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ABSTRACT
Background: In spite of increased vigilance of undiagnosed type 2 diabetes (DM2), the prevalence of unknown DM2 in subjects with morbid obesity is not known.
Aims: To assess the prevalence of undiagnosed DM2 and compare the performance of glycated A1c (HbA1c) and fasting glucose (FG) for the diagnosis of DM2 and prediabetes (preDM) in patients with morbid obesity. 
Patients and methods: We measured fasting glucose and HbA1c in 537 consecutive patients with morbid obesity without previously known DM2.
Results: A total of 49 (9%) patients with morbid obesity had unknown DM2 out of which 16 (33%) fulfilled both the criteria for HbA1c and FG. Out of 284 (53%) subjects with preDM, 133 (47%) fulfilled both the criteria for HbA1c and FG. Measurements of agreement for FG and HbA1c were moderate for DM2 (κ=0.461, (p<0.001) and fair for preDM (κ=0.317, p<0.001). Areas under the curve for FG and HbA1c in predicting unknown DM2 were 0.970 (95% CI 0.942, 0.998) and 0.894 (0.837, 951), respectively. The optimal thresholds to identify unknown DM2 were FG ≥6.6 mmol/L and HbA1c ≥6.1% (43 mmol/mol).
Conclusion: The prevalence of DM2 remains high and both FG and HbA1c identify patients with unknown DM2.  FG was slightly superior to HbA1c in predicting and separating patients with unknown DM2 from patients without DM2. We suggest that an FG ≥6.6 mmol/L or an HbA1c ≥6.1% (43 mmol/mol) may be used as primary cutpoints for the identification of unknown DM2 among patients with morbid obesity. 
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BACKGROUND
The prevalence of type 2 diabetes (DM2) in populations with obesity varies between 11-30 % depending on race and risk factors within the population studied [1-3]. Cardiovascular disease (CVD) is the leading cause of morbidity and premature death in patients with DM2 [4]. Complications associated with glucose abnormalities may appear from prediabetic stages of the disease [5]. Consequently, early identification of high risk patients is imperative to provide the best treatment strategies that reduce future health hazards from obesity and improve quality of life at an individual level. The American Diabetes Association (ADA) recommends that all adults are screened for DM2 at the age of 45 years, regardless of weight [6]. Testing is also recommended for asymptomatic adults of any age who are overweight or obese and who have one or more additional risk factors for diabetes [6]. Consequently, patients with morbid obesity should all have been tested before referral to a specialist care center for obesity. Nevertheless, the prevalence of undetected DM2 in parallel with increased awareness of diabetes risk with increased BMI is not known in patients with morbid obesity. 
In patients with no symptoms, a glucose measurement above the diagnostic threshold for DM2 (i.e. random glucose≥ 11.1 mmol, fasting glucose [FG] ≥ 7.0 mmol/L, 2 hour glucose [2HG] during an oral glucose tolerance test [OGTT] ≥ 11.1 mmol/L or glycated A1c [HbA1c] ≥ 6.5 % [48 mmol/mol]), should be verified by a confirmatory test [7]. The available glucose measurements are considered equally important in the diagnosis of diabetes.  However, the three tests for diabetes have insufficient overlap and identify individuals with different glucometabolic profiles [8]. HbA1c is associated with higher reliability compared with the reliability of other tests of glycemia [9]. Widespread usage of an OGTT may not be considered acceptable due to considerable inconvenience for the patients and health personnel involved. One study of patients with morbid obesity reported an overlap between FG and 2HG for the diagnosis of DM2 of 45 % [1]. The validity of HbA1c in the diagnosis of DM2 in patients with morbid obesity is not known.
The aim of the present study was to assess the prevalence of unknown DM2 in patients with morbid obesity in the southeast region of Norway. Furthermore, we wanted to compare the diagnostic accuracy of FG with the accuracy of HbA1c for the diagnosis of DM2 and preDM in patients with morbid obesity.  


