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Abstract
Purpose of Review Previous literature reviews summarized the associations between individual foods or food groups and  
lung cancer risk, but the relationship between dietary patterns and lung cancer risk has received less attention. We conducted a  
systematic review and meta-analyses of observational studies on the associations between dietary patterns and lung 
cancer risk.
Recent Findings PubMed, Embase, and Web of Science were systematically searched from inception to February 2023. 
Random-effects models were used to pool relative risks (RR) on associations with at least two studies. Twelve studies 
reported on data-driven dietary patterns, and 17 studies reported on a priori dietary patterns. A prudent dietary pattern 
(high in vegetables, fruit, fish, and white meat) tended to be associated with a lower risk of lung cancer (RR = 0.81, 95% 
confidence interval [CI] = 0.66–1.01, n = 5). In contrast, Western dietary patterns, characterized by higher intakes of refined 
grains and red and processed meat, were significantly positively associated with lung cancer (RR = 1.32, 95% CI = 1.08–1.60, 
n = 6). Healthy dietary scores were consistently associated with a lower risk of lung cancer (Healthy Eating Index [HEI]: 
RR = 0.87, 95% CI = 0.80–0.95, n = 4; Alternate HEI: RR = 0.88, 95% CI = 0.81–0.95, n = 4; Dietary Approaches to Stop 
Hypertension: RR = 0.87, 95% CI = 0.77–0.98, n = 4; Mediterranean diet: RR = 0.87, 95% CI = 0.81–0.93, n = 10) while the 
dietary inflammatory index was associated with a higher risk of lung cancer (RR = 1.14, 95% CI = 1.07–1.22, n = 6).
Summary Our systematic review indicates dietary patterns characterized by a higher intake of vegetables and fruits, a lower 
intake of animal products, and anti-inflammation may be associated with a reduced risk of lung cancer.
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Abbreviations
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DII  Dietary Inflammatory Index
EDIP  Empirical Dietary Inflammation Pattern
HEI  Healthy Eating Index
NOS  Newcastle-Ottawa scale
RR  Relative risk

Introduction

Lung cancer was the most common cancer among men and 
the third most common cancer among women (following 
breast and colorectal cancers) globally in 2020 [1]. In the 
USA, lung cancer incidence has been decreasing dramati-
cally from 64.4 (1992) to 41.6 (2019) per 100,000 in the 
last three decades [2]. However, it is still the second leading 
incident cancer among both men and women and the lead-
ing cause of cancer death in the USA. [3]. The most well-
established risk factor for lung cancer is tobacco smoking, 
which is attributed to 80–90% of lung cancer deaths among 
US men and women [4]. However, over 15% of men and 
over 50% of women with lung cancer are nonsmokers [5]. 
Therefore, identification of other lifestyle factors besides 
smoking that are associated with lung cancer is critical for 
informing prevention efforts.

The World Cancer Research Fund/American Institute for 
Cancer Research (WCRF/AICR) summarized the evidence 
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on dietary factors and lung cancer risk, concluding with lim-
ited suggestive evidence that red meat and processed meat 
might increase the risk of lung cancer and higher intake of 
fruits/vegetables might decrease the risk of lung cancer [6]. 
However, individual foods or food groups can be highly 
correlated or have components which interact biologically 
which cannot be captured by studying them in isolation.

Rather than focusing on a single food or nutrient, dietary 
pattern analysis captures the quality of the overall diet [7••, 
8, 9]. Generally, two types of dietary patterns are commonly 
used in nutritional studies: a priori (literature-, guideline-, or 
index-based methods) and data-driven methods (also called 
a posteriori). A priori dietary patterns use scoring methods 
based on existing dietary guidelines or literature and include 
the commonly studied Healthy Eating Index (HEI) [10], 
alternate HEI (AHEI), Dietary Approaches to Stop Hyper-
tension (DASH) [11], Mediterranean diet [12], and dietary 
inflammatory index (DII) [13]. Data-driven dietary patterns 
are derived from statistical analyses such as factor analysis 
and cluster analysis based on dietary intake data from a spe-
cific study. Other methods combine a priori knowledge and 
the data itself using reduced rank regression, such as used 
in the creation of the empirical dietary inflammation pattern 
(EDIP) [14].

