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Abstract: We describe the profile of dietary supplement use and its correlates in the Epirus Health
Study cohort, which consists of 1237 adults (60.5% women) residing in urban north-west Greece. The
association between dietary supplement use and demographic characteristics, lifestyle behaviors,
personal medical history and clinical measurements was assessed using logistic regression models,
separately for women and men. The overall prevalence of dietary supplement use was 31.4%, and it
was higher in women (37.3%) compared to men (22.4%; p-value = 4.2−08). Based on multivariable
logistic regression models, dietary supplement use in women was associated with age (positively
until middle-age and slightly negatively afterwards), the presence of a chronic health condition
(OR = 1.71; 95% CI, 1.18–2.46), lost/removed teeth (OR = 0.52; 95% CI, 0.35–0.78) and diastolic blood
pressure (OR per 5 mmHg increase =0.84; 95% CI, 0.73–0.96); body mass index and worse general
health status were borderline inversely associated. In men, dietary supplement use was positively
associated with being employed (OR = 2.53; 95% CI, 1.21–5.29). A considerable proportion of our
sample used dietary supplements, and the associated factors differed between women and men.

Keywords: dietary supplements; prevalence; determinants; Epirus Health Study; Greece

1. Introduction

Dietary supplement (DS) use is a popular diet-related behaviour among adults with
an estimated global industry of 140.3 billion USD in 2020 [1]. Several studies highlight an
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increasing trend of DS use during the last decades [2–4]. Variations on the prevalence of
use are evident across countries with more than half of the US and Danish [2,5] and more
than 30% of the Dutch, Canadian, Australian and Korean adult populations [6–10] using
DS. On the contrary, the prevalence estimate for the Chinese population (aged 6 years or
older) is 0.71% [11]. National survey data for DS use in the general population of low
and middle-income countries remain limited. Demographic characteristics, socioeconomic
status and lifestyle factors may act as determinants of DS use, and studies have shown
that users were more likely to be women [12], physically active [8,10], non-smokers [7],
older [2,13], of higher income [14] and educational level [15].

Up to date data on DS use and its plausible correlates in the Greek population are
scarce. According to the results of a single 24-h dietary recall used in the context of the
European Prospective Investigation into Cancer and Nutrition (EPIC) calibration study,
2% of men and 6.7% of women aged 35 to 74 years used DS in the 1990s [16]. In a 2004
cross-sectional study that used a convenience sample of 123 young women residents
of a medium-sized Greek town, about one in four reported vitamin use at least once a
week [17]. Considering the high rates of DS use worldwide and the lack of contemporary
data in Greece, the aim of this study was to describe the prevalence of and identify factors
associated with DS use among the participants of a Greek cohort study, the Epirus Health
Study. Additional and updated information regarding the prevalence and predictors of
DS use will aid the formulation of appropriate and effective future interventions for its
proper use.

2. Materials and Methods

The paper has been written in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines [18].

2.1. Study Design

The present study was based on the Epirus Health Study (EHS) (https://ehs.med.
uoi.gr/, (accessed on 14 July 2021)), an ongoing population-based prospective cohort
study conducted in the Epirus region in the north-west of Greece since June 2019. All
participants were interviewed face-to-face with the use of a standard questionnaire with
close-ended questions, and they attended a series of extensive clinical examinations at
recruitment, except for 40 participants who joined the study during the mass lockdown
period (23 March–18 May 2020), for whom telephone-based interviews were conducted.
Detailed description of the study design, aims and recruitment procedures are provided
elsewhere [19]. The analytical sample size comprised of 1237 individuals aged between
20 and 80 years and recruited up to 8 March 2021.

2.2. Assessment of Exposure

DS are defined as “foodstuffs the purpose of which is to supplement the normal diet
and which are concentrated sources of nutrients or other substances with a nutritional or
physiological effect, alone or in combination, marketed in dose form, namely forms such as
capsules, pastilles, tablets, pills and other similar forms, sachets of powder, ampoules of
liquids, drop dispensing bottles, and other similar forms of liquids and powders designed
to be taken in measured small unit quantities” (Directive 2002/46/EC, European Parliament
and Council, 2002) [20]. Participants were asked at recruitment whether they had used
any DS during the previous week. In case of a positive answer, the names of the DS were
recorded. For verification purposes, participants were reminded to bring their supplement
boxes with them at the recruitment visit. Participants were categorized regarding DS use,
based on the number of vitamins they contained (no DS use vs. DS containing one vitamin
vs. DS containing more than one vitamin vs. DS containing no vitamins). However, since
complete information on the content of each DS was available in 45% of the users, and
due to high possibility of recall error when DS use was self-reported, we chose to use the
dichotomous use vs. no use variable in the statistical analysis.

https://ehs.med.uoi.gr/
https://ehs.med.uoi.gr/
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2.3. Other Covariates

All participants provided information on socio-demographic characteristics, general
health status, personal and family medical history and lifestyle factors. Clinical examina-
tions at the baseline visit included anthropometry (measured weight, height, waist and
hip circumference), bioelectrical impedance analysis, blood pressure monitoring, arterial
stiffness, and oximetry. Fasting blood samples were also collected at recruitment, and
glucose and lipids were measured in all participants. More information on the captured
variables, data collection procedures and quality control are provided elsewhere [19]. A
series of variables were assessed a posteriori using participants’ baseline information. We
calculated the Mediterranean Diet Adherence Screener (MEDAS) score (range 0 to 14) to
estimate the participants’ adherence to Mediterranean diet, with higher scores indicating
better adherence [21]. The Pittsburgh Sleep Quality Index (PSQI) was used to assess the
participants’ sleep quality. The score ranges from 0 to 21 and the higher the score, the
poorer the sleep quality [22]. Participants were classified as non-smokers, former smok-
ers and current smokers according to their self-reported smoking habits. Recreational
physical activity was assessed in days per week and minutes per day. We estimated the
total metabolic equivalents of energy expenditure (MET) as the sum of activity-specific
METs/week by multiplying the hours of activity per week with an activity-specific MET
score (3.0 for walking, 6.0 for moderate-intensity and 9.0 for vigorous-intensity physical
activity) [23].

