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OBJECTIVE

Posttransplantation diabetes mellitus (PTDM) contributes to risk for cardiovascular morbidity and mortality in renal transplant recipients (RTRs). In the general
population, consumption of a diet containing few fruits and vegetables predisposes
to type 2 diabetes. The role of diet as a potential modiﬁable risk factor for PTDM has
not been explored. Our focus was to investigate the prospective associations of fruit
and vegetable intake with risk of PTDM in stable RTRs.
RESEARCH DESIGN AND METHODS

We included 472 adult RTRs who had a functioning graft ‡1 year. Fruit and vegetable
intake was assessed by using a 177-item food frequency questionnaire. PTDM was
deﬁned according the American Diabetes Association’s diagnostic criteria for
diabetes.
RESULTS

During 5.2 years of follow-up, 52 RTRs (11%) developed PTDM. Fruit intake was not
associated with PTDM (hazard ratio [HR] 0.90 [95% CI 0.79–1.03] per 2log g/day; P =
0.13), whereas vegetable intake was inversely associated with PTDM (HR 0.77 [95%
CI 0.63–0.94] per 2log g/day; P = 0.009). Mediation analyses revealed that 650% of
the association between vegetable intake and PTDM was mediated by variations in
key components of the metabolic syndrome (i.e., HDL cholesterol, triglycerides, and
waist circumference) as determined by the National Cholesterol Education Program’s Adult Treatment Panel III Expert Panel.
CONCLUSIONS

In this study vegetable intake, but not fruit intake, was associated with lower risk of
PTDM in RTRs, likely largely through beneﬁcial effects on key components of the
metabolic syndrome. These ﬁndings further support accumulating evidence that
supports a recommendation of higher vegetable intake by RTRs.
Renal transplantation is the preferred treatment for patients with end-stage renal
disease because it contributes to better quality of life and longer survival at lower costs
than dialysis treatment (1,2). One of the main metabolic disorders following renal
transplantation is posttransplantation diabetes mellitus (PTDM). The frequency of
PTDM varies over time depending on changes in health care providers’ vigilance for
PTDM, changing deﬁnitions of PTDM, and changes in background immunosuppression; recent incidence estimates range from 7 to 39% at 1 year and from 10 to 30% at

1
Department of Internal Medicine, University
Medical Center Groningen, University of Groningen, Groningen, the Netherlands
2
Division of Human Nutrition, Wageningen University, Wageningen, the Netherlands

Corresponding author: António W. Gomes-Neto,
a.w.gomes.neto@umcg.nl
Received 2 February 2019 and accepted 7 June
2019
This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/suppl/
doi:10.2337/dc19-0224/-/DC1.
© 2019 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for proﬁt, and the work is not altered. More information is available at http://www.diabetesjournals
.org/content/license.

Diabetes Care Publish Ahead of Print, published online July 11, 2019

CLIN CARE/EDUCATION/NUTRITION/PSYCHOSOCIAL

Fruit and Vegetable Intake and
Risk of Posttransplantation
Diabetes in Renal Transplant
Recipients

2

Fruit and Vegetable Intake and PTDM in RTRs

3 years after transplantation (3). Renal
transplant recipients (RTRs) who develop
PTDM are at higher risk of complications,
including cardiovascular morbidity and
mortality compared with RTRs who do
not develop PTDM (4–7). Pathophysiologically, PTDM is similar to type 2
diabetes in that both are characterized
by increased insulin resistance and decreased insulin production (8,9). Although
transplantation-speciﬁc risk factors for
PTDM have been identiﬁed, including
treatment with corticosteroids and use
of tacrolimus as a calcineurin inhibitor,
additional risk factors equivalent to those
for type 2 diabetes in the general population are assumed to contribute to the
risk for PTDM (9–11). Diet is regarded as
one of the main modiﬁable risk factors for
the development of type 2 diabetes; in
particular, diets characterized by high
fruit and vegetable intake have been
associated with a lower risk for type 2
diabetes in several large general population–
based studies (12–14). However, it remains unexplored whether fruit and
vegetable intake might be associated
with low risk of PTDM after renal transplantation. Our focus was to investigate
whether fruit and vegetable intake is
associated with long-term risk of
PTDM in a cohort of stable RTRs.
RESEARCH DESIGN AND METHODS
Design and Study Population

