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Abstract
Findings of epidemiological studies regarding the association between carrot consumption and lung cancer risk remain inconsistent. The present
study aimed to summarise the current epidemiological evidence concerning carrot intake and lung cancer risk with a meta-analysis. We con-
ducted a meta-analysis of case–control and prospective cohort studies, and searched PubMed and Embase databases from their inception to
April 2018 without restriction by language. We also reviewed reference lists from included articles. Prospective cohort or case–control studies
reporting OR or relative risk with the corresponding 95 % CI of the risk lung cancer for the highest compared with the lowest category of carrot
intake. A total of eighteen eligible studies (seventeen case–control studies and one prospective cohort study) were included, involving 202 969
individuals and 5517 patients with lung cancer. The pooledOR of eighteen studies for lung cancer was 0·58 (95%CI 0·45, 0·74) by comparing the
highest category with the lowest category of carrot consumption. Based on subgroup analyses for the types of lung cancer, we pooled that
squamous cell carcinoma (OR 0·52, 95 % CI 0·19, 1·45), small-cell carcinoma (OR 0·43, 95 % CI 0·12, 1·59), adenocarcinoma (OR 0·34,
95 % CI 0·15, 0·79), large-cell carcinoma (OR 0·40, 95 % CI 0·10, 1·57), squamous and small-cell carcinoma (OR 0·85, 95 % CI 0·45, 1·62),
adenocarcinoma and large-cell carcinoma (OR 0·20, 95 % CI 0·02, 1·70) and mixed types (OR 0·61, 95 % CI 0·46, 0·81). Exclusion of any single
study did not materially alter the pooled OR. Integrated epidemiological evidence from observational studies supported the hypothesis that
carrot consumption may decrease the risk of lung cancer, especially for adenocarcinoma.
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Lung cancer is the leading cause of cancer death amongmen and
the second leading cause of cancer death among women world-
wide(1). Risk factors for lung cancer, based on epidemiological
evidence, include tobacco smoking, exposure to second-hand
smoke and radon(1). Sex, age and diet are also found to be
associated with the risk of lung cancer(2,3).

Carrot is themain source of α-carotene, and previous studies
have shown that carrot may play an important role in the
prevention of cancers(4,5,6). The association between carrot
consumption and lung cancer has drawn much attention since
the 1980s. Several observational epidemiological studies have
reported inconsistent results about the relationship between

carrot consumption and lung cancer risk. For example, in
1997, an observational study(7) concluded that intake of carrots
was statistically significantly associated with a lower risk of
lung cancer. However, a population-based case–control study(8)

found that the association between the risk of lung cancer
and consumption of carrots was statistically non-significant.
It remains unclear about whether higher carrot consumption is
associated with lower risk of lung cancer. Considering the
inconsistent conclusions of existing epidemiological studies,
we conducted a meta-analysis of observational studies to
evaluate the association between carrot consumption and the
risk of lung cancer.
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Methods

Ethical approval is not required for this systematic review.

Literature search

This systematic review was conducted in accordance with the
meta-analysis of observational studies in epidemiological guide-
lines(9). We searched PubMed and Embase databases for articles
published from their inception up to April 2018 using the follow-
ing terms: ‘carrot(s)’ and ‘lung cancer’ or ‘lung carcinoma’, and
the medical subject headings ‘daucus carota’ and ‘lung neo-
plasm(s)’ or ‘lung tumo*’. In addition, reference lists of included
original studies were also hand-searched and scrutinised to deter-
mine eligibility for inclusion in the present study.

Study selection

Studies in any language were included if they met all the follow-
ing criteria: (i) the study had a prospective cohort or case–control
study design, (ii) the exposure of interest was consumption of
carrots, (iii) the end point of interest was lung cancer and
(iv) theOR or relative riskwith the corresponding 95%CI of lung
cancer for the highest compared with the lowest category of
carrot intake was reported or could be calculated from the data
provided.

Data extraction

The following data were independently extracted from eighteen
included studies by two authors (H. B. X. and Y. G.): first author,
country, year of publication, study design, number of study
subjects, number of lung cancer cases/controls or cohort, source
of controls, adjusted relative risk/OR with 95 % CI for the highest
category of carrot consumption v. the lowest counterpart, level
of carrot consumption, and confounding factors adjusted in the
analysis. Discrepancies were resolved by discussion with the
third author (Z. X. L.).

