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Background: Some articles suggest that using HbA1c alone for diabetes

diagnosis is inappropriate. It requires considerable researches to explore the

efficacy of HbA1c for diagnosing hyperglycemia in patients with pancreatic

disease.

Methods: This study analyzed 732 patients, comprising of 331 without pancreatic

disease and 401 patients diagnosed with pancreatic diseases. All participants

underwent the HbA1c assay and oral glucose tolerance test. Kappa coefficients

were calculated to assess agreement between the HbA1c and glucose criteria.

The receiver operating characteristic curve (ROC) was used to calculate the

optimal HbA1c value. DeLong test was analyzed to compared the aera under

curves (AUCs).

Results: There were 203 (61.3%) patients with NGT, 78 (23.6%) with prediabetes,

and 50 (15.1%) with diabetes in patients without pancreatic diseases. In patients

with pancreatic disease, 106 participants were diagnosed with NGT (36.4%), 125

with prediabetes (31.2%), and 130 with diabetes (32.4%). Patients with pancreatic

disease exhibited elevated levels of bilirubin, transaminase enzymes, aspartate

transaminase, high density lipoprotein cholesterol and total bile acid. The

sensitivity and specificity of the HbA1c (6.5%) for diagnosing pancreatic

diabetes were 60.8% (95% CI 52.3, 69.3) and 92.6% (95% CI 89.5, 95.7). In

prediabetes, the sensitivity and specificity of HbA1c (5.7%) is 53.2% (44.3, 62.0)

and 59.6 (51.5, 67.6). The optimal HbA1c value for diagnosing diabetes was 6.0%

(AUC = 0.876, 95% CI 0.839, 0.906), with the sensitivity of 83.8% and the

specificity of 76.8%. The optimal HbA1c value for the diagnosis of prediabetes

was 5.8% (AUC = 0.617, 95% CI: 0.556, 0.675), with the corresponding sensitivity

and specificity of 48.0% and 72.6% respectively. The combined tests (HbA1c,

6.0% or FPG, 7.0mmol/L) presented the sensitivity of 85.7% (95% CI 79.1, 91.3)and

the specificity of 92.6% (95% CI 87.6, 97.3) in pancreatic diabetes.
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Conclusion: From our results, the recommended HbA1c by ADA criterion may

not be sufficiently sensitive to diagnose hyperglycemia in pancreatic disease. The

optimal value of 5.8% and 6.0% improved the accuracy for diagnosing

prediabetes and diabetes and should be considered to be applied. Besides, we

advocate the combination of HbA1c and FPG test for the diagnosis of diabetes in

patients with pancreatic diseases.
KEYWORDS

diabetes mellitus, prediabetes, oral glucose tolerance test, glycated hemoglobin A1c,
pancreatic disease
1 Introduction

Pancreatic (type 3c) diabetes mellitus (T3cDM) occurs due to

inherited or acquired pancreatic disease or pancreatectomy (1) and

accounts for 5–10% of patients with diabetes in Western countries

(2). Different from type 1 and type 2 diabetes (T2DM), T3cDM has a

unique pattern of metabolic and hormonal characteristics and a high

incidence among patients with pancreatic disease (3). Reduced b cell

functions due to abnormal inflammation response, lacked related

endocrine peptide, and malnutrition were considered as possible

mechanisms in T3cDM (4). In a prospective study by Rahul Pannala

et. al, approximately 50% pancreatic ductal adenocarcinoma (PDAC)

patients had diabetes mellitus and approximately 85% of them had

elevated fasting plasma glucose (FPG) levels at diagnosis (5, 6).

Another research showed that 30%-40% of patients with chronic

pancreatitis (CP) were found to have diabetes (7). These studies

highlight the condition that glucose homeostasis disturbance may be

a near-universal phenomenon in pancreatic disease.

The method used to identify diabetes status, as recommended

by the American Diabetes Association’s (ADA) criteria, also applies

to glucose metabolism disorder among pancreatic disease patients,

which contains glucose criteria (FPG, and 2-hour plasma glucose

during the oral glucose tolerance test, 2h OGTT) and hemoglobin

A1c (HbA1c), The OGTT is always considered as the gold standard;

however, it is infrequently applied due to its limitations of being

time-consuming and cumbersome. Due to its convenience and

stability, HbA1c has evolved into an alternate tool to OGTT (8).