METHODS
Design and study population
This cross-sectional study was conducted at a specialist care center in the southeast region of Norway. Treatment-seeking individuals with morbid obesity referred from primary health care physicians and who accepted to be enrolled in the Registry study at the Section for Morbid Obesity at Akershus University Hospital HF, Lørenskog, Norway, during the period from January 3rd 2014 until December 31th 2016 were consecutively assessed for eligibility. A total of 700 patients were assessed for eligibility at our specialist care center, 149 (21 %) patients with previously known diabetes mellitus (DM1: n=5 and DM2: n=144) were not included for the screening analysis for unknown diabetes. The patients with known DM2 (n=144) were included for the analysis of the DM2 prevalence among patients with morbid obesity.  Fourteen patients had missing data on glucose variables (HbA1c: n=14 and FG: n=11) and were excluded from the study leaving a total of 537 patients with morbid obesity to be included in the analysis. The majority of patients were Caucasian (n=513 [96 %]). The study was approved by the Regional Committee for Medical and Health Research Ethics. The participants were included after providing written informed consent. The study was performed in accordance with the Declaration of Helsinki [10].

Definitions
Morbid obesity was defined if patients had BMI ≥40 kg/m2 or BMI ≥35 kg/m2 with concurrent weight related comorbidity such as hypertension, sleep apnoea and CVD. Unknown DM2 was diagnosed in patients who had a FG ≥7.0 mmol/L or an HbA1c ≥6.5 % (48 mmol/mol).  Patients were categorized as preDM when FG was 5.6-6.9 mmol/L or if HbA1c was 5.7-6.4 % (39-46 mmol/mol). We defined metabolic syndrome (MetS) according to the joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity (2009) [11]. The criteria for MetS were fulfilled if waist circumference (WC) ≥ 80 cm for women and ≥ 102 cm for men combined with a minimum of two out of four criteria present: 1) low HDL-cholesterol; HDL-cholesterol <1.3 mmol/L, 2) hypertriglyceridemia; triglycerides ≥1.7 mmol/L, 3) raised blood pressure; systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, or use of blood pressure lowering medication, and 4) dysglycemia; fasting plasma glucose ≥5.6 mmol/L or diabetes mellitus [11]. The Homeostasis Model Assessment Insulin Resistance (HOMA IR) was calculated as fasting plasma glucose (mmol/L) * fasting serum insulin (pmol/L)/135 [12].

Data collection
Patients had their weight and height measured wearing light clothing, without shoes, and BMI was subsequently calculated (kg/m2). We measured WC midway between the lowest rib margin and the iliac crest. Blood pressure was measured with an appropriately sized cuff after at least five minutes rest with the patient seated in an upright position. Three measurements were registered and the average of the second and the third measurement was used in the study. All anthropometric and blood pressure measurements were performed by trained study personnel.

Blood sample
Blood samples for glucose measurement were obtained by venipuncture after an overnight fast and collected in Vacuette® serum gel tubes (red top). Serum was separated from cells routinely within one hour. Samples that were not centrifuged within two hours were rejected. Analyses of serum glucose were performed with an enzymatic colorimetric assay using dry reagent slide technology (Vitros 5.1 FS; Ortho Clinical Diagnostics, Raritan, New Jersey, U.S.). Internal quality assessment was based on daily management of precision at a low glucose level of 3.0 mmol/L and a high level of 15.0 mmol/L. The analytical imprecision was 2.6 % and 1.4 % in the low and high level, respectively.  Blood samples for HbA1c were collected in Vacuette® EDTA tubes (lavender top). HbA1c in blood (normal range 4.0-6.0 % [20-42 mmol/mol]) was analyzed by high performance liquid chromatography (HPLC) using Tosoh G8 (Tosoh Corporation, Tokyo, Japan).  The daily internal quality assessment showed analytical imprecisions of 0.8 % and 1.0 % at HbA1c levels of 6.0 % (42 mmol/mol) and 9.0 % (75 mmol/mol), respectively.  Low density lipoprotein (LDL) cholesterol was calculated with the usage of Friedewald’s equation [13]. Total cholesterol, HDL-cholesterol and triglycerides (included in Friedwald’s equation) were measured using dry slide technology (Vitros 5.1 FS), as was creatinine. Insulin in serum was analyzed by non-competitive electrochemiluminescence immunoassay (ECLIA) (Roche Diagnostics, Mannheim, Germany) at the Hormone Laboratory, Oslo University Hospital, Aker. 


