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ABSTRACT
Background: Pancreatic adenocarcinoma is a highly aggressive malignancy often 

requiring pancreatectomy as part of curative treatment. However, pancreatectomy 
frequently leads to endocrine dysfunction, such as new-onset diabetes mellitus 
(NODM). But the relationship between post pancreatectomy NODM and pancreatic 
carcinoma and the relevant risk factors remains underexplored.

Methods: In accordance with the PRISMA guidelines, a systematic search for 
pertinent studies was conducted across electronic databases including MEDLINE, 
Cochrane, EMBASE, and Scopus, covering the period from January 2000 to March 
2025. The quality of these studies was evaluated using the Newcastle-Ottawa Scale, 
specifically designed for cohort studies. Subgroup analysis was done in terms of 
different pancreatectomy procedures.

Results: 45 quantitative studies were analysed, of which 16 (35.5%) were 
prospective studies and 29 (64.5%) were retrospective studies. Regarding the 
subgroup analysis, 11 studies analysed Pancreatico-Duodenectomy (PD) alone, another 
12 studies analysed Distal Pancreatectomy (DP) alone, and the rest of the 22 studies 
compared PD with DP. The overall incidence of NODM was 24.5%, with the PD group 
incidence being 23.2%, and the DP group incidence was 26.3%. Older age, High 
BMI, preop hyperglycemia, pre-op high HbA1c, pre-existing chronic pancreatitis, low 
remnant pancreatic volume and post-operative complications were associated with a 
high incidence of NODM.

Conclusions: The development of NODM after partial pancreatic resections for 
pancreatic adenocarcinoma is a severe complication that requires prompt diagnosis, 
careful monitoring and systematic management. Hence, healthcare professionals 
should have detailed knowledge of the surgical procedure and its potential for 
diabetes complications postoperatively, using risk factor assessment.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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INTRODUCTION

Pancreatic cancer is among the deadliest types of 
cancer, characterized by its insidious onset, aggressive 
behavior, with poor outcomes. According to estimates 
from GLOBOCAN 2020, pancreatic cancer continues 
to contribute significantly to the global disease burden, 
ranking as the 12th most prevalent cancer (2.6% of all 
cancers) and the 7th leading cause of cancer-related deaths 
(4.7% of all cancers) [1]. Pancreatic adenocarcinoma 
constitutes 90% of all known pancreatic cancer cases [2].

The management of Pancreatic Adenocarcinoma 
include various options such as surgery, chemotherapy, 
radiotherapy and newer molecular therapies such as 
targeted therapy, immunotherapy etc. Nevertheless, 
the primary treatment approach continues to be 
surgical resection and include procedures such as 
Pancreaticoduodenectomy (PD) also known as the 
Whipple procedure, distal pancreatectomy (DP) which 
involves the tail or tail and a portion of the body, central 
pancreatectomy (CP), and total pancreatectomy (TP) 
[3, 4].

With rapid progress in imaging technology, it has 
enabled earlier identification and removal of pancreatic 
tumors [5]. As a result of diagnosing lesions at a stage 
suitable for surgery sooner, the frequency of pancreatic 
surgical procedures has also risen [5, 6]. The survival 
rates following pancreatectomy for cancer have improved, 
probably due to earlier cancer detection, advancements in 
surgical methods, the concentration of pancreatic surgeries 
in high-volume hospitals, and with ready adoption of new 
chemotherapy drugs [7, 8].

A retrospective analysis of 959 patients who had 
pancreatic adenocarcinoma resection indicated survival 
rates of 19% at 5 years and 10% at 10 years following the 
surgery [9]. Consequently, the decline in both endocrine 
and exocrine functions can significantly affect the quality 
of life for the growing population of patients following 
pancreatectomy. Therefore, it is essential to prioritize the 
preservation of endocrine and exocrine functions during 
pancreatectomy [10].

New-onset diabetes mellitus (NODM) in patients 
without diabetes following surgery was classified based 
on the diagnostic criteria set by the American Diabetes 
Association (ADA), namely: (a) an HbA1c level of ≥6.5 
%, (b) a fasting plasma glucose level of ≥126 mg/dl after 
at least 8 hours of fasting, or (c) a 2-hour plasma glucose 
level of ≥200 mg/dl during an oral glucose tolerance test 
[11]. NODM was defined as diagnosis of DM within two 
years of diagnosis of pancreatic carcinoma [12]. Pancreatic 
resection is a recognized cause of NODM, due to loss of 
islet mass [13].

Regarding post-pancreatectomy diabetes, the extent 
of endocrine insufficiency may be associated with the 
specific area of the pancreas that was removed, with distal 
pancreatectomy thought to have a greater likelihood of 

leading to glucagon deficiency and hypoglycemia because 
of the differences in islet cell distribution, predominantly 
located in the pancreatic body and tail [14, 15].

Regarding pancreaticoduodenectomy procedure, 
surgical removal of the pylorus and/or duodenum is 
expected to influence the action of incretins and the 
regulation of blood sugar. Studies indicate that these 
individuals exhibit heightened secretion of GLP-1, 
lowered levels of GIP, and decreased insulin secretion 
[16].

Multiple complications have been reported 
following the resection of different quantities of 
pancreatic tissue. Among these complications, endocrine 
insufficiency, including new-onset diabetes mellitus 
(NODM), is particularly challenging as it is closely linked 
to the prognosis of pancreatic cancer [17].

Since NODM can place a significant strain on 
patients, their families, and healthcare resources, it is 
crucial to determine how often NODM occurs and its 
severity, as well as to understand how diabetes impacts 
patients’ quality of life and overall lifespan.

