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Abstract \
Background: The association between facial flushing after alcohol consumption and the risk of cancer remains controversial. The |

aim of this study was to evaluate the relation between facial flushing and cancer risk.

Methods: PubMed, EMBASE, and Cochrane Library were searched for relevant literature. The patients’ baseline characteristics
and estimated risks were extracted. Odds ratios (ORs) with 95% confidence intervals (Cls) were pooled to estimate the risk of facial
flushing in cancer, and subgroup analysis was performed.

Results: Ten studies with 89,376 participants from East Asia were included. The pooled OR of facial flushing in all cancers was 1.43
(95% ClI, 1.08-1.91), with the pooled ORs of 1.94 (95% CI, 1.33-2.83) and 0.95 (95% ClI, 0.80-1.12) in men and women,
respectively. The pooled ORs were also estimated in different cancer types.

Conclusion: Our results showed that facial flushing response to alcohol was associated with higher cancer risk in men in East Asia,
especially in esophageal squamous cell carcinoma, yet facial flushing was not significantly associated with cancer risk among
women.

Abbreviations: ALDH2 = aldehyde dehydrogenase 2, Cl = confidence interval, ESCC = esophageal squamous cell carcinoma,

OPLC = oral cavity, pharyngeal, and laryngeal cancer, OR = odds ratio, UATC = upper aerodigestive tract cancer.
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1. Introduction

After alcohol consumption, alcohol is first oxidized to acetalde-
hyde. Acetaldehyde is then metabolized to acetate by aldehyde
dehydrogenase enzymes, mainly aldehyde dehydrogenase 2
(ALDH2).M! People with inactive ALDH2 exhibit facial flushing
after drinking alcohol resulting from acetaldehydemia, which
is more prevalent among FEast Asians than Western
populations.”™ So, facial flushing is regarded as a predictor
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of inactive ALDH2."*! Since acetaldehyde is recognized as a
highly toxic, mutagenic, and carcinogenic agent, more acetalde-
hyde in body is associated with higher cancer risk.®! So, if
someone experiences facial flushing after drinking alcohol, he
probably has much acetaldehyde accumulating in the blood due
to ALDH2 deficiency. As a result, he had a higher risk of
developing cancer. So far, many researchers hypothesized that
facial flushing after drinking alcohol and cancer risk incidence
were related, and have investigated the association between
them.!"*=8! These studies mainly focused on upper aerodigestive
tract cancer (UATC), including oral cavity, pharyngeal, and
laryngeal cancer (OPLC), and esophageal squamous cell
carcinoma (ESCC).["*"121 Some researchers found that facial
flushing response to alcohol intake put individuals at higher risk
of UATC.I®®!-131 Byt others did not come to such a
conclusion.[" Besides, some investigators examined the risk
of facial flushing in breast cancer and endometrial cancer, and the
results were also inconclusive."*'3! Due to the controversial
conclusion, we aimed to perform a meta-analysis to summarize
the available evidence on the association between facial flushing
and cancer risk.

2. Methods
2.1. Search strategy

Since this is a meta-analysis, ethical approval was not necessary.
We followed the developed guidelines for the systematic review
and meta-analysis in performing our study.'®! PubMed,
EMBASE, and Cochrane Library were searched to identify
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potentially relevant literature (last search on October 22, 2016),
using the following search strategy: “flushing AND (ethanol OR
alcohol) AND (neoplasm OR tumor OR cancer OR carcinoma).”
Reference lists of relevant articles were also checked for any
additional studies. No language restrictions were used.

2.2. Study selection

Two reviewers (JZ and YS) independently determined study
eligibility. Disagreements were resolved by consensus.

The studies were included based on the following criteria: the
study reported the facial flushing response to alcohol in patients
with cancer and cancer-free controls; the study reported the
odds ratio (OR) with 95% confidence interval (CI), or data
were provided to calculate the OR with 95% CI. We exclude
unrelated articles, reviews, case reports, and articles without
sufficient data.

2.3. Data extraction

Two investigators extracted the data from the selected studies,
with any discrepancies being discussed. The primary data were
OR with 95% CI. Adjusted ORs were extracted if adjusted ORs
and unadjusted ORs both existed. Additional data included first
author, publication year, country, number of cases and controls,
mean age, tumor type, and other study characteristics.
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2.4. Study quality assessment

The Newcastle-Ottawa scale criteria were used to assess the
quality of each study.'”! This scale assessed 3 aspects of the
study: subject selection, 0 to 4; comparability of subject, 0 to 2;
and exposure (for case—control studies)/outcome (for cohort
studies), 0 to 3. The Newcastle-Ottawa scale scores ranged from
0 to 9, and those studies with 7 scores or more were graded as
high-quality ones.