Statistical analysis
Proportions are reported as numbers with percent, continuous variables as mean ± standard deviation (SD) for parametric variables and as median (interquartile range [IQR]) for non-parametric variables (FG, age and systolic blood pressure). Differences between the glucose categories were analyzed using Pearson’s chi-square test for categorical data and one-way analysis of variance or Kruskal–Wallis H test for continuous data. Correlations between glucose categories by FG and HbA1c were assessed by Pearson correlation coefficient (Pearson’s r). The Cohen’s kappa coefficient (κ) of agreement and the overlap indices for the diagnostic criteria for diabetes by FG and HbA1c were calculated. Receiver operating characteristic (ROC) analysis was used to evaluate the diagnostic accuracy of FG and HbA1c, and to define optimal cutpoint values to predict unknown DM2 and preDM. The diagnostic accuracy of the respective tests is presented as area under the curve (AUC) (95 % confidence interval [CI]). Sensitivity, specificity, predictive values and likelihood ratios were calculated to validate the optimal cutpoint values. 

The analyses were performed using IBM SPSS Statistics, version 24.0 Chicago, IL: SPSS Inc (2016). P values less than 0.05 were considered statistically significant. 

RESULTS
Out of 537 patients without previously known diabetes, 49 (9 %) patients had DM2, 284 (53 %) patients had preDM, and 204 (38 %) patients had normal glucose tolerance (NGT). Out of all 193 patients with DM2 (i.e known DM2 and unknown DM2), 49 (25 %) patients with DM2 were undiagnosed at the time of referral to our specialist care center for morbid obesity. The patient characteristics according to the glucose categories (NGT, preDM and DM2) are presented in Table I. Patients with undiagnosed DM2 were more likely male, they were older and had a less favorable metabolic profile compared to patients with preDM or NGT (i.e. waist hip ratio, HOMA IR, metabolic syndrome, hypertension) (Table I). 

The relationship between the thresholds for FG 5.6 mmo/L (IFG) and FG 7.0 mmol/L (DM2) compared with HbA1c 5.7 % (39 mmol/mol) (increased risk of diabetes) and HbA1c 6.5 % (48 mmol/mol) (DM2) is presented in Figure 1. There was a significant correlation between the glucose categories by HbA1c and FG (Pearson’s r =0.651, p<0.001). Out of 49 patients with DM2, a total of 38 (78 %) patients had an FG ≥7.0 mmol/L whereas 27 (55 %) patients had an HbA1c ≥6.5 % (48 mmol/mol). The overlap between FG and HbA1c for the diagnosis of DM2 and preDM is presented in Figure 2. The overlap indices for the DM2 and preDM by FG or HbA1c were 0.326 and 0.428, respectively and the kappa coefficient agreement for DM2 and preDM diagnosed by FG and HbA1c were 0.461 (p<0.001) and 0.317 (p<0.001).

The diagnostic accuracy of FG and HbA1c for predicting DM2 and preDM is presented in Figure 3. The AUCs for FG and HbA1c for predicting undetected DM2 were 0.970 (95 % CI 0.942, 0.998) and 0.894 (95 % CI 0.837, 0,951) whereas the AUCs for FG and HbA1c for predicting preDM were 0.820 (95 % CI 0.780, 0.861) and 0.829 (95 % CI 0.789, 0,869). The cutpoint of FG 6.6 mmol/L and HbA1c of 6.1 % yielded the maximized sensitivity and specificity (sensitivity: 0.92 and 0.74 and specificity: 0.96 and 0.91 respectively) for undetected DM2. The predictive values and likelihood ratios of selected cutpoints for the identification of unknown DM2 are presented in Table II. 

DISCUSSION
The major finding of this study was that the proportion of unknown DM2 remains high in patients with morbid obesity. Our study also confirms that FG and HbA1c identify subjects with different glucometabolic profiles and that both are important in the identification of unknown DM2 among patients with morbid obesity. 

