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ABSTRACT

Introduction and Aim: Post Transplant Diabetes Mellitus (PTDM) constitutes a major co-morbidity that has
significant impact on the patient and renal allograft outcome. Various traditional risk factors like dialysis vintage,
immunosuppressive medication, viral infections have known to be associated with PTDM. Novel risk factors and
its causative role in PTDM remains unexplored. The study looked at the incidence of PTDM at 6 months post renal
transplantation and correlation of PTDM with known traditional and novel risk factors like pre-transplant C-
reactive protein (CRP) level and Trace element deficiency.

Material and Methods: 30 consecutive renal transplant recipients more than 18 years of age were inducted into
the study. Demographic data, known pre-transplant and post-transplant risk factors associated with development of
PTDM were collected. Pre-transplant CRP and serum Trace element (Aluminum, Copper, Selenium and Zinc)
levels were estimated. PTDM was diagnosed by home based glucometer monitoring and confirmed by Oral glucose
tolerance test (OGTT).

Results: The incidence of PTDM was 36.6% at six months post renal transplant. Among the pre-transplant risk
factors, higher age and positive family history of diabetes mellitus had a strong association with the occurrence of
PTDM. Pre-transplant Zinc deficiency emerged as a significant novel risk factor for the development of PTDM.

Conclusion: Apart from known traditional risk factors, novel risk factors are associated with development of
PTDM.

Keywords: Post Transplant Diabetes mellitus (PTDM); renal transplant; trace element; post-transplant transient
Hyperglycemia (PTTH).

INTRODUCTION evaluate the role of traditional and novel risk
factors associated with PTDM.
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status. Trace elements such as Aluminium, Copper,
Selenium and Zinc in the serum were analysed by
Inductively coupled Plasma Mass Spectrometry
(ICPMS) method. The blood sample for Trace
elements was drawn on the day before transplant
surgery in live related renal transplant, while the
blood sample was drawn prior to the start of
induction therapy in deceased donor renal transplant.
Other pre-transplant investigations, post-transplant
monitoring and follow up were as per the standard of
care. In the early post operative period, patients were
monitored for trough levels of Serum Tacrolimus (by
Enzyme Immunoassay method) and Blood glucose
levels at specified time points (Fasting, Post-lunch,
Post dinner) by glucometer-based estimation. Trough
Tacrolimus levels in the early post-transplant period
were noted and categorised as < 10 or > 10ng/ml. At
the time of discharge, patients were advised to
monitor and report Glucometer based Home Self
monitoring of blood glucose levels at specified time
points (Fasting, post-breakfast, post-lunch and post-
dinner glucose levels). Oral glucose tolerance test
(OGTT) was done at months 1, 3 and 6 post renal
transplant in patients not diagnosed with PTDM by
Home monitoring of blood glucose. Those diagnosed
with  PTDM were managed by the primary
physician/endocrinologist.

Statistical analysis

Microsoft Excel was used for compiling patient’s
baseline data. Statistical Software-SPSS version 17.0

in renal transplant recipients

was used for descriptive and inferential data analysis.
Results on continuous variables are presented on
Mean +SD and results on categorical variables are
presented in number as percent (%). Correlation
between categorical variables was done using
Fisher’s exact test. Correlation between continuous
variables was done using Mann-Whitney test. p
value of <0.05 was considered statistically significant.

The incidence of PTDM is presented as percentage of
the transplant cohort at the end of 6 months.
Univariate analysis was performed to determine the
significant risk factors associated with development
of PTDM. However, a multivariate analysis to
determine the impact of various independent risk
factors was not feasible due to the small sample size
of the study.

RESULTS

Of the 30 subjects, 28 underwent live related kidney
transplant and 2 underwent deceased donor Kidney
transplant. The average dialysis vintage was 9
months. The mean age of patients in the
study was 36.5+9.9 years, ranging from 17 years
to 53 years. The male to female was ratio of 4:1. The
native kidney disease was a mix of various causes
with  chronic  glomerulonephritis of  unknown
aetiology (76%) being the most common cause of
ESRD. Pre-transplant fasting blood glucose and 2-
hour post-prandial glucose levels were in the normal
range. The demographic details are shown in Table 1.

