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Abstract

We sought to assess the relationship between the metabolic syndrome, abdominal obesity, and

glucose deterioration amongst patients with type 2 diabetes. Our prospective cohort consisted of

164 adult patients with established diabetes who have a history of poor glycemic control, have just

completed an intensive intervention aimed at improved control, and have demonstrated reduced

HbA1c prior to enrollment. Waist circumference and presence of metabolic syndrome were

assessed at baseline, and patients were followed-up (median 24 months) for assessment of the

study outcome, time-to-hyperglycemic relapse, pre-defined as HbA1c >8% and >1% rise over

baseline. Kaplan-Meier estimates of relapse-free survival and multivariable Cox regression models

were used to quantify the independent effects of the metabolic syndrome and waist circumference

on risk of glucose deterioration. Baseline waist circumference was 42.9 ± 5.5 inches. Prevalence

of the metabolic syndrome was 80%. During follow-up, 39 patients (24%) experienced

hyperglycemic relapse. The metabolic syndrome was not associated with time-to-relapse (p=0.15).

The waist circumference component alone however was associated with increased likelihood of

hyperglycemic relapse with an unadjusted hazard ratio of 3.4 (95% CI 1.2 – 9.7) and a hazard ratio

of 3.2 (95% CI 1.1 – 9.1) after adjusting for age, gender, insulin use, weight change, and physical

activity level. The NCEP ATPIII metabolic syndrome had limited ability to predict glucose

deterioration in this type 2 diabetes cohort. Waist circumference alone, however, is a strong

predictor of future glucose control and may be a parsimonious tool for risk stratification. BMI may

also be a useful predictive tool.

OBJECTIVE—To assess the relationship between the metabolic syndrome, abdominal obesity,

and glucose deterioration amongst patients with type 2 diabetes.

METHODS AND PROCEDURES—Our prospective cohort consisted of 164 adult patients with

established type 2 diabetes who have a history of poor glycemic control, have just completed an

intensive intervention aimed at improved control, and have demonstrated reduced HbA1c prior to
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enrollment. Waist circumference and presence of metabolic syndrome were assessed at baseline,

and patients were followed-up (median 24 months) for assessment of the study outcome, time-to-

hyperglycemic relapse, pre-defined as HbA1c >8% and >1% rise over baseline. Kaplan-Meier

estimates of relapse-free survival and multivariable Cox regression models were used to quantify

the independent effects of the metabolic syndrome and waist circumference on risk of glucose

deterioration.

RESULTS—Baseline waist circumference was 42.9 ± 5.5 inches. Prevalence of the metabolic

syndrome was 80%. During follow-up, 39 patients (24%) experienced hyperglycemic relapse. The

metabolic syndrome was not associated with time-to-relapse (p=0.15). The waist circumference

component alone however was associated with increased likelihood of hyperglycemic relapse with

an unadjusted hazard ratio of 3.4 (95% CI 1.2 – 9.7) and a hazard ratio of 3.2 (95% CI 1.1 – 9.1)

after adjusting for age, gender, insulin use, weight change, and physical activity level.

CONCLUSION—The NCEP ATPIII metabolic syndrome had limited ability to predict glucose

deterioration in this type 2 diabetes cohort. Waist circumference alone, however, is a strong

predictor of future glucose control and may be a parsimonious tool for risk stratification. BMI may

also be a useful predictive tool.
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The metabolic syndrome is a multiplex risk factor for cardiovascular disease and type 2

diabetes that reflects the clustering of individual risk variables due to obesity and insulin

resistance. While the National Cholesterol Education Program Adult Treatment Panel III

(NCEP ATPIII) metabolic syndrome correlates well with direct measures of insulin

resistance and is a powerful predictor of new onset type 2 diabetes(1–5), it is unclear

whether it is a useful additional diagnosis in patients with established type 2 diabetes.

Over three quarters of all patients with type 2 diabetes have the metabolic syndrome(6).

These patients are at increased risk for cardiovascular events(7–10) and have an increased

prevalence of the microvascular complications of diabetes(11; 12). However, there is no

overall increased mortality in the subset of type 2 diabetes patients with the metabolic

syndrome(13), and currently diabetes treatment guidelines do not differ for patients with a

concomitant diagnosis of metabolic syndrome. This has led the American Diabetes

Association to discourage use of the metabolic syndrome diagnosis (ICD9 277.7) in the type

2 diabetes population(14).

