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Abstract

Mediterranean diet protects from both cardiovascular disease (CVD) and cancer. In the 1960s, Ancel Keys defined the concept
of Mediterranean diet in the South Italian region of Cilento and proposed it as a key factor for healthy ageing in the region.
The aim of the current study was to compare the prevalence of CVD and cancer between a middle-aged population from
Cilento and those of a Northern European population from Malmo, Sweden. We clinically characterized two middle-aged
(50-67 years of age) population-based samples from Cilento (n=809) and Malmoé (n=1025), Sweden, respectively. Logis-
tic regression was used to calculate odds ratios (95% confidence interval) for disease prevalence in Malmd versus Cilento
inhabitants adjusted for age and sex (model 1) and adjusted for all cardiometabolic risk factors (model 2). The prevalence
of hypertension, current smoking, diabetes mellitus and levels of body mass index and triglycerides were lower, whereas
HDL-cholesterol was higher in Malmé than in Cilento. LDL-cholesterol was higher and estimated glomerular filtration rate
was lower in Malmo than in Cilento. The odds ratio for cardiovascular disease in Malmé versus Cilento inhabitants was 1.13
(0.69-1.87) (P=0.62) in model 1, whereas it was significantly elevated in model 2 [2.03 (1.14-3.60) (P=0.016)]. Moreo-
ver, the odds ratio for cancer in Malmo versus Cilento was 2.78 (1.81-4.27) (P <0.001) in model 1 and 3.11 (1.97-4.92)
(P<0.001) in model 2. The higher odds of CVD and cancer in Malmo versus Cilento, when risk factors were accounted for,
suggests the existence of unknown protective factors in Cilento.
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Background

Cardiovascular disease (CVD) and cancer are the most com-
mon non-communicable diseases globally and account for
the majority of morbidity, disability, impaired quality of
life and reduction of life span [1, 2]. In addition to non-
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[3]. CVD mortality has fallen over the past 10-year period,
which has been attributed to, among other things, a reduc-
tion of cigarette smoking, more effective prevention of high
blood pressure and cholesterol and new treatment methods
for myocardial infarction and stroke [1]. However, both in
Europe and globally there is a clear increase in obesity and
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type 2 diabetes, a trend that threatens our future health as
obesity and diabetes are risk factors for both CVD and can-
cer [2,4-7].

There is a well-known gradient of cardiovascular mor-
tality across Europe, with lowest rates in the southwest [8,
9]. Moreover, individuals who follow a Mediterranean diet,
which includes a large proportion of fruits and vegetables,
olive oil, fish and a moderate daily intake of wine, have a
lower risk of both CVD and cancer [2, 10-12]. The exact
causes of this protective effect are still unknown but are
probably related not only to the diet itself but also to other
co-varying lifestyle factors.

Cilento, a rural area of the Campania region in South
Italy, about 130 km south of Naples, has a typical Mediterra-
nean climate, and this is where the American cardiovascular
scientist Ancel Keys first described the Mediterranean Diet
and proposed it as a key factor contributing to healthy ageing
in the region [13]. Recently, it was shown that nonagenarians
and centenarians (NCs) from Cilento had better mental well-
being than their younger family members [14]. Moreover,
NCs had lower low-density lipoprotein cholesterol (LDL-C)
and fasting glucose levels compared to middle-aged family
members.[15]. As the study of very old people might be sub-
ject to survival bias, the current study was focused on dis-
ease prevalence and risk factors in middle-aged populations.

The aim of this study was to compare the prevalence of
cardiometabolic risk factors, CVD and cancer between a
large middle-aged, random sample of the Cilento population
with a similar middle-aged population-based sample from
Malmo, Sweden. To obtain comparable populations, the
protocols used in the two studies were synchronized with,
e.g. similar selection tools, study visits, exams and identical
questionnaires (except for language).

Methods
Study populations

A random sample of Cilento middle-aged (50-67 years)
individuals was obtained by invitations based on all indi-
viduals listed at local primary health care centres in 24 rep-
resentative Cilento villages. All Cilento inhabitants are listed
at a primary health care centre, regardless of whether any
healthy issue ever occurred or not. The order of lists includ-
ing all subjects at each of the primary health care centres
within the defined age span were randomized. Subsequently,
subjects were invited (in randomized order) by letter and
telephone to ask for willingness to participate. The partici-
pation rate was 55% resulting in the inclusion of 1008 indi-
viduals in the given age span.