2.5. Statistical analysis

The logOR and variance were used for aggregation of the risk of
cancer. For the studies without OR or 95% CI, the data were
calculated by RevMan 5.1 (Cochrane collaboration, Oxford,
UK). Then the data were pooled together by STATA 11.0
(STATA Corporation, College Station, TX). And forest plots
were used to estimate the correlation between facial flushing
response to alcohol and the risk of cancer. The pooled OR would
be considered to be significant with the P value less than 0.05. We
also did subgroup analysis based on different clinical character-
istics, for example, tumor type and sex. Heterogeneity was
assessed, with P<0.10 or I*>50% indicating significant
heterogeneity. If heterogeneity was present, a random effect
model was used. Publication bias was assessed by inspection of
the funnel plot with Begg rank correlation, and P>0.05 was
considered that there was no potential publication bias.

Records identified through
database searching: PubMed 112,
EMBASE 56, Cochrane 97 (n = 265)

Additionalrecords identified
through othersources
(n=0)

Records after duplicates removed

(n=241)
A
Records screened " Records excluded
(n=241) ™ (n=213)

A

(n=28)

Full-text articles assessed
for eligibility

Full-text articles excluded:
unrelated orlack of data
(n=18)

A 4

(n=10)
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A 4
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Figure 1. Selection process of studies.
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Characteristics of the included studies.

First N Mean Tumor F- F- NF- NF- Reported Quality
author Year Country (F/M) age type case control case control OR (95% CI) score
Asakage et al 2007  Japan 738 (0/739) Cases 60.9, 0PC 49 311 47 331 - 8
controls 58.8
0C and 21 311 32 331 -
0-PC
HPC 28 311 15 331 -
Hosono et al 2008  Japan 1527 (1527/0) - Endometrial 75 725 67 660 - 8
cancer
Ishiguro et al 2009  Japan 44,970 (0/44,970) - ESCC 112 - 103 - 1.21 (0.91-1.61) Adjusted 8
Oze et al 2010  Japan 1755 (294/1461) - UATC 243 599 323 556 0.96 (0.76-1.21) Adjusted 8
ESCC 104 258 156 267 1.22 (0.83—1.79) Adjusted
OPLC 115 280 138 239 0.87 (0.62—1.22) Adjusted
Song et al 2014 China 441 (0/441) ESCC 61.6, ESCC 74 50 66 92 2.32 (1.34-4.03) Adjusted 7
GCA 63.4,
controls 60.4
GCA 62 50 53 92 2.03 (1.15-3.56) Adjusted
Suzuki et al 2009  Japan 37,681 (37,681/0) - Breast 156 13,647 256 23,622 - 8
cancer
Yokoyama et al (1) 2003  Japan 843 (0/843) Cases 61.7, ESCC 152 181 76 292 - 7
controls 58.9
Yokoyama et al (2) 2003  Japan 271 (0/271) Cases 56.7, ESCC 30 4 35 165 2.22 (0.72-6.82) Adjusted 8
controls 54.9
Yokoyama et al (1) 2006  Japan 457 (457/0) Cases 63.0, ESCC 19 180 32 226 - 7
controls 58.7
Yokoyama et al (2) 2006  Japan 693 (0/693) - UATC 19 - 32 - 2.64 (1.49-4.67) Adjusted 9
ESCC 12 - 21 - 2.44 (1.19-4.98) Adjusted
OPLC 11 - 17 - 2.88 (1.34-6.19) Adjusted

Cl=confidence interval, ESCC = esophageal squamous cell carcinoma, F-case = flushing cases, F-control =flushing controls, GCA = gastric cardia adenocarcinoma, HPC =hypo-pharynx cancer, N (F/M)=
number of participants (female/male), NF-case = nonflushing cases, NF-control = nonflushing controls, OC = oral cavity cancer, OPC = oral cavity and pharyngeal cancer, O-PC = oropharynx cancer, OPLC = oral

cavity, pharyngeal, and laryngeal cancer, OR=odds ratio, UATC = upper aerodigestive tract cancer.

Heterogeneity and publication bias were assessed by STATA
11.0.

3. Results

3.1. Literature research

The initial literature search retrieved 265 articles. After removing
duplicates, 241 articles were screened. Then 213 articles were
excluded for the following reasons: unrelated articles (n=106),
reviews (n=96), or case reports (n=11). The rest 28 articles were
reviewed in full text, and 18 were further excluded due to unrelated
orlack of enough data. Finally, 10 studies™ ¢ %% were included
in our study. The study selection process was shown in Fig. 1.

3.2. Study characteristics

The detailed characteristics of the 10 included studies were shown
in Table 1. All of the studies were from East Asia, with 9 of them
from Japan and 1 from China. The total number of participants
was 89,376 (range 271-44,970). Six studies included only men
and 3 only women. The rest study included both men and
women. The tumor types were ESCC, OPLC, gastric cardia
adenocarcinoma, breast cancer, and endometrial cancer. Five of
them reported OR with 95% CI while the other 5 did not. All of
the studies got 7 scores or more in quality assessment, which
meant they were high-quality ones.

