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Abstract

In contrast to the dichotomous classification of metabolic syndrome, continuous metabolic syndrome scores enable to
assess cardiometabolic burden in metabolic syndrome-free individuals. Using receiver operating characteristics analysis,
discrimination power of continuous metabolic syndrome score calculated from population-based Z-scores or individual
measures corrected to the accepted international standards for presence/absence of metabolic syndrome was assessed.
Calculated cutoff values were used to estimate the proportions of metabolic syndrome-free subjects presenting high
cardiometabolic risk. Clinical data were collected from 2331 (52% females) 16- to 20-year-old subjects. Receiver
operating characteristics analyses showed an acceptable performance of both scores to classify metabolic syndrome
presence: area under the curve (97-98%), sensitivity (95-100%), and specificity (86-96%). Compared with the preva-
lence of metabolic syndrome, proportions of metabolic syndrome-free subjects on high cardiometabolic risk, e.g.,
presenting continuous scores > cutoff points, were about 3-fold higher in males, and 4-fold higher in females. Both
scores correlated significantly with markers of cardiometabolic risk.

Conclusion: Continuous cardiometabolic syndrome scores are practical tools to evaluate cardiometabolic risk in subjects not
presenting metabolic syndrome. Accuracy, simplicity, and ability to classify metabolic syndrome-free subjects on high cardio-
metabolic risk make continuous metabolic syndrome score derived from international standards convenient for use in research
and clinical practice.
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What is Known:

* Dichotomous classification of metabolic syndrome is simple but not suitable for assessment of cardiometabolic burden in metabolic syndrome-free
subjects. This prompted implementation of continuous scores, which are generally sample-specific. Score based on internationally accepted standards

allows for comparison between populations and studies.

* The performance of different continuous metabolic syndrome scores to assess the prevalence of metabolic syndrome-free subjects presenting high

cardiometabolic burden has not been compared yet.
What is New:

» We compared the discrimination power of sample-specific Z-score-derived continuous metabolic syndrome score and that calculated based on
internationally accepted standards for presence or absence of metabolic syndrome in young subjects.

* The prevalence of metabolic syndrome-free subjects presenting high cardiometabolic risk was estimated using the cutoff points of continuous metabolic
syndrome scores derived from the analyses of receiver operating characteristic curves.

Keywords Metabolic syndrome - Continuous cardiometabolic risk score - Prevalence - Cardiometabolic risk

Abbreviations

AIP Atherogenic index of plasma
ANOVA  Analysis of variance

AUC Area under the curve

BMI Body mass index

BP Blood pressure

CI Confidence interval

DBP Diastolic blood pressure

eGFR Estimated glomerular filtration rate
FPG Fasting plasma glucose

FPI Fasting plasma insulin

GLM General linear model

HDL-C  High-density lipoprotein cholesterol

hsCRP High-sensitivity C-reactive protein

LDL-C  Low-density lipoprotein cholesterol

MS Metabolic syndrome

OR Odds ratio

QUICKI  Quantitative insulin sensitivity check index

RF Risk factor

ROC Receiver operating characteristic

SBP Systolic blood pressure

SD Standard deviation

SiMSS Continuous metabolic syndrome score calculated
using individual measures corrected to the accept-
ed international standards

TAG Triacylglycerols

WHtR Waist-to-height ratio

Z-MSS  Population-derived continuous metabolic syn-
drome score calculated using Z-scores

Introduction

The metabolic syndrome (MS) is a cluster of concurrently
manifested conditions, e.g., abdominal obesity, elevated blood
pressure (BP), impaired glucose homeostasis, and atherogenic
dyslipidemia [1]. Their coexistence enhances the risk of de-
veloping type 2 diabetes and cardiovascular diseases, even in
young subjects [2, 3].
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Diagnosis of MS is based on dichotomous criteria, gener-
ally as the presence of 3 out of 5 criteria—central obesity,
elevated BP, elevated fasting plasma glucose (FPG), elevated
triacylglycerols (TAG), and low high-density lipoprotein cho-
lesterol (HDL-C) concentrations [4—6]. Dichotomous classifi-
cation enables unequivocal diagnosis of MS, but it is not suit-
able for assessment of cardiometabolic burden in MS-free
subjects or for tracking of individual burden over time.
Furthermore, there is no consensus on the classification of
MS in children and adolescents. Different classification ap-
proaches may result even in 2.5-fold difference in MS preva-
lence [5, 6]. Continuous MS scores reflect the fact that cardio-
metabolic risk is a progressive function of several MS risk
factor (RF); thus, they enable to overcome the above-
mentioned drawbacks [7—11]. Different statistical approaches,
such as Z-scores, percentile ranges, factor scores of principal
component analysis, etc., are used to calculate population-
based continuous MS scores. They allow for exact estimation
of the individual cardiometabolic burden within the reference
population but do not enable between-population comparison
[7—-15]. Moreover, any changes in the reference database (re-
moval or addition of subjects) would require recalculation of
the individual MS score. The recently proposed MS score
authored by Soldatovic I. (siMSS) [16] normalizes the indi-
vidual measures to the accepted international standards [3, 4,
17]. It represents the sum of ratios of the participant’s value for
each variable to that of accepted risk factor cutoff point [16],
allowing for estimation of individual cardiometabolic risk
even if population-based reference data are not available, as
well as for comparison across different populations.

