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Abstract
Background Obesity is associated with chronic low-grade inflammation, which is linked to cancer development. 
Abdominal obesity (a body mass index, ABSI), however, has unusually been associated inversely with cutaneous 
malignant melanoma (CMM), while general obesity (body mass index, BMI) is associated positively. Leucocytes 
participate in inflammation and are higher in obesity, but prospective associations of leucocytes with cutaneous 
malignant melanoma are unclear.

Methods We examined the prospective associations of neutrophil, lymphocyte, and monocyte counts (each 
individually), as well as the prospective associations of ABSI and BMI, with cutaneous malignant melanoma in UK 
Biobank. We used multivariable Cox proportional hazards models and explored heterogeneity according to sex, 
menopausal status, age (≥ 50 years at recruitment), smoking status, ABSI (dichotomised at the median: ≥73.5 women; 
≥79.8 men), BMI (normal weight, overweight, obese), and time to diagnosis.

Results During a mean follow-up of 10.2 years, 2174 CMM cases were ascertained in 398,450 participants. There 
was little evidence for associations with neutrophil or lymphocyte counts. Monocyte count, however, was associated 
inversely in participants overall (HR = 0.928; 95%CI: 0.888–0.971; per one standard deviation increase; SD = 0.144*109/L 
women; SD = 0.169*109/L men), specifically in older participants (HR = 0.906; 95%CI: 0.862–0.951), and more clearly in 
participants with low ABSI (HR = 0.880; 95%CI: 0.824–0.939), or with BMI ≥ 25 kg/m2 (HR = 0.895; 95%CI: 0.837–0.958 
for overweight; HR = 0.923; 95%CI: 0.848–1.005 for obese). ABSI was associated inversely in pre-menopausal women 
(HR = 0.810; 95%CI: 0.702–0.935; SD = 4.95) and men (HR = 0.925; 95%CI: 0.867–0.986; SD = 4.11). BMI was associated 
positively in men (HR = 1.148; 95%CI: 1.078–1.222; SD = 4.04 kg/m2). There was little evidence for heterogeneity 
according to smoking status. The associations with monocyte count and BMI were retained to at least 8 years prior to 
diagnosis, but the association with ABSI was observed up to 4 years prior to diagnosis and not for longer follow-up 
time.
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Background
Cutaneous malignant melanoma (CMM) is the most seri-
ous and lethal skin cancer, which affects predominantly 
populations of European ancestry, and its incidence and 
mortality are projected to increase with more than 50% 
by 2040 [1]. We have previously shown that CMM has an 
unusual association pattern with general and abdominal 
obesity, showing a positive association with general obe-
sity evaluated with body mass index (BMI), but an inverse 
association with abdominal obesity evaluated with the 
allometric body shape index (ABSI) [2], which is uncor-
related with BMI and defines abdominal obesity inde-
pendently of general obesity [3]. An inverse association 
with ABSI is mechanistically plausible because activa-
tion of melanocortin receptors has been associated with 
CMM development [4], while their inactivation has been 
associated with development of obesity and metabolic 
syndrome [5]. A hallmark of obesity, and more specifi-
cally of abdominal obesity, is chronic low-grade inflam-
mation [6], which is associated with cancer development 
[7]. Given the discordant associations of BMI and ABSI 
with CMM and the fact that white blood cell (leucocyte) 
counts were associated positively with both BMI and 
ABSI [8], a question emerges whether obesity-related 
chronic inflammation, as reflected in leucocyte subtype 
counts, is associated with the risk of developing CMM.

In this study, we have used data from the UK Bio-
bank cohort to investigate the prospective associations 
of neutrophil, lymphocyte, and monocyte counts with 
the risk of developing CMM and have explored hetero-
geneity according to sex, menopausal status, age, smok-
ing, abdominal obesity, and general obesity. In addition, 
we have extended the investigations of the associations 
of ABSI and BMI with CMM, with additional follow-up 
time and almost twice as many cases compared to our 
previous report [2], and have explored heterogeneity 
according to time to diagnosis.

Methods
Study population
UK Biobank is a prospective cohort, including half a 
million participants aged 40 to 70 years at recruitment 
(between 2006 and 2010), which were living within 
40  km of an assessment centre in England, Scotland, 
and Wales, and were registered with the National Health 
Service [9]. In this study, we included participants with 

self-reported white ancestry (due to limited numbers 
from other ethnic groups) and excluded participants with 
missing or extreme anthropometric measurements, mis-
match between the genetic and self-reported sex, preg-
nant women, and participants with prevalent cancer 
at recruitment, similarly to our previous report [2], but 
additionally excluding all prevalent skin cancers (CMM 
and non-melanoma skin cancers − basocellular and squa-
mous cell) because we were interested in the prospective 
associations with CMM, i.e. incident CMM in individu-
als with no prior personal history of cancer for which the 
assessment of the exposure precedes the outcome. We 
further excluded participants with missing or extreme 
neutrophil, lymphocyte, or monocyte counts (Table  1). 
In total, we excluded 103,919 participants, 20.7% from 
the total available dataset, from which participants with-
drawing consent by the time of analysis had already been 
excluded.

