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Risks factor for developing post-transplant diabetes after pediatric kidney transplant in a 

Canadian tertiary care children’s hospital between 1995-2016 

Key Messages: 

- The cumulative incidence of post-transplant diabetes was 31% and 14.1% at 1- and 2-years

transplant in a pediatric cohort of kidney transplant recipients seen at a tertiary care

children’s hospital serving the province of British Columbia

- Any dysglycemia (impaired glucose tolerance, impaired fasting glucose, or diabetes) in the

peri-operative period (8-30 days post-transplant) increased the risk of PTDM at 1-year

post-transplant by 3-fold

- No significant association was found between typical risk factors for type 2 diabetes (i.e.

positive family history of type 2 diabetes, ethnicity, obesity) and post-transplant diabetes
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Abstract 

Background: Post-transplant diabetes mellitus (PTDM) is a serious complication in kidney transplant 

recipients (KTR) due to its negative impact on graft and patient survival. Although reported in 3-20% of 

pediatric KTR, it is not characterized as well as in adults. This study describes the incidence and risk 

factors associated with the development of PTDM in pediatric KTR. 

Methodology: Retrospective cohort study of non-diabetic pediatric patients, aged 6 months to 19 years, 

who underwent a first kidney transplant during 1995-2016.  We estimated the cumulative incidence rate 

and used multivariable logistic regression to identify the diabetogenic risk factors for PTDM.  

Results: A total of 142 KTR were included in this study. The cumulative incidence of PTDM was 31% 

and 14.1% in the first, and second year post-transplant, respectively. Significant risk factors for PTDM in 

the first-year post-transplant included: dysglycemia in the first 8-30 days post-transplant (adjusted odds 

ratio [aOR]: 3.02, 95% CI:1.21-7.53; p=0.018) and use of sirolimus in the first 30 days post-transplant 

(aOR: 5.33, 95% CI: 1.16-24.35; p=0.031). No significant association was found with typical 

diabetogenic factors. 

Conclusion: The incidence of PTDM is high among pediatric KTR. Independent risk factors associated 

with PTDM, included meeting criteria for dysglycemia or diabetes and sirolimus use in the first month 

post-transplant. Typical diabetogenic risk factors for type 2 diabetes were not associated with an 

increased risk. This study provides important information for post-transplant medical care and future 

research. 
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Introduction 

Post-transplant diabetes mellitus (PTDM) is a well-known complication in solid organ transplant and has 

proven to have negative impacts on long-term graft and patient survival.
1,2

 In a recently published

population-based study
3
, the overall risk of diabetes mellitus (DM)  was nine times higher in children

who received a solid organ transplant compared to children who had not received a transplant, and new-

onset diabetes post-transplant was associated with a three-fold higher risk of mortality. While these 

patients remain at risk even 10 years after transplantation, the risk of diabetes was found to be highest in 

the first year after solid organ transplant. Specifically, in pediatric kidney transplant recipients (KTR), a 

Canadian study (N=274) reported a 2.7-fold higher risk of mortality in the presence of PTDM with 

cardiovascular events being the most common cause of death.
4

Prior studies reported an increase in the incidence of PTDM, likely due to the use of diabetogenic 

immunosuppressive agents as well as the increasing burden of childhood obesity, poor dietary habits, and 

sedentary lifestyles.
1,4–9

 In a recently published population-based study on pediatric solid organ transplant

recipients, the incidence rate of diabetes in KTR was 18.8 (95% CI: 14.9-23.8) per 1000 person-years.
3 

With recent advancements in our collective knowledge of the impact of PTDM on health outcomes in 

pediatric KTRs, there is a need for heightened awareness of PTDM, particularly among children and 

youth who are at higher risk.
5,10 

Studies in the adult population have demonstrated that many of the pathophysiological mechanisms of 

PTDM overlap with type 2 diabetes (T2DM) such as insulin resistance, impaired insulin secretion, 

reduced insulin-mediated glucose uptake in peripheral tissues, sub-optimal insulin suppression of hepatic 

glucose production and impairment of the incretin axis between the gut and pancreas further 

compromising pancreatic beta cell function.
11 

Therefore, several risk factors implicated in the
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pathogenesis of T2DM, are also observed in PTDM, like ethnicity, obesity, and a positive family history 

of DM.
6,9

 Characteristics unique to solid organ transplant recipients that further contribute to the risk of 

developing PTDM include: glucocorticoid use and in particular, high doses of intravenous 

methylprednisolone in the peri-operative period, calcineurin inhibitors (CNI) such as cyclosporine A 

(CyA) and tacrolimus (Tac) that are directly toxic to the beta cell, 
2,12–14 

viral infections such as hepatitis 

C and cytomegalovirus, 
2,15–17

 and hypomagnesemia.
18

 Identifying risk factors for PTDM, initiating 

timely and consistent screening after transplantation, and intervening early may help to improve the 

health outcomes of pediatric KTRs.  

In response to existing knowledge on the impact of PTDM on health outcomes of pediatric KTRs, as well 

as the opportunity to prevent PTDM by addressing modifiable risk factors such as glucocorticoid and CNI 

doses and unhealthy lifestyles, we aimed to determine the incidence of PTDM among pediatric KTR 

patients at our tertiary care children’s hospital and identify pre- and peri-transplant risk factors that would 

inform a quality improvement initiative to achieve better screening and management of PTDM.    

Methods 

 

Study design and population  

This retrospective cohort study included non-diabetic pediatric patients, aged 6 months to 19 years, who 

underwent a first kidney transplant at British Columbia Children’s Hospital (BCCH) in Vancouver, 

British Columbia (BC), between 1995 and 2016, and who were followed for at least two consecutive 

years. BCCH is the only tertiary level hospital in the province and therefore, is the provincial site that 

manages all pediatric kidney transplant patients. Patients were excluded from the study if they had a 

previous diagnosis of cystic fibrosis, DM type 1 or 2, a record of a previous solid organ transplant or 

received a multiple organ transplant.  
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Post-transplant diabetes mellitus and dysglycemia 

 

The terms pre-diabetes and DM were defined based on the 2014 international and North American 

guidelines.
19–21

  PTDM was defined as one or more of the following criteria present on more than one 

occasion, at any time after the first month post-transplant: i) a fasting plasma glucose (FPG) of ≥ 7.0 

mmol/L (≥126 mg/dl), ii) a 2-hour plasma glucose after an oral glucose tolerance test (OGTT) of ≥11.1 

mmol/L (≥200 mg/dl) or iii) a random plasma glucose (RPG) ≥11.1 mmol/L (≥200 mg/dl) with classic 

symptoms of hyperglycemia.  