Performance of population-based continuous MS score and
that of siMSS in the estimation of the proportion of MS-free
subjects displaying high cardiometabolic risk has not been
compared yet. Assuming that the presence of MS unequivo-
cally indicates high cardiometabolic risk, we used the receiver
operating characteristic (ROC) curve to estimate population-
specific Z-score (Z-MSS) or siMSS cutoff point predicting
MS. We supposed that if ROC curve analysis yields accept-
able area under the curve (AUC), sensitivity, and specificity,
proportion of subjects without MS displaying high
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cardiometabolic risk could be reliably estimated. We hypoth-
esized that their proportion is higher than the prevalence of
subjects presenting MS. To test whether the MS scores reflect
metabolic abnormalities beyond 5 components of MS, we
compared the levels and the prevalence of selected cardiomet-
abolic risk markers in individuals without MS displaying MS
score either bellow or > the cutoff point, and subjects mani-
festing MS. Due to sex differences in the prevalence of single
MS components [18, 19], males and females were evaluated
separately.

Subjects and methods

The data were collected from November 2011 to December
2012 in Bratislava region of Slovakia, in frames of a
secondary-school-based study “Respect for Health.”
Protocol of this study has been explained in detail previously
[20]. The exclusion criteria included any acute or chronic
illness, in females pregnancy or lactation. Out of 2370 eligible
White Caucasians of Central European descent aged 16 to
20 years, 39 were excluded due to missing data for classifica-
tion of MS. The current analysis included 2331 individuals
(52% females).

The study was approved by the Ethics Board of the Health
Department of the Bratislava Self-governing Region. A writ-
ten informed consent was obtained from full-aged partici-
pants. In subjects under 18 years of age, their verbal assent
and written consent from a parent or legal guardian were ac-
quired. Participation was on a voluntary basis.

Anthropometric and BP measurements were performed by
trained personnel according to the standard protocol, as previ-
ously reported [20]. Briefly, height was measured in a stand-
ing position using a portable stadiometer, waist circumference
using a flexible tape, and body weight using electronic scales.
Body mass index (BMI) and waist-to-height ratio (WHtR)
were calculated.

BP was measured on the right arm in the sitting position
after 10-min rest, using a sphygmomanometer. The mean of
the last 2 measurements out of 3 taken was recorded.

Blood samples were drawn from participants after over-
night fasting. Blood chemistry measurements were performed
at the central laboratory using standard laboratory methods.
FPG, fasting plasma insulin (FPI), total cholesterol (TC),
HDL-C, TAG, creatinine, uric acid, and high-sensitivity C-
reactive protein (hsCRP) were analyzed using the ADVIA
2400 analyzer (Siemens, Erlangen, Germany). Low-density
lipoprotein cholesterol (LDL-C) concentration [21], athero-
genic index of plasma (AIP =log (TAG/HDL-C) [22], and
the quantitative insulin sensitivity check index (QUICKI)
were calculated [23]. The estimated glomerular filtration rate
(eGRF) was calculated using the Schwartz formula (subjects

up to 18 years of age), in older individuals using the
Modification of Diet in Renal Disease formula [24, 25].

MS was defined as a presence of at least 3 M'S components,
e.g., SBP >130 mmHg and/or DBP >85 mmHg, TAG >
1.7 mmol/l, HDL-C; <1.03 mmol/l in males and <
1.29 mmol/l in females, FPG > 5.6 mmol/l, and WHtR >0.5
[3, 4, 17].

The concentration of FPI>20 ulU/ml, uric acid concentra-
tions > 420 mmol/l in males, and > 340 mmol/l in females, and
AIP >0.11 [22] were also considered as cardiometabolic risk
markers.

Sex-specific Z-MSS was calculated as the sum of z-scores
of WHtR, SBP, FPG, TAG, and HDL-C (inverted).

SiMSS was calculated as WHtR/0.5 + FPG/5.6 + TAG/
1.7 + SBP/130 —HDL-C/1.02 (males) or 1.28 (females) [16].
A higher continuous MS score indicates a less favorable car-
diometabolic profile.

Statistical analyses

Data are presented as the mean + standard deviation (SD),
mean and 95% confidence interval (CI), or as counts and
percentages. Data distribution was checked by using the
D’Agostino test. Skewed data were logarithmically trans-
formed. For continuous data, between-sex differences were
compared by using the two-sided Student’s t test; 3 sets of
data were compared using the analysis of variance
(ANOVA) with post-hoc Sidak’s test to correct for multiple
comparisons. Effects of sex, MS component number, and their
interaction on continuous MS scores were tested using the
general linear model (GLM). The chi-square test (with
Yates’ correction where appropriate) was used to compare
proportions. Spearman correlation coefficients and and odds
ratios (OR) were calculated. P values < 0.05 were considered
significant.

To estimate the valid cutoff value of MS score for
predicting MS, the ROC curve analysis was performed. The
overall performance of the ROC test was quantified with
AUGC; sensitivity and specificity were estimated. The maxi-
mum value of sensitivity + specificity was used as a criterion
for selecting the optimum MSS cutoff point. Analyses were
performed by using the GraphPad Prism software, v.6.0
(GraphPad Software, San Diego, CA, USA) and the SPSS
v.16 for Windows software (SPSS Inc., Chicago, IL, USA).