Ascertainment of cutaneous malignant melanoma
UK Biobank is linked to the national cancer registry of the 
United Kingdom. The outcome of interest in this study 
was first primary CMM diagnosed after recruitment, 
with code C43 from the 10th version of the International 
Statistical Classification of Diseases (ICD10), histologi-
cal codes within the range 8720 to 8790, and behavioural 
codes 3 (malignant, primary site) or 5 (malignant, micro-
invasive), as defined in [2]. Follow-up was censored at 
the date of diagnosis for participants with first incident 
CMM marked only with behavioural code 6 (malignant, 
metastatic site) or 9 (malignant, uncertain whether pri-
mary or metastatic site) or with missing behavioural 
code, or with non-melanoma skin cancer (code C44), or 
with cancer in location other than the skin, as for them 
CMM would not be the first primary cancer, they would 
have shown higher susceptibility to cancer development 
than the rest of the population, and would have under-
gone cancer treatment which is likely to affect the risk of 
subsequent cancer development. Follow-up was censored 
at the earlier of the date of death or the date of the last 
complete cancer registry (31st March 2020 for England 
and Scotland, 31st December 2016 for Wales) for all par-
ticipants remaining free of cancer.

Conclusions Monocyte count is associated prospectively inversely with the risk of developing CMM in older 
individuals, while BMI is associated positively in men, suggesting a mechanistic involvement of factors related to 
monocytes and subcutaneous adipose tissue in melanoma development. An inverse association with ABSI closer to 
diagnosis may reflect reverse causality or glucocorticoid resistance.

Keywords Neutrophils, Monocytes, Lymphocytes, Abdominal obesity, ABSI, Obesity, BMI, Cutaneous malignant 
melanoma
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Haematological and anthropometric measurements
Blood samples were collected irrespective of fasting sta-
tus throughout the day in ethylenediaminetetraacetic 
acid (EDTA) vacutainers and were analysed within 24 h 
of blood draw on Beckman Coulter LH750 automated 
analysers [10]. Anthropometric measurements were 
obtained by trained technicians according to established 
protocols [11]. Waist circumference (WC) was measured 
at the natural indent or the umbilicus. We calculated 
ABSI according to [3] as WC(m)∗Weight(kg)−2/3∗Heig
ht(m)5/6, additionally multiplied by 1000, and calculated 
BMI as Weight(kg)∗Height(m)−2.

Definition and selection of covariates
We considered several potential confounders selected 
a priori based on literature reports of their associations 
with the exposures and the outcome (Supplementary 
Table S1). The following covariates were defined as pre-
viously described in [2]: region of the assessment centre 
(London, North-West, North-East, Yorkshire and Hum-
ber, West Midlands, East Midlands, South-East, South-
West, Wales, Scotland), weight change within the year 
preceding recruitment (weight loss, stable weight, weight 
gain), alcohol consumption (≤ 3 times/month, ≤ 4 times/
week, daily), physical activity (less active, moderately 
active, very active), family history of cancer (lung/bowel/
prostate/breast cancer in parents or siblings, no/yes), 
and sun-exposure-related factors, including skin colour 
(very fair; fair; dark), ease of skin tanning (very tanned; 
moderately tanned; mild/occasionally tanned; never tan/
only burn), hair colour (blond/red; light brown; dark), 
childhood sunburns (never; ever; missing), solarium use 

(never/ever), sun/UV protection (never/rarely; some-
times; most of the time; always/do not go out in sun-
shine), and time spent outdoors in summer (≤ 3  h/day; 
>3 h/day; missing). Menopausal status (pre-menopausal, 
post-menopausal, unknown) and hormone replacement 
therapy (HRT) use (never, past, current) were defined 
similarly to [12]. Detailed categories for smoking sta-
tus and intensity were defined according to [13]: never 
smoked; just tried; former occasional smoker; former 
regular quit ≥ 20 years; former regular quit ≥ 10 years; for-
mer regular quit < 10 years; current occasional smoker; 
current regular ≤ 10 cigarettes/day; current regular > 10 
cigarettes/day. The following covariates were defined 
as previously described in [8]: time of blood collection 
(< 12:00; 12:00 to < 16:00; ≥16:00), fasting time (0–2  h; 
3–4  h; ≥5  h), self-reported diabetes (no/yes, including 
all participants reporting use of anti-diabetic drugs and 
assuming that all participants with self-reported diabetes 
were treated), use of lipid lowering drugs (additionally 
including cholestyramine products), and antihyperten-
sive drugs. Use of non-steroidal anti-inflammatory drugs 
(NSAID) and antiaggregant/anticoagulants was defined 
according to [13]. Use of any medication within the cor-
responding category was coded as yes, such that all vari-
ables of drug use were binary (no/yes). As a proxy for 
socioeconomic status, we used Townsend deprivation 
index (sex-specific quintiles).