The ADA recommends using HbA1c levels of 5.7% or 6.5% to

diagnose prediabetes or diabetes due to its association with

retinopathy (9, 10). However, variables such as age, ethnicity, and

specific clinical conditions that affect hemoglobin glycation rates

may impact the accuracy of HbA1c testing (11–14). Recently, in

clinical settings involving patients with obesity, high-altitude

polycythemia, liver disease, acute hemorrhage or blood

transfusion, numerous articles have indicated that the commonly

utilized HbA1c value of 6.5% may result in either underdiagnosis or

overdiagnosis of diabetes mellitus (13, 15, 16). Diabetes secondary

to pancreatic disease is different from conventional diabetes, which
02
leads us to consider whether the diagnosis by HbA1c alone is

appropriate. Elevated bilirubin, poor nutritional status,

inflammation and impaired liver function - all common in

pancreatic disease - have been demonstrated to impact HbA1c

levels in the body (17–19). Thus, we conducted a cross-sectional

study to explore the performance of HbA1c for diagnosing

prediabetes and diabetes secondary to pancreatic diseases and

analyzed the optimal threshold of HbA1c level through ROC

curve. Furthermore, we try to analyze the performance of

combination of FPG (7.0mmol/L) and HbA1c for diagnosing

diabetes in our study.
2 Methods

2.1 Study design and population

This was a cross-sectional study conducted at the Department

of Pancreatic Surgery, West China Hospital. During the research, all

procedures abided by the guidelines of the ethical standards of the

institutional research committees of the West China Hospital and

the Helsinki Declaration of 1964 and its later amendments or

comparable ethical standards. Patients in West China Hospital of

Sichuan University, between June 2017 and December 2019 were

enrolled in our study. They were divided into two groups: patients

without pancreatic diseases and patients with pancreatic disease

including chronic pancreatitis, pancreatic ductal adenocarcinoma

and pancreatic benign and low-grade tumor. The inclusion criteria

were as follows (1): patients aged 18 or older; (2) current lifestyle

measures, including medicine and physical activity, that did not

influence the results of tests (excessive dieting, alcohol use,

glucocorticoids, salicylic acid, b-blockers or other medications

that may interfere with blood sugar testing; in our study, no

people used those medications or food); and (3) patients provided

informed consent. The exclusion criteria were as follows: (1)

patients with known diabetes(n=23); (2) patients with

gastrointestinal bleeding (n = 2), history of gastrointestinal

surgery (n = 1), blood transfusion (n = 1), moderate to severe
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anemia (n = 2), and severe liver, heart, or kidney disease (n = 12);

(3) patients suffering from acute pancreatitis (n=23); (4) patients

with data missing (n=4) (Figure 1).
2.2 Outcomes and data collection

Our primary outcome was the differential performance of

HbA1c for detecting prediabetes or new-onset diabetes compared

to ADA’s glucose criteria. HbA1c was tested by high-performance

liquid chromatography (G7 HbA1c Standard Analysis Mode

(1.2 min) HLC-723G7, TOSOH Japan) at admission according to

the method certified by the National Glycohemoglobin

Standardization Program (NGSP). After at least an 8-hour

overnight fast, the FPG and OGTT was performed. All patients

underwent the glucose test with a 3-day diet containing 150 g

carbohydrate per day to avoid hunger diabetes. FPG levels were

tested using the glucose oxidase method (a cobas8000 analyzer,

Roche Diagnostics, Basel, Switzerland). In addition, on the same

day as the OGTT, 5ml of venous blood was drawn for testing liver

function (total bilirubin, alanine transaminase, aspartate

transaminase albumin, and total bile), creatinine, and lipid

metabolism (triglyceride, high density lipoprotein cholesterol, low

density lipoprotein cholesterol, and cholesterol levels).
2.3 Definition

According to glucose criteria by the ADA, patients with FPG ≥

7.0 mmol/L or/and 2h OGTT ≥ 11.1 mmol/l were diagnosed with

diabetes mellitus. Prediabetes was defined as FPG of 5.6 to 6.9

mmol/L and 2h OGTT of 7.8 to 11.0 mmol/L. FPG < 5.6 mmol/L,

and 2h OGTT < 7.8 was considered as normal glucose

tolerance (NGT).
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2.4 Statistical analysis

Data are presented as the frequencies for categorical variables

and the means ± standard deviation (SD) for continuous variables.

All data were analyzed by SPSS version 24.0 (IBM, New York, US).

Categorical data were analyzed using Pearson’s chi-square test or

Fisher test. Continuous data were analyzed using samples t test or

Kruskal–Wallis H nonparametric test. Kappa coefficients were

calculated to assess agreement between glucose test results

obtained from the HbA1c and glucose criteria criteria. The

negative predictive value (NPV) and positive predictive value

(PPV) were calculated as described previously (20). The receiver

operating characteristic curve (ROC) was used to calculate the area

under the curve (AUC) of HbA1c to diagnose diabetes and

prediabetes. The optimal HbA1c cutoff value was generated

according to the Youden Index to determine the maximum

potential effectiveness while balancing sensitivity and specificity.

