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Background: It has been estimated that there are approximately 14.5 million cancer survivors in the 
United States. One out of every six people over 65 is a cancer survivor. Recently growing evidence suggests 
a link between sugar-sweetened beverage (SSB) consumption and risk of pancreatic and endometrial cancer, 
and risk of colon cancer recurrence and mortality among cancer survivors. The objective of this study is to 
closely evaluate the impact of cancer status and other risk factors on sugar intake from SSBs. 
Methods: A total of 22,182 adults aged ≥20 years old were analyzed using the National Health and Nutrition 
Examination Survey (NHANES) 2003–2012 data. The primary outcome is high sugar intake (≥80 g)  
from SSBs per day. The association between sugar intake from SSB consumption and cancer status was 
evaluated using weighted logistic regression. 
Results: Approximately 17% of non-cancer participants and 8% of cancer survivors had high sugar intake 
from SSBs. However, this cancer group difference was not significant after adjusting for other factors, 
especially age and gender. Individuals who had high sugar intake from SSB were younger, male (21.7%), 
Black (23.3%), had education level at high school (20.9%), low income (poverty income ratio ≤1, 23.4%), 
obese (17.1%), current smokers (26.9%) and non-cancer individuals (16.7%) or cervix cancer survivors 
(17.1%). After adjusting for demographic factors, a significant association between sugar intake from SSBs 
and cancer status was not observed except that prostate cancer survivors were less likely to intake sugar from 
SSBs compared to non-cancer individuals (OR =0.41, 95% CI: 0.22–0.77). 
Conclusions: In general, cancer survivors consumed less sugars from SSBs compared to non-cancer 
individuals. However, this difference was primarily due to the differences in age distribution of the cancer 
and non-cancer groups (mean age, 62 and 45 years old, respectively). Individuals who were younger, male, 
Black, with lower education, with lower income, obese, and current smokers tended to have high sugar intake 
from SSBs. Custom intervention of decreasing sugar consumption from SSBs should be conducted for both 
non-cancer individuals and cancer survivors. 
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Introduction

It has been estimated that there are approximately  
14.5 million cancer survivors in the United States (1). 
Although 5-year survival rates for early stage colorectal, 
breast, and prostate cancer currently exceed 90% and are 
increasing, cancer survivors are still at greater risk for 
second malignancies and co-morbid conditions such as 
other chronic diseases (2,3). Growing scientific evidence 
shows that health-related risk behaviors including 
tobacco use, alcohol use, physical activity, healthy dietary 
patterns, and weight control may impact health among 
cancer survivors (2-7). Sugar intake or sugar-sweetened 
beverage (SSB) consumption has been demonstrated to 
have a positive association with obesity, diabetes, and 
cardio-metabolic diseases, as well as some cancers (6,7). 
Therefore, SSB consumption among cancer survivors 
will be an important issue as survival rates increase due to 
improvements in treatment and health care. Thus, it is of 
particular interest to examine SSB consumption behaviors 
among cancer survivors.

SSBs include soda, fruit drinks, punches, sports 
drinks, tea and other beverages that contain added 
caloric sweeteners. The sugar content of SSBs is typically 
10–15 g per 100 mL (8). Over the last three decades in 
the United States, high fructose corn syrup (HFCS) has 
largely replaced sucrose as a major sweetener, and HFCS 
is largely consumed through soda (9). The American Heart 
Association (AHA) recommends a consumption goal of 
no more than 450 kilocalories (kcal) of SSB or fewer than 
three 12 ounce cans of soda per week (8). SSBs are the 
major source of added sugar in the western diet and greatly 
contribute to daily total energy in the diets of children and 
adolescents in the United States (10,11). Additionally, data 
from the 2013 Behavioral Risk Factor Surveillance System 
(BRFSS) indicates that socioeconomic status disparities 
might contribute to differences in SSB consumption 
patterns. A study by Park et al. found that SSB consumption 
prevalence was highest among non-Hispanic black males 
(39.9%), unemployed adults (34.4%), and persons with less 
than a high school education (42.4%) (12). 

