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ABSTRACT

Aims: To report the results of the first national Health Examination Survey (HES) on the
prevalence of diabetes, its pharmacologic treatment and level of control, as well as pre-
diabetes in Greece.

Methods: Data were derived from the National Survey of Morbidity and Risk Factors
(EMENO), in a randomly selected, representative sample of the adult Greek population.
Sampling weights were applied to adjust for study design and post-stratification weights
to match sample age/sex distribution to the population. Non-response was adjusted by
inverse probability weighting. Weighted prevalence estimates are provided.

Results: A total of 4393 persons with HbAlc and/or fasting plasma glucose measurements
were included. Total diabetes prevalence was 11.9% (95% CI: 10.9-12.9), known diabetes
10.4% (9.5-11.4), and unknown 1.5% (1.1-1.9), with considerable increase in older age groups
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Health examination survey
Greece

and no difference between genders. Pre-diabetes prevalence was 12.4% (11.4-13.6). The
majority of persons with known diabetes were receiving metformin. Of those with known

diabetes (and measured HbA1c), 70.9% were well controlled (HbAlc <7.0%).

Conclusions: This first representative national HES showed high prevalence of diabetes in
Greece, with low prevalence of unknown diabetes. Pre-diabetes prevalence is also substan-
tial. These results will hopefully enable national authorities develop tailored and efficient
strategies for disease prevention and management.

© 2020 Published by Elsevier B.V.

1. Introduction

The prevalence of diabetes mellitus has increased dramati-
cally in recent decades, most markedly in the world’s low-
to-middle income countries [1], and this trend is projected
to continue as the global population ages and becomes more
obese [2]. Furthermore, diabetes usually remains asymp-
tomatic for several months up to years before clinical diagno-
sis, leading to potential premature micro- or even macro-
vascular complications during the pre-diabetic [3] or espe-
cially the early, still undetected diabetic phase [4]. Thus, it is
postulated that its timely diagnosis may yield benefits for
controlling and preventing complications [5]. The economic
costs of the disease and its consequences are large and will
substantially increase in the future [6]. Policymakers need to
take urgent action to prepare health and social security sys-
tems to mitigate these effects, but to do that, national
population-representative data on the prevalence of the dis-
ease, its prodromal phases, and its risk factors are necessary.

Methods to estimate diabetes prevalence at the national
level may vary substantially. Sources commonly used include
lists from general practitioners, family physicians, or other
health-care professionals, diabetes registries, and prescrip-
tion lists [7]. Epidemiologic data regarding diabetes in Greece
have been largely based either on regional, small-scale stud-
ies [8-14] or on self-reported information [15]. Only recently
was a large-scale nation-wide study published, extracting
data from the National Organization for Health Care Services
Provision (EOPYY) database, the largest health-care provider
in Greece, including however only data exclusively based on
the pharmacologic treatment of the disease [16] and not on
the measurement of the disease existence. Data on pre-
diabetes prevalence are also very scarce, again based on
small-scale, regional studies [11,14,17].

To capture total diabetes prevalence, however, by includ-
ing both cases of the known and unknown (screen-detected)
disease, representative population-based studies or surveys
are needed. Nation-wide Health Examination Surveys (HES)
that combine information collected by interviews together
with a physical examination of the participants are the gold
standard design to provide such data [18]. HES have a long
history in the USA [19,20], and since the '90s have been widely
introduced in Europe as well [21]. In Greece, no such HES has
so far been performed at the national level to record the
prevalence of common diseases (such as diabetes) and their
risk factors.

Herein, we present the results of the first national HES
regarding the prevalence of diabetes (known and unknown),
its pharmacologic treatment and level of control, as well as
pre-diabetes prevalence in Greece, performed on a represen-
tative sample of the population. This study is part of The
National Survey of Morbidity and Risk Factors (EMENO) [22],
which was set up focusing on cardiovascular and respiratory
diseases and risk factors, assessing population well-being and
use of health services, medications, and preventive measures.