We examined the associations of all candidate covari-
ates, each individually, with BMI, ABSI, and leucocyte 
counts as outcomes (sex-specific z-scores, value minus 
mean, divided by standard deviation, SD) in linear 
regression models (adjusted for age and region of the 

Table 1 Exclusion criteria
Total Women Men

Total available a 502,369 273,301 229,068
1. Ethnic background (restricted to self-reported white) b 29,797 15,935 13,862
2. Anthropometric measurements missing or extreme c 7131 4758 2373
3. Genetic & self-reported sex mismatch, or sex chromosome

aneuploidy, or age < 40 or > 70 years, or pregnant at recruitment b
898 493 405

4. Prevalent cancer at recruitment b 43,963 27,099 16,864
5. Missing neutrophil, lymphocyte, or monocyte counts 19,235 11,161 8074
6. Extreme leucocyte counts d 2895 1560 1335

Total excluded: 103,919 61,006 42,913
(% from the available dataset) (20.7) (22.3) (18.7)
Total included: 398,450 212,295 186,155

The exclusion criteria were applied sequentially in the displayed order, counting each excluded individual only once
a – participants withdrawing consent by the time of analysis were excluded from the total available
b – for UK Biobank field names, definition of variables, and definition of prevalent cancer cases see Supplementary Methods in [2] and note that, for this study, we 
excluded all prevalent non-melanoma skin cancers (code 173 in the 9th version of the International Statistical Classification of Diseases (ICD9), or code C44 in ICD10, 
or self-reported), in addition to all prevalent cutaneous malignant melanomas (code 172 in ICD9, or code C43 in ICD10, or self-reported) and all prevalent cancers in 
other locations
c – missing anthropometric measurements; height < 130 cm; waist circumference < 50 or > 160 cm; body mass index (BMI) < 18.5 or ≥ 45 kg/m2. Field names for waist 
and hip circumferences, weight, and height are listed in Supplementary Methods of [2]
d – defined as values above the top 0.25th sex-specific centile (neutrophils > 10.19 for women > 10.50 for men; lymphocytes > 4.48 for women > 4.39 for men; 
monocytes > 1.16 for women > 1.33 for men; unit *109/L)
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assessment centre) and with CMM in Cox proportional 
hazards models (stratified by age, region, and sex) (Sup-
plementary Table S2) and derived the final set of con-
founders (Supplementary Figure S1). We omitted use of 
NSAIDs, antiaggregant/anticoagulants, and lipid-lower-
ing drugs, diabetes, weight change, and physical activ-
ity because there was little evidence for their association 
with CMM (Supplementary Table S2) and because dia-
betes and use of lipid-lowering drugs, as metabolic con-
sequences of abdominal obesity, could act as mediators. 
Time of blood collection and fasting time offered a way of 
accounting for the collection of blood samples through-
out the day and irrespective of fasting time but did not 
improve materially the precision of the estimates, so 
we omitted them from the final models. Sun-exposure-
related factors were included in the final models because 
they showed associations with at least one of the expo-
sures, in addition to CMM (Supplementary Table S2). To 
account for sex and female-specific characteristic in the 
final models, we used a combined variable reflecting sex, 
menopausal status, and HRT use, defined similarly to 
[12], with five categories: men; pre-menopausal women; 
post/unknown menopause never HRT; post/unknown 
menopause past HRT; post/unknown menopause current 
HRT.

Statistical analysis
We used STATA-13 for the statistical analyses and R ver-
sion 4.1.3 [14] for data management. Tests of statistical 
significance were two-sided.

We considered as main exposures neutrophil, lympho-
cyte, and monocyte counts, each examined individually 
on a standardised continuous scale (sex specific z-scores). 
We additionally considered as exposures ABSI and BMI 
(sex-specific z-scores). We interpreted hazard ratios (HR) 
per one SD increase in the exposure. We obtained HRs 
and 95% confidence intervals (95%CI) from delayed-
entry multivariable Cox proportional hazards models, 
which account for left-truncation and are conditional on 
surviving free of cancer to cohort recruitment. We used 
age as the underlying time scale, with origin at the date of 
birth, entry time at the date at recruitment, and exit time 
at the earliest of the date of diagnosis of the first primary 
incident cancer, or death, or end of cancer follow-up.

