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P N e

Abstract: Background Recent therapeutic advancements have paved the path for complex
restorative procedure like kidney or liver transplantation, but the increasing incidence of post
transplantation diabetes mellitus (PTDM) in graft patients has become a major challenge. Objec-
tive: We aim to study the risk factors associated with the development of PTDM in our context.
Methods: Data of 648 post transplant patient registered at the Punjab Human Organ Transplant
Authority (PHOTA) was analyzed for the prevalence of PTDM. The data was taken after proper
consent from the patients and their records available in the institute (pre-transplant data) and their
current clinical reports (post-transplant data). Results: The prevalence of PTDM was higher
(40.2%) in elder individuals (above age 51) with family history of diabetes (42.9%), and non- re-
lated organ donor (29.9%) as compared to a close relative (26%). The incidence of PTDM in liver
transplant patients was higher (32.9%).The prevalence of PTDM in obese individuals was 28.4%
with a post-transplant HbAlc value of more than 6.5%; the incidence of patients with high HbAlc
value increased from 5.2% to 18.2% (post-transplant patients with > 6.5% HbA1c value). A strong
association of HCV infection with PTDM was established 19.7% versus 17, 9% with an increased
value of HbAlc (> 6.5%).Reported cases of PTDM in CMV positive group were noted however, no
statistical significant correlation was established between them. Conclusion: High BMI and HCV
infection are considered as risk factors for PTDM and these conditions should be addressed prior to
transplant surgery to minimize the morbidity and mortality related to PTDM.

Keywords: Post-Transplant diabetes mellitus, PTDM, new onset diabetes mellitus, NODAT, kidney, liver

1. Introduction

Post-transplant diabetes mellitus (PTDM), also known as new onset diabetes mellitus
(NODAT) is a common but severe complication in solid organ transplantation (SOT) patients
(Cehic et al., 2018; Jenssen and Hartmann, 2019). PTDM has become a major cause of high
mortality, and morbidity and have a high prevalence rate, worldwide. The reported incidence of
PTDM after any solid organ transplantation ranges from 2% to 53% (Pham et al., 2011, Aravinthan
et al., 2019). According to studies the incidence of PTDM range from 2.5% to 25% in liver
transplant recipients, 4% to 25% in kidney transplant recipients, 4% to 40% in heart transplant
recipients, and 30% to 35% in lung transplant recipients (Pham et al., 2016; Lieber et al., 2019;
Herzer et al., 2020). PTDM is linked with increased incidence of other health issues in transplant
patients including, cardiovascular disorders and various kinds of infection (Siraj et al., 2010;
Ahmed et al., 2020).

Even though the pathophysiology of PTDM is not fully understood, the primary determinants
include the malfunction of pancreatic 3-cell, development of insulin resistance, and impaired in-
sulin secretion (associated with the use of mammalian target of rapamycin complex 1 inhibitors
and calcineurin inhibitors), and HCV (hepatitis C) infection that can cause insulin resistance and
postoperative weight gain, are all believed to play a role (Prokai et al., 2012, Shivaswamy et al.,
2016; Rodriguez-Rodriguez et al., 2019).

Certain risk factors have been identified as to play a crucial role in the trigger and clinical
pathogenesis of PTDM. For instance, studies have shown that the use of immune suppressants and
corticosteroids are important determinants of PTDM in transplant patients (Wauters et al., 2012;
Chevallier et al., 2021). That is why it is critical to comprehend the significance of immunosup-
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pressive drugs and glucocorticoids (such as calcineurin, ciclosporin, tacrolimus, betamethasone
etc.) in the development of PTDM.