Results

The general characteristics of the participants are presented in
Table 1. Males differed significantly from females in all var-
iables except for age, FPI and TAG concentrations and the
prevalence of their elevated levels, QUICKI, and Z-MSS.

@ Springer
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Table 1 General characteristics of participants
Males Females p
n 1118 1213
Age (years) 17.2 (1.1) 17.2 (1.1) 0.347
Height (cm) 179.2 (6.8) 165.7 (6.3) <0.001
Bwt (kg) 74.5 (13.8) 60.4 (10.6) <0.001
Waist (cm) 79.7 (9.0) 71.8 (8.0) <0.001
WHtR 0.44 (0.05) 0.43 (0.05) <0.001
BMI (kg/m?) 23.2 (3.8) 22.0 (3.5) <0.001
SBP 123 (12) 107 (9) <0.001
DBP 73 (8) 71 (8) <0.001
FPG (mmol/l) 4.9(0.5) 4.7 (0.8) <0.001
FPI (uIU/ml) 11.1 (6.2) 11.2 (6.6) 0.055
QUICKI 0.344 (0.028) 0.344 (0.026) 0.741
TC (mmol/l) 3.84 (0.70) 4.29 (0.77) <0.001
HDL-C (mmol/l) 1.25 (0.23) 1.53 (0.30) <0.001
TAG (mmol/l) 0.89 (0.47) 0.90 (0.43) 0.092
AIP —0.19 (0.23) —0.26 (0.20) <0.001
UA (mmol/l) 354 (60) 257 (50) <0.001
eGFR (ml/s) 1.6 (0.3) 1.7 (0.3) <0.001
hsCRP (mg/1) 1.0 2.1) 1.53.2) <0.001
siMSS 2.03 (0.48) 1.88 (0.43) <0.001
Z-MSS 0.00 (2.75) —0.00 (2.59) 0.997
The prevalence of cardiometabolic risk factors
eSBP 309 (27.6%) 19 (1.6%) <0.001
¢DBP 81 (7.2%) 57 (4.7%) 0.009
eBP 326 (29.2%) 66 (5.4%) <0.001
eWHtR 151 (13.5%) 116 (9.6%) 0.003
eFPG 78 (7.0%) 27 (2.2%) <0.001
eFPI 86 (7.7%) 80 (6.6%) 0.301
IHDL 164 (14.7%) 270 (22.3%) <0.001
eTAG 63 (5.6%) 70 (5.8%) 0.893
eAIP 97 (8.7%) 48 (4.0%) <0.001
cUA 149 (13.2%) 61 (5.0%) <0.001

siMSS = WHtR/0.5 + FPG/5.6 + TAG/1.7 + SBP/130 — HDL-C/1.02
(males) or 1.28 (females) [16]; data are given as mean (standard devia-
tion), in case on frequencies as number (percentage); p was calculated
using 2-sided Student’s ¢ test (in case of calculations performed on loga-
rithmically transformed data results are given in Italics)

n number of subjects, Bwt body weight, WH{R waist-to-height ratio, BMI
body mass index, SBP systolic blood pressure, DBP diastolic blood pres-
sure, FPG fasting plasma glucose, FP/ fasting plasma insulin, QUICKI
quantitative insulin sensitivity check index, 7C total cholesterol, HDL-C
high-density lipoprotein cholesterol, TAG triacylglycerols, AIP athero-
genic index of plasma, UA uric acid, eGFR estimated glomerular filtration
rate, AsCRP high-sensitivity C-reactive protein, MS metabolic syndrome,
e elevated, / low, Z-MSS population-based continuous metabolic syn-
drome score (sum of WHtR, FPG, TAG, SBP, and HDL-C (inverted) Z-
scores)

Males presented more frequently 1 (p =0.007), 2, and >3

(p <0.001, both) components of MS, while a higher propor-
tion of females was MS components free (p <0.001)

@ Springer

(Table 2). SIMSS as well as Z-MSS increased significantly
with the rising number of MS components (Table 2). The
GLM indicated a significant effect of MS component number
(p<0.001), sex (p=0.002), and their interaction (p <0.001)
on siMSS. The model explained 46% in siMSS variability.
Regarding the Z-MSS, the model explained 49% in its vari-
ability, with p values of 0.001, <0.001, and 0.011,
respectively.

Spearman correlations between siMSS and body weight,
waist circumference, BMI, DBP, FPI, QUICKI, TC, LDL-C,
AIP, uric acid, and hsCRP ranged 0.246 to 0.880 (p <0.001,
all) in males, and 0.099 to 0.816 (p <0.001, all) in females;
correlations between Z-MSS and mentioned variables ranged
0.256 to 0.697 (p <0.001, all) in males, and 0.109 to 0.602
(p<0.001, all) in females (Online resource).

Males

Among males not presenting MS, about 53% were free from
any component of MS, 34% presented one, and 12% mani-
fested 2 components. Eighty-three percent of males displaying
MS presented 3 MS RFs; all others displayed 4 RFs (Table 2).

