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Abstract: This meta-analysis was to summarize the published studies about the association between red/processed
meat consumption and the risk of lung cancer. 5 databases were systematically reviewed, and random-effect model
was used to pool the study results and to assess dose-response relationships. Results shown that six cohort stud-
ies and twenty eight case-control studies were included in this meat-analysis. The pooled Risk Radios (RR) for total
red meat and processed meat were 1.44 (95% Cl, 1.29-1.61) and 1.23 (95% Cl, 1.10-1.37), respectively. Dose-
response analysis revealed that for every increment of 120 grams red meat per day the risk of lung cancer increases
35% and for every increment of 50 grams red meat per day the risk of lung cancer increases 20%. The present
dose-response meta-analysis suggested that both red and processed meat consumption showed a positive effect

on lung cancer risk.

Keywords: Lung cancer, red meat, processed meat, meta-analysis

Introduction

Lung cancer is a leading cause of death in
China and the other countries [1]. Up to now,
smoking is considered as the only undisputed
primary risk factor for lung cancer. It can attri-
bute approximately 85% incidence of lung can-
cer [2]. However, smoking cannot explain the
high incidence of lung cancer in females. Stu-
dies on lung cancer in women suggested that
other factors including the dietary factors
should be noticed, which could act as indepen-
dent risk factors or as modifiers on lung cancer
[3, 4]. Since the mortality of this disease
remains high and most patients live less than
one year after diagnosis, identification of addi-
tional risk factors will be very helpful for preven-
tion and early detection of lung cancer.

In the past two decades, numerous experimen-
tal and epidemiological studies have shown
that red and/or processed meat consumption
might be related to the incidence of lung cancer
[5-9]. Most the published literatures found a
positive relationship between meat consump-

tion and lung cancer. For example, Linseisen [5]
found that red meat was directly related to men
who had never or ever smokers. In the study by
Balder [7], processed meat was found to increa-
se about 15% risk of lung cancer. However,
some authors hold controversial opinions,
Tasevska [10] found neither red meat nor pro-
cessed meat consumption had an association
with lung cancer, and the same conclusion were
supported by Lim [11]. In addition, World Cancer
Research Funder (WCRF) in 2007 reported that
the existing evidence was not enough to con-
clude an association between red and/or pro-
cessed meat intake and the risk of lung cancer
[2]. Even for recent publications, controversies
still exist.

A primary meta-analysis has been available on
meat consumption and lung cancer risk [12]. It
included 11 cohort studies and 23 case-con-
trols. The pooled results found that it was red
meat rather than processed meat that played a
positive effect on lung cancer. However, the
dose-response relationship essential for prov-
ing causality is still unknown. Considering sev-
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eral literatures about meat intake and lung can-
cer risk have published recently, we conducted
the present systematic and quantitative dose-
response meta-analysis to explore the relation-
ship between red and processed meat con-
sumption and the risk of lung cancer. Besides,
we aim to expand upon the scientific evidence
for red and processed meat consumption in dif-
ferent geographic and histologic subtypes of
lung cancer.

Methods
Literature search and selection

A systematic literature search was performed
from their inception until June 31, 2013. The
database included PubMed, Embase, Web of
science, the National Knowledge Infrastructure
and Wanfang Database. The key words were as
follows: 1) lung cancer or lung tumor or lung
neoplasm or lung carcinoma; 2) dietary or food
or red meat or beef or pork or lamb or pro-
cessed meat or preserved meat or bacon or
sausage or salted meat. In order to obtain all
relevant studies, we scrutinized the reference
lists of the published articles to identify addi-
tional relevant studies. The included criteria
were: 1) the type of included studies were
designed in cohort or case-control; 2) the expo-
sure factors were red meat and/or processed
meat; 3) the outcomes were the incidence or
mortality of lung cancer; and 4) Relative Risk
(RR) or Odds Ratios (OR) with 95% confidence
interval (Cl) were provided.

Data extraction

The information was extracted by two investiga-
tors independently. The extracted information
included: the first author’s name, publication
year, average or range of population ages, study
design (cohort or case-control), country, sam-
ple size, the followed-up years (only for cohort
studies), histologic subtypes, RR or OR with
95% CI for comparisons between the highest
and lowest categories of meat intakes as well
as the confounders taken into account.

