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ORIGINAL INVESTIGATION

Metabolic syndrome severity is 
significantly associated with future coronary 
heart disease in Type 2 diabetes
Matthew J. Gurka1, Yi Guo1, Stephanie L. Filipp1 and Mark D. DeBoer2*

Abstract 

Background: The severity of the metabolic syndrome (MetS) is significantly associated with future coronary heart 
disease (CHD) among individuals without baseline Type 2 diabetes. However, the validity of assessing MetS severity 
among individuals with diabetes is unknown.

Objective: To assess for differences in MetS severity by timing of Type 2 diabetes diagnosis and to assess for associa-
tions between MetS severity and future CHD among individuals with diabetes.

Methods: We analyzed data from participants of the Atherosclerosis Risk in Communities study, including 1419 
with- and 7241 without diabetes, followed during 4 visits and adjudicated CHD diagnoses over a 20-year period. We 
used Cox-regression techniques to assess hazard ratios (HR) of CHD based on a sex- and race/ethnicity-specific MetS-
severity Z-score (standard MetS score) and a similar MetS-severity score formulated without incorporating glucose as 
a component of MetS (no-glucose MetS score).

Results: For both the standard- and no-glucose MetS-severity scores, scores were highest in the baseline-diabetes 
group, lowest in the never-diabetes group and intermediate in the incident-diabetes groups. Among participants 
with diabetes, increasing MetS-severity score at baseline was associated with incident CHD, using both the standard 
MetS score (HR 1.29, 95% confidence interval [CI] 1.21, 1.39) and the no-glucose score (HR 1.42, CI 1.24, 1.62) (both 
p < 0.001). For the baseline-diabetes group, this relationship remained significant when Visit 2 Hemoglobin-A1c was 
included in the model, both for the standard MetS score (HR 1.21, CI 1.09, 1.34; p < 0.001) and the no-glucose score 
(HR 1.25, CI 1.04, 1.51; p = 0.02).

Conclusions: MetS severity appears to provide an estimate of metabolic disarray in the setting of diabetes and is 
predictive of future CHD events beyond HbA1c. Identifying MetS severity among individuals with diabetes may help 
in identifying those at higher risk, who could then receive further preventative treatment.
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Introduction
Cardiovascular disease (CVD) remains the leading cause 
of mortality among patients with Type 2 diabetes melli-
tus (T2DM), continuing the need for predictive tools to 
identify those at highest risk [1]. The metabolic syndrome 
(MetS) is a cluster of cardiovascular risk factors that 

predicts future CVD in multiple settings [2–6], including 
among individuals with diabetes, among whom it car-
ries hazard ratios (HR) ranging from 1.29 to 1.9 in males 
and 1.7 to 1.87 in females [7, 8]. MetS is composed of five 
individual components (central obesity, hypertension, 
hypertriglyceridemia, low HDL, and elevated fasting 
glucose) that are associated with insulin resistance and 
appear to be produced by underlying processes including 
cellular dysfunction, systemic inflammation, and oxida-
tive stress [9–14]. However, use of traditional MetS crite-
ria such as those of the Adult Treatment Panel (ATP)-III 
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have been limited by their binary nature and by racial/
ethnic discrepancies, underestimating risk among Afri-
can Americans [15–18]. For these reasons we formulated 
a MetS-severity Z score that serves as a continuous esti-
mate of metabolic derangement [19, 20]. Whereas ATP-
III MetS has been criticized as “not being worth more 
than the sum of its parts” [21], this MetS-severity score 
when assessed among individuals without diabetes con-
fers additional risk prediction for diabetes and coronary 
heart disease (CHD), even in models that include the 
individual MetS components [22, 23] —suggesting the 
potential that this score captures risk associated with the 
processes underlying MetS. We also developed a MetS-
severity score that does not include glucose as a compo-
nent and demonstrated that this no-glucose MetS score 
retained the ability to predict future diabetes [23].