Quality assessment

The Newcastle–Ottawa Scale was used to evaluate the quality of
cohort and case–control studies(10). The score of the scale was
calculated premised on three factors: selection of participants,
comparability of groups and exposure/outcome ascertainment.
The points regarding the scale varied from 0 to 9 points, and
studies scoring 0–3 points, 4–6 points and 7–9 points were rated
as low, moderate and high quality of studies, respectively.

Statistical analyses

The fully adjusted ORwas used as the commonmeasure of asso-
ciation across studies.We combined the case–control and cohort
studies in the primary meta-analysis, because OR and relative
risks provide similar estimates of risk when the outcome is
rare(11,12). Pooled OR and 95 % CI of the highest compared
with the lowest category of carrot intake were estimated by
using the random-effects model to account for anticipated
heterogeneity(13).

Heterogeneity was tested by I 2 statistic(14). Heterogeneity was
interpreted as low (I 2< 25 %), moderate (I 2 25–50 %) and high

(I 2> 75 %). An I 2 value of ≥50 % was considered to represent
substantial heterogeneity.

Heterogeneity was explored in subgroup analyses stratified
by the following factors: study location, year of publication,
study design, source of controls, specific dietary assessment
method and adjustment for confounding factors such as resi-
dence, smoking and sex. Additionally, the differences among
subgroups were tested by meta-regression analysis (using
STATA ‘metareg’ command). We used the meta-regression of
random effect, and characteristic variables were analysed
separately for different subgroups.

Potential publication bias was assessed via using the Begg’s
rank correlation and Egger’s linear regression tests(15,16), and we
conducted a trim and fill analysis, which yielded an effect
adjusted for funnel plot asymmetry. STATA statistical software
(version 12.0) was used for all the statistical analyses. A two-
tailed P< 0·05 was considered statistically significant.

Results

Study selection

The process of study selection, identification and inclusion using
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow diagram(17) is shown in Fig. 1. Initially,
we retrieved thirty citations from the PubMed and 24 733 cita-
tions from the Embase. After, thirty duplicates were excluded,
24 733 citations were screened through titles and abstracts, of
which 24 214 were excluded because of reviews or irrelevant
studies. After full-text review of the remaining nineteen articles,
one article(18) was excluded, since it did not report 95 % CI or
provide sufficient data to calculate it. Finally, eighteen studies
were included(7,8,19-34).

Characteristics of the included studies

Themain characteristics of the eighteen studies are summarised in
Table 1. These studieswerepublished between 1986 and 2014.Of
the eighteen studies, nine were conducted in Europe, six in Asia
and three in North America. Only one study was a prospective
cohort study, the others were case–control studies. A total of
202 969 subjects, including 5517 lung cancer cases were included.
Most studies adjusted for some potential confounders, including
age, sex and smoking status. Thirteen studies were hospital-
based, four studies were population-based and one study was
a combination of the two types. The quality assessment scores
of all the included studies ranged from 5 to 8 points, with an
average score of 6·1 points. The quality assessment score of the
prospective cohort study was 8 points, and the quality assessment
scores concerning the fourteen case–control studies ranged from
5 to 8 points, with an average score of 6 points.

Association between the highest consumption of carrots
compared with the lowest consumption and lung cancer
risk

Fig. 2 showed the results from the random-effects model
combining the OR for the risk of lung cancer in relation to carrot
intake. Of the eighteen studies, seven showed a significantly
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inverse relationship between carrot consumption and the risk of
lung cancer, whereas the others suggested that there was no
statistically significant association between carrot intake and
lung cancer risk. Overall, the highest category of carrot intake
was associated with a significantly lower risk of lung cancer
(OR 0·58; 95 % CI 0·45, 0·74). A moderate-to-high heterogeneity
across studies was observed (I 2= 72·6 %, P< 0·001).