Research also indicates that SSBs can have deleterious 
effects on weight status, and SSB intake may be associated 
with poor diet quality. Added sugars from SSBs contribute 
zero nutrients but add calories that can lead to extra pounds, 
and consumption of SSBs has been shown to significantly 
increase the rate of overweight and obesity (13,14). 
Furthermore, obesity independently has been associated 

with a range of cancer types, such as liver, prostate, colon, 
and endometrial (15). Additionally, the consumption of SSBs 
is associated with overall poorer diet quality and increased 
fast food consumption, as well as inadequacy of multiple 
nutrient intakes (16-18). A cross-sectional laboratory 
study found that SSB intake was inversely associated with 
calcium and vitamin D intake, which may be detrimental as 
previous research has shown that calcium may be protective 
against obesity (17). Research also indicates that the 
sweeteners found in SSBs may negatively impact cardio-
metabolic health. In one randomized controlled crossover 
trial in healthy young men, participants were assigned to 
six different intervention groups for which they consumed  
600 mL of SSBs with varied amounts of fructose, sucrose, 
and/or glucose daily. Results showed that after only  
3 weeks of intervention, fasting glucose and C-reactive 
protein were significantly elevated among all of the trial 
arms; and participants who drank fructose-containing SSBs 
experienced a change towards a more atherogenic subclass 
distribution of low-density lipoprotein (LDL) (9). 

Evidence for how sugar intake or SSB consumption 
affects cancer risk, however, is limited and unclear (2,3,5). 
Slattery et al. analyzed data from a population-based 
case-control study (n=1,993 cases and 2,410 controls) to 
examine the associations between dietary sugars, foods 
containing high level of sugars, and dietary glycemic index 
and colon cancer. Results showed that dietary sugars, 
especially diets high in simple carbohydrates relative to 
complex carbohydrates, increased risk of colon cancer, 
possibly through their impact on plasma glucose levels (6).  
Similarly, a study of endometrial cancer risk and sugar 
intake found that higher intake of SSBs and sugars was 
associated with an increased risk of type I, though not type 
II, endometrial cancer (19). On the contrary, Bao et al.  
examined 487,922 men and women aged 50–71 years 
and found that consumption of added sugar or of sugar-
sweetened foods and beverages was not associated with 
overall risk of pancreatic cancer (5). A separate study by 
King et al. evaluated ovarian cancer risk in relation to sugary 
foods and beverages, and total and added sugar intakes 
in a population-based case-control study and found no 
evidence of an association between consumption of sugary 
foods and beverages and cancer risk. However, there was 
a suggestion of increased risk associated with SSB intake 
(servings per 1,000 kcal; OR =1.63, 95% CI: 0.94–2.83) (7).  
Given current evidence, the importance of SSB intake on 
cancer risk may vary by type of cancer, and more research 
is required on this topic to better understand these 
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relationships. 
Currently, little research exists examining SSB intake in 

cancer patients or cancer survivors. One recent longitudinal 
study assessed the association between SSB consumption 
on cancer recurrence and mortality in 1,011 stage III 
colon cancer patients. Researchers measured SSB intake  
4 months after surgery and again 6 months after completion 
of chemotherapy treatment. Results showed that higher 
SSB intake was associated with a significantly increased risk 
of cancer recurrence and mortality among patients (20). To 
our knowledge, no other studies have examined SSB intake 
in cancer survivors. Thus, the objective of this study is to 
closely evaluate the risk factors of sugar consumption (total 
sugar intake and sugar binge behavior) from SSBs among 
non-cancer individuals and cancer survivors.