For each individual exposure, we first examined four 
models with different adjustments: Model 1 – unadjusted 
and unstratified; Model 2 – stratified by age at recruit-
ment (five-year categories), region of the assessment cen-
tre, and the combined variable reflecting sex, menopausal 
status, and HRT use, and adjusted for BMI (when consid-
ering ABSI as exposure) or ABSI (when considering BMI 
as exposure) and height (sex-specific z-scores), smoking 
status and intensity, alcohol consumption, Townsend 
deprivation index, family history of cancer, and use of 

antihypertensive drugs; Model 3 – like Model 2, with 
additional adjustment for sun-exposure-related factors 
(skin colour, ease of skin tanning, hair colour, childhood 
sunburns, solarium use, sun/UV protection, and time 
spent outdoors in summer); Model 4 (fully-adjusted) – 
like Model 3, with additional adjustment for BMI and 
ABSI (when examining leucocyte counts as exposures) 
or with additional adjustment for monocyte count (when 
examining ABSI and BMI as exposures), as this was the 
only leucocyte subtype showing clear associations with 
CMM. We replaced missing values for covariates with 
missingness < 5% with the median category for each sex 
and retained separate missing categories for childhood 
sunburns (24.7% missing) and time spent outdoors (5.4% 
missing), as in [2]. The proportion of missing values for 
each covariate are shown in Supplementary Table S3. In a 
sensitivity analysis, we repeated the fully adjusted model 
(Model 4) using multiple imputations for covariates with 
missingness > 1% (skin colour, ease of skin tanning, sun-
burns in childhood, and time spent outdoors in summer) 
[15].

For all exposures, we used the fully adjusted model 
(Model 4) to explore heterogeneity according to sex, 
menopausal status in women, and age in men (dichot-
omised at ≥ 50 years at recruitment). For monocyte 
count, we additionally examined heterogeneity accord-
ing to age in participants overall, smoking status (never, 
former, current smokers), ABSI (dichotomised at the 
median, ≥ 73.531 for women, ≥ 79.763 for men), and BMI 
(normal weight: BMI = 18.5 to < 25; overweight: BMI = 25 
to < 30, obese: BMI = 30 to < 45, unit kg/m2). For ABSI and 
BMI, we additionally examined heterogeneity according 
to smoking status. We compared HR estimates between 
groups with the data augmentation method of Lunn and 
McNeil [16]. We could not use multiple imputations for 
group comparisons, because these require a likelihood 
ratio test, which is not defined in the context of multiple 
imputations [15].

To examine heterogeneity according to time to diag-
nosis, we similarly used the data augmentation method 
of Lunn and McNeil [16] and compared HR estimates 
for three follow-up periods: <4 years; 4 to < 8 years; and 
≥ 8 years post recruitment. Entry time was the date at 
the start of the corresponding follow-up period and exit 
time was the earliest of the date at diagnosis of the first 
primary incident cancer, or death, or the end of the cor-
responding follow-up period, or the end of cancer follow-
up. Participants with first primary incident cancer or 
death prior to entry time for the corresponding follow-up 
period were excluded from the corresponding analysis.
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Results
Cohort characteristics
During a mean follow-up of 10.2 years (SD = 2.40), 2174 
CMM cases were ascertained in 398,450 participants. 
Neutrophil and monocyte counts were lower in women 
compared to men and in younger compared to older men, 
but neutrophil count was higher in pre-menopausal com-
pared to post-menopausal women (Table 2). Lymphocyte 
count, on the contrary, was higher in women compared 
to men, but lower in pre-menopausal compared to post-
menopausal women, with no material difference accord-
ing to age in men. ABSI and BMI were higher in men 
compared to women, and in post-menopausal women 
and older men compared to pre-menopausal women and 
younger men, correspondingly. Participant characteris-
tics with respect to covariates were consistent with our 
previous reports [2, 8, 12] (Supplementary Table S3).

Associations of leucocyte counts with cutaneous 
malignant melanoma
Neither neutrophil nor lymphocyte counts were associ-
ated materially with CMM, irrespective of stratification 
and adjustment, except for a possible positive associa-
tion with lymphocyte count in younger men (HR = 1.140; 
95%CI = 0.960–1.353) (Fig. 1).

Monocyte count was associated inversely with CMM, 
with little difference between HR estimates obtained 
without adjustment (HR = 0.916; 95%CI: 0.877–0.957 
from Model 1) and with full adjustment, hence inde-
pendent of ABSI, BMI, smoking, and other covariates 
(HR = 0.928; 95%CI: 0.888–0.971 from Model 4 per one 
SD increase: SD = 0.144*109/L women; SD = 0.169*109/L 
men) (Fig.  2). The estimates of the final model were 
similar when multiple imputations were used for miss-
ing values (Supplementary Table S4). The inverse 

association with monocyte count was directionally con-
sistent in women and men but was noted more specifi-
cally in post-menopausal women and older men and not 
in younger participants (HR = 0.906; 95%CI = 0.862–0.951 
for all participants aged ≥ 50 years at recruitment; 
pheterogeneity=0.015 for age in participants overall). There 
was no evidence for heterogeneity according to smok-
ing status, although there were only 136 CMM cases in 
current smokers. The inverse association with monocyte 
count, however, was more prominent for ABSI below the 
sex-specific median (HR = 0.880; 95%CI = 0.824–0.939, 
pheterogeneity=0.025) and for overweight (HR = 0.895; 
95%CI = 0.837–0.958) and obese participants (HR = 0.923; 
95%CI = 0.848–1.005; pheterogeneity=0.109 comparing nor-
mal weight and overweight/obese).