Hence, to address these issues, we are conducting 
a systematic review to determine the incidence as well 
as risk factors associated with NODM in pancreatic 
adenocarcinoma, post resection.

RESULTS

Literature search 

Out of the 1479 articles searched, 972 articles 
remained in the dataset after eliminating duplicates. We 
excluded 643 records that focused on individual case 
reports, reviews, specific tumor types, surgical methods, 
various postoperative complications, and studies on non-
malignant and benign lesions. The full texts of 329 articles 
were reviewed, and 247 of these were discarded due to 
reasons such as being conference abstracts, duplicate 
studies, non-English publications, study protocols, 
research on total pancreatectomy, lacking information 
on long-term postoperative complications, or detailing 
surgical methods. 

82 remaining articles were eligible, out of which 15 
were eliminated because they either failed to report the 
patients’ preoperative diabetes status or had an inadequate 
number of participants. Additionally, 22 studies were 
omitted from the final evaluation due to poor quality or 
insufficient patient numbers regarding the study outcome. 
In the end, 45 studies involving pancreatic cancer patients 
who underwent either PD or DP were included in the 
quantitative analysis (Figure 1).

Study characteristics and quality assessment 

45 quantitative studies were chosen for this review 
(Table 1). Out of these 45 cohort studies, 11 studies 
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included Pancreaticoduodenectomy (PD) alone, with 6 
of them being prospective studies, while the remaining 
5 studies were retrospective. 12 studies included Distal 
Pancreatectomy (DP) alone, with 4 of them being 
prospective studies, while the remaining 8 studies 
were retrospective. The remaining 22 studies included 
both PD and DP procedures, with 6 of them being 
prospective studies, while the remaining 16 studies were 
retrospective.

Out of the 45 cohort studies, the majority (n = 37) 
of studies had high quality, with eight (n = 08) studies 
having moderate quality critical appraisal scores, added in 
the Supplementary File 1 (Table). 

Incidence of NODM

Among the 45 included studies, the overall 
incidence of NODM in the studied population was 
24.5%. Incidence rates calculated using the random-
effects model, concurred with our study findings, the 
forest plots of which were included in the Supplementary 
File 2. 

We further divided the studies into 2 subgroups 
according to the type of resection (PD or DP) done for 
pancreatic cancer cases. For patients who underwent PD, 
the incidence of NODM was 23.2%, and for DP resection 
cases, the NODM incidence was 26.3%. 

Figure 1: PRISMA flow diagram of the study collection. Source Moher et al.
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Table 1: NODM post pancreatectomy: Summary of the studies included in the systematic review 
and meta-analysis

No. References Year Country
Total  

patients  
(n)

% 
PAC Age Male;  

Female

Study 
quality and 

Score

NODM  
(%)