 

Post-transplant pre-diabetes (PTpreDM) was defined as: i) impaired fasting glucose (IFG) with a blood 

glucose between 5.6 mmol/L (100 mg/dl) and 6.9 mmol/L (125 mg/dl) or; ii) impaired glucose tolerance 

(IGT) with a blood glucose between 7.8 mmol/L (140 mg/dl) and 11 mmol/L (199 mg/dl) on more than 

one occasion, at any time after the first month post-transplant.  Dysglycemia was defined as any blood 

glucose dysregulation (IFG, IGT or DM) at any time after transplantation. 

 

Glycosylated hemoglobin (A1C) level was not taken into consideration when defining post-transplant 

dysglycemia or PTDM, due to potential for misinterpretation of A1C levels in KTR caused by reduced 

red blood cell survival, early post-transplant blood transfusions and lack of synthesized and glycated 

hemoglobin in the early post-transplant period. 
22

 Although the majority of patients received insulin for 

the treatment of hyperglycemia in the immediate post-operative period, due to the lack of clinical 

consensus on glycemic targets and timing of insulin initiation, we did not use insulin therapy as a 

criterion for defining PTDM. Diagnostic criteria are summarized in Table 1 and are based on venous 

samples and laboratory methods. 
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Post-transplant hypomagnesemia 

We defined post-transplant hypomagnesemia as magnesium levels below 0.7 mmol/L on more than one 

occasion in the first 30 days post-transplant. 

 

Data source 

 

Data was extracted from the Patient Records and Outcome Management Information System (PROMIS), 

the provincial database that tracks the clinical data of all solid organ transplant recipients (adult and 

pediatric) from across the province of BC. Additional clinical data that was not available in PROMIS (i.e. 

family history of T2DM, blood pressure, antihypertensive agents, weight, height, BMI, hospital days 

post-transplant, type and dose of steroid used in early post-transplant period) was extracted from the 

clinical chart. The University of British Columbia and the Children’s and Women’s Health Centre of 

British Columbia Research Ethics Board (UBC C&W REB) approved this study protocol (H16-02351). 

 

Data Collection 

 

Recipient–related clinical data included sex, age at transplant, ethnicity, family history of T2DM, 

hypertension (defined as a systolic blood pressure  95 percentile for gender, age and height)
23

, body 

mass index (BMI) z-score (calculated using gender, age, weight and height,  applying the growth charts 

from the World Health Organization), underlying kidney disease and type of dialysis (hemodialysis, 

peritoneal dialysis). Transplant-related clinical data included: donor type (live or deceased), duration of 

post-transplant hospitalization (days), and magnesium levels.  
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During period 1 (from 1995 to 2005), medications used for maintenance of immunosuppression post-

transplant were a calcineurin inhibitor (CNI: tacrolimus (Tac) or cyclosporine (CyA)), either alone or 

combined with mycophenolate mofetil (MMF), azathioprine (Aza)) or a mammalian target of rapamycin 

(mTOR: sirolimus (Sir)). During Period 2 (from 2006 to 2016), Tac combined with MMF was used. 

Trough levels of CNI were documented in both periods. In both periods, antibody induction consisted 

mainly of anti-IL-2 receptor antibody treatment with basiliximab, although in select cases with either high 

risk or delayed allograft function, rabbit anti-thymocyte globulin (thymoglobulin) was used for induction. 

Since all individuals received glucocorticoids post-operatively, we only documented the cumulative dose 

of steroids in the first week post-transplant (mg/kg).  

 

Statistical analysis 

 

The analysis was carried out using SAS/STAT software version 9.4. All continuous data in the study were 

expressed as means and standard deviations (SD) and categorical data were expressed as number and 

percentages, unless otherwise indicated. Univariate and multivariable analysis for dysglycemia and 

PTDM were performed using the Cox proportional hazards model. The primary endpoint was time until 

development of PTDM during a 2-year follow-up.  A priori defined risk factors for PTDM in unadjusted 

analysis were included in the multivariable multinomial logistic regression analysis. All the tests were 

two-sided with values of p < 0.05 as statistically significant.  

 

Results 

 

Population characteristics 

A total of 142 pediatric KTR who did not have a diagnosis of diabetes pre-transplant were identified and 

included in this study. With a predominantly male representation (59%, n=83), mean age pre-transplant 

was 11.2 (5.5) years. Clinical and demographic characteristics of the cohort pre-transplant are shown in 
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Table 2, as well as the clinical characteristics of the 44 and 20 patients who developed PTDM during year 

1 (from days 31 to 365) and year 2 (from days 366 to 730) after transplant, respectively.  

 

Cumulative incidence of prediabetes, diabetes and  dysglycemia in time 

Figure 1 shows the cumulative incidence of prediabetes, DM, and dysglycemia at different time points 

after transplant (with day 0 indicating the day of transplantation). A high proportion of patients 

experienced dysglycemia (80.3%; n=114) in the first 0-7 days post-transplant, with 65.5% (n=93) meeting 

the definition for DM. The proportion of patients with PTDM was highest 31-365 days post-transplant 

(31%, N=44) decreasing to 14.1% in the second year post-transplant. Rates of pre-diabetes remained 

consistent over the 2-year study period affecting about one-third of patients.   

 

We stratified the cases into two time periods: Period 1 from 1995 to 2005 with a total of 77 patients and 

Period 2 from 2006 to 2016 with a total of 65 patients. (Figure 2) We found that dysglycemia decreased 

from 76.6% (n=59) to 52.3% (n=34) with the majority of this decrease attributed to a decrease in rates of 

PTDM from 40.2% (n= 31) to 20% (n=13) in the first-year post-transplant. During the second-year post-

transplant, dysglycemia decreased from 59.7% (n=46) to 27.7% (n=18) and PTDM decreased from 22% 

(n= 17) to 4.6% (n=3). 

 

Figure 3 shows the probability of PTDM free survival at different time points in the first two years post-

transplant. In Period 1, PTDM free survival was 59% and 37% at 1-year and 2-years post-transplant, 

respectively. In Period 2, PTDM free survival was higher at these same time points (80% and 75%, 

respectively). 