3.3. Pooled results
3.3.1. Facial flushing and the risk of all cancers. In the 10

studies, 11 datasets were pooled to estimate the risk of all types of
cancer mentioned above. The pooled OR was 1.43 (95% CI,

1.08-1.91), suggesting higher cancer risk in patients who
experienced facial flushing response to alcohol (Fig. 2). The
between-study heterogeneity was significant (I>=84.2%, P <
0.001) and random effect model was used.

3.3.2. Facial flushing and the risk of all cancers in men and
women. After pooling the results in the 6 studies those only
included men, the OR was 1.94 (95% CI, 1.33-2.83). However,
for the 3 studies that only included women, the pooled OR was
0.95 (95% CI, 0.80-1.12).

3.3.3. Facial flushing and the risk of ESCC. Seven
studies! "1 examined facial flushing and the risk of ESCC,
and the pooled OR for ESCC was 1.69 (95% CI, 1.11-2.56).

3.3.4. Facial flushing and the risk of ESCC in men and
women. After pooling the results in the 5 studies those only
included men, the OR was 2.14 (95% CI, 1.30-3.52). One study
only included women, the OR was 0.75 (95% CI, 0.41-1.36).

3.3.5. Facial flushing and the risk of OPLC. Three studies
investigated the risk of OPLC, and the pooled OR was 1.27 (95%
CI, 0.73-2.21). Two studies only included men, and the pooled
OR of the 2 studies was 1.69 (95% CI, 0.67-4.28).

All the pooled results above were shown in Table 2.

3.3.6. Facial flushing and cancer risk among different
drinking statuses. We also attempted to find out the relationship
between facial flushing and cancer risk among subjects with different
drinking statuses. However, the studies used diverse classification
models to define drinking statuses, thus the results could not be
pooled.


http://www.md-journal.com

Zhang et al. Medicine (2017) 96:13

Medicine

Study %

ID ES (95% CI) Weight
1

Asakage et al. (2007) —_— 1.1 (0.72, 1.70) 9.47
'

Hosono et al. (2008) —-O-—E 1.02(0.72, 1.44) 10.22

Ishiguro et al. (2009) < : 1.21 (0.91, 1.61) 10.72
\

Oze et al. (2010) —— E 0.96 (0.76, 1.21) 11.12

Song et al.-ESCC (2014) -‘:—-&— 2.32(1.24, 4.02) 8.34

Song et al -GCA (2014) E—.— 2.03(1.15,3.57) 820
1

Suzuki et al. (2009) —r : 0.95(0.78, 1.18) 11.33
'

Yokoyama et al. (1) (2003) E —— 3.23 (2.32, 4.50) 10.34

Yokoyama et sl. (2) (2003) E - 2.22(0.72, 6.83) 424
1

Yokoyama et al. (1) (2006) : 0.75(0.41, 1.38) 7.88
'

Yokoyama et al. (2) (200€) E—-t-— 284 (1.49,467) 8.15

Overall (I-squsred = 84.2%, p = 0.000) <> 1.42 (1.08, 1.91) 100.00
|

NOTE: Weights are from random effects analysis :

T : T

146

1

€.83

Figure 2. Pooled odds ratio (OR) of facial flushing response to alcohol in all cancers.

3.4. Publication bias

No publication bias was found in this meta-analysis. The plot of
publication bias of the 10 included studies is shown in Fig. 3.

4. Discussion

4.1. Implications

This study emphasized in examining the association between
facial flushing after alcohol consumption and cancer risk. We
performed a meta-analysis to summarize the existing evidence.
Our results showed that, in East Asia, facial flushing response to
alcohol was associated with higher cancer risk in men, especially
in ESCC, and that facial flushing was not significantly associated
with cancer risk among women.

Andrici et al™®! performed a meta-analysis on the association
of facial flushing and the risk of ESCC. They included 7 studies
with a total size of 50,566. They found a positive relationship
between the flushing response and ESCC, which was consistent
with our analysis. Our study included 10 studies with a total size
of 89,376. Besides ESCC, we also included patients with OPLC,
gastric cardia adenocarcinoma, breast cancer, and endometrial
cancer. We did subgroup analysis among men and women, and
found that the relationship was positive in men and negative in
women, especially in ESCC.

After pooling all the ORs in the 10 studies, we found a
positive relationship between facial flushing and cancer risk.
However, after subgroup analysis sorted by sex, we found that
the conclusion was still positive among men, but it was not the
same among women (OR 0.95, 95%CI 0.80-1.12). Since some

Summary of meta-analysis results.

