Cancer Causes & Control
https://doi.org/10.1007/5s10552-025-01966-9

ORIGINAL PAPER q

Check for
updates

Adult head circumference and the risk of cancer: a retrospective
cohort study

Suhas Krishnamoorthy' - Jonathan K. L. Mak'2 - Kathryn C. B. Tan? - Gloria H. Y. Li* - Ching-Lung Cheung'>®

Received: 9 September 2024 / Accepted: 18 January 2025
© The Author(s) 2025

Abstract

Purpose Cancer-related genes and pathways have recently been implicated in a genome-wide meta-analysis of head size. In
the current study, we aimed to evaluate the association between adult head circumference and the risk of cancer.

Methods This is a cohort study using data from the Hong Kong Osteoporosis Study, where 1,301 participants aged
27-96 years with head circumference measured between 2015 and 2019, and without a history of cancer, were followed
up to 15 January 2024. Incident cancers were identified using electronic medical records from a territory-wide database.
Hazard ratios (HR) and 95% confidence intervals (CI) were estimated using Cox proportional hazards regression, adjusting
for age, sex, height, weight, education, smoking, alcohol drinking, physical activity, and family history of cancer, as well
as accounting for familial clustering.

Results The median head circumference was 53 cm (interquartile range [IQR]: 51-54) and 54 cm (IQR: 53-55) for women
and men, respectively. During a median follow-up of 6.9 years, 66 individuals were diagnosed with cancer. In the adjusted
model, a larger head circumference was associated with an increased risk of any cancer (HR per cm increase: 1.17; 95% CI
1.00-1.36). Results remained similar when adjusting for waist-to-hip ratio instead of weight or when additionally adjusting
for serum calcium and phosphorus levels. When stratified by cancer sites, head circumference was most strongly associated
with colorectal cancer (HR per cm increase: 1.81; 95% CI 1.14-2.90) and prostate cancer (HR per cm increase: 1.58; 95%
CI 1.16-2.16).

Conclusion Head circumference is positively associated with the risk of cancer independently of height, weight, and other
cancer risk factors.
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Cancer is a leading cause of mortality globally, account-
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incidence and mortality of cancer continue to rise globally,
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with risk factors, such as lung cancer and tobacco use, many
malignancies remain poorly understood despite the conduct
of numerous scientific studies. Improved understanding of
risk factors is clinically important and may help reduce the
cancer burden by enabling early prevention strategies [2].
Findings generated from human genetic association stud-
ies could have profound clinical implications [3]. Recently,
the largest genome-wide meta-analysis of head size to date
found that the genetic variants underlying human head cir-
cumference overlapped with cancer genes and biological
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pathways. In particular, gene set enrichment analysis of the
head circumference variants found several enriched gene
sets in various cancers and the p53, Wnt, and ErbB signal-
ing pathways (Supplementary Table S1) [4]. In addition, a
few studies have previously reported an association between
head size at birth and the risk of developing certain types of
cancer later in life [5-7]. However, whether adult head size
could be a predictor of cancer risk has never been examined.

Given the connection between the genetic determinants of
head size and cancer identified in previous research [4], we
hypothesized that adult head circumference was associated
with an increased cancer risk. Therefore, this study aimed to
evaluate the association between adult head circumference
and the risk of cancer overall and for specific cancer types
in a cohort comprised of individuals from the Hong Kong
Chinese population.

Materials and methods
Study population

The Hong Kong Osteoporosis Study (HKOS) is a prospec-
tive cohort established in 1995. The details of the cohort
have been described previously [8]. Briefly, participants
were randomly recruited from public roadshows and health
fairs held in Hong Kong from 1995 to 2010. Family mem-
bers were also recruited into the study for some participants
with a low bone mineral density (BMD) at the hip or spine.
7,990 random participants were recruited along with 1,459
participants from 306 families at the baseline. Since 2015,
the participants have been invited to attend in-person follow-
up visits. Subjects were required to complete questionnaires
(e.g., tobacco use, alcohol consumption) and undergo physi-
cal examinations (e.g., height, weight) at baseline. At in-
person follow-ups, additional information was collected for
1,386 participants, including anthropometric data such as
the circumference of the head, neck, waist, and hip. Among
these participants, 356 individuals belonged to 106 distinct
families. Follow-up of participants was done via linkage to
the territory-wide electronic medical record, Clinical Data
Analysis and Reporting System (CDARS), which is man-
aged by the Hong Kong Hospital Authority (HKHA). The
purposes of CDARS are for clinical management, research,
and audit, and the data have been used for high-quality epi-
demiological studies [9-11].

