@° PLOS | ONE

Check for
updates

E OPEN ACCESS

Citation: Wang F, Xu X, Yang J, Min L, Liang S,
Chen'Y (2017) Height and lung cancer risk: A
meta-analysis of observational studies. PLoS ONE
12(9): e0185316. https://doi.org/10.1371/journal.
pone.0185316

Editor: Olga Y. Gorlova, Dartmouth College Geisel
School of Medicine, UNITED STATES

Received: March 3, 2017
Accepted: September 11,2017
Published: September 26, 2017

Copyright: © 2017 Wang et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper. We used the following
combinations of search terms: (“anthropometry”
or “body size” or “height”) and (“lung” or
“pulmonary”) and (“cancer” or “neoplasm” or
“carcinoma”) to search in the MEDLINE and
EMBASE databases.

Funding: This work was supported by the National
Natural Science Foundation of Jiangsu Province,
China [grant numbers BK20160451 and
BK20130456], and the Clinical Medicine Science

RESEARCH ARTICLE
Height and lung cancer risk: A meta-analysis
of observational studies

Fang Wang', Xingxiang Xu'*, Junjun Yang', Lingfeng Min', Sudong Liang?, Yong Chen®

1 Department of Respiration, Clinical Medical School of Yangzhou University, Northern Jiangsu People’s
Hospital, Yangzhou, China, 2 Department of Urology, Taizhou People’s Hospital of Jiangsu Province,
Taizhou, Jiangsu, China, 3 Department of Medical Oncology, Clinical Medical School of Yangzhou
University, Northern Jiangsu People’s Hospital, Yangzhou, China

* xuxx63 @sina.com

Abstract

Background

The association between height and lung cancer risk has been investigated by epidemiologi-
cal studies but the results are inconsistent. This meta-analysis was to evaluate whether the
height is associated with lung cancer.

Methods

We identified relevant articles by searching the MEDLINE and EMBASE databases, and
reviewed the reference lists of selected papers. A random effect model was used to calcu-
late summary odds ratios (OR) and relative risk (RR) with 95% confidence intervals (95%
Cl). Publication bias was estimated using Egger’s regression asymmetry test.

Results

We included a total 16 studies (15 prospective studies and one case—control study) on adult
height and lung cancer risk in the meta-analysis. Overall, per 10-cm height increases were
associated with increased risk of lung cancer (RR 1.06; 95% CI 1.03—1.09, I = 43.6%).

Conclusions

In this meta-analysis, high adult height is related to increased lung cancer risk. Well-designed,
large prospective studies are required to obtain a better indication of the relationship.

Introduction

Lung cancer is one of the most common cancers worldwide in terms of both incidence and
mortality [1]. Although cigarette smoking and specific occupational exposure (e.g., indoor
radon, household coal smoke) are major known risk factors for lung cancer, the etiology of
lung cancer remains largely elusive [2].

Adult height, which is determined by both genetic and environmental factors [3], is considered
a biomarker that reflects the interplay of genetic endowment and various early-life experiences
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and exposures (e.g., fetal, dietary, social, and psychological circumstances) [4-8]. As the study of
height can provide insights into patterns of shared and differing early determinants of major dis-
eases of later life, it would be informative to compare the associations of adult height with subse-
quent risk of a wide range of diseases. Previous epidemiologic studies and meta-analyses have
reported positive associations between height and risk of all cancers combined and several specific
cancers, including cancer of the breast[9], prostate [10], colorectal [11], kidney [12], ovary [13],
pancreas [14], testis [15], and the endometrium [16], and malignant melanoma [9, 17, 18] and
lymphohematopoietic malignancies [19], and have reported negative associations between height
and risk of all-cause, cardiovascular, and respiratory disease [20-25]. Numerous studies have
examined the relation between height and lung cancer [9, 26]; however, the results have been
inconsistent. Many factors, including selection bias and confounding, can lead to inconsistencies
in such studies. However, consensus has not been reached on whether height is a risk factor for
lung cancer in both women and men. To evaluate the association between height and risk of lung
cancer comprehensively, we conducted a systematic review and meta-analysis of observational
studies.