To our knowledge, only two systematic reviews have 
focused on associations between dietary patterns and lung 
cancer risk. One review, published in 2016, involved only 
eight observational studies [15]. Another recently published 
review summarized the associations between the Medi-
terranean diet and lung cancer with eight cohort and one 
case–control studies [16•]. Several additional prospective  
cohort studies have investigated the association between 
a priori dietary patterns and lung cancer risk [17–19, 20•, 
21]. Therefore, we aimed to conduct a systematic review and 
meta-analysis to summarize the available evidence on asso-
ciations between dietary patterns and lung cancer risk.

Methods

The current review was conducted and reported in accord-
ance with standard criteria (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses, PRISMA) [22]. The 
protocol was registered in PROSPERO (CRD42021242842).

Search Strategy

We searched PubMed, Embase, and Web of Science up 
to February 2, 2023. Generally, the search terms included 
the following components: cohort or case–control study, 
lung cancer, and dietary patterns. Details about the search 
terms could be found in the Supplemental Table 1. We only 
included studies written in English and did not restrict on 

year of publication. The references of the retrieved studies 
also were searched for any additional studies.

Study Selection and Inclusion Criteria

The study selection was performed with the following steps. 
First, authors (LZ and BK) scanned the title and abstract 
to obtain the relevant literature for further full-text review. 
Second, the authors downloaded the identified literature and 
read the full text carefully to ascertain eligibility based on 
our inclusion criteria. The inclusion criteria included as fol-
lows: (1) participants who were free of lung cancer at base-
line for cohort studies and controls without lung diseases 
for case–control studies; and (2) the exposure of interest 
was any dietary patterns or scores including Western diet, 
prudent diet, HEI, AHEI, DASH, Mediterranean diet, DII, 
or other dietary patterns derived from data-driven methods 
including factor analysis or cluster analysis; and (3) the out-
come of interest was the incidence of lung cancer; and (4) 
the study design was cohort design or case–control design; 
and (5) the study reported adjusted relative risk (RR) includ-
ing odds ratio (OR) or hazard ratio (HR) and 95% confi-
dence intervals (CI).

The exclusion criteria included: (1) studies that focused on 
children or adolescents (age ≤ 18 years); or (2) the exposures 
were food items, or food groups, or glycemic index/load; or 
(3) the outcome was lung cancer death or mortality, or recur-
rence or metastasis of lung cancer; or (4) the study design 
was experiments, ecological studies, or meta-analysis; or (5) 
studies lacked information on RR or OR or HR and their 
95% CIs. An exclusion list of full-text review was provided 
in Supplemental Table 2.

Data Extraction and Quality Assessment

We used an a priori abstract table to obtain the following 
information: last name of the first author, publication year, 
study location or cohort name, study design, study dura-
tion or follow-up period, total number of cases, cohort size 
or number of controls, study population, median age, sex,  
exposure assessment method, deriving methods of dietary 
patterns and scoring details, outcome and outcome assess-
ment method, contrast groups, main results for adjusted mod-
els, confounders included in analyses, and results stratified 
by sex and smoking status. We used the Newcastle–Ottawa 
scale (NOS) to assess the study quality of the included stud-
ies based on selection bias, comparability, and outcome 
assessment [23]. In questions for comparability of the NOS, 
the most important confounders are age and smoking. The 
second most important confounders are energy intake and 
family history of lung cancer. We considered studies with 
0–3, 4–6, and 7–9 points to represent low-, medium-, and 
high-quality studies, respectively (Supplemental Table 3).
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Statistical Analyses

All data were shown as abstracted and displayed accord-
ing to the study design and exposure types (data-driven 
and a priori dietary patterns). We conducted meta-analyses 
to combine the available evidence on associations with at 
least two studies using random-effects models [24] and in 
sensitivity analyses combined results for prospective cohort 
studies only. We evaluated heterogeneity by estimating the 
variance between studies using Cochran’s Q test and the 
I-squared (I2) statistic [25]. We did not assess small study 
effects and perform meta-regression because of the limited 
number of studies for each association. We used command 
“metan” in STATA (version 15, StataCorp) to perform the 
meta-analyses. A 2-sided P value < 0.05 was considered sta-
tistically significant.