Subgroup analyses and sensitivity analyses

Table 2 shows the results from different subgroups. A statistically
significant effect of carrot intake on lung cancer risk was
observed among studies conducted in Europe (OR 0·50, 95 %
CI 0·35, 0·72) and Asia (OR 0·75, 95 % CI 0·61, 0·92), but not
in North America (OR 0·50, 95 % CI 0·13, 1·84). The significant
inverse association between carrot intake and the risk of lung
cancer was found among the following types of lung cancer:
adenocarcinoma (OR 0·34, 95 % CI 0·15, 0·79) and mixed types
(OR 0·61, 95 % CI 0·46, 0·81). However, there was no statistically
inverse association in squamous cell carcinoma (OR 0·52, 95 %

CI 0·19, 1·45), small-cell carcinoma (OR 0·43, 95 % CI 0·12, 1·59),
large-cell carcinoma (OR 0·40, 95%CI 0·10, 1·57), squamous and
small-cell carcinoma (OR 0·85, 95 % CI 0·45, 1·62) and adenocar-
cinoma and large-cell carcinoma (OR 0·20, 95 % CI 0·02, 1·70).
When we examined whether the association differed by study
design, carrot intake was significantly associated with decreased
risk of lung cancer in the case–control studies (OR 0·57, 95 % CI
0·45, 0·74), but not in the prospective cohort study (OR 0·60, 95%
CI 0·31, 1·15). Carrot intake was significantly associated with
decreased lung cancer risk among hospital-based studies
(twelve studies, OR 0·59, 95 % CI 0·45, 0·78), but not among
population-based studies (four studies, OR 0·52, 95 % CI 0·21,
1·28) and mixed studies (one study, OR 0·80, 95 % CI 0·54,
1·19). Additionally, there was a significant inverse association
between carrot consumption and the risk of lung cancer across
studies with adjustment for smoking (OR 0·56, 95 % CI 0·42,
0·75), but was not significant among studies without adjustment
for smoking (OR 0·63, 95 % CI 0·33, 1·20).

To identify the potential influence of every single study on
the pooled results, any single study was excluded in turn and

Fig. 1. Flow diagram of study selection regarding relevant observational studies.
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Table 1. Study characteristics of included studies on investigating the association between carrot consumption and lung cancer

Reference
and country

Study
design

No. of
participants

No. of
cases/

controls or
cohort

Source
of

controls
OR/
RR* 95 % CI

Types of
lung

neoplasm OR 95 % CI Carrot consumption Covariates
No. of

covariates

Brennan
et al.(19) six
European
countries

C-C 1551 Bottom
third: 151/
284; Upper
third: 128/
346

Mixed 0·80 0·50, 1·10 SQ, 1·00 0·50, 1·90 Several times/week v.
never

Age, sex and centre 3
SM, 1·00 0·50, 1·90
AD 0·60 0·30, 1·20

Pisani
et al.(27)

Europe

C-C 1266 0 time†:
212/320;
≥5 times:
37/126

H-B 0·44‡ 0·30, 0·67 EP§, 0·45§ ≥5 times v. never Age and sex 2
AD§, 0·40§
MI§ 0·50§

Huang
et al.(24) Asia

C-C 62 245 1398/
50 706

H-B 0·85‡ 0·73, 0·98 NR ≥3 times/week v. <3 times/
week

Age and sex 2

Dosil-Díaz
et al.(34)

Spain

C-C 617 <1 time/
month: 141/
118; >1
time/week:
58/74

H-B 1·05 0·62, 1·79 NR >1 time/week v. <1
time/ month

Sex, age, lifetime tobacco consumption,
and employment in risk occupations

4

Darby
et al.(21) UK

C-C 2468 Never: 65/
43; More
than
weekly
(serving):
545/1014

P-B 0·60 0·33, 1·08 NR More than weekly (serving)
v. never

Age, sex, smoking, social class and
nutrient, food, or supplements, such as
carotene

7

Takezaki
et al.(32)

Japan

C-C 4698 748/4153 H-B 0·81 0·32, 2·05 AD, 0·94 0·31, 2·84 ≥5 times/week v. <1
time/week

Age (continuous), season and year of visit,
occupation, prior lung diseases, smoking,
and consumption of green vegetables and
meat

8
SQ plus
SM

0·74 0·35, 1·58

Nyberg
et al.(26)

Sweden

C-C 359 Less than
weekly: 34/
42; daily or
almost
daily: 27/62

H-B 0·55 0·27, 1·11 NR Daily or almost daily v.
less than weekly

Sex, age (five strata), catchment area
(three strata), occasional smoking, degree
of urban residence, years of exposure to
risk occupations, ever-exposure status,
years since last exposure and hour-years
of exposure to environmental tobacco
smoke

9
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Table 1. (Continued )