Moreover, the understanding the drug—drug interactions in these patients, as they are treated
with various other drugs in addition to immunosuppressive treatments, is also important to control
the risk of PTDM (Lucena et al; 2020). Other risk factors for PTDM include unhealthy lifestyle,
obesity, source of donor (deceased or living), inflammation and viral infections (e.g., hepatitis C
virus and cytomegalovirus, CMV) have been reported. Studies show that solid organ transplant
recipients with specific terminal-organ diagnosis such as, end stage liver disease due to hepatitis C
infection, end-stage kidney disease due to polycystic kidney disease, have been reported to be at
increased risk for PTDM compared with those without such diagnosis (Jenssen & Hartmann, 2019;
Ambarsari, 2020).

The pathophysiology studies of PTDM and Type 2 Diabetes Miletus (T2DM) shows that the
two have different triggers and clinical course. These findings are also significant for the proper
and effective diagnosis and treatment of PTDM. In 2003, the first International Consensus
Guidelines for new-onset diabetes after transplantation (NODAT) were published (Davidson et al.,
2003) and the American Diabetes Association and World Health Organization (WHO) recommend
the use of HbAlc (HbAlc >6.5%) for the diagnosis of diabetes after the transplant patient have
been discharged and are off their immune suppressants and at least a year has passed. Other di-
agnostics criteria include random glucose >200 mg/dL (11.1 mmol/L) with symptoms and
two-hour glucose after a 75-g OGTT of >200 mg/dL (11.1 mmol/L) (Pham et al., 2016).

The present study aims to collect and analyze the prevalence of PTDM in kidney and liv-
er-transplant patients and determine the association of various risk factors, including pre-transplant
diabetes, body mass index (BMI), viral infections (HCV, CMV) and demographic characteristics,
that may play a vital role in morbidity and pathogenesis of PTDM in the cohort samples.

2. Materials and Methods
2.1. Study Design

This study was conducted in Punjab Human Transplant authority (PHOTA) from 5 June 2020
till 25 August 2020 included all those patients who were registered in PHOTA and had undergone
solid organ transplantation (liver and renal transplantation). There are 34 hospitals both private and
public in Punjab which was registered for transplantation procedures. The pre-transplant data was
taken from the records available in the institute.

The survey was conducted by well trained and experienced research coordinators/interviewer.
IRB approval for the research was taken from Services institute of medical Sciences no: IRB
2020/678/SIMS. Proper permission was taken from DG PHOTA to conduct the study and use the
data for publication and research use only. Patient privacy was taken into account and no patient
names were used only allotted ID numbers were used to maintain record. A MOU was officially
signed between PHOTA and Services Institute of Medical Sciences for a period of one year. The
selected patients were contacted telephonically and questioned after formal informed consent. The
data was entered on preformed Performa which was in turn entered on SPSS for analysis. The pa-
tients were advised to get either their HbAlc or random blood sugar checked by lab and send the
reports. Information regarding other blood tests including HCV, CMV status was taken from the
record. History pertaining to their family history of diabetes was taken verbally on telephone. Data
pertaining to BMI of the patient was available from the records. However family history related to
diabetes was enquired telephonically and added to the records. The operational definitions of the
variables are defined below.

PTDM: Detection and persistence of hyperglycemia with or without symptoms in post-
transplant patient.

HbALC test is used to diagnose PTDM. An HbA1C level of more and equal to 6.5% was the
cutoff for diagnosis of diabetes.

CMV infection is detected using CMV PCR test, (qualitative)

2.2. Study Population

Cross sectional design with survey method was adopted and convenient sampling was done.
Out of 1799 registered cases, 754 post-transplant patients were approached only due to time con-
straints. Out of them, 80 patients were found to be expired while 26 were on waiting list for
transplant, so these respondents were excluded from the data collection. So, data detail of 648 pa-
tients (who were alive) was taken, making response rate of 86% approximately.

2.3. Inclusion criteria

All those patients aged 11 years and above registered with PHOTA for solid organ trans-
plantation were included. Liver and kidney transplant patients were recruited.

2.4. Aim/Objective
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To study the association between CMV infection and hepatitis C infection as risk factor for
development of post-transplant diabetes

3. Results
3.1. Demographic Parameters Analysis

The demographic data or the baseline characteristics of the study population were collected
and analyzed for the prevalence of PTDM (Table 1). The following parameters were individually
evaluated and their association with PTDM was determined.