N of N of Pooled OR Heterogeneity Publication

studies data sets Model (95% Cl) P P, A bias
Total 10 11 Random 1.43 (1.08-1.91) 0.014 <0.001, 84.2% 0.186
Total-men 6 7 Random 1.94 (1.33-2.83) 0.001 <0.001, 77.8% 0.652
Total-women 3 3 Fixed 0.95 (0.80-1.12) 0.517 0.676, 0.0% 0.602
ESCC 7 7 Random 1.69 (1.11-2.56) 0.014 <0.001, 81.4% 0.881
ESCC-men 5 5 Random 2.14 (1.30-3.52) 0.003 <0.001, 80.4% 0.624
ESCC-women 1 1 - 0.75 (0.41-1.36) - - -
OPLC 3 3 Random 1.27 (0.73-2.21) 0.39 0.019, 74.7% 0.117
OPLC-men 2 2 Random 1.69 (0.67-4.28) 0.267 0.033, 78.0% 0.317

Cl=confidence interval, ESCC = esophageal squamous cell carcinoma, N=number, OPLC=oral cavity, pharyngeal, and laryngeal cancer, OR=odds ratio.
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Figure 3. The Begg publication bias plot of the 10 studies that reported facial
flushing and the risk of all cancers.

researchers found that facial flushing was related to cancer
among moderate and heavy drinkers,!""'3 one possible explana-
tion is that women drink much less alcohol than men. Another
reason maybe that the 3 studies™!*!! in the women’s group
included 3 distinct types of cancer (ESCC, breast cancer, and
endometrial cancer). Furthermore, the study number in the
women’s group was limited. So, more studies focused on women
on this topic are warranted.

In East Asia, more than 90% of esophageal cancer is ESCC,
while in western countries adenocarcinoma is more com-
mon.!"®1 All the included studies in this meta-analysis were
from East Asia and all focused on ESCC when they were
investigating esophageal cancer. In the subgroup analysis, we
found that facial flushing was associated with higher ESCC risk in
men. One study only included women and the OR was not
statistically significant. Thus, more studies on women are needed
to draw a conclusion.

As to OPLC, the pooled OR was not statistically significant,
although 211121 of the 3 studies in this group concluded that
facial flushing was associated with a higher risk of OPLC. More
studies were needed to solve this controversy. Moreover, it might
be better to investigate oral cavity cancer, pharyngeal cancer, and
laryngeal cancer separately in the future studies.

Although the ORs could not be pooled among subjects with
different drinking statuses, we could find some information in
common in the included studies. Ishiguro et al”! and Oze et all!!
found that heavy drinkers who experienced facial flushing were at
higher risk of developing ESCC compared with heavy drinkers
who did not, yet for light drinkers or nondrinkers the ORs were not
significant. Asakage et al"? found that heavy drinkers who
experienced facial flushing had higher oral and pharynx cancer risk
compared to the heavy drinkers who did not. This phenomenon
was also not significant among ex-drinkers, light drinkers, or
nondrinkers. Based on their findings and the fact that increased
alcohol intake is an established risk factor for cancer,®! heavy
drinkers with facial flushing should be much more cautious.

Significant between-study heterogeneity was present in our
meta-analysis. To minimize heterogeneity, subgroup analysis and
sensitivity analysis were performed. In each subgroup, heteroge-
neity was still present except in the all cancers analysis among
women. Thus, sex might be a source of heterogeneity. However,
heterogeneity still existed in the men’s group. Sensitivity analysis
identified 2 studies!™'" to be potential contributors to the
heterogeneity. In the all cancers analysis and ESCC group, after

www.md-journal.com

excluding the 2 studies, the heterogeneity shrinked to less than
60% but still above 50%, and the pooled ORs remained almost
the same. Only 1" of the 2 studies was in the OPLC group, after
exclusion, the heterogeneity became 0.0% but the pooled OR
was still not statistically significant.

4.2. Limitations

There were some limitations in our study. First, this study was
based on a limited number of studies, especially in the women’s
group. Second, significant heterogeneity was found, which may
be attributed to sex and other factors. Random effects models
were used for more conservative estimates. Besides, 5 studies did
not report the OR, and our calculated data were not adjusted and
may not be accurate with the original study. Moreover, although
no publication bias was found in our study, publication bias
could not be completely excluded and was a major concern for all
meta-analyses.

4.3. Future research

In conclusion, our results showed that facial flushing response to
alcohol was associated with higher cancer risk in men in East
Asia, especially in ESCC, yet facial flushing was not significantly
associated with cancer risk among women. Based on the findings,
health providers could use a simple facial flushing questionnaire
to quickly predict individual risk of cancer, especially among
heavy drinkers. Moreover, education about the association can
help prevent alcohol related cancer among high risk populations.
However, much more well-designed studies were needed to
address this issue, especially in women.
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