Immunosuppressive protocol during the first month post-transplant  

In Figure 4, we stratified all KTR in our cohort based on the two time periods mentioned above and 

detailed the immunosuppressive therapy received during the first month after transplant. In the first period 

from 1995-2005 multiple protocols were used, with 42.8% of patients using a combination of CyA and 
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MMF, 16.9% using CyA and Aza, and 16.9% using CyA and Sir. In the second period from 2006-2016, 

100% (n=65) of cases received Tac and MMF. 

Risk factors associated with PTDM at 1- and 2-years post-transplant 

Unadjusted and adjusted analyses are shown in Tables 3 and 4. An additional independent variable, 

dysglycemia at 0-7 days and 8-30 days post-transplant was created and included in the analysis. On the 

multivariable analysis, a significant predictor of PTDM and any dysglycemia at 1-year post transplant 

was the presence of dysglycemia in the first 8-30 days post-transplant with an adjusted odds ratio (aOR) 

of 3.02 (95% CI:1.21-7.53; p=0.017) and 4.50 (95% CI: 1.74-11.61; p=0.001), respectively. The use of 

sirolimus in the first 30 days post-transplant was also a predictor of PTDM in the first year post-transplant 

with an aOR of 5.33 (95% CI: 1.16-24.35; p=0.031). At 2-years post-transplant, no significant predictors 

for PTDM were identified. Further, typical type 2 diabetogenic risk factors, including ethnicity, family 

history of T2DM and BMI z-score at the time of transplant were not predictors of pediatric PTDM at 1-

and 2-years post-transplant. 

Discussion 

In this study, we report on a retrospective cohort of non-diabetic children and youth who received a 

kidney transplant between the years of 1995-2016 at BC Children’s Hospital, the only tertiary care 

pediatric centre in the Canadian province of BC. Of 142 non-diabetic pediatric kidney transplant 

recipients, 44 (31%) and 20 (14.1%) developed PTDM in the first (31-365 days) and second (366-730 

days) year post-transplant, respectively. Pre-diabetes (IFG or IGT) occurred in one-third of patients both 

in the first- and second year post-transplantation. When comparing the time period 1995-2005 to 2006-

2016, rates of PTDM in year 1 and year 2 post-transplant decreased by at least half, coinciding with a 

change in immunosuppressant therapy from predominantly using CyA (in concert with other 

immunosuppressants) to exclusively using Tac. While typical T2DM risk factors did not increase risk for 
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PTDM, the presence of any dysglycemia (IGT, IFG or DM) between days 8-30 post-transplant increased 

the risk of developing PTDM by 3-fold in the first-year post-transplant.  

The North American Pediatric Renal Transplant Cooperative Study defined PTDM as the new 

requirement of insulin therapy for more than 2 weeks duration at any time post kidney transplantation and 

reported an incidence of PTDM of 2.6% from January 1992 to July 1997, with the majority of patients 

developing PTDM within the first 6 months after transplantation.
8
  Greenspan et al reported a cumulative 

incidence of PTDM (defined as a serum glucose >11.1 mmol/L (200 mg/dl) on more than one occasion 

and requiring antihyperglycemic medication) of 20% from 1986-1999 with a mean time from 

transplantation to PTDM presentation of 1.2 years (range 1 day to 6.2 years).
6
 Similar to our study, more 

recent studies have used the ADA definition of PTDM 
20 

yet reported lower cumulative incidence rates of 

PTDM in KTR, compared to our study. Prokai et al documented an incidence of 13% between the years 

1990 to 2006, with onset of PTDM occurring less than one-year post-transplant in 70% of cases.
9 

 In a 

study reporting on diabetes in pediatric solid organ transplant recipients seen in a Canadian tertiary care 

pediatric hospital between January 2002 to December 2011, the cumulative incidence of PTDM in KTR 

was 8.3% after 5-years of follow-up.
24

  

Our study showed a significantly higher cumulative incidence of PTDM compared to other published 

pediatric studies which may be due to varying definitions of PTDM, as well as variable follow-up in the 

post-transplant period. The use of insulin and other anti-hyperglycemic drugs were not included as criteria 

for defining PTDM in our study. Frequent blood glucose testing in the early post-transplant period may 

also explain the higher incidence of blood glucose dysregulation documented in the first year after 

transplantation.  In our experience, insulin therapy is usually initiated in the context of persistent 

hyperglycemia and not for transient elevations in blood glucose levels that are often observed during 

acute infections or episodes of rejection where higher doses of steroids are required temporarily. We were 
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not able to discriminate between transient and persistent hyperglycemia in our study which may have 

contributed to the higher incidence of diabetes and dysglycemia in our analysis.  

 

Interestingly, when stratified by time period, our reported cumulative incidence of PTDM from 2006-

2016 was lower (4.6%) and in keeping with rates observed in adult KTR.
1,5,25 

Differences in the incidence 

of PTDM observed in the 1995-2005 and 2006-2016 periods, may be due to differences in the 

immunosuppressive protocols received, as well as modifications in dosing, with rapid reduction of CNI 

and steroid dosages as seen in other research studies.
26,27

 Valderhaug et al documented a reduction in the 

incidence of PTDM and a 50% less odds of developing PTDM when a historical cohort of adult KTR 

(1995 -1996) was compared to a more recent cohort (2003-2005).
27

 

Although cumulative incidence rates vary across studies, the onset of PTDM within one-year post-

transplant in pediatric KTR appears to be a consistent finding. In a recent population-based cohort study 

of pediatric solid organ transplant recipients (i.e. kidney, liver, heart and multi-organ), the adjusted 

relative hazard of PTDM was highest in the first-year post-transplant (HR 20.7; 95% CI: 15.9-27.1)
3
 In 

studies focused on KTR specifically, the majority of cases of PTDM occurred in the first year post-

transplant
8,9

 although between 30-50% of patients experienced reversal of their glucose metabolic 

disorder
6,8,9

. Nonetheless, PTDM is associated with adverse patient outcomes. Adult and pediatric studies 

examining the link between PTDM and graft loss in solid organ transplant recipients have been 

conflicting
7,8,27,28

, however a 3-fold increased risk of mortality has been reported in pediatric solid organ 

transplant recipients
3
. In pediatric KTRs specifically, Koshy et al reported that PTDM was associated 

with an increased risk of mortality (hazard ratio [HR] 2.79, 95% CI:1.04-7.44) and cardiovascular events 