Screening for type 2 diabetes 
Our results confirmed a high prevalence of DM2 among patients with morbid obesity. In this high risk population, 28 % had DM2 and one out of four of the patients with DM2 were undiagnosed at the time of referral. This is in agreement with other studies of patients with morbid obesity that have shown that the prevalence of DM2 is increased three to four times compared with patients of normal weight and comparable age [1;2;14].  In parallel with the obesity epidemic, it is important to identify patients with increased risk of future morbidity and mortality.  
The United Kingdom Prospective Diabetes Study (UKPDS) estimated a delayed diagnosis of DM2 by approximately eight years after the onset of the disease and as much as 50 % of the patients with DM2 were presumed to be undiagnosed [15]. Validated diabetes risk score systems (i.e.  FINDRISC) and comprehensive screening programs to identify persons at high risk of developing diabetes might contribute to lowering the prevalence of undiagnosed DM2 [16;17]. Consequently, we expected that increased vigilance of obesity related comorbidities in general would have reduced the proportion of undiagnosed patients with DM2 both at a primary care level (doctors delay) and at an individual patient level (patient delay). The large proportion of undetected DM2 in this high risk population of subjects with morbid obesity was thus surprising and underscores the importance of continued focus on screening for DM2 among subjects with morbid obesity in primary health care. Our findings support the newly ADA recommendation of regularly monitoring of glucose measurements for the prevention or delay of DM2 [7].

Choosing the right test for screening
The overlapping percentage of agreement between glucose measurements varies between the populations studied [18;19]. A large US observational study of adults with overweight suggested that the calculated percentage of agreement between impaired fasting glucose (FG 5.6-6.9 mmol/L) and HbA1c 5.7-6.4 % (39-46 mmol/mol) was as low as 7.7 % [19]. Another study of Chinese high-risk subjects with at least one risk factor for diabetes showed a 70 % agreement between FG and HbA1c for the diagnosis of diabetes [18]. Thus, there is not one test suited for screening in most populations. Our study confers the need for both FG and HbA1c in the continued screening for unknown diabetes among high-risk patients with morbid obesity. 
It is well established that FG and HbA1c represent different glucometabolic profiles which may be reflected on the population studied [8;20]. Patients with new-onset diabetes after renal transplantation are typically identified by a 2HG [21]. A recent cross-sectional study of overweight and obese children and adolescents 7-17 years of age showed that an HbA1c ≥6.5 % (48 mmol/mol) identified 69 % of the patients with unknown diabetes [22]. In coherence with the results of our study, one cross-sectional study of patients with morbid obesity showed that the majority of patients (80 %) with screening-detected diabetes were diagnosed by FG [1]. This study did not, however, include HbA1c for the diagnosis of DM2. Our results showed moderate measurements of agreement between FG and HbA1c for the diagnosis of unknown DM2, indicating that both tests are needed to identify patients with undetected DM2 among subjects with morbid obesity.

Optimal cutpoints for the identification of unknown type 2 diabetes
In this study we assessed the optimal cutpoints for undetected DM2 in patients with morbid obesity at a specialist care center. The optimal cutpoint for a biomarker depends upon the condition of interest and the purpose of the test. Consequently, increasing the sensitivity of a test will be at the expense of decreased specificity and vice versa. Moreover, likelihood ratios may be used as alternative statistics for summarizing diagnostic accuracy [23]. A likelihood ratio higher than ten or lower than 0.1 is considered strong evidence upon which to confirm or rule out a diagnosis of interest [23].  
The results of our study showed that an FG ≥6.6 mmol/L and an HbA1c ≥6.1 % (43 mmol/mol) yielded the point closest to the upper left hand corner (maximized sensitivity and specificity) for the identification of unknown DM2. On the other hand, to meet the criteria of a positive likelihood ratio higher than ten, the cutpoints for predicting DM2 would be FG ≥6.4 mmol/L or an HbA1c ≥6.2 % (44 mmol/mol). For FG, both sensitivity and specificity were comparable for the thresholds of ≥6.6 mmol/L and ≥6.4 mmol/L. However, the positive predictive value was higher for the cutpoint of FG ≥6.6 mmol/L with 70 % of the results being true positive for the diagnosis of unknown DM2 (Table II). The threshold to confirm or rule out unknown DM2 was less clear using HbA1c and given that the purpose of the test in this study was screening for DM2, sensitivity was given the greatest weight in choosing the optimal cutpoint.  Consequently, we suggest that an FG ≥6.6 mmol/L or an HbA1c ≥6.1 % (43 mmol/mol) may be used as primary cutpoints for the identification of unknown DM2 among individuals with morbid obesity. Since the majority of patients with unknown DM2 among subjects with morbid obesity have fasting hyperglycemia, we suggest a pragmatic approach with repeated glucose testing using FG and/or HbA1c rather than an OGTT for subsequent glucose testing.