Methods
Search strategy

A systematic literature search with no language restrictions was conducted in MEDLINE and
EMBASE for studies on the association between height and lung cancer incidence in humans.
We searched all studies published before November 20, 2016. We used the following combina-
tions of search terms: (“anthropometry” or “body size” or “height”) and (“lung” or “pulmo-
nary”) and (“cancer” or “neoplasm” or “carcinoma”). In addition, we searched the reference
lists of the retrieved papers for relevant articles.

Study selection criteria

We included studies that met the following criteria: (1) case—control or cohort study investi-
gating the association between height and lung cancer; (2) the outcome was lung cancer inci-
dence or mortality; (3) the exposure of interest was height; and (4) reported relative risk (RR)
or odds ratio (OR) estimates with their corresponding 95% confidence intervals (Cls) (or suffi-
cient data to calculate of these effect measures). We included studies in which height had been
self-reported and in which it had been directly measured. When several articles reported
results from the same study population, only the most recent or comprehensive study was
included.

Data extraction

The following information was extracted from the included articles: first author’s last name,
publication year, study name or source, country where the study was conducted, study period,
study duration; follow-up period (cohort studies) or data collection (case—control studies),
sample size(study participants, number of cases), sex, age, height assessment method (self-
reported or measured), comparison of exposure level, and RRs or ORs and 95% Cls for the
highest versus lowest height or per unit increase in height. If a study reported several adjust-
ment models for potential confounding variables, we extracted the risk estimate of the most
fully adjusted model. The quality of the included studies was assessed using the 9-star Newcas-
tle Ottawa scale [27].
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Statistical analysis

We used random effect models to calculate summary RRs and 95% Cls for the highest versus
lowest height and for the quantitative analyses [28]. The average natural logarithm of the RRs
was estimated, and the RR from each study was weighted by the inverse of its variance. Two-
tailed P < 0.05 was accepted as statistically significant. In studies using height as a categorical
variable, we standardized all reported RRs into comparison of the risk of the higher group with
that in the lower group. Therefore, when the lowest group was not referent, we used the method
proposed by Hamling et al [29] to recalculate the RRs using the lowest one as reference.

In the quantitative analyses, twelve studies [9, 23, 30-39] had directly provided RRs for per
unit increase in height. For four studies [40-43] that did not provide estimate for per unit, we
compute study-specific slopes (linear trends) and 95% ClIs from the natural logs of the RRs and
Cls across categories of height using the method by Greenland and Longnecker [44]. The method
requires that the number of cases and person-years or non-cases and the relative risks with the
variance estimates are known for at least three quantitative categories of use. We estimated the
distribution of cases or person-years in studies that did not report these but reported the total
number of cases/person-years. For example, if the total number of person-years was provided and
the exposure variable was categorized by quintiles, we divided the number of person-years by five.
The median or mean level of height in each category was assigned to the corresponding relative
risk for each study. If a study reported height expressed as a range, we estimated the mid-point in
each category by calculating the average lower and upper bound. When the highest or lowest cate-
gory was open-ended, we assumed that they were of the same length as the adjacent interval.

We estimated heterogeneity among studies using the Q test and the I” statistic [45]. I takes
values between 0% and 100%, and I*> 50% is considered a measure of high heterogeneity [46].
To examine whether the results could have been influenced by a single study or a study with
an extreme result, we performed sensitivity analysis by removing one study at a time. Sources
of heterogeneity were explored using subgroup analyses and random-effects meta-regression
analysis, according to sex, outcome (incidence and mortality), height assessment (measured
and self-measured), geographic location, and adjustment for confounding factors such as
smoking, alcohol, and body mass index.

We evaluated potential publication bias using funnel plots, Egger’s regression test [47], and
Begg’s rank correlation test [48]. P < 0.1 was considered to indicate statistically significant
publication bias. All statistical analyses were performed using Stata 12.0 (StataCorp, College
Station, TX, USA).

Results
Literature search

The search retrieved 1504 publications: 598 and 906 studies from MEDLINE and EMBASE,
respectively. A total 523 duplicate articles and another 955 articles were removed following the
initial screening of titles and abstracts. Full-text copies of the remaining 26 potentially eligible
studies were obtained. Of these, 10 were excluded because they had no data on the association
of height with lung cancer risk (n = 8), did not involve adult height (n = 1), or had overlapping
study populations (n = 1). Eventually, 16 studies [9, 23, 30-43] were included in the quantita-
tive analysis, and seven [31, 32, 34, 40-43] were eligible or high versus low analysis (Fig 1).