(HR 3.90, 95% CI: 1.31-11.59).
4
 Therefore, identifying PTDM early and timely intervention may have a 

positive impact in the long-term health outcomes of pediatric KTR. 
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Risk factors for T2DM such as ethnicity 
8,28

, a high BMI 
6,7,28

 and a family history of DM 
6,9

 have been 

reported to be associated with risk for PTDM in pediatric KTR. Further, factors unique to transplant 

recipients such as use of Tac, steroid dose, CMV positivity and hypomagnesemia may affect risk for 

PTDM 
6,8,9,28

. In our study, after adjustment for early dysglycemia, none of these risk factors were 

associated with the development of PTDM including classic T2DM risk factors. We did find however that 

any blood glucose dysregulation (IGT, IFG or DM) in the first 30 days post-transplant increased the odds 

of PTDM by 3-fold and dysglycemia by 4.5-fold at 1-year post-transplant. Since magnesium (Mg) is 

necessary for insulin signaling and glucose metabolism, low blood levels have been linked with increased 

insulin resistance and are considered a potential risk factor for DM since CNIs increase magnesium renal 

excretion and wasting.
29 

Nevertheless, in our data analysis, hypomagnesemia in the first 30 days post-

transplant was not an individual predictor for the development of PTDM. 

 

A high incidence of blood glucose dysregulation in the first 30 days post-transplant is not uncommon and 

is likely due to exposure to high doses of glucocorticoids and immunosuppressive agents, as well as 

surgery induced stress.
30,31

 In adult KTR, hyperglycemia and requiring insulin in the first week post-

transplantation has been found to be associated with an increased risk of PTDM.
32,33

 Peri-transplant 

hyperglycemia was reported as an independent risk factor for PTDM by Greenspan et al, with 56% of the 

PTDM group having glucose levels >11.1 mmol/L (200 mg/dl) during the first 2-weeks post-transplant.
6
  

Early  hyperglycemia has been linked to an increase in infectious and cardiovascular complications in 

adult KTR, with early development of PTDM and IGT as predictors of mortality.
27

 The development of 

hyperglycemia in the weeks following adult kidney transplant in non-diabetic patients increased the odds 

of PTDM by 29%, as well as cardiovascular complications.
32  

Hecking et al studied the use of basal 

insulin in the early post-transplant period and reported fewer cases of PTDM 1-year post-transplant in the 

group who received intensive insulin therapy compared to the conventional treatment group.
34

 It has been 

hypothesized that ‘beta cell rest’ in this peri-operative period may preserve beta cell longevity by 
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preventing beta cell glucotoxicity and over stimulation of vulnerable cells.
11

 The results of our study 

support further research in this area that includes pediatric KTR, as well as prompt treatment of 

hyperglycemia in the post-operative period. 

Calcineurin inhibitors (CNIs) are usually part of a triple immunosuppressive regimen that often also 

includes prednisone and a proliferation inhibitor (i.e. mycophenolate). Cyclosporine A came into use in 

1983 and tacrolimus a decade later, and although Tac is considered to be more diabetogenic 
35

, it has 

become the CNI of choice because it is superior in the prevention of graft rejection and cardiovascular 

events compared to CyA.
36

 In our study, neither Tac nor CyA were significant independent risk factors 

for developing PTDM. However, the difference in rates of PTDM between our study’s two time periods 

coincides with the change in practice from using CyA to Tac.  On the other hand, Sir  used in combination 

with steroids and CNI demonstrated a significant association with PTDM. This association was 

independent of the cumulative dose of steroids used in the first-week and trough levels of CNI measured 

in the first-month post-transplant. These findings are similar to those documented by Johnston et al, 

where Sir was an independent risk factor for PTDM, either if used alone or in combination with Tac or 

CyA
37

. Sir by its action through mammalian target of rapamycin has been linked to insulin resistance
 
and 

direct beta cell toxicity.
14,38–40

 Studies suggest Sir to be diabetogenic after conversion following CNI 

withdrawal 
41

, with a lower incidence of PTDM in Sir-free groups when compared to groups receiving the 

drug.
38

 It is possible that the absence of Sir use in the second period of our study (2006-2016) may have 

contributed to the reduction in the incidence of dysglycemia and PTDM.  

Lifestyle modification has been reported by Sharif et al, to reverse impaired glucose tolerance
42

 and 

according to the recent CAVIAR trial, active lifestyle interventions reduced PTDM incidence by 15.6% in 

KTR.
43

  It is possible that in the latter years of our study, improvements in the delivery of lifestyle 

counselling contributed to the reduction in the incidence of dysglycemia and diabetes however these 
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lifestyle interventions are often not clearly documented in the medical chart making it challenging to 

evaluate this treatment approach on patient outcomes.  

 

Our study is limited by its retrospective design and shorter duration of follow-up of 2 years post kidney 

transplantation. Our cohort was derived from a single tertiary level children’s hospital however, our 

centre is the only site across the province that manages pediatric solid organ transplants and therefore, the 

likelihood of missing cases is relatively low. Our study may also be underpowered in detecting some 

predictors as evidenced in the wider confidence intervals. Our sample size of pediatric KTR is lower than 

some of the more recently published population-based studies on pediatric solid organ transplant 

recipients which may partially explain the non-association of multiple previously reported risk factors for 

pediatric PTDM. Strengths of our study include a provincial cohort that is relatively large and two years 

of comprehensive data from a clinical registry that was supplemented by comprehensive clinical chart 

reviews. Further, our study spanned 20 years of data (1995-2016) allowing us to capture the impact of 

changes in the medical management of pediatric KTR and its influence on rates of PTDM and 

dysglycemia. 

 

 

Conclusion 

Dysglycemia and PTDM are common in pediatric KTR, with dysglycemia in the first 30 days post-

transplant being a significant risk factor for the development of PTDM. Prevention of PTDM necessitates 

clinicians to identify those at risk which is usually based on assessing for typical risk factors for T2DM 

(i.e. BMI, ethnicity, family history of diabetes). We demonstrate that pediatric KTR recipients who 

develop PTDM do not necessarily have these typical risk factors making risk stratification challenging. 

There is a paucity of research on preventative measures during the peri-operative period in the pediatric 

KTR population, however adult pilot studies exploring the use of early insulin initiation for post-operative 
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hyperglycemia show promise. 
34

 We have used the results of our research to inform a quality 

improvement initiative that supports early involvement of pediatric endocrinologists in the care of 

children and youth who receive kidney transplant, allowing for timely insulin initiation to prevent post-

operative dysglycemia. More research is needed to determine the impact of this approach on risk for 

PTDM, as well as graft survival and mortality in the pediatric KTR population.  