DeLong test was analyzed to compared the AUCs. A two-sided P

value less than 0.05 was considered statistically significant.
3 Results

3.1 Characteristic of patients

We conducted an analysis on a total of 732 patients, comprising

of 331 individuals without pancreatic disease and 401 patients

diagnosed with pancreatic diseases. In the pancreatic disease

group, there were 176 (43.9%) patients with pancreatic ductal

adenocarcinoma (PDAC), 103 (25.7%) patients with chronic

pancreatitis (CP) and 122 (30.4%) patients with pancreatic benign

and low-grade tumor (PBLT) including 37 non-function pancreatic

neuroendocrine tumor, 38 intraductal papillary mucous neoplasm,

37 solid pseudopapilloma, and 20 cystadenoma. Table 1 presents
FIGURE 1

Flow diagram of the recruitment of participants.
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the important characteristic of patients. The mean age was 50.17

±14.38 in patients without pancreatic diseases and 55.0% of them

were males. In patients with pancreatic disease, the mean age was

54.67 ± 13.30 years, and 56% of them were male. According to

ADA’s glucose criteria, there were 203 (61.3%) patients with NGT,

78 (23.6%) with prediabetes, and 50 (15.1%) with diabetes in

patients without pancreatic diseases. In patients with pancreatic

disease, 146 participants were diagnosed with NGT (36.4%), 125

with prediabetes (31.2%), and 130 with diabetes (32.4%). In our

study, patients with pancreatic disease exhibited a higher prevalence

of diabetes (32.4% vs 15.1% P<0.001). A significant correlation

exists between pancreatic disease and diabetes (Sup 1)
Frontiers in Endocrinology 04
3.2 Agreement between HbA1c and
glucose criteria

Table 2 presents the agreement of prediabetes and diabetes

according to HbA1c and glucose criteria by ADA. The Kappa

coefficients was 0.653 (0.597, 0.714) and 0.310 (0.208, 0.379) in

patients without pancreatic diseases. In our study, 130 patients were

diagnosed as diabetes by ADA’s glucose criteria and 99 were

diagnosed with diabetes by the ADA’s HbA1c criteria. However,

only 79 (60.8%) were identified as diabetes by both. Besides, 51

(39.2%) patients were underdiagnosed by the proposed HbA1c and

20 patients were overdiagnosed as diabetes by HbA1c. As for
TABLE 1 Characteristics of patients.

Patients without pancreatic disease
(n=331)

Patients with pancreatic disease (n=401)

All (401) CP(n=103) PDAC
(n=176)

PBLT
(n=122)

Age (year) 50.17±14.38 54.67±13.30*** 50.10±13.91 59.80±11.07*** 51.32±13.75

Male Sex (n, %) 182 (55.0) 225(56.1) 58 (56.3) 99 (56.2) 68 (55.7)

Body mass index (kg/m2) 24.41±4.28 22.34±3.40 21.60±3.25 22.20±3.30 23.13±3.50

Systolic blood pressure (mmHg) 123.38±18.55 123.97±16.48 123.11±17.39 124.73±15.59 123.64±17.10

Diastolic blood pressure (mmHg) 77.49±11.58 78.27±10.62 77.39±10.60 78.45±10.71 78.68±10.58

Amylase (U/L) 49.51±40.36 103.44
±122.03***

121.70
±135.63***

103.42
±105.98***

87.83
±130.72***

HbA1c (%) 5.9±1.53 6.3±1.61** 6.4±1.63*** 6.6±1.64*** 6.3±1.45**

Fasting plasma glucose (mmol/L) 6.21±1.88 6.04±2.17 5.92±2.08 6.53±2.40 5.45±1.70

2h OGTT (mmol/L) 8.79±4.47 10.30±5.16*** 10.21±5.34*** 11.66±5.25*** 8.41±4.23

Diabetes status (n, %)

NGT 203 (61.3) 146 (36.5)*** 50 (48.6)*** 36 (26.5)*** 69 (56.6)**

Prediabetes 78 (23.6) 125 (31.1) 26 (25.2) 59 (33.5) 31 (25.4)

Diabetes 50 (15.1) 130 (32.4) 27 (26.2) 81 (46.0) 22 (18.0)

Total bilirubin (umol/L) 9.18±6.48 36.52±77.30*** 19.28±54.16*** 61.94
±101.84***

14.45±25.53***

Alanine transaminase (IU/L) 18.28±10.78 36.42±43.63*** 42.97±69.98*** 60.95±90.30*** 24.16±34.44***