Statistical analysis

The synthetic RR and 95% CI were calculated
via fixed or random-effect model for the com-
parison between the highest versus the lowest
category for red and/or processed meat. The
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model selection was depended on the outcome
of heterogeneity text between studies. If mod-
erate or lower heterogeneity (1> < 50%) was
found, we chose the fixed effect model (FEM)
as the pooling method, otherwise the random
effect model (REM), which considers both with-
in-study and between-study variations, was
adopted (I? > 50%). The heterogeneity was
detected by > test used by Higgins and
Thompson [13]. Subgroup analysis was per-
formed to investigate the influences by study
design and other factors. The subgroups includ-
ed: study design (cohort or case-control),
source of controls for case-control studies
(population-based or hospital-based), and
countries where the study was performed.

When possible, a linear dose-response analy-
sis of red meat and processed meat was con-
ducted. The generalized least-squares trend
estimation (GLST) proposed by Greenland and
Orsini [14, 15] was used to pool the correlated
RR estimates on the basis of categories of con-
sumption. This method required the number of
cases, the number of control subjects or per-
son-years, and the adjusted OR or RR with 95%
Cl at least three exposure levels. As the includ-
ed studies used different consumption units,
such as grams or servings, we converted the
intake dose stated “times” or “servings” into
grams (g). We used 120 g as the average serv-
ing size for red meat and 50 g for processed
meat. The median or mean level for each cate-
gory was used to assign each corresponding
RR estimate. If the mean or median intake cat-
egories were reported in articles, we use them
directly. If the value was unavailable, the mid-
points were used as the relative risk of the cor-
responding category. For studies with unre-
stricted lowest and highest category, we
employed zero consumption as the low bound-
ary and the amplitude of the nearest category
was used for the highest category. The meth-
ods for rescaling have been used in previous
dose-response meta-analysis [16-18]. All the
analyses were conducted using Stata 12 soft-
ware (Stata Corp LP, College Station, TX, USA).

Results

Literature search

Based on a systematic review of the databas-
es, a total of 466 articles were obtained. After
screening the titles and abstracts, 421 irrele-

Int J Clin Exp Med 2014;7(6):1542-1553



Meat consumption and lung cancer

466 articles were obtained

421 irrelevant articles were
excluded:
349 studies based on abstract with

+2 studies identified J’
through checking
reference lists of
retrieved studies

P |

45 relevant studies retrieved

> minimal uncertainty
72 studies duplicate studies
-14 studies excluded after full
> review:

) v

33 studies included in the final

analysis:

Red meat: 28
processed meat: 20

Figure 1. Flow chart for literature research.

vant articles were excluded, leaving 45 studies
for full papers. After reading the full papers in
detail, 14 were excluded. Besides, we reviewed
previous meta-analysis and 2 additional stud-
ies were identified [19, 20]. Finally a total of 33
studies were included in this present dose-
response meta-analysis [1, 4, 5, 8, 10, 11, 15,
19-44]. The Flow chart of studies selection was
shown in Figure 1.

Characteristics of studies

Characteristics of the 33 observed studies
were shown in Table 1. 27 studies were
designed in case-control [1, 4, 8, 11, 15, 20,
21, 24-42, 44] and 6 in cohort [5, 10, 19, 22,
23, 43, 45]. 7 studies were conducted in
Uruguaya [21, 25-29, 46], 8 in Europe [5, 15,
19, 30, 31, 36, 37, 44], 5 in Asia [11, 32, 38,
39, 41], 9 in the United States [1, 8, 10, 22, 23,
33, 40, 42, 43], 3 in Canada [4, 34, 35] and 1
in Australia [20]. The study population in 19 [5,
10, 19, 21-23, 25-27, 29-35, 38, 41, 43] stud-
ies included both men and women, 4 studies
included only man [20, 24, 28, 40] and 9
included only women [1, 4, 8, 11, 15, 36, 37,
39, 44]. 5 studies didn’t give the estimated risk
adjusted for smoking [4, 10, 15, 19, 43]and 3
without age adjust [19, 20, 41]. In 3 studies [27-
29], the history of lung disease and family his-
tory were also adjusted.
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9 studies were no relevant
4 studies insufficient RR or 95%Cl

1 studies was disputed

Red meat (highest vs lowest category) (Figure
2)

28 studies [1, 4, 5, 10, 11, 19-24, 26, 27,
29-34, 36-40, 42-44] were used to examine
the relationship between red meat consump-
tion and the risk of lung cancer. The pooled out-
come indicated that red meat played a positive
effect on lung cancer incidence with a pooled
RR was 1.44 (95% CI, 1.29-1.61). However, a
significant heterogeneity was found in case-
control studies with 12 was 77% (p = 0.000).
Subgroup analysis based on countries revealed
that the highest red meat consumption showed
a stronger effect in Asia than all the other coun-
tries (P for heterogeneity = 0.000). Positive
relationships of comparable strengths were
found in all subgroups including gender, source
of control population and countries (Table 2).

