRC) is the third most common cancer globally with over 4 million prevalent cases.
Nearly 2 million new cases of colorectal cancer were reported worldwide in 2018.(1) It is the third most
common cause of cancer in the United States with an estimated 460,714 cases in 2018.(1) It is the
second most common cause of death due to cancer worldwide and within the United States (880,000
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deaths worldwide and �fty thousand deaths in the United States in 2018).(1) The global burden of CRC is
expected to increase by 60% to more than 2.2 million new cases and 1.1 million cancer deaths by 2030.
(2) The need for advanced prevention and treatment strategies has increased due to the need to reduce
cancer morbidity and mortality for colorectal cancer.

Some of the risk factors linked to increased risk of developing CRC include obesity, sedentary lifestyle,
consumption of high-fat, high-meat diets and calorie rich and �ber de�cient food.(3) Apart from these
known risk factors, inadequate Vitamin D status as assessed by serum 25-hydroxyvitamin D (25(OH)D)
concentration has also been identi�ed as a potential risk factor in the pathogenesis of CRC. Vitamin D
has been identi�ed as a potential protective factor in the risk of developing CRC. Intake of 1000 IU/day of
vitamin D is shown to be associated with 50% lower risk.(4) A meta-analysis using random effects model
showed that the hazard ratio for mortality was lower with higher serum vitamin D status.(5) The results
of this study suggested regular testing and restoration of vitamin D status to adequacy for lowering the
mortality in colorectal cancer.(5)

Vitamin D is a fat-soluble vitamin which has limited dietary sources and is predominantly obtained when
exposed to ultraviolet B (UVB) radiation in sunlight.(6) Vitamin D2 (ergocalciferol) is obtained from plants
sources and forti�ed foods whereas vitamin D3 (cholecalciferol) is obtained naturally from sunlight and
from animal sources. Vitamin D2 and its metabolites have lower a�nity to vitamin D binding protein
compared to vitamin D3. Previtamin D3 is an intermediate product in the production of cholecalciferol. It
is formed when UVB light of wavelengths between 295 and 300 nm from sunlight acts on 7-
dehydrocholesterol present in the epidermal layers of the skin. It then converts by spontaneous
isomerization into cholecalciferol, the prohormone of the active form of vitamin D, calcitriol. Two-step
hydroxylation occurs in the liver and kidneys before the biologically inactive molecule is converted to
calcitriol, the active form of vitamin D.(6) Vitamin D Receptor (VDR) is expressed in various target tissues
in the body that locally produce active vitamin D (calcitriol) which can explain the various non-bony
effects.(7) Availability and exposure to UVB in sunlight is strongly correlated to the concentration of
calcidiol and calcitriol levels in blood. UVB exposure and supplemental vitamin D both increase calcitriol
in a dose-dependent fashion,(8) and increases in calcitriol have been shown to depend on baseline
vitamin D status.(9),(10)

A recent study showed that most patients with a new diagnosis of CRC had de�cient levels of serum
25(OH)D.(11) Better survival rates have been observed in patients with higher serum 25(OH)D
concentrations compared to those with lower concentrations.(12) A nested case-control study from the
Women’s Health Study (WHS) found a signi�cant inverse association between pre-diagnostic 25(OH)D
levels and risk of CRC.(13) A nested case-control study with 274 controls and 274 colorectal cases
observed a signi�cant inverse association between plasma vitamin D and odds of colorectal cancer in
multivariable adjusted logistic regression models.(13) MEG3 (non-coding RNA maternally expressed
gene) functions as a tumor suppressor in CRC by regulating the activity of clusterins, which is stimulated
by the binding of vitamin D receptor to its promoter.(14) Meta-analysis of the relationship between serum
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25(OH)D and mortality of patients with colorectal cancer has shown that higher serum 25(OH)D was
associated with lower mortality of patients with colorectal cancer.(5) Mortality rates were also decreased
in summertime, where UVB wavelengths of solar radiation are more available.(15) Reviews of ecological
studies have shown evidence for the association between UVB–vitamin D–cancer to be convincing for
several different types of cancer.(16),(17) However, not all studies have shown an increased cancer risk
associated with inadequate circulating vitamin D levels. A Mendelian randomization study provided little
evidence for the association of vitamin D and risk of several types of cancer.(18)