Pancreaticoduodenectomy (PD)-Prospective studies

1 Kanwat et al. [18] 2023 India 64 88 Median 54 59;41 High (6) 22

2 Niwano et al. [19] 2022 Japan 96 67.7 66.3 ± 1.12 53;47 High (6) 34.3

3 Maxwell et al. [20] 2019 USA 403 65 59.9 ± 13.6 21;79 High (6) 16.6

4 Singh et al. [21] 2018 India 50 15 50.0 ± 10.7 (no DM),  
53.3 ± 8.5 (DM) 30;70 High (5) 22

5 Yun et al. [22] 2017 South Korea 66 90.9 62.0 ± 11.3 years 43;57 High (6) 24.2

6 Pannala et al. [23] 2008 USA 512 100 66 ± 11 years 72;28 Moderate (4) 74

Pancreaticoduodenectomy (PD)-Retrospective studies

7 Wu et al. [24] 2015 Taiwan 4775 44 3 groups: ≤49, 50–64, ≥65 55;45 High (6) 15.1

8 Min Oh et al. [25] 2013 South Korea 98 92.9 Mean: 66.2 ± 11.8 61;39 Moderate (4) 17.4

9 Ferrera et al. [26] 2012 Italy 564 75 Mean 64 55:45 High (5) 4

10 Bock et al. [27] 2012 Germany 90 53.3 Median 64 (range 28–91) 51;49 Moderate (4) 19

11 You et al. [28] 2011 South Korea 55 71 Median: 60 (range 14–76) 64;26 Moderate (4) 35

Distal Pancreatectomy (DP)- Prospective studies

12 Imamura et al. [29] 2023 Japan 56 55.4 65.9 ± 1.5 years 34;66 High (6) 54.8

13 Tariq et al. [30] 2019 India 216 21.75 No-DM: 56 ± 15.9,  
Pre-DM: 65 ± 13.8 46;54 High (6) 51.06

14 Kang et al. [31] 2015 South Korea 101 20.8 Mean 54.1 ± 12.7 37;63 High (6) 47.6

15 Shirakawa et al. [32] 2012 Japan 61 41 Mean 62 ± 14 39;61 High (5) 36

Distal Pancreatectomy (DP)- Retrospective studies

16 Shen et al. [33] 2023 China 194 44 58 ± 12.9 43;57 Moderate (4) 24.7

17 Izumo et al. [34] 2020 Japan 150 11 Median 60 (range 19–83) 36;64 High (6) 39

18 Wu et al. [35] 2018 Taiwan 1980 13.2 Mean: 51.5 ± 16.3 years 48;52 High (6) 24.7

19 Kwon et al. [36] 2016 South Korea 111 20.7 Mean: 50.0 ± 1.4 years 30;70 High (6) 14.1

20 Malleo et al. [37] 2014 Italy 100 4 Mean: 47.0 ± 15.4 53;47 High (5) 13.0

21 Stuthfield et al. [38] 2009 UK 65 92 Mean: 49.9 (range 15–88) 41;59 High (5) 17

22 Chari et al. [39] 2008 USA 736 100 Mean 68.5 ± 11.2 (cases) 50;50 High (6) 52.3

23 Adam et al. [40] 2001 USA 85 65 54 ± 13.7 49;51 High (5) 18

PD & DP- Prospective studies

24 Lee et al. [41] 2023 South Korea 224 (PD: 152, 
DP: 72) 66.5 PD: 64.8 ± 10.4,  

DP: 59.7 ± 13.5 53;47 High (6) PD: 13,  
DP: 36

25 Ishida et al. [42] 2021 Japan 69 (PD: 40, 
DP: 29) 30 Median 65 (PD),  

63 (DP) 47;53 High (5) PD: 17.5, 
DP: 27.6

26 Shaw et al. [43] 2021 UK 80 39 Mean 64  
(range 37.8–77.9) 46;54 High (6) PD:20.5, 

DP: 28.75

27 Niwano et al. [44] 2021 Japan 109 (PD: 73, 
DP: 36) 66.1 Mean 66.1 ± 0.87 57;43 High (6) PD: 1.4, 

DP:8.3

28 Maxwell et al. [45] 2020 USA 1083 19.9 Mean 62 ± 13.2 53;47 High (6) PD: 27.2, 
DP: 39.9

29 Maignan et al. [46] 2018 France 91 (PD: 65, 
LP: 26) 46.2 Median 66.3 (range 

17–86) 58;42 High (5) PD:9.1, 
DP:10

PD & DP- Retrospective studies

30 Wang et al. [47] 2025 China 509 100 Mean: 63.2 ± 11.0 51.8;48.2 High (6) PD: 52.8, 
DP: 83.6

31 Yoo et al. [48] 2023 South Korea 30,242 100 Mean: 61.5 ± 9.0 53;47 High (6) PD: 7,  
DP: 14.2
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Analysis of risk factors for incidence of NODM 

Around 37 risk factors were analysed in the 45 
included studies, out of which 24 risk factors were 
associated with the incidence of NODM (Tables 2 and 3).

Sociodemographic factors 

Based on the narrative synthesis of risk factors 
associated with NODM incidence, patient age is one of the 
important demographic variables associated with NODM 
incidence. Seven (07) studies showed that older age is 
associated with a high incidence of NODM, compared to 
the younger population, which may be due to decreased 
β-cell regenerative capacity, higher baseline insulin 
resistance and high post-operative complications [23, 27, 
33, 50, 53, 55, 58]. 

The reported gender associated high incidence of 
NODM varied among the studies. While three (03) studies 
showed a higher incidence of NODM in male patients 
[48, 51, 55], one study observed higher NODM incidence 
in female patients, possibly due to hormonal influences on 
insulin sensitivity [31].

Three (03) studies showed a higher NODM 
incidence among patients with a family history of diabetes 
or pancreatic cancer. A positive family history of diabetes 
implies a genetic predisposition to β-cell dysfunction, 

insulin resistance, or both. Pancreatectomy may unmask 
latent glucose intolerance in genetically susceptible 
individuals [23, 55, 56]. 

One included study showed the association between 
race and NODM incidence, which showed a higher 
incidence in Asian populations. Asians had higher insulin 
sensitivity, but lower insulin secretion reserve compared 
to Caucasians, leading to higher NODM risk with minimal 
resection [58]. 

Lifestyle based factors 

High pre-op BMI was associated with high NODM 
incidence in eight (08) studies, possibly due to increased 
insulin resistance, lipotoxicity and inflammation-induced 
β-cell dysfunction, increased ectopic fat deposition in the 
pancreas, exacerbating islet stress [23, 31, 33, 47, 50, 53, 
56, 61]. 

Pre-op hyperglycemia was associated with high 
NODM incidence in fourteen (14) studies, implying 
it as one of the most important risk factors in NODM 
occurrence. It may be due to latent β-cell dysfunction, 
underlying insulin resistance, and paraneoplastic endocrine 
abnormalities related to pancreatic cancer [20, 26, 28, 30, 
33, 34, 42, 45, 47, 48, 51, 53, 56, 60].

Elevated HbA1c was associated with high 
NODM incidence in nine (09) studies, as elevated 

