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Abstract

Studies have suggested that higher meat intake may increase Colorectal Cancer (CRC) risk while 

higher vegetable intake may reduce this risk. There is a substantial lag between the time of 

exposure to a risk factor (or protective factor) and incidence of cancer. For CRC, in particular, the 

time from formation of adenoma to occurrence of CRC takes from 10–15 years, or even more.

This study correlates food disappearance data per capita for vegetable and meat with future age-

adjusted CRC rates in the US.

The lag weights, with a high confidence, showed that there is a positive correlation between the 

red meat availability and CRC age-adjusted incidence rates with a lag of at least 17 years and an 

Almon polynomial degree of 2. Conversely, there was a negative correlation between vegetables 

availability and future age-adjusted incidence rates of CRC.
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1. Introduction

All over the world, cancer is a major human’s health concern. Colorectal Cancer (CRC) is 

the third most common cancer worldwide. The adenoma to carcinoma process for colorectal 

cancer takes from 10–15 years or more (Kamangar et al. 2006). According to different 

studies several dietary and non-dietary risk factors can be associated with CRC incident rate 

(Sasso and Latella 2017). Although these associations have been inconsistent across the 

studies, among the dietary risk factors the high consumption of red meat and low intake of 

fruits and vegetables have been considered as two of well-known risk factors for colorectal 

cancer (Kamangar et al. 2006; WCRF/AICR 2007; Randi et al. 2010; Patel and De 2016; 

Canchola et al. 2017). Also, some studies have shown that rates of CRC in areas in which 

people have “western” dietary pattern is higher compare to the places of the world in which 

their residences have “healthy” diet such as Asia or Pacific Islands (D’Alessandro et al. 

2016; Grosso et al. 2017; Siegel et al. 2017) and places with Mediterranean diet (Farinetti et 

al. 2017). One of the important characteristic of healthy dietary pattern is high consumption 

of fruits and vegetables. In contrast, one of the distinguishing items about “western” dietary 
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pattern is great consumption of red meat (Randi et al. 2010; Magalhães et al. 2012). Rather 

than possible role of diet in prevention of colorectal cancer, diet after colorectal cancer 

diagnosis might be connected to quality of life, disease recurrence, and survival (Van 

Blarigan and Meyerhardt 2015).

In Figure 1 we have shown the temporal behavior of the CRC rate and US food availability 

(for red meat, vegetable, fruit, and poultry) (Bentley 2017). The CRC incident rate in the 

United States reached a maximum around 1985, and then it started to decline continuously 

(Figure 1) (NCI April 2016, based on the November 2015 submission.). Rapid decline of the 

CRC rate has been attributed to an increase in CRC screening, such as colonoscopy among 

individuals above 50 years old (Kamangar et al. 2006; Murphy et al. 2016). The red meat 

consumption has continuously decreased from 1970 to 2014 whilst the poultry consumption 

is increasing. Nevertheless of a few inconsistencies in the pattern, in overall from year 1970 

to 2014 the consumption of fruits and vegetables has increased as seen in Figure 1.

The associations between dietary patterns and CRC rate is usually investigated through 

cohort and population-based case-control studies, which deal with limited time and group of 

people (Miller et al. 2010). In this study we attempt to introduce a new approach for 

investigating the relationship between food and CRC rate. Here we find the association of 

the food availability in the United States to the CRC rate nationwide. In this approach we 

use a technique well known to the economic community, so called distributed lag model 

(Gujarati Damoder N 2009). Using this model, time series are studied using a regression 

equation to predict current values of a dependent variable based on the past period (lag) 

values of the explanatory variable. In our case the CRC rate at current year is associated to 

the cumulative effects of the foods consumed in previous years.

In section 2 we present the sources of the data and explain the distributed lag model, in 

section 3 the results are given, following by discussion and conclusions in sections 4 and 5, 

respectively.

2. Materials and methods

2.1. Data sources

The data for CRC incident rate were retrieved from the Surveillance, Epidemiology, and End 

Results (SEER) of the National Cancer Institute (NCI April 2016, based on the November 

2015 submission.). Databases of SEER contain the epidemiologic information on the 

incident and survival rates in the US. The data are compiled from population-based registries 

covering approximately 28% of the US population. We have used the age-adjusted cancer 

rate of SEER. The age-adjusted incidence rates are standardized to the 2000 US standard 

population and expressed per 100,000 populations. These data are also adjusted for delays in 

reporting (Lewis et al. 2016).