Beef, lamb and pork

6 studies explored the association between
beef and lung cancer risk. The estimated RR
was 1.39 (95% ClI, 1.14, 1.69) and no signifi-
cant heterogeneity was detected (P for hetero-
geneity = 0.433). 4 studies assessed the asso-
ciation between intake of lamb and risk of lung
cancer. The pooled results showed a weak
positive effect of lamb (RR: 1.25, 95% Cl, 0.97-
1.61) and no evidence of heterogeneity was

Int J Clin Exp Med 2014;7(6):1542-1553



Table 1. Summary of included studies
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Age Source of .
g Intake comparison Red meat Processed meat
(year) control
20-70 population-based highest vs lowest Red meat: 1.4 (0.7-2.8) Sausage: 0.7 (0.2-2.5) Bacon: age, province, education, social class and total energy intake
1.5 (0.9-2.5)
40-84 population-based > 9.8 vs < 3.5 (T/W) Red meat: 3.3 (1.7-7.6) age, education, pack-years, smoking history, fruits/fruit juices
intake, nutrient-density calories, previous lung disease, alcohol
consumption, and BMI (for red meat); Age, nutrient density
calories (for white meat)
23-89 hospital-based 250-600 vs < 150 (g/ Red meat: 2.17 (1.52-3.10) Processed meat: 1.70 (1.28- age, sex, residence, education, income, interviewer, smoking yes
day) (Red) 250-525 vs Beef: 1.67 (1.17-2.39) 2.25) status, cigarettes per day, duration of smoking, age at starting,
< 150 (g/day) (Beef) years since quitting, alcohol, dairy foods, grains, fatty foods,
40-259 vs 0-10 (g/day) mate drinking, BMI and energy intake
(Processed)
NM NHIS study > 2.0 vs < 0.5 (Beef) > Red meats: 1.6 (1.0-2.6) Processed meats: 0.8 (0.5-1.4) age, gender, smoking duration (years), and packs per day Meat/
1.0 vs < 0.02 (Pork) > smoked poultry/®sh
1.1 vs O (Bacon/Sau-
sage)
50-71 (NIH)-AARP study highest quintile vs lowest Red meat: 1.20 (1.10-1.31) Processed meat: 1.16 (1.06-1.26) age, sex, education, marital status, family history of cancer, race,
BMI, smoking, energy, alcohol, and fruit and vegetable intake
30-89 hospital-based high vs low Red meat: 1.92 (1.27-2.90) Processed meat: 0.83 (0.55- age, residence, urban/rural status, education, body mass index,
1.26) tobacco smoking, and total energy intake.
62.5/62.7 hospital-based 4th vs 1st quartile Red meat: 1.25 (0.78-1.99) Processed meat: 1.19 (0.75- age, residence, education, family history of lung cancer, BMI, White meat
Beef: 1.11 (0.77-1.61) Lamb: ~ 1.89) Sausage: 1.05 (0.69-1.59) alpha-carotene, smoking, total energy intake Poultry: Fish
1.24 (0.81-1.89) Fried meat: Salted meat: 1.19 (0.68-2.09)
1.54 (1.01-2.35)
30-89 hospital-based >9.1vs<5(S/W)(Red) Red meat:2.33(1.63-3.32) Processed meat: 1.79 (1.22- age, residence, education, family history of lung cancer, BMI, white meat
>4.6vs<11(S/W) 2.65) smoking total energy intake, total vegetables and fruits, reduced
(Processed ) glutathione, and nonmeat fatty foods intakes
30-89 hospital-based >1.8vs <0 (S/W) Salted meat: 2.90 (1.99-4.25) age, residence, hospital, education, family history of lung cancer, yes
(Salted red meat) > 3.8 BMI, smoking, alcohol drinking, mate amount, total fruits,
vs < 1 (S/W) (Fried red total energy intake, non-meat fatty foods, and each meat type
meat) preparation
62.1/59.4 hospital-based > 28.3 vs 11.4 (g/day) processed meat: 2.54 (1.12- age, residence, body mass index, smoking status, smoking,
5.79) alcohol drinking, total energy, total vegetables and fruits, total
white meat, and red meat intake
30-79 hospital-based 4th vs 1th Red meat: 1.55 (0.88-2.74) 0.85 (0.47-1.56) age, residence, education, family history of lung cancer, BMI, yes
pack-years, total energy intake
>35 hospital-based >2vs <1 (T/W) Pork: 0.36 (0.18-0.69) Beef: sex, age, smoking habit and having worked in risk occupations
1.89 (0.94-3.82) for lung cancer
35-90 hospital-based >4 vs <1 (T/W) Red meat: 1.00 ( 0.55-1.83) sex, age, smoking habit, interaction sex, smoking, and residence White meat
Fish
56.2/46.5 hospital-based Ever vs never Red meat: 6.1 (4.3-8.5) smoking, alcohol, coffee and milk consumption, chilliconsump-  chicken, fish
tion, exposure to pesticides
50 >65 COSMOS screen- Q4 vs Q1 Red meat: 1.73 (1.15-2.61) baseline risk probability and total energy, fruits and vegetables
ing study
1545 Int J Clin Exp Med 2014;7(6):1542-1553
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20-70 population-based > 5.42 vs < 0.94 Processed meat: 1.4 (1.1-1.7) age, province, education, body mass index sex, alcohol drinking,
smoking, total vegetable and fruit intake, and total energy intake
62/60 hospital-based Daily vs Never or monthly Sausages: 0.99 (0.61-1.62) age and region
25-89 hospital-based Daily vs Never or monthly Red meat: 1.40 (0.94-2.08) age, residence, education, and pack-years of smoking
25-89 hospital-based at least once/week vs Red meat: 1.53 (0.94-2.48) age, residence, education, and pack-years of smoking Poultry, Fish
never
35-79 population-based Red meat: 1.8 (1.5-2.2) Processed meat: 1.7 (1.4-2.1) age, gender, area of residence, education, BMI, alcohol, smoking
intensity in pack-year per day
63.5/66 hospital-based 3rd tertile vs 1st tertile Pork: 1.15 (0.80-1.64) Processed meat: 0.83 (0.55- for age, history of cancer in first-degree relative, country of origin, Yes
2nd tertile vs 1st tertile 1.25) Bacon: 1.51 (1.06-2.16) dwelling type, yr of education, usual body mass index, and fruit
(Bacon) Sausages: 1.00 (0.69, 1.43) and vegetable intake (only for meat variables)
44-75 hospital-based > 7 (T/W)vs < 3 (T/W) Red meat: 0.71 (0.43-1.18) education, age, cooking oil fume, use of fume extractor, and ETS. Yes
25-70 EPIC study >80 vs <9 (g/day) Red meat: 1.19 (0.94-1.50) 0.92 (0.73-1.17) sex, center, age, smoking, body weight and height, energy intake,
intake of alcohol, fruits and vegetables, physical activity, educa-
tion
63/61 population-based Tertile 3 vs Tertile 1 Red meat: 0.9 (0.5-1.9) age, ethnicity, and smoking Fish, Poultry
67.3/66.5 hospital-based high vs low Beef: 0.86 (0.37-2.00) Lamb: smoking Poultry
0.74 (0.28-1.93)
53 population-based Frequently vs Rarely Preserved meats: 0.5 (0.35-0.71) age, sex, literacy, lung cancer in first-degree relatives, hours