Associations of obesity indices with cutaneous malignant 
melanoma
Like monocyte count, ABSI was clearly associated 
inversely with CMM, with little difference between HR 
estimates obtained without adjustment (HR = 0.918; 
95%CI: 0.879–0.959 from Model 1) and with full adjust-
ment, hence independent of monocyte count, smoking, 
and other covariates (HR = 0.922; 95%CI: 0.881–0.964 
from Model 4 per one SD increase: SD = 4.95 women; 
SD = 4.11 men) (Fig.  3). Although there was no mate-
rial difference between women and men overall, the 
inverse association with ABSI was noted only in pre-
menopausal women (HR = 0.810; 95%CI: 0.702–0.935; 
pheterogeneity=0.033 for menopausal status), with no evi-
dence for heterogeneity according to age in men.

BMI was not associated with CMM in the unadjusted 
model (HR = 1.017; 95%CI = 0.975–1.060 for Model 1) 
(Fig.  3). Adjustment only for smoking status and inten-
sity made no material difference to association estimates 

Table 2 Leucocyte counts and obesity indices of study participants
Group Cohort a Neutrophil count b Lymphocyte count b Monocyte count b ABSI b BMI b

Overall 398,450 4.22 (1.34) 1.93 (0.58) 0.472 (0.161) 76.6 (5.5) 27.3 (4.5)
Sex
Women 212,295 (53.3) 4.19 (1.32) 1.99 (0.59) 0.436 (0.144) 73.8 (5.0) 26.9 (4.8)
Men 186,155 (46.7) 4.26 (1.35) 1.87 (0.57) 0.513 (0.169) 79.8 (4.1) 27.8 (4.0)
p sex < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Menopause
Pre-MP 51,520 (24.3) 4.44 (1.39) 1.91 (0.55) 0.437 (0.147) 72.5 (4.7) 26.2 (4.8)
Post-MP 137,046 (64.6) 4.08 (1.27) 2.01 (0.59) 0.436 (0.143) 74.2 (5.0) 27.0 (4.7)
p menopause < 0.0001 < 0.0001 0.190 < 0.0001 < 0.0001
Age (Men)
<50 years 43,408 (23.3) 4.08 (1.36) 1.88 (0.55) 0.480 (0.156) 78.2 (3.9) 27.5 (4.1)
≥50 years 142,747 (76.7) 4.31 (1.35) 1.86 (0.57) 0.523 (0.171) 80.2 (4.0) 27.9 (4.0)
p age (men) < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
ABSI – a body shape index; BMI – body mass index; MP – menopause
a number (percent from the total cohort (for Sex), or from total women (for Menopause), or from total men (for Age)); b mean (standard deviation)

Comparisons between sexes, menopausal groups (women), and age groups (men) were performed with unpaired-samples t-test
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(HR = 1.021; 95%CI = 0.978–1.065), but a positive asso-
ciation was noted after adjustment for all lifestyle fac-
tors (HR = 1.057; 95%CI: 1.011–0.106 from Model 2), 
with no material influence of further adjustment for 
sun-exposure-related factors, and little influence of 
additional adjustment for monocyte count (HR = 1.069; 
95%CI: 1.022–1.118 from Model 4 per one SD increase: 
SD = 4.78  kg/m2 women; SD = 4.04  kg/m2 men). There 
was a clear sex difference, with a positive association with 
BMI only in men (HR = 1.148; 95%CI: 1.078–1.222) and 
not in women (pheterogeneity=0.001 for sex). Similar esti-
mates were obtained from the final models when using 
multiple imputations for missing values (Supplementary 
Table S4).

There was no evidence for heterogeneity of the asso-
ciations with ABSI according to smoking status, but the 
positive association with BMI was not observed in never 
smokers (pheterogeneity=0.082 for smoking status) (Fig. 3).

Heterogeneity of the associations with cutaneous 
malignant melanoma according to time to diagnosis
An inverse association of monocyte count with CMM 
was maintained with no material attenuation to at least 8 
years prior to diagnosis in participants overall and in par-
ticipants aged ≥ 50 years at recruitment (Fig. 4). A positive 
association of BMI with CMM was also largely retained 
to at least 8 years prior to diagnosis in participants over-
all and in men. The inverse association with ABSI, how-
ever, was observed only up to 4 years prior to diagnosis 
and not for longer follow-up time (pheterogeneity=0.012 for 
participants overall).