Methods

Study population

A total of 22,182 adults aged ≥20 years old and with 
valid responses in the cancer and SSB related questions 
from the National Health and Nutrition Examination 
Survey (NHANES), conducted by the National Center 
for Health Statistics of Centers for Disease Control and 
Prevention (CDC), were included in this study. NHANES 
is a nationally representative survey designed for assessing 
health and nutritional status of the resident civilian non-
institutionalized United States population (21). Five 
consecutive 2-year survey cycle data sets were combined 
(2003–2004, 2005–2006, 2007–2008, 2009–2010 and 2011–
2012) to evaluate the impact of cancer status’ and other risk 
factors on sugar intake from SSBs. 

Measurements 

SSBs were defined as any of the following drinks that 
are sweetened before purchase: sodas, fruit-flavored 
drinks, sweetened fruit juices, sport drinks, energy 
drinks, sweetened teas and coffees and other sugar-
sweetened drinks. In addition, any above drinks which 
were unsweetened before purchase and added sugar before 
consumption were also considered as SSBs in this study. 
The food codes from the United States Department of 
Agriculture (USDA) for the beverage groups were used to 
identify the SSBs (22). The SSB related measurements were 
calculated based on the average of two 24-hour dietary recall 
interviews in NHANES. The first interview was collected 

in-person in the mobile examination center (MEC) and the 
second interview was collected by telephone 3 to 10 days  
after the first interview. 

SSB sugar binge was defined as average grams of 
sugar from SSB consumption per occasion per day. This 
measure does not attempt to classify behavior as regular 
versus irregular (e.g., binge versus non-binge). Rather, the 
advantage of SSB sugar binge is that it takes SSB frequency 
into consideration and measures consumption of sugar from 
SSB in a short period of time. Thus, it offers insight into 
patterns of sugar intake from SSB rather than total intake 
alone. Our primary outcome was sugar intake from SSB 
consumption: low (<80 g per day) and high (≥80 g per day). 
The AHA’s recommendation of added sugars allowance is 
no more than 24 g of sugar for women and 36 g of sugar for 
men per day (8). Our 80 g cutoff for high sugar intake was 
based on approximately twice the AHA’s recommendation 
of added sugars allowance for men. The 80 g cutoff is 
also approximately equal to the amount of sugar found in 
two cans of soda (~40 g sugar per can). For non-cancer 
population, the amount of sugar from SSB per day for 
the top 25% subjects is 75.2 g (25%: 19.0 g and median:  
39.6 g). In addition to sugar intake from SSB consumption, 
other SSB indicators included SSB intake (yes/no), SSB 
consumption count per day, and SSB sugar binge per day. 
SSB sugar binge was defined as average grams of sugar from 
SSB consumption per occasion per day.

Cancer status was defined based on the question: “Have 
you ever been told by a doctor or other health professional 
that you had cancer or a malignancy of any kind?” Among 
cancer patients, seven common cancer types were also 
evaluated: prostate, breast, cervix, colon, melanoma, uterus, 
and other skin cancer. This disease classification is based on 
the primary cancer site. 

The participants’ demographic characteristics included 
age, gender, race (White, Black, and other), education 
(< high school, high school, > high school), and poverty 
income ratio. Poverty income ratio, with a range of 0–5, 
is the ratio of family income to their appropriate poverty 
threshold. Ratios below one indicate that the family income 
is below the official definition of poverty. Obesity and 
smoking status were also considered. The sub-categories of 
these factors are listed in Table 1. 