SiMSS value predicting MS was 2.369 (sensitivity 95%,
specificity 86%, AUC 97% (95% CI 95%—98%)). The ROC
curves of siMSS and Z-MSS corresponding to MS are given
in Fig. 1a.

Among males not presenting MS, 15% displayed siMSS >
2.369, thus could be considered as subjects on increased car-
diometabolic risk (Table 3); 9% out of them did not present a
single MS RF, 43% displayed 1, and 49% presented 2 RFs.
Among those with siMSS below the cutoff point, the preva-
lence reached 61%, 33%, and 6%, respectively (p <0.001). In
both groups of males without MS, siMSS increased signifi-
cantly (p <0.001) by rising number of MS components
(Online resource). MS-free males on high cardiometabolic
risk displayed worse cardiometabolic characteristics com-
pared with their counterparts presenting siMSS <2.369 and
higher prevalence of cardiometabolic RFs (Table 3).

Compared with males presenting MS, those without MS on
high cardiometabolic risk showed significantly better cardio-
metabolic characteristics and lower prevalence of cardiomet-
abolic RFs (Table 3). Two males with MS presented siMSS
below the MS cutoff point.

Z-MSS predicting MS was 2.149 (sensitivity 100%, spec-
ificity 86%, AUC 98% (95% C1 97%—99%)).

Based on Z-MSS cutoff point, 14% of MS-free males
displayed high cardiometabolic risk (Table 3). Among them,
3% did not display a single MS RF, 38% presented 1, and 59%
presented 2 components. The prevalence in subjects present-
ing Z-MSS <2.149 reached 61%, 34%, and 5%, respectively
(p<0.001). In both subgroups of males not presenting MS, Z-
MSS showed an increased trend with rising number of MS
components (p <0.005, both; Online resource). MS-free
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Table 2 Number of presented components of metabolic syndrome,
continuous metabolic syndrome score based on international standards
and continuous metabolic syndrome score calculated from population-

derived Z-scores according to the number of presented components in
males and females

Number of MS components Males Females
N (%) siMSS Z-MSS N (%) siMSS Z-MSS

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
0 571 (51.1) 1.80 (0.30) —1.55(1.65) 781 (64.4) 1.70 (0.29) —1.05(1.76)
1 366 (32.7) 2.08 (0.32) 0.48 (1.67) 335 (27.6) 2.10(0.31) 1.10 (1.83)
2 133 (11.9) 2.46 (0.41) 2.95 (2.40) 78 (6.4) 2.55(0.60) 4.24 (3.83)
3 40 (3.6) 3.09 (0.72) 6.30 (2.97) 18 (1.5) 2.82 (0.29) 6.08 (1.62)
4 8(0.7) 3.57 (0.70) 8.02 (2.79) 1(0.1) 3.20 7.78
>3 48 (4.3) 3.17 (0.73) 6.59 (2.98) 19 (1.6) 2.84 (0.30) 6.17 (1.63)

MS metabolic syndrome, N number, siMSS continuous metabolic syndrome score based on international standards (= WHtR/0.5 + FPG/5.6 + TAG/1.7 +
SBP/130 — HDL-C/1.02 (males) or 1.28 (females)) [16], Z-MSS continuous metabolic syndrome score calculated from population-derived Z-scores (sum
of WHIR, FPG, TAG, SBP, and HDL-C (inverted) Z-scores), SD standard deviation

males on high cardiometabolic risk displayed worse cardio-
metabolic characteristics and a higher prevalence of cardio-
metabolic RFs compared with their counterparts presenting Z-
MSS < 2.149 (Table 3).

Among MS-free males, the OR of presenting the score >
cutoff value using siMSS vs. Z-MSS was insignificant (OR
1.15,95% C1 0.90-1.46, p = 0.269).

Females

The prevalence according to the number of presented MS
components is given in Table 2. Sixty-five percent of MS-
free females were MS RF-free, 28% presented 1, and 7%
displayed 2 RFs. Among females displaying MS, 95% pre-
sented 3 MS RFs, 1 girl displayed 4 RFs.

SiMSS value for predicting MS was 2.431 (sensitivity
95%, specificity 93%, AUC 97% (95% CI 96%—99%)).
ROC curves of siMSS and Z-MSS corresponding to MS are
given in Fig. 1b.

Among MS-free females, 7% presented siMSS >2.431,
e.g., were on high cardiometabolic risk (Table 4). Six percent
out of them did not present any MS RF, 49% displayed 1, and
44% presented 2 RFs, while in those with siMSS < 2.431, the
prevalence reached70%, 26%, and 4%, respectively
(»<0.001). In both groups of females without MS, siMSS
increased significantly (p <0.001) by rising number of MS
RFs (Online resources). Females without MS presenting high
cardiometabolic risk displayed significantly worse cardiomet-
abolic characteristics compared with their counterparts pre-
senting siMSS < 2.431, and a higher prevalence of cardiomet-
abolic RFs, except for those of BP (Table 4).

In comparison with females manifesting MS, MS-free sub-
jects on the high cardiometabolic risk presented lower WHtR,

BP measures, FPI and uric acid levels, and lower prevalence
of elevated DBP, BP, WHtR, and low HDL-C levels (Table 4).