Aspartate transaminase (IU/L) 23.17±12.16 47.36±33.49*** 56.38±27.68*** 69.44±70.77*** 31.19±11.89**

Albumin (g/L) 45.58±6.53 42.69±4.56* 43.03±4.05* 41.80±5.02*** 44.66±4.04

Creatinine (umol/L) 63.56±14.46 65.56±17.12 68.41±21.34 64.97±15.09 64.02±15.75

Triglyceride (mmol/L) 1.37±1.02 1.53±1.04 1.75±1.43** 1.57±0.96 1.30±0.63

Cholesterol (mmol/L) 4.11±1.33 4.39±1.29 4.47±1.18* 4.45±1.50 4.29±0.93

High density lipoprotein cholesterol
(mmol/L)

1.37±0.57 1.12±0.48* 1.13±0.47** 1.03±0.54** 1.24±0.38

Low density lipoprotein cholesterol
(mmol/L)

2.53±1.01 2.46±0.90 2.55±0.92 2.35±0.95 2.54±0.81

Total bile acid (umol/L) 6.16±12.26 19.22±47.47*** 12.27±28.56*** 32.22±65.43*** 6.37±10.80

Hemoglobin (g/L) 132.29±17.47 130.72±16.44 131.79±19.39 128.18±15.93* 133.39±13.86
All compared to patients without pancreatic disease: * P<0.05; ** P<0.01; *** P<0.0001.
PDAC, pancreatic ductal adenocarcinoma; CP, chronic pancreatitis; PBLT, pancreatic benign and low-grade tumors; NGT, Normal glucose tolerance; 2h OGTT, 2-hour plasma glucose during
the oral glucose tolerance test.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1208187
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Chen et al. 10.3389/fendo.2023.1208187
prediabetes, only 66 (52.8%) patients were diagnosed by both

criteria, indicating that nearly half patients with prediabetes may

not be detected accurately by HbA1c alone. Similarly, in patients

with different pancreatic disease, there is an apparent discordance in

HbA1c for diagnosing diabetes and prediabetes, which lead us to

doubt the accuracy of HbA1c applied to patients with pancreatic

disease. Sensitivity, specificity, PPV and NPV of HbA1c or FPG

recommended by ADA criteria were shown in Table 3. The

diagnostic sensitivity of HbA1c (6.5% or 5.7%) for prediabetes or

diabetes in our study is generally low.
3.3 Optimal value of HbA1c for prediabetes
and diabetes

Receiver operator characteristic (ROC) curves were generated

to determine optimal cutoff points detecting diabetes or prediabetes

(Table 4). The optimal HbA1c cutoff value for diagnosing diabetes

was 6.0% (AUC = 0.876, 95% CI 0.839, 0.906), and the sensitivity

increased to 83.8% (95% CI 72.4, 88.7) with a corresponding
Frontiers in Endocrinology 05
specificity of 76.8% (95% CI 68.2, 81.3). The optimal HbA1c

value for the identification of prediabetes was 5.8% (AUC =

0.617, 95% CI: 0.556, 0.675, P <0.001), with the corresponding

sensitivity and specificity of 48.0% (95% CI 38.3, 60.6) and 72.6%

(95% CI 61.3, 81.9) respectively. Furthermore, we analyzed the

optimal cutoff points in different types of pancreatic diseases. The

optimal HbA1c threshold values for diabetes secondary to

pancreatic diseases were 6.2% (PDAC), 6.0% (CP) and 6.0%

(PBLT) with the corresponding AUC of 0.870 (95% CI 0.811,

0.916), 0.897 (95% CI 0.822, 0.948) and 0.893 (95% CI 0.824,

0.942), respectively. In prediabetes, the optimal cutoffs for HbA1c

were 5.8%, 5.9% and 5.6, with corresponding AUCs of 0.55 (95% CI

0.445, 0.652), 0.688 (95% CI 0.572, 0.790) and 0.610 (95% CI 0.507,

0.706), respectively.
3.4 A “new combined” strategy

In our study, patients with pancreatic disease exhibited elevated

levels of bilirubin, transaminase enzymes, aspartate transaminase,
TABLE 2 Agreement between HbA1c and glucose criteria by ADA.