Statistical analysis

The participants’ demographic, smoking, obesity and 
cancer characteristics by sugar intake from SSBs status were 



© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(Suppl 5):S1019-S1028 tcr.amegroups.com

S1022 Tseng et al. Sugar-sweetened beverage and cancer

Table 1 Characteristics of 22,182 adults who aged ≥20 years old by levels of sugar intake from sugar-sweetened beverages (SSBs) using the 
NHANES 2003–2012 data 

Characteristic 
High intake: ≥80 g sugar from SSB 

(n=3,476, 15.7%) 
Low intake: <80 g sugar from SSB 

(n=18,706, 84.3%) 
P value†

Age, mean ± SE (years) 37.7±0.3 48.6±0.3 <0.0001

Gender (%) <0.0001

Female 1,309 (10.6) 10,290 (89.4)

Male 2,167 (21.7) 8,416 (78.2)

Race (%) <0.0001

White 1,518 (14.4) 9,287 (85.6)

Black 959 (23.3) 3,685 (76.7)

Others 999 (17.0) 5,734 (83.0)

Education (%) <0.0001

< High school 304 (15.0) 2,237 (85.0)

High school 1,677 (20.9) 6,880 (79.1)

> High school 1,494 (12.9) 9,568 (87.1)

Poverty income ratio (%) <0.0001

≤1 867 (23.4) 3,277 (76.6)

1.1–2 919 (18.6) 4,557 (81.4)

2.1–4 875 (16.1) 4,764 (83.9)

>4 602 (11.4) 4,783 (88.6)

Body mass index (BMI) (%) 0.0360

Underweight or normal (<25) 1,093 (14.9) 5,963 (85.1)

Overweight [25–30] 1,134 (15.6) 6,338 (84.1)

Obese (≥30) 1,147 (17.1) 5,822 (82.9)

Smoke (%) <0.0001

Never 1,611 (13.7) 10,239 (86.3)

Former 607 (10.8) 5,119 (89.2)

Current 1,254 (26.9) 3,342 (73.1)

Cancer status (%) <0.0001

Non-cancer 3,309 (16.7) 16,737 (83.3)

Overall cancer 167 (7.7) 1,969 (92.3)

Prostate cancer 18 (3.4) 302 (96.6)

Breast cancer 13 (4.6) 311 (95.4)

Cervix cancer 35 (17.1) 126 (82.9)

Colon cancer 11 (6.5) 134 (93.5)

Melanoma cancer 9 (8.5) 110 (91.5)

Other skin cancer 29 (6.4) 465 (93.6)

Uterus cancer 11 (8.0) 81 (92.0)

Other cancer 41 (9.4) 427 (90.6)
†, test using Rao-Scott chi-square test or t-test. NHANES, National Health and Nutrition Examination Survey.
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summarized using descriptive statistics. The differences 
of categorical variables in the two sugar intake from SSBs 
groups (low vs. high) were assessed using the Rao-Scott 
chi-square with an adjusted F statistic; and the differences 
of continuous variables were tested using t-tests. In order 
to evaluate factors associated with high sugar intake from 
SSB (≥80 g) adjusting for other factors, a logistic regression 
model with the appropriate sampling weights was applied 
(using PROC SURVEYLOGISTIC in SAS) (SAS Institute 
Inc., Cary, North Carolina, USA). The selection of variables 
included in the final multivariable model was based on 
whether the variable showed a statistically significant result (P 
value <0.05) in the univariate models. We further compared 
SSB intake (yes/no), SSB consumption count per day, sugar 
intake from SSB (numeric scale) and SSB sugar binge per 
day between non-cancer and cancer individuals. All statistical 
analyses were conducted using SAS 9.4 (SAS Institute Inc.). 
The weighting analytical methods followed the instructions 
provided on the CDC website (23). A P value of less than 0.05 
was considered statistically significant.

Results

There were a total of 22,182 adults aged ≥20 years old in 
the NHANES 2003–2012. Table 1 shows the demographic 
and behavioral characteristics and cancer status by the two 
sugar intake from SSB groups [high (≥80 g) vs. low (<80 g) 
sugar per day]. For the overall study population, 15.7% had 
high sugar intake from SSBs. 