2. Subjects, materials and methods
2.1.  Study population and data collection

The study has been previously described in detail [22]. In
brief, EMENO is a cross-sectional HES, combining health data
collected by trained interviewers (using standardized ques-
tionnaires) and medical examinations (conducted by trained
physicians), in a randomly selected sample of all adults
(>18 years old) living in Greece, excluding those in supervised
care or custody in institutional settings. It was initiated in
May 2013 and completed in June 2016. The EMENO study
was approved by the Ethics and Deontology Committee of
the National and Kapodistrian University of Athens and by
the Hellenic Data Protection Authority. All participants were
given enough time to read the informed consent form care-
fully and to ask relevant questions before signing it. The work
described has been carried out in accordance with The Decla-
ration of Helsinki for experiments involving humans [23].
Multistage stratified random sampling based on the 2011
national census was applied to select the sample. The target
sample size was 6000. The sampling strategy and the sam-
pling flow chart have been previously explained in detail
[22]. In brief, based on the ATTICA study results [24], the over-
all prevalence of hypercholesterolemia, hypertension, and
diabetes mellitus was about 40%, 32%, and 7%, respectively.
Calculating sampling errors using a corresponding formula
for stratified sampling and with a target sample size of 6000
individuals, the above-mentioned prevalence could be esti-
mated with 1.28%, 1.22%, and 0.66% precision, respectively.
During home visits, trained interviewers administered a stan-
dardized questionnaire to study participants, and trained
physicians performed physical examinations, collected blood
samples, recorded all medications currently being taken by
the participants, including anti-diabetic ones, if any, and
made anthropometric measurements using standardized
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procedures and equipment. Efforts were made blood samples
to be collected in a fasting state, and the time elapsed from
the last meal was recorded by the examiners. For glucose,
serum samples were collected in sodium fluoride tubes. Blood
samples were immediately transported to collaborating local
laboratories for centrifugation. Centrifugal aliquots were
stored in the collaborating laboratories at —80 °C until sent
to the central laboratory (National Retrovirus Reference Cen-
ter, Laboratory of Hygiene, Epidemiology and Medical Statis-
tics of the National and Kapodistrian University of Athens
Medical School) for testing. Body mass index (BMI, in kg/m?)
was calculated based on the physicians’ weight and height
measurements (not the participants’ self-report to the
interviewers).

2.2.  Laboratory analyses

Collected blood samples were analyzed for serum glucose and
glycated haemoglobin (HbA1lc), by standard methods. HbAlc
was measured by turbidimetric inhibition immunoassay
(TINIA) (Tina-quant® HbAlc Gen. 3, Roche Diagnostics Ltd,
Switzerland).

2.3.  Definition of diabetes and pre-diabetes

Diabetes was considered known in persons who were either
taking anti-diabetic medications or self-reporting the exis-
tence of the disease (“known diabetes”). Among individuals
who reported no known diabetes, the following three criteria
were used to calculate the prevalence of unknown diabetes: 1)
a fasting plasma glucose (FPG) level of > 7.0 mmol/L (126 mg/
dl) and/or HbAlc > 6.5% (>48 mmol/mol); 2) an FPG-only
level > 7.0 mmol/L (126 mg/dl); and 3) HbAlc-only
level > 6.5% (48 mmol/mol). “Total diabetes” was the sum of
known and unknown diabetes, with the latter being depen-
dent upon diagnostic criteria.

“Pre-diabetes” was diagnosed in participants with no
known diabetes, who had FPG 5.6-6.9 mmol/L (100-125 mg/
dl) (Impaired Fasting Glucose [IFG]) and/or HbAlc 5.7-6.4%
(3946 mmol/mol) [25,26]. Since the World Health Organiza-
tion (WHO) and numerous other diabetes organizations
define the IFG cut-off at 6.1 mmol/L (110 mg/dl) [27], this cri-
terion (i.e. FPG 6.1-6.9 mmol/L [110-125 mg/dl]) was also
examined as a secondary analysis of pre-diabetes prevalence.

Among persons with known diabetes, those with an
HbA1c level <7.0% (53 mmol/mol) were considered as having
good glycaemic control [28].