HbA1c Total Kappa coefficient (95% CI)

Glucose <5.7 5.7~6.4 >6.5

Patients without pancreatic disease

NGT 171 (84.7) 16 (7.9) 6 (7.4) 202

Prediabetes 17 (21.8) 55 (70.5) 6 (7.7) 78

Diabetes 3 (6.0) 4 (8.0) 43 (86.0) 50 0.653 (0.597, 0.714)

Patients with pancreatic diseases

Overall

NGT 81 (55.5) 59 (40.9) 6 (4.1) 146

Prediabetes 45 (36) 66 (52.8) 14 (11.2) 125

Diabetes 8 (6.2) 43 (33.1) 79 (60.8) 130 0.310 (0.208, 0.379)

CP

NGT 21 (51.2) 18 (43.9) 2 (4.9) 41

Prediabetes 9 (25.7) 19 (54.3) 7 (20) 35

Diabetes 0 (0) 9 (33.3) 18 (66.7) 27 0.343 (0.277, 0.393)

PDAC

NGT 20 (55.6) 13 (36.1) 3 (8.3) 36

Prediabetes 25 (42.4) 30 (50.8) 4 (6.8) 59

Diabetes 7 (8.6) 25 (30.9) 49 (60.5) 81 0.322 (0.216, 0.368)

PBLT

NGT 40 (58) 28 (40.6) 1 (1.4) 69

Prediabetes 11 (35.5) 17 (54.8) 3 (9.7) 31

Diabetes 1 (4.5) 9 (40.9) 12 (54.5) 22 0.297 (0.212, 0.365)
PDAC, pancreatic ductal adenocarcinoma; CP, chronic pancreatitis; PBLT, pancreatic benign and low-grade tumors; NGT, Normal glucose tolerance.
The glucose criteria include the fasting plasma glucose or 2h OGTT.
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high density lipoprotein cholesterol and total bile acid (Table 1).

Further analysis found that, for diabetes, FPG, HbA1c, 2h OGTT,

total bilirubin, direct bilirubin, and alanine transaminase, the group

diagnosed only by OGTT was higher in patients with pancreatic

disease. (Table 5). Meanwhile, for prediabetes, 2h OGTT, lipase,

alanine transaminase, total bile acid and total bilirubin in the group

diagnosed by only the OGTT were higher in pancreatic diseases.

In our study, glycated hemoglobin or FPG alone was not

sufficient enough to diagnose diabetes correctly. We try to explore

the performance of the combined tests (FPG>7.0 mmol/L or HbA1c

>6.0%) for diagnosing diabetes in our patients. Figure 2 shows the

accuracy of the area under the value of HbA1c (6.0%), FPG (7.0

mmol/L) and the ‘new combined test’. The specificity was found to

increase to 92.6% (95% CI 87.6, 97.3) when FPG and HbA1c test

was used together, with a corresponding sensitivity of 85.7% (95%

CI 79.1, 91.3), and the AUC was 0.919 (95% CI 0.888, 0.944). In our

study, DeLong test showed that combined tests presented a higher

accuracy compared with HbA1c (P=0.012) or FPG (P=0.037) alone,

which demonstrated the new combined test may be a more efficient

method to diagnose diabetes secondary to pancreatic disease.
Frontiers in Endocrinology 06
4 Discussion

To assess the performance of HbA1c in detecting prediabetes or

diabetes among patients with pancreatic disease, we analyzed the

performance of HbA1c (6.5%) as recommended by the ADA criteria.

The overall sensitivity and specificity of the HbA1c threshold (6.5%)

for the diagnosis of diabetes in patients with pancreatic disease were

60.8% (95% CI: 52.3, 69.3) and 92.62% (95% CI: 89.5, 95.7),

indicating that nearly 40% of diabetes cases went undiagnosed by

HbA1c in our study. In prediabetes, similarly, HbA1c (5.7%) is not

also a good predictor with low sensitivity and specificity of 53.2%

(95%: CI 44.3, 62.0) and 59.6% (95% CI: 51.5, 67.6). Therefore, careful

consideration is necessary when deciding whether to apply the ADA’s

HbA1c criteria in this specific population.

In our study, the recommended glycated hemoglobin level by

ADA is not sufficient for the diagnosis of diabetes or prediabetes in

patients with pancreatic diseases. Thus, we analyzed the optimal

threshold for prediabetes and diabetes through ROC curve.

According to our data, the optimal cutoff value for diagnosing

prediabetes was 5.8%, with the sensitivity and specificity of 48.0%
TABLE 3 Performance of HbA1c or fasting plasma glucose recommended by ADA in the diagnosis of diabetes and pre-diabetes among patients with
pancreatic diseases.