Discussion
In this study, monocyte count was associated prospec-
tively inversely with CMM for at least 8 years prior 
to diagnosis but there was little evidence for associa-
tions with neutrophil or lymphocyte count. Our find-
ings are thus compatible with a specific involvement 

Fig. 1 Prospective associations of neutrophil and lymphocyte counts with cutaneous malignant melanoma. CI – confidence interval; HR – hazard ratio; 
MP – menopause; p-value – Wald test for the individual term; SD – standard deviation. Model 1 – unstratified and unadjusted Cox proportional hazards 
model for participants overall, with exposure either neutrophil or lymphocyte count (sex-specific z-scores, value minus mean divided by SD), with mean 
(SD) for neutrophils: 4.186 (1.317) for women, 4.258 (1.355) for men; and mean (SD) for lymphocytes: 1.990 (0.587) for women, 1.865 (0.565) for men. 
Model 2 – like Model 1, stratified by age at recruitment, region, sex, and for analyses including women, menopausal status and hormone replacement 
therapy use, and adjusted for height (sex-specific z-scores), smoking status and intensity, alcohol consumption, Townsend deprivation index, family his-
tory of cancer, and use of antihypertensive drugs. Model 3 – like Model 2, additionally adjusted for sun-exposure-related factors (skin colour, ease of skin 
tanning, hair colour, childhood sunburns, solarium use, sun/UV protection, and time spent outdoors in summer). Model 4 – like Model 3, additionally ad-
justed for body mass index (BMI) and the allometric body shape index (ABSI) (sex-specific z-scores), used for all subgroup analyses. pheterogeneity – p-value 
obtained with the data augmentation method of Lunn and McNeil [16] for the comparison of HR estimates between the specified groups according to 
sex, menopausal status (women), and age (men)
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of monocyte-related mechanisms and not of chronic 
inflammation in melanoma development, in agreement 
with a previously reported null association with C-reac-
tive protein [17]. In support, animal studies have shown 
that inflammatory monocytes inhibit melanoma prolifer-
ation and dissemination via formation of reactive oxygen 

species [18], while in patients with CMM, monocytes 
have limited ability to differentiate and mature to mac-
rophages [19, 20], and show poor response to phagocytic 
stimuli [21]. In addition, aging is associated with mito-
chondrial dysfunction in monocytes [22] and impaired 
monocyte phagocytosis [23], which may be compensated 

Fig. 2 Prospective associations of monocyte count with cutaneous malignant melanoma. ABSI – a body shape index; BMI – body mass index; cases 
– number of cutaneous malignant melanoma cases per group; CI – confidence interval; HR – hazard ratio; MP – menopause; NW – normal weight 
(BMI = 18.5 to < 25 kg/m2); OW – overweight (BMI = 25 to < 30 kg/m2); OB – obese (BMI = 30 to < 45 kg/m2); p-value – Wald test for the individual term; 
rate – number of cutaneous malignant melanoma cases per 1,000,000 person years of follow-up; SD – standard deviation. Model 1 – unstratified and 
unadjusted Cox proportional hazards model for participants overall with exposure monocyte count (sex-specific z-scores, value minus mean (0.436 for 
women; 0.513 for men) divided by SD (0.144 for women; 0.169 for men), unit *109/L). Model 2 – like Model 1, stratified by age at recruitment, region, sex, 
and for analyses including women, menopausal status and hormone replacement therapy use, and adjusted for height (sex-specific z-scores), smoking 
status and intensity, alcohol consumption, Townsend deprivation index, family history of cancer, and use of antihypertensive drugs. Model 3 – like Model 
2, additionally adjusted for sun-exposure-related factors (skin colour, ease of skin tanning, hair colour, childhood sunburns, solarium use, sun/UV protec-
tion, and time spent outdoors in summer). Model 4 – like Model 3, additionally adjusted for BMI and ABSI (sex-specific z-scores), used for all subgroup 
analyses. pheterogeneity – p-value obtained with the data augmentation method of Lunn and McNeil [16] for the comparison of HR estimates between the 
specified groups according to sex, menopausal status (women), age (men and overall), smoking status, BMI (NW vs. OW/OB), and ABSI (dichotomised at 
the sex-specific median: ≥73.531 for women; ≥79.763 for men)
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for by higher monocyte count, potentially explaining 
the more prominent inverse association with monocyte 
count in older individuals observed in our study. Previ-
ous studies examining monocyte count, however, are 
limited to the time of CMM diagnosis and have shown, 
on the contrary, worse survival for high monocyte count 
[24–26]. This is compatible with melanoma cells releas-
ing chemokines to attract infiltrating monocytes, which 
promote their survival [27, 28], and collaborating with 
monocytes to produce potent angiogenic factors, which 
facilitate their metastasis [29]. Thus, considering the dual 
pro-oncogenic and anti-oncogenic properties of mono-
cytes, future studies would need to clarify the differential 

contributions of monocyte count and function to mela-
noma development and progression, as these are likely to 
influence the success of immunotherapy.