Study characteristics

We identified 16 studies (15 cohort studies and one case—control study) that were included
in the meta-analysis of height and lung cancer risk (Table 1). The studies included a total
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Fig 1. Flow diagram of the literature search.
https://doi.org/10.1371/journal.pone.0185316.9001

4,709,101 individuals, with 33,824 cases of lung cancer risk, and were published from 1981 to
2014. Five of the studies were from Europe, seven from North America, and four from Asia/
Australasia. Height was measured in eleven studies and was self-reported in 5 studies. Most
studies additionally adjusted for a wide range of potential risk factors: 11 for smoking [9, 30—
32,34-38, 42, 43], six for alcohol [9, 32, 34, 36, 42, 43], and seven for body mass index [9, 30-
32,37, 38, 42].

Analysis of high versus low height

Risk of lung cancer was increased (RR = 1.15; 95% CI 1.04-1.26) in individuals with a high
height compared with those with a low height (Fig 2).Heterogeneity was not statistically signif-
icant (I> = 20.6%, P = 0.260) among seven studies[32-34, 40-43].
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D RR (95% Cl) Weight
|
|

Albanes et al, 1988 m T 1.10 (0.60, 2.00) 245
1
1

Drinksrd et sl, 1995 w | 0.81 (0.57, 1.14) 8.78
1
|

Hebert et 8, 1997 m : 1.07 (0.63, 1.83) 3.08
1
!

Minami et 8, 2008 m 1.04(0.74, 1.48) 7.02
1
1
|

Batty et al, 2008 m —_— 1.40 (1.07, 1.83) 10.47
1
1

Sung et al, 2009 m —:0— 1.18 (1.09, 1.29) 39.32
1
|

Sung et 81,2009 w —o—f— 1.08 (0.88, 1.31) 16.53
1
1

Ren-giso et al, 2012 m X 1.04 (0.75, 1.40) 8.14
1
1

Ren-giso et al, 2012 w T ) 1.55(1.08, 2.24) 6.20
1

Overall (I-squared = 20.8%, p = 0.2€0) 0 1.15(1.04, 1.26) 100.00
1
1
1

NOTE: Weights are from random effects analysis X

T * T
5 1 1.5

Fig 2. Analysis of high versus low height and lung cancer risk.

https://doi.org/10.1371/journal.pone.0185316.9002

Quantitative analysis

We included 16 studies [9, 23, 30-43], which included 33,824 cases among 4,709,101 partici-
pants, in the quantitative analysis. The summary RR per 10-cm height increase was 1.06 (95%
CI: 1.03-1.09), with moderate heterogeneity (I = 43.6%, P = 0.013) (Fig 3).

We conducted subgroup analysis according to study design, sex, geographical area, and
adjustment for confounding factors (Table 2). The results were unchanged after we had per-
formed the meta-analysis of the cohort studies (RR 1.06; 95% CI 1.03-1.09), but not in case-
control study (RR 1.01; 95% CI 0.80-1.28). A 10-cm increase in height was associated with a
9% increase in lung cancer risk in men (RR 1.09; 95% CI 1.04-1.15) and a 4% increase in
women (RR 1.04; 95% CI 0.99-1.09).Excluding four studies [21, 31, 33, 35]of mortality did not
affect the results(RR 1.06; 95% CI 1.02-1.09).A subgroup analysis of the assessment method of
height was also performed. A significant association was observed among studies using the
methods of measured (RR 1.08; 95% CI 1.05-1.12), but not among studies using the methods
of self-reported (RR 1.02; 95% CI 0.99-1.06). When stratified by study location, only studies
conducted in Europe (RR 1.05; 95% CI 1.00-1.10) or Asia/Australasia (RR 1.13; 95% CI 1.08-
1.17) demonstrated a significant association between height and lung cancer risk, but not
those conducted in North America (RR 1.03; 95% CI 0.99-1.07). The subgroup analysis results
were consistent when stratified by the outcome of lung cancer and adjustment for confound-
ing factors. Most subgroups had statistically significant heterogeneity.