In Malmo, a corresponding population sample (the
Malmo Offspring Study)[16] was acquired by invitations
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by letter and telephone to individuals who were adult off-
spring of participants in a prior population-based health
survey study of the city of Malmo called the Malmo Diet
and Cancer Study [17]. From the Malmo Offspring Study,
we included the subjects within the same age range as in
Cilento, i.e. 50—67 years. This resulted in 1184 included
individuals (participation rate 50%) in the age span in
question.

Clinical characterization

We applied identical questionnaires in both populations apart
from language, i.e. the questionnaire used in the Malmo Off-
spring Study was translated into Italian by a professional
translator and used for Cilento study participants. The design
of the Malmo Offspring Study was recently published [18]
and its questionnaire is derived from the validated question-
naire used in the Malmo Diet and Cancer Study [19]. Data
from the questionnaire, which include common diseases,
occupation status, physical activity, smoking, alcohol, food
frequency and sleep, were used to obtain data on smoking
habits (never smoked, stopped smoking, current smoking)
and prevalence of cancer, CVD (myocardial infarction or
stroke), hypertension, diabetes and dyslipidemia. Prevalence
of these diseases/conditions was defined as answering yes
on the question of whether they had ever been physician
diagnosed and/or treated for the disease/condition in ques-
tion. The sensitivity of self-reported myocardial infarction
and stroke, when compared to hospital discharge diagnoses,
has been shown to be >90% and > 80%, respectively [20].

Moreover, at both sites, a clinical examination, follow-
ing the same work-flow and methods as described below,
was performed. Participants came to the respective clinic
(one centralized clinic in Cilento and one in Malmo) after an
overnight fast since 22:00 the evening before. Height, weight
and waist circumference were recorded in light indoor cloth-
ing, and after 5 min rest, blood pressure was measured in
the seated position. Fasting plasma glucose was measured
using the glucose dehydrogenase method with photometric
using a Hemocue Glucose 201 + device (Hemocue, Angel—
holm, Sweden). Levels of LDL-C and HDL-C, as well as
triglycerides and creatinine, were measured on automated
and accredited devices at the respective sites. Estimated
glomerular filtration (¢GFR) rate was calculated according
to the modification of diet in renal disease study equation
(MDRD) formula [21]. In addition, a biobank of EDTA
plasma and stool samples was stored for future studies in
—80 degree freezers. All data were collected and stored into
a RedCap database v9.1.0, Vanderbilt University, TN.
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Statistics

Continuous variables are expressed as means + standard
deviation and were compared between the two populations
with univariate statistics using independent samples 7 test,
and in age- and sex-adjusted analyses, linear regression was
used. For comparison of categorical variables between the
two populations, chi-squared test was used in univariate sta-
tistics and logistic regression was used for corresponding
multivariate models with disease prevalence (no=0, yes=1)
as the dependent variable and living in Cilento or Malmo
(Cilento =0, Malmo=1) (key exposure) along with other
covariates, as specified in the results, as independent vari-
ables. A P value less than 0.05 was considered significant.
SPSS statistical software version 26 (IBM, Chicago, IL) was
used for all calculations.

Ethics

All subjects provided written informed consent. The Malmo
Offspring Study was approved by the Regional Board of
Ethics in Lund (Dnr 2012/594) and the Cilento on Ageing
Outcomes Study was approved by the Regional Board of
Ethics ASL Napoli Sud (20171220).

Results
Demographics and risk factors

Of the 2192 study participants, we excluded subjects who
had missing values either due to incomplete question-
naire or missing value on any of the clinical measurements
(n=358), resulting in a study population of 1834 subjects
with complete data on all variables. Clinical characteristics
are shown in Table 1. There was no difference in age or
gender distribution between the Malmo and Cilento cohorts.
Hypertension and diabetes mellitus were significantly less
common in Malmo than in Cilento, both in crude and in
age- and sex-adjusted models. In line with these findings,
systolic blood pressure (but not diastolic blood pressure),
body mass index, fasting plasma glucose and triglycerides
were lower, but HDL-cholesterol higher, in Malmé than in
Cilento. Whereas current smoking was approximately twice
as high in Cilento as in Malmo, the rate of subjects who had
smoked previously but stopped was higher in Malmo than in
Cilento (38.8% vs 26.7%). As a result of this, the rate of ever
smokers did not differ between the two cohorts. Finally, the
Malmé as compared to the Cilento population had signifi-
cantly lower eGFR and higher LDL-cholesterol (Table 1).