32 Schranz et al. [49] 2023 Austria 370 84.3 Mean: 69  
(malignant 70, benign 63) 49.5;50.5 High (5) PD: 12.2, 

DP: 9.5

33 Thomas et al. [50] 2022 Australia 4706 61.7 Grouped: <45, 45–65, ≥65 47.2;52.8 High (6) PD: 13.8 
DP: 24.7

34 Hamad et al. [51] 2022 USA 4255 79.9 Median 74  
(IQR 69–79) 51.9;48.1 High (6) PD: 61.1, 

DP: 38.9

35 Yamada et al. [52] 2021 Japan 403 70.20 66 ± 9.4 44.7;55.3 Moderate (4) PD: 21,  
DP: 25

36 Yamamoto et al. [53] 2020 Japan 681 54.9 Median: 70  
(IQR 63–77) 58.9;41.1 High (6) PD: 18.4, 

DP: 21.1

37 Mayeux et al. [54] 2020 France 80 40 Median: 64.3 yrs  
(IQR: 37.9–77.9) 37;63 Moderate (4) PD: 25,  

DP: 29.4

38 Lee et al. [55] 2020 Australia 137 64.2 Mean: 64.2 ± 12.0 51;49 High (5) PD: 22.2, 
DP: 28.2

39 Kusakabe [56] 2019 Japan 1717 74.4 Mean: 62.6 ± 12.8 51.8;48.2 High (6) PD: 20.4, 
DP: 10.1

40 Karlin et al. [57] 2018 USA 184 (92 DM + 
92 non-DM) 88 Mean: 69.5 ± 9.0 years 52;48 High (6) PD: 24,  

DP: 26

41 Nguyen et al. [58] 2017 USA 472 (DP:122, 
PD:350) 63.1 Mean: 61.5 ± 7.0 years 53;47 High (6) PD: 43,  

DP: 45

42 Elliott et al. [59] 2017 USA 1165 59.7 Median 62.5  
(IQR 52.5–70.9) 541;34 High (6) PD: 40.4, 

DP: 36.2

43 Burkhart et al. [60] 2015 USA 259 30 PD: Median 66,  
DP: Median 64 38;62 High (6) PD: 18,  

DP: 31

44 Hirata et al. [61] 2014 Japan 167 (PD: 100, 
DP: 67) 40.1 Mean 66.0 ± 12.2 years 67;33 High (5) PD: 24.2, 

DP: 31.2

45 White et al. [62] 2011 Australia 101 100 Mean: 64.3 ± 10.7 55;45 Moderate (4) PD: 9.6, 
DP: 9.5
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Table 2: NODM post pancreatectomy: Summary of the risk factors in the systematic review and 
meta-analysis
No. References Risk factors analysed Risk factors associated with NODM
PD-Prospective
1 Kanwat et al. [18] Age, BMI, Chronic pancreatitis, Remnant pancreatic 

volume
Remnant pancreatic volume

2 Niwano et al. [19] Age, Hyperglycemia, HbA1c, Insulin levels, C-peptide Insulin levels
3 Maxwell et al. [20] Age, BMI, Hyperglycemia, HbA1c, Insulin levels, 

C-peptide
Hyperglycemia, HbA1c

4 Singh et al. [21] Hyperglycemia, HbA1c, Insulin levels, C-peptide, 
Remnant pancreatic volume

Remnant pancreatic volume

5 Yun et al. [22] Tumor stage, Remnant pancreatic volume Tumor stage, Remnant pancreatic 
volume

6 Pannala et al. [23] Age, BMI, Family history Age, BMI, Family history
PD-Retrospective
7 Wu et al. [24] Chronic pancreatitis, Co-morbidity Chronic pancreatitis
8 Min Oh et al. [25] Chronic pancreatitis Chronic pancreatitis
9 Ferrera et al. [26] Sex, Hyperglycemia, BMI, Tumor size, Operative 

time, Renal impairment, Remnant pancreatic volume
Hyperglycemia, Remnant pancreatic 
volume

10 Bock et al. [27] Age, BMI, Adjuvant Chemotherapy, Adjuvant 
Radiotherapy

Age

11 You et al. [28] Hyperglycemia, Chronic pancreatitis, Chemotherapy, 
Radiotherapy, Remnant pancreatic volume, Post-op 
complications

Hyperglycemia, Chemotherapy, 
Radiotherapy, Remnant pancreatic 
volume, Post-op complications

DP-Prospective
12 Imamura et al. [29] Age, Sex, BMI, Hyperglycemia, Insulin levels, Insulin 

resistance, Remnant pancreatic volume
Remnant pancreatic volume

13 Tariq et al. [30] Hyperglycemia, HbA1c, Insulin levels, Insulin 
resistance, C-peptide, Chronic pancreatitis

Hyperglycemia, HbA1c, Chronic 
pancreatitis

14 Kang et al. [31] Age, Sex, BMI, HbA1c, Insulin levels, C-peptide, 
Adjuvant Radiotherapy, Remnant pancreatic volume

Female gender, BMI, Remnant 
pancreatic volume

15 Shirakawa et al. 
[32]

Age, Sex, BMI, Hyperglycemia, HbA1c, Liver 
impairment, Dyslipidemia, Amylase, Remnant 
pancreatic volume, Blood loss, Adjuvant 
Chemotherapy, Post-op complications

HbA1c, Remnant pancreatic volume

DP-Retrospective
16 Shen et al. [33] Age, Sex, BMI, Hyperglycemia, Smoking status, 

Alcohol, Operative blood loss, Remnant pancreatic 
volume

Age, BMI, Hyperglycemia Remnant 
pancreatic volume

17 Izumo et al. [34] Hyperglycemia, HbA1c, Insulin levels, Insulin 
resistance, Remnant pancreatic volume, Adjuvant 
Radiotherapy

Hyperglycemia, HbA1c, Insulin 
levels, Insulin resistance

18 Wu et al. [35] Age, Sex, Income, Co-morbidity, Dyslipidemia, 
Chronic pancreatitis

Dyslipidemia, Chronic pancreatitis

19 Kwon et al. [36] BMI, Tumor size, Tumor location, Chronic 
Pancreatitis

Tumor size

20 Malleo et al. [37] Age, BMI, Tumor size, Lymph node status, Operative 
time, Post-op complications, Remnant pancreatic 
volume

Tumor size, Operative time
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HbA1c reflected subclinical glucose dysregulation or 
latent diabetes, making the endocrine pancreas more 
vulnerable post-resection [20, 30, 32, 34, 41, 42, 45, 
53, 60]. 

