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Abstract

Purpose Metabolic syndrome (MetS) is a constellation of clinical factors that indicates elevated risk of diabetes. It is
diagnosed based on three or more abnormalities in its components. This does not take into account that MetS can likely
present as a continuum of risk. We aim to develop a MetS severity score and assess its association with incident diabetes.
Methods In total, 4149 subjects without baseline diabetes participated in a community screening programme in 2013-2017.
MetS was defined according to International Diabetes Federation criteria. A MetS severity z-score was derived from
standardised loading coefficients of a confirmatory factor analysis for waist circumference, triglycerides, HDL-cholesterol,
blood pressure and fasting plasma glucose (FPG). Multivariable cox proportional hazards regression model was used to
assess the risk of diabetes by the score with adjustment for demographics and MetS components.

Results Diabetes occurred in 130 subjects. Quintile 5 of the baseline MetS severity z-score was significantly associated with
development of diabetes even in fully adjusted model with HR 2.63 (95% CI: 1.04-6.64; p =0.040). The relationship
between MetS and incident diabetes became attenuated and non-significant in fully adjusted model with HR 0.67 (95% CI:
0.34-1.29; p = 0.228). Mediation analysis showed that MetS severity z-score accounted 61.0% of the association between
increasing body mass index and development of diabetes (p <0.001).

Conclusions The MetS severity z-score is an inexpensive and clinically-available continuous measure of MetS to identify
individuals at high risk of diabetes.
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doi.org/10.1007/s12020-019-01970-5) contains supplementary globally is a major public health concern. In Singapore,
material, which is available to authorized users. there are ~440,000 residents aged 18 years and above with

DM in 2014. It is estimated that the number will increase to
1 million in 2050 [1]. The significant morbidity and mor-
tality from the complications engendered by DM [2] war-
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apparently driven by underlying alterations in physiological
processes involving insulin resistance such as adipocyte
dysfunction, systemic inflammation, oxidative stress and
abnormalities of cellular function [5-8]. MetS has been
associated with higher risk for diabetes [9]. There are,
however, a few drawbacks of using MetS to predict
development of DM. Firstly, the binary nature of the MetS
components does not reflect the continuum of risk in MetS
[10, 11]. Secondly, there is a challenge to track changes in
MetS status over time as its dichotomous status—yes or no
—can fluctuate depending on whether the cut-off for the
components are met at every follow-up [10, 12, 13].
Another drawback is the attribution of equal importance
to individual MetS components as this ignores the fact
that certain components may be more strongly linked to
MetS [14].

To address these gaps, development of MetS severity
score has emerged in recent years [3, 7, 11, 14-16]. A few
studies have demonstrated that MetS severity score was
significantly associated with risk of T2DM [7, 14, 15].
Despite the surge in interest in MetS severity score and its
clinical utility, research on development of MetS severity
score remains limited in Asia. Furthermore, the mechanism
on the role of MetS severity on development of DM is
unclear. We therefore aim to develop a baseline MetS
severity score, explore its relationship with development of
T2DM and elucidate the mechanism for the relationship.

Materials and methods

We carried out a retrospective cohort study on residents
who were aged 240 years and took part in the Alexandra
Health Community Health Screening in the Northern
Region of Singapore. During the period September 2013 to
December 2017, 18,746 residents had taken part in this
screening conducted in the regional hospital, markets and
during community events. For the purpose of the analysis,
they were excluded if they had fewer than two fasting
plasma glucose (FPG) values during the study period (n =
14,250), pre-existing diabetes at baseline or baseline FPG
>7mmol/l (n=347). There were 4149 participants who
were included in the analysis.