Strengths and limitations
The major strength of our study is the large number of consecutively included patients with morbid obesity. Most of our patients were Caucasians and the results may thus not be valid in populations of other ethnicities. Abnormal hemoglobins, occurring more frequently in multiethnic populations may affect the measurements of HbA1c [24]. Also, effects of ethnicity related to other factors than abnormal hemoglobin may influence the HbA1c and result in different cutpoints of HbA1c for the identification of unknown DM2 [25]. 
Unfortunately, we did not have data from OGTTs in our database which might have influenced the classification of glucose categories. FG has, however, been shown to identify most of the patients with DM2 in a population of morbid obese individuals [1]. Also, FG was analyzed in serum (and not in plasma), which require a 30-minute coagulation time and thus represents a possibility of falsely reduced fasting glucose values. However, the blood samples were routinely processed within one hour at our laboratory to minimize this potential bias [26]. Furthermore, we performed only one diagnostic test for the diagnosis of DM2 which might have overestimated the prevalence of unknown DM2 [9]. Nevertheless, according to the WHO an epidemiological diagnosis of diabetes can be based on a single test [27]. Finally, although the patients were instructed to take the blood samples after an overnight fast, we cannot be certain that the blood sample were taken according to the instructions. 


CONCLUSION
In this study both FG and HbA1c identify a high proportion of patients with unknown diabetes with FG being slightly superior to HbA1c in predicting unknown DM2. Also, FG was superior to HbA1c in separating patients with undiagnosed DM2 from patients without DM2 among patients with morbid obesity. We recommend continued screening for DM2 in the work up of patients with morbid obesity to help lowering the risk of future diabetes complications and suggest that a threshold of FG ≥6.6 mmol/L or an HbA1c ≥6.1 % (43 mmol/mol) may be used as primary cutpoints for the identification of unknown DM2. We furthermore suggest that the same test is repeated for a confirmatory test for measurements above the chosen cutpoint. Given that HbA1c is associated with higher reliability than other tests of glycemia, we suggest a pragmatic approach to closely monitor HbA1c annually thereafter. The validity of the different glucose measurements needs, however, further validation in sub-groups of patients to optimize the screening for DM2 in high risk populations.
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Table I. Patient characteristics by diabetes mellitus diagnosed by glucose categories. 
	
	Total
	NGT
	preDM
	DM2
	P values

	Number of patients
	537
	204 
	284
	49
	-

	Age, yrs
	44 (17)
	38 (17)
	46 (14)
	49 (12)
	<0.001

	Female gender, n (%)
	379 (71 %)
	156 (77 %)
	200 (70 %)
	23 (47%)
	<0.001

	Body mass index, kg/m2
	44.8 ( 5.5)
	44.9 (5.5)
	44.9 (5.7)
	44.0 (4.8)
	0.560

	Waist hip ratio
	0.95 (0.10)
	0.92 (0.10)
	0.96 (0.10)
	1.01(0.10)
	<0.001

	Fasting glucose, mmol/L
	5.5 (0.8)
	5.2 (0.4)
	5.8 (0.7)
	7.4 (1.1)
	<0.001

	HbA1c, %
	5.7 (0.5)
	5.3 (0.2)
	5.8 (0.3)
	6.6 (0.9)
	<0.001

	HOMA IR, (mmol/l*pmol/L/135)
	8.9 (12.8)
	5.4 (6.7)
	8.7 (8.2)
	24.2 (30.7)
	<0.001

	Metabolic syndrome, n (%)
	315 (59 %)
	97 (48 %)
	184 (65 %)
	34 (69 %)
	<0.001

	Family history diabetes, n ( %)
	152 (28 %)
	50 (25 %)
	85 (30 %)
	17 (35 %)
	0.246

	Hypertension, n (%)
	297 (57 %)
	85 (43 %)
	180 (66 %)
	32 (68 %)
	<0.001

	Systolic blood pressure, mmHg
	136 (17)
	133 (19)
	137 (21)
	137 (20)
	0.002

	Creatinine, µmol/L
	70 (15)
	69 (12)
	70 (17)
	71 (15)
	0.518

	LDL cholesterol, mmol/L
	3.1 (1.3)
	3.2 (1.7)
	3.0 (0.9)
	2.9 (1.0)
	0.406

	Cardiovascular disease, n (%)
	23 (4 %)
	5 (3 %)
	16 (6 %)
	2 (4 %)
	0.230


Data are presented as mean (± SD) or median (interquartile range [IQR]) and proportions (n, [%]). NGT; normal glucose tolerance, preDM; fasting glucose 5.6-6.9 mmol/L or glycated A1c (HbA1c) 5.7-6.4 % (39-46 mmol/mol), DM2; type 2 diabetes; fasting glucose ≥7.0 mmol/L or HbA1c ≥ 6.5 % (48 mmol/mol). HOMA IR; Homeostasis Model Assessment Insulin Resistance.