One out of 19 females with MS presented siMSS below the
cutoff point for MS prediction.

Z-MSS predicting MS was 3.823 (sensitivity 100%, spec-
ificity 96%, AUC 98% (95% C1 97%—99%)).

About 5% of MS-free females presented Z-MSS > cutoff
point (Table 4). Among them, 3% did not display a single MS
RF, 30% presented 1, and 67% presented 2 components. The
prevalence in subjects on low cardiometabolic risk reached
68%, 28%, and 4%, respectively (p <0.001). In MS-free fe-
males on low cardiometabolic risk, Z-MSS showed an in-
creasing trend (p < 0.001) with rising number of MS compo-
nents, while in those displaying high cardiometabolic risk sig-
nificance has not been reached (panova =0.466; Online
resources). Females on high cardiometabolic risk displayed
worse cardiometabolic characteristics, and a higher preva-
lence of cardiometabolic RFs (except for DBP) compared
with their counterparts on low risk (Table 4).

Among MS-free females, the OR of being classified on
high cardiometabolic risk using siMSS vs. Z-MSS was signif-
icant (OR 1.54, 95% CI 1.08-2.19, p =0.018).

Discussion

Both siMSS and Z-MSS have good construct and predictive
validity for MS in 16- to 20-year-old subjects. Our data con-
firm that dichotomic classification of MS underestimates car-
diometabolic burden: compared with the prevalence of indi-
viduals presenting MS, the proportion of MS-free subjects
presenting siMSS in range displayed by subjects with MS
was about 3.4-fold higher in males, and 4.2-fold higher in
females, while using Z-MSS, it was 3-fold and 2.8-fold
higher, respectively.

@ Springer
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Fig. 1 The receiver operating characteristic curves of continuous metabolic syndrome score derived from sample-specific Z-scores (Z-MSS) and
continuous metabolic syndrome score based on international standards (siMSS) corresponding to metabolic syndrome a in males and b in females

Dichotomous classification of MS is easy, quick, and the
presence of MS is predictive regarding increased cardio-
metabolic risk [1, 2, 4]. However, due to different defini-
tions of MS and criteria employed, the same subjects are not
always classified concordantly as presenting MS, thus
prevalence of MS in the same cohort may vary substantially
[5, 6]. The low agreement among the existing classifica-
tions led to the elaboration of alternative approaches, e.g.,
continuous scores of the syndrome [7-15], allowing for
estimation of cardiometabolic risk even in subjects not pre-
senting MS yet. In our study, continuous MS scores per-
formed similarly in both sexes: Z-MSS and siMSS identi-
fied the subjects presenting MS with 100% and 95% sensi-
tivity, respectively. Specificity of both scores was also sim-
ilar. Considering that Z-MSS exactly reflects the metabolic
burden of an individual within a specific population, while
siMSS captures it in relation to internationally accepted

@ Springer

standards, the difference in their performance is minimal.
This was mirrored only by a small difference in MS preva-
lence: 4.3% vs. 4.1% in males, and 1.6% vs. 1.5% in fe-
males. For both scores, the optimal cutoff points for iden-
tification of MS were higher in females than males. This is
an interesting finding, since Z-MSS is calculated using sex-
specific values, while denominator for HDL-C is the single
sex-specific constant in the siMSS equation. Optimal cutoff
points seem to be indicative of sex differences, since also
the GLM indicated a significant impact of sex on both score
values in relation to MS components number. Sex differ-
ences in optimal continuous MS score cutoff points were
also reported in other studies [10, 26]. Reasons remain un-
clear, but they might reflect the different prevalence of sin-
gle MS components in males and females, as well as more
common clustering of the components in males. The latter
fact might impose a higher cardiometabolic risk in presence
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Table 3  Characteristics of males without metabolic syndrome
presenting continuous metabolic syndrome score based on international
standards and continuous metabolic syndrome score calculated from

population-derived Z-score value either under or equal to and above the
cutoff point, and those presenting metabolic syndrome