2.4.  Statistical analysis

Sampling weights were applied to adjust for study design and
post-stratification weights to match sample age/sex distribu-
tion to that of the Greek population based on the 2011 census
provided by the National Statistics Agency (www.statistics.gr/
en/demographic-data). Since only a sub-sample of the inter-
viewed individuals had available information for fasting
plasma glucose or HbAlc, the inverse probability weighting
method was applied to adjust for differences between those
with and without available information. Weights were the
reciprocal of the probabilities of having available information,

estimated through weighted multivariable logistic regression.
Weighted mean and standard deviations for continuous vari-
ables and weighted percentages for categorical variables are
provided. To evaluate the differences between diabetic and
non-diabetic individuals, a modified Rao-Scot chi-square test
[29] and weighted linear regression were used for categorical
and continuous variables, respectively. All statistical analyses
were performed using the statistical software STATA (version
13.0; Stata Corp, College Station, TX).

3. Results

To achieve the target sample size, 8340 eligible households
were reached and 6006 persons accepted to participate in
the study (response rate 72%) [22]. Out of these, information
about age (necessary for post-stratification weighting) was
missing in 13.

Of the remaining 5993 participants, 4393 had HbAlc and/
or FPG measurements available and were included in the
analysis. The 1600 excluded were more likely to reside in
urban areas and be over 70 years of age and less likely to have
a chronic health problem (by declaration) or be of Greek
nationality. There seemed to be no differences in participa-
tion between men and women. A weighted logistic regression
model adjusted for all these factors was fitted to estimate the
probability of been included in the analysis.

Of the 4393 participants with HbAlc and/or FPG measure-
ments, 4343 had HbA1lc data, 2384 had FPG data and 2334 had
both. For the calculation of diabetes prevalence, the data from
the 4393 participants with relevant blood measurements were
used (Fig. 1).

The demographic characteristics of the participants are
depicted in Table 1. As shown, there was equal representation
of the two genders, similar distribution in the various age cat-
egories, the majority were mostly of secondary-level educa-
tion, of urban inhabitance, and Greek nationality. Their
mean (SD) age and BMI (available in all but 45 individuals)
were 49.3 (18.6) years and 28.2 (5.8) kg/m?, respectively.

Based on the FPG-and/or-HbAlc combined criterion, a
total of 621 persons (11.9% [95% CI: 10.9, 12.9]), with mean
(SD) age 66.3 (14.8) years, and BMI 31.6 (6.9) kg/m?, were found
to have diabetes. The prevalence of diabetes based on self-
report only (i.e. known diabetes, 549 persons) was 10.4%
(9.5, 11.4). The estimated prevalence of unknown diabetes
was 1.5% (1.1, 1.9) (72/4393 persons), yielding the proportion
of unknown diabetes among people with total diabetes
12.6%. Based on the FPG-only criterion, the estimated preva-
lence of unknown diabetes (40/2384 persons) was 1.6% (1.1,
2.3), contributing to 13.0% of total diabetes prevalence
(40/347). However, under the HbAlc-only criterion (50/4343
persons), the prevalence of unknown diabetes was 1.0% (0.8,
1.4); yielding 8.8% (50/612) of total prevalence. Thus, total dia-
betes prevalence was 11.9% (10.9, 12.9), 12.0% (10.4, 13.2), and
11.4% (10.4, 12.4), respectively, according to FPG-and/or-
HbAlc, FPG-only, and HbAlc-only criteria.

In a sensitivity analysis on the 2334 persons with both
HbAlc and FPG data, the prevalence of total diabetes was
12.0% (10.7, 13.5), of known diabetes 10.1% (8.9, 11.5), and
unknown 1.9% (1.4, 2.7).
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Fig. 1 - Flow chart for the classification of the sample participants regarding diabetes prevalence.

There was significant age variation in diabetes prevalence,
ranging from 0.8% in the 18-29 years age-group, to 12.1% in
the 50-59 years and to 30.5% in those >70 years old (Table 2). Dif-
ferentiation between Type 1 and Type 2 diabetes could not be
ascertained from the present data. There was no difference in
diabetes prevalence between the two genders (12.7% for men,
11.1% for women, p = 0.127), whereas it was higher with increas-
ing BMI (p < 0.001, Table 2) and lower in people living in urban
areas (10.8%) compared to rural and semi-rural ones (13.8% in
each). However, after further adjusting for age (as average age
was significantly higher in semi-urban, and even more in rural
areas, compared to urban ones) the differences in the preva-
lence by the degree of urbanization were reversed, with the
adjusted prevalence being higher in urban than in rural areas.