The DINOMIT model (disjunction, initiation, natural selection, overgrowth, metastasis, involution, and
transition) postulates that the anti-cancer effects of vitamin D can occur across these various phases of
cancer etiology.(19) Vitamin D plays a protective role in all phases by protecting intercellular gap
junctions through regulation of cadherins. Tight junctions prevent cells from separating and reduce the
rate of cancer progression and metastasis. The DINOMIT model also postulates the involution of cancer
through replenishment of vitamin D. Vitamin D de�ciency’s effect on carcinogenesis is modeled as a
function of time. With increasing age, the consequence of vitamin D de�ciency accumulates
longitudinally. Hence, the inverse epidemiological association between vitamin D status and incidence of
colorectal cancer is expected to increase with age due to chronicity vitamin D de�ciency. Since UVB
exposure is strongly correlated to serum concentrations of 25(OH)D in the body, the strength of the
inverse association between UVB estimate of a geographical area and the crude incidence rate of
colorectal cancer can be studied to assess the longitudinal accumulation of carcinogensis from vitamin
D de�ciency.

UVB exposure in a geographic area is affected by cloud cover, skin pigmentation, number of hours spent
indoors and type of clothing. In�uential covariates that can affect CRC incidence include diet, smoking
prevalence, life expectancy, and wealth. The primary aim of this study to explore the effect of age on the
inverse association between UVB exposure and CRC incidence, while adjusting for in�uential covariates.

2. Methods
We conducted an ecological study assessing the age-dependent strength of inverse relationships
between cloud cover-adjusted UVB exposure and incidence of CRC globally.

2.1 Data sources
The most recent age-strati�ed, country-speci�c crude rates of CRC worldwide were obtained from the
Global Cancer (GLOBOCAN) database, using Cancer Today(1). Cancer Today is a data visualization tool
developed by the IARC (The International Agency for Research on Cancer), a specialized cancer agency of
World Health Organization (WHO). It provides estimates of the incidence, mortality, and prevalence of
various cancers worldwide. Age-strati�ed crude incidence rates of CRC were available for 186 countries.
Crude incidence rates were collected for the year 2018. UVB estimates adjusted for cloud cover for the
year 2011 were available from a previous publication(20). Data were collected using the following
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methods. A standard equation, A’ = A * cos (x + 23.5 degrees), was used to calculate the total solar UVB
radiation at the top of the atmosphere on the winter solstice date in the northern hemisphere and in the
southern hemisphere (using A’ = A * cos (x − 23.5 degrees)), where x is the latitude of the population
centroid of the country in degrees, A is the total solar radiation at the equator in W/m2, and A’ is the total
solar radiation in W/m2 for the country on the date of the winter solstice. (21) The National Aeronautics
and Space Administration (NASA) Earth Observatory describes the top of the atmosphere as “the bottom
line of Earth’s energy budget, the Grand Central Station of radiation. The balance between incoming and
outgoing energy at the top of the atmosphere determines the Earth’s average temperature.”(22) To
calculate the estimated UVB irradiance at the top of the atmosphere, total solar irradiance was multiplied
by 0.004, because UVB constitutes about 0.4% of total solar irradiance. Cloud cover estimates were
collected from the NASA International Satellite Cloud Climatology Project (ISCCP) satellite.22

Data on life expectancy and GDP per capita (at purchasing power parity [PPP]) by country for those born
in 2010 were provided by the World Bank.(24) GDP at PPP is nominal gross domestic product converted
to international dollars using purchasing power parity rates.(24) Data on pigmentation by country was
available from published literature.(25) Data on urbanization percent (urban population fraction) by
country were available from a previous publication.(26) Data on smoking prevalence was collected from
Global Health Data Exchange (GHDx) and the Institute for Health Metrics and Evaluation (IHME).(27)
Daily smoking prevalence was the percentage of the national population that smokes daily. Data on
animal meat consumption (kilogram/capita/year) were available from the Food and Agricultural
Organization of the United Nations (FAO)(28). Data for all covariates were collected for the year 2010
(8 years prior to the incidence data). Data for country speci�c modeled serum 25(OH)D were available
from a previous publication.(29) Modeling of the estimated serum 25(OH)D included measured levels of
serum 25(OH)D during winter as a dependent variable, UVB irradiance was included as an independent
variable and skin pigmentation as a covariate from 28 publications.(29) For countries where actual
measured levels of serum 25(OH)D were not available, a prediction equation was obtained using the
regression coe�cients of the models for the countries with measure 25(OH)D levels.(29)