Metabolic syndrome research in type 2 diabetes has largely focused on cardiovascular

endpoints and has not explored the impact of the syndrome on glycemic control. Prolonged

hyperglycemia is known to be a powerful predictor of poor outcomes in type 2 diabetes(15),

and improved long-term glucose control is an increasingly important public health

concern(16). A common problem in the treatment of patients with type 2 diabetes is failure

to maintain adequate glycemic control once achieved. So-called ‘glycemic relapse’ or

‘hyperglycemic relapse’ is thought to be due both to patient behavioral factors as well as

physiologic factors such as beta cell deterioration and insulin resistance(17). Despite being
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touted as easy-to-measure surrogate of insulin resistance, it is unknown if the metabolic

syndrome is associated with future glucose deterioration among patients with type 2

diabetes.

The aim of this study is to assess whether the NCEP ATPIII metabolic syndrome, or its

component risk factors such as abdominal obesity, are able to predict hyperglycemic

deterioration in patients with type 2 diabetes.

METHODS AND PROCEDURES

Study Design and Subjects

We co-enrolled all participants of the ongoing NIDDK-funded Glycemic Relapse Prevention

Trial into a prospective, observational cohort study of the association between the NCEP

ATPIII metabolic syndrome, abdominal obesity, and hyperglycemic relapse. We have

previously published the study protocol of the Glycemic Relapse Prevention Trial (18).

One hundred sixty-four non-pregnant adult patients with type 2 diabetes were recruited into

this study over the 30-month period June 2002 to January 2005. Enrollment criteria for the

Glycemic Relapse Prevention Trial included patients aged 18 to 75 who had documented

previous poor glucose control (HbA1c >8%), entered the 12-week Diabetes Improvement

Program at Vanderbilt University, and completed the program demonstrating improved

blood glucose control (HbA1c <8%). One patient from the trial registry was excluded from

the analysis due to missing baseline data. Informed consent was obtained from each patient.

The study protocol was approved by the Institutional Review Board of Vanderbilt

University and was carried out in accordance with institutional guidelines.

Definition of Metabolic Syndrome and Baseline Measurements

Presence of the metabolic syndrome was determined according to the NCEP ATPIII

definition, first proposed in 2001(19) and updated in 2005(20). Since all patients had

diabetes, each fulfilled the glycemic component of the definition (fasting blood sugar >100

mg/dL). Patients with metabolic syndrome fit at least two of the remaining four criteria:

waist circumference >40 inches for men and >35 inches for women, HDL cholesterol <40

mg/dL in men and <50 mg/dL in women, triglycerides ≥150 mg/dL, and systolic blood

pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg or on anti-hypertensive

medication or documented history of an active clinical diagnosis of hypertension.

Waist circumference was measured with the patient standing and the examiner positioned to

the right of the subject. The top of the right iliac crest was identified, and a measuring tape

was extended in a horizontal plane around the abdomen from this point. Before

measurement was made, the tape measure was confirmed to be snug around the abdomen,

without compressing the skin, in a plane parallel to the floor. Measurement was then made at

normal minimal inspiration(21).

A thorough medical history was taken by a trained clinician upon enrollment that included

demographic and anthropomorphic data, known co-morbidities such as hyperlipidemia or

hypertension, duration of diabetes since diagnosis, and medication regimens including
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details of insulin use. Self-reported data was validated against the electronic medical record

for all patients. In addition, patients completed the CES-D depression measurement tool(22),

rated their compliance with insulin by quantifying average number of missed shots per

week, and completed seven-day food diaries from which three complete days were analyzed

by a registered dietitian. Patients also wore a tri-axial portable accelerometer for one week to

assess activity energy expenditure. Finally, all participants had their baseline HbA1c

measured via the core lab at Vanderbilt University Medical Canter. The assay used follows

the National Glycohemoglobin Standardization Program that began in mid-1996 and has

been given a certificate of traceability to the DCCT reference method to ensure precision

and accuracy(23).

Follow-up

The cohort was followed over the 42-month period from June 2002 until December 2005.