These MetS-severity scores were derived and have been 
assessed only in populations without baseline diabetes. 
As such, it is unclear among individuals with diabetes 
whether assessing MetS severity would be an accurate 
means of tracking metabolic abnormalities over time and 
predicting future CHD. For the standard five-component 
MetS-severity score, it is possible that extreme fluctua-
tions in fasting glucose may unduly influence the overall 
calculated score, lowering its predictive power. For the 
no-glucose score, it is possible that any CHD risk related 
to abnormalities in the other four MetS components 
would be inconsequential relative to the risk conferred by 
the degree of diabetes control.

Therefore, to evaluate the utility of a MetS-severity 
score among individuals with diabetes, our goals in the 
current study were (1) to compare MetS-severity lev-
els by timing of diabetes diagnosis, (2) to assess for dif-
ferences between the standard MetS-severity score and 
the no-glucose MetS score on a sex- and race-specific 
basis among individuals with diabetes, and (3) to evalu-
ate correlations between these scores and future CHD 
among individuals with diabetes, both with and without 
adjustment for overall diabetes control, as assessed by 
hemoglobin  A1C  (HbA1c). We hypothesized that these 
scores would continue to reflect metabolic abnormalities 
beyond glucose elevations alone and predict future CHD 
risk. These analyses hold relevance for the establish-
ing the validity of assessing MetS severity as a marker of 
CHD risk in the setting of diabetes.

Methods
Study population
The Atherosclerosis Risk in Communities (ARIC) study 
is a large community-based epidemiological cohort study 
across 4 field centers in the US, with timing as follows: 
Visit 1 (1987–1989), Visit 2 (1990–1992), Visit 3 (1993–
1995) and Visit 4 (1996–1998), and on-going follow-up 

for adjudicated CHD outcomes thereafter. This study 
and/or its analysis was approved by the Institutional 
Review Boards of the University of Florida, the Univer-
sity of Virginia, and the study sites for ARIC and was car-
ried out in accordance with the Declaration of Helsinki. 
ARIC data are available through ancillary study collabo-
ration with ARIC [24]. A total of 15,397 participants aged 
45–64  years provided informed consent to be included 
in the study—5359 white men, 5943 white women, 1585 
African-American men, and 2464 African-American 
women and 46 participants of other races. Further details 
of the study design and objectives are published else-
where [24]. From this sample, we excluded those who 
reported presence of CHD at the baseline visit (n = 747), 
who missed any of the follow-up visits (n = 4511), partic-
ipants other than African Americans and whites (n = 46), 
or those with missing data on any of the components of 
MetS (n = 4821). Thus, a total of 8660 participants were 
included in the current analyses.

Measurement of metabolic syndrome components
Previous reports have published details of procedures for 
blood collection and analysis for lipids [25] and serum 
glucose [26]. Briefly, participants fasted overnight for 
12 h before the examination. Phlebotomy was performed, 
blood sample was centrifuged and serum was sent to a 
central laboratory for examination. Triglycerides were 
measured by enzymatic methods, and HDL cholesterol 
was measured after dextran-magnesium precipitation. 
LDL cholesterol was calculated using the Friedewald 
equation. Serum glucose was measured by the hexoki-
nase-6 phosphate dehydrogenase method [27].  HbA1c 
was measured only at Visit 2 via high-performance liq-
uid chromatography using the Tosoh A1c-2.2 Plus Gly-
cohemoglobin Analyzer or the Tosoh G7 (Tosoh Corp., 
Tokyo, Japan), with both instruments standardized to 
the Diabetes Control and Complications Trial assay [28]. 
Trained clinical staff measured waist circumference at 
the umbilical level to the nearest cm. BP was examined 
in sitting position with a random-zero sphygmomanom-
eter—of the three measurements performed, the aver-
age of the last two measurements were used for analysis. 
Similar procedures were followed at all study sites over 
the 4 visits.