For this study, we used data from a
previously described cohort of 707 stable
RTRs (15). All adult ($18 years old) RTRs
with a functioning allograft for $1 year
after transplantation and who visited
the outpatient clinic of the University
Medical Center Groningen (UMCG; Groningen, the Netherlands) between November 2008 and March 2011 were
invited to participate. RTRs with diabetes
or a history of diabetes at baseline (n =
180) and nonresponders to dietary surveys (n = 55) were excluded, leaving
472 RTRs who were eligible for analysis.
RTRs with missing dietary data did not
materially differ from RTRs with complete data for age, sex, BMI, estimated
glomerular ﬁltration rate (eGFR), time
between transplantation and study baseline, and PTDM incidence during followup. This study was conducted according
to the guidelines in the Declaration of
Helsinki, and the institutional review
board approved the study protocol
(METc 2008/186).
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Renal Transplant Characteristics

RTRs all received transplants at the
UMCG and were treated with standard
antihypertensive and immunosuppressive therapy. Standard immunosuppression consisted of the following:
azathioprine (100 mg/day) and prednisolone (starting with 20 mg/day and
tapering to 10 mg/day) from 1968 to
1989; cyclosporine (target trough levels
175–200 mg/L in the ﬁrst 3 months,
100 mg/L thereafter) and prednisolone
(starting with 20 mg/day and tapering
to 10 mg/day) from 1989 to 1996. In
1997 mycophenolate mofetil (2 g/day)
was added to the standard immunosuppressive regimen, and for RTRs with no
complications, cyclosporine was slowly
withdrawn from 1 year after transplantation onward. In 2012 cyclosporine was
replaced by tacrolimus, and RTRs continued triple-immunosuppressive therapy with prednisolone (20 mg/day,
tapering to 5 mg/day), tacrolimus (target
trough levels 8–12 mg/L in the ﬁrst
3 months, 6–10 mg/L until month 6,
and 4–6 mg/L from 6 months onward),
and mycophenolate mofetil (starting
with 2 g/day, tapering to 1 g/day). Upon
hospital discharge after transplantation,
all RTRs were visited by a dietitian from
the UMCG. Except for discouraging excess sodium intake, describing the use of
food-safety techniques, and encouraging
weight loss in overweight individuals, no
speciﬁc dietary counseling was performed. Adherence to dietary recommendations and changes in body weight
since transplantation were evaluated 3
months after transplantation by a dietitian
at the outpatient clinic of the UMCG
and were recorded in patients’ medical
records.
Transplantation characteristics were
retrieved from the local UMCG Renal
Transplantation Database. Information
on smoking behavior was obtained by
using a questionnaire. Physical activity
was assessed by using the Short Questionnaire to Assess Health-enhancing
Physical Activity (SQUASH) score
(time 3 intensity) (16).

the outpatient clinic. Inconsistent answers were veriﬁed with the patients.
The FFQ inquired about consumption of
177 food items during the past month,
taking seasonal variations into account,
and included 7 fruit items and 18 vegetable items. Frequency was recorded in
times per day, week, or month, and
servings were expressed as natural units
or household measures. The FFQ was
linked to the Dutch Food Composition
Table (NEVO) in order to calculate total
energy intake (19).
Baseline Measurements

All measurements were performed once
at baseline during a morning visit to the
outpatient clinic. BMI was calculated as
weight (kilograms) divided by height
(meters squared). Waist circumference
was measured on bare skin midway
between the 10th rib and the iliac crest.
Blood pressure and heart rate were
measured by using a semiautomatic device (Dinamap 1846; Critikon, Tampa, FL).
Blood was drawn in the morning after
8–12 h of fasting. Plasma glucose level
was measured with a Roche P Analyzer,
and HbA1c was assayed by turbidimetric
inhibition immunoassay (Roche Diagnostics, Basel, Switzerland). Serum creatinine was measured by using an enzymatic
isotope dilution assay, traceable on mass
spectrometry, on a Roche P-Modulator
automated analyzer (Roche Diagnostics, Basel, Switzerland), and renal function was assessed by using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) formula for creatinine in
order to calculate eGFR (20). On the basis
of the deﬁnition from the National Cholesterol Education Program Expert Panel,
metabolic syndrome was deﬁned as
three or more of the following components being present, or medication being used to control these traits: 1)
waist circumference .102 cm in
men, .88 cm in women; 2) serum
triglycerides $1.70 mmol/L; 3) HDL
cholesterol ,1.03 mmol/L in men,
,1.29 mmol/L in women; 4) blood
pressure $130/85 mmHg; 5) fasting
plasma glucose $6.1 mmol/L (21).