The methodology was described in our earlier paper [17].
The participants were administered a questionnaire on
demographics, history of pre-existing diseases, medications,
exercise and smoking. Trained nurses assessed blood
pressure with standard automated sphygmomanometer
when the subjects were sitting up, having rested for 5 min or
more. The following anthropometric measurements were
taken: height, weight, WC, and body mass index (BMI)
derived from weight and height. Fasting blood samples
were collected from the participants and measured in the
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hospital laboratory accredited by the Royal College of the
American Pathologists. The following methods were used
for quantification: FPG by hexokinase method (Roche
cobas® ¢ 701) with intra-assay coefficients of variations
(CV) 0.5 to 1.7% and inter-assay CV 0.4 to 1.5% (inter-
assay); HDL-C and TG by enzymatic colorimeter test
(Roche cobas® ¢ 501) with intra-assay CV 0.4 to 1.0% and
inter-assay CV 0.9 to 1.5% for HDL-C and intra-assay CV
0.7 to 1.1% and inter-assay CV 1.6 to 2.0% for TG [18-20].

According to the International Diabetes Federation
(IDF), MetS is diagnosed if the following criteria are met:
central obesity as defined by WC >90cm in males and
>80 cm in females; and abnormalities in at least two of the
following components: TG > 1.7 mmol/l or treatment for
this lipid abnormality); HDL-C < 1.03 mmol/l in males and
<1.29mmol/l in females or treatment for this lipid
abnormality; systolic BP (SBP) 2130 mmHg or diastolic BP
(DBP) 285 mmHg or treatment for previously diagnosed
hypertension; and FPG 25.6 mmol/l [4].

T2DM was the outcome in this study. Subjects were
considered as having developed T2DM if one of the fol-
lowing occurred: (1) FPG = 7.0 mmol/l as recommended by
standards of medical care from the American Diabetes
Association [20]; (2) diabetes on self-report; or (3) treat-
ment with medication for diabetes [7, 22, 23].

Statistical analysis

The MetS severity was modelled by one-factor confirmatory
factor analysis (CFA). For each patient i for i = 1, 2, 3,...
1000, we assume

WC,‘ =ay + blMCtS,‘ + €1i,

In(TG)l: ay + byMetS; + ey,
HDL — C; = a3 + bsMetS; + e3;,
BP; = a4 + bsMetS; + ey,

FPG; = as + bsMetS; + es;,

Where error terms ey;, ey, ... ,es; are assumed to follow
normal distributions with same mean of zero and standard
deviations o1, 05, ... , 05, respectively, and assumed to be
uncorrelated with model parsimony concern. Note that
parameters «i, ... ,as,by, ... ,bs,01,... ,05 are unknown
and need be estimated from data. Recall that MetS severity
score is the latent factor which cannot be observed and
measured directly. It is common to introduce a scale for the
latent factor MetS severity score, e.g., assuming it follows
the standard normal distributions with a mean of zero and
standard deviation of 1 [24].
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Under the above CFA model, we adopted STATA
command “sem” for estimating the parameters in the model
and command “predict” for predicting MetS score for each
participant. Note the command “sem” is used for parameter
estimation in structural equation model (SEM), which can
model interrelations among multiple latent factors and
observable variables. CFA model is a special case of SEM.
Specifically, we ran STATA commands below for para-
meter estimation and MetS score prediction:

sem (MetS-severity - WC TG (natural log transformed)
HDL-C BP FPG), stand predict mscore, latent (MetS-
severity)

The mscore was converted to z-score as MetS severity z-
score by subtracting mean of mscore from the mscore and
dividing by standard deviation of mscore [25].

Metabolic syndrome severity cannot be observable and
measureable directly. We assumed WC, TG, HDL-C, BP
and FPG are its core components, and considered one-factor
CFA model for testing our hypothesis. Different standard
regressions, we are not able to evaluate accuracy for each
person due to his unknown value of MetS. Instead, we
evaluated overall performance of our model across all
samples by goodness-of-fit indices commonly used in the
field of SEM: comparative fit index, 0.91 (ideal is close to
1); standardized root mean square residual, 0.05 (ideal is
<0.08); coefficient of determination, 0.77 (ideal is close to
1); and tucker-lewis index, 0.81 (ideal is close to 1) [26].
Generally, our CFA model fits data very well. Repeat con-
firmatory analyses were done for Chinese, Malay and Indian
subgroups, as well as gender and age-specific subgroups.

