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Introduction

Endometrial cancer (EC) is the sixth leading cancer in wom-
en around the world [1]. Compared to less developed nations 
(5.9 per 100,000), researchers have observed a higher rate of 
this disease in more developed nations (13.0 per 100,000) [1]. 
The incidence rate of EC has been increasing over the last few 
decades [2]. According to the GLOBOCAN 2018 statistics, 
there will be 382,069 new EC cases and 89,929 EC-associated 
deaths worldwide [3]. EC is the most common gynecologic 
malignancy in the United States and the fourth most common 
type of cancer in women after lung, breast, and colorectal can-
cers [4]. Although a U.S. study has shown that EC rates have 
been stable between 1992 and 2002 (in women between the 
ages of 50 and 70), they have been increasing by 2.5% yearly, 
with a 10% increase between 2006 and 2012 [5]. These data 
indicate that the incidence of EC has been increasing.

Increasing evidence from experimental and epidemiologi-
cal researches has indicated that modifiable lifestyle-related 
factors could influence the EC risk [6,7]. Prior research has  
determined that a higher body mass index (BMI), poor die-
tary habits, excess alcohol consumption, and physical inac-
tivity are established risk factors of EC [8-10]. Since an indi-
vidual’s lifestyle habits typically cluster, existing evidence 
suggests that a greater decrease or increase in risk of chronic 
diseases might be attributed to combined lifestyle-related fac-
tors compared to effects of each individual factor [11]. There-
fore, simultaneous associations of these lifestyle habits should 
be considered. The American Cancer Society (ACS) and the 
World Cancer Research Fund/American Institute for Cancer 
Research (WCRF/AICR) publish cancer prevention recom-
mendations for individuals and community action. 

Adherence to cancer prevention guidelines scores can be 
developed on the basis of multiple lifestyle-related factors, 
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including physical activity, BMI, alcohol consumption, and 
various aspects of a healthy diet. According to the individ-
ual scores for each lifestyle-related factor, the present study  
assigned an adherence score to participants by summarizing 
them which the scores ranged from least healthy (0) to most 
healthy (20), with intervals of 1 or 0.5 [12-14]. Using these  
adherence scores might allow to investigate overall behavio-
ral patterns. Although several studies have assessed the asso-
ciation between adherence to cancer prevention guidelines 
score and EC risk, their results have not been consistent [12-
17]. To date, none of study has comprehensively evaluated 
this topic. Additionally, the dose-response evidence between 
adherence to cancer prevention guidelines score and EC risk 
are needed. Therefore, we carried out this systematic review 
and dose-response meta-analysis on adherence to cancer pre-
vention guidelines score and the risk of EC by synthesizing 
published original studies. 

 

Materials and Methods

The current systematic review and meta-analysis was per-
formed in compliance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses guidelines and 
the Meta-analysis of observational studies in epidemiology 
guidelines. Its protocol has been registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO; registration number: CRD42020149966).

1. Literature search
The literature search was performed independently by 

two researchers (Jiang YT and Gong TT) using PubMed, 
EMBASE, and Web of Science databases up to June 2, 2020 
for studies investigating the association between adherence 
to cancer prevention guidelines score and EC risk. The fol-
lowing search strategy was used: (lifestyle habit OR cancer 
prevention OR nutrition OR physical activity OR healthy 
lifestyle index OR adherence OR dietary quality OR cancer 
prevention guideline) AND ((endometrial OR endometrium) 
AND (cancer OR neoplasm OR carcinoma)). Additionally, 
we manually checked the references lists of included studies 
to identify other potentially eligible publications. The search 
studies were limited to human studies.   

2. Study selection
Published studies meeting the following criteria were  

included: (1) studies with prospective design; (2) interest  
exposure was adherent to cancer prevention guidelines score; 
(3) cancer prevention guidelines included at least two related 
lifestyle factors; (4) adherence score was made up of related 
lifestyle factors, with more points indicating healthier behav-

ior; (5) incidence of EC was the primary interest outcome; (6) 
participant age was ≥ 18 years; (7) risk estimates available or 
adequate data necessary for calculation are present. When 
overlapping data appeared in multiple publications, only the 
study containing largest sample size was included.