One included study associated NODM incidence with 
weight loss, possibly due to cancer cachexia, which leads to 
systemic inflammation, proteolysis, and energy imbalance, 
which can impair insulin signalling. Weight loss >10% 

21 Stuthfield et al. [38] Age, Sex, Post-op complications Post-op complications
22 Chari et al. [39] Age, Sex, BMI, Hyperglycemia, Smoking, Family 

History, Weight loss
Weight loss

23 Adam et al. [40] Post-op complications Post-op complications
PDDP-Prospective
24 Lee et al. [41] HbA1c, Dyslipidemia, Remnant pancreatic volume, 

Insulin levels, Adjuvant chemotherapy,
HbA1c, Adjuvant chemotherapy

25 Ishida et al. [42] Hyperglycemia, HbA1c, Insulin resistance, C-peptide Hyperglycemia, HbA1c, Insulin 
resistance, C-peptide

26 Shaw et al. [43] Age, Sex, Race, Education, Employment, Marital 
status, Chemotherapy

Chemotherapy

27 Niwano et al. [44] Sex, BMI, Insulin resistance, C-peptide, Resection 
type

Insulin resistance, Resection type

28 Maxwell et al. [45] Age, Race, BMI, Hyperglycemia, HbA1c, Smoking, 
Resection type, Remnant pancreatic volume

Hyperglycemia, HbA1c

29 Maignan et al. [46] Age, Sex, MPD size, Chemoradiation, Remnant 
pancreatic volume

Remnant pancreatic volume

PDDP-Retrospective
30 Wang et al. [47] Age, Hyperglycemia, BMI, Tumor size, Tumor 

staging, Smoking, Jaundice, Renal impairment, 
Dyslipidemia

Hyperglycemia, BMI, Tumor size, 
Tumor staging, Jaundice, Renal 
impairment, Dyslipidemia

31 Yoo et al. [48] Sex, Hyperglycemia Sex, Hyperglycemia
32 Schranz et al. [49] Sex, BMI, Tumor size, Post-op complications Post-op complications
33 Thomas et al. [50] Age, BMI, Co-morbidity Age, BMI, Co-morbidity
34 Hamad et al. [51] Sex, BMI, Hyperglycemia, Family history, Race Sex, Hyperglycemia, Family history
35 Yamada et al. [52] Age, Sex, BMI, Hyperglycemia, HbA1c, Insulin 

levels, Insulin resistance, Dyslipidemia, Pre-op 
Chemoradiotherapy, Remnant pancreatic volume

Remnant pancreatic volume

36 Yamamoto et al. 
[53]

Age, Sex, BMI, Hyperglycemia, HbA1c, Chronic 
pancreatitis, Dyslipidemia

Age, BMI, Hyperglycemia, HbA1c,

37 Mayeux et al. [54] Age, Sex, Race, Post-op complications Post-op complications
38 Lee et al. [55] Age, BMI, Hyperglycemia, HbA1c, Family history, 

Smoking, Tumor size, Tumor staging, Renal 
impairment

Age, Family history, Renal 
impairment

39 Kusakabe [56] Sex, BMI, Hyperglycemia, Race, Smoking, Family 
history, Alcoholism

Sex, BMI, Hyperglycemia, Smoking, 
Family history,

40 Karlin et al. [57] BMI, Hyperglycemia, HbA1c, CA 19.9 BMI
41 Nguyen et al. [58] Age, Race Age, Race
42 Elliott et al. [59] Age, Sex, BMI, Race, Chronic Pancreatitis,  

Co-morbidity
Chronic Pancreatitis, Co-morbidity

43 Burkhart et al. [60] Hyperglycemia, HbA1c, Insulin Hyperglycemia, HbA1c, Insulin
44 Hirata et al. [61] Age, BMI, Jaundice, Albumin, Chronic Pancreatitis, 

Post-op complications
BMI, Chronic pancreatitis

45 White et al. [62] BMI, Post-op complications Post-op complications
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is linked with loss of muscle mass, including pancreatic 
parenchymal atrophy and reduced β-cell mass [39]. 

One included study showed the association between 
smoking and NODM incidence, as smoking is associated 
with β-cell dysfunction, increased insulin resistance, and 
chronic pancreatic inflammation [56].

Insulin related factors 

Three (03) included studies showed the association 
between pre-op insulin levels and NODM incidence. It may 
be due to low fasting insulin levels that may reflect impaired 
β-cell function before surgery. Postpancreatectomy, reduced 
pancreatic tissue may exacerbate β-cell loss, tipping 
borderline patients into diabetes [19, 34, 60].

Three (03) included studies showed the association 
between insulin resistance and NODM incidence. It 
may be due to insulin resistance burdens β-cells to 
overproduce insulin. After partial pancreatectomy, the 
diminished β-cell mass may be inadequate to maintain 
normoglycemia in insulin-resistant individuals. Tools 

such as HOMA-IR (Homeostasis Model Assessment-
Insulin Resistance) are commonly used to quantify 
insulin resistance [34, 42, 44]. 

One included study showed the association between 
C-peptide levels and NODM incidence, as low C-peptide 
levels indicate depleted insulin-producing capacity [42].

Chronic pancreatitis (CP) 

Six (06) studies showed the association between 
pre-existing chronic pancreatitis and NODM incidence 
in pancreatic cancer patients. Due to fibrosis and 
inflammation, Islet cell destruction occurs, resulting in 
impaired insulin secretion. With glucagon and pancreatic 
polypeptide deficiency, worsening glucose regulation 
occurs. CP patients often already exhibit subclinical 
glucose intolerance, which is unmasked or worsened 
postoperatively. When the surgery further reduces the 
remnant pancreatic volume, it pushes marginal islet cell 
function past a critical threshold, precipitating NODM [24, 
25, 30, 35, 59, 61]. 