In this analysis, the baseline date was defined as the date
of in-person follow-up when head circumference was meas-
ured (between June 2015, and August 2019). We excluded
participants who had been diagnosed with cancer before the
baseline date (n=60), those with missing head circumfer-
ence and covariates (n=13) as well as those with extreme
head circumference, defined as above the 75th or below
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the 25th percentile by a factor of 1.5 times the interquar-
tile range (n=12). After exclusion, 1,301 participants were
included in the final association analysis (Supplementary
Fig. 1). All participants were followed until diagnosis of
cancer, death, or 15 January 2024 (study end date), which-
ever came first.

Head circumference and other covariates

During the in-person follow-up visits in 2015-2019, head
circumference was measured by a trained research nurse
or research assistant using a measuring tape and passing
it around the head above the eyebrows and over the most
posterior protuberance of the occiput.

We considered age, sex, height, weight, education, smok-
ing status, alcohol drinking status, physical activity level,
family history of cancer, and family cluster as the main
covariates to be accounted for in the models. Height and
weight were measured during in-person visits, and the socio-
demographic and lifestyle variables were self-reported by
questionnaires. Details of measurements of serum biomark-
ers of mineral metabolism in HKOS have been described
previously [12].

Cancer ascertainment

Data of incident cancer was retrieved from the CDARS using
the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes 140-208. Accord-
ing to the HKHA statistical report, CDARS captures > 80%
of cancers in Hong Kong [13]. In our recent territory-wide
lung cancer epidemiological study, the CDARS data was
shown to closely align with the data reported by the Hong
Kong Cancer Registry [9]. In addition to all cancers, we
also examined the most common site-specific cancers in the
sample, including breast cancer in women (ICD-9-CM code
174), lung cancer (including trachea; ICD-9-CM code 162),
colorectal cancer (ICD-9-CM codes 153—154), stomach can-
cer (ICD-9-CM code 151), and prostate cancer in men (ICD-
9-CM code 185).

Statistical analysis

We compared baseline characteristics by sex-specific ter-
tiles of head circumference using analysis of variance for
continuous variables and chi-squared tests for categorical
variables. The correlation between head circumference
and other anthropometric measurements was evaluated
using Spearman correlation. Hazard ratios (HR) and 95%
confidence intervals (CI) for the incidence of any cancer
and site-specific cancers were calculated using Cox pro-
portional hazard regression. All models were evaluated
for the proportional hazard assumptions using Schoenfeld
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residuals and no violations were found. Head circumfer-
ence was analyzed as a continuous variable (per 1 cm
and standard deviation [SD] increase) and a categorical
variable using sex-specific tertiles. The models were first
adjusted for age and sex (model 1) and further adjusted
for weight, height, education, smoking, drinking, physical
activity, and family history of cancer (model 2). As some
individuals within the cohort were related, we accounted
for familial clustering in model 3 using cluster-robust
standard errors. A penalized regression spline was used to
visualize the dose-response relationship between head cir-
cumference and the risk of any cancer. We also performed
stratified analysis by baseline age (<65 vs. > 65 years),
sex (women vs. men), BMI (<25 vs.>25 kg/mz), and
drinking status (never-drinker vs. ever-drinker) to explore
potential effect modification. As a sensitivity analysis, we
adjusted the models by waist-to-hip ratio instead of weight
to reduce potential confounding by adiposity (model 4).
Furthermore, since head circumference is largely deter-
mined by cranial bone size and could be correlated with
calcium and phosphorus [14], we further included serum
calcium and phosphorus levels as covariates in the mod-
els (model 5; n=1,158). All statistical analyses were per-
formed using R version 4.3.2.

Results

The descriptive statistics of the 1,301 study participants are
shown in Table 1. The mean age was 57.8 years and 1032
(79.3%) were women. Head circumference was approxi-
mately normally distributed (Supplementary Fig. 2), with
a median of 53 cm (interquartile range [IQR]: 51-54 cm)
in women and 54 cm (IQR: 53-55 c¢m) in men. Individu-
als with a larger head circumference were more likely to
be younger (p =0.049), taller (p =0.005), have a higher
weight (p <0.001), have a higher education (p <0.001),
and have higher serum calcium (p =0.002) and phosphorus
levels (p <0.001). Head circumference was modestly cor-
related with other anthropometric measurements, including
height (Spearman correlation coefficient [p] =0.298), weight
(p=0.359), and waist-to-hip ratio (p=0.221) (Supplemen-
tary Table 2).