Table II Measurements of diagnostic accuracy for the identification of unknown type 2 diabetes for various cutpoints of fasting glucose (FG) and glycated hemoglobin A1c (HbA1c).
	
	Sensitivity
	Specificity
	PPV
	NPV
	PLR
	NLR

	FG
	
	
	
	
	
	

	≥ 5.6 mmol/L
	0.96
	0.58
	0.19
	0.99
	2.28
	0.07

	≥ 6.1 mmol/L
	0.94
	0.83
	0.35
	0.99
	5.45
	0.07

	≥ 6.2 mmol/L
	0.94
	0.87
	0.42
	0.99
	7.16
	0.07

	≥ 6.3 mmol/L
	0.94
	0.89
	0.45
	0.99
	8.18
	0.07

	≥ 6.4 mmol/L
	0.92
	0.92
	0.54
	0.99
	11.49
	0.09

	≥ 6.5 mmol/L
	0.92
	0.95
	0.64
	0.99
	17.93
	0.09

	≥ 6.6 mmol/L
	0.92
	0.96
	0.70
	0.99
	23.59
	0.08

	≥ 6.7 mmol/L
	0.86
	0.97
	0.72
	0.99
	26.14
	0.15

	≥ 6.8 mmol/L
	0.80
	0.98
	0.76
	0.98
	32.37
	0.21

	≥ 6.9 mmol/L
	0.80
	0.99
	0.87
	0.98
	64.73
	0.21

	≥ 7.0 mmol/L
	0.78
	1.00
	1.00
	0.98
	-
	0.22

	HbA1c
	
	
	
	
	
	

	≥ 5.7 % (39 mmol/mol)
	0.92
	0.57
	0.18
	0.99
	2.11
	0.14

	≥ 5.8 % (40 mmol/mol)
	0.86
	0.68
	0.21
	0.98
	2.70
	0.21

	≥ 5.9 % (41 mmol/mol)
	0.84
	0.80
	0.29
	0.98
	4.17
	0.20

	≥ 6.0 % (42 mmol/mol)
	0.78
	0.86
	0.36
	0.97
	5.57
	0.26

	≥ 6.1 % (43 mmol/mol)
	0.74
	0.91
	0.46
	0.97
	8.34
	0.29

	≥ 6.2 % (44 mmol/mol)
	0.69
	0.94
	0.55
	0.97
	12.09
	0.32

	≥ 6.3 % (44 mmol/mol)
	0.63
	0.98
	0.76
	0.96
	30.87
	0.38

	≥ 6.4 % (45 mmol/mol)
	0.57
	0.99
	0.90
	0.96
	92.95
	0.43

	≥ 6.5 % (46 mmol/mol)
	0.55
	1.00
	1.00
	0.96
	-
	0.45


PPV; positive predictive value, NPV; negative predictive value, PLR; positive likelihood ratio, NLR; Negative likelihood ratio.


FIGURE LEGENDS

Figure 1. The figure shows the relationship between HbA1c thresholds for 5.7 % (39 mmol/mol) (increased risk of diabetes), and 6.5 % (48 mmol/mol) (diabetes mellitus) and FG threshold values of 5.6 mmol/L (impaired fasting glucose) and 7.0 mmol/L (diabetes mellitus). The dotted lines denote the thresholds for prediabetes (preDM) and type 2 diabetes (DM2) diagnosed by HbA1c and FG.
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Figure 2. The Venn diagram shows the overlap between the diagnostics criteria of type 2 diabetes (DM2) and prediabetes (preDM) as fulfilled by FG and HbA1c.
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Figure 3.  The figure shows the Receiver Operating Curve for fasting glucose (FG) and glycated A1c (HbA1c) in predicting glucose abnormalities defined as type 2 diabetes (Panel A) and prediabetes (Panel B) among patients with morbid obesity.
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