Assessment of covariates and outcomes
MetS severity
MetS severity was calculated as a Z-score for participants 
at all four visits using sex- and race- based formulae. As 
described elsewhere [19, 20], these scores were derived 
using a confirmatory factor analysis approach for the five 
traditional MetS components (WC, triglycerides, HDL-
cholesterol, systolic BP, fasting glucose). This common 
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statistical approach determines the degree to which of 
each of the five components contributes to a latent MetS 
“factor”. We performed this confirmatory factor analysis 
among adults age 20–64 years from the National Health 
and Nutrition Examination Survey (NHANES) with cat-
egorization into six sub-groups based on sex and race/
ethnicity (non-Hispanic white, non-Hispanic black and 
Hispanic). For each of these six population sub-groups, 
the loading coefficients for the five MetS components 
(the degree of contribution to the latent MetS factor) 
were transformed into a single MetS factor were then 
used to generate equations to calculate a standardized 
MetS severity score for each sub-group (http://mets.
health-outcomes-policy.ufl.edu/calculator/). The result-
ing MetS severity scores in theory operate as Z-scores 
(normally distributed and ranging from theoretical neg-
ative to positive infinity with mean = 0 and SD = 1) of 
relative MetS severity on a sex- and race/ethnicity-spe-
cific basis. This score can be followed over time [29, 30] 
and correlates with other markers of MetS risk, including 
hsCRP, uric acid and the homeostasis model of insulin 
resistance, with adiponectin [20, 31]. Among individuals 
without baseline diabetes, these scores were correlated 
with long-term CVD and T2DM risk [22, 23, 31–33]. 
We separately derived a set of scores that utilized only 
measures of WC, BP, triglycerides and HDL (referred 
to as “no-glucose” score) [23]. Among individuals with-
out baseline diabetes, these scores were associated with 
increased risk of diabetes [23].

Traditional MetS was defined using the ATP-III cri-
teria, i.e. presence of three or more of the following 
abnormalities: elevated waist circumference (≥  102  cm 
for men,  ≥  88  cm for women), elevated triglycerides 
(1.69  mmol/L [≥  150  mg/dL] or drug treatment for 
elevated triglycerides), reduced HDL (1.03  mmol/L 
[<  40  mg/dL] for men, 1.29  mmol/L [<  50  mg/dL] for 
women or drug treatment for reduced HDL), elevated BP 
(≥ 130 mmHg systolic or ≥ 85 mmHg diastolic or drug 
treatment for hypertension) and elevated blood glucose 
(≥ 5.6 mmol/L [≥ 100 mg/dl] or drug treatment for ele-
vated glucose) [9].

Diabetes definition
Participants were defined as having diabetes if they 
reported that a physician had told them they had diabe-
tes, had a fasting glucose ≥ 7 mmol/L (≥ 126 mg/dL) or a 
non-fasting glucose ≥ 11.1 mmol/L (≥ 200 mg/dL), or if 
they reported they were taking insulin or oral hypoglyce-
mic medications [34, 35].

Incident CHD
Incident CHD was ascertained using standard ARIC pro-
tocols [36, 37] and included fatal or nonfatal hospitalized 

myocardial infarction, fatal CHD, silent myocardial 
infarction identified by electrocardiography, or coro-
nary revascularization. Follow-up time for incident CHD 
events was the minimum number of days between the 
baseline visit and either the first event, death from other 
causes, last contact, or Dec 31, 2011 [36, 37].

Statistics
We assessed the ability of the MetS-severity score (both 
with and without glucose) at the time of the visit where 
diabetes was identified to predict future CHD in Cox pro-
portional-hazards models, using the Fine-Gray approach 
to account for competing risk of non-CHD death. These 
models were stratified by site and included age (at base-
line), sex, and race as covariates. Interactions between 
MetS severity and sex and race were initially examined; 
if interactions were not significant they were removed 
from the model. These models were compared to a model 
that included ATP-III MetS as the primary predictor, and 
a model that included the number of ATP-III MetS ele-
vated components (ranging from 0 to 5 as another poten-
tial measure of MetS severity). Model fit was compared 
between the four models by the Akaike Information 
Criterion (AIC), with smaller values indicating a better 
fit. As diabetes could have developed at any one of four 
visits (present at Visit 1, or developed by Visits 2, 3, and 
4), we also examined MetS HR’s across the four different 
diabetes groups. In all cases, we did not include individu-
als who developed CHD before diabetes. Additionally, 
to examine the confounding influence of  HbA1c, mod-
els were fit that included Visit 2  HbA1c (the only visit it 
was available), only for those who had diabetes at Visit 1. 
Hazard ratios (HR) and 95% confidence intervals, as well 
as model-estimated cumulative incidence of CHD over 
time, were calculated and of primary interest.