Dietary Assessment

Dietary intake was assessed at baseline
by using a validated food frequency
questionnaire (FFQ) (17,18). Patients
self-administered the questionnaire,
and a trained researcher checked it for
completeness on the day of the visit to

PTDM

PTDM was diagnosed, according to the
American Diabetes Association criteria,
when at least one of the following criteria
was met: 1) symptoms of diabetes (e.g.,
polyuria, polydipsia, unexplained weight

care.diabetesjournals.org

loss) plus a nonfasting plasma glucose
concentration $11.1 mmol/L (200
mg/dL), 2) fasting plasma glucose
(FPG) $7.0 mmol/L (126 mg/dL), 3) start
of antidiabetes medication, or 4) plasma
HbA1c $6.5% (48 mmol/mol) (22,23).
PTDM was recorded until 30 September
2015. RTRs were censored for PTDM at
the time of graft failure (i.e., they returned to dialysis or received another
transplantation) or death.
Statistical Analyses

Data were analyzed with SPSS version
22.0 (IBM Corp., Armonk, NY), R version
3.2.3 (The R Foundation for Statistical
Computing, Vienna, Austria), and STATA
version 13 (StataCorp LP, College Station,
TX). Normally distributed data are expressed as the mean 6 SD, whereas non–
normally distributed data are expressed
as median (interquartile range [IQR]).
Nominal data are summarized as percentages. Associations between baseline
characteristics and fruit and vegetable
intake were analyzed through linear regression. Data with skewed distribution
were log-transformed when appropriate.
In prospective analyses we used Cox
regression models to analyze whether
fruit and vegetable intake were associated with risk of PTDM. The associations of fruit and vegetable intake with
risk of PTDM were analyzed both as
continuous and categorical variables. In
Cox regression analyses with continuous variables, fruit and vegetable intake
were log-transformed to provide the
best-ﬁtting model with a log2 base in
order to express the hazard ratio (HR)
per doubled daily intake. For categorical
analyses, subjects were divided according to tertiles of daily intake of both
fruits and vegetables. Tests of linear
trend for categorical analyses were
conducted by assigning the medians
of daily intakes in tertiles, treated
as a continuous variable. To account
for potential confounding, we performed multivariable Cox regression
analyses in which we cumulatively adjusted for age, sex, time between transplantation and study baseline (model
1), eGFR, proteinuria (model 2), HbA1c,
and FPG (model 3). To avoid including too many variables for the number
of events in Cox regression analyses,
further models were created that
performed additive adjustments to
model 3. In additive multivariable models
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we adjusted for SQUASH score, total
energy intake, and BMI (model 4); smoking behavior and alcohol use (model 5);
cytomegalovirus (CMV) infection, acute
rejection, and hepatitis C virus (HCV)
infection (model 6); prednisolone dose
and tacrolimus use (model 7); and use
of diuretics, b-blockers, and reninangiotensin-aldosterone system inhibitors
(model 8). We used penalized splines to
visualize the association of fruit and
vegetable intake on risk of PTDM by
ﬁtting Cox regression models according
to model 3. Power calculations based on
an assumption of 80% power and a twosided a of 0.05 indicated that the minimum detectable HR was 0.78 for fruit
intake and development of PTDM and
0.65 for vegetable intake and development of PTDM.
In further analyses, we investigated
whether components of the metabolic
syndrome serve as intermediate variables (mediators) in the association of
vegetable intake and risk of PTDM. To
establish mediation, we performed mediation analyses according to the method
described by Preacher and Hayes, by
which we tested statistical signiﬁcance
and magnitude of mediation (24) (see the
Supplementary material for a detailed
description of the procedure). In all
analyses, a two-sided P value ,0.05
was considered statistically signiﬁcant.
RESULTS
Patient Characteristics

Baseline characteristics of the study population are shown in Table 1. RTRs included in the cohort were 51 6 13 years
old, 267 (56.6%) were male, and the
majority (99.6%) was Caucasian. At study
baseline, 266 RTRs received dualimmunosuppressive maintenance therapy,
which included prednisolone and one
other immunosuppressive drug (i.e.,
mycophenolate mofetil, azathioprine, cyclosporine, tacrolimus, or sirolimus); 195
RTRs received triple-immunosuppressive
maintenance therapy that included
prednisolone; 8 RTRs received monoimmunosuppressive maintenance therapy
with prednisolone; and 3 RTRs received no
prednisolone as part of their immunosuppressive regimen. Median fruit intake was
99 g/day (IQR 44–192 g/day), and median
vegetable intake was 108 g/day (IQR 71–
153 g/day). Univariable associations of
baseline characteristics with fruit and
vegetable intakes are shown in Table 1.