Non-cancer individuals had a higher sugar intake from 
SSBs than cancer survivors (16.7% vs. 7.7%, respectively). 
As shown in Table 1, individuals with high sugar intake 
from SSBs were younger than those with low sugar intake 
from SSBs (mean, 37.7 vs. 48.6 years old). In addition, 
rates of high sugar intake from SSBs were greatest in males 
(21.7%), Blacks (23.3%), participants with high-school 
education level (20.9%), low income (poverty income ratio 
≤1) (23.4%), obese (17.1%), current smokers (26.9%), and 
without cancer history (16.7%) or with cervical cancer 
(17.1%). Cervical cancer survivors had the highest rate of 
high sugar intake from SSBs (17.1%) and prostate cancer 
survivors had the lowest rate of high sugar intake from SSBs 
(3.4%). The rates of high sugar intake from SSBs for colon 
and breast cancer were 6.5% and 4.6%, respectively. The 
rates of other cancer types are listed in Table 1. 

Factors associated high sugar intake from SSBs were 
assessed using univariate and multivariable logistic 
regression models (Table 2). The unadjusted model results 

shown in Table 2 are similar to the results in Table 1. In 
the unadjusted univariate models, prostate (OR =0.17, 
P<0.0001), breast (OR =0.24, P<0.001), colon (OR =0.35, 
P<0.01), melanoma (OR =0.46, P<0.05), non-melanoma 
(OR =0.34, P<0.001), and other cancer types (OR =0.52, 
P<0.01) were less likely to have high sugar intake from SSBs 
compared with the non-cancer individuals. 

For adjusted comparisons of sugar intake from 
SSBs between cancer and non-cancer individuals, the 
multivariable weighted logistic regression models was 
conducted. After controlling for the factors listed in Table 2,  
the association between high sugar intake from SSBs and 
cancer status became insignificant except for prostate 
cancer (vs. non-cancer, OR =0.41, P<0.01). In addition, the 
older participants were less likely to have high sugar intake 
from SSBs (OR in a 10-year increment =0.65, P<0.0001). 
Smoking status and obesity were significantly associated 
with high sugar intake from SSBs after adjusting for 
demographic factors. Current smokers (vs. never smokers, 
OR =1.82, P<0.001) and obese individuals (vs. normal 
weight, OR =1.27, P<0.01) were more likely to have high 
sugar intake from SSBs. 

The distributions of SSB related factors among non-
cancer individuals and cancer survivors were also explored. 
Several SSB related measurements [SSB consumption 
(%), SSB count, sugar intake from SSBs and sugar 
binge per occasion] were evaluated. Results in Table 3  
show more non-cancer individuals responded “yes” to 
having consumed SSBs than cancer survivors (74.2% vs. 
63.4%). Non-cancer individuals consumed more SSBs than 
cancer survivors (mean count per day 1.10 vs. 0.79). Among 
those who consumed SSBs, non-cancer individuals had 
more sugar from SSBs per day than cancer survivors (mean, 
54.9 vs. 38.4 g/day). In addition, non-cancer individuals 
consumed more sugar per SSBs than cancer survivors (mean, 
30.9 vs. 24.2 g/serving). We did further analyses to evaluate 
SSBs related factors among survivors with different cancer 
types. Among cancer survivors, prostate cancer survivors 
had the highest proportion with SSB consumption (68.9%) 
and had relatively high SSB count per day (mean, 0.89); 
however, prostate cancer survivors had lower sugar intake 
from SSBs (mean, 34.5 g/day) and lower sugar binge from 
SSBs (mean, 21.1 g/occasion) than other cancer survivors. 
Cervical cancer survivors consumed more SSBs (mean count, 
0.91), more sugar from SSBs per day (mean, 60.4 g/day), 
and had higher SSB sugar binge (mean, 33.2 g/occasion) 
than other cancer survivors, although relatively few cervical 
cancer survivors consumed SSB (57.6%). 
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Table 2 Factors associated with high sugar intake (≥80 g) from sugar-sweetened beverages