Results
Demographics
Table  1 displays age, sex and race of participants for 
each of the groups (never-diabetes, baseline-diabetes, 
and incident-diabetes by visit number). Age decreased 
by group, with the baseline-diabetes group being oldest 
(55.2 years), those in the incident diabetes groups being 
gradually younger, and those in the never-diabetes group 
being youngest (53.8 years). There was a greater percent-
age of males and black participants in the baseline and 
incident diabetes groups compared to the never-diabetes 
group.

MetS‑severity scores by timing of diabetes diagnosis
Figure 1 provides (A) standard 5-component and (B) no-
glucose MetS-severity scores by timing of diabetes diag-
nosis. Compared to all other groups, participants with 
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baseline diabetes had the highest standard MetS-severity 
scores at baseline and thereafter, while those in the never-
diabetes group had levels that remained low through all 

visits (though with a gradual increase over time). Par-
ticipants with incident diabetes at Visits 2–4 had mean 
standard MetS-severity scores that were similar to each 

Table 1 Participant characteristics (frequency (%) unless otherwise noted), overall and by diabetes status

a  Visit 1 for those in the Never Diabetes group

Overall (n = 8660) Diabetes status

Never diabetes 
(n = 7241)

Baseline diabetes 
(n = 536)

Incident diabetes by:

Visit 2 (n = 375) Visit 3 (n = 260) Visit 4 (n = 248)

Baseline age (mean 
(SD))

53.89 (5.65) 53.79 (5.65) 55.20 (5.76) 54.40 (5.68) 53.66 (5.59) 53.61 (5.17)

Sex

 Female 4873 (56.3%) 4150 (57.3%) 277 (51.7%) 200 (53.3%) 126 (48.5%) 120 (48.4%)

 Male 3787 (43.7%) 3091 (42.7%) 259 (48.3%) 175 (46.7%) 134 (51.5%) 128 (51.6%)

Race

 Black 1464 (16.9%) 1121 (15.5%) 115 (21.5%) 104 (27.7%) 61 (23.5%) 63 (25.4%)

 White 7196 (83.1%) 6120 (84.5%) 421 (78.5%) 271 (72.3%) 199 (76.5%) 185 (74.6%)

ATP-III MetS at base-
line

2967 (34.26%) 1952 (26.96%) 415 (77.43%) 267 (71.20%) 168 (64.62%) 165 (66.53%)

Baseline values (mean (SD)):

 MetS z-score 0.16 (0.91) − 0.03 (0.73) 1.75 (1.42) 0.78 (0.69) 0.67 (0.69) 0.66 (0.64)

 MetS score (no 
glucose)

0.05 (0.77) − 0.05 (0.74) 0.72 (0.79) 0.51 (0.73) 0.47 (0.68) 0.51 (0.69)

 Waist circumference 95.80 (13.31) 94.03 (12.51) 105.88 (14.00) 104.87 (13.43) 103.18 (13.74) 104.45 (12.57)

 Systolic blood pres-
sure

120.75 (18.31) 119.19 (17.81) 130.40 (18.84) 127.99 (18.50) 128.26 (19.68) 126.42 (17.86)

 Triglycerides 126.41 (80.57) 118.65 (71.06) 188.47 (137.08) 153.58 (87.71) 148.48 (78.41) 154.66 (90.77)

 HDL-cholesterol 52.48 (16.71) 53.89 (16.87) 44.44 (13.60) 46.29 (14.03) 45.62 (13.12) 45.23 (14.40)