2.4. Statistical Analysis

Participants’ baseline characteristics were summarized using means and standard de-
viations (SD) for continuous variables and counts and percentages for categorical variables.
Study characteristics were presented overall and according to sex and DS use. Chi-squared
and independent samples t-test were used to detect any differences between subgroups for
categorical and continuous variables, respectively. Using data obtained from the Hellenic
Statistical Authority, we estimated the prevalence of DS use after standardizing to the
corresponding age and sex distributions of the populations in Greece and Epirus. Due to
the observed differences in the prevalence of supplement users between women and men
and given that the distribution of many of the potential determinants regarding DS use
differed by sex, we investigated potential correlates of DS use separately for women and
men. The association between age and DS use was assessed both linearly and non-linearly
using restricted cubic splines with five knots in the analysis, due to previous literature
findings regarding a potential non-linear association between age and DS use [9,24].

The analysis implemented a two-step selection procedure. In the 1st step, a univariable
logistic regression model was fitted for each of the 37 a priori selected factors as potential
determinants of DS use. The variables found to be statistically significant at 0.10 in the uni-
variable models were then fitted in a multivariable logistic regression model. A sensitivity
analysis was performed using Collett’s four-step model selection procedure [25]. In this
procedure, univariable logistic regression models were fitted for each variable (step 1), and
those found significant were included in a multivariable model (step 2). The non-significant
variables from step 1 were added to this model and re-examined in terms of statistical
significance (step 3), and a final analysis was then performed using a stepwise backward
approach (step 4). Level of statistical significance for steps 1 to 3 was 0.10, and 0.05 for
step 4.

Potential multicollinearity among the independent variables in the final models was
examined by calculating the variance inflation factor (VIF) of each variable. The examined
determinants of DS use had low percentage of missing values; thus, a complete case
analysis was performed.

Statistical analyses were performed using STATA (version 14; StataCorp, College Station,
TX, USA).
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3. Results

The total number of participants was 1237 consisting of 748 women and 489 men. The
mean age of our sample was 48.1 (SD = 11) years and was similar by sex (p-value = 0.79).
The majority of the other examined variables showed different distributions by sex (Table 1).
Most of the participants had tertiary education (67%), were employed (75.3%) and reported
having good or very good general health status (87.9%). Only 1 in 10 women reported
monthly income of more than 1400 euros, compared to 1 in 4 men (p-value = 3.1−15).
Frequent alcohol consumption (more than twice/week) was less common in women
than men (9% vs. 21.1%, p-value = 1.8−15), and women were more likely to be never
smokers (37.2 vs. 29.7, p-value = 2.6−03). The percentage of women self-reporting a per-
sonal history of chronic condition was significantly higher than for men (45.4% vs. 34.8%,
p-value = 2.5−04). Additionally, the prevalence of medication use was higher in women
than men (39.2% vs. 32.5%, p-value = 0.05). Compared to men, women had lower anthropo-
metric (except for hip circumference and % fat), blood pressure and biomarker (except for
total and high-density lipoprotein (HDL) cholesterol) measurements (all p-values < 0.001).

Table 1. Baseline characteristics of the Epirus Health Study participants overall and according to sex.

Total (n = 1237) Women (n = 748) Men (n = 489) p-Value

Demographics
Age (years) 48.1 (11.0) 48.2 (10.8) 48.0 (11.5) 0.79

Education (years)
≤12 408 (33.0) 241 (32.3) 167 (34.2)
>12 827 (67.0) 505 (67.7) 322 (65.8) 0.50

Employment status
Employed 927 (75.3) 538 (72.3) 389 (79.9)

Other 304 (24.7) 206 (27.7) 98 (20.1) 2.6−03

After-tax income (€/month)
≤500 151 (13.1) 117 (16.8) 34 (7.5)

501–900 298 (25.9) 205 (29.4) 93 (20.5)
901–1400 515 (44.7) 306 (43.9) 209 (46.0)

>1400 187 (16.2) 69 (9.9) 118 (26.0) 3.1−15

Lifestyle
PSQI 4.9 (2.5) 5.1 (2.7) 4.5 (2.1) 2.7−06

MEDAS 7.2 (1.8) 7.4 (1.7) 7.1 (1.8) 3.2−03

Physical activity (MET-hours/week) 15.3 (20.1) 13.6 (18.8) 18.0 (21.7) 1.9−04

Smoking status
Never smokers 423 (34.2) 278 (37.2) 145 (29.7)

Former smokers 431 (34.9) 234 (31.3) 197 (40.3)
Current smokers 382 (30.9) 235 (31.5) 147 (30.1) 2.6−03

Alcohol consumption
Never 151 (12.2) 114 (15.3) 37 (7.6)

Less than once/month 362 (29.3) 261 (34.9) 101 (20.7)
1–3 times/month 211 (17.1) 125 (16.7) 86 (17.6)
1–2 times/week 342 (27.7) 180 (24.1) 162 (33.1)