In the sensitivity analysis, the influence of each study on the pooled RR was examined by
repeating the meta-analysis while omitting one study at a time. The 16 study-specific RRs

PLOS ONE | https://doi.org/10.1371/journal.pone.0185316  September 26, 2017 7/14


https://doi.org/10.1371/journal.pone.0185316.g002
https://doi.org/10.1371/journal.pone.0185316

@° PLOS | ONE

Height and the risk of lung cancer

Study %
D RR (95% Cl) Weight
Albanes et al, 1988 m - 1.12(0.83,1.53) 0.78
Drinkard et al, 1995 w —_— 0.87 (0.70. 1.08) 1.47
Leon et al,. 1995 m —i 0.93(0.81,1.08) 329
Hebert et 81,1997 m : 1.06(0.82,1.38) 1.05
Gunnell et al, 2002 m : 1.37(0.93,1.99) 0.51
Batty et al, 2006 m — 1.17 (1.02, 1.35) 3.09
Minami et a1,2008 m D—:_ 1.01(0.80,1.28) 1.27
Sung et 81,2009, m : —_—— 1.14(1.08, 1.21) 9.02
Sung et 81,2009 w L — 1.10 (0.98. 1.28) 3.33
Batty et al,.2010 m —;—0— 1.10(1.00, 1.21) 535
Batty et 31,2010 w — 1.14(0.95,1.37) 1.98
Green et al, 2011w o 1.03(0.98,1.08) 10.04
Ren-giso et 31,2012 m —— 1.19(1.00, 1.45) 1.93
Ren-qgiao et al, 2012w —f—o— 1.14(0.95,1.38) 205
Wormser et al,2012 'f' 1.06(1.03,1.09) 1260
Walter et 21,2012 -o-l— 1.03(0.92, 1.15) 4.34
Kabat et al(never smoker), 2012a w —:—0— 1.12(0.92,1.38) 1686
Kabat et al(ever smoker), 20123 w 1.09(1.00.1.19) 598
Kabat et al(ever smoker), 2012b w —: 0.93(0.82,1.08) 353
Kabat et al(never smoker), 2012b w :. 1.07 (0.78. 1.47) 0.73
Kabat et al(never smoker), 2014cm -—;—0— 1.18 (0.99, 1.42) 204
Kabat et al(never smoker), 2014cw —;—0— 1.14(0.97,1.35) 238
Kabat et al(ever smoker), 2014cm —0:- 1.04(1.00,1.07) 1193
Kabat et al(ever smoker), 2014cw = : 0.97 (0.92,1.02) 968
Overall (I-squared = 42.8%, p =0.013) 0 1.06(1.03,1.09) 100.00
NOTE: Weights are from random effects analysis ;

T T

5 1 1.5

Fig 3. Per 10-cm height increase and lung cancer risk.

https://doi.org/10.1371/journal.pone.0185316.9g003

ranged from1.07 (95%CI1.04-1.10) when the National Institutes of Health-AARP Diet and
Health Study was excluded to1.05 (95% CI 1.02-1.08) when the Korean Adult Population
Study was excluded, but were in general similar. This procedure proved that our results are
reliable and robust.

No indication of publication bias was observed form either with the Egger’s test (P = 0.358)
or Begg’s test (P = 0.673) (Fig 4).

Discussion

We found a similar, weakly positive association between height and lung cancer risk among
men and women, although it was statistically significant only among men. Lung cancer risk
increased6% for a 10-cm increase in height and a 15% increased risk for high versus low
height. These associations were evident even after adjustment for smoking, alcohol, and body
mass index, suggesting that height represents a robust and independent factor of increased
lung cancer risk.

It has been confirmed that taller people are at higher risk for breast and colorectal cancer
[9], and taller height is a possible risk factor for several other cancers; however, the potential
biological mechanisms that underlie the association between greater height and lung cancer
risk are unclear. It is believed that a combination of genetics, childhood and adolescent die-
tary factors, and infections determine adult height [8]. Previous epidemiological studies
have indicated that insulin-like growth factor 1 (IGF-1) might play an important role in the
development of breast [49], colorectal [50], and lung cancer [51]. IGF-1 can stimulate cell
proliferation, adhesion, and migration and inhibit apoptosis, which could ultimately result
in cancer. However, it is unlikely that the IGFI gene alone would explain the observed
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Table 2. Quantitative subgroup analyses of height and lung cancer risk.