A total of 658 persons [mean (SD) age 61.8 (16.6) years, BMI
31.1 (6.4) kg/m?] were found to have pre-diabetes, based on
FPG levels of 5.6-6.9 mmol/L (100-125 mg/dl) and/or HbAlc

of 5.7-6.4% (3946 mmol/mol), yielding a prevalence in the
whole population of 12.4% (95% CI: 11.4, 13.6) (658/4393)
(Table 2). In accordance to diabetes data, there was a similar
pattern of increasing prevalence with age (going up to 25%
for people >70 years old) and adiposity (19.6% for obese per-
sons), a trend towards male predominance (p = 0.088), and
lower prevalence in urban areas (10.0%) compared to semi-
rural (13.2%) and rural ones (19.8%) (p < 0.001). The prevalence
based on FPG-only data was 8.2% (253/2673), whereas based
on HbAlc-only values, it was 9.0% (495/4343).

In the secondary analysis, using the WHO criterion for IFG
(6.1-6.9 mmol/L [110-125 mg/dl]), the prevalence of pre-
diabetes (based on FPG and/or HbAlc levels) was 9.6% (95%
CI 8.7-10.6) (534/4393 persons).

Of those with known diabetes (549 persons), the majority
(weighted percentage: 89.5%, [485 persons]), were receiving
anti-diabetic medications (either non-insulin [pills and/or
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Table 1 - Demographic characteristics of the study participants (n = 4393).

Variable

N (% [weighted])

Gender (males/females) [n (%)]
BMI [kg/m?, mean (SD)]
Age [years, mean (SD)]
Age distribution (yrs)
18-29
30-39
40-49
50-59
60-69
70+
Family income (€/month)
<900
900-1.700
>1.700
Unknown
Educational level
Primary
Secondary
Tertiary
Unknown
Employment status
Employed
Unemployed
Pensioner/Household chores
Other
Unknown
Urbanization degree
Urban (>10,000 inhabitants)
Semi-rural (2000-9999 inhabitants)
Rural (<2000 inhabitants)
Nationality
Greek/Western Europe
Africa
Eastern Europe/former Soviet Union
Asia
America/Canada

1888 (48.5)/2505 (51.5)
28.2 (5.8)
49.3 (18.6)

410 (17.7)
583 (18.3)
785 (17.7)
870 (15.6)
848 (12.7)
897 (17.9)
1831 (40.1)
1199 (28.6)
459 (12.1)

904 (19.2)

1637 (29.0)
1856 (45.7)
829 (23.9)
71 (1.5)

1573 (39.1)
602 (15.3)
1903 (35.3)
254 (9.1)
61 (1.2)

2218 (64.1)
815 (16.1)
1360 (19.8)

4165 (93)
10 (0.4)
203 (6.1)
11 (0.4)
4(0.1)

BMI: Body mass index

injectables, 88.4%] or insulin only [7.9%] or both [3.7%)]),
whereas the rest (64 persons, 10.6%) were on diet only. The
distribution of the various categories of anti-diabetic medica-
tions is depicted in Table 3. As expected, based on current
guidelines [30], the majority were receiving biguanides (i.e.
metformin, 71.5%), whereas DPP-4 inhibitors (26.3%) and sul-
fonylureas (24.5%) were the next most commonly prescribed
medications.

Among those with known diabetes (and HbAlc measure-
ments), 70.9% (383/540) were well controlled (had HbAlc
<7.0% [53 mmol/mol]), with this percentage being equal
between the two genders (69.9% and 71.9%, for males and
females, respectively), and among the age groups (p = 0.066)
(Table 4). The percentage of good control was 73.5% among
those receiving oral drugs, 29.8% for those on insulin, 53.0%
for both, and 84.8% for those on diet only (p < 0.001).

4, Discussion

The present study is the first nation-wide health survey (that
includes both an interview and examination component),

based on a representative sample of the Greek adult popula-
tion, that reports the prevalence of diabetes as well as pre-
diabetes, using actual measurements of fasting blood glucose
as well as glycated haemoglobin (HbA1lc) levels. It showed
that diabetes affects a substantial proportion of the general
population (11.9%), with known diabetes 10.4% and unknown
1.5% (yielding the proportion of unknown diabetes among
people with total diabetes of 12.6%). Significant increases in
the older age groups were observed (23% in the 60-69 years,
30.5% in those aged >70 years). Furthermore, the prevalence
of pre-diabetes was found to be equally substantial (12.4%).