The loss-adjusted food availability data were obtained from the Economic Research Service 

(ERS) of USDA (Bentley 2017). The loss-adjusted food availability data are derived by 

adjusting the food availability for food spoilage, plate waste, and other losses and converts 

the data to daily per capita amounts (Wells and Buzby 2008; Buzby and Hyman 2012). The 
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data can be considered as proxies for actual food consumption at the national level (Wells 

and Buzby 2008). It should be noted that the best way to collect detailed information about 

the consumption habits is the completion of a food consumption survey.

2.2. Statistical analysis

The schematic diagram of the objective of this study is shown in Figure 2. In this study, we 

attempt to find a model, as shown in Figure 2a, which relates the cancer rate at a certain year 

to the food consumption in preceding years (lag effect). This model can have a mathematical 

form. Here, we consider a linear model. In this linear model the food consumed in each year 

at and before the year of cancer diagnosis multiplied by a coefficient (βs in Figure 2), and 

then the results are summed up to estimate the cancer rate. In statistics, the coefficients βs 

are so called linear parameter estimates to be calculated, the cancer rate is dependent 
variable, and food consumptions are called the predictors.

As an example, if a lag of 2 years is considered for analysis, the problem is to find 3 

unknown βs and one unknown α. Therefore, at least 4 equations are needed to solve the 2 

years-lag problem. An example of such a problem and the method to construct the equations 

are shown in Figure 3, where the colorectal cancer rate in each year (CRCt) is related to 

meat consumptions within past 2 years (t, t-1, and t-2):

CRCt=α+β0Meatt+β1Meatt‐1+β2Meatt‐2

In Figure 3a, as a demonstration we chose cancer rate at t=1975 and the goal is to find the 

effect of food consumption from two years before 1975, including 1975 (lag= 2). Therefore, 

we should calculate βs for 1975, 1974, and1973. In Figure 3b we set t=1976, and similarly 

in Figures 3c and 3d we set t=1977 and t=1978, respectively. All of the data up to t=2013 

can be used to construct the regression model for estimating βs and α. The maximum lag 

length is limited by availability of data points (observations). However, preferably the lag 

length should be considerably smaller than the number of observations (data points). An 

ordinary least square fit is used to solve the equations.

The length of the lag is decided by iteration as long as i) the t-statistics of each coefficient is 

significant, ii) R2 is high, and iii) Akaike information criterion (AIC) are low (see appendix 

A also reference (Gujarati Damodar N and Porter 1999)).

We also imposed a restriction on the endpoints so that β−1=0 and βn+1=0. In our case this 

means that the effect of the food consumed at year t+1 and t-(n+1) has no effect on the 

cancer rate at year t. For example, if the lag is selected to be 20 years for the cancer rate in 

the current year, the food consumed next year, and the food consumed 21 years ago have no 

effect on the current year’s cancer rate.

The analysis was done on the effect of red meat, vegetables, and fruits on CRC rate. The 

number of the data pair for each analysis is 44. Therefore, according to equation 2, the 

maximum lag (n) can be as large as 22. However, larger the lag is, wider the t-distribution 

function will be, which leads to a larger p-value. We limit the lag length to have a maximum 
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value of 20 years. For the same reason the effect of the different foods on CRC had to be 

studied separately.

Calculations were performed in package PDLREG of the software system SAS 9.3 (SAS 

Institute, Cary NC).

3. Results

The calculations were initially done to investigate the effect of red meat on CRC rate. We 

ran the software with different lags (lag of 10 to lag of 20 years). The SAS software system 

returns some statistical report on the ordinary least square estimates, polynomial estimates, 

endpoints constraints, and the lag distribution estimates. We start by looking at the p-values 

for the endpoints. The results are shown in Figure 4. As it is seen in this figure, p-values for 

the near-end constraints are less than 0.01 for all lag lengths. However, the p-values are high 

for the far-end constraint when the lag length is small, which makes the results statistically 

insignificant. For lags larger than 17 years the far-end constraint’s p-value drops below 0.01 

and at lag of 20 years it is less than 0.001. This indicates that considering the effect of red 

meat within 17 years or a longer period before the CRC diagnosis leads to statistically 

significant results. On the other hand, for the vegetables endpoints analysis the p-value is 

less than 0.001 for all the lag lengths between 10–20 years. The AIC values also reduce by 

increasing the lag. The AIC is 189 with lag of 10 years and that it is 125 for lag of 20 years. 

The R2 value is > 0.8 for all cases.