3. Data extraction
Two investigators (Sun H and Liu YS) independently 

conducted the data extraction. Any disagreement has been 
carefully discussed and resolved. The following data were  
extracted from the eligible publications: publication year, 
first author, study geographical location, duration of follow-
up, person-year, study design, number of cases, score catego-
ry and corresponding risk estimate, and covariates adjusted 
in multivariable analyses. The most fully adjusted relative 
risks (RRs)/hazard ratios (HRs) were chosen when several 
estimates for the same exposure were reported with different 
levels of adjustment.

4. Quality assessment
Two investigators (Sun H and Jiang YT) independently 

conducted the quality assessment. Any nonconformity has 
been discussed and resolved. The Newcastle-Ottawa assess-
ment scale was used to evaluate the methodological quality 
of included studies [18]. Studies that achieved a full rating in 
at least two categories of the three assessments were consid-
ered to have a low risk of bias [19]. 

5. Statistical analysis
In the current study, random-effects model was used to 

calculate the summarized effect sizes [20]. 
A method proposed by Greenland and Orsini was used 

to evaluate the linear dose-response association between 
adherence to cancer prevention guidelines score and risk of 
EC [21]. In the mentioned method, distribution of cases and 
RRs/HRs with the variance estimates for ≥ 3 quantitative cat-
egories of exposure were required. The midpoint of adher-
ence to cancer prevention guidelines score in each category 
was defined as the corresponding RRs/HRs estimate. The 
midpoint in each category was estimated by calculating the 
mean of the lower and upper boundary for studies that have 
reported a range for adherence to cancer prevention guide-
lines score. The length of these open-ended intervals was  
assumed to be the same as that of the adjacent intervals when 
the highest and lowest categories were open-ended. On the 
basis of current studies, the pooled HRs/RRs of the dose-
response meta-analyses are presented in increments of one 
unit a time for adherence to the cancer prevention guide-
lines score [12,13]. Due to insufficient data in the primary 
analyses, this study was unable to assess possible non-linear  
association between adherence to cancer prevention guide-
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lines score and the risk of EC.
The I2 statistic was used to estimate heterogeneity among 

studies. Sensitivity analyses were performed by exclud-
ing one study at a time to explore whether the results were 
strongly influenced by any specific study. Potential publica-
tion bias was assessed using Egger’s and Begg’s tests. Both 
tests are formalized statistical tests for assessing funnel plot 
asymmetry and are considered a standard procedure for  
meta-analysis. A p < 0.05 was considered significant. Statis-
tical analyses were performed with STATA ver. 12.0 (Stata 
Corp., College Station, TX).

Results

1. Literature search, study characteristics, and quality asse-
ssment

The flow diagram for the publication search is presented in 
Fig. 1. A total of 668 citations were identified from PubMed, 
1,949 citations were from Web of Science, 1,014 citations were 
from EMBASE database, and three articles were identified 
from references cited in related publications. Of these, 2,517 
articles were left after deleting duplicates. Irrelevant articles 
were excluded and the full text for 15 articles was retried to 
evaluate whether they met the inclusion criteria after review-
ing the title and abstract. After examining the full text, two 
reviews were excluded, one article included only the dietary 

factors, six article participants were cancer survivors, and 
one article offered overlapping data. Although two studies 
were performed on the basis of the Women’s Health Initia-
tive (WHI) [12,15], only the study with the largest sample 
size was included [12]. Finally, five articles that met the inclu-
sion criteria were identified [12-14,16,17].

The meta-analysis included four cohort studies [12,14, 
16,17] and one case-cohort study [13], which involved 4,470 
cases and 597,047 participants. Of the included studies, five 
reported that adherence to cancer prevention guidelines sig-
nificantly decreased the risk of EC [12-14,16,17]. The original 
articles were published between 2012 and 2019. Among these 
studies, two were conducted in the United States [12,16], 
two in Europe [14,17], and one in Canada [13]. The dura-
tion of follow-up ranged from 10.5 to 17.9 years. Individuals 
were aged between 25 and 79 years old. Two studies used 
the healthy lifestyle index [12,13]. One study used the ACS 
scores [16], one used the WCRF/AICR scores [17], and one 
used the Health index [14]. All included studies had report-
ed adjusted HRs and 95% confidence intervals (CIs) for the 
association between adherence to cancer prevention guide-
lines score and the risk of EC. All five studies had considered 
those with the lowest cancer prevention guidelines score as 
a reference group. Characteristics for five studies that evalu-
ated the association between adherence to cancer preven-
tion guidelines score and the EC risk are provided in Table 
1. Quality assessment results using the Newcastle-Ottawa 