At least 3 times/week 170 (13.8) 67 (9.0) 103 (21.1) 1.8−15

Cellphone use at least once/week (years)
≤10 81 (6.6) 64 (8.6) 17 (3.5)

11–15 149 (12.1) 101 (13.5) 48 (9.8)
16–20 273 (22.1) 162 (21.7) 111 (22.7)
>20 733 (59.3) 420 (56.2) 313 (64.0) 4.0−04

Dietary supplement use during last week 384 (31.4) 276 (37.3) 108 (22.4) 4.2−08

Personal medical history (self-reported)
General health status

Very good 460 (37.2) 256 (34.3) 204 (41.7)
Good 626 (50.7) 390 (52.3) 236 (48.3)

Moderate/Bad/Very bad 149 (12.1) 100 (13.4) 49 (10.0) 0.02
Chronic health condition 507 (41.2) 338 (45.4) 169 (34.8) 2.5−04
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Table 1. Cont.

Total (n = 1237) Women (n = 748) Men (n = 489) p-Value

Limitation of usual activities during last
year because of a health issue 191 (15.5) 124 (16.6) 67 (13.7) 0.17

Symptoms of stress during last 2 weeks 44 (3.6) 37 (5.0) 7 (1.4) 1.1−03

Symptoms of depression during last 2
weeks 38 (3.1) 31 (4.1) 7 (1.4) 0.01

Diabetes mellitus diagnosis 62 (5.0) 43 (5.8) 19 (3.9) 0.14
High cholesterol diagnosis 326 (26.5) 201 (26.9) 125 (25.7) 0.63

High blood pressure diagnosis 168 (13.6) 80 (10.7) 88 (18.0) 2.5−04

Bleeding gums 424 (34.3) 268 (35.9) 156 (31.9) 0.15
Lost/removed teeth (excl. wisdom teeth) 743 (61.5) 453 (62.2) 290 (60.3) 0.50

No. of dental fillings 3.3 (3.7) 3.4 (3.9) 3.2 (3.4) 0.55
Hearing impairment 92 (7.4) 48 (6.4) 44 (9.0) 0.09

Weight change since last year
Same weight 650 (52.7) 363 (48.6) 287 (58.9)
Weight gain 381 (30.9) 271 (36.3) 110 (22.6)
Weight loss 203 (16.5) 113 (15.1) 90 (18.5) 2.4−06

Weight at 18 years (kg) 62.8 (12.5) 56.6 (8.6) 73.3 (10.9) 3.0−131

No. of drugs taken during last week
0 777 (63.4) 451 (60.8) 326 (67.5)
1 244 (19.9) 162 (21.8) 82 (17.0)
≥2 204 (16.7) 129 (17.4) 75 (15.5) 0.05

Clinical examinations
BMI (kg/m2) 26.5 (4.8) 25.7 (4.9) 27.7 (4.4) 2.6−12

Waist circumference (cm) 93.7 (13.8) 88.7 (12.6) 101.1 (12.1) 4.7−58

Hip circumference (cm) 101.9 (8.0) 102.0 (8.4) 101.6 (7.3) 0.35
Fat mass (%) 1 28.5 (7.7) 31.9 (6.9) 23.5 (5.9) 9.2−89

Fasting glucose (mg/dL) 86.3 (15.2) 84.3 (15.2) 89.4 (14.6) 9.3−09

Total cholesterol (mg/dL) 195.1 (34.2) 195.7 (33.6) 194.2 (35.3) 0.44
LDL cholesterol (mg/dL) 126.2 (34.0) 123.3 (33.8) 130.5 (33.9) 3.5−04

HDL cholesterol (mg/dL) 54.4 (12.4) 58.8 (12.1) 47.7 (9.5) 2.6−57

Triglycerides (mg/dL) 96.2 (57.7) 85.2 (50.3) 112.9 (63.8) 1.7−16

Systolic blood pressure (mmHg) 2 119.2 (13.4) 116.1 (13.1) 123.9 (12.5) 2.5−23

Diastolic blood pressure (mmHg) 2 77.6 (10.4) 75.1 (9.6) 81.5 (10.3) 1.4−26

Pulse wave velocity 2 6.9 (1.4) 6.8 (1.4) 7.1 (1.4) 1.1−03

Abbreviations: PSQI; Pittsburgh Sleep Quality Index, MEDAS; Mediterranean Diet Adherence Screener, MET; Metabolic Equivalent of
Energy Expenditure, BMI; Body Mass Index, LDL; Low-density lipoprotein, HDL; High-density lipoprotein. Characteristics are presented
as mean (standard deviation) for continuous variables and frequency (percentage) for categorical variables. Independent samples t-tests
or chi-squared tests were used for comparing associations by sex. 1 Fat mass was measured using bioelectrical impedance analysis. 2

Systolic, diastolic blood pressure and pulse wave velocity were measured as average of three consecutive measurements with an arterial
stiffness monitor.