Patients were seen at months 3, 6, 12, 18, 24, 30, and 36 after baseline. At each visit, patient

weight and HbA1c were measured. Patients again were asked to rate their compliance with

their insulin regimens. In addition, changes in the medical history were noted and confirmed

via the electronic medical record including hospitalizations and medication changes. Three

patients did not return for follow-up, and they are retained in the analysis. Six patients

dropped out of the study before the scheduled end of follow-up. Median follow-up time of

the cohort was 24 months (IQR 12 – 30 months).

Definition of Outcome and Study Covariates

The primary study outcome was time-to-hyperglycemic relapse. Hyperglycemic relapse was

predefined as a subsequent HbA1c >8% and at least a one percentage-point rise over

baseline. For example, an individual with baseline HbA1c of 7.2% would experience

hyperglycemic relapse if at follow-up the HbA1c was 8.2% or greater.

Weight change was defined as the difference between the weight at last follow-up and

baseline weight. Physical activity level was defined by the formula (total energy intake)/

(total energy intake – energy expenditure from activity) via accelerometer data(24).

Adherence to medication regimen was calculated as the average proportion of scheduled

insulin doses missed per week.

Statistical Analysis

Baseline characteristics of the study patients are presented based on presence or absence of

metabolic syndrome. Frequencies and proportions are reported for categorical variables, and

either means with standard deviations or medians with interquartile ranges are reported for

continuous variables based on normality of distribution. Fisher’s Exact tests were used to

compare categorical variables while Wilcoxon rank-sum tests were used for comparing

continuous variables.

Cumulative probability of hyperglycemic relapse-free curves were generated using Kaplan-

Meier estimates, and log-rank statistics were used to assess difference by metabolic

syndrome status. Subjects were censored at the earlier of time of last contact or at 36 months

follow-up. To evaluate the effect of the NCEP ATPIII metabolic syndrome and its
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components on time-to-hyperglycemic relapse, hazard ratios and 95 percent confidence

intervals (95% CI) were calculated using the Cox proportional hazards regression model.

The maximum number of independent variables included in the regression model (three)

was determined based on the 10 events-per-variable rule(25).

We first built a model adjusting for age, sex, and insulin use (Model 1). A second model was

then applied using propensity score adjustment (Model 2). This method simultaneously

adjusts for many confounding factors while preserving analytical power by combining

factors into one score, preventing over-fitting(26; 27). Our propensity score was the

predicted probability of having metabolic syndrome as a function of age, sex, weight

change, physical activity level, and insulin use. Other covariates such as duration of

diabetes, other co-morbid illnesses, and other medication use were tested in the propensity

score model and had no effect on the overall results.

To further characterize the accuracy of obesity measures for the prediction of relapse, we

constructed adjusted Receiver Operating Characteristic (ROC) curves for waist

circumference and BMI, calculated optimum cutpoints, and quantified the area under each

ROC curve (AUC). The continuous prediction variable used was the calculated probability

of hyperglycemic relapse at 18 months. We then compared the area under these curves,

allowing quantification of the overall value of these measures as predictive tools.

All analyses used a 5% two-sided significance level. Calculations were performed using

STATA software, version 8.2 and R version 2.1.0 (www.r-project.org).

RESULTS

Baseline waist circumference was 42.9 ± 5.5 inches. A total of 131 patients (80%) had

metabolic syndrome at baseline. There were no statistically significant differences in the

age, race, gender, education level, duration of diabetes since diagnosis, physical activity

level, or incidence of depression between the exposure groups at baseline (Table 1). Oral

hypoglycemic use did not differ between the groups. Insulin use was different between

groups, with 60% of patients with metabolic syndrome and 28% of those without requiring

insulin at baseline (p=0.001). In addition, amongst those using insulin, the number of units

used was greater in patients with metabolic syndrome (p=0.04).

Patients with the metabolic syndrome (mean follow-up 23.6 ± 10.7 months) and without the

metabolic syndrome (21.9 ± 10.3 months) were observed for a similar period of time.

Patterns and number of missed follow-up visits were not different between the groups. A

total of 39 of the 163 (24%) patients experienced hyperglycemic relapse, 34 of which were

in the metabolic syndrome group.