spent at home per day, non-malignant lung disease history, coal
mine work history, ever smoking, passive smoking, coal type at

birth, food.
30-84 population-based 90th percentile vs 10th Red meat: 1.8 (1.2-2.7) age, fat intake, calories, smoking, BMI, fruit and vegetable intake White meat
as continuous variables, education, other meat variables
35-84 population-based > 11.9vs < 4.2 (T/W) Red meat: 1.89 (1.2-3.0) adjusted for age, total kcal, education, pack-years of smoking, Yes
body mass index (kg/m?), fruit and vegetable intake
50-71 NIH-AARP Diet 5th vs 1th Red meat: M 1.22 (1.09-1.38) Processed meat: M 1.23 (1.10- age, energy intake
W: 1.13 (0.97-1.32) 1.37) W: 1.00 (0.87-1.15)
55-74 PLCO Cancer 5th vs 1th Red meat: M 1.11 (0.79-1.56) Processed meat M: 1.52 (1.13- for age and energy intake
Screening Trial W: 1.30 (0.87-1.95) 2.03) W: 0.98 (0.68-1.41)
25-89 hospital-based Daily vs Never or monthly Red meat: 1.21 ( 0.68 -2.15)

(Adenocarcinoma) Red meat:
1.81 (1.04-3.18) (other type)