When comparing the findings of the current survey with
other studies, one should be careful when different definitions
of diabetes, based on different criteria (especially for unknown
or pre-diabetes) are used [31]. When comparing and interpret-
ing measurements, itis important to ensure that all prevalence
estimates are based on the same diagnostic criteria.

Previous reports of diabetes prevalence in Greece, using
varying diagnostic criteria, have been largely based either
on regional, small-scale studies, [8-14], or on self-reported
information [15], estimating the prevalence of the disease



Table 2 - Weighted prevalence of diabetes and pre-diabetes stratified by age group, gender, obesity, and urbanization degree of the participants.

n/N (number of Prevalence (FPG- p* n/N (number of Prevalence (%, P*
persons with and/or-HbAlc persons with pre- [95% CI])
diabetes/total) criterion, %, [95% diabetes/total)
CI))
Age group (years)
18-29 2/410 0.8 (0.2, 3.1) 4/410 0.8 (0.3, 2.3)
30-39 12/583 1.8 (1.0, 3.5) 28/583 49(33,7.2)
40-49 43/785 6.3 (4.6, 8.5) 90/785 11.9 (9.4, 14.9)
50-59 105/870 12.1 (9.8, 14.8) 131/870 14.2 (11.9, 17.0)
60-69 194/848 23.0 (20.0, 26.2) 175/848 20.4 (17.4, 23.7)
70+ 265/897 30.5 (27.2, 33.9) 230/897 25.0 (22.1, 28.2)
Total 621/4393 11.9 (10.9, 12.9) <0.001 658/4393 12.4 (11.4, 13.6) <0.001
Gender
Male 305/1888 12.7 (11.2, 14.3) 311/1888 13.4 (11.7, 15.2)
Female 316/2505 11.1 (9.8, 12.5) 347/2505 11.5 (10.3, 12.9)
Total 621/4393 11.9 (10.9, 12.9) 0.127 658/4393 12.4 (11.4, 13.6) 0.088
BMI categories (kg/m?)
Normal (18.5-24.9) 51/1121 3.8 (2.8, 5.2) 61/1121 43(3.2,5.7)
Overweight (25.0-29.9) 208/1641 10.7 (9.2, 12.4) 242 /1641 12.8 (11.0, 14.7)
Obese(>30.0) 354/1586 20.6 (18.5, 22.9) 345/1586 19.6 (17.6, 21.7)
Total 613/4348 11.8 (10.8, 12.9) <0.001 648/4348 12.4 (11.3, 13.5) <0.001
Urbanization degree
Urban 290/2218 10.8 (9.6, 12.1) 266/2218 10.0 (8.7, 11.4)
Semi-rural 127/815 13.8 (11.4, 16.6 117/815 13.2 (10.6, 16.3)
Rural 204/1360 13.8 (11.7, 16.2) 275/1360 19.7 (17.3, 22.4)
Total 621/4393 11.9 (10.9, 12.9) 0.017 658/4393 12.4 (11.4, 13.6) <0.001

" Comparison among the various categories in each group.
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Table 3 - Distribution of anti-diabetic medications’ categories.

N Weighted % (95% CI)
Anti-diabetic treatment in the total sample of persons with known diabetes (N = 549) 485 89.5 (86.0, 92.1)
Category of medicines (N = 485)
Non-insulin (pills or injectables) 426 88.4 (84.7, 91.4)
Insulin only 36 7.9 (5.4, 11.3)
Insulin + non-insulin (combination with pills and/or injectables) 23 3.7 (2.4, 5.6)
Category of antidiabetic pills and/or injectables (not mutually exclusive; N = 449)
Biguanides 313 71.5 (66.4, 76.0)
Sulfonylureas 114 24.5 (20.4, 29.1)
a-glucosidase inhibitors 3 0.5 (0.1, 2.1)
Glitazones 16 3.7 (2.2,6.2)
DPP-4 inhibitors 121 26.3 (22.3, 30.7)
Meglitinides 9 1.4 (0.7, 3.0)
GLP-1 receptor agonists 5 1.0 (0.4, 2.5)
SGLT?2 inhibitors 1 0.3 (0.0, 1.9)
Combinations 88 18.8 (15.4, 22.8)
Unknown category” 66 13.9 (10.6, 18.1)
Number of different non-insulin categories of medicines among those with known category (N = 383)
1 230 62.3 (57.0, 67.3)
2 55 12.7 (9.5, 16.8)
3 65 16.4 (12.7, 20.9)
4 30 7.9 (5.6, 11.2)
5 3 0.7 (0.2, 2.1)
Insulin users (N = 59)
Prandial 20 28.9 (18.2, 42.6)
Pre-mixed 7 12.7 (5.3, 27.5)
Basal 31 47.5 (33.3, 62.2)
Unknown type of insulin 16 34.0 (21.3, 49.5)