Table 1: Demographic details of all the renal transplant recipients (n=30)

Parameter | n=30 | Percent (%)
Age (years)

<30 8 26.7
30-40 10 333

>40 12 40

Sex
Male 24 80
Female 6 20
Native kidney disease
ADPKD 1 3.3
CGN 23 76.7
IgA Nephropathy 2 6.7
Post-partum cortical necrosis 1 3.3
Renal calculi disease 1 3.3
Obstructive uropathy 1 3.3
Type of Dialysis
Haemodialysis 28 93.3
Peritoneal dialysis 1 3.3
Pre-emptive transplant 1 3.3
Type of renal transplant

Live related 28 93.3
Decease donor 2 6.7

At the end of 6 month follow up period, the incidence
of PTDM was 36 % in this study. Of the 30 subjects,
PTDM occurred in 11 subjects. Post-transplant
transient hyperglycemia (PTTH) was found in 17

DOI: https://doi.org/10.51248/.v41i2.1063

483

(56%) of the patients. Out of the 17 patients with
PTTH, 11 patients developed PTDM while 6 patients
became euglycemic at the end of 6 months follow up
period. In the study population, PTDM was
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diagnosed in 6 (54%), 3 (27%) and 2 (18%) of the transplant, respectively. The same has been depicted

patients at month 1, month 3 and month 6 post- in Figure 1.
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Fig. 1: Number of subjects diagnosed with PTDM during the 6-month follow-up period (n=11)

The traditional and novel risk factors for PTDM were
categorised as pre-transplant and post-transplant
factors. All the subjects were divided into PTDM and
non-PTDM cohort for the purpose of analysis. The
Table 2: Pre-transplant risk factors associated with development of PTDM

pre-transplant risk factors with association between
PTDM and non-PTDM groups are shown in Table 2.

Parameter Non-PTDM (n=19) | PTDM (n=11) | p value
Age (years) 33.16 +9.3 42.36 + 8.4 0.01
Sex, M: F 15:4 9:2 0.85
Dialysis vintage (months) 7.3+6.2 13.0+12.8 0.13
Family history (members)
0 14(73.7%) 3(27.2%) 0.007
1 5(26.3%) 4(36.4%)
2 0(0%) 4(36.4%)
BMI (pre-transplant) 23.7+5.2 245+5.5 0.73
HCV positive status 2(10.5%) 3(27.3%) 0.23
HLA mismatch
<3/6 8(42.1%) 6(54.5%) 0.51
>3/6 11(57.9%) 5(45.5%)
Induction agent
ATG 8(42.1%) 6(54.5%) 0.51
Basiliximab 5(26.3%) 1(9.1%)
No Induction (Dexona) 6(31.6%) 4(36.4%)

The mean age was 42.4 years in the PTDM cohort and 33.5 years in the non-PTDM cohort. Significant proportions
of patients with PTDM were above the age of 40 years as shown in Fig. 2.

Frequency

& PTDM

Age

E NON PTDM

Fig. 2: Proportion of PTDM and non-PTDM subjects above and below 40 years of age
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We looked for presence of diabetes mellitus among
the first-degree relatives of the transplant recipients
and categorized them as positive history in one or
more family members. Positive family history of
diabetes mellitus was present in more than two thirds
of the subjects who developed PTDM. The BMI was
measured at various time points during the study. In
the PTDM group, change in BMI over six months
was observed. About 15% subjects moved from
normal BMI to Overweight/Obese category with time
after renal transplant.

Among the post-transplant risk factors, presence of
PTTH had significant association with PTDM. All
our patients were on uniform maintenance

immunosuppression  with  triple drug regimen
(prednisolone + mycphenolate mofetil + tacrolimus).
Post-transplant  patients were started on oral
prednisolone at 0.4mg/kg initially, which was tapered
over 4-6 months to reach a long-term maintenance
dose of 5 mg/day. Cumulative steroid dose and
cumulative tacrolimus dose were similar in both
groups. Trough tacrolimus levels and episodes of
rejection were higher in the PTDM cohort (27%)
compared to non-PTDM group (15%); however, the
association was not found to be statistically
significant. The post-transplant risk factors associated
with PTDM are shown in Table 3.

Table 3: Post-transplant risk factors associated with development of PTDM

Parameters Non PTDM (n=19) PTDM (n=11) | pvalue
Maximal trough Tacrolimus level 7.4+4.4 9.8+5.1 0.28
PTTH 6(31.6) 11(100) 0.004
Steroid cumulative dose 2218+425.3 2242+427.0 0.96
CNI cumulative dose 935.6+317.3 792.8+340.1 0.13
Rejection episodes 3(15.8) 3(27.3) 0.51

Trace element deficiency and Pre-transplant C-
reactive protein (CRP) were considered as a novel
risk factor for development of PTDM. Among the
trace elements, pre-transplant blood levels of
Magnesium (Mg), Aluminium (Al), Selenium (Se),
Copper (Cu) and Zinc (Zn) were assessed. Trace
element levels were categorised as normal, high or
low. The pre-transplant levels of selenium were

normal in all subjects. Aluminium levels were high in
10% of the subjects. Low levels of Magnesium and
Copper were seen in 10 % and 16% of the subjects
respectively. Low level of Zinc was found in 66.7%
of subjects. The proportion of subjects among the
total study population, with various trace element
levels pre transplant has been depicted in Figure 3.
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Fig. 3: Distribution of subjects with normal, high or low trace element levels Pre-transplant (h=30)

Pre transplant CRP level ranged from 0.2 mg/L - 14.6
mg/L with the mean CRP level being 2.69 mg/L. The
levels were similar between both groups and did not
have an association with development of PTDM.
Among the trace elements, low levels of magnesium,
copper and zinc were seen in both the PTDM and non

PTDM groups. However, only zinc deficiency was
found to have a significant association with the
occurrence of PTDM. The proportion of subjects
with trace element deficiency in both PTDM and non
PTDM groups with significant association is shown
in Table 4.