The prevalence of DS use was 31.4% in the overall population but was higher in women
than men (Table 1; 37.3% vs. 22.4%, p-value = 4.2−08). Among the women, 59.1% were
pre-menopausal and 34.1% post-menopausal (not including women who had undergone
hysterectomy or bilateral oophorectomy), but the prevalence of DS use did not differ
significantly between the two groups (35.3% vs. 38.8% respectively; p value = 0.632). The
standardized prevalence of DS use by age and sex, using the stratified Greek population
as the standardization data, was 36.6% for women and 21.6% for men. Likewise, using
the stratified Epirus population, the standardized prevalence was 36.2% for women and
21.2% for men. Figure 1 shows the prevalence of DS use during the recruitment period
(June 2019 to March 2021) of the EHS in women and men. DS use varied widely, from
25% to 50% over the duration of the study in women, and from 0% to 50% in men. The
prevalence showed a slight decreasing trend over time in women (linear regression beta:
−0.16% per month; 95% confidence interval (CI): −0.08%, −0.23%), whereas in men it
decreased during the first approximately 10 months and increased gradually after April
2020, showing an overall increasing trend (beta: 0.48% per month; 95% CI: 0.33%, 0.63%).
We compared DS use before and after March 2020 to examine potential association with
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the COVID-19 pandemic. DS use in women did not differ significantly, adjusted for age
(p value = 0.744), whereas in men a suggestive increase in DS use was found after the
pandemic onset (p value = 0.08).

Nutrients 2021, 13, x FOR PEER REVIEW 6 of 15 
 

 

Clinical examinations     
BMI (kg/m2) 26.5 (4.8) 25.7 (4.9) 27.7 (4.4) 2.6−12 

Waist circumference (cm) 93.7 (13.8) 88.7 (12.6) 101.1 (12.1) 4.7−58 
Hip circumference (cm) 101.9 (8.0) 102.0 (8.4) 101.6 (7.3) 0.35 

Fat mass (%) 1 28.5 (7.7) 31.9 (6.9) 23.5 (5.9) 9.2−89 
Fasting glucose (mg/dL) 86.3 (15.2) 84.3 (15.2) 89.4 (14.6) 9.3−09 
Total cholesterol (mg/dL) 195.1 (34.2) 195.7 (33.6) 194.2 (35.3) 0.44 
LDL cholesterol (mg/dL) 126.2 (34.0) 123.3 (33.8) 130.5 (33.9) 3.5−04 
HDL cholesterol (mg/dL) 54.4 (12.4) 58.8 (12.1) 47.7 (9.5) 2.6−57 

Triglycerides (mg/dL) 96.2 (57.7) 85.2 (50.3) 112.9 (63.8) 1.7−16 
Systolic blood pressure (mmHg) 2 119.2 (13.4) 116.1 (13.1) 123.9 (12.5) 2.5−23 
Diastolic blood pressure (mmHg) 2 77.6 (10.4) 75.1 (9.6) 81.5 (10.3) 1.4−26 

Pulse wave velocity 2 6.9 (1.4) 6.8 (1.4) 7.1 (1.4) 1.1−03 
Abbreviations: PSQI; Pittsburgh Sleep Quality Index, MEDAS; Mediterranean Diet Adherence Screener, MET; Metabolic 
Equivalent of Energy Expenditure, BMI; Body Mass Index, LDL; Low-density lipoprotein, HDL; High-density lipoprotein. 
Characteristics are presented as mean (standard deviation) for continuous variables and frequency (percent-
age) for categorical variables. Independent samples t-tests or chi-squared tests were used for comparing asso-
ciations by sex. 1 Fat mass was measured using bioelectrical impedance analysis. 2 Systolic, diastolic blood 
pressure and pulse wave velocity were measured as average of three consecutive measurements with an ar-
terial stiffness monitor. 

 
Figure 1. Prevalence of dietary supplement (DS) use over time among 748 women (top panel) and 489 men (bottom panel) 
participants of the Epirus Health Study. The X-axis represents months from June 2019 to March 2021. The Y-axis represents 
the percentage of DS use. Circles are proportional to the sample size at each month. Regression analyses with linear (red 
line) and quadratic (blue line) terms for month of participation are overlayed on the graphs. 

0%

10%

20%

30%

40%

50%
Women

0%

10%

20%

30%

40%

50%

Ju
n 1

9
Ju

l 1
9

Aug
 19

Sep
 19

Oct 
19

Nov
 19

Dec
 19

Ja
n 2

0

Feb
 20

Mar 
20

Apr 
20

May
 20

Ju
n 2

0
Ju

l 2
0

Aug
 20

Sep
 20

Oct 
20

Nov
 20

Dec
 20

Ja
n 2

1

Feb
 21

Mar 
21

Men

Pr
ev

al
en

ce
 o

f D
S 

us
e

Time (months)

Figure 1. Prevalence of dietary supplement (DS) use over time among 748 women (top panel) and 489 men (bottom panel)
participants of the Epirus Health Study. The X-axis represents months from June 2019 to March 2021. The Y-axis represents
the percentage of DS use. Circles are proportional to the sample size at each month. Regression analyses with linear (red
line) and quadratic (blue line) terms for month of participation are overlayed on the graphs.

Table 2 shows the general characteristics of the study population according to DS
use in women and men. Men DS users were more likely to be younger (p-value = 0.01),
and women users slightly older (p-value = 0.06), compared to men and women nonusers,
respectively. Men DS users were more physically active (p-value = 0.02), more likely to be
employed (p-value = 0.02) and to take medications (p-value = 0.03) and had lower pulse
wave velocity (p-value = 0.03) than men non-users. There was no statistically significant
association between physical activity, employment status, medication use and pulse wave
velocity and DS use in women. On the contrary, women using DS were more likely to
report chronic diseases (p value < 0.01) and a worse general health status (p value = 0.03),
had lower anthropometric indices (except for % body fat), lower diastolic blood pressure
(DBP) and higher HDL cholesterol compared to women non-users (all p values ≤ 0.01),
whereas no significant differences were observed for these variables in men.
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Table 2. Baseline characteristics of the Epirus Health Study participants according to sex and dietary supplement (DS) use.