DPP-4: Dipeptidyl peptidase-4; GLP-1: Glucagon-like peptide-1; SGLT2: sodium glucose co-transporters 2.
" Participants who reported use of anti-diabetic medications, but unable to specify the exact name of them.
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Table 4 - A. Level of glycaemic control in individuals with known diabetes who had HbA1c measured (n = 540). B. Percentages

of individuals with HbA1lc < 7.0% by age subgroups.

A. Level of glycaemic control

N (%)

Controlled (HbAlc < 7.0%)
7% < HbAlc < 8%

8% < HbAlc < 9%

HbAlc > 9%

B. Good control (HbAlc < 7%) by age group (years)
18-29

30-39

40-49

50-59

60-69

>70

383 (70.9%)
82 (14.2%)
36 (7.4%)
39 (7.4%)

0
10 (89.2)
20 (63.8)
55 (60.6)
117 (69.0)
181 (75.9)

between 3.1% and 11.7%. Specifically, Katsilambros et al. stud-
ied the prevalence of diabetes in a small urban area around
Athens in 1974 and again 17 years later [8], and based on
self-reported information, they found an increase in preva-
lence from 2.4% to 3.1% during that period. Results from the
Attica study [10], based on FPG measurements of a sample
of people with no evidence of cardiovascular or any other
chronic disease from the area of Athens, conducted in 2001~
2002, reported an age-adjusted prevalence of Type 2 diabetes
of 7.6% in men and 5.9% in women. A small study in the
remote island of Elafonisos, performed in 2012-2013 and
based on point-of-care FPG and HbAlc measurements,
showed that the prevalence of known diabetes was 7.7%, with
unknown diabetes an additional 4.0%, yielding a total preva-
lence (11.7%) very close to the current study [14]. In the only
somewhat representative sample of the Greek population,
conducted during the period 1996-1999, and based on self-
reported, physician-diagnosed diabetes, the prevalence of
known diabetes was 4.29%, with an increasing prevalence
by age group (age >70 years: 11.8%, P for trend <0.001) [15].
Finally, in a recent large-scale nation-wide study [16], extract-
ing data from the National Organization for Health Care Ser-
vices Provision (EOPYY) database, based on a real-world
data analysis of all medication-prescribed diabetes in 2014
2015, it was shown that the prevalence of the
pharmacologically-treated disease was 7.0%, with wide age
variation and high figures in older adults. Of note, prevalence
for persons aged older than 15 years was 8.2%, close to the
findings of known diabetes prevalence (10.4%) in the current
study.

Regarding pre-diabetes, in a report from the DE-PLAN (Dia-
betes in Europe-Prevention using Lifestyle, Physical Activity
and Nutritional Intervention) Athens area study, based on
the performance of 869 oral glucose tolerance tests (OGTTs)
in a non-representative sample of people without known dia-
betes in 2004-2005, the prevalence of IFG (based on a cut-off
value of 6.1 mmol/L [110 mg/dl]) was 9.8% and of IGT 12.6%
[17]. In the aforementioned study in Elafonisos [14], pre-
diabetes prevalence (based on point-of-care FPG and HbAlc
measurements) was found at 23%.