Table 3: Risk factors associated with post pancreatectomy NODM outcomes in pancreatic 
adenocarcinoma
Sl. No. Factors Studies
1 Age 26, 30, 36, 53, 56, 58, 61
2 Gender 34, 51, 54, 59
3 Race 61
4 Family history 26, 58, 59
5 BMI 26, 34, 36, 50, 53, 56, 59, 64
6 Weight loss 42
7 Preop Hyperglycemia 23, 29, 31, 33, 36, 37, 45, 48, 50, 51, 54, 56, 59, 63
8 Preop HbA1c 23, 33, 35, 37, 44, 45, 48, 56, 63
9 Smoking 59

10 Insulin levels 22, 37, 63
11 Insulin resistance 37, 45, 47
12 C peptide 45
13 Chronic pancreatitis 27, 28, 33, 38, 62, 64
14 Tumor size 39, 40, 50
15 Tumor Staging 25
16 Dyslipidemia 38, 50
17 Deranged Liver parameters 50
18 Impaired Renal parameters (BUN, Creatinine) 50, 58
19 Operative factors 40
20 Co-morbidity 53, 62
21 Remnant pancreatic volume 21, 24, 25, 29, 31, 32, 34, 35, 36, 49, 55
22 Post-operative complications 31, 41, 43, 52, 57, 65
23 Chemotherapy 31, 44, 46
24 Radiotherapy 31
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Tumor related factors 

Three (03) included studies showed the association 
between tumor size and NODM incidence. Larger tumors 
are more likely to cause destruction of islet cells, ductal 
obstruction, and paraneoplastic insulin resistance. Bigger 
tumors often require more extensive resections, thus 
reducing functional endocrine tissue [36, 37, 47]. 

Tumor location determines the type of resection. 
Pancreaticoduodenectomy (Whipple’s) is indicated for 
pancreatic head tumors, which preserves more of the body 
and tail (endocrine-rich areas). Distal pancreatectomy is 
indicated for body/tail tumors, which removes islet-rich 
regions, as islet cell distribution is denser in the tail and 
body of the pancreas [19]. 

One included study showed the association between 
tumor stage and NODM incidence, as advanced tumor 
stage often reflects a more systemic inflammation, greater 
likelihood of pre-existing metabolic stress and requires 
extensive resection [22]. 

Biochemical risk factors 

Two (02) included studies showed the association 
between dyslipidemia and NODM incidence. Elevated 
triglycerides and low HDL are features of the metabolic 
syndrome, which includes insulin resistance—a predictor 
of poor glycemic adaptation after pancreatic resection. The 
inflammatory milieu associated with dyslipidemia may 
further worsen post-surgical glucose control [35, 47]. 

One included study showed the association between 
deranged liver parameters and NODM incidence, possibly 
due to liver inflammation and steatosis promoting 
peripheral insulin resistance [47]. 

Two (02) included studies showed the association 
between impaired renal function and NODM incidence. 
Chronic kidney disease (CKD) results in insulin resistance, 
decreased insulin clearance, and inflammatory cytokine 
release [47, 55]. 

Operative and post-operative factors 

One included study showed the association 
between operative factors, such as prolonged operative 
time and heavy blood loss, with NODM incidence. 
Pronged operative times may be due to complex surgical 
procedures, which lead to stress hyperglycemia, prolonged 
anesthesia effects on glucose metabolism, and tissue 
ischemia-reperfusion injury. Heavy blood loss leads to 
hemodynamic instability, hypoperfusion of the pancreatic 
remnant, systemic inflammatory response affecting islet 
cells, and insulin sensitivity [37]. 

Post-operative complications were associated with 
high NODM incidence in six (06) studies. Postoperative 
pancreatic fistula (POPF) and local inflammation can 
cause injury to islet cells in the pancreatic remnant, 

reducing insulin secretion. Systemic infections and sepsis 
induce insulin resistance via cytokine release. Delayed 
gastric emptying and nutritional deficits may impair 
glucose metabolism and insulin sensitivity. Prolonged 
hospitalization and recurrent complications exacerbate 
metabolic stress [28, 38, 40, 49, 54, 62]. 

Remnant pancreatic volume 

Remnant pancreatic volume was associated with 
high NODM incidence in eleven (11) studies, implying 
it as one of the most important risk factors in NODM 
occurrence. Partial pancreatectomy further reduces the 
remnant pancreatic volume, pushing marginal islet cell 
function past a critical threshold, precipitating NODM [18, 
21, 22, 26, 28, 29, 31, 32, 33, 46, 52]. 

Co-morbidity 

Two (02) included studies showed the association 
between pre-op co-morbidity and NODM incidence. High 
Charlson co-morbidity index (CCI) scores are associated 
with impaired glucose homeostasis, increased baseline 
insulin resistance (e.g., due to obesity, cardiovascular disease, 
CKD). These factors can amplify the glycemic impact of 
pancreatectomy, especially in major resections [50, 59]. 

Chemotherapy 

Three (03) studies showed the association between 
chemotherapy and NODM incidence. Some chemotherapy 
agents cause direct pancreatic toxicity, while some other 
agents may damage pancreatic islet cells, impairing insulin 
secretion. Chemotherapy induces systemic inflammation 
with cytokine release, promoting insulin resistance. 
Chemotherapy-associated anorexia and malabsorption 
affect glucose homeostasis. Chemotherapeutic drugs may 
also interfere with insulin receptor signaling [28, 41, 43]. 