2.2 Statistical Analysis
Age-strati�ed crude incidence rates of CRC were available for 185 countries. However, data for adjusted
UVB estimates were available for only 166 countries (a list of excluded countries is provided in Appendix
A). Data for all covariates were available for 148 countries. Primary statistical analyses were conducted
for 166 countries and multiple linear regression was employed for 148 countries (a list of countries
excluded from the multiple linear regression model is provided in Appendix B). Spearman’s correlation
test was used to analyze the association between adjusted UVB estimates and country-speci�c crude
incidence rates of CRC for every age group (0–14, 15–29, 30–44, 45–59, 60–74, >/= 75 years of age). A
series of simple linear regression tests were performed followed by polynomial regressions between
country-speci�c UVB estimates adjusted for cloud cover and crude incidence rates of CRC for different
age groups. A better curve �t was obtained using a quadratic term. Labelled scatter plots with polynomial
trend lines were plotted for each quadratic model (a list of the label codes for the names of countries (ISO
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3166 standard) is provided in Appendix C). The median value of adjusted UVB was calculated in order to
compare the mean crude incidence rate of CRC in countries below and above the median UVB estimate.

Multiple linear regression was used to investigate the relationship between crude incidence rates of
colorectal cancer and cloud-cover adjusted UVB controlling for urbanization, skin pigmentation, smoking,
animal consumption, per capita GDP, and life expectancy. The smoking covariate was also included in the
age group of 0–14 years to capture the impact of second-hand smoke on adolescents. A series of
multiple linear regression models were employed to study the association between crude incidence rates
of colorectal cancer and modeled 25(OH)D, while controlling for urbanization, smoking, animal
consumption, per capita GDP and life expectancy. UVB irradiance and skin pigmentation were taken into
account in the modeled 25(OH)D values. A p-value of < 0.05 was considered statistically signi�cant for all
analyses. Statistical analyses were performed using RStudio Version 1.1.456. Choropleth maps of
country-speci�c CRC incidence for every age group were produced in which countries were color coded
according to incidence rates. All choropleth maps were produced using QGIS software.

3. Results
Upon generating scatter plots for polynomial regression of adjusted UVB with crude incidence of CRC for
each age group, an increasing trend was seen in the strength of the inverse relationship between
incidence of CRC and adjusted UVB with increasing age (Figs. 1–6). Polynomial trend lines provided a
better �t compared to linear �t trend lines. Spearman’s rank correlation tests between incidence of CRC
and UVB for each age group showed negative correlations of increasing strength with increasing age
(Table 1).

Table 1. Correlation between colorectal cancer crude incidence rate and ultraviolet B estimate for
every age group

Age groups Spearman’s rank correlation rho p-value

0–14 years -0.17 0.03

15–29 years -0.22 0.004

30–44 years -0.48 < 0.001

45–59 years -0.70 < 0.001

60–74 years -0.72 < 0.001

>/= 75 years -0.72 < 0.001

Table 2 illustrates the results of linear regression tests between cloud cover-adjusted UVB and CRC crude
incidence rate for every age group.
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Table 2. UVB estimate in association with crude incidence rate of CRC using linear regression

Age groups Regression Coe�cient p-value R2

0–14 years -0.003 0.015 0.03

15–29 years -0.03 < 0.001 0.06

30–44 years -0.31 < 0.001 0.212

45–59 years -3.59 < 0.001 0.48

60–74 years -13.03 < 0.001 0.53

>/= 75 years -21.5 < 0.001 0.52

However, linear regression models did not satisfy assumptions of linearity on residual plots. Polynomial
regression models for each age group between adjusted UVB estimates and CRC crude incidence rate
showed a stronger inverse association for older age groups compared to younger age groups (Table 3).
The overall p-value of the polynomial model was statistically signi�cant for every age group. Also, the
overall R2 of the polynomial model increased with age.