The second important factor to be determined is the degree of the polynomial in equation 

A4. We repeated the calculations for different polynomial degrees and we found that a 

quadratic polynomial (m=2) is sufficient for analysis. The outputs of SAS software system 

for the polynomial parameter estimates for lag of 20 years are shown in Table 1. As it is seen 

in Table 1, the linear part of the polynomial (a1) has a value of zero (see also Equation 4). 

This means that the relationship between red meat consumption and CRC rate is not linear. 

Similar results were obtained with the effect of vegetables and fruits on the CRC rate. The 

coefficient for a2 is significant indicating that the effect of the red meat consumption on the 

CRC rate obeys a parabolic relationship and its effect on CRC rate at a certain year depends 

on how long ago the red meat has been consumed.

After finding that a lag=20 years and polynomial of degree 2 lead to statistically acceptable 

calculations, we consider this value of lag for the study. In Figure 5 we have shown the 

calculated CRC rate (solid line) overlaid on the CRC rate data from SEER database (open 

circle). The shaded area shows the standard error.

The estimates of the lag distribution (βi) for red meat, vegetables, fruits, and total fruits and 

vegetable consumption i.e. fruits (Lbs/Yr)+Vegetables (Lbs/Yr) are shown in Figure 6. It is 

clearly seen that the effect of red meat on CRC rate is positive whilst the effects of the 

vegetables and fruit alone and together are negative. These results are in agreement with the 

some of the studies in literature (Randi et al. 2010; Patel and De 2016). The results also 

agree with the results of a systematic review of the relation between Mediterranean diet and 

colorectal cancer (Farinetti et al. 2017). Mediterranean diet which is characterized by a high 
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consumption of fruits, vegetables, and carbohydrates and low consumption of meat is 

associated with reduction of CRC initiation and progression (Farinetti et al. 2017). Worth 

noting that the p-value for all the estimated parameters are less than 0.001 which satisfies the 

first criteria presented in section 2 for a meaningful calculation.

The long-run or total impact of foods under study (Equation 2) is presented in Table 2. Red 

meat has the highest impact on the CRC rate which is a positive impact whilst the fruits have 

the highest negative impact on CRC rate.

The parameter β*i, for meat calculations for a lag of 20 years at different years before CRC 

diagnosis is shown in Figure 7. The analysis with vegetables and fruits leads to same results. 

For a lag of 20 years, the food consumed 10 years before the CRC diagnosis has the greatest 

impact. The effect of the food consumed 10 years before CRC diagnosis has an impact of 

almost 6 times of that at 20 years before the diagnosis.

4. Discussion

As it is seen in Figure 1 the CRC rate is declining since 1985 while the decline in red meat 

availability was started even earlier. According to the recent studies, screening is one of the 

important non-dietary risk factors in declining the CRC rate (Murphy et al. 2016). On the 

other hand, many research in different parts of the world talked about the increasing effects 

of high intake of red meat on CRC rate (Chao et al. 2005; Larsson and Wolk 2006; Chan et 

al. 2011; McCullough et al. 2013; Safari et al. 2013; Chen et al. 2015; Tayyem et al. 2017). 

Using distributed lag model, we also showed that the red meat has a positive effect on the 

CRC rate; therefore the observation of the reduction in red meat availability could be a 

reason for the reduction in cancer rates rather than non-dietary risk factors. There are several 

possible theories for increasing effect of red meat on CRC risk. One of the theories related to 

increase the intake of heme iron by increasing consumption of red meat. Through several 

mechanisms heme iron elevate cytotoxicity and stimulation of an inflammatory response, 

which can increase risk of CRC (Knöbel et al. 2007). Another theory is connected to the 

production malondialdehyde, through consumption of red meat. Malondialdehyde can cause 

DNA degeneration and can be considered as a carcinogenic substance (O’Callaghan et al. 

2012). Also, applying frying or grilling methods at high temperatures for preparing red meat 

can cause degradation of muscle creatinine and amino acids, which can lead to the formation 

of abundant carcinogenic heterocyclic amines (Sugimura et al. 2004; Martinez et al. 2007). 

Moreover, carcinogenic N-nitroso compounds are formed through the digestion of red meat 

in gastrointestinal tract (O’Callaghan et al. 2012).

We also observed a negative effect of poultry availability on the CRC rate (results not 

shown). This is consistent with some other studies, which found inverse or no association 

between poultry intake and CRC risk (Tiemersma et al. 2002; Chao et al. 2005; Norat et al. 