Independent #-test or Wilcoxon Ranksum test and Chi-
Square test were used to compare continuous and
categorical variables between groups. Multivariable cox
proportional hazards regression model was used to estimate
hazard ratios (HR) for development of T2DM, adjusting for
age, gender, ethnicity and MetS components [7]. Assump-
tion of proportional hazard was tested for all covariates with
global test using scale Schoenfeld residuals. The assump-
tion was not violated by the cox regression model in our
analysis
(p>0.05). The extent of collinearity with the inclusion of
MetS components in the model was examined by comput-
ing variance inflation factors. Variance inflation factors
exceeding 10 are indicative of severe collinearity [7]. The
variance inflation factors ranged from 1.10 to 3.79 when the
MetS components were added to the model in our study.

The ability of MetS severity z-score and MetS to dis-
criminate individuals who developed diabetes and those
who did not was compared using area under the receiver-
operating characteristics (ROC) curve. The model which
included the individual MetS components was also com-
pared with the model without these components for MetS
severity z-score using ROC curve.

A repeat analysis was done using MetS defined accord-
ing to Adult Treatment Panel III which requires >3 criteria
to be met: WC > 102 cm in males and > 88 cm in females;
TG >1.69 mmol/l;, HDL-C<1.04 mmol/l in males and
<1.29 mmol/l in females; SBP2>130mmHg or DBP2
85mmHg or medication for hypertension; and FPG 2
5.55 mmol/l [27]. Repeat analyses were also performed for
MetS severity z-scores for ethnic-specific subgroups as well
as by gender.

We assessed the role of MetS on the association between
baseline BMI and development of diabetes using mediation
analysis. The Baron and Kenny three-step framework [28]
was used to assess (1) association between baseline BMI
and development of diabetes (2) association between
baseline BMI and baseline MetS severity z-score; and (3)
weakening of association between BMI and development of
diabetes when MetS severity z-score was added to the
model. We used the following commands in Stata 14.0
(StataCorp. Stata Statistical Software: Release 14. 2015,
StataCorp LP.: College Station, TX) “binary_mediation
“and “bootstrap”. The outputs were the magnitude of
decrease in the proportion of the link between BMI and
development of diabetes after including MetS severity z-
score in the model and the strength of the mediation. All
statistical tests were two-sided. The results were deemed
significant if P < 0.05.

Results

The mean follow-up duration was 1.7 year (+0.8) and the
mean number of visits per subject was 2.4 (range 2-7).
Figure 1 shows the results of the confirmatory analysis for
the overall study population. HDL-C, TG and WC had the
largest factor loading coefficients in terms of magnitude.
The model met the ideal threshold in terms of Comparative
Fit Index, Standardised Root Mean Square Residual and
Coefficient of Determination. Supplementary Table 1 shows
the loading coefficients from the confirmatory factor ana-
lysis specific subgroups. The coefficient was highest in
magnitude for HDL-C in Chinese, Malays and Others
whereas it was highest in magnitude for TG in Indians and
Others. Males had larger coefficient for HDL-C in terms of
magnitudes than females. However, the coefficients for SBP
and FPG in higher in females than males. The oldest age
group had the lowest coefficient for TG, SBP and FPG but
the highest coefficient for HDL-C in terms of magnitude
compared with the other age groups. Diabetes developed in
130 participants (3.1%). The baseline characteristics were
shown in Table 1. Those who developed diabetes tended to
be older, male and of non-Chinese ethnicity (p <0.05).
Compared with the participants who did not develop dia-
betes, those who developed diabetes had poorer clinical