Metabolic syndrome as a predictor of hyperglycemic relapse

Kaplan-Meier estimates of cumulative probability of being free-from-hyperglycemic relapse

according to metabolic syndrome status are shown in Figure 1. The log-rank test indicated

no difference between the curves (p=0.15).
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The results from three different Cox proportional hazards models, each based on the

presence or absence of metabolic syndrome, are shown in Table 2. In univariate analysis, the

NCEP ATPIII metabolic syndrome displayed a trend toward an increased the risk of relapse,

with an unadjusted hazard ratio of 1.97 (95% CI 0.77 – 5.03). Adjusted for age, gender, and

insulin use, the hazard ratio for the metabolic syndrome was 1.87 (0.72 – 4.85). Adjusted for

propensity score, the metabolic syndrome had a hazard ratio of 1.82 (95% CI 0.71 – 4.70).

Metabolic syndrome components considered individually

Table 2 also shows results of with the metabolic syndrome components considered

individually. The HDL, triglycerides, and hypertension components of the syndrome were

not associated with a significantly increased risk of hyperglycemic relapse. The waist

circumference component was associated with an increased risk of relapse, with an

unadjusted hazard ratio of 3.44 (95% CI 1.22 – 9.71). Adjusted for age, gender, and insulin

use, waist circumference remained significantly associated with increased risk for

hyperglycemic relapse, hazard ratio 3.18 (95% CI 1.11 – 9.08). The hazard ratio of waist

circumference for relapse was 3.13 (95% CI 1.11 – 8.91) after propensity score adjustment.

A series of separate analyses adjusting for duration of diabetes, co-morbidities related to

obesity, and other medication use did alter the association between metabolic syndrome and

hyperglycemic relapse or waist circumference and hyperglycemic relapse.

Waist circumference vs. BMI

The adjusted AUC for waist circumference was 0.728 (see Figure 2). The optimum cutpoint

for predicting hyperglycemic relapse was 43 inches for men (sensitivity 81.3%, specificity

50.0%) and 39 inches for women (sensitivity 82.6%, specificity 34.7%).

A similar curve was constructed replacing waist circumference with BMI. The adjusted

AUC was 0.731 (see Figure 2). The optimum cutpoint for predicting hyperglycemic relapse

was 32 kg/m2. There was no difference in overall diagnostic accuracy using waist

circumference compared to BMI (P=0.78).

DISCUSSION

In this study of previously poorly controlled type 2 diabetics who have achieved improved

glycemic control, the metabolic syndrome was not significantly associated with subsequent

hyperglycemic relapse. A single measure of central adiposity, waist circumference, was

however a significant predictor of hyperglycemic relapse. The association of waist

circumference with relapse persisted despite adjustment for known predictors of

hyperglycemic relapse(28). To our knowledge, this is the first study exploring the

relationship between the metabolic syndrome and future glycemic control in the type 2

diabetes population. Poor glucose control is a well-known risk factor for complications and

mortality in these patients(15).

These results lend additional support to the statements by the American Diabetes

Association (14) and others(29) that the metabolic syndrome, as presently defined by the

NCEP ATPIII, is not a useful additional diagnosis in patients with type 2 diabetes. Prior
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studies have shown that the metabolic syndrome is predictive of cardiovascular events(7–10)

in patients with type 2 diabetes and is associated with the microvascular complications of

diabetes(11; 12). However, presence of the metabolic syndrome does not increase mortality

in this population(13), and perhaps more importantly, treatment guidelines for the metabolic

syndrome are in general less strict than those for patients with type 2 diabetes. Thus, an

additional diagnosis of the metabolic syndrome may not provide the clinician with

additional information, and some argue may distract the clinician from proper treatment of

hyperglycemia(14). These prior studies have largely focused on cardiovascular endpoints.

This study is the first to suggest that the metabolic syndrome is not a useful diagnostic tool

for the prediction of future glucose deterioration.

The metabolic syndrome and insulin resistance

There are several factors which are thought to influence glucose deterioration in patients

with type 2 diabetes. One category includes behavioral factors such as physical activity, diet,

and medication compliance. These variables are the primary consideration of the Glycemic

Relapse Prevention Trial and are controlled for in this study. Another category includes

physiologic factors such as insulin resistance and beta-cell failure.