3.2. Sex and Age

Both male and female patients were included in the study, however, the number of males
patients (85%) who received organ transplant was higher as compared to the females (15%). The
data for the occurrence of PTDM among the two groups showed that the incidence of PTDM was
almost the same in both genders, with 24.6% of males and 25% of females were found to develop
PTDM. The age-related incidence shows that the participants in the age group 51 and above were at
the highest risk of developing PTDM (40.2%). However, the lowest morbidity rate was seen is
participants who were aged between 31-40 years old (19.5%).

3.3. Organ Transplant and Donor Source

The patient data was analyzed separately for the type of organ transplant. i.e. kidney or liver
and the source of organ, i.e., blood relative or distant relative. The results for organ-specific risk for
the incidence of PTDM showed it was higher in patients with liver transplant (32.9%) as compared
to 23.7% incidence rate in kidney transplant patients. The data for organ-source showed that the
incidence was higher (29.6%) when the organ belonged to a distant relative as compared to 26%
when organ was from close relatives.

3.4. Family history of Diabetes

Patient data was analyzed for the having a family history of diabetes and was studies as a risk
factor for the development of PTDM. The results showed that 42.9% of the patients who had family
history of diabetes showed an increased HbAlc value, i.e., greater than 6.5%. While in individuals
without any family history of diabetes, only 16.2% developed PTDM (Table 2).

3.5. Body Mass Index

The pre-transplant BMI data of patients was analyzed as a risk factor of PTDM. The
post-transplant HbAlc values in the patients showed that the body mass index values were directly
proportional to the incidence of PTDM. It was found that 19 (28.4%) of the patients belonging to
the obese group (BMI of 27 and above) were found to have HbAlc value of more than 6.5%. The
incidence of PTDM, in relation to HbA1c values showed that 16.5% of individuals with normal
BMI (18.5-22.9) had crossed the normal and moderate threshold of serum HbAlc value (Figure 1).

Table 1: The demographic data of solid organ transplant patients and frequency of PTDM

Characteristics Frequency Percentage (%) PTDM (Yes %)
Gender
Male 548 84.6 24.6%
Female 100 154 25%
Age
11-20 years 56 8.6 25%
21-30 years 175 27.0 21.1%
31-40 years 190 29.3 19.5%
41-50 years 145 224 26.9%
51 and above 82 12.7 40.2%
Height
150 - 159 cm/ 4.11"-5.25" 72 11.1 23.6%
160 - 169 cm/ 5.29"-5.65" 274 42.3 23.4%
170 - 179 cm/ 5.69"-5.10" 296 45.7 26.4%
180 and above/ 5.11"- above 6 9 16.7%
Weight
Less than 50 kg 24 3.7 25%

50-59 kg 145 22.4 24.1%
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60-69 kg 377 58.2 22%
70-79 kg 54 8.3 27.8%
80-89 kg 22 3.4 31.8%
90-99 kg 20 3.1 55%
100 and above kg 6 9 50%
Organs
Liver 73 11.3 32.9%
Kidney 575 88.7 23.7%
Donor Relation
Blood Relation 594 91.7 24.2%
Distant Relation 54 8.3 29.6%
Diagnosis Category
End-Stage Renal Disease (ESRD) 570 88.0 23.7%
Chronic Liver Disease (CLD) 66 10.2 31.8%
Others 12 1.9 33.3%

BMI & HbA1C (post-transplant)

M Less than 6.5 % (Normal) ®6.5% (moderate) B More than 6.5% (high)

Obese (27 and above) i 19
Over-weight (23-26.9) - 38

Normal Weight (18.5-22.9) _ 58
Underweight (less than 18.5) ' 3

Figure 1: The relationship between BMI and post-transplant values of HbAlc in patients

Body Mass Index (BMI)