HbA1c or FPG Sensitivity (%) Specificity (%) Positive predictive value Negative predictive value

Diabetes HbA1c≥6.5%

Overall 60.8 (52.1, 69.1) 92.6 (89.5, 95.7) 79.8 (71.7, 87.8) 83.1 (78.9, 87.4)

PDAC 60.5 (49.6, 71.4) 92.6 (87.3, 98.0) 87.5 (78.6, 96.4) 73.3 (65.3, 81.4)

CP 66.7 (47.7, 85.7) 88.2 (80.7, 95.6) 55.0 (31.1, 78.9) 88.4 (81.2, 95.7)

PBLT 54.6 (31.9, 77.1) 96.0 (92.1, 99.9) 73.3 (48.0, 98.7) 90.6 (84.9, 96.2)

Prediabetes HbA1c ≥5.7%

Overall 53.2 (44.3, 62.0) 59.6 (51.5, 67.6) 53.2 (44.3, 62.0) 59.6 (51.5, 67.6)

PDAC 42.9 (28.5, 57.2) 63.9(47.4, 80.4) 61.8 (44.5, 79.0) 45.1 (33.0, 59.2)

CP 54.3 (36.9, 71.6) 56.1 (40.2, 72.0) 51.4 (34.4, 68.2) 58.9 (42.8, 75.1)

PBLT 54.8 (36.3, 73.4) 59.4 (47.5, 71.3) 37.8 (23.0, 52.5) 74.6 (62.7, 86.4)

Diabetes FPG>7.0 mmol/L

Overall 50.8 (31.4, 67.6) 95.9 (91.3, 99.9) 85.7 (73.6, 94.4) 80.3 (71.8, 86.7)

PDAC 56.8 (39.5, 72.6) 93.1 (91.3, 97.5) 82.4 (74.6, 89.3) 74.8 (53.6, 84.3)

CP 61.5 (42.5, 77.5) 98.7 (93.0, 99.3) 94.1 (87.6, 97.8) 88.4 (72.4, 90.3)

PBLT 35.0 (27.1, 46.4) 97.1 (85.3, 99.1) 82.4 (72.4, 88.6) 88.4 (80.4, 93.1)

Prediabetes FPG>5.6 mmol/L

Overall 42.0 (27.0, 50.3) 80.8 (70.4, 87.5) 41.1 (26.3, 56.7) 71.7 (44.8, 96.6)

PDAC 34.4 (24.5, 38.3) 79.5 (70.2, 84.5) 48.9 (40.6, 52.3) 67.9 (53.3, 73.2)

CP 14.7 (6.8, 19.2) 79.7 (69.9, 89.3) 26.1 (14.7, 32.2) 65.5 (59.3, 59.8)

PBLT 31.0 (26.5, 39.7) 79.6 (69.8, 82.5) 32.1 (27.9, 48.1) 78.7 (71.6, 87.5)
Values in table are presented as percentage with the 95% confidence interval in parenthesis.
FPG, fasting plasma-glucose; PDAC, pancreatic ductal adenocarcinoma; CP, chronic pancreatitis; PBLT, pancreatic benign and low-grade tumors; FPG, fasting plasma glucose.
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TABLE 4 Stratified analysis of optimal HbA1c for diagnosing diabetes and prediabetes in patients with pancreatic diseases.

Optimal HbA1C
cutoff points

Sensitivity
(%)

Specificity
(%)

Positive predictive
value (%)

Negative predictive
value (%)

AUC
(95%)

P

Diabetes (all
130)

6.0 83.8 (72.4,
88.7)

76.8 (68.2,
81.3)

74.7 (70.7, 83.8) 84.8 (71.2, 90.1) 0.876 (0.839,
0.906)

<0.001

Disease

PDAC (81) 6.2 72.8 (63.3,
77.5)

86.3 (79.4,
88.8)

77.0 (65.2, 81.3) 82.4 (79.5, 87.2) 0.870 (0.811,
0.916)

<0.001

CP (27) 6.0 92.6 (86.3,
97.4)

68.4 (57.2,
72.8)

56.8 (47.3, 62.6) 92.4 (83.8, 96.4) 0.897 (0.822,
0.948)

<0.001

PBLT (22) 6.0 81.8 (72.3,
88.4)

87.0 (78.2,
91.2)

51.6 (38.8, 59.7) 95.6 (82.8, 98.2) 0.893 (0.824,
0.942)

<0.001

Prediabetes
(all 125)

5.8 48.0 (38.3,
60.6)

72.6 (61.3,
81.9)

39.3 (28.7, 48.6) 73.8 (65.8, 82.1) 0.617 (0.556,
0.675)

<0.001

Disease

PDAC (59) 5.8 44.1 (31.3,
50.6)

69.4 (57.2,
77.4)

45.6 (36.6, 55.8) 66.7 (57.4, 74.8) 0.55 (0.445,
0.652)

0.413

CP (35) 5.9 68.6 (57.1,
75.6)

70.7 (61.8,
79.4)

50.0 (38.2, 58.3) 72.7 (61.9, 82.2) 0.688(0.572,
0.790)

0.0027

PBLT (31) 5.6 64.5 (58.1,
77.4)

58.0 (49.3,
66.9)

28.3 (22.7, 36.8) 78.9 (71.4, 86.8) 0.610(0.507,
0.706)

0.0791
F
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Values in table are presented as percentage with the 95% confidence interval in parenthesis.
AUC, area under the curve; PDAC, pancreatic ductal adenocarcinoma; CP, chronic pancreatitis; PBLT, pancreatic benign and low-grade tumors.
TABLE 5 Characteristic of participants identified as diabetes and prediabetes based on HbA1c and glucose in patients with pancreatic diseases.