Without MS MS p Without MS MS p
siMSS <2369 siMSS >2.369 Z Z-MSS>2.149
MSS <2.149
n 906 164 48 924 146 48
WHIR 0.43 (0.04) 048 (0.06)™  0.54(0.06)™"™  <0.001 0.43 (0.04) 0.50 (0.06)""  0.54 (0.06)™"**  <0.001
SBP (mm Hg) 122 (11) 128 (13)™ 135 (12)""* <0.001 121 (11) 132 14)™ 135 (12)™" <0.001
DBP (mm Hg) 72 (7) 76 (8)"" 81 (10) ™"+ <0.001 72 (7) 78 (8)"™" 81 (10)™" <0.001
FPG (mmol/l) 4.8 (0.4) 5.1 (0.9 52(0.6)"" <0.001 4.9 (0.4) 5209 520.6)" <0.001
FPI (uIU/ml) 9.6 (5.2) 15.8 (11.6)™" 243 (17.3)""" < 0.001 9.5 (5.2) 165 (11.7)" 243 (17.3)7" < 0.001
QUICKI 0.349 (0.025)  0.326 (0.027)™" 0.308 (0.029)"** <0.001 0.349 (0.025)  0.322 (0.025)"" 0.308 (0.029)""** <0.001
TC (mmol/l) 3.74 (0.63) 418 (079" 439 (1.04)™ <0.001 3.75(0.63) 423 (0.78)"" 439 (1.04)" <0.001
HDL-C (mmol/l) 1.29 (0.21) 1.08 (0.17)™  0.98 (0.21)""* <0.001 1.28(0.22) 1.12 (0.17)" 098 (021)""**  <0.001
TAG (mmol/l)  0.75 (0.25) 137 (045" 1.83(1.14)""* <0.001 0.78 (0.29) 127 (0500 1.83 (1.1 < 0.001
AIP -026(0.17)  0.09 (0.14)™ 021 (0.30)""** <0.001 —0240.17)  0.03(0.19 021030  <0.001
UA (mmol/l) 348 (57) 376 (59)°" 411 (67)7" <0.001 348 (57) 376 (59)"" 411 (67)7" <0.001
¢GFR (ml/s) 1.6 (0.3) 1.6 (0.3) 1.7 (0.3) 0351 1.6(0.3) 1.6 (0.3) 1.7 (0.3) 0.274
hsCRP (mg/l) 0.9 (1.8) 14 (1.9 272" <0.001 0.9 (1.8) 14(1.9™ 272 < 0.001
siMSS 1.86 (0.29) 262025 3.17(0.73)"  <0.001 1.88 (0.31) 2.60 (029" 3.17(0.73)""**  <0.001
Z-MSS -0.94(1.76) 3271917 6592987 <0001 —0.93(1.70) 3.72(L.78)"  6.59(2.98)""  <0.001
Prevalence
eSBP 207 (22.8) 65 (39.6)"" 37 (77.1) <0.001 190 (20.6) 82 (56.2)"" 37 (77.)7 <0.001
eDBP 47 (5.2) 18 (11.0)" 16 (33.3)"" <0.001 41 (4.4) 24 (16.4)™" 16 (33.3)""+ <0.001
eBP 222 (24.5) 66 (40.2)"" 38 (79.2) <0.001 206 (22.3) 82 (56.2)"" 38 (79.2)" "+ <0.001
eWHIR 57 (6.3) 523177 42 (87.5)" "+ <0.001 46 (5.0) 63 (33.2)"" 42 (87.5)7  <0.001
eFPG 47 (5.2) 17 (10.4)" 14 (29.2)""+ <0.001 45(4.9) 19 (13.0) 14 (29.2)""+ <0.001
eFPI 33 (3.6) 33 (20.1)"" 20 (41,777 <0.001 34(3.7) 32 21.9)™ 20 (41.7)7" <0.001
IHDL 74 (8.2) 58 (35.4)"" 32 (66.7)" "+ <0.001 96 (10.4) 36 247" 32 (66.7)"" <0.001
eTAG 2(0.2) 37 (22.6)"" 24 (50.0)"" <0.001 12(1.3) 27 (18.5)™" 24 (50.0)"" <0.001
eAIP 4(0.4) 62 (37.8)"" 31 (64.6)7 "+ <0.001 25(2.7) 41 28.1)™" 31 (64.6)" "+ <0.001
eUA 89 (9.8) 36 (22.0)"" 24 (50.0)" <0.001 92 (10.0) 33 (22.6)™" 24 (50.0)""* <0.001

Data are given as mean (standard deviation), for prevalence as counts (percentages); p was calculated using analysis of variance with post hoc Sidak’s test
(in case of calculations performed on logarithmically transformed data, results are given in italics), prevalence was compared using chi-square test;
*p < 0.05 vs. subjects without metabolic syndrome presenting continuous metabolic syndrome score below the indicated cutoff point; **p < 0.01 vs.
subjects without metabolic syndrome presenting continuous metabolic syndrome score below the indicated cutoff point;**#*p <0.001 vs. subjects
without metabolic syndrome presenting continuous metabolic syndrome score below the indicated cutoff point; * p < 0.05 vs. subjects without metabolic
syndrome presenting continuous metabolic syndrome score > the cutoff point; ™ p <0.01 vs. subjects without metabolic syndrome presenting contin-
uous metabolic syndrome score > the cutoff point; *** p < 0.001 vs. subjects without metabolic syndrome presenting continuous metabolic syndrome
score > the cutoff point

MS metabolic syndrome, siMSS continuous metabolic syndrome score based on international standards (= WHtR/0.5 + FPG/5.6 + TAG/1.7 + SBP/130 —
HDL-C/1.02) [16], Z-MSS continuous metabolic syndrome score calculated from population-derived Z-scores (= sum of WHtR, FPG, TAG, SBP, and
HDL-C (inverted) Z-scores)), n number of subjects, WH?R waist-to-height ratio, SBP systolic blood pressure, DBP diastolic blood pressure, /PG fasting
plasma glucose, FPI fasting plasma insulin, QUICKI quantitative insulin sensitivity check index, 7C total cholesterol, HDL-C high-density lipoprotein
cholesterol, TAG triacylglycerols, AIP atherogenic index of plasma, UA uric acid, eGFR estimated glomerular filtration rate, AsCRP high-sensitivity C-
reactive protein, e elevated, / low, WH?R waist-to-height ratio

of mild increase of multiple RFs. In line with other data
employing population-specific continuous MS scores [7,
10, 12, 26, 27], we observed a graded relationship between
either siMSS or Z-MSS and having 0 to 4 components of
MS, with the highest values in subjects presenting MS.