Radiotherapy 

One included study showed the association between 
radiotherapy and NODM incidence. Radiotherapy may 
cause direct islet cell damage, which may reduce insulin 
secretion. Fibrosis and vascular injury in the pancreatic 
remnant impair blood supply and endocrine function. 
The inflammatory response triggered by radiation may 
promote insulin resistance [28]. 

The forest plot of the associated risk factors with the 
strongest weight of evidence was done and included in the 
Supplementary File 2. 

DISCUSSION

To the best of our understanding, this is the first 
systematic review examining the incidence of NODM 
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and its related risk factors specifically in patients with 
Pancreatic Adenocarcinoma (PAC) who have undergone 
partial pancreatectomy. Our analysis incorporated research 
from both developed and developing countries, comprising 
a total of 45 studies. 

Among the patients in this systematic review 
who underwent partial pancreatectomy for pancreatic 
adenocarcinoma, the overall incidence of NODM in the 
studied population was 24.5%, affecting up to one-fourth 
of the study population. In the 2 subgroups according 
to the type of resection (PD or DP) done for pancreatic 
cancer cases, patients who underwent PD, the incidence 
of NODM was 23.2%, and for DP resection cases, the 
NODM incidence was 26.3%. 

The occurrence of NODM has been evaluated 
concerning various types of pancreatic surgeries in prior 
studies. Multiple clinical studies produced inconsistent 
outcomes. While some researchers suggested that patients 
undergoing DP faced an increased risk of developing 
NODM, other studies indicated a marginally higher 
incidence of NODM in patients who had DP compared 
to those who underwent PD, yet this difference was not 
statistically significant [46, 63]. Our review mirrored these 
findings, revealing that the incidence of NODM after DP 
(26.3%) was slightly above that of PD (23.2%). 

A systematic review and meta-analysis were 
undertaken by Beger et al, in post PD resections for both 
benign and malignant tumors, which included quantitative 
assessments from 19 studies. They found that the 
cumulative incidence of NODM was 14.5% for the group 
with benign tumors, 15.5% for the group with malignant 
tumors, and 22.2% for the combined group of both benign 
and malignant tumors [64].

A similar systematic review and Meta-analysis 
were undertaken by De Bruijn et al, in exclusively post 
DP groups for pancreatic disorders involving quantitative 
analysis of 26 studies. This review indicates that the 
average cumulative incidence of NODM) following DP 
procedures conducted for benign or potentially malignant 
conditions is 14% [65]. But a recent study by Yu et al., 
who did a systematic review and Meta-analysis of NODM 
after DP for pancreatic disorders involving quantitative 
analysis of 18 studies. The rate of NODM was 23% in 
patients with pancreatic tumors. However, the study 
included both benign and malignant lesions [66]. Our 
study included only malignant pancreatic adenocarcinoma 
cases and showed slightly higher NODM incidence for 
both PD and DP types. 

Regarding the risk factors associated with NODM 
incidence in this group of patients, we did a narrative 
synthesis of up to 37 different variables related to NODM 
incidence. Out of all these variables, older age, high BMI, 
pre-op hyperglycemia, pre-op high HbA1c, pre-existing 
chronic pancreatitis, poor remnant pancreatic volume, and 
severe post-operative complications were associated with 
NODM incidence. 

These results were consistent with those previously 
published studies and reviews. 

Older patients undergoing pancreatectomy for PAC 
were associated with high NODM incidence. A similar 
finding was observed in a study, which showed that age 
>60 years was an independent risk factor for NODM after 
pancreaticoduodenectomy [67]. Regarding gender, the 
results were mixed. Some studies suggest females were 
more susceptible, possibly due to hormonal influences 
on insulin sensitivity [31]. Some included studies 
suggest where males are more likely to develop chronic 
pancreatitis and thus more prone to developing DM [68]. 
Others find no significant difference in relation to gender, 
after adjusting for BMI and age [69].

Regarding race and ethnicity as influencers of 
NODM risk, our analysis showed a higher incidence in 
Asian populations [58], which was similar to reported 
findings by a study that indicated that being from a non-
White race or ethnicity was independently linked to 
poorer outcomes following pancreatic cancer surgery [70]. 
Another study observed that a higher baseline prevalence 
of pre-diabetes and NODM in the Indian cohort compared 
to Western reports [71]. Regarding the Family history of 
diabetes, as an influencer of NODM risk, our analysis 
showed higher NODM incidence in this population. One 
study reflected the similar findings, which observed that 
Family history of diabetes emerged as a significant non-
modifiable risk factor, especially in patients without pre-
existing hyperglycemia [72]. 

Our analysis showed that high BMI was associated 
with NODM incidence in this population. A study 
concurred with our findings, which showed that high BMI 
had both poorer glycemic profiles and a greater tendency 
to develop NODM after surgery [73].

Our analysis showed that Pre-op hyperglycemia 
and high HbA1c were among the most important risk 
factors associated with NODM incidence. Similar findings 
were observed in a study that showed that Preoperative 
impaired fasting glucose and mildly elevated HbA1c 
predicted postoperative diabetes [74]. Another study 
showed that patients with elevated preoperative HbA1c 
had a significantly higher risk of developing NODM 
postoperatively [75].

In our analysis, pre-existing chronic pancreatitis as a 
risk factor was associated with NODM incidence. 

One study showed similar findings that patients 
with pre-existing CP had significantly lower insulin 
and C-peptide levels of post-surgery, predisposing 
them to NODM [76]. Another study showed that 
Chronic inflammation and fibrosis reduce the functional 
β-cell mass, making patients prone to NODM post 
pancreatectomy [77]. Another study indicates that it 
is conceivable that chronic pancreatitis may affect the 
likelihood of developing NODM [15].