Table 3. UVB estimate in association with crude incidence rate of CRC using polynomial regression

Age groups Regression Coe�cient P-value
(overall)

R2

(overall)
UVB UVB^2

0–14 years -0.02 < 0.001 0.009 0.045

15–29 years -0.08 0.003 0.002 0.06

30–44 years -0.48 0.009 < 0.001 0.21

45–59 years -6.81 0.18 < 0.001 0.49

60–74 years -30.28 0.94 < 0.001 0.57

>/= 75 years -49.15 1.50 < 0.001 0.56

The median value of adjusted UVB estimates was found to be 9.51 Watts/m2. The mean crude incidence
rate of CRC in countries with UVB estimate less than the median value was higher compared to countries
with UVB estimate above the median value for all age groups. The mean crude incidence of CRC for 0–
14 years of age was 0.02 per 100,000 in countries above the median value and 0.04 per 100,000 in
countries below the median value. The mean crude incidence of CRC for 15–29 years of age was 0.58 per
100,000 in countries above the median value and 0.76 per 100,000 in countries below the median value.
The mean crude incidence of CRC for 30–44 years of age was 3.67 per 100,000 in countries above the
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median value and 5.75 per 100,000 in countries below the median value. The mean crude incidence of
CRC for 45–59 years of age was 17.46 per 100,000 in countries above the median value and 40.44 per
100,000 in countries below the median value. The mean crude incidence of CRC for 60–74 years of age
was 47.43 per 100,000 in countries above the median value and 131.68 per 100,000 in countries below
the median value. Finally, the mean crude incidence of CRC for over 75 years of age was 75.62 per
100,000 in countries above the median value and 217.99 per 100,000 in countries below the median
value.

In the multiple linear regression model, UVB adjusted for cloud cover was inversely associated with crude
incidence rates of colorectal cancer for all age groups above 45 years, after controlling for covariates (p-
value < 0.05) (Table 4; Appendix tables 1–5). The highest model R2 was obtained for over 75 years of age
(Table 4). The tables for the other age groups are provided in the appendix. The overall models were
statistically signi�cant with a p-value < 0.001 for age groups above 45 years. The association between
UVB estimates and crude incidence rates of CRC was not statistically signi�cant in age groups below 45
years, after controlling for covariates.

Table 4: UVB in association with crude incidence of CRC: >/=75 years of age, controlling for
covariates

Covariate Regression Coe�cient Standard Error t p-value

UV B estimate, Watts/m2 a -8.48 2.63 -3.23 0.002

Urbanizationb 0.14 0.37 0.38 0.70

Pigmentationc -16.77 11.55 -1.45 0.15

GDPd 0.001 < 0.001 2.68 0.008

Life Expectancye 0.004 0.007 0.65 0.52

Smokingf 0.81 0.93 0.87 0.39

Animal Consumptiong 1.02 0.33 3.11 0.002

Intercept 161.4 40.64 3.97 < 0.001

(Model R2 = 0.67; p < 0.001);aAdjusted for cloud cover: Source: calculated using solar irradiance data
from Columbia University and cloud cover from the NASA International Satellite Cloud Climatology
project (ISCCp). bChristenson E et al(26). cJablonski et al(25). d,eThe World Bank. fInstitute for Health
Metrics and Evaluation (IHME). gThe Food and Agricultural Organization of the United Nations (FAO).

According to the multiple linear regression models, the inverse association between modeled 25(OH)D
and crude incidence rates of CRC was statistically signi�cant in age groups 60–74 years, 75 years and
above. The association was marginally signi�cant in the age groups of 45–59 years. In age groups below
45 years, the association was not statistically signi�cant.
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Choropleth maps produced using QGIS visualized the distribution of colorectal cancer worldwide.
Appendix Figs. 1–5 illustrate the distribution of CRC in different countries for every age group and
appendix Fig. 6 illustrates country speci�c UVB exposure.

4. Discussion
This study assesses the age-dependent inverse association between vitamin D status and incidence of
colorectal cancer globally. This is the �rst study to the authors’ knowledge to have explored the age-
related effect in this inverse association. UVB estimates decrease with increasing latitude, and higher
incidence of colorectal cancer has been reported at higher latitudes.(20) Another recent study mentions
low vitamin D status as a possible explanation to higher incidence rates of colon cancer in cold countries
(higher latitudes).(30)