3.6. Pre & Post Transplant HbAlc values of the patients

The patient’s data was analyzed for their pre- and post-transplant HbAlc values. The results
showed that the pre-transplant values of HbAlc were normal (< 6.5%) in 94.3% of the patients and
only 5.2% had high values (> 6.5%). The post-transplant HbAlc analysis showed that 79.5% of
patients had normal values and 18.2% had high HbAlc values. So, the incidence of patients with
high HbAlc value increased from 5.2% to 18.2% in post-transplant patients (Figure 2).
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Figure 2: The comparison of pre-transplant and post-transplant HbAlc values of the patients

Table 2:
(post-transplantation)

Relationship between Family History of Diabetes,

3.7. Family History of Diabetes, Viral Infections and Prevalence of PTDM

The patient data was analyzed for the presence of family history of diabetes and viral infec-
tions including hepatitis-C virus (HCV) and cytomegalovirus (CMV). The results for individual
virus are given below:

Hepatitis-C & CMV-Infection with HbAlc

Family History of

Diabetes Hepatitis-C CMV:-Infection
Yes No Positive  Negative Positive Negative
HbA1C LeGSSE:;a” 27 488 92 423 318 197
(Post-Transplant) 70 (55.1%) (81.5%) (78.6%)  (79.9%) (79.1%) (80.1%)
(Normal)
0]

(ng’eg o) 14 2 13 11 4

(2.0%) (2.3%) (1.7%) (2.4%) (2.7%) (1.6%)

More than 21 97 23 95 73 45
6.5% (High) (42.9%) (16.2%) (19.7%)  (17.9%) (18.2%) (18.3%)

The data analysis of family history of diabetes and PTDM shows that 55.1% patients with
history of diabetes and 81.5% patients with no family history of diabetes had their HbAlc vales in
normal range (<6.5%) after receiving the transplantation. While on the other hand, 42.9% patients
with family history of diabetes and 16.2% with no family history of diabetes had increased values
of HbAlc (>6.5%) after transplantation. However, patient with no family history of diabetes had
high level of HbAlc then others.

The data analysis of prevalence of HCV and incidence of PTDM in patients showed that
78.6% who were positive for HCV and 79.7% HCV negative patients had their HbAlc values in the
normal range (< 6.5%) after receiving the organ transplant. 19.7% of HCV positive patients were
found to have increased value of HbAlc (> 6.5%) after undergoing a kidney or liver transplantation
surgery. The incidence of PTDM (HbA1c more than 6.5%) in HCV negative patient was found to
be 17.9% (Table 2).

However, the data analysis of prevalence of CMV and incidence of PTDM in transplant pa-
tients showed that 79.1 % who were positive for CMV infection and 80.1 % CMYV negative patients
had their HbAlc in the normal range (< 6.5%) after receiving the organ transplant. Further, the data
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showed that 18.2 % of transplant patients who were found to be positive for CMV had increased
HbAlc (> 6.5%) values after more than a year of transplantation surgery. Based on the HbAlc
values, the incidence of PTDM in CMV negative patient was found to be 18.3% (Table 2).

4. Discussion

The present study analyzes the patient data of 648 transplant patients for the prevalence of
post transplantation diabetes miletus (PTDM) after one year of the surgical procedure. The
age-related demographic data suggests that age has a directly proportional relationship with the risk
of developing PTDM. 40.2 % of the elderly individuals that belonged to the age group of above 51
developed PTDM as compared to only 20% young transplant patients. Similar findings have been
reported by Malik et al. who found that old age was an independent-baseline PTDM risk factor and
older recipient had a higher chance (P<0.001) of developing diabetes after organ transplant (Malik
etal., 2021).