2005; Makambi et al. 2011; Shi et al. 2015; Carr et al. 2016). However, this negative effect 

might be because of the reduction in red meat consumption. In Figure 8 we have shown the 

relationship between poultry and red meat availabilities. The data clearly show that there is a 

linear relationship between red meat consumption reduction and increase in poultry 

consumption. This observation is consistent with the previously published results (Daniel, 
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Cross, Graubard, et al. 2011; Daniel, Cross, Koebnick, et al. 2011). We fitted a linear 

equation to the data. It seems for each pound of increase in poultry availability, 0.7 pounds 

reduction in red meat availability is observed. The total meat consumption (red meat + 

poultry) stays within ~5% of 137 Lbs/year (Figure 9). In addition, some other studies 

showed that the negative effect of poultry might be related to an overall healthier diet and 

life style (Flood et al. 2008; Shi et al. 2015).

Moreover, fruits and vegetables showed negative effect on CRC rate, which is confirmed by 

several other studies (Randi et al. 2010; Arafa et al. 2011; De Stefani et al. 2011; Safari et al. 

2013; Chen et al. 2015; Farinetti et al. 2017).

The negative effect (protective effect) of fruits and vegetable might be related to high 

amount of fiber. Previous studies showed that high level of fiber in meal can reduce transit 

time through the gastrointestinal tract, dilute colonic contents, and increase bacterial 

fermentation, which can elevate the production of short-chain fatty acids (acetate, 

propionate, and butyrate) (Scharlau et al. 2009). Short-chain fatty acids themselves by 

involving in several regulators of the cell cycle showed negative effect on CRC rates 

(Feregrino-Perez et al.).

It has been found that plasma retinol and intakes of dietary β-carotene and vitamins E and C 

were inversely associated with colon cancer (Farinetti et al. 2017). It was suggested that 

consumption of fruit and vegetable has a protective effect on carcinogenesis based on 

components with antioxidantive properties (Young and Woodside 2001; Farinetti et al. 

2017).

Moreover, another theory for negative effect of fruits and vegetables is related to existing 

anticancer phytochemicals such as polyphenols, carotenoids, terpenes, and thioethers in 

these groups of foods (Surh 2003).

Also, some studies showed that high intake of natural dietary folic acid, which can be found 

in leafy green vegetable can reduce risk of colorectal cancer and adenomas (Cole et al. 

2007). In addition, various types of fruits and vegetable contains vitamin B6, which is one of 

the important anticancer substance (Larsson et al. 2010).

Regarding the source of food consumption data we would like to mention that two types of 

monitoring and surveillance data for assessing the concentration of a defined chemical in a 

food are frequently used: results of a random nature from stratified sampling plans or 

targeted sampling. The first tries to obtain a representative picture of chemical levels present 

in food whereas the second is aimed at sampling those products expected to contain higher 

levels in a cost effective way (Kroes et al. 2002). Targeted data are often collected for 

enforcement purposes in response to specific problems. They should be used with caution in 

dietary exposure assessment, as they may not be representative of all food available for sale 

(WHO 2009). A Total Diet Study (TDS) consists of selecting, collecting and analyzing 

commonly consumed food purchased at retail level, processing the food as for consumption, 

pooling the prepared food items into representative food groups, homogenizing the pooled 

samples, and analyzing them for harmful and beneficial chemical substances. TDSs are 
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designed to cover the average diet or the most commonly consumed foods, based on data 

from dietary surveys, in a country or by a specific population group.

In principle, a TDS should provide the most accurate measure of the average amount of a 

chemical actually ingested through food by the population or population subgroups living in 

a country. The data from a TDS also differ from data obtained from other monitoring or 

surveillance programs in that concentrations of chemicals are measured in foods after they 

have been prepared for normal consumption. However, the accuracy of a TDS survey 

depends on the sampling design and, in particular, on the sample size. The TDS method 

might not be suitable for the assessment of acute dietary exposures when a high degree of 

compositing of samples is used since high contamination of less consumed foods might be 

masked by the dilution effect (WHO 2009). Individual dietary surveys are the best surveys 

that provide information on the distribution of food consumption in well-defined groups of 

individuals and are therefore preferred for the assessment of dietary exposure within the risk 

assessment process (Kroes et al. 2002; WHO 2009).

5. Conclusions

In this manuscript we found a relationship between certain food availabilities in the US and 

CRC rate. A technique well-known to the economic community, so called, distributed lag 

mode was used to find a relationship between food consumed in past to the CRC rate in a 

later time. It was found that red meat, as expected, has a positive impact on CRC rate whilst 

fruits and vegetables (rich sources of dietary fibers) have negative impacts on the CRC rate. 