Women (n = 740) Men (n = 482)

No DS Users
(n = 464)

DS Users
(n = 276) p-Value No DS Users

(n = 374)
DS Users
(n = 108) p-Value

Demographics
Age (years) 47.5 (10.9) 49.1 (10.4) 0.06 48.6 (11.5) 45.5 (10.7) 0.01

Education (years)
≤12 153 (33.0) 87 (31.5) 129 (34.5) 35 (32.4)
>12 311 (67.0) 189 (68.5) 0.68 245 (65.5) 73 (67.6) 0.69

Employment status
Employed 337 (72.9) 197 (71.1) 291 (78.0) 94 (87.9)

Other 125 (27.1) 80 (28.9) 0.59 82 (22.0) 13 (12.1) 0.02
After-tax income (€/month)

≤500 78 (18.0) 39 (15.1) 26 (7.4) 7 (7.2)
501–900 139 (32.1) 65 (25.1) 68 (19.4) 24 (24.7)

901–1400 174 (40.2) 129 (49.8) 160 (45.7) 45 (46.4)
>1400 42 (9.7) 26 (10.0) 0.07 96 (27.4) 21 (21.6) 0.57

Lifestyle
PSQI 5.1 (2.5) 5.2 (2.9) 0.54 4.5 (2.1) 4.2 (1.9) 0.31

MEDAS 7.4 (1.7) 7.4 (1.7) 0.84 7.1 (1.8) 7.1 (1.7) 0.70
Physical activity (MET-hours/week) 13.2 (19.9) 14.3 (16.9) 0.46 16.6 (20.9) 22.1 (22.4) 0.02

Smoking status
Never smokers 177 (38.1) 98 (35.5) 116 (31.0) 28 (25.9)

Former smokers 139 (30.0) 94 (34.1) 140 (37.4) 53 (49.1)
Current smokers 148 (31.9) 84 (30.4) 0.50 118 (31.6) 27 (25.0) 0.09

Alcohol consumption
Never 73 (15.7) 39 (14.1) 25 (6.7) 12 (11.1)

Less than once/month 163 (35.1) 95 (34.4) 78 (20.9) 22 (20.4)
1–3 times/month 78 (16.8) 46 (16.7) 67 (17.9) 18 (16.7)
1–2 times/week 107 (23.1) 72 (26.1) 117 (31.3) 41 (38.0)

At least 3 times/week 43 (9.3) 24 (8.7) 0.90 87 (23.3) 15 (13.9) 0.14
Cellphone use at least once/week

(years)
≤10 41 (8.8) 21 (7.6) 14 (3.7) 2 (1.9)

11–15 61 (13.1) 40 (14.5) 35 (9.4) 12 (11.1)
16–20 101 (21.8) 59 (21.4) 85 (22.7) 23 (21.3)
>20 261 (56.3) 156 (56.5) 0.91 240 (64.2) 71 (65.7) 0.73

Personal medical history (self-reported)
General health status

Very good 176 (37.9) 79 (28.6) 158 (42.2) 45 (41.7)
Good 228 (49.1) 158 (57.2) 179 (47.9) 53 (49.1)

Moderate/bad/very bad 60 (12.9) 39 (14.1) 0.03 37 (9.9) 10 (9.3) 0.97
Chronic health condition 188 (40.7) 145 (52.5) 1.8−03 121 (32.6) 45 (42.1) 0.07

Limitation of usual activities during
last year because of a health issue 69 (14.9) 53 (19.2) 0.13 51 (13.6) 15 (13.9) 0.95

Symptoms of stress during last
2 weeks 26 (5.6) 11 (4.0) 0.33 4 (1.1) 2 (1.9) 0.52

Symptoms of depression during last
2 weeks 17 (3.7) 13 (4.7) 0.49 5 (1.3) 1 (0.9) 0.73

Diabetes mellitus diagnosis 28 (6.0) 14 (5.1) 0.58 17 (4.5) 1 (0.9) 0.08
High cholesterol diagnosis 119 (25.6) 78 (28.3) 0.44 91 (24.5) 30 (28.0) 0.45

High blood pressure diagnosis 55 (11.9) 25 (9.1) 0.24 69 (18.5) 15 (13.9) 0.27
Bleeding gums 169 (36.4) 99 (35.9) 0.88 118 (31.6) 35 (32.4) 0.87

Lost/removed teeth (excl. wisdom
teeth) 292 (64.6) 157 (58.1) 0.08 228 (61.8) 58 (54.7) 0.19

No. of dental fillings 3.3 (3.9) 3.4 (3.8) 0.66 3.3 (3.5) 2.9 (2.9) 0.25
Hearing impairment 25 (5.4) 22 (8.0) 0.16 35 (9.4) 8 (7.4) 0.53

Weight change since last year
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Table 2. Cont.