The risk of PTDM also varies with the type of organ being transplanted. The present data
suggests that the incidence of PTDM was higher in individuals who received kidney transplant
(32.9%) as compared to the liver transplant patients (23.7%) who underwent the surgery in the
same time frame. Similar findings have been previous reported that indicate that around 19%-35%
of liver transplant patients develop diabetes after some years of therapeutic surgery (Lv et al., 2015;
Hartog et al., 2015). Various factors come into play with the pathophysiology of PTDM and liver
transplant. According to Aravinthan and colleagues (2019) about quarter of non-diabetic patients
who received liver transplant developed PTDM after a year of surgery. The organ-source was also
analyzed as potential risk factor for PTDM. The results suggested that individuals who received a
transplant from blood relatives had a lower rate of PTDM (24.2%) as compared to individuals in
which the organ-source was distant relatives (29.6%). These findings can be understood by the fact
that blood relatives have lower chances of HLA-mismatch as compared to individuals who are
distantly related. According to van der Burgh et al. an increased HLA-mismatch is a risk factor for
PTDM (van der Burgh et al., 2020).

Moderate to high HbAlc levels are indicative of pre-diabetic and diabetic conditions, re-
spectively (Li, et al., 2018). Similarly, PTDM and HbAlc levels have been found to be directly
associated and individuals with high HbAlc pre-transplant and post-transplant levels have high risk
of developing PTDM (Ahmed et al., 2020). In the present study, the patient’s data was analyzed for
their pre- and post-transplant HbAlc values. The incidence of patients with high HbAlc value
increased from 5.2% to 18.2% in post-transplant patients (Figure 2).

Various researches consider increased body mass index (BMI) or obesity as a risk factor for
diabetes miletus. And recent studies also show that individuals with increased BMI or are obese
and receive an organ transplant are at high risk of developing PTDM in future. Present study also
shows that there was an increased incidence of PTDM in individuals who have a high BMI (BMI of
27 kg/m2 and above). The post-transplant HbAlc values in the patients showed that the body mass
index values were directly proportional to the incidence of PTDM. It was found that 19 (28.4%) of
the patients belonging to the obese group were found to have HbAlc value of more than 6.5%
(Figure 1). These findings are in consistence with the findings of Chowdry and colleagues who
have reported obesity as a main risk factor for PTDM.

Similarly, various researches supports the notion that individual with high Body Mass Index
(> 25 kg/m2) or increased circumference of the waist, are at an increased risk of type-2 diabetes as
well as PTDM. They suggest that obesity can predate the transplant, but weight gain after transplant
can significantly contribute to the risk of developing PTDM (Shivaswamy et al., 2016; Malik et al.,
2021). The pathophysiology of PTDM and its link with obesity have been widely studies. Ac-
cording to Stinkens and co-researchers (2015) in obese individuals the presence of increased fat
mass occurs due to dysfunction of adipose tissue. This abnormality causes altered lipid storage
capacity and inflammation, which leads to the development of insulin resistance and reduced
glucose metabolism by stimulating an excess storage of fat in the pancreas.

The link between presence of viral infections, including HCV and CMV in transplant patients
and incidence of PTDM was also analyzed in post-transplant patients. Data suggests that 19.7% of
HCYV positive patients were found to have increased value of HbAlc (> 6.5%) after undergoing a
kidney or liver transplantation surgery (Table 3). These findings can be understood by the idea that
the Hepatitis C infection has been shown to be associated with insulin resistance (Desbois &
Cacoub, 2017). Similarly, Roccaro and colleagues (2018) have reported that treatment of HCV
using antiviral therapy in liver transplant recipients led to a decrease in incidence of PTDM.

5. Conclusions

The high prevalence of PTDM in liver and kidney transplant patients indicates that certain
factors, both manageable and non-manageable, play an important role in the pathophysiology of the
disease. The present study suggests that increased BMI and HCV infection are high risk factors for
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developing PTDM. Both of these factors are considered manageable as with taking appropriate
measures, obesity and HCV can be managed that would decrease the incidence of PTDM and re-
lated morbidities in transplant patients.

Supplementary Materials: None.