Distributed lag model can be used as a useful technique to study the effect of nutrition on 

different disease.
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Appendix: Almon distributed lag model

Algebraically, we can represent the lag effect by considering that a change in food 

availability xt at time t has an effect on CRC rates yt, yt+1, yt+2 …. On the other hand, we 

can say that yt is affected by the values of xt, xt-1, xt-2…, or

yt = f (xt, xt − 1, xt − 2, ...)

As a first approximation it is assumed that the functional form is linear, so that the finite lag 

model, with an additive error term, is

yt = α + β0xt + β1xt − 1 + β2xt − 2 + ... + βnxt − n + et, t = n + 1, ..., T

Solving Equation 2 with a linear regression technique will lead to estimates of coefficients. 

If there are T data pairs (yt,xt) then only T-n-2 complete data pairs are available for 

estimation because n data pairs are lost in creating the regression equations for β1-βn, one 
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equation for β0, and another one for α. Therefore, long enough data needed to construct the 

distributed-lag model. If many lags are included, then the degree of freedom is lost and it 

makes the statistical interpretation unreliable.

Equation 2 can be rewritten as

yt = α + ∑
i = 0

n
βixt − i + et

In Almon polynomial model, in order to solve the problem, βi is represented and 

approximated by a suitable-degree polynomial in i, the length of the lag:

βi = a0 + a1i + a2i2 + ... + amim

which is an mth-degree polynomial in i. The value of m is determined by iteration; the 

calculations are repeated with different values of m until the estimate of am is statistically 

insignificant. The goodness of fit is measured not only by R2, but also by another criterion 

so called Akaike’s AIC:

AIC = ln
SSEn
T − N + 2(n + 2)

T − N

SSE is the sum of squared errors of prediction, which is sum of the squares of residuals 

(deviations predicted from actual empirical values of data).

The parameter β0 is known as the short run multiplier, or impact multiplier. The summation 

of all βs

∑
i = 0

n
βi = β0 + β1 + β2 + ...

is called the long run multiplier or total multiplier. Another parameter is βi* =
βi

∑ βi
 gives the 

proportion of the long run, or total impact felt by a certain period.
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Figure 1. 
Temporal behaviour of the CRC rate and food availability in the US.
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Figure 2. 
Schematic representation of the study.
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Figure 3. 
Distributed lag model for colorectal cancer and meat consumption with a lag of 2 years. The 

model should predict the cancer rate in a certain year to the meat consumed in that year and 

2 years prior to the disgnosis.

Ganjavi and Faraji Page 14

Int J Food Sci Nutr. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
The p-values of endpoint constraints for effect of red meat on CRC. The p-value decreases 

as the lag increases. Lags of greater than 17 years are statistically significant (both endpoints 

have small p-values).

Ganjavi and Faraji Page 15

Int J Food Sci Nutr. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
The predicted CRC rate (solid line) based on red meat consumption overlaid on the CRC 

rate data from SEER (open circles).
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Figure 6. 
Coefficients for lag=20 years. Red meat has a positive effect on the CRC rate whilst fruits 

and vegetables have a negative effect.
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Figure 7. 

The total impact felt by a certain time, βi* =
βi

∑ βi
, for meat. The analysis with vegetables 

and fruits leads to same results. For a lag=20 years, the food consumed 10 years before the 

CRC diagnosis has the greatest impact (almost 6 times the food consumed 20 years before 

the diagnosis).
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Figure 8. 
The consumption of red meat versus consumption of poultry in the period 1970–2013 

(closed circles). Fitted equation (dashed line) shows that for each pound of consumed 

chicken, ~0.7 pound of reduction in meat consumption is observed.
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Figure 9. 
A decline in meat consumption is evident since 1970, which is associated with a rise in 

poultry consumption. The total red meat and poultry consumption is ~137 ± 6 Lbs/Yr.
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Table 1.

The SAS output for the polynomial parameters estimates for the effect of red meat on CRC rate (Equation 4). 

The parameter estimates of zero for a1 indicates that the equation is parabolic and there is no linear correlation 

between meat consumption and CRC rate.

Parameter Estimates

Variable DF Estimate Standard Error t Value P-Value

Intercept (α) 1 −96.5968 15.6279 −6.18 <.0001

a0 1 0.3789 0.0402 9.43 <.0001

a1 1 0 0

a2 1 −0.1468 0.0156 −9.43 <.0001
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Table 2.

The long-run total impact (Equation 5) of the foods under study with a lag of 20 year. The unit is cases/

100,000 person-years/Lbs.

Meat Vegetables Fruits

1.74 −0.70 −1.17
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