Hui Sun, Prevention Guidelines and Endometrial Cancer

Fig. 1.  Flowchart for the selection of the original studies on the association between adherence to cancer prevention guidelines score and 
the endometrial cancer risk included in the meta-analysis.

Articles were found in database search (n=3,631)
Articles were from PubMed (n=668)
Articles were from Web of Science (n=1,949)
Articles from Embase (n=1,014)
Articles were identified from reference cited in related publications (n=3)

Articles (n=2,517)

Articles were retrieved for full review (n=15)

Articles were included in the meta-analysis (n=5)

Duplicates were removed (n=1,117) 

Articles were excluded after reading 
  the title or abstract (n=2,502)

Papers excluded because of:
  Review (n=2)
  Single dietary factor (n=1)
  Prognosis research (n=6)
  Overlapping data (n=1)
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Scale are demonstrated in Table 2. Four studies were of low 
bias risk [12,13,16,17] and one study was of high bias risk 
[14]. Furthermore, we documented confounder adjustment 
methods of these included studies (Table 3).

2. Highest vs. lowest scores of adherence to cancer preven-
tion guidelines

A total of five studies were included in the present analysis 
[12-14,16,17]. Overall analysis of association between adher-
ence to cancer prevention guidelines score and risk of EC is 
illustrated in Fig. 2. Main analysis revealed a significant rela-
tionship between adherence to cancer prevention guidelines 
score and EC risk (HR, 0.54; 95% CI, 0.40 to 0.73) with a high 
level of heterogeneity (I2=86.1%, p < 0.01). No publication 
bias evidence was uncovered based on visual inspection of 
funnel plots (Fig. 3) and according to Egger’s (p=0.844) and 
Begg’s (p=0.806) test results. Sensitivity analysis revealed that  
removing one study at a time did not substantially change 
the overall effect (Fig. 4). Of note, considering the special 
design outlined in the WHI, which included participants 
from both cohort and clinical trials, the Arthur et al.’s study 
[12] was included in the main analysis. The Thomson et al.’s 
study [15] that only investigated the topic within observa-
tional WHI study was included in the sensitivity analysis. 
As expected, sensitivity analysis results were robust (Fig. 5).

 
3. Dose-response analyses

Two studies failed to provide sufficient data for the dose-
response analysis were excluded [14,16], while the remain-
ing three studies were included in the study [12,13,17]. Score  
increment of 1 reduced the risk of EC by 6% (HR, 0.94; 95% 
CI, 0.93 to 0.96) without heterogeneity (I2=0%) (Fig. 6). 

Discussion

To our knowledge, we first summarize the findings for the 
relationship between adherence to cancer prevention guide-
lines score and EC risk. Based on recent evidence, adherence 
to cancer prevention guidelines score is inversely associ-
ated with EC risk. This dose-response analysis determined 
that there is a 6% decrease in the relative EC risk per 1 score  
increase in adherence to cancer prevention guidelines score. 
The present study provided a more accurate evidence nec-
essary to advocate for following cancer prevention recom-
mendations.

Several factors need to be considered when interpret-
ing meta-analysis results. Although subgroup analysis was 
not carried out, it is possible that menopausal status of the 
participants in the original study may have impact on the 
results. Obesity may account for up to 40% of the observed 
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EC incidence. Compared to women of normal weight, obese 
women have a two- to five-fold increased risk of developing 
EC [22]. In general, obesity is associated with higher levels 
of circulating estrogen in postmenopausal women, likely 
accounting for their increased risk of EC. Beyond that, data 
from observational studies report that postmenopausal sta-
tus in women is associated with an increased risk of EC [23]. 
More research is needed to explore the relationship between 
adherence to cancer prevention guidelines score and EC risk 
in postmenopausal women. Furthermore, five studies gener-
ated four types of adherence scores on the basis of guidelines 
from either the WCRF/AICR or ACS. Although WCRF/