Reference
and country

Study
design

No. of
participants

No. of
cases/

controls or
cohort

Source
of

controls
OR/
RR* 95 % CI

Types of
lung

neoplasm OR 95 % CI Carrot consumption Covariates
No. of

covariates

Shen et al.(29)

China
C-C 996 Rarely:

110/126;
Frequently:
27/29

H-B 0·78 0·37, 1·65 NR Frequently v. rarely 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, and if
having enough food

10

Koo(25) Asia C-C
(never-
smoked
females)

225 Low: 22/38;
High: 6/17

H-B 0·67 0·25, 1·82 SQ plus
SM,

1·24 0·36, 4·27 None NA 0

AD plus
LA

0·20 0·02, 1·70

Rachtan(28)

Poland
C-C 594 Rarely:

221/174;
At least 5
times/week:
21/178

H-B 0·13 0·06, 0·26 SQ, 0·17 0·06, 0·46 At least 5 times/week v.
rarely

Age, pack years of smoking, passive
smoking, consumption of beer and vodka,
siblings with cancer, tuberculosis, place of
residence, occupational exposure to coal
and other dusts, rubber, acid mist,
solvents, other chemicals and employment
in the metallurgical industry

15
SM, 0·09 0·03, 0·29
AD 0·12 0·04, 0·38

Galeone
et al.(23)

China

C-C 654 0·1 kg/year:
114/244;
High: 42/
136

H-B 0·51 0·33, 0·80 NR 0·1 kg/year Age, sex, smoking, status, duration and
amount of smoking, income, residence
(urban or rural), family history of lung and
other cancers and exposure to coal for
house heating or cooking (9)

Tarrazo-
Antelo
et al.(33)

Spain

C-C 867 <Once a
week: 136/
173; ≥once
per d: 41/
52

H-B 1·16 0·66, 2·03 NR ≥Once per d v. <once per
week

sex, age, and tobacco habit (packs
smoked over lifetime)

3

Speizer
et al.(30) USA

P-C 121 700 593/
121 700

P-B 0·40 0·20, 0·80 NR ≥5 carrots/week v. never Age, smoking and age of starting to smoke 3

Hu et al.(8)

Canada
C-C 644 Low: 70/

181; High:
23/98

P-B 0·60 0·30, 1·10 NR >3 servings/week v.
≤1 serving/week

10-year age groups, province, education,
social class and total energy intake

5

Rachtan &
Sokolowski(7)

Poland

C-C 259 Rarely: 52/
29; Every
day: 1/42

H-B 0·02 0·00, 0·15 NR Every day v. rarely Pack-years of smoking, vodka-drinking,
margarine on bread

3
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Table 1. (Continued )

Reference
and country

Study
design

No. of
participants

No. of
cases/

controls or
cohort

Source
of

controls
OR/
RR* 95 % CI

Types of
lung

neoplasm OR 95 % CI Carrot consumption Covariates
No. of

covariates

Dai et al.(20)

Asia
C-C 240 120/120 H-B 0·07 0·02, 0·31 AD 0·07 0·02, 0·31 65 Times/year Personal income, average personal

residence area, period of coal stove use in
the bedroom, period of heating by coal,
exposure to coal dust, fried and deep fried
cooking, history of cancer in family

6

Fortes
et al.(22)

Rome

C-C 634 Never: 161/
91; Weekly
or more:
75/89

H-B 0·67 0·42, 1·05 NR Weekly or more v. never Sex, age, smoking habit, interaction sex ×
smoking, and residence

5

Steinmetz
et al.(31) USA

C-C 2952 138/2814 P-B 0·71 0·45, 1·12 AD, 0·60 0·28, 1·29 ≥ 3·0 servings/week v.
≤0·5 servings/week

Age, energy intake and pack-years of
smoking

3

SQ, 0·72 0·28, 1·84
SM, 0·74 0·31, 1·75
LA 0·40 0·10, 1·57

AD, adenocarcinoma; C-C, case–control study; EP, epidermoid; H-B, hospital-based; LA, large-cell carcinoma; MI, microcitomas; NA, not available; NR, not reported; P-B, population-based, P-C, prospective cohort study; RR, relative risk; SM,
small-cell carcinoma; SQ, squamous cell carcinoma.
* The OR/RR of the highest category of carrot intake compared with the lowest category of carrot intake.
† Case groups and control groups included non-smokers, ex-smokers and current smokers.
‡ Crude OR.
§ Due to the limited data, 95 % CI could not be calculated for the three subtypes of lung cancer.
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pooled the results of the remaining studies. The overall com-
bined OR did not materially change, with a range from 0·55
(95 % CI 0·42, 0·72) to 0·64 (95 % CI 0·52, 0·79).