 Fasting glucose 101.94 (22.17) 97.05 (8.20) 158.16 (57.76) 111.02 (9.19) 107.40 (9.62) 103.92 (8.91)

Follow-up time (years) 
since diabetes diag-
nosis (mean(SD))a

20.17 (5.31) 20.98 (4.77) 17.98 (6.31) 16.79 (5.26) 14.18 (4.97) 11.94 (4.03)

Incident CHD during 
follow-up

1446 (16.70%) 1049 (14.49%) 187 (34.89%) 88 (23.47%) 61 (23.46%) 61 (24.60%)

Visit 1 Visit 2 Visit 3 Visit 4
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Fig. 1 Standard- and no-glucose MetS severity Z-scores by timing of diabetes diagnosis. Model-generated values for a standard and b no-glucose 
MetS severity Z-scores for participants with diabetes at baseline (Visit 1), and those diagnosed by Visits 2, 3, and 4, compared to those never diag-
nosed. All models were stratified by site and included age (at baseline), sex, and race as covariates
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other at baseline but that exhibited a sharp increase in 
score at the visit associated with diabetes diagnosis and 
continued elevated thereafter. By Visit 4 these incident-
diabetes groups converged to similar mean scores.

In assessing the no-glucose score, the baseline-diabe-
tes group had MetS-severity Z-scores that were much 
lower than seen when using the standard MetS-severity 
score (0.59 vs. 1.82). The baseline-diabetes group had 
mean no-glucose scores that were highest of all groups 
at baseline but that were similar to the incident-diabe-
tes groups at subsequent visits. The incident-diabetes 
groups exhibited no-glucose scores that (1) were similar 
to each other at baseline; (2) were only modestly differ-
ent at baseline from their standard MetS scores (0.4 vs. 
0.7); and (3) exhibited a significant (p < 0.01) increase in 
score at the visit corresponding with diabetes diagnosis. 
Those in the never-diagnosis group exhibited scores that 
were low and not appreciably different from their stand-
ard scores.

Additional file 1: Figure S1 displays the individual MetS 
components by timing of diabetes diagnosis. Levels for 
each component were lowest in the never-diabetes group. 
At baseline, levels of triglycerides and fasting glucose 
were highest in the baseline-diabetes group, with overall 

similar levels of the individual components between the 
baseline- and incident diabetes groups.

MetS‑severity scores by sex and race
Figure  2 and Additional file  1: Figure S2 display stand-
ard- and no-glucose MetS-severity scores (respectively) 
by sex and race. In evaluating the standard MetS-sever-
ity score, each of the sex and race subgroups had scores 
and patterns that in general were similar to those for the 
overall group and to each other. The exceptions were: (1) 
white males, for whom mean MetS-severity scores were 
lower than the overall group among those with baseline 
diabetes and higher than the overall group among the 
never-diabetes group, resulting in a narrower range of 
scores; and (2) black males and females, who were the 
only groups to exhibit an increase in MetS severity in vis-
its following diabetes diagnosis; this was true for black 
males with incident diabetes at Visits 2 and 3 and black 
females with incident diabetes at Visits 2, later increasing 
by Visit 4.

For the no-glucose scores, white males and females had 
higher scores than black males and females; the excep-
tion to this was in the never-diabetes group, in which 
white- and black females had scores that were similar to 
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Fig. 2 Standard MetS severity Z-scores by sex and race. Model-generated values of MetS severity for a white males, b white females, c black males, 
and d black females for participants with diabetes at baseline (Visit 1), and those diagnosed by Visits 2, 3, and 4, compared to those never diag-
nosed. All models were stratified by site and included age at baseline as a covariate
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each other. For all sex- and race subgroups, each inci-
dent-diabetes group exhibited its highest no-glucose 
MetS scores at the visit corresponding to diabetes diag-
nosis. Elevations in no-glucose MetS severity were asso-
ciated with higher fasting glucose levels at all time points 
(p < 0.0001).