AICR and ACS guidelines are similar, interpretation of how 
to measure their recommendations varies. These studies dif-
fer in construction of the adherence score, some measure-
ments of individual score components, and analytic meth-
ods. A previous study has observed that obesity is strongly 
associated with an increased risk of EC. On the contrary,  
alcohol intake and physical activity were not related to any of 
the outcomes [13]. Multiple risk factors may have a stronger  
effect on the risk of chronic diseases than individual factors. 
Therefore, these adherence scores may underestimate the 
potential impact of adhering to the recommendations. In  
addition, the studies included in this meta-analysis were 
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Table 3.  Confounders and adjustment methods of studies included in the meta-analysis

Study  Confounders Adjustment methods

Romaguera et al.  Energy intake, level of education, smoking status, intensity of smoking,  Cox regression model
  (2012) [17]   presence of chronic diseases at baseline, ever use of contraceptive pills, 
   ever use of hormone replacement therapy, age at first menarche, 
   age at first pregnancy, menopausal status
Dartois et al. Level of education, residence, first-degree family history of any cancer,  Cox proportional hazards
  (2014) [14]   professional activity, use of oral contraceptives, age at menarche and    regression models
   number of children, age at first full-term pregnancy, menopausal status, 
   use of menopausal hormone therapy
Kabat et al. Age, educational level, ethnicity, smoking status, marital status,  Cox proportional
  (2015) [16]   energy intake, menopausal status, age at menarche, age at first birth,    hazards models
   parity, hormone therapy use
Arthur et al. Education, non-alcohol energy intake, smoking status, alcohol intake,  Cox regression models
  (2018) [13]   BMI, history of oophorectomy, diet score, physical activity, 
   age at menarche, parity, menopause, HRT use, oral contraceptive use, 
   family history of breast cancer
Arthur et al. Age at entry, education, non-alcohol energy intake, ethnicity,  Cox proportional
  (2019) [12]   age at menarche, parity, combined estrogen and progesterone therapy,    hazards models
   unopposed estrogen therapy, oral contraceptive use, 
   family history of endometrial cancer, age at menopause

BMI, body mass index; HRT, hormone replacement therapy. 

Fig. 2.  Forest plot for the association between adherence to cancer prevention guidelines score and the endometrial cancer risk using a 
random-effects model [12-14,16,17]. The squares indicate study-specific hazard ratio (size of the square reflects the study-specific statistical 
weight); the horizontal lines indicate 95% confidence intervals (CIs); and the diamond indicates the summary hazard ratio (HR) estimate 
with its 95% CI. 
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from the United States, France, Canada, and other European 
countries. The living habits of people in different countries 
generally vary greatly. This may explain some of the hetero-
geneity observed among studies.

Among the included studies, two studies were performed 
on the basis of the WHI [12,15]. Surprisingly, results of these 

two studies were inconsistent when the ACS and healthy 
lifestyle index scores were used [12,15]. One study found 
that the guideline score was not associated with EC when the 
highest group was compared to the reference group [15]. The 
other study found that the higher the score, the lower the risk 
of EC [12]. The ACS score in Thomson et al.’s study [15] was 
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Fig. 3.  Funnel plot with pseudo 95% confidence limits for the 
analysis of adherence to cancer prevention guidelines score and 
the endometrial cancer risk. HR, hazard ratio.