Diabetes Prediabetes

By
glucose
not
HbA1c
(N=51)

By HbA1c not glucose
(N=20)

By glucose not HbA1c
(N=45)

By HbA1c not glucose
(N=59)

Disease category (n, %)

CP 9 9 9 18

PDAC 32 7 25 13

PBLT 10 4 11 28***

Age (year) 59.78 ±
12.03

54.30 ± 14.32 54.80 ± 13.58 52.41 ± 12.06

Male Sex (N, %) 32 (63) 12 (60) 24 (53) 39 (66)

Body mass index (kg/m2) 22.44 ±
3.57

22.21 ± 3.25 21.86 ± 2.91 22.35 ± 3.71

Systolic blood pressure (mmHg) 127.41 ±
18.31

125.15 ± 17.42 122.02 ± 16.10 120.97 ± 14.51

Diastolic blood pressure (mmHg) 80.14 ±
10.46

80.15 ± 10.05 78.44 ± 11.93 76.61 ± 10.41

Amylase (U/L) 91.35 ±
64.50

73.75 ± 57.34 132.73 ± 123.91 94.00 ± 76.43

HbA1c (%) 6.0 ± 0.4 7.0 ± 0.7*** 5.2 ± 0.4 5.9 ± 0.0.2***

Fasting glucose (mmol/L) 6.24 ± 1.18 5.10 ± 1.15*** 5.18 ± 0.68 5.11 ± 0.46

(Continued)
rsin.org

https://doi.org/10.3389/fendo.2023.1208187
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Chen et al. 10.3389/fendo.2023.1208187
(95% CI: 38.3, 60.6) and 72.6% (95% CI: 61.3, 81.9) respectively.

The optimal cutoff value of 6.0% showed a higher sensitivity (83.8%

vs 60.8%) and could detected more diabetes compared with the

recommended value. In different pancreatic diseases, we obtained

the optimal cutoff value respectively. These new cutoff values also

showed a higher sensitivity with a subsequent improved

detection rate.

The HbA1c threshold level of 6.5% for diagnosing T2DM has

been widely discussed (8). Previous studies showed HbA1c is a

reliable test that can be used both to diagnose and monitor diabetes

(9). However, concerns about the utility of HbA1c for diagnosing

DM and prediabetes have been recently raised (21, 22). Many

studies have shown frequent discordance between the glucose and

HbA1c criteria for diagnosing DM and prediabetes in different

populations (11, 13, 23–26), which is consistent with our study. In

patients with cystic fibrosis or liver cirrhosis, it is neither accurate

nor reliable based on the A1C test (13, 27, 28). Tommerdahl et al.

(27) found that screening for cystic fibrosis-related diabetes using

an HbA1c cutoff point of 5.5% had a 78% sensitivity and 41%

specificity, correlating to an ROC-AUC of 0.61. Sehrawat et al. (13)
Frontiers in Endocrinology 08
found that screening for diabetes in patients with cirrhosis using an

HbA1c cutoff point of 6.5% had a 77.1% sensitivity and 90.8%

specificity and noted that HbA1c was not sensitive enough to

diagnose diabetes in patients with moderate to severe anemia.

Increasing data have shown that underlying factors, such as age,

ethnics, diet, nutrition status, and specific disease, may affect the

accuracy of HbA1c for diagnosing diabetes (8, 22, 29–31). We

hypothesize that there may be various etiologies underlying

pancreatic diseases. Firstly, abnormally elevated inflammatory

factors, poor nutritional status and reduced enzyme activity was

demonstrated in pancreatic disease, which may affect the

production and clearance of red blood cells (32–34). Then,

studies have demonstrated that individuals with diabetes due to

pancreatic disease exhibit significant fluctuations in blood glucose

levels (35). However, HBA1c is responsive to average fluctuations in

blood glucose levels and may not be as sensitive to transient changes

(36). Damage to the pancreatic duct is a common occurrence in

pancreatic diseases which may lead to subsequent elevation of

bilirubin and impaired liver function. Jaundice and reduced liver

function, was the potential reasons for the impacting the HbA1c
TABLE 5 Continued

Diabetes Prediabetes

By
glucose
not
HbA1c
(N=51)