30-84 population-based Q4 vs Q1 Beef: 0.9 (0.5-1.4) Pork: 1.4 Bacon: 2.9 (1.8-4.6) Sausage: age, ethnicity, smoking status, pack-years of cigarette use, and
(0.9-2.2) 3.4 (2.0-6.0) beta-carotene intake
20-76 population-based Q4 vs Q1 Red meat: 1.3 (1.1-1.5) Processed meat: 1.4 (1.1-1.7) age, province, education, body mass index, sex, alcohol use,

smoking, total of vegetable and fruit intake, total energy intake
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Study %
D T (95% Cl) Weight
Red meat :
Alavanja 2001 | —— 270 (160, 4.50) 210
Aune 2009 | ——— 2.17 (1.52, 3.10) 2.76
Cross 2007 - ! 1.20(1.10, 1.31) 3.78
De stefani 1997 ——0:— 1.25 (0.78, 1.99) 2.28
De Stefani 2002 —r—— 1.92 (1.27, 2.90) 2.51
De Stefani 2009 | —— 2.33(1.63, 3.32) 2.76
Deneo-Pellegrini 1996 —_‘-._ 1.55 (0.88, 2.74) 191
Fortes 2003 —0—: 1.00 (0.55, 1.83) 1.80
Ganesh 2011 1 el 6.10 (4.30, 8.50) 2.83
Gnagnarella 2013 ——— 1.73(1.15, 2.61) 253
Hu 2002 — e 1.40 (0.70, 2.80) 1.53
Hu 2008 —0—I 1.30 (1.10, 1.50) 3.60
Kub??k 2002 -—:0— 1.53 (0.94, 2.48) 2.22
Kub??k 2004 —— 1.40 (0.94, 2.08) 2.58
Lam 2009 p— 1.70 (1.40, 2.00) 3.52
Lin 2012 — —+ 0.71(0.43, 1.18) 2.14
Linseisen 2011 -—0—;- 1.19 (0.94, 1.50) 3.30
Marchand 2002 ——— 0.90 (0.50, 1.90) 1.60
Shen 2008 I ——— 4.4 (2.40, 8.12) 1.78
Sinha 1998 —l 1.80 (1.20, 2.70) 2.54
Swanson 1997 ——0:— 1.26 (0.70, 2.20) 1.90
Tasevska 2009 M - 1.22(1.09, 1.38) 3.71
Tasevska 2009 W —— | 1.13(0.97, 1.32) 3.60
Tasevska 2011 M ——L 1.11(0.79, 1.56) 2.83
Tasevska 2011 W ——0:— 1.30 (0.87, 1.95) 2.55
Zatloukal 2003 (A) ——— e 1.21(0.68, 2.15) 1.89
Zatloukal 2003 (S) s 1.81(1.04,3.18) 1.95
Subtotal (I-squared = 83.0%, p = 0.000) Io 1.55 (1.35, 1.77) 68.49
1
Beef 1
Aune 2009 ——— 1.67 (1.17, 2.39) 2.76
Breslow 2000 B . ——— 1.30 (0.80, 2.10) 2.23
De stefani 1997 —-0—: 1.11(0.77, 1.61) 2.70
De Stefani 2002 e —— 1.66 (0.93, 2.96) 1.88
Dosil-D??az 2007 ———— 1.89 (0.94, 3.82) 151
Pierce 1998 ¢ L 0.86 (0.37, 2.00) 1.19
Subtotal (I-squared = 0.0%, p = 0.433) ¢ 1.39 (1.14, 1.69) 12.27
I
Lamb 1
Aune 2009 . SE— 1.52 (1.01, 2.29) 2.53
De stefani 1997 —_—— 1.24 (0.81, 1.89) 2.47
De Stefani 2002 _.—;— 1.03 (0.57, 1.85) 1.84
Pierce 1998 ¢ > 0.74 (0.28, 1.93) 0.98
Subtotal (I-squared = 0.0%, p = 0.489) o 1.25(0.97, 1.61) 7.82
1
Pork :
Breslow 2000 I S—— 1.60 (1.00, 2.70) 2.7
Dosil-D??az 2007 — 1 0.36 (0.18, 0.69) 1.59
Goodman 1992 M —_ 1.40 (0.90, 2.20) 2.37
Goodman 1992 W : L 2.60 (1.20, 5.60) 1.34
Lim 2011 o 1.15 (0.80, 1.64) 2.75
Pierce 1998 L 4 0.63 (0.27, 1.45) 1.20
Subtotal (--squared = 75.2%, p = 0.001) <>| 1.10 (0.70, 1.73) 11.42
Overall (I-squared = 77.0%, p = 0.000) é 1.44 (1.29, 1.61) 100.00
I
1

NOTE: Weights are from random effects analysis

1.5

Figure 2. Forest plot for red meat. M: Man; W: Woman; A: Adenocarcinoma; S: Squamous carcinoma.

found (P for heterogeneity = 0.489). No associ-
ation was found between pork consumption
and lung cancer from five related studies (RR:
1.10, 95% Cl, 0.70-1.73) and a significant het-
erogeneity was detected (P for heterogeneity =
0.001). The results were shown in Table 2.
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Dose-response meta-analysis