Table 1 Clinical characteristics
of Mediterranean (Cilento,

Cilento (1=809) Malma (n= 1025)

P value (crude) P value (adjusted)*

Italy) and North European Age (years) 57.7+4.6 57.4+4.1 NS NS

ggg;“;‘;psugfg middle-aged Men, 1 (%) 369 (45.6) 484 (47.2) NS NS
BMI (kg/m?) 28.3+5.4 27.2+4.8 <0.001 <0.001
Obesity, n (%) 240 (29.7) 263 (25.7) 0.056 0.054
SBP (mmHg) 131+15 129417 0.003 0.004
DBP (mmHg) 77.8+9.3 80.0+9.8 <0.001 <0.001
Hypertension, 1 (%) 352 (43.5) 384 (37.5) 0.009 0.017
Glucose (mmol/L) 59+2.0 57412 0.005 0.005
Diabetes, 1 (%) 75 (9.3) 59 (5.8) 0.004 0.007
HDL-C (mmol/L) 1.53+0.40 1.71+0.55 <0.001 <0.001
LDL-C (mmol/L) 3.23+0.82 3.54+0.93 <0.001 <0.001
LDL-C>2.6 mmol/L, n (%) 634 (78.4) 891 (86.9) <0.001 <0.001
TG (mmol/L) 1.43+0.91 1.28+0.77 <0.001 <0.001
TG> 1.7 mmol/L, n (%) 207 (25.6) 203 (19.8) 0.003 0.002
eGFR (mL/min) 86.6+18.0 83.7+159 <0.001 <0.001
Current smoker, 7 (%) 209 (25.8) 132 (12.9) <0.001 <0.001
Ever smoker, (%) 425 (52.5) 530 (51.7) NS NS

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, 7G triglycerides, eGFR estimated glo-

merular filtration rate

* Adjusted for age and sex
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Cardiovascular disease and cancer prevalence
in Malmo and Cilento

In Malmé, 39 subjects (3.8%) had been diagnosed with
CVD (n=22 with myocardial infarction and n» =20 with
stroke, of whom n =3 had had both myocardial infarction
and stroke) and in Cilento 28 subjects reported CVD (n=19
with myocardial infarction and n = 10 with stroke, of whom
n=1 had had both myocardial infarction and stroke). As
shown in Fig. 1, no significant difference was found for the
age- and sex-adjusted odds ratio (95% confidence inter-
val) for prevalent CVD in Malmo versus Cilento that was
1.13 (0.69-1.87) (P =0.62). When adjusted for the differ-
ences in risk factor levels between the two populations on
top of age and sex (body mass index, systolic and diastolic
blood pressure, hypertension, diabetes, glucose, smok-
ing habits, eGFR, LDL-C, HDL-C and triglycerides), the
odds for cardiovascular disease was significantly higher in
Malmo versus Cilento with an odds ratio (95% confidence
interval) of 2.03 (1.14-3.60) (P=0.016) (Fig. 1). Within
the multivariate-adjusted model, the strongest factors asso-
ciated with higher CVD prevalence were hypertension
[2.32 (1.36—4.26) (P=0.007)] and current smoking [2.16
(1.04-4.50) (P=0.039)]. When substituting continuous
values of risk factors with their categorized counterparts
in the multivariate-adjusted model, the odds ratio for CVD
(95% confidence interval) in Malmo versus Cilento was 1.88
(1.06-3.32) (P=0.030).

Moreover, in Malmo, the number of subjects previously
diagnosed with cancer was 33 (6.8%) as compared with 13

Fig. 1 Odds ratios (95% con-
fidence intervals) for cardio-
vascular disease and cancer in
Malmo (odd ratios above 1)
compared with Cilento (odds
ratios below 1). *Fully adjusted
model includes age, sex, body
mass index, systolic and dias-
tolic blood pressure, hyperten-
sion, diabetes, glucose, smoking
habits, eGFR, LDL-C, HDL-C
and triglycerides

(1.5%) in Cilento. As shown in Fig. 1, the age- and sex-
adjusted odds ratio (95% confidence interval) for cancer
prevalence in Malmo versus Cilento was 2.78 (1.81-4.27)
(P <0.001). This higher odds for cancer prevalence in
Malmo versus Cilento remained after further adjustment
for age, sex and cardiometabolic risk factors (age, sex,
body mass index, systolic and diastolic blood pressure,
hypertension, diabetes, glucose, smoking habits, eGFR,
LDL-C, HDL-C and triglycerides) with odds ratio of 3.11
(1.97-4.92) (P<0.001). After stratification for sex, the
corresponding odds ratios for cancer in Malmé versus
Cilento were 2.34 (1.12-4.89) (P=0.023) in men and 3.70
(2.02-6.81) (P <0.001) in women (Fig. 1).