References 

 

1. Chakkera HA, Weil EJ, Pham P-T, Pomeroy J, Knowler WC. Can New-Onset Diabetes After Kidney 

Transplant Be Prevented? Diabetes Care. 2013;36(5):1406-1412. doi:10.2337/dc12-2067 

2. Bodziak KA, Hricik DE. New‐ onset diabetes mellitus after solid organ transplantation. Transplant Int. 

2009;22(5):519-530. doi:10.1111/j.1432-2277.2008.00800.x 

3. Chanchlani R, Kim SJ, Dixon SN, Jassal V, Banh T, Borges K, Vasilevska-Ristovska J, Paterson JM, 

Ng V, Dipchand A, Solomon M, Hebert D, Parekh RS. Incidence of new-onset diabetes mellitus and 

association with mortality in childhood solid organ transplant recipients: a population-based study. 

Nephrol Dial Transpl. 2018;34(3):524-531. doi:10.1093/ndt/gfy213 

4. Koshy SM, Guttmann A, Hebert D, Parkes RK, Logan AG. Incidence and risk factors for 

cardiovascular events and death in pediatric renal transplant patients: A single center long-term outcome 

study. Pediatr Transplant. 2009;13(8):1027-1033. doi:10.1111/j.1399-3046.2008.01111.x 

5. Garro R, Warshaw B, Felner E. New-onset diabetes after kidney transplant in children. Pediatr 

Nephrol. 2014;30(3):405-416. doi:10.1007/s00467-014-2830-7 

6. Greenspan LC, Gitelman SE, Leung MA, Glidden DV, Mathias RS. Increased incidence in post-

transplant diabetes mellitus in children: a case-control analysis. Pediatric nephrology (Berlin, Germany). 

2002;17(1):1-5. doi:10.1007/s004670200000 

7. Burroughs TE, Swindle JP, Salvalaggio PR, Lentine KL, Takemoto SK, Bunnapradist S, Brennan DC, 

Schnitzler MA. Increasing Incidence of New-Onset Diabetes After Transplant Among Pediatric Renal 

Transplant Patients. Transplantation. 2009;88(3):367-373. doi:10.1097/tp.0b013e3181ae67f0 

8. Al-Uzri A, Stablein DM, Cohn RA. Posttransplant diabetes mellitus in pediatric renal transplant 

recipients: a report of the North American pediatric renal transplant cooperative study (NAPRTCS)1. 

Transplantation. 2001;72(6):1020-1024. doi:10.1097/00007890-200109270-00007 

9. Prokai A, Fekete A, Kis E, Reusz GS, Sallay P, Korner A, Wagner L, Tulassay T, Szabo AJ. Post-

transplant diabetes mellitus in children following renal transplantation. Pediatr Transplant. 

2008;12(6):643-649. doi:10.1111/j.1399-3046.2007.00862.x 

Jo
urn

al 
Pre-

pro
of

Acosta-Gualandri et al. Canadian J Diabetes. 2021;45(5):481-489          DOI:10.1016/j.jcjd.2021.05.004



 16 

10. Caillard S, Eprinchard L, Perrin P, Braun L, Heibel F, Moreau F, Kessler L, Moulin B. Incidence and 

Risk Factors of Glucose Metabolism Disorders in Kidney Transplant Recipients: Role of Systematic 

Screening by Oral Glucose Tolerance Test. Transplantation. 2011;91(7):757-764. 

doi:10.1097/tp.0b013e31820f0877 

11. Jenssen T, Hartmann A. Post-transplant diabetes mellitus in patients with solid organ transplants. Nat 

Rev Endocrinol. 2019;15(3):172-188. doi:10.1038/s41574-018-0137-7 

12. Chakkera HA, Mandarino LJ. Calcineurin Inhibition and New-Onset Diabetes Mellitus After 

Transplantation. Transplant J. 2013;95(5):647-652. doi:10.1097/tp.0b013e31826e592e 

13. Heit JJ, Apelqvist ÅA, Gu X, Winslow MM, Neilson JR, Crabtree GR, Kim SK. Calcineurin/NFAT 

signalling regulates pancreatic β-cell growth and function. Nature. 2006;443(7109):345-349. 

doi:10.1038/nature05097 

14. Prokai A, Fekete A, Pasti K, Rusai K, Banki N, Reusz G, Szabo A. The importance of different 

immunosuppressive regimens in the development of posttransplant diabetes mellitus. Pediatr Diabetes. 

2012;13(1):81-91. doi:10.1111/j.1399-5448.2011.00782.x 

15. Baid S, Cosimi AB, Farrell ML, Schoenfeld DA, Feng S, Chung RT, Tolkoff-Rubin N, Pascual M. 

Posttransplant diabetes mellitus in liver transplant recipients: Risk factors, temporal relationship with 

hepatitis C virus allograft hepatitis, and impact on mortality. Transplantation. 2001;72(6):1066-1072. 

doi:10.1097/00007890-200109270-00015 

16. Chen T, Jia H, Li J, Chen X, Zhou H, Tian H. New onset diabetes mellitus after liver transplantation 

and hepatitis C virus infection: meta‐ analysis of clinical studies. Transplant Int. 2009;22(4):408-415. 

doi:10.1111/j.1432-2277.2008.00804.x 

17. Lane JT, Dagogo-Jack S. Approach to the Patient with New-Onset Diabetes after Transplant 

(NODAT). J Clin Endocrinol Metabolism. 2011;96(11):3289-3297. doi:10.1210/jc.2011-0657 

18. Hayes W, Boyle S, Carroll A, Bockenhauer D, Marks SD. Hypomagnesemia and increased risk of 

new-onset diabetes mellitus after transplantation in pediatric renal transplant recipients. Pediatric 

Nephrol. 2017;32(5):879-884. doi:10.1007/s00467-016-3571-6 

19. Sharif A, Hecking M, Vries APJ de, Porrini E, Hornum M, Rasoul‐ Rockenschaub S, Berlakovich G, 

Krebs M, Kautzky‐ Willer A, Schernthaner G, Marchetti P, Pacini G, Ojo A, Takahara S, Larsen JL, 

Budde K, Eller K, Pascual J, Jardine A, Bakker SJL, Valderhaug TG, Jenssen TG, Cohney S, Säemann 