Results

Study Characteristics

After removing the duplicates, we identified 573 records by 
searching PubMed, Embase, and Web of Science (Fig. 1). 
Another two papers were added from the manual reference 
review [26]. We identified 47 articles for further full-text 
review, of which 19 articles were excluded (Supplemen-
tal Table 2). Finally, we included 28 studies in the current 
review [17–19, 20•, 21, 26–48]. Characteristics of each of 
the studies, including covariates adjusted for in multivariable 
models, are shown in Table 1. There were 17 cohort stud-
ies [17, 19, 20•, 21, 26, 28, 34–37, 40, 42–45, 47, 48], nine 
case–control studies [27, 30–33, 38, 39, 41, 46], and two 
case-cohort studies [17, 28]. The publication years ranged 
from 2003 to 2022. Two case-cohort studies were performed 
in the Netherlands [17, 28]. Only five case–control studies 
[30–32, 39, 46] and five cohort studies [19, 20•, 36, 42, 48] 
were conducted outside the USA or European countries. The 
median follow-up years of prospective studies was 12 years, 
ranging from 4.3 to 20.3 years. Most of these studies (26 out 
of 28) used food frequency questionnaires (FFQs) to collect 
the diet information.

We obtained 12 studies on data-driven dietary patterns and 
17 studies on a priori dietary patterns (one study reported 
two types of dietary patterns). Eleven studies focused on fac-
tor analysis [28, 30–34, 38, 39, 41, 47, 48], and one focused 
on cluster analysis [27]. Four studies reported on HEI [20•, 
21, 35, 45], four on AHEI [20•, 21, 35, 45], and four on 
DASH [20•, 21, 35, 45]. Nine studies evaluated the associa-
tions between the Mediterranean diet and lung cancer [17, 18, 
20•, 21, 26, 35–37, 45]. Six articles assessed the associations 
between DII and lung cancer [18, 19, 21, 36, 37, 46]. We 

classified over 80% of studies (23/28) as high-quality studies 
with the NOS ≥ 7 (Supplemental Table 3).

Dietary Patterns and Lung Cancer Among Case–
Control Studies

Associations between dietary patterns and lung cancer among 
case–control studies were summarized in Fig. 2. Three of four 
studies indicated an inverse association between prudent diet 
and lung cancer [31, 32, 41] and two of them were statistically 
significant [32, 41]. Three studies focusing on a vegetable die-
tary pattern found significant inverse associations with lung 
cancer (all P values for trend < 0.01) [32, 38, 39]. Two studies 
showed that high meat or high quality protein-based dietary 
patterns were significantly associated with a higher risk of 
lung cancer [30, 39]. Similarly, four of five studies showed the 
Western diet was associated with higher lung cancer risk [31, 
32, 38, 41]. One study reported associations between a priori 
dietary patterns and lung cancer using a case–control design 
(Fig. 2) [41]. The study suggested conformity to the Polish-
adapted Mediterranean diet was associated with a lower risk 
of lung cancer [41]. One case–control study showed positive 
association between DII and lung cancer risk [46].

Dietary Patterns and Lung Cancer Among 
Prospective Studies

Figure 3 showed associations between data-driven dietary 
patterns and lung cancer using a prospective design. Prudent 
dietary patterns (two studies) [47, 48] and dietary patterns 
high in vegetables (two studies) [28] and fiber (two studies) 
[34, 48] showed significant inverse associations with lung 
cancer. In contrast, dietary patterns high in animal products 
[34], fructose [48], and meat [28], as well as a Western diet 
[47, 48] were associated with a higher risk of lung cancer.

Associations between a priori dietary patterns and lung 
cancer risk among cohort studies were shown in Fig. 4. 
Four studies reported associations for HEI [20•, 21, 35, 
45] and four reported on AHEI [20•, 21, 35, 45]. Except 
for the Women’s Health Initiative (WHI) [45], the other 
three studies indicated inverse associations of HEI with 
lung cancer risk with RRs for the highest category com-
pared with the lowest category ranging from 0.79 to 0.86 
[20•, 21, 35]. The findings from the WHI observational 
study with 86,090 postmenopausal women suggested null 
associations between HEI or AHEI and lung cancer risk 
[45]. A lower risk of lung cancer was found among higher 
DASH scores in three out of four studies [20•, 21, 35, 
45]. Mediterranean diet was associated with a reduced 
lung cancer risk in six out of nine studies [17, 18, 20•, 
26, 35–37, 45]. Among five studies on DII [18, 19, 21, 
36, 37], all were positively associated with lung cancer 
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risk but only two of them were statistically significant 
[18, 21]. Three other studies reported that conformity to 
the Recommended Food Score [29] or a plant-based diet 
[40] or diabetes risk reduction diet [43] were related to a 
lower risk of lung cancer.