Discussion

The key finding of this study is that in comparison with
Malmo, a Northern European middle-aged population, the
middle-aged population from the Mediterranean region of
Cilento, have similar prevalence rates of CVD despite the
presence of more risk factors, and when risk factors are
accounted for, the odds for CVD is about half in Cilento as
compared to Malmo. Moreover, the prevalence of cancer in
Cilento was about one-third as compared to Malmo, both
before and after accounting for risk factors. Our study is
the first in its kind to compare CVD and cancer prevalence
between a typical Mediterranean diet area and a Northern
European city, using identical questionnaires and synchro-
nized protocols.
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Whereas current smoking was approximately twice as
common in Cilento as in Malmo, the proportion of individu-
als who had ever smoked in Cilento was similar to that in
Malmo due to the larger number of individuals who had quit
smoking in Malmo. Moreover, hypertension and diabetes
were more common in Cilento, along with higher body mass
index, triglycerides and lower HDL-C. On the other hand,
the Cilento population had lower LDL-cholesterol and bet-
ter renal function as assessed by eGFR. In the multivariate
analyses, hypertension and smoking were the strongest risk
factors for CVD. Given the similar prevalence of CVD, and
the higher odds for CVD in Malmdé when risk factors were
accounted for, we suggest that the Cilento population might
be protected from CVD by non-measured factors, which are
over-ruled by more current smokers and more hypertension.
Of note, our study is cross-sectional and non-interventional
and cannot address the role of Mediterranean diet itself in
the difference of disease prevalence and risk factors between
the two populations. However, it encourages more studies
aimed at a deeper search for novel lifestyle-related risk and
protective factors in the two populations.

We identified a marked difference in cancer prevalence,
with about three times higher prevalence in Malmo as com-
pared to Cilento in both age- and sex-adjusted and in fully
adjusted models. Given the fact that the two strongest risk
factors for cancer, apart from age, i.e. higher body mass
index and smoking were more prominent in Cilento, this
finding is highly surprising. It further emphasizes the pos-
sibility of unknown “hidden” protective factors in Cilento
and encourages further studies aimed at the identification of
lifestyle-related and biological factors in Cilento and their
role in protection from cancer.

Our study has several limitations. The number of CVD
and cancer cases was limited, leading to low robustness of
the analyses. Data on disease prevalence were based on self-
report which is a clear limitation, given imperfect validity.
The sensitivity of self-reported myocardial infarction and
stroke, when compared to hospital discharge diagnoses, is
approximately 90% and 80%, respectively [20]. Total choles-
terol values are missing which constitutes a limitation; how-
ever, we did adjust models for triglycerides, LDL- and HDL-
cholesterol. Most importantly, the study is observational and
cross-sectional and thus we cannot make any conclusions on
causality. Moreover, the main outcomes of CVD and cancer
prevalence might be affected by survival bias. For survival
bias to explain our result of a threefold higher prevalence
of cancer in Cilento than in Malmd, a substantially greater
mortality in cancer at early ages in Cilento than in Malmo
would be required. We believe this is very unlikely since
only a minority of deaths due to cancer in general occur
before the age of 50 years [22].

Another potential source of bias contributing to the
lower prevalence of cancer and the lower odds of CVD in

multivariate models in Cilento would be a more pronounced
healthy cohort effect in Cilento than in Malmo, which might
lead to problems of representativity. We find this unlikely
given the similar sampling strategies resulting in balanced
age and gender distribution in the two cohorts. Moreover, the
higher rates of smoking, hypertension and diabetes in Cilento
also strongly argue against a healthy cohort bias in Cilento
exceeding that of the Malmo cohort.

An additional source of bias that could contribute to the
markedly higher prevalence of cancer in Cilento than in
Malmd would be more active and frequent screening for can-
cer in Malmo than in Cilento. National screening for breast and
cervical cancer in women is long since routine in both Italy
and Sweden, whereas none of the two countries had national
programs for prostate cancer screening at that time [23-26].
This strongly argues against differences in cancer screening
routines as an explanation for the threefold higher prevalence
of cancer in Malmo as compared to Cilento. The validity of
the finding is also supported by its presence in both males and
females.

We conclude that the middle-aged population of the Medi-
terranean region of Cilento has markedly lower prevalence
of cancer, similar CVD prevalence despite more traditional
risk factors and lower odds for CVD when risk factors are
accounted for, when compared with a Northern European
population of Malmé examined with similar study protocols.
Our findings point at the existence of unidentified protective
factors in Cilento, encouraging further studies aimed at the
identification of such factors.
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