MD. Proceedings from an International Consensus Meeting on Post-transplantation Diabetes Mellitus: 

Recommendations and Future Directions. Am J Transplant. 2014;14(9):1992-2000. doi:10.1111/ajt.12850 

20. American Diabetes Association, Standards of Medical Care in Diabetes--2013. Diabetes Care. 

2012;36(Supplement_1):S11-S66. doi:10.2337/dc13-s011 

21. Committee DCCPGE, Punthakee Z, Goldenberg R, Katz P. Definition, Classification and Diagnosis 

of Diabetes, Prediabetes and Metabolic Syndrome. Can J Diabetes. 2018;42:S10-S15. 

doi:10.1016/j.jcjd.2017.10.003 

Jo
urn

al 
Pre-

pro
of

Acosta-Gualandri et al. Canadian J Diabetes. 2021;45(5):481-489          DOI:10.1016/j.jcjd.2021.05.004



 17 

22. Shabir S, Jham S, Harper L, Ball S, Borrows R, Sharif A. Validity of glycated haemoglobin to 

diagnose new onset diabetes after transplantation. Transplant Int. 2013;26(3):315-321. 

doi:10.1111/tri.12042 

23. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR, Ferranti SD de, Dionne 

JM, Falkner B, Flinn SK, Gidding SS, Goodwin C, Leu MG, Powers ME, Rea C, Samuels J, Simasek M, 

Thaker VV, Urbina EM. Clinical Practice Guideline for Screening and Management of High Blood 

Pressure in Children and Adolescents. Pediatrics. 2017;140(3):e20171904. doi:10.1542/peds.2017-1904 

24. Chanchlani R, Kim SJ, Kim ED, Banh T, Borges K, Vasilevska-Ristovska J, Li Y, Ng V, Dipchand 

AI, Solomon M, Hebert D, Parekh RS. Incidence of hyperglycemia and diabetes and association with 

electrolyte abnormalities in pediatric solid organ transplant recipients. Nephrol Dial Transpl. 

2017;32(9):1579-1586. doi:10.1093/ndt/gfx205 

25. Woodward RS, Schnitzler MA, Baty J, Lowell JA, Lopez‐ Rocafort L, Haider S, Woodworth TG, 

Brennan DC. Incidence and Cost of New Onset Diabetes Mellitus Among U.S. Wait‐ Listed and 

Transplanted Renal Allograft Recipients. Am J Transplant. 2003;3(5):590-598. doi:10.1034/j.1600-

6143.2003.00082.x 

26. Agarwal D, Singh U. Post Transplant Diabetes Mellitus in Renal Transplant Recipients. Apollo 

Medicine. 2008;5(4):338-344. doi:10.1016/s0976-0016(11)60162-2 

27. Valderhaug TG, Hjelmesæth J, Rollag H, Leivestad T, Røislien J, Jenssen T, Hartmann A. Reduced 

Incidence of New-Onset Posttransplantation Diabetes Mellitus During the Last Decade. Transplantation. 

2007;84(9):1125-1130. doi:10.1097/01.tp.0000287191.45032.38 

28. Mehrnia A, Le TX, Tamer TR, Bunnapradist S. Effects of acute rejection vs new-onset diabetes after 

transplant on transplant outcomes in pediatric kidney recipients: analysis of the Organ Procurement and 

Transplant Network/United Network for Organ Sharing (OPTN/UNOS) database. Pediatr Transplant. 

2016;20(7):952-957. doi:10.1111/petr.12790 

29. Cheungpasitporn W, Thongprayoon C, Harindhanavudhi T, Edmonds PJ, Erickson SB. 

Hypomagnesemia linked to new-onset diabetes mellitus after kidney transplantation: A systematic review 

and meta-analysis. Endocr Res. 2016;41(2):142-147. doi:10.3109/07435800.2015.1094088 

30. Werzowa J, Hecking M, Haidinger M, Döller D, Sharif A, Tura A, Säemann MD. The Diagnosis of 

Posttransplantation Diabetes Mellitus: Meeting the Challenges. Curr Diabetes Rep. 2015;15(5):27. 

doi:10.1007/s11892-015-0601-x 

31. Chakkera HA, Weil EJ, Castro J, Heilman RL, Reddy KS, Mazur MJ, Hamawi K, Mulligan DC, 

Moss AA, Mekeel KL, Cosio FG, Cook CB. Hyperglycemia during the Immediate Period after Kidney 

Transplantation. Clin J Am Soc Nephro. 2009;4(4):853-859. doi:10.2215/cjn.05471008 

32. Chakkera HA, Knowler WC, Devarapalli Y, Weil EJ, Heilman RL, Dueck A, Mulligan DC, Reddy 

KS, Moss AA, Mekeel KL, Mazur MJ, Hamawi K, Castro JC, Cook CB. Relationship between Inpatient 

Hyperglycemia and Insulin Treatment after Kidney Transplantation and Future New Onset Diabetes 

Mellitus. Clin J Am Soc Nephro. 2010;5(9):1669-1675. doi:10.2215/cjn.09481209 

Jo
urn

al 
Pre-

pro
of

Acosta-Gualandri et al. Canadian J Diabetes. 2021;45(5):481-489          DOI:10.1016/j.jcjd.2021.05.004



18 

33. Cosio FG, Kudva Y, Velde M van der, Larson TS, Textor SC, Griffin MD, Stegall MD. New onset

hyperglycemia and diabetes are associated with increased cardiovascular risk after kidney transplantation.

Kidney Int. 2005;67(6):2415-2421. doi:10.1111/j.1523-1755.2005.00349.x

34. Hecking M, Haidinger M, Döller D, Werzowa J, Tura A, Zhang J, Tekoglu H, Pleiner J, Wrba T,

Rasoul-Rockenschaub S, Mühlbacher F, Schmaldienst S, Druml W, Hörl WH, Krebs M, Wolzt M, Pacini

G, Port FK, Säemann MD. Early Basal Insulin Therapy Decreases New-Onset Diabetes after Renal

Transplantation. J Am Soc Nephrol. 2012;23(4):739-749. doi:10.1681/asn.2011080835

35. Vincenti F, Friman S, Scheuermann E, Rostaing L, Jenssen T, Campistol JM, Uchida K, Pescovitz

MD, Marchetti P, Tuncer M, Citterio F, Wiecek A, Chadban S, El‐ Shahawy M, Budde K, Goto N.