Our data confirm the former statements that continuous MS
score is particularly suitable for detecting increased cardio-
metabolic risk prior to the manifestation of MS [7-9, 11, 16,
28], and extend the current knowledge by estimation of the
prevalence of MS-free subjects presenting high
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Table 4 Characteristics of females without metabolic syndrome population-derived Z-score value either under or equal to and above the
presenting continuous metabolic syndrome score based on international cutoff point, and those presenting metabolic syndrome
standards and continuous metabolic syndrome score calculated from

Without MS MS p Without MS MS p
siMSS<2.431 siMSS>2.431 Z Z-MSS>3.823
MSS < 3.823
n 1113 81 19 1140 54 19
WHIR 0.43 (0.04) 0.49 (0.08)""  0.53 (0.06)™"*  <0.001 043 (0.04) 0.53 (0.08)"" 053 (0.06)"  <0.001
SBP (mm Hg) 107 (9) 111 @)™ 120 (9)"+* <0.001 107 (9) 116 (8)™ 120 (9)™ <0.001
DBP (mm Hg) 70 (7) 72 () 85 (9) "+ <0.001 70 (7) 75 ()" 85 (9)"" <0.001
FPG (mmol/l) 4.6 (0.4) 53 (0.5 49(0.7) <0.001 4.6 (0.4) 563.1)7" 49 (0.7 <0.001
FPI (uIU/ml) 10.5 (5.5) 17.0 9.2)"" 238 (17.3)"" < 0.00] 10.6 (5.6) 18.0 (10.3)™"  23.8(17.3)™" < 0.001
QUICKI 0.346 (0.025) 0320 (0.024)™ 0313 (0.034)™"  <0.001 0346 (0.025)  0.317 (0.026)" 0.313 (0.034)™ <0.001
TC (mmol/l) 426 (0.75) 473 (0.87)"" 459 (0.98) <0.001 4.27(0.76) 4.58 (0.90)" 4.59 (0.98) 0.004
HDL-C (mmol/I) 1.55 (0.30) 1.29 (0.27)"" 1.17 (0.1)™" <0.001 1.55(0.30) 1.27 (0.24)™ 1.17 (0.1D)™" <0.001
TAG (mmol/l)  0.84 (0.33) 1.70 (0.67)"" 1.50 (0.53)™" <0.001 0.86(0.37) 1.53 (0.76)™" 1.50 (0.53)™ < 0.001
AIP -0.29(0.18)  0.10(0.13)™  0.08 (0.16)"" <0.001 -0.28(0.19)  0.04 (0.19  0.08(0.16)"  <0.001
UA (mmol/l) 255 (49) 275 (60)™" 304 (46)7* <0.001 254 (49) 284 (68)™" 304 (46)"" <0.001
eGFR (ml/s) 1.7 (0.2) 1.8 (0.3) 1.8 (0.3) 0.076 1.7 (0.2) 1.7 (0.3) 1.8 (0.3) 0.135
hsCRP (mg/l) 1327 47 (25" 28 (2.8 <0.001 143.1) 4.4 (4.8)"" 2.82.8)" < 0.001
siMSS 1.80 (0.31) 278 (0.51)""  2.84(0.30)" <0.001 1.82(0.33) 2.85(0.62)"" 284 (030"  <0.001
Z-MSS —0.47(1.90) 498(3.63)""  6.17(1.63)"" <0.001 -0.40(1.93)  6.28(3.86)""  6.17(1.63)"  <0.001
Prevalence
eSBP 14 (1.3) 2(2.5) 3(15.8)7"F <0.001 11(1.0) 5(9.3)™ 3(15.8)" <0.001
eDBP 41 (3.7) 2(2.5) 14 (73.7)7"  <0.001 38 (3.3) 5(9.3) 14 (73.7)7" <0.001
eBP 48 (4.3) 33.7) 15(78.9)7"*  <0.001 44 (3.9) 7(13.0)" 15 (78.9)""  <0.001
eWHIR 74 (6.6) 27 (33.3)™ 15 (78.9)""*  <0.001 71(62) 30 (55.6)° 15 (78.9)"" <0.001
eFPG 16 (1.4) 78.6)" 4211 <0.001 18 (1.6) 5(93)" 42117 <0.001
eFPI 50 (4.5) 22 27.2)" 8 42.1)™" <0.001 55 (4.8) 17 31.5" 8 2.1y <0.001
IHDL 214(19.2) 38 (46.9)™" 18 (94.7)"**  <0.001 224(19.6) 28 (51.9)™" 18 (94.7)""**  <0.001
eTAG 27 (2.4) 37 @45.7)™ 6 (31.6)"" <0.001 46 (4.0 18 (33.3)™" 6 (31.6)™" <0.001
eAIP 5(0.4) 34 (42.0)™ 9 (47.4)"" <0.001 21(1.8) 18 (33.3)™" 9 (47.4)"" <0.001
eUA 47 (4.2) 10 (12.3) 411" <0.001 45(3.9) 12 (22.2)™ 410" <0.001