Fig. 4.  Sensitivity analysis was performed by removing each 
study in turn and recalculating the summary hazard ratios  
estimate [12-14,16,17]. 
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specific statistical weight); the horizontal lines indicate 95% confidence intervals (CIs); and the diamond indicates the summary hazard 
ratio (HR) estimate with its 95% CI. 
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derived from individual components of the 2006 and more-
recent 2012 ACS guidelines on physical activity and nutrition 
for cancer prevention [24,25], including diet, physical activ-
ity, BMI, as well as alcohol drinking. The healthy lifestyle  
index score in Arthur et al.’s study [12] was developed based 
on public health guidelines for cancer prevention. This score 
is a combination of five common lifestyle behaviors, includ-
ing BMI, alcohol intake, smoking, diet, as well as physical 
activity. In addition, the study investigating the relationship  
between ACS score and EC risk was conducted within the 
WHI observational study, with a mean follow-up period of 
12.6 years [15]. Another study conducted within the WHI 
study had a median follow-up of 17.9 years [12]. Further-
more, the sample size and number of cases in Arthur et al.’s 
study [12] were greater than those in the Thomson et al.’s 
study [15]. At the same time, since dietary changes were 
required to make for all women in the intervention group 
of the dietary modification arm, Arthur et al. [12] excluded 
these women in the analysis. Therefore, the present meta-
analysis included the Arthur et al.’s study [12] in order to 
more accurately study the relationship between adherence to 
cancer prevention guidelines score and EC risk. The study of 
Thomson et al. [15] was included in the sensitivity analysis, 
which was consistent with the main study findings.

The observed negative correlation between lifestyle-relat-
ed risk factors and risk of EC might be explained through 
several potential biological mechanisms. In recent years, 
evidence has increased that insulin-like growth factor 1 as 
well as nutrition-associated hormones insulin may be vital 
in carcinogenesis [26,27]. High levels of these hormones may 
increase the risk of several cancers. Epidemiologic evidence 
indicates that the main etiologic drivers of EC risk might 
be attributed to increase a woman’s exposure to circulating 
estrogen [28]. Obesity is related to lower levels of sex hor-
mone-binding globulin (SHBG), which brings about higher 
bioavailable levels of estrogen and insulin and elevating EC 
risk [29]. Physical activity likely somewhat mediates EC risk 
by enabling weight control and reducing adipose stores [30]. 
Furthermore, physical activity is related to higher SHBG lev-
els resulting in less bioavailable estrogen [30]. Diets habit with 
low antioxidant-rich foods intake and correspondingly high 
alcohol intake may cause several metabolic changes includ-
ing increasing estrogen concentrations, leading to enhanced 
aromatase activity, increasing concentrations of bioavailable 
insulin-like growth factor 1, and increasing production of 
inflammatory markers that may accelerate carcinogenesis 
through inducing oxidative stress, deoxyribonucleic acid 
damage, as well as mutagenesis by inhibiting apoptosis [30]. 

The present study has several advantages. Primarily, 
to our knowledge, this is the first systematic review and 
dose-response meta-analysis to explore the relationship  

between adherence to cancer prevention guidelines score and 
EC risk. Second, meta-analysis included prospective study  
design that avoids recall bias and provides less possibility for  
selection bias. Because of the large number of cases, we may 
have sufficient statistical power to detect the aforementioned 
topic. Third, sensitivity analysis has shown that pooled  
estimates did not vary substantially after elimination of any 
one study, demonstrating stability of the pooled estimates. 
Egger’s and Begg’s test results demonstrated no publication 
bias, which also verified the stability of these results.

The present study has several limitations. First, dose-
response meta-analysis was based on a relatively limited 
number of included studies and heterogeneity among stud-
ies was high. However, there were not enough studies for 
subgroup analysis to evaluate the sources of heterogeneity. 
Furthermore, confounding by other risk factors cannot be 
entirely excluded. Even after adjusting for a large number of 
potential covariates, such as education, age, smoking pack-
years, baseline aspirin use, baseline multivitamin use, race/
ethnicity, total energy intake, and family history of cancer, 
the study was not able to explain the potential effects of 
dietary habits or behavior. In addition, frequency question-
naires were used by previous studies to capture physical 
activity and diet information. Measurement error could not 
be avoided by these self-reported measures This issue may 
greatly affect the accuracy of the research. Furthermore,  
researchers collected the components of the adherence score 
baseline. Subsequently, they use these measures to assess EC 
risk over time. Although follow-up periods ranged from 10.5 
to 17.9 years, this might not be sufficient to investigate the 
role of adherence to cancer prevention guidelines. Finally, EC 
types in patients were not stratified because few studies have 
focused on the relationship between adherence to cancer pre-
vention guidelines scores and EC types.

In summary, our results indicated that adherence to cancer 
prevention guidelines is related to a decreased risk of EC. 
Further studies are warranted to substantiate these findings, 
which may be significant for public health due to potential 
prevention of EC through lifestyle interventions.
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