During a median follow-up of 6.9 years (IQR:
6.6-7.8 years), a total of 66 participants were diagnosed with
cancer, with an incidence rate of 7.32/1,000 person-years.
Table 2 shows the association between head circumference
and the risk of any cancer. After adjusting for age, sex,
weight, height, education smoking status, history of alco-
hol intake, physical activity, and family history of cancer, as

Table 1 Baseline characteristics
of the study population

Characteristics Overall Sex-specific tertiles of head circumference

1 (smallest) 2 3 (largest) p
No. of individuals 1,301 434 434 433
Age (years), mean (SD) 57.8 (11.8) 58.9 (12.2) 57.5(11.8) 57.1(11.4) 0.049
Women, n (%) 1,032 (79.3) 344 (79.3) 344 (79.3) 344 (79.4) 1.00
Head circumference, mean (SD) 529 (2.1 50.7 (1.1) 52.9 (0.8) 55.1(1.2) <0.001
Height (cm), mean (SD) 158.3 (8.1) 157.5 (8.1) 158.3(8.0) 159.3(8.2) 0.005
Weight (kg), mean (SD) 58.4 (10.6) 55.8 (10.0) 58.2(104) 61.3(10.6) <0.001
BMI (kg/m?), mean (SD) 233 (3.7) 22.5(3.5) 23.2 (3.6) 24.1 (3.7) <0.001
Waist-to-hip ratio 0.88 (0.13) 0.88 (0.16) 0.88 (0.11)  0.89(0.10) 0.22
Education, n (%) <0.001

Primary or below 225 (17.3) 106 (24.4) 63 (14.5) 56 (12.9)

Secondary 672 (51.7) 211 (48.6) 230 (53.0) 231 (53.3)

College or university 404 (31.1) 117 (27.0) 141 (32.5) 146 (33.7)
Ever-smoker, n (%) 77(5.9) 28 (6.5) 29 (6.7) 20 (4.6) 0.37
Ever-drinker, n (%) 442 (34.0) 158 (36.4) 148 (34.1) 136 (31.4) 0.30
Physically inactive, n (%) 306 (23.5) 91 (21.0) 102 (23.5) 113 (26.1) 0.21
Family history of cancer, n (%) 338 (26.0) 150 (34.6) 104 (24.0) 84 (19.4) <0.001
Serum calcium (mmol/L)

Mean (SD) 2.33(0.10) 2.31 (0.09) 2.33(0.11)  2.34(0.09) 0.002

Missing, n (%) 143 (11.0) 30 (6.9) 47 (10.8) 66 (15.2) <0.001
Serum phosphorus (mmol/L)

Mean (SD) 1.24 (0.16) 1.22 (0.15) 1.25(0.17)  1.27(0.15) <0.001

Missing, n (%) 143 (11.0) 30(6.9) 47 (10.8) 66 (15.2) <0.001

BMI body mass index; SD standard deviation
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Table 2 Association between
head circumference and
incidence of any cancer

Model Per cm increase

Per SD increase Sex-specific tertiles of head circumference

1 (smallest) 2 3 (largest)

No. of cases 66

Model 1? 1.16 (1.02, 1.33)*
Model 2° 1.17 (1.02, 1.34)*
Model 3¢ 1.17 (1.00, 1.36)*

66 14 26 26

1.37 (1.05, 1.79)* 1 (ref.) 1.89(0.99,3.64) 1.88(0.97,3.64)
1.37(1.03, 1.81)* 1 (ref.) 1.85(0.96,3.58) 1.88 (0.96, 3.71)
1.37(1.00, 1.87)* 1 (ref.) 1.85(0.97,3.52) 1.88(0.96,3.71)

Data are hazard ratios (95% confidence intervals) unless otherwise indicated

p<0.05

“Model 1: adjusted for age and sex

"Model 2: adjusted for age, sex, weight, height, education, smoking, alcohol drinking, physical activity, and

family history of cancer

“Model 3: Model 2 + accounted for familial clustering

Head circumference and risk of cancer
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Fig. 1 Penalized spline Cox regression for the association between
head circumference and incidence of any cancer. The model was
adjusted for age, sex, weight, height, education, smoking, alcohol
drinking, physical activity, family history of cancer, and accounted
for familial clustering. The reference used was the median head cir-
cumference of the sample (53 cm), with the hazard ratio set as 1.0