@ Springer



76

Endocrine (2019) 65:73-80

Fig. 1 Results of confirmatory

factor analysis

Table 1 Baseline characteristics

stratified by development of
diabetes

@ Springer

Metabolic

Syndrome
Severity

*p<0.001

0.61*

*V SBP

0.32*

wC

-0.75*

0_72*\5 HDL-C

»  FPG

Ln-TG

WC waist circumference, Ln-TG natural log-transformed triglycerides, HDL-C high-density
lipoprotein — cholesterol, Systolic BP Systolic blood pressure, FPG fasting plasma glucose

Variables N=4149 Development of diabetes P-value
No (n=4019) Yes (n=130)

Age (%) 0.008

4049 years 919 (22.2) 900 (22.4) 19 (14.6)

50-59 years 1700 (41.0) 1655 (41.2) 45 (34.6)

60-69 years 1182 (28.5) 1131 (28.1) 51 (39.2)

>70 years 348 (8.4) 333 (8.3) 15 (11.5)

Male (%) 1398 (33.7) 1338 (33.3) 60 (46.2) 0.002

Ethnicity (%) 0.002

Chinese 3610 (87.0) 3510 (87.3) 100 (76.9)

Malay 266 (6.4) 253 (6.3) 13 (10.0)

Indian 178 (4.3) 169 (4.2) 9 (6.9)

Others 95 (2.3) 87 (2.2) 8(6.2)

BMI (kg/m?) 23.5+39 23.4+338 26.1+£6.0 <0.001

Waist circumference (cm) 82.2+10.2 82.6+10.0 89.7+12.3 <0.001

Systolic BP (mmHg) 126.4+16.6 126.2+16.5 1323+174 <0.001

Diastolic BP (mmHg) 75.3+£10.5 752104 79.2+11.8 <0.001

HDL-C (mmol/l) 1.6+04 1.6+0.4 14+04 <0.001

TG (mmol/l) 1.1 (0.8-1.5) 1.1 (0.8-1.5) 1.4 (1.0-1.9) <0.001

FPG (mmol/l) 52+0.5 52+0.5 6.0+£0.6 <0.001

Hypo-lipid treatment (%) 1061 (25.6) 1022 (25.4) 39 (30.0) 0.240

Hypo-tension treatment (%) 524 (12.6) 484 (12.0) 40 (30.8) <0.001

MetS (%) 1385 (33.4) 1301 (32.4) 84 (64.6) <0.001

MetS severity z-score 0.0+1.0 —-0.0+1.0 0.8+1.0 <0.001

MetS severity z-score (%) <0.001

Quintile 1, —1.4+0.4 830 (20.0) 823 (20.5) 7(5.4)

Quintile 2, —0.6 +0.2 830 (20.0) 814 (20.3) 16 (12.3)

Quintile 3, 0.0 +0.2 830 (20.0) 810 (20.2) 20 (15.4)

Quintile 4, 0.6 £0.2 830 (20.0) 811 (20.2) 19 (14.6)

Quintile 5, 1.4+0.4 829 (20.0) 761 (18.9) 68 (52.3)

BMI body mass index, WC waist circumference, Systolic BP Systolic blood pressure, Diastolic BP Diastolic
blood pressure, HDL-C high-density lipoprotein cholesterol, 7G triglycerides, FPG fasting plasma glucose,

MetS Metabolic Syndrome
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profile in terms of BMI, WC, SBP, DBP, HDL-C, TG and
FPG (p <0.001). They also had higher proportion of MetS
and MetS severity z-score (p <0.001).

MetS as defined according to IDF criteria was associated
with development of diabetes in the unadjusted model and
in the model adjusted for age, gender and ethnicity. The
corresponding HRs were 3.80 (95% CI: 2.65-5.44; p<
0.001) and 3.32 (95% CI: 2.30-4.77; p <0.001). However,
the association between MetS and development of diabetes
was markedly attenuated and lost statistical significance
upon addition of the individual MetS components in the
model. The corresponding HR was 0.67 (95% CI:
0.34-1.29; p = 0.228). See Table 2.