Previous ecological studies have reported an inverse association between UVB exposure and incidence as
well as mortality of various cancers, including colon cancer.(31),(32) In one of the prior ecological studies,
a signi�cant inverse association was observed for colon cancer (among ten other cancers), and the
relative risk of colon cancer incidence related to solar UVB exposure was found to be 1.11 in males and
1.14 in females.(31) In another ecological study, inverse associations with UVB were found for 15
different cancers, including colon cancer.(32) The standardized regression coe�cient for age-adjusted
mortality rates of colon cancer versus UVB irradiance was found to be -0.71 (p < 0.001) for males and − 
0.76 (p < 0.001) for females. However, not all ecological studies have been able to demonstrate a
signi�cant inverse association between UV exposure and colon cancer.(33) The association between UVB
exposure and global incidence of colorectal cancer was �rst analyzed in an ecological study(20) where
simple linear regression and multiple linear regression methods were used to study the inverse
association between UVB exposure and incidence of CRC. In this study, the age-adjusted crude incidence
rates of colorectal cancer were higher at latitudes distant from the equator (R2 = 0.50, p < 0.001).(20) In
the adjusted model of that study, UVB exposure (adjusted for cloudiness) was inversely associated with
age adjusted CRC crude incidence rates (p = 0.01), after controlling for covariates.(20) However, age-
dependent strength of the inverse association between UVB exposure and colorectal cancer was not
explored in that study.(20)

This study demonstrates a signi�cant inverse association between UVB exposure and CRC incidence in
all age groups. Age-related differences in vitamin D status have been observed in the regions of
Asia/Paci�c and Middle East/Africa(34) and reduced vitamin D status with increasing age has been
reported in previous studies.(35) Also, vitamin D de�ciency has been observed across all age groups
globally including countries with low latitude.(36) UVB exposure is strongly correlated with the serum
25(OH)D levels and previous studies have shown signi�cant associations between 25(OH)D levels and
overall CRC incidence.(37) Photosynthesized vitamin D released from erythemal solar radiation to the
skin has been found to have a greater effect on serum 25(OH)D levels than dietary vitamin D ingestion.
(38) The tissue stores of cholecalciferol which are obtained through exposure to UVB radiation help in
sustaining serum 25(OH)D levels.(38)
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Various studies have demonstrated the effect of diet on risk of colorectal cancer. Increased consumption
of red meat and total meat were associated with higher risk of developing colorectal cancer in a study
which analyzed data from a Japanese cohort.(39) Also, intake of fruits and vegetables have shown to
have a protective effect against cancer.(40) Results from other studies suggest that changes in dietary
pattern, speci�cally with increased meat consumption, can increase the risk of developing CRC.(41) A
recent study observed highest number and proportion of diet-related cases for colorectal cancer.(42)
Smoking is known to increase the risk of both colon and rectal cancer, with a stronger association for
rectal cancer.(43),(44) The duration of smoking had a signi�cant association with the risk of colorectal
cancer.(45)

This study aims at assessing the strength of the inverse relationship between UVB exposure and CRC
incidence with increasing age. The DINOMIT model(19) proposes an explanation of how vitamin D
de�ciency increases the risk of developing colorectal cancer. However, it is expected to take years for
these phases to occur, and hence we expect increasing age to have a major role in explaining the inverse
relationship between UVB estimates and incidence of colorectal cancer. Thus, older age groups can be
expected to have a stronger inverse association between vitamin D status and crude incidence rate of
colorectal cancer. Though there is mixed evidence for this inverse association, our study aims at taking
into consideration the effect of age on this association. In this country-speci�c analysis, we have shown
an increasing trend in the strength of the inverse association between adjusted UVB estimates and crude
incidence rate of colorectal cancer. The proportion of variability in the outcome (crude incidence rate of
CRC) explained by the adjusted UVB estimate also increased with age.

4.1 Strengths
The main strength of this study is the novelty of assessing the age-dependent inverse relationship
between UVB exposure and CRC incidence. The unadjusted analysis included 166 countries in
comparison to 139 countries in a previous study.(20) The results of this analysis are in line with the
previous study(20) in having obtained a signi�cant inverse association between UVB exposure and
incidence of colorectal cancer. As with prior analyses, this analysis employed multiple linear regression to
account for other risk-modifying factors. UVB estimates were signi�cantly associated with the risk of
colorectal cancer in age groups over 45 years after adjusting for covariates. This may explain the period
of latency in the process of developing increased risk of CRC due to chronic vitamin D de�ciency. The
signi�cant increase in the strength of this inverse association with age was observed in the analysis, as
hypothesized. Also, the proportion of variation in the age-speci�c crude incidence rates due to UVB
exposure (R2) increased consistently with age.