Characteristic Unadjusted: OR (95% CI)† Adjusted: OR (95% CI)†

Age (in 10 years) 0.64 (0.62–0.67)# 0.65 (0.62–0.68)#

Gender, male vs. female 2.35 (2.12–2.62)# 2.40 (2.11–2.73)#

Race

White 1.00 1.00

Black 1.81 (1.57–2.09)# 1.42 (1.22–1.65)#

Others 1.23 (1.05–1.43)* 0.83 (0.70–0.99)*

Education

< High school 1.00 1.00

High school 1.50 (1.19–1.90)& 1.05 (0.81–1.36)

> High school 0.84 (0.67–1.05) 0.66 (0.51–0.85)**

Poverty income ratio

≤1 1.00 1.00

1.1–2 0.75 (0.64–0.88)& 1.01 (0.85–1.20)

2.1–4 0.63 (0.54–0.74)# 0.92 (0.76–1.10)

>4 0.42 (0.35–0.50)# 0.71 (0.59–0.86)&

BMI

Underweight or normal (<25) 1.00 1.00

Overweight [25–30] 1.08 (0.96–1.21) 1.12 (0.99–1.27)

Obese (≥30) 1.18 (1.04–1.35)* 1.27 (1.10–1.47)**

Smoke

Never 1.00 1.00

Former 0.77 (0.66–0.89)& 1.00 (0.83–1.21)

Current 2.32 (2.02–2.66)# 1.82 (1.57–2.10)#

Cancer status

Non-cancer 1.00 1.00

Prostate cancer 0.17 (0.10–0.30)# 0.41 (0.22–0.77)**

Breast cancer 0.24 (0.11–0.54)& 1.04 (0.47–2.27)

Cervical cancer 1.03 (0.60–1.75) 1.40 (0.81–2.42)

Colon cancer 0.35 (0.16–0.77)** 0.96 (0.41–2.21)

Melanoma cancer 0.46 (0.22–0.98)* 1.16 (0.53–2.54)

Non-melanoma skin cancer 0.34 (0.19–0.60)& 0.74 (0.39–1.41)

Uterus cancer 0.44 (0.18–1.03) 1.29 (0.65–2.58)

Other cancer 0.52 (0.34–0.78)** 1.16 (0.74–1.81)

†, odds ratio (95% confidence interval); *, P<0.05; **, P<0.01; &, P<0.001; #, P<0.0001. BMI, body mass index.
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Discussion

This study showed that the prevalence of SSB consumption 
and sugar intake from SSBs among cancer survivors are 
lower than among non-cancer individuals. After adjusting 
for age, there was no significant difference of sugar intake 
from SSBs between cancer and non-cancer individuals. For 
the total sample, individuals who were younger, male, Black, 
poorer, had a high school education level, were a current 
smoker, or were obese were more likely to have high sugar 
intake (≥80 g sugar) from SSBs.

Added sugar is not recommended for consumption 
by the Food and Nutrition Board and the Institute of 
Medicine (24). SSBs are the major source of added sugar 
and greatly contribute to daily total energy in the diets 
of children and adolescents in the United States (10,11). 
However, people are not usually aware of how much sugar 
they consume from SSBs. The AHA recommends that no 
more than half of daily discretionary calories come from 
added sugars (8). For example, AHA’s recommended added 
sugars allowance for most American women is no more 
than 100 kcal per day, or about 6 teaspoons (24 g) of sugar. 
For most American males, AHA suggests no more than  
150 kcal per day, or about 9 teaspoons (36 g). As a reference, 
one 12-ounce can of regular soda contains approximately  
8 teaspoons of sugar, or 130 kcal and zero nutrition. In 
other words, 1 can of soda would account for more than 
88% of an adult male’s and 133% of an adult female’s whole 

day recommendations for added sugar consumption.
Our study found age was the leading factor associated 