CHD risk by MetS‑severity score
Among participants with diabetes there were 1446 inci-
dent cases of CHD, representing 16.7% of the cohort 
(Table  1). Additional file  2: Table S1 provides results 
of models for incident CHD by MetS-severity scores, 
adjusted for baseline age, sex and race. Risk of CHD 
was more common with rising age, among males vs. 
females and among whites vs. blacks. Using the stand-
ard MetS-severity score, each 1-SD unit increase in 
MetS severity was associated with a HR for future CHD 
of 1.29 (95% confidence interval [CI] 1.21, 1.39), while 
the no-glucose MetS severity score had a HR of 1.42 
(CI 1.24, 1.62; all p  <  0.001). There did not appear to 
be a difference by sex or racial/ethnic group in these 
relationships. These HR’s compared to participants in 
the never-diabetes group that had HR of 1.49 (CI 1.37, 
1.62) using the standard MetS score and 1.53 (CI 1.41, 
1.66) using the no-glucose score (both p < 0.001). When 
comparing the AIC values across the four models using 
the four different measures of MetS (MetS severity, no-
glucose MetS severity, ATP-III MetS, and number of 
ATP-III MetS elevations), the AIC values from the two 
MetS severity scores were the smallest, indicating the 
best model fit. Figure  3 displays cumulative incidence 
of CHD by MetS-severity score, generated from the 
models in Additional file 2: Table S1, with an increase 
in incidence with rising MetS-severity score at diabetes 
diagnosis.

In separating the estimation of the hazard ratios across 
the four groups of individuals defined by when diabe-
tes was diagnosed (Visits 1, 2, 3, 4), no statistical differ-
ences were observed when comparing the HR’s by time of 
diagnosis (Additional file 2: Table S2). Lack of statistical 
power may have contributed to not observing significant 
interactions between any of the MetS measures and time 
of diabetes diagnosis.

Among individuals with baseline diabetes, these rela-
tionships between MetS severity and CHD risk did not 
appear to be heavily affected by the degree of diabetes 
control as estimated by Visit 2  HbA1c (Additional file 2: 
Table S3), with HR’s that decreased from 1.24 (CI 1.3, 
1.36) to 1.21 using the standard MetS-severity score and 
from 1.34 (CI 1.12, 1.60) to 1.25 (CI 1.04, 1.51) using the 
no-glucose score.

Discussion
We found that a continuous estimate of MetS severity 
retained the ability to predict CHD risk among individu-
als with Type 2 diabetes. This was the case despite the 
potential for elevations in glucose to unduly influence 
MetS-severity score levels. While excursions in fast-
ing glucose levels were clearly reflected in higher MetS 
severity scores at diagnosis—with an increase in Z-scores 
of approximately 0.7 SD units—these did not appear to 
affect the relationship between the score and future CHD 
in that MetS severity provided overall similar risk pre-
diction when using the standard MetS severity score as 
when using a score derived without glucose as a compo-
nent. Additionally, higher MetS severity scores among 
individuals with diabetes did not appear to be merely an 
estimate of overall diabetes control in that the relation-
ships between MetS severity and future CHD remained 
following adjustment for  HbA1c. In contrast to scoring 
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systems specifically designed to predict CHD in Type 2 
diabetes [38], this MetS severity score was designed to 
estimate MetS severity—potentially as a means of esti-
mating the processes behind MetS [9–11]. As such, this 
increase in risk may represent risk conferred by underly-
ing oxidative stress and inflammation in addition to addi-
tive risk from the individual MetS components. Overall, 
these data provide evidence for the potential utility for 
tracking MetS severity among individuals with diabetes 
as a means of identifying those at highest risk for CHD, 
for whom higher-intensity preventative measures could 
be taken.

We noted that in the incident-diabetes groups MetS 
severity scores were already elevated up to 10  years 
before diabetes diagnosis—which is not surprising, 
given that these scores are correlated with risk of devel-
oping diabetes [23, 33]. These elevations appeared to be 
due to abnormalities in each of the components of MetS 
(Additional file 1: Figure S1), revealing that a major dif-
ference between the incident-diabetes and never-diabetes 
groups was a consistent background level of MetS sever-
ity related to obesity and potentially a genetic propensity 
toward the processes underlying insulin resistance [39].