Similar findings were obtained when MetS as defined by
ATP III Panel was used. MetS was associated with devel-
opment of diabetes when unadjusted and adjusted for age,
gender and ethnicity. The corresponding HRs were 5.46
(95% CI: 3.86-7.70; p<0.001) and 4.86 (95% CIL
3.42-6.90; p <0.001). Statistical significance was lost upon
inclusion of the individual MetS components in the model
with HR 0.99 (95% CI: 0.53-1.88; p =0.982). See Sup-
plementary Table 2.

MetS severity z-score in quintiles for the overall popu-
lation was associated with development of diabetes in the
unadjusted and in the model adjusted for age, gender and
ethnicity. The corresponding HRs for the highest quintile
were 10.02 (95% CI: 4.60-21.83; p<0.001) and 9.41 (95%
CI: 4.22-20.99; p<0.001). The association remained sta-
tistically significant even upon addition of the individual
MetS components in the model with HR 2.63 (95% CI:
1.04-6.64; p=0.040). See Table 2. The area under the
ROC curve was 0.84 (95% CI: 0.81-0.87) for MetS severity
z-score. This was higher than the area for MetS (0.83; 95%
CI: 0.80-0.86) (p =0.032). The model which included the
individual MetS components had a higher area under the
ROC curve than the model without these components for
MetS severity z-score (0.84 vs. 0.74; p <0.001).

Supplementary Table 3 shows the results of cox regres-
sion model relating ethnic-specific MetS severity z-score in
quintiles to development of diabetes. The HRs for the
highest quintile were 8.20 (95% CI: 3.93-17.12; p <0.001)
and 7.99 (95% CI: 3.75-17.04; p <0.001) when unadjusted
and adjusted for age and gender. The association between
the ethnic-specific MetS severity z-score lost statistical
significance upon additional adjustment for the individual
MetS components with HR 1.96 (95% CI: 0.82-4.69;
p=0.130).

Supplementary Table 4 shows the results of cox regres-
sion model stratified by gender. The highest quintile of
MetS severity z-score in females was associated with
development of diabetes with HRs 12.16 (95% CIL:
5.06-29.22; p<0.001), 11.20 (95% CI: 4.62-27.17; p<
0.001) and 3.28 (95% CI: 1.08-9.99; p=0.036) when

unadjusted, adjusted for age and ethnicity and additionally
adjusted for the individual MetS components respectively.
There was no association between MetS severity z-scores
and development of diabetes in males in the fully adjusted
model. Using the Baron and Kenny Framework [25], three
steps have been fulfilled (Fig. 2). (1) Increasing BMI was
associated with development of T2DM; (2) Increasing BMI
at baseline was associated with MetS severity z-score; and
(3) the association between increasing BMI and develop-
ment of T2DM is attenuated with addition of MetS severity
z-score in the model. MetS severity z-score accounted for
61.0% of association between BMI and T2DM develop-
ment, having adjusted for age, gender and -ethnicity
(p <0.001).

Discussion

Our study showed that MetS severity z-score was sig-
nificantly associated with development of diabetes. This
supported the findings in the few earlier studies [7, 14, 15].
When MetS as a dichotomous measure defined according to
ATP III Panel was used, the results were similar to the
model with MetS as defined by IDF, i.e., the relationship
with development of diabetes was much attenuated when
adjusted for the individual MetS components. The AUC of
MetS severity z-score was also higher than MetS in our
study. The findings suggested that MetS severity z-score
provides further prediction of development of diabetes in
addition to individual MetS components and is a stronger
predictor than MetS. MetS severity score was significantly
associated with development of diabetes in females but not
in males in the fully adjusted models. There was no asso-
ciation between ethnic-specific MetS severity z-score and
development of diabetes. In view of the relatively short
follow-up duration and low incidence of diabetes, further
research with longer follow-up is needed to confirm the
findings.