Dietary Patterns and Lung Cancer Stratified by Sex 
or Smoking Status

Among studies that evaluated results stratified by sex, 
similar results for males and females were reported (Sup-
plemental Table 4). Considering the impact of smoking 
on associations between dietary patterns and lung cancer, 
we further summarized the evidence stratified by smoking 
status (Supplemental Table 5). For data-driven dietary 
patterns, the proportion of studies reporting statistically 
significant findings (approximately 43–55%) were similar 
between smoking subgroups, with 11 out of 20 studies for 
former smokers, eight out of 16 studies among current 
smokers, and six out of 14 studies for never smokers. For 
the a priori dietary patterns, there were more statistically 
significant associations observed among former smokers 
(nine out of 17 studies) and current smokers (seven of 16 
studies) than never smokers (four out of 18 studies).

Meta‑Analyses on Associations of Dietary Patterns 
with Lung Cancer 

Table  2 shows the pooled results between dietary pat-
terns and lung cancer risk when there were at least two 
studies reporting associations. Fruits/vegetables patterns 
(RR = 0.56, 95% CI = 0.36–0.87) were inversely associ-
ated with lung cancer risk, while high meat/protein pat-
terns (RR = 1.58, 95% CI = 1.10–2.26) and Western dietary 
patterns (RR = 1.32, 95% CI = 1.08–1.60) were positively 
associated with lung cancer. Higher dietary quality meas-
ured by HEI (RR = 0.87, 95% CI = 0.80–0.95), AHEI 
(RR = 0.88, 95% CI = 0.81–0.95), DASH (RR = 0.87, 95% 
CI = 0.77–0.98), and Mediterranean Diet Score (MDS; 
RR = 0.87, 95% CI = 0.81–0.93) were significantly associ-
ated with lower risk of lung cancer, while higher DII (i.e., 
more pro-inflammatory diet) was associated with a higher 
risk of lung cancer (RR = 1.14, 95% CI = 1.07–1.22). The 
forest plots were shown in Supplemental Fig. 1. We found 
a high heterogeneity between studies for fruit/vegetables 
patterns (I2 = 91, P < 0.001) and high meat/protein patterns 
(I2 = 75, P = 0.007). After we excluded the He et al. study 
and De Stefani et al. 2008 study, the I2 decreased, and results 
were similar with our main estimates (fruit/vegetables pat-
terns: RR = 0.71, 95% CI = 0.62–0.82, I2 = 0, P for Q = 0.46; 

Table 2  Meta-analyses on 
associations of dietary patterns 
with lung cancer risk

AHEI alternate Healthy Eating Index, CI confidence intervals, DASH Dietary Approaches to Stop Hyper-
tension, DII dietary inflammatory index, HEI Healthy Eating Index, MDS Mediterranean diet score,  RR 
relative risk
a Fruits/vegetables patterns included fruits/vegetables pattern, starchy vegetables pattern, high in vegetables 
and low in animal products pattern, (cooked) vegetables pattern, (salad) vegetables pattern
b High meat/protein pattern included high quality protein pattern, high-meat pattern, animal products pat-
tern, pork/processed meat/potatoes pattern
c Traditional pattern was highly related to desserts, total grains, and all tubers
d Drinker pattern was highly related to beer, wine, and hard liquor intake
e HEI included HEI-2010 and HEI-2015
f MDS included Polish-adapted MDS, alternate Mediterranean diet score, modified Mediterranean diet

Dietary patterns No. of studies RR (95% CI) I2 P for Q

Data-driven dietary patterns
  Prudent pattern 5 0.81 (0.66–1.01) 65 0.01
  Fruits/vegetables  patterna 5 0.56 (0.36–0.87) 91  < 0.001
  High meat/protein  patternb 4 1.58 (1.10–2.26) 75 0.007
  Western pattern 6 1.32 (1.08–1.60) 68 0.04
  Traditional  patternc 2 1.08 (0.82–1.42) 0 0.33
  Drinker  patternsd 2 1.28 (1.03–1.59) 0 0.51

A priori dietary patterns
   HEIe 4 0.87 (0.80–0.95) 42 0.16
  AHEI 4 0.88 (0.81–0.95) 40 0.17
  DASH 4 0.87 (0.77–0.98) 72 0.01
   MDSf 10 0.87 (0.81–0.93) 35 0.08
  DII 6 1.14 (1.07–1.22) 0 0.61
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high meat/protein patterns: RR = 1.31, 95% CI = 1.09–1.58, 
I2 = 0, P for Q = 0.83). These observed associations were 
similar when we restricted the analyses to prospective stud-
ies (Supplemental Table 6).