The underlying pathophysiology of the metabolic syndrome is thought to be insulin

resistance(30). In general, clinical definitions of the metabolic syndrome seek to identify

individuals that are sufficiently insulin resistant to be at risk for a variety of adverse

conditions, most notably cardiovascular disease(31). However the NCEP ATPIII metabolic

syndrome is a specific, but not sensitive, method for identifying insulin resistance(1; 32).

Studies have shown that there are simpler methods for identifying insulin resistance with

similar or improved accuracy as compared to the metabolic syndrome. For example,

McLaughlin et al. showed that using the triglyceride component alone with a slightly lower

cutpoint (>130 mg/dL) could identify insulin resistant individuals with similar accuracy as

the NCEP ATPIII metabolic syndrome(33). Cheal et al. showed that BMI highly correlated

with insulin resistance and that other factors such as hypertension were much less highly

correlated(1). It is likely that the NCEP ATPIII metabolic syndrome, by using arbitrary

cutpoints to dichotomize risk variables that represent both causes (abdominal obesity) and

consequences (high triglycerides) of insulin resistance, is an inefficient grouping that may

dilute the predictive power of its individual components(34).

Waist circumference and insulin resistance

Our results indicate that waist circumference alone may be a parsimonious, yet powerful

tool for the prediction of glucose deterioration in patients with type 2 diabetes. This finding

echoes a recent article by Sierra-Johnson et al. studying the relationship between the

metabolic syndrome and its components to a direct measure of insulin resistance(35).

In this study, 256 non-Hispanic white subjects underwent frequently sampled intravenous

glucose tolerance tests for the determination of insulin resistance. Accuracy for identifying

insulin resistance was expressed as area under the receiver operating curve (AUC). The

NCEP ATPIII metabolic syndrome, considered as an ordinal variable counting metabolic
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syndrome components (ranging from 0–5), had a diagnostic accuracy of AUC=0.768. Waist

circumference considered alone had an accuracy of AUC=0.813.

Indeed, recent evidence implicates total and regional adipose tissue load as among the most

potent predictors of insulin resistance(36). Therefore it may not be surprising that waist

circumference, the only surrogate measure of body fat included the current NCEP ATPIII

metabolic syndrome definition, is highly predictive.

Study limitations

There are several potential study limitations. First, our study is limited by the smaller sample

size. A larger study may have sufficient power to demonstrate an association between the

metabolic syndrome and hyperglycemic relapse. However, this finding would be less

important given that waist circumference alone is more predictive than the entire NCEP

ATPIII metabolic syndrome.

Second, our study sample was limited in racial and ethnic diversity, and had a high level of

education compared to the general diabetes population. As such, predictors of glucose

deterioration should be evaluated among more diverse populations in future research.

Third, the study was conducted at a university medical center, and thus our findings may not

be generalizable to other patient populations. These patients have all accepted referral to the

Vanderbilt Diabetes Improvement Program prior to enrollment in the study because of

failure to achieve glycemic control in the primary care setting. These patients are in general

heavier, require more insulin, and are at higher risk for deterioration of glucose control.

However, this also makes them a convenient group to study.

Finally, our relapse rates are lower than those reported in previous studies(28). This is likely

due to the setting of this study within an ongoing interventional trial.

Future directions

The mechanism by which obesity leads to hyperglycemic relapse can not be concluded from

this study. In particular, this study does not permit the inference that insulin resistance

predicts hyperglycemic relapse. While waist circumference is highly correlated with insulin

resistance, and attempts have been made to control for behavioral variables associated with

waist circumference, a study utilizing a direct measure of insulin resistance would be

required to assess the relative contribution of this mechanism to relapse.

Our results indicate that BMI may be at least as accurate in predicting hyperglycemic

relapse as waist circumference. The superiority of waist circumference over a more general

measure of adiposity have been thoughtfully questioned by others(37). Indeed, BMI is

highly correlated with waist circumference (r>0.8, p<0.001) and offers several advantages,

most notably that it is easier for clinicians to measure(29). In addition, BMI appears to be at

least as good of a predictor of insulin resistance(38). A larger study should be undertaken

with sufficient power to discern a difference in the predictive value of these variables.