Results of an International, Randomized Trial Comparing Glucose Metabolism Disorders and Outcome

with Cyclosporine Versus Tacrolimus. Am J Transplant. 2007;7(6):1506-1514. doi:10.1111/j.1600-

6143.2007.01749.x

36. Ekberg H, Tedesco-Silva H, Demirbas A, Vítko S, Nashan B, Gürkan A, Margreiter R, Hugo C,

Grinyó JM, Frei U, Vanrenterghem Y, Daloze P, Halloran PF, Study E-S. Reduced Exposure to

Calcineurin Inhibitors in Renal Transplantation. New Engl J Medicine. 2007;357(25):2562-2575.

doi:10.1056/nejmoa067411

37. Davidson JA, Wilkinson A, Transplantation IEP on N-OD after. New-Onset Diabetes After

Transplantation 2003 International Consensus Guidelines: An endocrinologist’s view. Diabetes Care.

2004;27(3):805-812. doi:10.2337/diacare.27.3.805

38. Gyurus E, Kaposztas Z, Kahan BD. Sirolimus Therapy Predisposes to New-Onset Diabetes Mellitus

After Renal Transplantation: A Long-Term Analysis of Various Treatment Regimens. Transplant P.

2011;43(5):1583-1592. doi:10.1016/j.transproceed.2011.05.001

39. Johnston O, Rose CL, Webster AC, Gill JS. Sirolimus Is Associated with New-Onset Diabetes in

Kidney Transplant Recipients. J Am Soc Nephrol. 2008;19(7):1411-1418. doi:10.1681/asn.2007111202

40. Bussiere CT, Lakey JRT, Shapiro AMJ, Korbutt GS. The impact of the mTOR inhibitor sirolimus on

the proliferation and function of pancreatic islets and ductal cells. Diabetologia. 2006;49(10):2341-2349.

doi:10.1007/s00125-006-0374-5

41. Teutonico A, Schena PF, Paolo SD. Glucose Metabolism in Renal Transplant Recipients: Effect of

Calcineurin Inhibitor Withdrawal and Conversion to Sirolimus. J Am Soc Nephrol. 2005;16(10):3128-

3135. doi:10.1681/asn.2005050487

42. Sharif A, Moore R, Baboolal K. Influence of Lifestyle Modification in Renal Transplant Recipients

With Postprandial Hyperglycemia. Transplantation. 2008;85(3):353-358.

doi:10.1097/tp.0b013e3181605ebf

43. Kuningas K, Driscoll J, Mair R, Smith H, Dutton M, Day E, Sharif AA. Comparing Glycaemic

Benefits of Active Versus Passive Lifestyle Intervention in Kidney Allograft Recipients: A Randomized

Controlled Trial. Transplantation. 2020;104(7):1491-1499. doi:10.1097/tp.0000000000002969

Jo
urn

al 
Pre-

pro
of

Acosta-Gualandri et al. Canadian J Diabetes. 2021;45(5):481-489          DOI:10.1016/j.jcjd.2021.05.004



Table 1. Definitions of Post-transplant pre-diabetes mellitus (PTpreDM), Post-transplant diabetes 

mellitus (PTDM), and Dysglycemia 
 

 PTpreDM PTDM Dysglycemia 

Definition & Criteria   (> 31 days PT
*
) (> 31 days PT

*
)  (any time PT

*
) 

Fasting glucose 5.6-6.9 mmol/L (IFG) ✖   ✖  

Fasting glucose ≥ 7.0 mmol/L  ✖  ✖  

OGTT or random glucose 7.8-11 mmol/L (IGT) ✖   ✖  

OGTT or random glucose ≥ 11.1 mmol/L   ✖  ✖  

*PT, post-transplant    
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Table 2. Clinical characteristics of patients pre-transplant and with PTDM in Year-1 and Year-2  

 

Variable 

 

Pre-transplant 

 

PTDM in Year-1 

 

PTDM in Year-2 

Number of patients 142 44 20 

Recipients age    

     Mean age at transplant (SD) 11.2 (5.45) 12.18 (5.21) 10.95 (5.88) 

Recipients sex    

     Percentage male (n) 58.5% (83) 63.6% (28) 70% (14) 

Ethnicity    

     Caucasian (n) 56.3% (80) 70.5% (31) 60% (12) 

     South/East Asian (n) 23.3% (33) 6.8% (3) 20% (4) 

     First Nations (n) 13.4% (19) 18.2% (8) 15% (3) 

     Other ethnicity (n) 7% (10) 4.6% (2) 5% (1) 

BMI    

     BMI  z-score at transplant (SD) 0.44 (1.31) 0.45 (1.2) 0.39 (1.47) 

     BMI  z-score 1 year post-transplant (SD) 0.56 (1.35) 0.86 (1.08) 0.77 (1.16) 

     BMI  z-score 2 years post-transplant (SD) 0.73 (1.25) 0.87 (1.05) 0.98 (1.39) 

Pre-transplant hypertension    

     Use of antihypertensive medication (n) 81% (115) 86.3% (38) 90% (18) 

Family history of diabetes    

     Type 2 diabetes (n) 18.3% (26) 13.6% (6) 15% (3) 

Type of kidney disease    

     Congenital structural anomaly 37.4% (53) 43.2% (19) 45% (9) 

     Hereditary renal disorder 16.2% (23) 6.8% (3) 10% (2) 

     Glomerular disease 35.2% (50) 41% (18) 30% (6) 

     Systemic disease 4.2% (6) 2.2% (1) 15% (3) 

     Other conditions 7% (10) 6.8% (3) . 

Type of dialysis pre-transplant    

     Pre-emptive (n) 32.4% (46) 29.5% (13) 40% (8) 

     Hemodialysis (n) 32.4% (46) 34.1% (15) 40% (8) 

     Peritoneal Dialysis (n) 34.5% (49) 36.4% (16) 20% (4) 

     Mixed Dialysis (n) 0.7 % (1) . . 