with high sugar intake from SSBs. The odds of having 
high sugar intake from SSBs decreased as age increased. In 
unadjusted models, several cancer types were statistically 
significantly associated with high sugar intake from SSBs. 
However, when adjusting for age, these associations became 
insignificant for all cancers except prostate cancer. This 
result may explain why some studies (7,25) did not find 
a significant relationship between cancer status and SSB 
consumption; when age or age-cancer interaction was not 
considered, the relationship appeared insignificant. In 
the present study, we observed that there is a significant 
interaction of age and cancer (P=0.012) associated with high 
sugar intake from SSB. This indicates the age impact on 
sugar intake from SSBs is different for cancer (OR =0.53, 
95% CI: 0.45–0.62, P<0.0001) versus non-cancer individuals 
(OR in a 10-year increment =0.65, 95% CI: 0.63–0.68, 
P<0.0001). The sugar intake from SSBs decreased more 
as age increased for cancer survivors compared with non-
cancer individuals. Overall, the rate of high sugar intake 
from SSBs among cancer survivors is lower than the non-
cancer population. However, this may be explained by 
the finding that, individuals with high sugar intake from 
SSBs were younger than those with low sugar intake from 
SSBs, while the majority of cancer survivors were older. 
In addition, the different age distributions in the non-
cancer individuals and cancer survivors (mean age =45.3 and  

Table 3 Distributions of sugar-sweetened beverage (SSB) by cancer status

Disease N
Mean of age at 
interview (years)

Percent of 
SSB (%)

SSB count,  
mean ± SE

Sugar from SSB, 
mean ± SE (g/day)†

Sugar binge from SSB, 
mean ± SE (g/serve)†

Non-cancer 20,046 45.3 74.2 1.10±0.02 54.9±0.9 30.9±0.4

Overall cancer‡ 2,136 62.1 63.4 0.79±0.03 38.4±1.4 24.2±0.7

Prostate cancer 320 72.2 68.9 0.89±0.08 34.5±2.2 21.1±1.2

Breast cancer 324 66.5 62.7 0.75±0.06 30.0±3.8 19.4±2.6

Cervix cancer 161 46.8 57.6 0.91±0.13 60.4±5.7 33.2±2.3

Colon cancer 145 68.0 56.0 0.67±0.09 46.8±10.1 33.3±8.5

Melanoma cancer 119 61.0 58.4 0.67±0.09 39.5±7.0 27.0± 5.6

Other skin cancer 494 62.8 64.7 0.78±0.05 35.2±2.8 22.6±1.4

Uterus cancer 92 59.5 66.1 0.75±0.12 36.5±5.9 24.0±2.5

Other cancer 468 60.2 64.2 0.82±0.05 40.5±3.0 25.1±1.4

†, only for those with SSB consumers (n=16,758). Sugar binge from SSB was defined as average sugar intake from SSB per serving per 
day; ‡, the difference for non-cancer and overall cancer for intake (yes/no) and SSB count is significant (P<0.0001). Among those with SSB 
consumers, the sugar intake from SSB and SSB binge (sugar/count) are significant (P<0.0001). 
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62.1 years old, respectively) supports this hypothesis. 
Similarly, the mean ages of prostate, breast, colon, 

melanoma, other skin cancer, uterus and other cancer 
survivors were higher than non-cancer individuals. The 
associations between cancer types and SSB behavior observed 
in our study were consistent with the findings from the 
previous studies. Recent studies found that higher intake of 
SSB and sugars was associated with an increased risk of cancer 
or recurrence. For example, one study found that higher 
intake of SSB and sugars was associated with an increased risk 
of type I, but not type II, endometrial cancer (19). Another 
study assessed the association between SSB consumption on 
cancer recurrence and mortality in 1,011 stage III colon cancer 
patients and found that higher SSB intake was associated 
with a significantly increased risk of cancer recurrence and 
mortality (20). The sugar intake from SSBs among individuals 
with cervical cancer history was much higher in our study  
(60 g/day) compared to other cancer survivors who consumed 
only around 30–40 g/day. However, the mean age of cervical 
cancer survivors was younger (mean, 46 years old) than other 
cancer survivors. By evaluating the differences in age-adjusted 
sugar intake for specific cancer sub-groups, we can conclude 
that while age was an important factor, the relationship 
appears insignificant. This age difference between the two 
groups may explain the association of sugar intake from SSBs 
and cancer.