The increase in MetS severity scores at the visit corre-
sponding to diabetes diagnosis—with a near doubling of 
the difference from the never-diabetes group—appeared 
to be due mostly to changes in glucose, as the non-glu-
cose score did not exhibit as drastic of fluctuations. This 
suggested against severe effects of glucose elevations on 
the pathological processes that underlie MetS and pro-
duce abnormalities in the other components. Following 
this increase in score at diabetes diagnosis, the standard 
MetS-severity score remained overall stable (potentially 
reflecting ongoing challenges with glucose levels) while 
the no-glucose score actually decreased slightly (likely 
reflecting effects of treatment of initial glucose and pos-
sibly other abnormalities). Those with baseline diabetes 
(of potential longstanding duration) maintained higher 
standard MetS-severity scores compared to all other 
groups throughout the study. This also appeared to pri-
marily reflect abnormalities in glucose alone, since there 
did not appear to be meaningful differences between dia-
betes groups by time of diagnosis when using the no-glu-
cose MetS score.

In considering racial/ethnic differences, we noted that 
white males in the baseline-diabetes group had scores 
that were significantly lower than other subgroups by sex 
and race, while white males in the never-diabetes group 
had the highest scores of all the subgroups. This resulted 
in a gap in MetS severity between those with and without 
diabetes was narrowest among white males, suggesting 
that compared to other groups, white males exhibit less 
metabolic heterogeneity in metabolic risk. In contrast 

to white participants, who experienced a decrease or 
maintenance of standard 5-component MetS severity 
scores, black males and females frequently experienced 
an increase in MetS severity scores in the visits after dia-
betes diagnosis. It is unclear whether this reflects differ-
ences in access to medical treatments [40] or relates to 
the overall severity of the underlying diabetes.

CHD risk related to MetS severity was slightly lower 
among individuals with diabetes relative to those with-
out diabetes, with HR’s of 1.29 vs. 1.49 for standard 
MetS-severity score and 1.42 vs. 1.53 for the no-glucose 
score, likely related to the elevated rate of CHD overall 
in the setting of diabetes [1, 22]. Nevertheless, the con-
sistent nature of these relationships suggests that pro-
cesses related to MetS and its components are involved 
in on-going contributions to CHD risk, even in the set-
ting of diabetes. This may relate either to separate roles 
for abnormalities in each of the components [41–43] 
(risk that is then integrated into the MetS severity score) 
or risk related to the pathophysiological processes under-
lying MetS (as had been suggested by the associations 
between CHD and MetS severity, independent of its 
components [22, 23]). Either way, the association of MetS 
severity and CHD risk raises the potential utility to fol-
lowing MetS severity over time among individuals with 
diabetes, targeting a lower score to reduce risk of future 
CVD.

This study had multiple limitations, including that the 
timing of diabetes diagnosis was limited to study visits; 
this was unlike CHD diagnosis, which was assigned using 
an adjudication protocol based on records from hos-
pitalization and deaths. Additionally, we lacked details 
regarding the timing and adherence of treatment of dia-
betes—which clearly affected fasting glucose levels, as 
well as overall diabetes control and metabolic disarray. 
We had  HbA1c levels only at Visit 2, limiting our analysis 
of how overall diabetes control affected the relationship 
between MetS severity and CHD to those with diabetes 
at baseline. Finally, this study began in an era prior to the 
availability of statin medications, limiting generalizability 
to the current population of individuals with diabetes. 
However, this study also had multiple strengths, includ-
ing assessment in a large cohort with long-term adjudi-
cated CHD outcomes.

Conclusions
These sex- and race/ethnicity-specific MetS-severity 
Z-scores appear to provide a valid estimate of metabolic 
derangement and CHD risk among individuals with dia-
betes. Scores such as these could be tracked over time in 
patients with diabetes as an integrated estimate of CHD 
risk, potentially as a motivator for individuals with diabe-
tes and their physicians toward risk reduction.
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