We further pooled studies stratified by sex (Supplemental 
Table 7) or smoking status (Supplemental Table 8). Con-
sistent with our summary results, the associations between 
dietary patterns and lung cancer did not differ much across 
sex. However, significant associations were more likely to 
be found among former and current smokers than among 
never smokers.

Discussion

Summary of Results

Based on this systematic review of the evidence on asso-
ciations between dietary patterns and lung cancer risk, we 
found that dietary patterns characterized by high intake of 
fruits or vegetables and low intake of animal-based foods 

were associated with a lower risk of lung cancer. Conform-
ity of diet to a healthy dietary pattern including HEI, AHEI, 
DASH, and Mediterranean diet was associated with a lower 
risk of lung cancer, while a more pro-inflammatory diet (i.e., 
higher DII) was associated with a higher risk of lung cancer 
in the majority of studies reported to date.

Explanations and Comparison

Our review indicates dietary patterns with higher fruits and 
vegetables and lower animal products are associated with 
a lower risk of lung cancer, which is generally consistent 
with previous evidence on these individual food groups [49]. 
Recently, an umbrella review summarized the associations 
between fruit and vegetable intake and health outcomes [50]. 
The study found higher fruit intake or vegetable intake is 
associated with a lower risk of lung cancer. Another umbrella 
review that focused on the associations between red meat and 
cancer risk found higher intake of red meat was associated 
with a higher risk of lung cancer [51]. A prudent diet and 
HEI, AHEI, DASH, and Mediterranean diet scores are all 

Fig. 1  Flow chart of study selection. a One article provided results from both Mediterranean diet and factor analysis. Only one study used 
reduced rank regression and we grouped it into data-driven dietary patterns



344 Current Nutrition Reports (2023) 12:329–348

1 3

characterized by higher intakes of fruits and vegetables, and 
lower intakes of red/processed meat, and the consistent lower 
risk of lung cancer with these dietary patterns in our review 
supports the previous reviews of the individual food groups.

Our findings on the Mediterranean diet and lung can-
cer corroborate the conclusions of a review published in 
2022 which included nine studies (eight cohort and one 
case–control studies) [16•]. Our review included an addi-
tional cohort study published in 2021 [20•]. Besides Medi-
terranean diet, in the current systematic review, conformity 
to a healthy diet as assessed by the HEI, AHEI, and DASH 
is consistently associated with a lower risk of lung cancer. 
These dietary patterns give higher scores for plant-based 
foods, such as whole grains, vegetables, fruits, and nuts 
[52] and emphasize moderation of red and processed meat 
intake. The DASH diet also emphasizes reduced intake of 
sugar-sweetened beverages and sodium. Chronic inflamma-
tion plays a critical role in carcinogenesis [53]. Recently, 
an umbrella review suggested compelling evidence on the 
link between DII and respiratory (including lung) cancers 

[54]. A meta-analyses of multiple cancer types reported a 
positive association between DII and lung cancer in three 
cohorts (pooled RR = 1.30, 95% CI = 1.13–1.50) [55]. In our 
systematic review, six studies indicate positive associations 
between DII and lung cancer risk with three of them statisti-
cally significant (pooled RR = 1.14, 95% CI = 1.07–1.22).

We found that among studies that reported on a priori 
dietary patterns, more statistically significant associations 
were observed among former and current smokers than never 
smokers, which was somewhat consistent with a previous sys-
tematic review on the Mediterranean diet and lung cancer 
that identified inverse associations among former smokers  
but not among never smokers or current smokers [16•]. How-
ever, among previous studies, only one study reported a sta-
tistically significant interaction between HEI and smoking on 
lung cancer (Pinteraction = 0.03) [20•]. For data-driven dietary 
patterns, results were similar between smoking subgroups. 
Thus, more studies are needed that stratify results by smok-
ing status to determine whether associations may differ by  
tobacco exposure. Studies evaluating the effect modification 

Fig. 2  Associations between dietary patterns and lung cancer risk among 
case–control studies. CI confidence intervals, F female, M male, Q4 vs 
Q1 Quartile 4 vs. Quartile 1, Q5 vs Q1 Quintile 5 vs. Quintile 1, RR rela-
tive risk, T3 vs T1 Tertile 3 vs. Tertile 1.a Tex-Mex pattern is character-

ized by its heavy use of legumes, spices, and shredded cheese. b Principal 
component 1: High in vegetables and low in animal products. Principal 
component 2: High in other plant food except for vegetables. c Except for 
these two studies, all others are data-driven dietary patterns
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role of sex on the associations between dietary patterns 
and lung cancer reported similar results between males and 
females without significant interactions [19, 21, 47].