Author Contributions: Hafeeza Naz: data collection, project administration, draft preparation; Amena
Moazzam Baig: Conception, methodology, writing, supervision, administration and draft preparation; Zu-
lekha Mehmood: data collection, analysis, draft preparation; Javeria Mushtaq: data collection and draft
preparation; Murtaza Haider; draft preparation and data collection.

Funding: None.

Institutional Review Board Statement: Ethical approval was taken from IRB Committee of Services In-
stitute of Medical Sciences no: IRB/2020/678/SIMS

Informed Consent Statement: Yes informed consent was taken from patients.

Data Availability Statement: None

Acknowledgments: We would like to acknowledge the support of the entire department of PHOTA.
Conflicts of Interest: All authors declare no conflict of interest.

References

Ahmed, S. H., Biddle, K., Augustine, T., & Azmi, S. (2020). Post-transplantation diabetes mellitus. Diabetes Therapy, 11(4), 779-801.

Ambarsari, C. G., Hidayati, E. L., Hasan, I., Grace, A., & Oswari, H. (2020). Successful treatment of hepatitis-c virus infection using direct-acting
antiviral agents (daas) in adolescents with kidney transplantation: A case series. International Journal of Nephrology and Renovascular
Disease, 13, 139-146. https://doi.org/10.2147/IINRD.S248632

Aravinthan, A. D., Fateen, W., Doyle, A. C., Venkatachalapathy, S. V., Issachar, A., Galvin, Z., & Bhat, M. (2019). The impact of preexisting and
post-transplant diabetes mellitus on outcomes following liver transplantation. Transplantation, 103(12), 2523-2530.

Cehic, M. G., Nundall, N., Greenfield, J. R., & Macdonald, P. S. (2018). Management strategies for posttransplant diabetes mellitus after heart
transplantation: A review. Journal of Transplantation, 2018.

Chevallier, E., Jouve, T., Rostaing, L., Malvezzi, P., & Noble, J. (2021). Pre-existing diabetes and PTDM in kidney transplant recipients: How to
handle immunosuppression. Expert Review of Clinical Pharmacology, 14(1), 55-66.

de Lucena, D. D., de S4, J. R., Medina-Pestana, J. O., & Rangel, E. B. (2020). Modifiable variables are major risk factors for posttransplant diabetes
mellitus in a time-dependent manner in kidney transplant: An observational cohort study. Journal of Diabetes Research, 2020.

Desbois, A. C., & Cacoub, P. (2017). Diabetes mellitus, insulin resistance and hepatitis C virus infection: A contemporary review. World Journal
of Gastroenterology, 23(9), 1697.

Hartog, H., May, C. J., Corbett, C., Phillips, A., Tomlinson, J. W., Mergental, H., & Perera, M. T. P. (2015). Early occurrence of new-onset dia-
betes after transplantation is related to type of liver graft and warm ischaemic injury. Liver International, 35(6), 1739-1747.

Herzer, K., Sterneck, M., Welker, M. W., Nadalin, S., Kirchner, G., Braun, F., & Tacke, F. (2020). Current challenges in the post-transplant care of
liver transplant recipients in Germany. Journal of Clinical Medicine, 9(11), 3570.

Jenssen, T., & Hartmann, A. (2019). Post-transplant diabetes mellitus in patients with solid organ transplants. Nature Reviews Endocrinology,
15(3), 172-188.

Li, G., Han, L., Wang, Y., Zhao, Y., Li, Y., Fu, J., & Willi, S. M. (2018). Evaluation of ADA HbAc criteria in the diagnosis of pre-diabetes and
diabetes in a population of Chinese adolescents and young adults at high risk for diabetes: A cross-sectional study. BMJ open, 8(8),
€020665.

Lieber, S. R, Lee, R. A, Jiang, Y., Reuter, C., Watkins, R., Szempruch, K., & Barritt IV, A. S. (2019). The impact of post-transplant diabetes
mellitus on liver transplant outcomes. Clinical Transplantation, 33(6), e13554.