Publication bias

Visual inspection of a funnel plot identified substantial asymme-
try (Fig. 3). The Begg’s rank correlation test (Z = 1·52, P = 0·130)
suggested no evidence of publication bias among included stud-
ies, whereas Egger’s linear regression test indicated that there
was potential publication bias among these studies. The trim-
and-fill method was used to evaluate the impact of any potential
biases, and the results showed that two potentially missing stud-
ies were needed to obtain funnel plot symmetry for lung cancer
(Fig. 4). The corrected OR was 0·52 (95 % CI 0·40, 0·67).

Discussion

Findings from our meta-analysis on observational studies indi-
cated that higher carrot intake is associated with a decrease in
the risk of lung cancer, suggesting that carrot intake could reduce
the risk of lung cancer by up to 42% (OR 0·58; 95%CI 0·45, 0·74),
especially for adenocarcinoma (OR 0·34, 95 % CI 0·15, 0·79) and
mixed types (OR 0·61, 95 % CI 0·46, 0·81), which was inconsis-
tent with previous results of randomised controlled trials
(RCT)(35). The results of previous RCT had suggested that

β-carotene supplementation was associated with increased lung
cancer risk (relative risk 1·16; 95 % CI 1·02, 1·33; P= 0·02), and
the results of the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study(36) have also shown that no reduction in the inci-
dence of lung cancer among male smokers after years of dietary
supplementation with β-carotene. Although our results were differ-
ent from previous studies, as a kind of vegetables, carrots were not
equivalent to carotenoids, and carrot not only contained
β-carotene, but contained other nutrients such as dietary fibres.
Thus, between carotenoids and carrot was a significant difference.
Additionally, carrot intake could decrease the risk of lung cancer
based on our results of observational studies, and additional or
more prospective studies were needed to further replicate the find-
ings in future. Besides, a feworiginal studies have adjusted for other
food items in our study. Thus, more studies confounded by other
food items were needed to further confirm our results.

The pooled OR for lung cancer across studies adjustment for
smoking was 0·56 (95 % CI 0·42, 0·75), while the pooled OR
for lung cancer between studies without adjustment for smoking
was 0·63 (95 % CI 0·33, 1·20). Thus, carrot consumption could sig-
nificantly decrease the risk of lung cancer adjusted for smoking.

The study by Pisani et al.(27) reported that the effect of carrots
on lung cancer among non-smokers, ex-smokers and current
smokers, but it should be noted that cancer-decreasing effect
of carrot was only found in the current smokers. Thus, in our
study the cases and controls with the highest carrot intake

Fig. 2. Association between carrot consumption and lung cancer risk.
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compared with the lowest consumption among non-smokers,
ex-smokers and current smokers were included to calculated
OR and the corresponding CI.

The pooledOR for lung cancer that excluded the three outlier
studies(7,20,34) was 0·61 (95 % CI 0·49, 0·76). The pooled OR for
lung cancer that included the outlier studies was 0·58 (95 % CI
0·45, 0·74). However, after excluding the three outlier studies,

the significance of association between carrot intake and lung
cancer remained unchanged. Additionally, the three outlier
studies contributed to a low heterogeneity. Therefore, the three
outlier studies were not the source of significant heterogeneity in
our study.

This inverse association was found among Europeans and
Asians, but not in North Americans in the highest v. the lowest

Table 2. Results of subgroup analyses concerning carrot intake and lung cancer risk
(Odds ratios and 95 % confidence intervals)

Number of studies OR 95 % CI I 2 (%) P for heterogeneity P for meta-regression

All studies 18 0·58 0·45, 0·74 72·6 <0·001
Study location 0·667
Europe 9 0·50 0·35, 0·72 64·2 0·004
Asia 6 0·75 0·61, 0·92 29·5 0·216
North America 3 0·50 0·13, 1·84 91·1 <0·001

Publication years 0·172
Before 2000 7 0·40 0·25, 0·66 65·8 0·007
After 2000 11 0·67 0·52, 0·87 69·4 <0·001