Data are given as mean (standard deviation), for prevalence as counts (percentages); p was calculated using analysis of variance with post hoc Sidak’s test
(in case of calculations performed on logarithmically transformed data, results are given in italics), prevalence was compared using chi-square test;
*p < 0.05 vs. subjects without metabolic syndrome presenting continuous metabolic syndrome score below the indicated cutoff point; **p < 0.01 vs.
subjects without metabolic syndrome presenting continuous metabolic syndrome score below the indicated cutoff point;**#*p <0.001 vs. subjects
without metabolic syndrome presenting continuous metabolic syndrome score below the indicated cutoff point; * p < 0.05 vs. subjects without metabolic
syndrome presenting continuous metabolic syndrome score > the cutoff point; ™ p <0.01 vs. subjects without metabolic syndrome presenting contin-
uous metabolic syndrome score > the cutoff point; *** p < 0.001 vs. subjects without metabolic syndrome presenting continuous metabolic syndrome
score > the cutoff point

MS metabolic syndrome, siMSS continuous metabolic syndrome score based on international standards (= WHtR/0.5 + FPG/5.6 + TAG/1.7 + SBP/130
—HDL-C/1.28) [16], Z-MSS continuous metabolic syndrome score calculated from population-derived Z-scores (=sum of WHtR, FPG, TAG, SBP, and
HDL-C (inverted) Z-scores)), n number of subjects, WH?R waist-to-height ratio, SBP systolic blood pressure, DBP diastolic blood pressure, /PG fasting
plasma glucose, FPI fasting plasma insulin, QUICKI quantitative insulin sensitivity check index, 7C total cholesterol, HDL-C high-density lipoprotein
cholesterol, TAG triacylglycerols, AIP atherogenic index of plasma, UA uric acid, eGFR estimated glomerular filtration rate, AsCRP high-sensitivity C-
reactive protein, e elevated, / low, WH?R waist-to-height ratio

cardiometabolic burden. They account for 14.7% of all males ~ cardiometabolic risk employing siMSS, while using Z-MSS
and 6.7% of females using the siMSS cutoff value, and 13.1% cutoff point, about 14 males and about 5 females out of 100
and 4.5%, respectively, employing the Z-MSS cutoffs. Thus,  fall into this category. From a clinical point of view, the dif-
among 16- to 20-year-old MS-free subjects, about 15 out of  ference in proportions between the 2 continuous MS scores is
100 males and about 7 per 100 females present high  negligible. Among MS-free subjects presenting high
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cardiometabolic burden, about 3 to 8% did not manifest a
single MS component. This underlines the importance of the
continuous rise in different risk markers, rather than reaching
or not the defined dichotomous cutoff point [7-14, 16]. Since
the prevalence of MS rises with aging [1], the proportion of
MS-free subjects displaying high cardiometabolic risk is prob-
ably even higher in older adults.

Population-based MS scores document a significant rela-
tionship between childhood MS scores and a risk of cardio-
metabolic diseases in adulthood [29, 30], and in adults, they
predict long-term risk of development of cardiometabolic dis-
ease, cardiovascular and overall mortality [31-35]. At present,
it is neither clear whether the longitudinal prognosis of sub-
jects presenting MS and MS-free individuals presenting high
cardiometabolic burden differs, nor whether siMSS is inferior
or not to population-based continuous MS scores regarding
the predictive value of longitudinal risks.

Continuous MS scores reflect cardiometabolic burden im-
posed by factors beyond the components included into their
calculation [11]. Association between population-derived MS
scores and different markers of cardiometabolic risk has been
affirmed in several studies [12, 13, 15, 36], and herein both
scores displayed significant relationship with RFs not incor-
porated into their calculations. In contrast to adults, in whom
MS associated with a mild reduction of eGFR [37], our data
suggest that deterioration of renal function is not an early sign
of increased cardiometabolic burden in young subjects.

The advantage of this study was the sample size, and a
concurrent evaluation using either an approach normalizing
the individual measures to the accepted international standards
[3, 4, 16, 17], which allows for a comparison across different
studies and populations, or the population-specific Z-score-
based approach. Limitations include a relatively low preva-
lence of MS, particularly in females; the fact that none of our
subjects presented 5 MS components, and that our data do not
reflect a representative sample of 16 to 20-year-old Slovak
subjects. Having in mind the importance of a straightforward
application in clinical and epidemiological practice, the inclu-
sion of RFs beyond the traditional MS components has not
been considered. However, this might have improved the per-
formance of continuous MS scores [11]. The weights of indi-
vidual components of MS scores were considered equal. The
cross-sectional nature of our study allows only for description
of associations.

Conclusions

Both continuous MS scores capture the risk of metabolic ab-
normalities adequately. Continuous MS scores enable to iden-
tify individuals on high cardiometabolic risk prior to manifes-
tation of MS, e.g., subjects requiring early intervention to
counteract developing pathological processes, and evidence

that their proportion exceeds that of individuals manifesting
MS. SiMSS is easy to calculate (Excel and Android applica-
tions are available [16]) and represents a practical approach to
quantify cardiometabolic burden in clinical and epidemiolog-
ical practice.
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