Only red meat was given dose-response analy-
sis. A total of 11 studies were included [5, 21,
22, 24, 25, 31, 36, 38, 39, 42, 44]. The rea-
sons were as follows: 1) no case and/or con-
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Table 2. Subgroup analysis of red meat and processed meat

Meat type Pooled effect (RR, P for he.tero- No. .of
95% ClI) geneity studies
total red meat 1.44 (1.29,1.61) p=0.000 28
By meat type
Red meat 1.55(1.35,1.77) p=0.000 24
Beef 1.39(1.14,1.69) p=0.433 6
Lamb 1.25(0.97,1.61) p=0.489 4
Pork 1.10 (0.70,1.73) p=0.001 5
By study type
Cohort studies 1.21(1.14,1.28) p=0.712 6
Population-based CC 1.70 (1.36,2.11) p=0.001 9
Hospital-based CC 1.37 (1.10, 1.72) p=0.000 15
By areas
The US 1.30(1.17,1.44) p=0.057 8
Europe 1.30(1.05,1.61) p=0.002 9
Asia 2.16 (0.76,6.19) p=0.000 4
Uruguay 1.58(1.34,1.86) p=0.089 4
Canada 1.30(1.12,1.52) p=0.838 2
By genders
Both 1.54(1.30,1.83) p=0.000 14
Men 1.21 (0.94, 1.55) p =0.000 6
Women 1.39(1.17,1.65) p=0.018 12
Total processed meat ~ 1.23(1.10, 1.37) p =0.000 23
By meat type
processed meat 1.17 (1.06, 1.30) p=0.000 15
Bacon 1.67 (1.09,2.56) p=0.016 4
Preserved meat 0.50(0.35, 0.71) p=.? 1
Salted meat 1.61(0.87,2.99) p=0.001 3
Sausage 1.33(0.91,1.94) p=0.008 5
By study type
Cohort studies 1.09 (0.99,1.19) p=0.095 5
Population-based CC 1.46 (1.08,1.97) p=0.000 8
Hospital-based CC 1.23(1.01,1.49) p=0.000 8
By areas
The United States 1.29(1.09, 1.53) p=0.000 6
Europe 1.13(0.78,1.63) p=0.006 3
Asia 0.89 (0.56, 1.42) p=0.000 2
Uruguay 1.27 (1.00, 1.60) p =0.000 7
Canada 1.46 (1.24,1.71) p=0.601 3
By genders
Both 1.11 (0.96, 1.28) p=0.000 12
Men 1.95(1.34,2.84) p=0.000 5
Women 1.09 (0.94,1.28) p=0.172 6
By cancer type
Adenocarcinoma 1.19 (0.92,1.54) p=0.002 6
Large cell carcinoma 1.31(0.95,1.80) p=0.400 3
Small cell 1.31(0.97,1.77) p=0.131 5
Squamous carcinoma  1.31(0.97,1.78) p=0.020 6
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trols reported [27, 29, 33, 34, 40,
43]; and 2) only 1 level or 2 levels
of exposure [5, 8, 20, 32, 37, 41].
The results were shown in Table 2.
The estimated RR associated with
consumption of 120 g per day was
1.35 (95% Cl, 1.25-1.46), and sig-
nificant heterogeneity between
studies was detected.

Processed meat (the highest vs
lowest category) (Figure 3)

Atotal of 23 studies were included
in the highest versus lowest analy-
sis of processed meat intake and
lung cancer. The pooled result
showed that risk of lung cancer
was 1.23 (95% Cl, 1.10-1.37) with
evidence of significant heteroge-
neity (P for heterogeneity = 0.000).
Table 2 showed the subgroup
analysis of processed meat. The
synthetic RR was significantly ele-
vated in both Population-based
case-control subgroup (RR: 1.46,
95% Cl, 1.08-1.97) and Hospital-
based case-control studies (RR:
1.23, 95% Cl, 1.01-1.49). The RR
was significant for studies con-
ducted in the US (RR: 1.29, 95%
Cl, 1.09-1.53) and Canada (RR:
1.46, 95% Cl, 1.24-1.71), but non-
significant for studies in Europe
(RR: 1.13, 95% CI, 0.78-1.63) and
Asia (RR: 0.89, 95% Cl, 0.56-1.42)
(Table 2).

Bacon, salted meat, sausage

4 studies explored the association
between beef and the risk of lung
cancer. The pooled RR was 1.67
(95% ClI, 1.09-2.56), and a signifi-
cant heterogeneity was detected
(P for heterogeneity = 0.016). No
association were found between
salted meat and sausage. The
result were showed in Table 2.