We have corroborated, with a larger number of cases, 
an inverse association of ABSI with CMM [2, 30]. 
Although this was limited to 4 years prior to diagno-
sis and may thus reflect reverse causality, it is in agree-
ment with previously reported longer survival in CMM 
patients with larger visceral adipose tissue (VAT) [31]. 
Nevertheless, inverse associations of abdominal size 
with CMM are puzzling because large VAT is a hallmark 
of hyperactivity of the hypothalamus-pituitary-adrenal 
(HPA) axis and glucocorticoid excess [32, 33]. At the 

Fig. 3 Prospective associations of obesity indices with cutaneous malignant melanoma. ABSI – a body shape index; BMI – body mass index; cases 
– number of cutaneous malignant melanoma cases per group; CI – confidence interval; HR – hazard ratio; MP – menopause; p-value – Wald test for 
the individual term; SD – standard deviation. Model 1 – unstratified and unadjusted Cox proportional hazards model for participants overall, including 
either ABSI or BMI as exposure (sex-specific z-scores, value minus mean divided by SD), with mean (SD) for ABSI: 73.779 (4.953) for women, 79.756 (4.107) 
for men; and mean (SD) for BMI: 26.917 (4.779) for women, 27.804 (4.037) for men (unit kg/m2). Model 2 – like Model 1, including jointly ABSI and BMI, 
stratified by age at recruitment, region, sex, and for analyses including women, menopausal status and hormone replacement therapy use, and adjusted 
for height (sex-specific z-scores), smoking status and intensity, alcohol consumption, Townsend deprivation index, family history of cancer, and use of 
antihypertensive drugs. Model 3 – like Model 2, additionally adjusted for sun-exposure-related factors (skin colour, ease of skin tanning, hair colour, child-
hood sunburns, solarium use, sun/UV protection, and time spent outdoors in summer). Model 4 – like Model 3, additionally adjusted for monocyte count 
(sex-specific z-scores), used for all subgroup analyses. pheterogeneity – p-value obtained with the data augmentation method of Lunn and McNeil [16] for 
the comparison of HR estimates between the specified groups according to sex, menopausal status (women), age (men), and smoking status. # – adjust-
ment of BMI for smoking status and intensity alone made no material difference to association estimates (HR = 1.021; 95%CI = 0.978–1.065; p = 0.343)
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same time, melanoma cells produce HPA axis factors 
[34–39], mice bearing metastatic melanoma and patients 
with CMM have higher adrenocorticotropic hormone 
and glucocorticoid levels [40, 41], and malignant mela-
noma promotes its own progression via activation of a 
high affinity glucocorticoid receptor (GR) [42, 43]. In 
accordance, disruption of the HPA axis and GR activity in 
animal models and cell lines hinders, while glucocorticoid 
administration promotes melanoma growth [40, 44, 45]. 
Considering the above, a positive association of abdomi-
nal size with melanoma development and progression 
would be expected. A potential explanation of this dis-
crepancy could be lower glucocorticoid sensitivity of 
melanoma cells and a correspondingly slower melanoma 

progression in individuals with GR polymorphisms con-
ferring glucocorticoid resistance and lower VAT accumu-
lation [46]. Glucocorticoid resistance may also explain 
why the inverse association with ABSI was not observed 
in post-menopausal women, which have low oestrogen 
levels. Correspondingly, animal models have shown that 
oestrogen loss leads to high levels of follicle stimulating 
hormone, which contributes to increased GR sensitiv-
ity and larger VAT [47], potentially hindering an inverse 
association with ABSI. Notably, only participants with 
low ABSI showed an inverse association of monocyte 
count with CMM. This may be due to altered mono-
cyte function in individuals with abdominal obesity, for 
whom glucocorticoid suppression of interleukin-6 (IL-6) 

Fig. 4 Prospective associations of monocyte count and obesity indices with cutaneous malignant melanoma according to time to diagnosis. ABSI – a 
body shape index; BMI – body mass index; cases – number of cutaneous malignant melanoma cases; CI – confidence interval; rate – number of cutane-
ous malignant melanoma cases per 1,000,000 person years of follow-up within the corresponding period; HR – hazard ratio; Monocytes – monocyte 
count; p-value – Wald test for the individual term; SD – standard deviation. Cox proportional hazards models including jointly monocyte count, ABSI, and 
BMI as exposures (sex-specific z-scores, value minus mean divided by SD), with mean (SD) for monocyte count: 0.436 (0.144) for women, 0.513 (0.169) for 
men (unit *109/L); mean (SD) for ABSI: 73.779 (4.953) for women, 79.756 (4.107) for men; and mean (SD) for BMI: 26.917 (4.779) for women, 27.804 (4.037) 
for men (unit kg/m2). Cohort entry was considered the date at the beginning of the corresponding examined follow-up period and exit the earliest of the 
date at diagnosis of the first primary incident cancer, or death, or the end of the corresponding examined follow-up period, or the end of cancer follow-up 
(396,450 participants with follow-up < 4 years; 379,446 with follow-up 4 to < 8 years; 352,986 with follow-up ≥ 8 years). All models were stratified by age 
at recruitment, region, sex, and for analyses including women, menopausal status, and hormone replacement therapy use, and were adjusted for height 
(sex-specific z-scores), smoking status and intensity, alcohol consumption, Townsend deprivation index, family history of cancer, use of antihypertensive 
drugs, and sun-exposure-related factors (skin colour, ease of skin tanning, hair colour, childhood sunburns, solarium use, sun/UV protection, and time 
spent outdoors in summer). pheterogeneity – p-value obtained with the data augmentation method of Lunn and McNeil [16] for the comparison of HR 
estimates between the specified periods according to follow-up time
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production by monocytes is reduced [48], and they may 
thus have more pro-tumorigenic monocytes, given that 
glucocorticoid stimulated IL-6 production in melanoma 
cells facilitates metastatic growth [40].