Regarding the tumor size, as an influencer of 
NODM risk, our analysis showed higher NODM incidence 
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in this population. One study showed similar findings that 
a tumor size was independently associated with increased 
NODM incidence post-resection in localized disease [78]. 

Our analysis showed that remnant pancreatic volume 
was one of the most important risk factors associated 
with NODM incidence. One recent study showed similar 
findings that reduced remnant pancreatic volume, causing 
beta-cell dysfunction, might be one of the mechanisms of 
NODM secondary to PAC [79]. A different study noted 
that it is likely that the volume and health of remaining 
pancreatic tissue may affect the likelihood of developing 
new-onset diabetes mellitus [15].

Our analysis showed that a high incidence of post-
operative complications was associated with NODM 
incidence. Few studies showed similar findings that 
patients with clinically relevant postoperative pancreatic 
fistula had a significantly higher incidence of NODM at 
6 months post-pancreatectomy [80, 81]. Another study 
showed that patients with delayed gastric emptying 
had impaired glycemic control at 3 and 6 months 
postoperatively [82].

Limitations

It is important to acknowledge that this review has 
certain limitations and should be interpreted accordingly. 
To begin with, since the review was limited to works 
published in English, there is a possibility that relevant 
studies in other languages may have been missed. 
Secondly, variations in surgical methods, such as the 
amount of pancreas removed during routine clinical 
practices, can differ significantly between institutions, 
surgeons, and patients, along with surgical techniques 
like laparotomy or laparoscopy, and whether the spleen 
was preserved, leading to substantial heterogeneity in the 
surgical approaches. Third, studies employed different 
methods for reporting the incidence of NODM, which 
lacked standardization concerning follow-up periods. 
Fourth, the risk stratification for pre-existing pancreatic 
conditions could not be thoroughly clarified, nor were 
confounding factors adequately addressed, as this was 
based on the original designs and reports of the studies 
included. Fifth, potential for publication bias, as smaller 
studies or those reporting null associations between 
surgical or metabolic factors and NODM may be 
underrepresented in the literature. This selective reporting 
can overestimate pooled incidence or effect sizes, thereby 
limiting the generalizability and external validity of the 
analysis.

MATERIALS AND METHODS

We submitted our review protocol and registered 
with PROSPERO (CRD420251024206) and followed 
the established protocol for systematic reviews as per 
PRISMA statement [83].

Search strategy

We conducted searches in the databases MEDLINE, 
Cochrane, Embase, and Scopus to identify relevant 
studies, following the guidelines outlined in the Peer 
Review of Electronic Search Strategies (PRESS) [84]. 
The PubMed database was queried using medical subject 
headings (MeSH). Search terms included “Pancreatic 
carcinoma,” “Pancreatectomy,” and “Diabetes mellitus.” 
Our search strategy was broad to ensure a comprehensive 
review of the available literature and to capture all 
pertinent evidence. We also refined our search strategy 
by closely reviewing the references of the articles we 
gathered. Our search was confined to English-language 
publications published from January 2000 to March 2025 
(Supplementary File 3).

Eligibility criteria and study selection

The research selection process involved two 
reviewers (KAK & AKR). All studies that provided 
information on postoperative pancreatic endocrine 
function in patients with pancreatic adenocarcinoma 
(PAC) who had either a Pancreaticoduodenectomy (PD) or 
Distal Pancreatectomy (DP) were considered in the initial 
evaluation. Studies that (1) did not report the incidence 
of preoperative diabetes, (2) concentrated on surgical 
techniques, and (3) had a follow-up period of less than 3 
months were excluded from the analysis.

Data extraction and quality assessment

Data extraction

Two investigators (KAK & AKR) conducted a 
separate screening of the titles, abstracts, and full articles. 
The extracted data included the patients’ gender, average 
age, existence of preoperative diabetes; occurrence of 
postoperative diabetes; incidence of new onset diabetes 
mellitus (NODM), the type of pancreatectomy performed 
(PD or DP), as well as the criteria used to diagnose 
diabetes, which included fasting blood glucose (FBG), 
glycated hemoglobin (HbA1c) levels, or an oral glucose 
tolerance test (OGTT); and the duration of the follow-up 
period.

A narrative synthesis outlines the risk factors linked 
to the onset of NODM in these patient populations, 
providing an analysis by subgroups in relation to PD 
versus DP groups.

Quality assessment

Quality assessments were conducted to assess the 
robustness and caliber of the evidence produced by the 
studies. The Newcastle–Ottawa scale (NOS) was utilized 
to evaluate all cohort studies, with a NOS score of 6 or 
higher indicating a study of high quality [85].
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Statistical analyses

The overall incidence of NODM was determined 
using the incidence rate method. When the publication did 
not provide the NODM rate, it was computed by dividing 
the number of patients with NODM by the number of 
patients who did not have preoperative diabetes. Subgroup 
analyses were conducted on the groups of patients with 
surgical procedures of PD vs. DP. A narrative synthesis 
was performed to assess the associated risk factors.

CONCLUSIONS

This systematic review aims to remind surgeons that 
a deficiency in pancreatic endocrine function is a significant 
long-term complication following pancreatectomy. Older 
age, high BMI, pre-op hyperglycemia, pre-op high HbA1c, 
pre-existing chronic pancreatitis, poor remnant pancreatic 
volume, and severe post-operative complications were 
associated with NODM incidence. Larger cohort studies 
with more extensive patient populations should be carried 
out to better understand the risk factors linked to NODM 
following pancreatectomy. It is essential to implement 
suitable screening and enhance patient education for 
individuals with recognized risk factors.
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