Dose-response meta-analysis
Eleven studies were included in

the dose-response meat analysis
for total red meat. Whereas, stud-
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Study %
D m (35% CI) Weight
Processed meat :
Aune 2009 —— 1.70 (1.28, 2.25) 392
Breslow 2000 —_—— 0.80 (0.50, 1.40) 244
Cross 2007 - 1.16 (1.06, 1.26) 5.12
De stefani 1997 ——— 1.19(0.75, 1.89) 273
De Stefani 2002 —_— 0.83 (0.5, 1.26) 3.01
De Stefani 2009 —_—— 1.79 (1.22, 2.65) 319
Deneo-Pellegrini 1996 — 0.70 (0.38, 1.31) 197
Hu 2008 —:o— 1.40(1.10, 1.70) 438
Hu 2011 — 1.60 (1.20, 2.10) 394
Kreuzer 2002 - 0.99 (0.61, 1.62) 258
Lam 2009 — 1.50 (1.20, 1.80) 448
Lim 2011 —_—— 0.83 (0.55, 1.25) 3.04
Linseisen 2011 —_— 0.92(0.73, 1.17) 425
Tasevska 2009 M - 1.23(1.10, 1.37) 5.02
Tasevska 2009 W — 1.00 (0.87, 1.15) 487
Tasevska 2011 M —-oJl— 1.12(0.83, 1.53) 375
Tasevska 2011 W —_— 0.98 (0.68, 1.41) 334
Subtotal (I-squared = 65.0%, p = 0.000) < 1.17(1.06, 1.30) 62.03
e 1
Salted meat !
De stefani 1997 —_— 1.19 (0.68, 2.09) 22
De Stefani 2010 I —_—— 2.90 (1.99, 4.25) 324
De Stefani 2012 —— 1.18 (0.89, 1.56) 393
Subtotal (l-squared = 86.6%, p = 0.001) -=l$- 1.61(0.87,2.99) 9.39
3 ]
Sausage 1
De stefani 1997 —p 1.05 (0.69, 1.59) 3.00
De Stefani 2012 ————— 1.28 (0.90, 1.82) 342
Goodman 1992 M : —p———————  3.40(2.00, 6.00) 228
Goodman 1992 W -+ 1.30 (0.50, 3.20) 1.1
Hu 2002 + - 0.70 (0.20, 2.50) 0.66
Lim 2011 RN W—— 1.00 (0.69, 1.43) 334
Subtotal (I-squared = 68.1%, p = 0.008) :“;>— 1.33 (0.91, 1.94) 1381
g [}
Bacon 1
De Stefani 2012 * - 0.72 (0.40, 1.68) 1.62
Goodman 1992 M : —_—— 2.90 (1.80, 4.60) 269
Goodman 1992 W - * » 270(1.10,650) 1.19
Hu 2002 —— 1.50 (0.90, 2.50) 247
Lim 2011 —_— 1.51 (1.06, 2.16) 3.40
Subtotal (I-squared = 67.2%, p = 0.016) -dl:::;:- 1.67 (1.09, 2.56) 11.36
Preserved meat :
Shen 2008 M — 1 0.50 (0.35, 0.71) 3.41
Subtotal (I-squared = %, p =) _— : 0.50 (0.35, 0.71) 3.41
Overall (I-squared = 75.7%, p = 0.000) é 1.23(1.10, 1.37) 100.00
NOTE: Weights are from random effects analysis !

1 1

5 1 15

Figure 3. Forest plot for processed meat.

ies were excluded, the reasons was only no
case and/or controls reported, one study was
with less than 3 levels. The estimate RR associ-
ated with consumption of 50 g per day was
1.20 (95% CI, 1.11-1.29) and significant het-
erogeneity between studies was detected.

Discussion

The quantitative studies on the risk of lung can-
cer and meat consumption suggested that
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excessive intake of red and processed meat
are associated with an increase of incidence of
lung cancer. Our findings were partially differ-
ent with the previous meta-analysis by Yang
[12], which concluded that processed meat
had no effect on lung cancer. It included a total
of 20 studies on red meat and 17 studies on
processed meat. We added 2 additional stud-
ies [19, 20], all of them find processed meat
showed an positive effect on the risk of lung
cancer. Dose-response analysis showed that
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consumption of red meat for 120 g per day
might increase the risk of lung cancer by 35%,
and consumption of processed meat for 50 g
per day might increase the risk of lung cancer
by 20%.