Thus, based on the current study, the prevalence of dia-
betes over the previous decades has substantially increased

in Greece, showing the same trend and reaching comparable
numbers to other industrialized countries. In neighboring
European countries, for example, Italy, between 1980 and
2013 the number of people with known diabetes more than
doubled [32], more steeply so in men (age-standardized preva-
lence rose from 3.8% in 1980 to 6.8% in 2013, a 79% increase)
than in women (age-standardized prevalence from 5.0% in
1980 to 5.8% in 2013, a 14% increase), mostly attributed to
the aging of the population and the increase in obesity. In
another study, however, based on FPG measurements, the
prevalence of total diabetes had remained stable in Italy for
10 years (1998-2002 and 2008-2012), albeit high, at around
12% for men and 8% for women [33]. In Spain, according to
a nationwide, population-based, cluster sampling study in
2011 [34], the overall prevalence of diabetes, adjusted for age
and sex, was 13.8% (increasing with age), of which about half
(6.0%) had unknown disease; the prevalence of known dia-
betes was 6.8%, while in those aged >75 years it was between
20.7% (men) and 23.2% (women). In France, the prevalence of
diabetes is estimated at 6%, including patients treated with
oral anti-diabetic medications and/or insulin (4.4%), patients
treated with diet alone (0.6%), and individuals with unknown
diabetes (1%) [35]. In Germany, current nationwide estimates
for diabetes prevalence range between 7.2% (population aged
18 to 79 years) based on health examination surveys of the
Robert Koch Institute (RKI), 8.9% (population aged 18 years
and over) based on RKI telephone health interview surveys
and 9.9% (among all age groups) based on statutory health
insurance data [36].

The prevalence of unknown diabetes (1.5%) and its propor-
tion among people with total diabetes in the current study
(12.6%) are much lower than those reported in other popula-
tions. In Germany, data from nationwide RKI health examina-
tion surveys that are based on HbAlc measurements,
identified a 3.4% prevalence of unknown diabetes between
1997 and 1999 and a decrease to 2.0% prevalence between
2008 and 2011 among 18- to 79-year-olds [21]. It has been
argued that there has been increased awareness of the dis-
ease in recent years and more frequent diagnosis in several
countries, that have led to a reduction in the number of cases
of unknown diabetes [32]. The reason for the lower proportion
of unknown diabetes in Greece needs to be investigated fur-
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ther, but this low proportion is encouraging, in that by reduc-
ing the lead time between diabetes onset and clinical diagno-
sis, combined with prompt initiation of treatment for
glycaemia and cardiovascular risk factors, it is likely to confer
substantial health benefits [37].

A novel finding of the present study is the measurement of
pre-diabetes prevalence in the Greek population (12.4%),
based on HbAlc and FPG measurements. Since several defini-
tions of pre-diabetes are currently in clinical use, and since,
depending on the definition used, prevalence estimates for
pre-diabetes identified using a single test can differ by up to
4-fold [38], it is not always possible to compare the prevalence
of pre-diabetes between studies with different definitions.
Thus, in Spain, the age- and sex-adjusted prevalence rates
of isolated IFG, isolated IGT, and combined IFG-IGT were
3.4%, 9.2%, and 2.2%, respectively [34]. In Germany, based on
HbAlc measurements of 39-47 mmol/mol (5.7%-6.4%) for
the definition of pre-diabetes, between 1997-1999 and 2008-
2011 the prevalence decreased from 27.7% to 20.8% [21]. A
study in Switzerland found pre-diabetes prevalence in 30.9%
of the population; of these 79.9% were identified based on
HbA1C, 9.9% based on FPG, and 10.3% based on both [39].

The use of anti-diabetic medications in the current sample
of people with diabetes showed, as expected based on the (at
the time of study initiation) guidelines [30], a preponderance
of metformin use. Also, comparable to the recent pharmaco-
logic study from the EOPYY database [16], DPP-4 inhibitors
and sulfonylureas were the second most commonly pre-
scribed medications. Insulin users comprised 11.6% of the
participants (compared to 19.4% of Type 2 diabetes in the
EOPYY database), with the majority of them (47.5%) using
basal insulin.

A high percentage (70.9%) of the treated participants were
well controlled (HbAlc <7.0% [53 mmol/mol]), with no differ-
ence between genders and among age categories. This com-
pares to a mean of 52.5% in the NHANES 2007-2010
population having HbAlc <7.0% [40]. In that study, the preva-
lence of good control was significantly higher among those
aged >75 years (63.3%), compared with about 50% among those
aged 20-64 years, an age group of great interest given its antic-
ipated longer life expectancy. The prevalence of good control
did not differ between the two genders in that study as well.