Table 4: Novel risk factors (Pre transplant CRP and trace elements) associated with PTDM

Parameter Non-PTDM (n=19) | PTDM (n=11) p value
CRP (mg/L) 28+34 24+1.7 0.77
Trace element deficiency
Magnesium 1(5.3%) 2(18.2%) 0.45
Zinc 10(52.6%) 10(90.9%) 0.03
Copper 3(15.8%) 2(18.2%) 0.89
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DISCUSSION

Globally, the reported incidence of PTDM ranges
from 4-30% (2). Among the Indian studies, the
incidence of PTDM appears to be slightly, higher
ranging between 21-34% (3-5) as compared to the
worldwide data (6). Differences in studies with
regards to use of standardized definitions, length of
follow-up, intensity of routine screening, inclusion of
OGTT and glycated hemoglobin (HbAlc) testing
have had an impact on incidence estimates. The
incidence of Post Transplant Diabetes Mellitus
(PTDM) in our cohort of renal transplant recipients
was 36.6%, which is similar to other studies which
have reported a higher incidence of PTDM in
subjects of Asian ethnicity.

Among the known traditional risk factors, higher age
and positive family history of diabetes mellitus had a
strong association in the occurrence of PTDM. Other
risk factors like gender, native kidney disease, type of
donation, HCV infection, degree of HLA mismatch,
type of induction agent and cumulative dose of
steroids/CNI's did not show association with
development of PTDM. Among the novel risk
factors, while pre-transplant inflammatory status did
not confer significance, Trace element deficiency was
associated with development of PTDM.

Till date, higher age has been found to be the
independent risk factor associated with PTDM. In a
study by Cosio et al., age above 45 years was shown
to be associated with 2.9 times higher risk of
developing PTDM (7). In another study on Canadian
population, the incidence of PTDM was found to
increase by 50% for every 10-year increase in age
(8). Among those who developed PTDM in our
study, 70% of the patients were above the age of 40
years (p< 0.01). Similar to other studies (3,4,5)
higher the age, higher the risk for PTDM is clearly
evident in our study.

Similar to type 2 diabetes mellitus in the general
population, genetic and environmental factors have
been suggested to play a role in the development of
PTDM. Presence of family history of diabetes
mellitus has been implicated to have 2 to 7 times
increased risk of developing PTDM (9,10). In our
study, family history of diabetes mellitus was present
in 70% of the patients who developed PTDM. We
looked for presence of diabetes mellitus among the
first-degree relatives of the transplant recipients and
categorized them as positive history in one or more
family members. Similar to previous studies, we
found that presence of DM in one or more family
members was associated with significantly higher risk
of PTDM (p < 0.007).

Obesity has detrimental effects on transplantation
outcomes for a variety of reasons, one of them being
risk for PTDM. In our study, the pre-transplant BMI
was similar between both the PTDM and non-PTDM
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groups. Even at 6-months post-transplant, the BMI
between both groups were not very different. Among
those who developed PTDM, 27% of patients were in
the overweight/obese category pre-transplant. At 6-
month  post-transplant, the patients in the
overweight/obese category increased to 45%. About
15% of patients had increased their BMI over a 6-
month period post-transplant. However, the change in
BMI did not confer statistical significance.

The role of steroids in contributing to PTDM among
renal transplant recipients was first described by
Starlz in the year 1964 (2). However, the results of a
double-blind randomized trial indicated that early
corticosteroid withdrawal had limited impact in
reducing  PTDM when compared to low-dose
prednisone (11). We calculated the cumulative dose
of oral prednisolone over 6 months post-transplant to
assess the dose dependent risk associated with
PTDM. However, the cumulative dose of steroids
used was comparable between the PTDM and non-
PTDM groups. This lack of association between
steroid use and PTDM clearly indicates that
occurrence of PTDM is multi-factorial influenced by
changes in patient risk profiles and changes in
immunosuppressive medications.

Of the wvarious inflammatory markers like
Adiponectin, CRP, TNF-alpha and IL, high TNF-
alpha levels were found to be associated with PTDM
(12). We looked at pre-transplant CRP levels as a
marker of inflammatory status. In our study the pre-
transplant CRP levels were within the normal range in
both the groups. Though CRP levels were found to be
higher in the PTDM group, it was not statistically
significant.