Mechanisms for a potential association
between meat, especially red and processed
meat, and lung cancer has been discussed in
many publications. First, preservation, cooking
and/or processed methods could introduce
mutagens and carcinogens such as N-Nitroso
compounds (NOCs), heterocyclic amines (HCAs)
and polycyclic aromatic hydrocarbons (PHASs)
[47, 48]. NOCs are potent carcinogens which
can induce tumors in human and animal stud-
ies [49]. Besides, HCAs and PAHs have also
been proved as carcinogens in animal experi-
ments [50, 51]. Another mechanism is that the
haeme iron, which is higher in red meat than
white meat, is carcinogenic in animals and
humans by forming free radicals and saturated
fat in red meat may have association with lung
cancer [12].

To our knowledge, this is the first comprehen-
sive dose-response meta-analysis of red and
processed meat and lung cancer risk based on
high versus low categories. The majority of the
studies included and the sample size contained
were the largest up to now. Most of the includ-
ed studies have evaluated the multiple con-
founders including age, BMI, smoking, total
energy intake and so on. We also conducted
subgroup analysis by counties and source of
control subjects in case-control. Because the
dietary habits may be varied considerably
among countries and the source of control sub-
jects played an important role in recall bias,
subgroup analysis for the above two aspects
would be helpful to identify the source of
heterogeneity.

Despite of the advantages we have made, the
limitations should be noted. First, the heteroge-
neity in our study was obvious both in major
comparison and in the subgroup analysis.
Meta-analysis was to combine the outcomes
from different studies, which the areas, the
methods, the populations were different and
thus easily cause heterogeneity. In the present
meta-analyses, heterogeneity was found more
frequently in case-control studies than cohort
studies. When the outcomes were pooled,
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more countries were included. It is reported
that observational studies are prone to cause
recall and selection bias. Although the effect-
size was similar in case-control and cohort
studies, the follow-up periods were usually long
in cohort study. It was usually more than 8
years for cohort study while in case-control
studies the time interval from the first dietary
assessment to the disease was usually 1-5
years. However, we considered that recall bias
is unlikely to contribute to the positive associa-
tion between red/processed meat and lung
cancer risk because more than 80% included
studies were case-control designed and recall
bias mainly from cohort studies might be weak-
ened. Moreover, more than half studies were
hospital-based and selection bias is concerned
in these studies. For participates with pre-diag-
nostic early symptoms, changes in dietary hab-
its would cause difference from those likely to
be more healthy. Our findings were in accor-
dance with most studies carried out in the
United States and Europe. In western coun-
tries, dietary were mainly on meat and less veg-
etables which was virtually a protected factor
for lung cancer and most of the results in west-
ern countries were positive. However, for the
other geographical areas of the world, the evi-
dence was not enough to obtain meaningful
estimates.

Additional methodological issues were the
dietary measurement and their validation.
Because more than 90% measurement ques-
tionnaire was the Food Frequency Questionnaire
(FFQ), we could not conduct the subgroup anal-
ysis by type of the measurement tools for insuf-
ficient information. Compared to the quantita-
tive effect-size, the results from subjective
scale were less precise. It is estimated that the
typical degrees of random measurement error
caused by subjective scale could cause at least
2-fold underestimation of the pooled results.
The effect may be strengthened if the assess-
ment was not conducted in the exposure peri-
od. Besides, no data from dietary questionnaire
validation studies was available. We decided
not to apply formal corrections for the measure-
ment error, otherwise an increased pooled esti-
mation would be performed.

The positive association between red meat and

processed meat and the risk of lung cancer
was potentially affected by the uncontrolled
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factors. Although some known or suspected
risk factors including smoking, age and BMI
have been adjusted in most studies, other
unknown factors may contribute to the positive
association. For example, the relative risks in
multiple meat types such as total meat, red
meat, processed meat were usually evaluated
than the studies with red meat or processed
only. Nevertheless, the pool results were in
agreement with the summary relative risk per
gram of intake estimated from the dose-
response relationship.

Although the dose-response approach has
more advantages than traditional methodolo-
gy, the consumption levels should be recalcu-
lated. For example, we need to consider the
open-ended borderline level and/or the median
level of consumption for category when the
information was missing in individual studies.
The estimation of “dose” value would cause
methodological bias. Besides, the consump-
tion levels of some studies were expressed in
servings and we rescaled these servings cate-
gory into grams.

Conclusions

In summary, findings of this dose-response
meta-analysis support the hypothesis that con-
sumption of red and processed meat may be
associated with the risk of lung cancer, but we
do not suggest that red meat should be com-
pletely avoided because of the balance of diet.
A low intake of red and processed meat should
be recommended.
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