Results of such a study could potentially be used by diabetes care providers to stratify their
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type 2 diabetes patients into low-risk and high-risk for potential relapse, with higher risk

groups considered for more intense behavioral and pharmacotherapy.

Abbreviations

HbA1c hemoglobin A1C

CEP ATPIII National Cholesterol Education Program Adult Treatment Panel III

BMI Body Mass Index
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Figure 1.
Kaplan Meier estimates of relapse-free survival over follow-up, by metabolic syndrome

status

Legend: P value derived from unadjusted logrank test.
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Figure 2. Adjusted Receiver Operator Characteristic (ROC) curves for the association of obesity
measures and hyperglycemic relapse
Legend: BMI refers to Body Mass Index. AUC refers to area under the receiver operating

characteristic curve. NCEP ATP III is the National Cholesterol Education Program Adult

Treatment Panel III guidelines.

There is no difference in area under these two curves (p=0.78). Ideal thresholds for

identifying glucose deterioration are calculated from unadjusted data.

BLAHA et al. Page 13

Obesity (Silver Spring). Author manuscript; available in PMC 2014 August 13.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

BLAHA et al. Page 14

Table 1

Patients characteristics by presence versus absence of the metabolic syndrome

Metabolic Syndrome
N = 131

No Metabolic Syndrome
N = 32

P value

Age (years) 55.9 ± 10.4 52.2 ± 11.9 0.13

Female gender (%) 46 34 0.32

Non-white race (%) 25 22 0.82

High school education (%) 87 97 0.20

Physical Activity Level 1.35 ± 0.25 1.38 ± 0.17 0.07

CES-D Depression score 11.9 ± 8.7 11.6 ± 7.2 0.81

Duration of diabetes (years) 5 (0.6 – 10.0) 3 (0.46 – 8.5) 0.24

Baseline HbA1c (%) 6.70 ± 0.65 6.73 ± 0.82 0.72

Oral Hypoglycemic use (%) 70 81 0.27

Insulin use (%) 60 28 0.001

† Waist circumference (in.) 44.1 ± 4.9 38.0 ± 6.2 <0.001

† BMI (kg/m2) 35.3 ± 6.5 29.0 ± 6.1 <0.001

† HDL (mg/dL) 40.8 ± 10.1 50.3 ± 12.7 <0.001

† Triglycerides (mg/dL) 195 (138 – 256) 108 (87 – 137) <0.001

† Systolic blood pressure (mmHg) 126.4 ± 16.3 124.0 ± 13.0 0.32

† Diastolic blood pressure (mmHg) 72.6 ± 11.0 72.6 ± 10.2 0.95

† Hypertension (%) 79 22 <0.001

† Metabolic Syndrome Score‡ 3.96 ± 0.79 1.69 ± 0.47 <0.001

Data are expressed as means ± SD or medians (interquartile range) or percentages. P values obtained using Fisher’s Exact test for categorical
variables and Wilcoxon rank-sum tests for continuous variables.

†
Variables used to define metabolic syndrome or variables known to be highly correlated with defining variables.

‡
Number of components (1–5) of metabolic syndrome present.
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Table 2

Cox proportional hazards analyses of the metabolic syndrome, or its individual components, and

hyperglycemic relapse.

Hazard Ratio (95% confidence interval)

Unadjusted Model Model 1† Model 2‡

Metabolic Syndrome 1.96 (0.77 – 5.03) 1.87 (0.72 – 4.85) 1.82 (0.71 – 4.70)

Waist Circumference 3.44 (1.22 – 9.71)* 3.18 (1.11 – 9.08)* 3.13 (1.11 – 8.91)*

Low HDL 1.75 (0.89 – 3.45) 1.66 (0.84 – 3.28) 1.56 (0.81 – 3.15)

High Triglycerides 1.11 (0.58 – 2.14) 1.54 (0.78 – 3.05) 1.30 (0.65 – 2.45)

Hypertension 0.91 (0.47 – 1.76) 0.85 (0.42 – 1.71) 0.82 (0.41 – 1.64)

*
p<0.05

†
Model 1: adjusted for age (nonlinear), sex, and insulin use

‡
Model 2: adjusted for propensity score (derived from imputed dataset using age, sex, insulin use, weight change, and physical activity)
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