4.2 Limitations
Data for all variables that were included in the multiple linear regression were available for only 148
countries. Some other in�uential risk-modifying factors, such as clothing and number of hours spent
indoors, were not included in the adjusted model due to limited availability of data. The inherent



Page 11/22

limitations of the data used in this study include use of neighboring country’s CRC estimate in some
cases of unavailability, as well as some uses of hospital-based data instead of population/registry-based
data. Furthermore, countries which lacked data for UVB estimates were mostly countries with lower per
capita income and limited access to healthcare, which were also closer to equator with high UVB
exposure. Exclusion of these countries from the study could have reduced the strength of associations.
The results of the study cannot be applied directly at the level of individuals due to ecological fallacy.
However, the study �ndings do reveal a signi�cant effect of age on the inverse association between UVB
exposure and colorectal cancer incidence rates. The multivariate models with modeled 25(OH)D had
lower R2 values compared to those with the UVB estimates adjusted for cloud cover, reducing the
proportion of variability in the crude incidence of CRC explained by vitamin D levels. Also, adjusted UVB
estimate was statistically signi�cant in the age group of 45–60 years, whereas modeled 25(OH)D was
only marginally signi�cant although both the covariates retained statistical signi�cance in age groups
above 60 years. Though our study used the modeled 25(OH)D data calculated from 28 publications, there
was a mean difference of 5.26 nmol/L between the values used in the study and the published annual
values of 25(OH)D.(34),(35)

4.3 Conclusion
Ecological studies help in generating novel, relevant hypothesis that may help in identifying causal
relationships that can be further explored through studies on individuals. This study supports the need for
adequate public health programs to avoid vitamin D inadequacy at national and global levels, whether
through screening those at risk, through selective supplementation, or through population-based
measures such as food forti�cation. Future studies can aim at identifying the cancer types which show
signi�cant improvement with vitamin D supplementation. Studying the association between chronic
vitamin D de�ciency and CRC incidence will help in understanding the necessity for population-wide
screening programs for vitamin D de�ciency, especially in regions with inadequate UVB exposure. These
programs may help decrease risk of CRC, as well as other cancers whose risk is associated with vitamin
D de�ciency, for high-risk populations whose vitamin D de�ciency has been especially chronic.
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UVB
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DINOMIT
Disjunction, Initiation, Natural selection, Overgrowth, Metastasis, Involution, Transition
25(OH)D
25-hydroxyvitamin D
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as assessed by serum 25(OH)D concentration
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Vitamin D Receptor
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Body Mass Index
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Women’s Health Study
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Maternally expressed gene
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Global Cancer Database
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International Satellite Cloud Climatology Project
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Gross Domestic Product
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Purchasing Power Parity
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Global Health Data Exchange
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Appendix Figure Captions
Appendix �gure 1. Colorectal cancer crude incidence rates, 15-29 years of age, all races, both sexes, 2018.

Appendix �gure 2. Colorectal cancer crude incidence rates, 30-44 years of age, all races, both sexes, 2018.
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Appendix �gure 3. Colorectal cancer crude incidence rates, 45-59 years of age, all races, both sexes, 2018.

Appendix �gure 4. Colorectal cancer crude incidence rates, 60-74 years of age, all races, both sexes, 2018.

Appendix �gure 5. Colorectal cancer crude incidence rates, >/=75 years of age, all races, both sexes, 2018.

Appendix �gure 6. Country speci�c adjusted UVB estimates (Watts/m2).

Figures

Figure 1

Estimated Crude incidence rates of CRC in 0-14 years of age by UVB estimates, 2018.
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Figure 2

Estimated Crude incidence rates of CRC in 15-29 years of age by UVB estimates, 2018.
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Figure 3

Estimated Crude incidence rates of CRC in 30-44 years of age by UVB estimates, 2018.
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Figure 4

Estimated Crude incidence rates of CRC in 45-59 years of age by UVB estimates, 2018.
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Figure 5

Estimated Crude incidence rates of CRC in 60-74 years of age by UVB estimates, 2018.
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Figure 6

Estimated Crude incidence rates of CRC in >/=75 years of age by UVB estimates, 2018.
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