Study design 0·933
Case–control 17 0·57 0·45, 0·74 74·1 <0·001
Prospective cohort 1 0·60 0·31, 1·15 NA NA

Source of controls 0·673
Hospital-based 12 0·59 0·45, 0·78 68·5 <0·001
Population-based 4 0·52 0·21, 1·28 86·6 <0·001
Mixed 1 0·80 0·54, 1·19 NA NA

Types of lung cancer 0·416
Squamous cell carcinoma 3 0·52 0·19, 1·45 75·8 0·016
Small-cell carcinoma 3 0·43 0·12, 1·59 84·9 <0·001
Adenocarcinoma 5 0·34 0·15, 0·79 73·7 0·004
Large-cell carcinoma 1 0·40 0·10, 1·57 NA NA
Squamous plus small-cell carcinoma 2 0·85 0·45, 1·62 0·0 <0·001
Adenocarcinoma plus large-cell carcinoma 1 0·20 0·02, 1·70 NA NA
Mixed 11 0·61 0·46, 0·81 75·0 <0·001

Controlling for residence 0·703
Yes 5 0·54 0·36, 0·79 47·4 0·107
No 13 0·59 0·44, 0·80 76·3 <0·001

Controlling for smoking 0·802
Yes 16 0·56 0·42, 0·75 68·8 <0·001
No 2 0·63 0·33, 1·20 89·0 0·003

Controlling for sex 0·065
Yes 10 0·71 0·59, 0·87 49·50 0· 038
No 8 0·34 0·18, 0·64 77·30 0·000

Specific dietary assessment method 0·419
Yes 5 0·72 0·55, 0·94 24·1 0·261
No 13 0·51 0·37, 0·72 78·8 <0·001

NA, not available.

Fig. 3. Begg’s funnel plot with pseudo 95 % confidence intervals for publication
bias.

Fig. 4. Filled funnel plot of odds ratios with pseudo 95 % confidence intervals in
the studies investigating risk for lung cancer associated with carrot intake.
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category of carrot consumption. This differencemay be explained
by variation in dietary habits. A previous study showed that
consumption of vegetables was considerably higher among
Asians and Europeans, and intakes of red meat were lower in
Asians and Europeans compared with North Americans(37).
Notably, the null inverse association in North American partici-
pants might also result from the limited number of included
studies (three studies including 2457 participants and 824 patients
with lung cancer). More studies are warranted to investigate the
potential difference between the different ethnic backgrounds.

Carrots were the main source of vitamin A(38). Furthermore,
orange carrots has in abundance α-carotene as well as
β-carotene(39), and were found to contain the greatest concen-
tration of total carotenoids(40) among carrots with different
colours. Previous studies have suggested that higher category
of dietary vitamin A and β-carotene intake could reduce lung
cancer risk(41).

The inverse relationship between intake of carrots and the
risk of lung cancer was generally plausible, premised on biologi-
cal activities of natural substances contained in carrots, such as
carotenoids, dietary fibres and folic acid(4). In addition, the pres-
ence of high concentration of carotenoidsmentioned abovemay
account for the biological properties of carrots. Carotenoids in
carrots could prevent the risk of lung cancer through following
biological mechanisms. First of all, carotenoids have been
reported to inhibit the incidence of tumour(42,43). A previous
study showed that retinoic acid has been reported to have the
effect on the inhibition of lung cancer cell. It could increase
the expression of miR-512-3p in microRNA, since overexpres-
sion of miR-512-3p could not only inhibit tumour cell adhesion,
migration and invasion in NSCLC A549 and H1299 cell lines, but
could also decrease the DOCK3 protein(44). Furthermore, some
types of carotenoids are converted into vitamin A, which is
related to cellular differentiation may contribute to cancer pre-
vention(45). Additionally, carrots are contained α- and β-carotene
that may contribute to its anticancer effect. Previous studies have
shown that lung hexosamine content in animals was inhibited
significantly when treated with β-carotene, and the treated
animals lived longer than the controlled ones(46). β-Carotene
intake could enhance natural killer cell activity(47), and decrease
the growth of NCI-H69 lung cancer cells(48), which maybe be
beneficial to inhibit carcinogenesis. A study by Michaud et al.
suggested that α-Carotene intake was significantly associated
with decreased risk of lung cancer(49). Apart from that, carrots
have in abundance dietary fibres(50), and a previous study has
demonstrated that dietary fibre intake is inversely related to
cancer risk(51). Finally, carrots are rich in folic acid. A previous
study suggested that most types of lung cancers could strongly
express folate receptor, which showed that folate-linked
targeted therapy may be useful to treat the majority of lung
cancers(52).