In addition to these findings of the effect of age on 
the relationship between SSBs and other factors, we 
observed that the impacts of obesity and smoking status 
were significantly associated with high sugar intake from 
SSBs. These findings are consistent with the previous 
research (26-29). Compared to underweight or normal 
weight individuals, individuals who were obese were 
more likely to have high sugar intake from SSBs. It is 
well documented that obesity is related to excess energy 
intake. SSBs are the major source of added sugar and 
greatly increase the total energy in diets (10,11). Smoking 
and obesity are two major leading causes of morbidity and 
mortality for most cancers and chronic diseases (29-32).  
Previous studies indicate that nicotine increases energy 
expenditure and could reduce appetite, which may 
explain why smokers tend to have lower body weight than 
nonsmokers. It may also explain why smoking cessation is 
frequently followed by weight gain (33). However, studies 
also show that more smokers tend to have higher rates 
overweight or obese than nonsmokers (34). One potential 
reason is risk behavior pattern, which likely reflects a 
clustering of risky behaviors together. For example, studies 
showed that smoking, alcohol drinking, physical inactivity, 
and poor dietary habits are usually clustered together  

(35-37). In this study, results showed that smoking is 
associated with high sugar intake from SSBs. Compared to 
never smokers, current smokers were more likely to have 
high sugar intake from SSBs. 

There are several limitations to this study. First, cancer 
status in this study may have been biased because it was 
self-reported without validation using medical records. 
Second, sugar intake from SSBs among cancer survivors 
might not be generalized to the whole cancer population 
because hospitalized cancer patients were not considered. 
Third, this study focuses on evaluating the impact of cancer 
status and other risk factors on sugar intake from SSB and 
not sugar from food intake. Previous studies show that SSB 
intake is positively associated with obesity after controlling 
for total energy intake (including sugar intake from food); 
therefore, in the current investigation we focused on sugar 
intake from SSB specifically. Fourth, although all analyses 
were weighted to account for the complex sampling design 
applied in NHANES, some subgroups (such as specific 
cancer patients) may not represent the whole United States 
population due to survey limitations. 

Conclusions

This study investigated the distribution of sugar intake 
from SSBs and examined the association of SSB related 
factors among non-cancer individuals and cancer survivors. 
In general, cancer survivors had lower prevalence of sugar 
intake from SSBs than non-cancer individuals. However, 
this cancer group difference was not significant after 
adjusting for other factors. In addition, individuals who had 
high sugar intake (≥80 g sugar) from SSBs were younger, 
male, Black, had education levels at/below high school, low 
income, obese, current smokers and non-cancer individuals. 
This study provides the valuable information that age is 
an important factor in discussing the association between 
cancer and SSBs. The lower overall rate of sugar intake 
from SSBs in cancer survivors compared to non-cancer 
individuals was primarily due to the majority of cancer 
survivors being elderly. SSB consumption behavior varies 
across cancers and may be related to age. Intervention 
programs that aim to reduce SSB or added sugar 
consumption among cancer survivors should primarily 
focus on lower socio-economic status young males, both 
non-cancer and cancer survivors. As suggested by “The 
CDC Guide to Strategies for Reducing the Consumption 
of Sugar-Sweetened Beverages” (38), “Include screening 
and counseling about SSB consumption as part of routine 
medical care.” Custom intervention of decreasing sugar 
consumption from SSBs should be conducted for both non-
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cancer individuals and cancer survivors in communities and 
the medical care system. Moreover, developing programs 
to reduce SSB consumption for cervical cancer survivors, 
especially those in younger age groups, is of high priority. 
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