Lv, C., Zhang, Y., Chen, X., Huang, X., Xue, M., Sun, Q., & Gao, X. (2015). New-onset diabetes after liver transplantation and its impact on
complications and patient survival. Journal of Diabetes, 7(6), 881-890.

Malik, R. F., Jia, Y., Mansour, S. G., Reese, P. P., Hall, I. E., Alasfar, S.,& Parikh, C. R. (2021). Post-Transplant Diabetes Mellitus in Kidney
Transplant Recipients: A Multi-Center Study. Kidney360.

Pimentel, A. L., & Camargo, J. L. (2017). Variability of glycated hemoglobin levels in the first year post renal transplantation in patients without
diabetes. Clinical Biochemistry, 50(18), 997-1001.

Pimentel, A. L., Cavagnolli, G., & Camargo, J. L. (2017). Diagnostic accuracy of glycated hemoglobin for post-transplantation diabetes mellitus
after kidney transplantation: systematic review and meta-analysis. Nephrology Dialysis Transplantation, 32(3), 565-572.

Prokai, A., Fekete, A., Pasti, K., Rusai, K., Banki, N. F., Reusz, G., & Szabo, A. J. (2012). The importance of different immunosuppressive
regimens in the development of posttransplant diabetes mellitus. Pediatric Diabetes, 13(1), 81-91.

Roccaro, G. A, Mitrani, R., Hwang, W. T., Forde, K. A., & Reddy, K. R. (2018). Sustained virological response is associated with a decreased risk
of posttransplant diabetes mellitus in liver transplant recipients with hepatitis c—related liver disease. Liver Transplantation, 24(12),
1665-1672.

Rodriguez-Rodriguez, A. E., Donate-Correa, J., Rovira, J., Cuesto, G., Luis-Ravelo, D., Fernandes, M. X., & Porrini, E. (2019). Inhibition of the
mTOR pathway: A new mechanism of f} cell toxicity induced by tacrolimus. American Journal of Transplantation, 19(12), 3240-3249.

Sharif, A., Hecking, M., De Vries, A. P. J., Porrini, E., Hornum, M., Rasoul-Rockenschaub, S., & S&emann, M. D. (2014). Proceedings from an
international consensus meeting on posttransplantation diabetes mellitus: Recommendations and future directions.

Shivaswamy, V., Boerner, B., & Larsen, J. (2016). Post-transplant diabetes mellitus: Causes, treatment, and impact on outcomes. Endocrine
Reviews, 37(1), 37-61.

Siraj, E. S., Abacan, C., Chinnappa, P., Wojtowicz, J., & Braun, W. (2010). Risk factors and outcomes associated with posttransplant diabetes
mellitus in kidney transplant recipients. In Transplantation proceedings, 42 (5), 1685-1689, Elsevier.

Stinkens, R., Goossens, G. H., Jocken, J. W., & Blaak, E. E. (2015). Targeting fatty acid metabolism to improve glucose metabolism. Obesity
Reviews, 16(9), 715-757.



South Asian Journal of Public Health, 1% July 2023 8of 8

Valderhaug, T. G., Hjelmeseth, J., Hartmann, A., Raislien, J., Bergrem, H. A., Leivestad, T., & Jenssen, T. (2011). The association of early
post-transplant glucose levels with long-term mortality. Diabetologia, 54(6), 1341-1349.

Van der Burgh, A. C., Moes, A., Kieboom, B. C., van Gelder, T., Zietse, R., van Schaik, R. H., & Hoorn, E. J. (2020). Serum magnesium,
hepatocyte nuclear factor 13 genotype and post-transplant diabetes mellitus: A prospective study. Nephrology Dialysis Transplantation,
35(1), 176-183.

Wauters, R. P., Cosio, F. G., Fernandez, M. L. S., Kudva, Y., Shah, P., & Torres, V. E. (2012). Cardiovascular consequences of new-onset hy-
perglycemia after kidney transplantation. Transplantation, 94(4), 377.