well as accounting for familial clustering (model 3), every
1-cm increase in head circumference was associated with
a 17% increased risk of any cancer (95% CI 1.00-1.36),
which is equivalent to a 37% increased risk per SD increase
(95% CI 1.00-1.87). Meanwhile, neither height nor weight
was significantly associated with cancer risk after adjusting
for head circumference and the other covariates in model 3
(Supplementary Table 3). The penalized spline regression
curve (Fig. 1) demonstrates an increasing trend in hazard
ratio with an increase in head circumference in model 3.
The penalized spline regression curve also appears to sug-
gest an increased hazard ratio for those with very low head
circumference, however the hazard ratio in this region is not
statistically significant with wide confidence intervals and
this result should be interpreted cautiously. When analyzing
head circumference as a categorical variable, individuals in
tertiles 2 and 3 consistently had HRs of > 1 compared to
tertile 1, although the estimates were not statistically sig-
nificant, likely due to insufficient statistical power (Table 2).

For the analysis of site-specific cancers, head circum-
ference was most strongly associated with colorectal can-
cer (HR per cm increase: 1.81, 95% CI 1.14-2.90; per SD
increase: 3.42, 95% CI 1.31-8.91) and prostate cancer (HR
per cm increase: 1.58, 95% CI 1.16-2.16; per SD increase:

Table 3 Association between

" i Outcome
head circumference and risk of

No. of cases HR per cm increase (95% CI) HR per SD increase (95% CI)

site-specific cancer Breast cancer (women only) 23

Lung cancer 11
Colorectal cancer 7
Stomach cancer 4

Prostate cancer (men only) 3

1.08 (0.85, 1.38)
1.25 (0.87, 1.81)
1.81 (1.14, 2.90)*
1.12 (0.63, 1.99)
1.58 (1.16, 2.16)*

1.17 (0.71, 1.93)
1.58 (0.74, 3.37)
3.42 (131, 8.91)*
1.26 (0.39, 4.10)
2.57 (1.35, 4.88)*

Only cancers with at least three cases were included. All the models were adjusted for age, sex, weight,
height, education, smoking, alcohol drinking, physical activity, family history of cancer, and accounted for

familial clustering
*p<0.05
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2.57,95% CI 1.35-4.88), while its association with other
cancers were not statistically significant (Table 3). The sub-
group analyses found a significant association between head
circumference and any cancer in never-drinkers (HR per cm
increase: 1.38, 95% CI 1.14-1.66) (Supplementary Table 4).
The association between head circumference and any can-
cer also appeared to be stronger in never-drinkers than in
ever-drinkers (Supplementary Table 4). In the sensitivity
analysis, the association between head circumference and
any cancer remained similar when adjusting for waist-to-hip
ratio instead of weight in model 3 or when further adjusting
for serum calcium and phosphorous levels (Supplementary
Table 5).

Discussion

In this study, we showed a significant positive association
between adult head circumference and the risk of cancer.
This association did not appear to be confounded by height
and weight which have also been implicated in the risk of
cancer. Despite a limited sample size, we also showed a sig-
nificantly increased risk of colorectal cancer and prostate
cancer associated with a larger head circumference.
Previous studies [5—7] have reported associations of head
circumference at birth with the development of brain can-
cer in childhood [5] or breast cancer [4, 6], which are in
agreement with our findings. Among 1,134,143 participants
recorded in the Norwegian birth registry, the relative risk of
brain cancer in childhood was 1.27 (95% CI 1.16-1.38) per
1-cm increase in head circumference after adjustment for
birth weight, gestational age, and sex [5]. In another study
comprising 5,538 Swedish premenopausal women, those
who were born with a head circumference in the top fifths
were at higher risk of breast cancer in adulthood than those
in the lowest fifths (HR 4.0, 95% CI 1.6-10) [4]. Adding
to the literature, our study further demonstrated adult head
circumference is also a significant predictor of cancer risk.
Other anthropometric measurements, such as height, have
also been implicated in the risk of cancer. Height has previ-
ously been reported to be associated with cancer [15-22].
The million women study [21] found a relative risk of 1.16
(95% CI 1.14-1.17) for every 10 cm increase in height in
1,297,124 women who were followed for 11.7 million per-
son-years. Similarly, obesity [23] and central adiposity [24]
have also been associated with cancer risks. Given that head
circumference is correlated with height and weight (Sup-
plementary Table 1), it is possible that the association of
head circumference with cancer is confounded by height
or adiposity. Therefore, we adjusted for height, weight, as
well as waist-to-hip ratio in the model, and increased head
circumference remained significantly associated with an
elevated risk of cancer. This is indeed in line with our recent

genome-wide meta-analysis which found a nine-fold enrich-
ment in high-fidelity cancer genes among head size genes
with an intragenic lead variant, and the enrichment persisted
after adjustment for height [4]. Thus, having a larger head
circumference could be a marker for a higher risk of can-
cer. However, the underlying mechanism requires further
investigation.