4.1. Strengths and limitations

The main strength of the present study is its design and sam-
pling procedures [22], which make it representative of the cur-
rent general adult population in Greece, thus enabling
accurate estimation of the prevalence of diabetes and pre-
diabetes. Also, the fact that it included both self-report as well
as blood glycaemic measurements (FPG and HbA1c), enables
estimation of the prevalence of unknown diabetes and pre-
diabetes for the first time.

However, there are also some limitations to consider. First,
measurement of the participants’diabetic state did notinclude
an OGTT, but only FPG and/or HbA1lc. It is known that diabetes
may be under-diagnosed without the 2-hour post-glucose chal-
lenge test [41], but in clinical practice, because of the inconve-
nience of OGTT testing, the majority of screening for diabetesis
currently performed using FPG, HbAlc, or both [42]. Thus, the

current study is consistent with how medicine is practiced in
routine clinical care. Second, the HbAlc test may be affected
by haemoglobin- and red blood cell-related diseases, such as
anaemia, not uncommon in Greece. However, a recent study
in individuals with heterozygous beta-thalassaemia in Greece
has shown only a borderline effect on HbA1c levels [43]. More-
over, while the measurement of FPG is relatively simple and
inexpensive to perform, HbAlc measurementis a more conve-
nient diagnostic technique that does not require the patient to
fast, it can be performed at any time of the day, displays less
day-to-day variability and although it does not detect the same
individuals with diabetes as FPG or OGTT, it has been advocated
as a way of screening for diabetes, as long as it is performed
using a certified method [44,45]. In the current study, HbAlc
was measured in a central certified laboratory, using an accred-
ited laboratory method. Third, because the survey was cross-
sectional, only one measurement for every participant was
taken and therefore, some participants without diabetes may
have been misclassified as having diabetes. The American Dia-
betes Association (ADA) recommends a repeat measurement
after a first diabetes-positive test result, to mitigate day-to-
day variability [45]. The ADA recommends that the same test
be used to make and confirm the diagnosis of diabetes [45],
and most clinicians perform only the HbA1lc or FPG test. In clin-
ical practice, however, it is not uncommon for both of these
tests to be performed simultaneously on the same blood sam-
ple. A sensitivity analysis of persons with both FPG and HbA1lc
measurements in the current study showed a comparable
prevalence of diabetes with the main findings (12.1% vs.
11.9%). Fourth, since known diabetes was self-reported, self-
reporting bias cannot be excluded, although the fact that the
vast majority (around 90%) of those with self-reported diabetes
were pharmacologically treated, indicates that this bias, if
exists, would be of minimal magnitude. Fifth, a subset of the
interviewed participants did not provide blood samples and
thus were excluded from current analysis. We applied the
inverse probability method to adjust for non-response from
the excluded from the analysis participants, using as predic-
tors the factors measured in EMENO, but the existence of other,
non-measured, prognostic factors cannot be excluded.
Extreme weights could also lead to biased estimates, but, in
our case, no extreme weights were seen in the weights’ distri-
bution. Furthermore, since the study included only non-
institutionalized persons, it may not be representative of cer-
tain people in the general population.

5. Conclusions

High rates of diabetes and pre-diabetes (especially in older
age groups), but relatively low rates of unknown diabetes
were shown in this national health survey of a representative
sample of the Greek non-institutionalized adult population.
These findings raise the importance of public health and
medical efforts to screen and intervene in a coordinated
and comprehensive manner to slow the transition of pre-
diabetes to Type 2 diabetes. The finding of a high percentage
of good control of the treated population is also encouraging.
National surveillance of prevalence in diabetes is critical for
the allocation of public health resources and planning and
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evaluation of screening, prevention, and treatment strategies.
Longitudinal data should further explore trends and popula-
tion subgroups’ differences in conversion from normal status
to pre-diabetes and from pre-diabetes to Type 2 diabetes and
most importantly, the risk of long-term complications.

The findings of the present study will undoubtedly inform
national and international authorities about the prevalence of
diabetes and pre-diabetes in Greece and will hopefully enable
the development of tailored and efficient strategies for dis-
ease prevention and management.
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