Fruit intake was positively associated
with vegetable intake and age, and inversely with male sex, diastolic blood
pressure, and current smoking. In ageand sex-adjusted multivariable linear regression analyses, vegetable intake and
current smoking remained associated
with fruit intake, while the association
with diastolic blood pressure became
nonsigniﬁcant. Vegetable intake was
positively associated with fruit intake,
HDL cholesterol, total energy intake,
physical activity, and alcohol use, and
inversely associated with BMI, waist circumference, diastolic blood pressure,
proteinuria, LDL cholesterol, and fasting
triglycerides. In age- and sex-adjusted
multivariable linear regression analyses, all associations remained except
the inverse associations with diastolic
blood pressure and proteinuria. Baseline characteristics according to tertiles of fruit and vegetable intake are
shown in Supplementary Tables 1 and 2,
respectively.
Development of PTDM

During median follow-up for 5.2 years
(IQR 4.1–5.8 years), 52 RTRs (11%) developed PTDM after a median of 2.3 years
(IQR 1.2–4.0 years). PTDM was diagnosed
in 2 RTRs on the basis of the presence of
polyuria plus nonfasting glucose $11.1
mmol/L, in 8 RTRs on the basis of
FPG $7.0 mmol/L, in 35 RTRs through
HbA1c $6.5%, and in 7 RTRs because
antidiabetes medication was initiated
by other health care professionals. RTRs
who developed PTDM were 52.7 6
10.7 years old, 59.6% were male, BMI
was 27.3 6 4.5 kg/m2, and waist circumference was 103 6 14 cm. FPG was 5.4 6
0.7 mmol/L, HbA1c was 6.1% (IQR 5.9–
6.3%), HDL cholesterol was 1.2 mmol/L
(IQR 1.0–1.4 mmol/L), LDL cholesterol
was 3.2 6 1.0 mmol/L, and total cholesterol was 5.3 6 1.5 mmol/L. Median
time between transplantation and study
baseline for the 52 RTRs who developed
PTDM was 5.2 years (IQR 1.4–12.9 years),
and 65% used a calcineurin inhibitor at
study baseline.
Fruit and Vegetable Intake and
Development of PTDM

Analyses of the prospective association
between fruit intake and development of
PTDM are shown in Table 2. Fruit intake
was not associated with risk of PTDM in
univariable analysis (HR 0.90 [95% CI
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Table 1—Baseline characteristics of and their associations with fruit and vegetable
intake in 472 RTRs
Fruit intake
Vegetable intake
Total population

St. b

P

St. b

P

Fruit intake, g/day
Vegetable intake, g/day

99 (44–192)
108 (71–153)

d
0.22

d
,0.001

0.22
d

,0.001
d

Demographics
Age, years
Caucasian
Male sex
BMI, kg/m2
Waist circumference, cm

51.4 6 13.2
470 (99.6)
267 (56.6)
26 6 4.5
97 6 14

0.22
0.004
20.11
20.01
20.04

,0.001
0.93
0.02
0.85
0.44

0.08
0.03
20.07
20.11
20.14

0.07
0.53
0.12
0.02
0.003

Hemodynamics
SBP, mmHg
DBP, mmHg
Heart rate, bpm
Antihypertensive drug use

135 6 17
83 6 11
68 6 12
407 (86.2)

20.03
20.12
0.002
0.001

0.54
0.01
0.97
0.97

20.06
20.10
20.04
0.002

0.20
0.04
0.47
0.97

Transplant demographics
Time since transplantation,
years
Preemptive
Living donor
CMV infection
HCV infection

5.5 (2.0–12.4)
84 (17.8)
170 (36.0)
115 (24.4)
6 (1.3)