By HbA1c not glucose
(N=20)

By glucose not HbA1c
(N=45)

By HbA1c not glucose
(N=59)

2-hour OGTT (mmol/L) 13.06 ±
2.70

8.36 ± 1.83*** 8.73 ± 0.96 6.46 ± 0.79***

Total bilirubin (umol/L) 68.68 ±
95.44

14.03 ± 15.96* 75.18 ± 120.32 10.53 ± 3.34***

Alanine transaminase (IU/L) 61.14 ±
76.18

26.35 ± 23.22* 56.80 ± 61.80 21.78 ± 10.43***

Aspartate transaminase (IU/L) 68.46 ±
54.47

29.48 ± 19.21* 61.25 ± 53.37 25.49 ± 14.33**

Albumin (g/L) 42.10 ±
5.10

42.03 ± 3.29 41.86 ± 5.80 43.46 ± 3.65

Creatinine (umol/L) 66.31 ±
17.00

62.40 ± 18.70 63.62 ± 15.35 68.44 ± 14.94

Triglyceride (mmol/L) 1.70 ± 1.23 1.57 ± 0.82 1.52 ± 0.73 1.36 ± 0.83

Cholesterol (mmol/L) 4.59 ± 1.31 4.28 ± 2.03 4.57 ± 1.81 4.36 ± 0.76

High density lipoprotein cholesterol
(mmol/L)

1.09 ± 0.71 1.11 ± 0.32 1.00 ± 0.52 1.23 ± 0.38**

Low density lipoprotein cholesterol
(mmol/L)

2.27 ± 0.90 2.75 ± 1.27 2.49 ± 0.92 2.63 ± 0.66

Total bile acid (umol/L) 33.42 ±
57.62

10.56 ± 20.93 27.82 ± 61.56 5.23 ± 3.86**

Hemoglobin (g/L) 128.78 ±
18.88

129.75 ± 13.22 123.78 ± 18.85 133.94 ± 14.07**
Values are presented as mean ± SD. * P<0.05; ** P<0.01; *** P<0.001.
PDAC, pancreatic ductal adenocarcinoma; CP, chronic pancreatitis; PBLT, pancreatic benign and low-grade tumors.
The glucose criteria include the fasting plasma glucose or 2h OGTT.
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test. A study focusing on the associations between HbA1c and fatty

liver markers revealed that alanine transaminase and aspartate

transaminase increased with elevated HbA1c, implying that

patients with high alanine transaminase or aspartate transaminase

may be misdiagnosed as DM (37). A majority of studies have

reported a negative correlation between bilirubin and glycosylated

hemoglobin (17). Thus, Diagnostic testing for DM should be

undertaken with caution due to the possibility that liver

abnormalities could influence the predictive value of HbA1c and

plasma glucose. In addition, the detection methods for HbA1c are

of significant concern, as there exist various techniques.

Hemoglobin variants can interfere with HbA1c methods for a

variety of reasons (38). Presently, high-performance liquid

chromatography by NGSP is the recommended method; however,

its practicality in pancreatic diseases may be limited. Further

research is necessary to identify tests that can alleviate the impact

of pancreatic.

In our study, we found that it is not satisfactory to diagnose

diabetes secondary to pancreatic disease when using either the

conventional FPG criterion or HbA1c levels alone. Compared with

HbA1c or FPG alone, the simultaneous measurement of HbA1c and

FPG (HbA1c: 6.0% and FPG: 7.0 mmol/L) might be a tentative tool

for identifying diabetes in patients with pancreatic diseases. Many

studies have shown that, using a combination of an FPG of 7.0 mmol/

L or higher and the HbA1c criterion improved diagnostic precision
Frontiers in Endocrinology 09
(39). In our study, using HbA1c with a value of 6.0% combined with

FPG with a value of 7.0 mmol/L could increase the accuracy.

There were some limitations in our study. First, this was a cross

sectional study, and we could not present evidence of a causal

association between HbA1c levels and pancreatic diseases. Second,

there was limited patients in our study, and a multicenter clinical

trial evaluating the change in this specific population is essential. In

addition, the diagnosis criteria for pancreatic diabetes is under

controversial, and stringent standards need further be researched.

5 Conclusion

Based on the results of our study, we conclude that the

recommended HbA1c of 5.7% and 6.5% by ADA criterion may not

be sufficiently sensitive to diagnose prediabetes and diabetes secondary

to pancreatic disease. The cutoff value of 5.8% and 6.0% improved the

accuracy and should be considered to be applied. Besides, we advocate

the combination of HbA1c (6.0%) and FPG (7.0 mmol/L) test for

diagnosing diabetes secondary to pancreatic diseases.
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