Subgroup Studies (no.) Pooled estimate Heterogeneity
12 (%) P
All studies 16 1.06 (1.03-1.09) 43.6 0.013
Study design
Case—control 1 1.01 (0.80-1.28) - -
Cohort 15 1.06 (1.03-1.09) 45.9 0.009
Sex
Female 8 1.04 (0.99-1.09) 40.6 0.078
Male 10 1.09 (1.04-1.15) 441 0.057
Outcome
Incidence 12 1.06 (1.02-1.09) 45.7 0.016
Mortality 4 1.07 (1.01-1.13) 40.2 0.153
Height assessment
Measured 11 1.08 (1.05-1.12) 24.9 0.173
Self-reported 5 1.02 (0.99-1.06) 38.0 0.127
Study location
Europe 5 1.05 (1.00-1.10) 51.7 0.082
North America 7 1.03 (0.99-1.07) 33.4 0.123
Asia/Australasia 4 1.13(1.08-1.17) 0.0 0.943
Adjustment factors
Smoking
Yes 11 1.06 (1.03-1.09) 56.5 0.005
No 8 1.05 (1.00-1.12) 16.5 0.291
Alcohol
Yes 6 1.09 (1.05-1.13) 11.8 0.336
No 10 1.04 (1.00-1.08) 48.6 0.018
Body mass index
Yes 7 1.06 (1.01-1.11) 61.3 0.003
No 9 1.06 (1.03-1.09) 3.0 0.416

https://doi.org/10.1371/journal.pone.0185316.t1002

increased lung cancer risk associated with adult height. Other genes also revealed recently

to influence adult height, such as the genes for p53, c-Myc, and estrogen receptor o (ERa.),

are thought to be crucial for tumorigenesis [52].

The overall analysis revealed that there was moderate heterogeneity. To investigate the
potential source of heterogeneity, we carried out subgroup analysis according to study design,
sex, geographical area, height assessment method, and adjustment for confounding. However,
we did not find an explanation for the heterogeneity, as it persisted in most subgroup analyses.
Such heterogeneity may be due other reasons not included in our subgroups, such as different
adjustments for confounding factors.

Our meta-analysis has several strengths. First, it included a larger sample size (33,824 cases
among 4,907,101 participants) and summarized statistics which provided sufficient power to
detect the association between height and lung cancer risk. Second, we used two methods to
investigate the association between height and lung cancer risk, the meta-analysis by categories
of height and quantitative analysis. Third, we conducted several subgroup analyses according
to study characteristics, study quality scores, and adjustment for a wide range of potential con-
founding variables, and our findings were generally robust. Moreover, we used the Newcastle-
Ottawa scale to evaluate the quality of the eligible studies, and studies included in our meta-
analysis were deemed high quality because their total scores ranged 7-9.
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Fig 4. Begg’s funnel plot with pseudo-95% Cl for identifying publication bias in all studies for per 10-cm
height increase and lung cancer.

https://doi.org/10.1371/journal.pone.0185316.9004

Nevertheless, our study also has several limitations. First, although the included studies
controlled for various known risk factors for lung cancer, we cannot rule out the possibility of
unknown or residual confounding by dietary, behavioral, or physical activity factors. Second,
the results may have been influenced by smoking, as cigarette smoke exposure has been estab-
lished as an independent risk factor for developing lung cancer, but when we adjusted for
smoking and age, the results did not change. Third, various height assessments were used in
our analysis. Some studies used self-reporting to assess height, which may have led to overesti-
mation of the participants’ true heights. However, the subgroup analysis revealed no substan-
tial change in the analysis that included only the studies that relied on measured height.
Finally, we cannot preclude the possibility that we might have overlooked other unpublished
studies, despite our extensive literature search. The potential publication bias may have been
because studies with null effects are less easily published than those reporting positive effects,
therefore it was difficult for us to obtain such studies, although Egger’s test or Begg’s test did
not reveal the presence of publication bias.

In conclusion, the present data suggest a positive association between height and lung can-
cer risk. The mechanisms involved are likely to be complex. Additional studies are warranted
to extend our findings and to clarify the unknown mechanisms. In addition, given the unex-
plained heterogeneity, further studies are needed before a conclusion can be drawn.
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