To the best of our knowledge, this was the first time
Asian-specific MetS severity score was developed and
examined in the prediction of future diabetes. The higher
loading coefficients of HDL-C, TG and WC in terms of
magnitude from the confirmatory factor analysis demon-
strates that the individual MetS components exerted dif-
ferent level of influence on MetS. This supports a need to
take into account individualised weightage rather than even
distribution of weightage of the MetS components. Inter-
estingly, the Chinese, Malays and Others had the highest
coefficient in terms of magnitude for HDL-C whereas the
Indians and Others had the highest coefficient for TG. As
there was a much higher proportion of Chinese compared
with the other ethnic groups, further research was needed to
confirm ethnic-specific disparity in the differential influence
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MetS severity z-score

Diabetes

*p<0.05
Adjusted for age, gender and ethnicity

Fig. 2 Mediation of metabolic syndrome severity z-score between
baseline body mass index and development of diabetes

of the components on MetS. The findings may inform
healthcare providers in strategizing preventive interventions
tailored to different ethnic groups.

MetS severity z-score was shown to have mediated the
link between baseline BMI and incident diabetes. Our study
demonstrated the partial contribution of the MetS severity z-
score to the relationship between baseline BMI and incident
diabetes. Interestingly, we also observed the mediation
effect of triglyceride—glucose index in the relationship
between baseline BMI and incident diabetes in a previous
study [17]. Our current results add to our previous finding
about the deleterious impact of baseline BMI on develop-
ment of diabetes [17]. It is therefore essential to ensure
appropriate weight is sustained and prevent obesity in order
to protect against T2DM.

Our findings have brought about a few clinical implica-
tions. MetS severity z-score is an inexpensive and can easily
be derived from routine clinical practice. It can be utilised to
determine baseline risk of future DM and track changes in
MetS severity over time. This will facilitate the healthcare
providers in tracking individuals at high risk of DM and
initiate therapy, tracking response to treatment with MetS
severity score and improving MetS-related risk with life-
style modifications involving physical activity and/or diet-
ary changes.

The strengths of our study are as follows: (1) an overall
large community-based sample; (2) the use of clinical
measurements in addition to self-reported outcomes; and (3)
the inclusion of binary mediation analysis to elucidate the
role of MetS severity z-score in the development of dia-
betes; (4) the high quality of our standardised clinical and
laboratories procedures.

There are limitations in our study. Firstly, the follow-up
period was relatively short, and the event rate was low at
3.1%. Secondly, the time between baseline and endpoint in
the study may not be the real latent time (subclinical stage)
for each individual. The measurement of baseline may be
done at different stages of the journey towards the

development of diabetes. Thirdly, the design of the study
was retrospective and future prospective studies are needed
to examine the relationship between MetS severity z-score
and development of T2DM. There were also limited
numbers of Malays and Indians in the study population.
This might have limited the generalizability of findings to
these ethnic groups. There was lack of 2-h oral glucose
tolerance test and Haemoglobin Alc (HbAlc) to aid in the
diagnosis of T2DM. Additionally, a repeat measurement in
an asymptomatic individual with a single fasting glucose
>7.0 mM was unavailable for the confirmation of diabetes.
However, this form of mis-classification is probably ran-
dom and less likely to lead to any bias. We also lacked data
on family history of diabetes, history of gestational dia-
betes as possible risk factors of future diabetes. Further-
more, the sample size in the Malays and Indian subgroups
is too small to determine cut-off value of MetS severity z-
score. Future larger studies for the subgroups may be
needed to generate the cut-off values for predicting risk of
diabetes.

In conclusion, MetS severity z-score is an independent
predictor of development of diabetes. It provides further
prediction of development of diabetes in addition to indi-
vidual MetS components. It is a stronger predictor than
MetS. There is potential for use of MetS severity z-score to
determine the baseline risk of diabetes and track changes in
MetS severity over time in clinical practice.
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