Type of donor    

     Deceased (n) 50% (71) 43.2% (19) 40% (8) 

Hospitalizations days post-transplant    

     Mean hospital days post-transplant (SD) 13.22 (5.58) 13.73(7.36) 12.35(4.92) 

Magnesium levels (mmol/L)    

     Mean magnesium levels (SD) 0.73( 0.11) 0.73 (0.15) 0.77 (0.12) 
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Figure 1: Incidence of blood glucose dysregulation by days post-transplant 
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Figure 1. Cumulative incidence of blood glucose dysregulation by 
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Figure 2: 2A – Incidence of blood glucose dysregulation in Year-1 post-transplant; 2B – Incidence of 

blood glucose dysregulation in Year-2 post-transplant 

 

 

 
 

18 

28 
31 

59 

31 

21 

13 

34 

0

10

20

30

40

50

60

70

None PTPreDM PTDM Dysglycemia

P
er

ce
n
ta

g
e 

an
d

 n
u
m

b
er

 (
n
) 

o
f 

ca
se

s 

Type of blood glucose dysregulation 

Figure 2A. Incidence of blood glucose dysregulation in year-1  

post-transplant 

Period 1 (1995-2005)

Period 2 (2006-2016)

23.4% 

76.6% 

20% 

40.2% 

32.3% 

36.4% 
47.7% 

52.3% 

Jo
urn

al 
Pre-

pro
of

Acosta-Gualandri et al. Canadian J Diabetes. 2021;45(5):481-489          DOI:10.1016/j.jcjd.2021.05.004



 
 
 
Figure 3: Probability of PTDM free survival with time post-transplant 
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Figure 2B. Incidence of blood glucose dysregulation in year-2  

post-transplant 
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Figure 3. Probability of PTDM free survival with time post-transplant 
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Figure 4: Immunosuppressive protocol in first month post-transplant in Period 1 (1995-2005) and Period 

2 (2006-2016) 
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Table 3. Unadjusted and adjusted analysis of risk factors associated with PTDM   

Variable PTDM year 1 post-transplant [odds ratio (95% CI)] PTDM year 2 post-transplant [odds ratio (95% CI)] 

 Unadjusted Adjusted Unadjusted Adjusted 

Age      

     Age at transplant 1.05 (0.98-1.12) 1.03 (0.93-1.13) 0.99 (0.90-1.08) 0.99 (0.88-1.14) 

Sex     

      Female 0.73 (0.35-1.51) 0.62 (0.25-1.49) 0.55 (0.20-1.54) 0.49 (0.16-1.48) 

Ethnicity     

     Caucasian  0.42 (0.19-0.89)† 0.48 (0.20-1.13) 0.84 (0.32-2.2) 1.07 (0.37-3.07) 

Family history of diabetes     

    Type 2 diabetes 0.58 (0.25-1.31) 0.63 (0.26-1.55) 0.74 (0.25-2.17) 0.78 (0.25-2.40) 

BMI     

     BMI z-score at transplant 1.01 (0.76-1.33) 0.89 (0.62-1.28) 0.97 (0.67-1.38) 0.95 (0.60-1.47) 

Medication     

    Cumulative dose steroids first 7 days PT 2.63 (1.08-6.40)† 2.36 (0.69-8.04) 0.76 (0.21,-2.73) 0.54 (0.11-2.67) 

    Tacrolimus use first 30 days PT 0.58 (0.28-1.18) 1.55 (0.5-4.82) 0.57 (0.21,-1.47) 0.87 (0.21-3.55) 

    Sirolimus use first 30 days PT 2.89 (1.03-8.09)† 5.33 (1.16-24.35)† 1.36 (0.35-5.24) 2.01 (0.30-13.37) 

Blood glucose criteria     

    Diabetes first 7 days PT 8.21 (1.83-36.70)‡ . 5.6 (0.71-44.33) . 

    Diabetes 8-30 days PT 7.73 (2.65-22.55)‡ . 1.35 (0.32-5.63) . 

    Dysglycemia first 7 days PT 7.58 (1.71-33.57)‡ . 5.4 (0.69-42.18) . 

    Dysglycemia 8-30 days PT 2.803 (1.33-5.88)‡ 3.02 (1.21-7.53)† 1.71 (0.65-4.47) 1.66 (0.54-5.01) 

†significant at a p ≤ 0.05; ‡ significant at a p ≤ 0.01     
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Table 4. Unadjusted and adjusted  analysis of risk factors associated with dysglycemia 

Variable Dysglycemia year-1 post-transplant [odds ratio (95% CI)] Dysglycemia year-2 post-transplant [odds ratio (95% CI)] 

Unadjusted Adjusted Unadjusted Adjusted 

Age 

     Age at transplant 1.05 (0.98-1.12) 1.06 (0.96-1.17) 1.00 (0.93-1.06) 1.03 (0.94-1.12) 

Sex 

      Female 0.55 (0.27-1.11) 0.40 (0.17-0.93)† 0.93 (0.47-1.82) 0.78 (0.35-1.72) 

Ethnicity 

     Caucasian 1.05 (0.52-2.11) 1.68 (0.73-3.87) 0.90 (0.46-1.74) 1.40 (0.64-3.03) 

Family history of diabetes 

     Type 2 diabetes 0.73 (0.34-1.53) 0.67 (0.28-1.58) 1.63 (0.79-3.34) 1.49 (0.67-3.30) 

BMI 

     BMI z score at transplant 1.21 (0.92-1.59) 1.22 (0.83-1.78) 1.28 (0.98-1.67) 1.29 (0.9-1.84) 

Medications 

    Cumulative dose steroids first 7 days PT 2.29 (0.94-5.54) 1.19 (0.35-4.03) 1.40 (0.61-3.19) 0.67 (0.21-2.14) 

    Tacrolimus use first 30 days PT 0.34 (0.15-0.71)‡ 0.62 (0.19-1.98) 0.37 (0.18-0.72)‡ 0.74 (0.26-2.06) 

    Sirolimus use first 30 days PT 1.83 (0.56-5.94) 2.84 (0.5-16.15) 4.72 (1.45,15.28)‡ 4.97 (1.12-21.90)† 

Blood glucose criteria 

    Diabetes first 7 days PT 5.30 (2.15-13.04)‡ . 7.95 (2.55-24.72)‡ . 

    Diabetes 8-30 days PT 5.84 (1.58-21.53)‡ . 1.36 (0.50-3.64) . 

    Dysglycemia first 7 days PT 3.96 (1.67-9.37)‡ . 6.66 (2.17-20.43)‡ . 

    Dysglycemia between 8-30 days PT 4.19 (1.96-8.94)‡ 4.50 (1.74-11.61)‡ 2.22 (1.12-4.34)† 2.10 (0.92-4.80) 

†significant at a p ≤ 0.05; ‡ significant at a p ≤ 0.01 
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