Considering hypomagnesemia as a risk factor for
PTDM, some studies have looked at the effect of
magnesium supplements in early post-transplantation
period. High doses of magnesium oxide have had a
beneficial, but minor effect on glycemic control (13).
In our study, pre-transplant serum magnesium levels
were in the normal range in 50%, high in 30% and
low only in 10% of patients in the entire cohort.
However, among those who developed PTDM, 18%
patients had hypomagnesaemia as compared to 5% in
those who did not develop PTDM. Though the
proportion of patients with hypomagnesaemia was
higher in the PTDM group, we found no statistical
significance.

Among the trace elements, deficiency of Zinc and
Copper as possible risk factor for diabetes mellitus in
the general population have been studied extensively.
Zinc is a trace element and an essential component of
more than 300 catalytic enzymes in the body (14,15).
The Zinc content in pancreatic B-cells is among the
highest of the body (16) and acts as a co-factor in the
synthesis, storage and secretions of insulin by
pancreatic  tissue, also accounting for the
conformation integrity of insulin in its hexameric
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crystalline structure. Different Zinc Transporter
(ZnTs) including ZnT8, ZnT3, and ZIP6 have
specific roles in insulin pathway (17). Observations
of  hyperzincuria, hypozincemia and  zinc
malabsorption in patients with diabetes, indicate their
role in the pathogenic mechanism. Many of the
complications of diabetes are related to the decrease
in intracellular zinc and zinc dependent antioxidant
enzymes. A study by Praveena et al (18) has shown
that serum zinc levels in the diabetic patients was
found to be significantly lower than that of the control
group. Low levels of Zinc have been demonstrated in
patients of type 2 diabetes mellitus consistently (19-
21). In our study, of the entire cohort, Zinc level was
in the normal range in 33% of patients and was low in
66% of patients prior to transplant. In those who
developed PTDM, 90% patients had low zinc as
compared to 50% in those who did not develop
PTDM (p<0.03). Our study shows that Zinc
deficiency was associated with PTDM even in the
transplant setting. We found low Copper levels in
16% of patients of the entire cohort. Apart from Zinc,
other trace elements like copper, selenium and
aluminium did not seem to have an impact on PTDM
in our study. To our knowledge, this study remains
unique since there have been no studies looking at
trace element deficiency in a cohort of renal transplant
recipients. Till date, studies on trace element
deficiency and diabetes have been done in the general
population. Though there are no guidelines for zinc
measurement or supplementation in patients with
diabetes, zinc supplementation has been observed in
several studies to positively affect HbAlc, glucose
and lipid levels with potential for decreasing
oxidative stress and protection from renal damage
(22-24). Along with strict glycemic control and
management of known risk factors, repletion of trace
elements may be an effective therapeutic intervention
in preventing progression of diabetes and its
associated complications.

Post-transplant transient hyperglycemia (PTTH) is a
recently introduced terminology during the consensus
meeting on PTDM in 2014. In the available literature,
prior to 2014, PTTH has been referred to as in-patient
hyperglycemia or early onset hyperglycemia or
hyperglycemia requiring insulin therapy temporarily.
In a study by Chakkera et al., (25) 48% of the
patients who had in-patient hyperglycemia developed
PTDM. Cosio et al., reported that hyperglycemia
during the first week after transplantation is the
strongest predictor of PTDM at 1 year (7). In a study
by Tapia (26) on 163 renal transplant recipients, 16
% developed PTDM. Early hyperglycemia was
observed in 60% of the subjects. In our study we
found 56% of patients to have had PTTH. In those
who developed PTDM, all the patients had PTTH. In
those who did not develop PTDM, 36% patients had
PTTH. Presence of PTTH was found to have
significant association with occurrence of PTDM (p<
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0.004). Our study results correlate very well with
previous studies where in-patient and early
hyperglycemia post-transplant prove to be a major
risk factor for future PTDM. With the new definition
of PTTH in place, studies with new design and
testing strategies in high-risk patients may be the next
logical step in prevention of PTDM.

CONCLUSION

We found higher age, zinc deficiency and post-
transplant transient hyperglycemia to be significant
risk factors associated with future development of
PTDM. The inclusion of PTDM as a pre-specified
endpoint will help to better understand not only the
most important contributing risk for PTDM but also
identify those interventions that are most likely to
result in a lower incidence of PTDM. We suggest
further studies to look at novel risk factors associated
with development of PTDM. Along with strict
glycemic control and management of known risk
factors, repletion of trace elements may be an
effective therapeutic intervention in preventing
progression of diabetes and its associated
complications.
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