Similar to height, head circumference can grow con-
tinuously from infancy to childhood [25], which could be
affected by hormones, especially growth hormone and insu-
lin-like growth factors, that affect both the development of
cancer and body size during childhood as well as adult life
[17, 21, 26]. As all cells have the same chance of becoming
cancer, an increased head circumference could contribute
to the increased risk of cancer due to an increased number
of cells [6]. However, in this study, we found that head cir-
cumference was associated with cancer risk independent of
other measures of body size (such as height and weight),
therefore, it is more likely that both head size and cancer risk
are driven by an underlying shared biological mechanism. In
a gene set enrichment analysis, our previous genetic study
identified several enriched gene sets in cancers and signal-
ing pathways [4]. The enriched pathways include p53, Wnt,
and ErbB signaling, all of which are involved in tumori-
genesis [4]. The overlapping genes in the pS3 pathway are
involved with the IGF-1 pathway (PTEN, IGF1), apoptosis
(IGF1), and cellular senescence (CDK6, CDK2, CCND2),
potentially exerting control over both cranial dimensions and
cancer susceptibility. Furthermore, the overlapping genes
in Wnt pathway showcases genes pivotal in bone forma-
tion (WNT3, LRPS5, etc.) and oncogenic processes (APC,
TP53, etc.), whereas the ErbB pathway has overlapping
genes responsible for calcium signaling (PLCG1) and abnor-
mal cell proliferation (ERBB3, AKT3) [4, 27-30]. Conse-
quently, the genetic components within these pathways may
collectively impact both cranium morphology and cancer
predisposition through these mechanisms. The enriched
pathways cancer types (Supplementary Table S1) include
colorectal cancer and prostate cancer which were found to
be significantly associated with head circumference in the
current study. However, the sample size for the site-specific
study was limited and cautious interpretation of the results
is required. The remaining cancer types, for which no sig-
nificant association was found in the current study, were
endometrial cancer, basal cell carcinoma, glioma, and lung
cancers (Supplementary Table S1).

Further studies are warranted to evaluate the role of head
circumference in cancer pathogenesis and its management.
For example, head circumference varies far more than height
or weight between countries [31], it is intriguing to assess
the relationship of head circumference with the prevalence
of cancer in different countries. Moreover, considering the
ease of measuring head circumference and its independent
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association with cancer risk, whereas neither height nor
weight showed a significant association with cancer risk
after adjusting for head circumference (Supplementary
Table 3), evaluating the role of head circumference in can-
cer management could enhance early cancer detection and
management if our findings are further confirmed in other
populations.

This study has several strengths. This study is the first to
explore the relationship between adult head size and cancer
risk. In particular, measuring head circumference beyond
infancy is uncommon, as head circumference is commonly
used only as a measure of growth in children. Moreover, the
cohort is linked to an electronic medical database, allow-
ing accurate retrieval of clinical outcomes that were clini-
cally diagnosed by physicians instead of self-reported. Fur-
thermore, we accounted for familial clustering in the final
model, although doing so did not alter the study conclu-
sions, potentially due to the limited number of related par-
ticipants. However, there are also limitations to this study.
As the cohort is predominantly Chinese, female, and consists
mostly of relatively healthy individuals, the results may not
be generalized to other populations. Measurement errors for
the head circumference are possible, although measurements
were taken by trained researchers and nurses to minimize
measurement bias. In addition, given the relatively small
sample size and short follow-up period, only 66 events of
cancer were observed in the study. The study also had insuf-
ficient power to detect most of the individual cancers, even
though we demonstrated a significant association with colo-
rectal cancer and prostate cancer. We were unable to adjust
for prior cancer screening or site-specific risk factors such as
inflammatory bowel disease for colorectal cancer, or repro-
ductive factors for breast cancer due to the small sample size
for each cancer. Future studies with larger samples should
further study the association between head circumference
and site-specific cancers in further detail. Given the small
number of cancer outcomes, the analysis of the association
between head circumference and site-specific cancers is
exploratory and the results should be interpreted with cau-
tion. Future validation studies in different populations are
warranted.

In conclusion, a larger adult head circumference was
associated with an increased risk of cancer, which was inde-
pendent of weight or height. Such an association could be
due to shared genetics as demonstrated in a recent genome-
wide meta-analysis of head circumference. Further studies
are required to validate our findings in different populations
and to evaluate the role of head circumference in cancer
management.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10552-025-01966-9.
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