We have further corroborated, with a larger number 
of cases, a positive association of BMI with CMM in 
men [2, 49], which was retained to at least 8 years prior 
to diagnosis and is thus compatible with a mechanis-
tic involvement of obesity-related factors in melanoma 
development. These are less likely to be inflammatory, 
given the null associations with neutrophil and lympho-
cyte counts and the inverse association with ABSI, and 
more likely to be related to subcutaneous adipose tis-
sue, with leptin and oestrogens as the most prominent 
candidates [50, 51]. In agreement, CMM patients have 
higher circulating leptin levels at diagnosis [52] and mel-
anoma tumour growth is higher in obese mice with high 
leptin levels and lower in lean leptin-deficient mice with 
restricted diet [53]. On the other hand, oestradiol and 
oestrogen receptor β (ERβ) agonists inhibit melanoma 
cell proliferation [54, 55] and ERβ, which is the main sub-
type in melanocytes, is reduced in melanoma cells and 
is lowest in invasive and metastatic melanoma [56, 57]. 
Oestrogen action via the G protein-coupled oestrogen 
receptor (GPER) also favours a more differentiated cell 
state and suppresses melanoma progression [58]. Thus, 
higher sensitivity to oestrogens in women, potentially 
counterbalancing the pro-oncogenic properties of leptin, 
may explain the more favourable melanoma outcomes in 
women compared to men [59] and the null association 
with BMI in women. A prevailing oestrogen over leptin 
action on monocyte function may also explain the stron-
ger inverse association of monocyte count with CMM in 
overweight and obese individuals observed in our study. 
While leptin receptor expression in monocytes is high-
est among leucocyte subtypes, and leptin induces mono-
cyte proliferation and IL-6 inflammatory responses [60], 
thus favouring a pro-tumorigenic phenotype, oestro-
gens acting via ERα and GPER inhibit IL-6 inflammatory 
responses and induce an anti-inflammatory profile [61], 
thus facilitating the tumour suppressing properties of 
monocytes.

Although smoking is associated inversely with CMM 
[62] and positively with monocyte count and abdominal 
obesity [63, 64], there was little evidence in our study for 
residual confounding by smoking, or for heterogeneity 
according to smoking status. There was, however, only a 
limited number of CMM cases in smokers and the posi-
tive association with BMI was noted only in former and 
current smokers.

A major strength of our study is the prospective cohort 
design with available leucocyte subtype counts and a siz-
able number of incident CMM cases, which allowed us 
to examine heterogeneity by sex, age, menopausal status, 

and time to diagnosis. Standardised anthropometric 
measurements avoided bias from self-reporting of weight 
and abdominal size. A clear limitation of our study, how-
ever, is the lack of information about monocyte function, 
HPA axis status, and steroid receptor expression and 
sensitivity. Individuals younger than 40 and older than 
70 years were not available either. We were limited to 
examining individuals with white ancestry because par-
ticipants from other ethnic backgrounds were few. We 
could not examine associations with VAT because imag-
ing body composition measurements were assessed only 
for 10% of participants some 7 years after the haemato-
logical parameters. We could not account for changes 
during follow-up, as exposures and confounders were 
assessed only at recruitment. Last, UK Biobank partici-
pants have a healthier lifestyle compared to the general 
population [65] and this may limit the range of the exam-
ined exposures.

Conclusions
Monocyte count and ABSI were both associated inversely 
with the risk of developing CMM, independent of each 
other, but only the inverse association with monocyte 
count was maintained prospectively and likely reflects 
a contribution of monocyte/macrophage dysfunction 
to melanoma development, while the inverse associa-
tion with ABSI was confined close to diagnosis and may 
reflect reverse causality or may be related to glucocorti-
coid resistance. A positive association of BMI with CMM 
in men likely reflects the influence of factors related 
to subcutaneous adipose tissue such as leptin and not 
chronic inflammation.
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