Women (n = 740) Men (n = 482)

No DS Users
(n = 464)

DS Users
(n = 276) p-Value No DS Users

(n = 374)
DS Users
(n = 108) p-Value

Same weight 233 (50.2) 128 (46.4) 223 (59.8) 59 (55.1)
Weight gain 166 (35.8) 102 (37.0) 79 (21.2) 30 (28.0)
Weight loss 65 (14.0) 46 (16.7) 0.50 71 (19.0) 18 (16.8) 0.33

Weight at 18 years (kg) 56.9 (9.0) 56.1 (8.1) 0.22 72.8 (10.8) 74.1 (10.6) 0.31
No. of drugs taken during last week

0 292 (63.3) 159 (57.6) 261 (70.5) 64 (59.3)
1 96 (20.8) 64 (23.2) 54 (14.6) 27 (25.0)
≥2 73 (15.8) 53 (19.2) 0.28 55 (14.9) 17 (15.7) 0.03

Clinical examinations
BMI (kg/m2) 26.1 (5.2) 25.0 (4.3) 0.01 27.8 (4.4) 27.0 (4.1) 0.10

Waist circumference (cm) 89.5 (13.1) 87.1 (11.7) 0.01 101.5 (12.4) 99.8 (10.8) 0.21
Hip circumference (cm) 102.7 (8.6) 101.0 (8.1) 0.01 101.8 (7.4) 100.9 (7.2) 0.24

Fat mass (%) 1 32.0 (7.0) 31.6 (6.6) 0.51 23.7 (5.9) 22.7 (5.8) 0.16
Fasting glucose (mg/dL) 84.9 (17.9) 83.2 (9.2) 0.16 89.6 (15.7) 88.6 (9.5) 0.52
Total cholesterol (mg/dL) 195.7 (34.7) 195.6 (31.8) 0.99 196.0 (35.8) 189 (32.4) 0.07
LDL cholesterol (mg/dL) 124.0 (35.4) 121.8 (31.3) 0.41 131.8 (34.7) 126.8 (29.8) 0.19
HDL cholesterol (mg/dL) 58.0 (11.7) 60.4 (12.5) 0.01 48.0 (9.6) 47.0 (8.9) 0.34

Triglycerides (mg/dL) 87.6 (57.0) 80.2 (35.4) 0.06 113.2 (66.6) 111.3 (54.1) 0.79
Systolic blood pressure (mmHg) 2 116.8 (13.5) 115.0 (12.5) 0.08 123.9 (12.6) 123.2 (11.4) 0.63
Diastolic blood pressure (mmHg) 2 75.9 (9.9) 73.7 (8.7) 2.9−03 82.0 (10.2) 79.9 (10.4) 0.07

Pulse wave velocity 2 6.7 (1.4) 6.9 (1.3) 0.24 7.1 (1.4) 6.8 (1.2) 0.03

Abbreviations: PSQI; Pittsburgh Sleep Quality Index, MEDAS; Mediterranean Diet Adherence Screener, MET; Metabolic Equivalent of
Energy Expenditure, BMI; Body Mass Index, LDL; Low-density lipoprotein, HDL; High-density lipoprotein. Characteristics are presented
as mean (standard deviation) for continuous variables and frequency (percentage) for categorical variables. Independent samples t-tests
or chi-squared tests were used for comparing associations by DS use. 1 Fat mass was measured using bioelectrical impedance analysis.
2 Systolic, diastolic blood pressure and pulse wave velocity were measured as average of three consecutive measurements with an arterial
stiffness monitor.

When we used restricted cubic splines to examine the potential non-linear association
between DS use and age (Supplementary Figures S1 and S2), the association was positive
until middle-age and slightly negative afterwards in women. In men, the association did
not deviate from linearity.

Tables 3 and 4 report the results of multivariable-adjusted odds ratios (OR) of the
independent correlates of DS use in the final model of the two-step approach in women
and men, respectively. The odds of DS use were 70.5% higher (95% CI: 1.18–2.46) in women
who reported a chronic disease or health condition. On the contrary, women who reported
lost or removed teeth had 47.9% lower odds of DS use (95% CI: 0.35–0.78), and a 5 mmHg
higher DBP was associated with a 16.5% lower odds of DS use (95% CI: 0.73–0.96). The
association of age with DS use was non-linear (p-value = 0.04), as previously described.
Borderline significant inverse associations were found in women for worse general health
status and body mass index (BMI) (Table 3). Waist and hip circumference were excluded
from the final model in women due to collinearity with BMI, but their exclusion did not
change the other variables’ estimates. The results of the final model in women assessing
the association between DS use and age linearly were similar (Supplementary Table S1).

In men, employment status was significantly associated with DS use, with employed
men being 2.5 times more likely to use DS compared to unemployed/retired men (95% CI:
1.21–5.29) (Table 4). At a statistical significance level of 0.10, smoking cessation, increased
MET hours/week, presence of chronic health conditions and medication use were positively
associated with DS use, whereas an inverse association was found for BMI. The mean pulse
wave velocity was removed from the final model because it showed collinearity with age.

The sensitivity analysis using the Collett’s procedure showed similar findings with
the two-step approach for both women and men (data not shown).
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Table 3. Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between dietary supplement use
and demographic characteristics, lifestyle factors and clinical examinations among 641 women participants of the Epirus
Health Study; the association between DS use and age was assessed non-linearly.