The inverse associations of diets high in plant-based foods 
and low in red meat or animal products with lung cancer risk 
are biologically plausible. A diet high in fruits, vegetables, and 
whole grains is higher in bioactive compounds like carotenoids, 
flavonoids, and polyphenols, which display anticarcinogenic 

properties in animal studies [56]. In addition, dietary compo-
nents like fiber may affect inflammation which is a hallmark 
of cancer and is implicated in the etiology of lung cancer [57, 
58]. Potential biological mechanisms have been proposed to 
support the positive association between diets high in red or 
processed meat and lung cancer risk. Multiple carcinogens like 
heme iron, heterocyclic amines, and N-nitroso compounds were 
found in red and processed meat [59]. Epidemiological studies 

Fig. 3  Associations between data-driven dietary patterns and lung cancer risk among prospective studies. CI confidence intervals, PUFA polyun-
saturated fatty acids, Q4 vs Q1 Quartile 4 vs. Quartile 1, Q5 vs Q1 Quintile 5 vs. Quintile 1, RR relative risk

Fig. 4  Associations between a 
priori dietary patterns and lung 
cancer risk among prospec-
tive studies. AHEI Alternate 
Healthy Eating Index-2010, 
aMED alternate Mediterranean 
diet, CI confidence intervals, 
DASH Dietary Approaches to 
Stop Hypertension, DII Dietary 
inflammatory index, FSAm-
NPS the Nutrient Profiling Sys-
tem of the British Food Stand-
ards Agency (modified version), 
F female, HEI-2010 Healthy 
Eating Index-2010, HEI-2015 
Healthy Eating Index-2015, M 
male, mMED modified alternate 
Mediterranean diet, MDS 
adapted Mediterranean diet 
score, Q4 vs Q1 Quartile 4 vs. 
Quartile 1, Q5 vs Q1 Quintile 5 
vs. Quintile 1, RR relative risk, 
T3 vs T1 Tertile 3 vs. Tertile 1
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also showed heme iron from red or processed meat was posi-
tively associated with a higher risk of lung cancer [60].

Limitations

Several limitations of the review and of the individual stud-
ies should be noted. First, due to the observational study 
designs of the included studies, we cannot rule out residual 
confounding of healthy lifestyles. Previous studies reported 
cigarette smoking is significantly associated with unhealthy 
diet [61–63]. Even though most of the included studies have 
adjusted for important confounders, such as smoking, physical  
activity, body mass index, and family history of cancer, the 
observed association could still be biased by unmeasured 
confounders or residual confounding. Second, we observed 
an inverse association between some dietary patterns and lung 
cancer with a limited number of studies, such as the pro plant-
based dietary score which calculates the relative contribution 
of plant foods versus animal products in the diet and the Rec-
ommended Food Score. We cannot draw definitive conclusions 
based on only one or two studies, and more research is needed 
among different populations. Third, we did not have enough 
information to further explore the association between dietary  
patterns and subtypes of lung cancer. Lung cancer is a com-
plex disease including small cell lung cancer (accounts for 
15–17%) and non-small cell lung cancer (> 85%) like adeno-
carcinoma, squamous cell carcinoma, and large cell carcinoma 
[64]. Those histologic subtypes may have different etiology. 
Only five studies in our review reported results stratified by 
histologic subtypes [19, 39, 43, 45, 47], and none of them 
observed significant differences in these subgroup analyses, 
which may be due to the limited numbers in each subgroup. 
More studies with larger sample sizes are needed to examine 
whether associations differ by histologic subtype. Finally, we 
did not have enough information to address the role of race and 
ethnicity in the associations between dietary patterns and lung 
cancer risk. Among those studies in our systematic review, 
none of case–control studies reported information on race and 
ethnicity and only six of 17 cohorts further controlled for race 
and ethnicity in multivariable models [20•, 21, 35, 43, 45, 47]. 
Of these six studies, four studies [21, 43, 45, 47] examined 
the interaction between dietary patterns and race and ethnicity 
with only one study reporting a significant interaction between 
Western dietary pattern and ethnicity [47]. Further research is 
needed to evaluate the role of race and ethnicity in associations 
between diet and lung cancer risk.

Conclusion

Our systematic review indicated healthy dietary patterns 
characterized by high fruits and vegetables and low in red 
meat and animal products are associated with a lower risk 
of lung cancer.
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