The characteristics of individual studies may also be impor-
tant in interpreting their contribution to the meta-analyses.
For instance, three population-based studies Darby et al.(21),
Hu et al.(8) and Steinmetz et al.(31) did not report an inverse asso-
ciation between carrot consumption and lung cancer. Moreover,
as shown in Table 1, Steinmetz et al.(31) ascertained the effects of
carrot intake on different types of lung cancer, whereas the other

two studies did not report any association between carrot
consumption and the risk of lung cancer.

Although the effect of carrot intake on lung cancer risk
is biologically plausible, heterogeneity across studies was
statistically significant. The heterogeneity may be owing to
differences in methods for dietary assessment. Most of our
included studies collected data based on self-administrated
or interviewer-administrated questionnaire which were more
likely to be uninformed assessment standard. This may be
the potential source of heterogeneity. To explore the resources
of heterogeneity, subgroup analyses based on specific dietary
assessment methods (FFQ v. questionnaire/interview) were
performed, and we found that the heterogeneity in these stud-
ies measuring carrot consumption using FFQ was 24·1 % (OR
0·72, 95 % CI 0·55, 0·94), which significantly decreased the
heterogeneity comparedwith these studies using questionnaire
(OR 0·51, 95 % CI 0·37, 0·72; I 2 = 78·8 %). However, the
differences between the dietary assessment methods were
statistically non-significant. Subsequently, to further explore
the sources of heterogeneity and the stability of the pooled
results, sensitivity analysis was performed by excluding one
study at a time.We found that there was no significant influence
on the stability of the results. In the present study, the source of
heterogeneity may result from some factors, such as the num-
ber of samples, study design and the age of the patients.
Overall, in our study, sensitivity analysis and consistent results
from various subgroup analyses indicated that our findings
were reliable and robust, although heterogeneity existed
among the included studies.

The present study had several strengths. Firstly, it was the first
meta-analysis to systematically analyse the association between
carrot consumption and lung cancer risk. Since carrot intake
could reduce the risk of lung cancer by 42 %, the results of
our study could not only act as an aetiology explanation but
could also increase medical and public health field awareness.
Secondly, based on our subgroup analysis, a significant inverse
association between carrot consumption and lung cancer risk
was observed in the European and Asian populations.
Furthermore, the inverse association of carrot intake on the risk
of lung cancer was observed in the adenocarcinoma and mixed
types. This provided an insight for future study of how the bio-
logical mechanisms of carrot consumption and lung cancer are
affected by ethnicity and subtypes of lung cancer. Sensitivity and
consistent results from subgroup analyses suggested that our
findings were reliable, although some heterogeneity existed
across the included studies.

There were some limitations in the study that should be men-
tioned. Firstly, seventeen studies out of the eighteen original
studies used in our meta-analysis were case–control study
design. This design is particularly vulnerable to potential biases
(both selection and information biases). Secondly, some pos-
sible important residual confounders such as smoking and
sex were not adjusted for in some studies. For example, one
case–control study(7) only controlled for age. However, our
subgroup analyses by whether residence, smoking or sex were
controlled or not suggested that there is no significant difference
in OR. Thirdly, limited original studies were adjusted for other
food items in our study. Thus, the results of our study might
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be confounded by other food items. Additionally, OR with cor-
responding 95%CI for lung cancer associatedwith consumption
of other food items were listed as a supplementary data. At last,
the dose–response analysis between carrot intake and lung
cancer risk was not performed because of limited data in original
studies. Further studies with providing information of dose,
cases and carrot consumption will be needed to assess the
dose–response relationship.

In conclusion, our study combining with the most up-to-date
evidence suggests that higher carrot consumption is inversely
associated with the risk of lung cancer, particularly in Asian
and European population, and adenocarcinoma and mixed
types of lung cancer. Given the significant association strength
between carrot intake and lung cancer, these findings provide
practical and valuable insight for the prevention of lung cancer
and a study of its aetiology.
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