Variable OR (95% CI) p-Value Overall
p-Value 1

Age N/A 2 N/A 2 0.04
After-tax income (€/month)

≤500 Reference
501–900 0.900 (0.527–1.539) 0.70

901–1400 1.254 (0.752–2.090) 0.39
>1400 1.045 (0.521–2.095) 0.90 0.46

General health status
Very good Reference

Good 0.562 (0.309–1.023) 0.06
Moderate/bad/very bad 0.896 (0.526–1.527) 0.69 0.05
Chronic health condition

No Reference
Yes 1.705 (1.182–2.458) 4.3−03

Lost/removed teeth (excl. wisdom teeth)
No Reference
Yes 0.521 (0.351–0.775) 1.3−03

BMI (per 5 kg/m2) 0.793 (0.631–0.997) 0.05
HDL cholesterol (per 5 mg/dL) 1.032 (0.953–1.119) 0.43

Triglycerides (per 5 mg/dL) 0.992 (0.968–1.017) 0.54
Systolic blood pressure (per 5 mmHg) 3 1.043 (0.937–1.162) 0.44
Diastolic blood pressure (per 5 mmHg) 3 0.835 (0.725–0.961) 0.01

Abbreviations: BMI; Body Mass Index, HDL; High-density lipoprotein. All variables associated univariably with DS use at the 10%
statistical significance threshold from Table 2 were entered in a multivariable model. Among the anthropometric variables, only BMI
was left in the model to avoid multi-collinearity. 1 Overall p-value was calculated by overall Wald test. 2 Age was included in the model
using restricted cubic splines with five knots. 3 Systolic and diastolic blood pressure were measured as average of three consecutive
measurements with an arterial stiffness monitor.

Table 4. Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between dietary supplement
use and demographic characteristics, lifestyle factors and clinical examinations among 452 men participants of the Epirus
Health Study.

Variable OR (95% CI) p-Value Overall
p-Value 1

Age (per 5 years) 0.914 (0.804–1.038) 0.16
Employment status

Other Reference
Employed 2.526 (1.208–5.285) 0.01

Smoking status
Never smokers Reference

Former smokers 1.634 (0.931–2.867) 0.09
Current smokers 0.874 (0.462–1.652) 0.68 0.07

Physical activity (per 5 MET-hours/week) 1.046 (0.993–1.101) 0.09
Chronic health condition

No Reference
Yes 1.661 (0.935–2.949) 0.08

No. of drugs taken during last week
0 Reference
1 2.138 (1.102–4.150) 0.03
≥2 1.268 (0.542–2.964) 0.58 0.07

BMI (per 5 kg/m2) 0.739 (0.540–1.013) 0.06
Total cholesterol (per 5 mg/dL) 0.987 (0.952–1.024) 0.49

Diastolic blood pressure (per 5 mmHg) 2 0.973 (0.856–1.105) 0.67

Abbreviations: MET; Metabolic Equivalent of Energy Expenditure, BMI; Body Mass Index. All variables associated univariably with DS use
at the 10% statistical significance threshold from Table 2 were entered in a multivariable model. Pulse wave velocity was removed from the
model to avoid multi-collinearity with age. 1 Overall p-value was calculated by overall Wald test. 2 Diastolic blood pressure was measured
as average of three consecutive measurements with an arterial stiffness monitor.
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4. Discussion

We investigated the prevalence of DS use and its determinants in 1237 participants
of the Epirus Health Study cohort. The prevalence of DS use was substantially higher
in women compared to men, and their correlates also differed by sex, although markers
of both worse and good health were identified as correlated of DS use in both sexes. In
women, age was positively associated with DS use until middle-age and slightly negatively
afterwards; presence of a chronic health condition was also positively associated with
DS use, whereas teeth loss and DBP were inversely associated. A positive association for
general health status and an inverse association for BMI were borderline significant. In
men, being employed was the only factor that was significantly associated with higher DS
use, with BMI showing a suggestive negative association and smoking cessation, physical
activity, presence of chronic disease or health condition and medication use showing
suggestive positive associations.

This is the first contemporary study to describe the prevalence of DS use in a Greek
adult population. The standardized prevalence of DS use by age and sex, using the stratified
Greek population as the standardization data, was 36.6% for women and 21.6% for men.
According to studies based on national surveys from other countries, the prevalence of
DS use in adult populations among countries varied [7,9,26]. The highest prevalence rates
were reported in a Danish national survey with 60% of women and 51% of men using
DS [5], and in the US 2017–2018 NHANES survey, with the respective estimates being
63.8% for women and 50.8% for men [2], whereas the lowest prevalence was reported in a
Chinese national survey where only 0.84% of women and 0.60% of men aged 6 years or
above used DS [11]. Differences in population characteristics and in the definitions of DS
across studies make difficult any attempts for comparisons between populations. However,
regardless of the varying results across studies, results from previous studies agree that
the prevalence of DS use is higher among women than men [12,24,27–30], in line with
our findings.

Middle-aged women and younger men in our study were more likely to use DS, but
the association in men did not retain significance in the multivariable model. Our findings
regarding women are in agreement with the results of a 2012–2016 national Dutch survey,
which showed that DS consumption for adult women increased with age until the age
group of 51 to 70 years and decreased afterwards, whereas men 51 to 70 years had the
lowest percentage of DS use compared to the other adult age groups [9]. Furthermore,
in a Swiss population, DS use increased with age until the age group of 45–64 years and
decreased afterwards, irrespectively of sex [24]. Positive linear trends have been reported
in other studies [26,31,32].

We found that employed men were 2.5 times more likely to use DS compared to men
of other employment statuses. A possible explanation is that employed men are more
likely to have higher socio-economic and educational status, which has been linked to
DS use [8,12,14,15]. The differing categorizations of employment status across the limited
studies that have explored this association prohibit direct comparison with our results. In a
French population, DS use was increased among men and women who were in service,
compared to students, unemployed and retired individuals [27]. In an Italian sample,
the highest percentage of DS users was among students, managers/professionals and
employees [29]. In Japan, farmers and fishermen were the least likely occupation category
to use DS [31]. No significant association between professional status and DS use was
found in a Swiss study [24].

In the present study, participants who reported personal history of chronic diseases or
health conditions were more likely to use DS (the association was significant for women and
suggestive for men), in agreement with results from previous studies [33,34]. About 1 in
3 participants of a French cohort reported “solve or overcome health problems” as a reason
for DS use [27]; likewise, “to recover from disease” was the second most frequently reported
reason for using DS among Bangladeshi adults [35], while 26.2% of female participants in
a Saudi Arabian study reported “injury or illness” as the main reason for DS use [36]. A
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suggestive association was also found between medication use and DS use among men.
Similar results were reported in a 2015 population-based study in Dubai and in a Danish
study [12,37], likewise in a study in a UK population; however, the results in the latter lost
significance after adjustment for age and sex [30].

In contrast, we found a borderline significant association between self-assessed gen-
eral health status and DS use in women, as those who reported very good health status
were more likely to use DS compared to those who reported good health status or lower,
although for the latter the data were limited. Results from previous research have been
mixed. Participants of a large UK study who perceived their health as good or excellent
were more likely to use DS than those reporting poor or fair health status [30]. In the
2011–2014 NHANES, 65.1% of women reporting excellent or very good health and 56.4%
reporting good health were DS users, with a similar trend being reported for men [14].
Data from a 1996–1997 national representative Swedish sample showed that participants
with subjective excellent health status used significantly less DS compared to those of
other health statuses [38]. Results from other studies showed no significant association
between self-perceived health status and DS use [26,29,39]. According to our study, women
using DS were significantly more likely to have intact teeth. This agrees with results from
previous studies suggesting that vitamin D supplementation may be associated with better
periodontal health [40,41]. In a Swedish study, the frequency of dental check-ups was
associated with increased DS use [38]. Good oral hygiene might be considered an indicator
of health awareness and a healthy lifestyle, both related to DS consumption [7,15,27,32,42].

In the present study we found evidence for an inverse association between DBP and
DS use in women. The potential lowering effect of DS use on blood pressure has a biological
basis [43,44] and several ingredients used in DS have been linked to lower DBP [45–47].
In a recent meta-analysis of randomized controlled trials, Li et al. found a borderline
significant inverse association between multivitamin–multimineral use and DBP, which
was significant in obese individuals or those with chronic diseases [48]. Additionally, lower
DBP has been associated with factors and behaviors indicative of a healthy lifestyle [49,50]
which, as already mentioned, has been related to DS use. Furthermore, high blood pressure
measurements and history of hypertension have been negatively associated with DS
use [10,30].

Our finding that BMI was inversely associated with DS use for both women and
men (borderline significantly and suggestively, respectively) is also consistent with results
from previous studies [27]. Obese individuals have been associated with lower DS use
compared to individuals with normal BMI [24,31,39,51]. Our data also revealed a suggestive
positive association between physical activity and DS use in men. In agreement, DS use
has been associated with physical activity in many previous studies, for both men and
women [24,26,39,52]. We also found a suggestive positive association in men between DS
use and former smoking compared to never smoking. Increased supplement use by former
smokers might be an attempt to minimize the detrimental effects of their previous habit to
their health. Findings from previous studies regarding smoking are mixed; some are similar
to ours, irrespectively of sex [12,24]; others indicate that men who were former-, never-, or
non-smokers were more likely to use DS than current smokers [26,31]; in a Danish national
survey [5], Tetens et al. found no significant association.

In the present study we found a suggestive increase in DS use after the onset of the
COVID-19 pandemic in men, but not in women. Several online surveys have been con-
ducted regarding DS use during the pandemic. In a Greek survey, 19% of the participants
reported that they started or increased the frequency of DS use during the pandemic [53].
In a Chinese survey conducted in March 2020, Zhao et al. found that 31.2% of the partici-
pants consumed DS or Chinese herbs to cope with COVID-19 [54]; similarly, in a survey
conducted in Spain, at least 21.3% of the participants reported use of vitamins and mineral
supplements, mostly women [55]. However, in a survey conducted in Hong Kong, no
significant difference in DS use was found before vs. during the pandemic [56].
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This study has several strengths. It is a population-based study conducted in Greece
and has captured a wide range of potential correlates of DS use. Information was recorded
through face-to-face interviews by trained interviewers. Anthropometric and clinical
measurements were evaluated objectively by trained health professionals. Thorough
regression modelling techniques were used to identify independent correlates of DS use.
However, there are several limitations that also need to be considered. First, DS use was
captured only at recruitment and may not reflect habitual supplement use. In addition,
data about the type and dose of DS use were self-reported and incomplete. Finally, the
cross-sectional study design precludes investigation of any causal relationships and the
relatively small sample size did not allow us to make more detailed investigations in
subgroups of the population by age and other characteristics.

In summary, a substantial prevalence of DS use was found in a non-random sample
of the Greek population, especially in women. Different correlates of DS use by sex were
identified, which should be replicated in independent and ideally representative studies,
before they can be considered to inform public health policies. Since many studies have
failed to show a clear benefit from taking supplements in the general population for
prevention of major chronic diseases [57], similar research will aid the formulation of
appropriate and effective interventions for the proper use of DS.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13082857/s1, Figure S1: Probability of DS use vs. age in women, Figure S2: Probability of
DS use vs. age in men, Table S1: Adjusted odds ratios (OR) and 95% confidence intervals (CI) for
the association between dietary supplement use and demographic characteristics, lifestyle factors
and clinical examinations among 641 women participants of the Epirus Health Study; the association
between DS use and age was assessed linearly.
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