0.03
0.01
0.06
20.001
0.07

0.49
0.83
0.22
0.99
0.11

0.03
0.06
0.02
0.02
20.002

0.46
0.23
0.62
0.69
0.98

Immunosuppressive treatment
Tacrolimus
Cyclosporine
Azathioprine
Mycophenolic acid
Prednisolone
Prednisolone dose, mg/day

79 (16.7)
178 (37.7)
88 (18.6)
312 (66.1)
469 (99.4)
10 (7.5–10.0)

20.03
20.03
0.05
0.02
20.03
20.03

0.49
0.52
0.34
0.64
0.52
0.57

20.06
20.03
0.09
0.03
20.04
20.07

0.23
0.57
0.06
0.54
0.40
0.14

Renal function
Serum creatinine, mmol/L
eGFR, mL/min
Proteinuria

122 (99–158)
53.1 6 20.2
94 (19.9)

20.08
20.01
20.04

0.10
0.84
0.39

20.07
0.01
20.10

0.11
0.78
0.03

Metabolic parameters
Metabolic syndrome
FPG, mmol/L
HbA1c, %
Total cholesterol, mmol/L
HDL cholesterol, mmol/L
LDL cholesterol, mmol/L
Triglycerides, mmol/L
hs-CRP, mg/L

255 (54.0)
5.2 6 0.6
5.7 (5.4–5.9)
5.1 6 1.1
1.3 (1.1–1.7)
3.0 6 0.9
1.6 (1.2–2.2)
1.4 (0.6–3.8)

0.01
0.01
0.03
20.07
0.05
20.05
20.07
0.02

0.87
0.82
0.55
0.15
0.32
0.29
0.11
0.76

20.04
0.01
20.06
20.04
0.14
20.10
20.13
20.08

0.35
0.92
0.20
0.35
0.002
0.03
0.01
0.11

2,207 6 648
5,605 (2,885–8,648)
62 (13.1)
324 (68.6)

20.04
0.07
20.21
0.06

0.38
0.12
,0.001
0.19

0.15
0.10
20.08
0.14

0.001
0.04
0.09
0.002

Lifestyle parameters
Energy intake, kcal/day
SQUASH, time*intensity
Smoker
Alcohol consumer

Data are the mean 6 SD, median (interquartile range), or n (%), unless otherwise indicated.
Signiﬁcance was tested by using linear regression analysis for continuous data and the
x2 test for categorical data. Non–normally distributed data were log-transformed when
appropriate.

0.79–1.03] per 2log g/day; P = 0.13) or in
multivariable analyses after adjusting for
age, sex, time between transplantation
and study baseline, eGFR, proteinuria,
HbA1c, and FPG (model 3: HR 0.96 [95%
CI 0.82–1.12] per 2log g/day; P = 0.16).
Likewise, no associations with development of PTDM were observed when fruit

intake was analyzed according to tertiles
of intake (Ptrend = 0.32). A penalized
spline of the association between fruit
intake and risk of PTDM is shown in Fig. 1.
Analyses of the prospective association of vegetable intake with development of PTDM are depicted in Table 3.
Vegetable intake was signiﬁcantly associated

with a lower risk of PTDM in a univariable
analysis (HR 0.77 [95% CI 0.63–0.94] per
2
log g/day; P = 0.009). This association remained independent of age, sex,
time between transplantation and study
baseline, renal function, HbA 1c , and
FPG (model 3: HR 0.76 [95% CI 0.62–0.92]
per 2 log g/day; P = 0.005). Additional adjustment for other potential
confoundersdincluding physical activity,
total energy intake, and BMI (model 4);
smoking behavior and alcohol use (model
5); CMV infection, acute rejection, and
HCV infection (model 6); prednisolone
dose and tacrolimus use (model 7); and
use of diuretics, b-blockers, and reninangiotensin-aldosterone system inhibitors
(model 8)ddid not materially alter the
association between vegetable intake and
risk of PTDM. Similarly, in categorical
analyses according to tertiles of vegetable intake, lower vegetable intake was
signiﬁcantly associated with increased
risk of PTDM (Ptrend = 0.02). Moreover,
compared with RTRs in the lowest tertile
of vegetable intake (median intake 53 g/day
[IQR 34–71 g/day]), RTRs in the highest
tertile of vegetable intake (median intake
175 g/day [IQR 153–216 g/day]) had a
more than 50% lower risk of PTDM (HR
0.45 [95% CI 0.23–0.90]; P = 0.02). Additional adjustment for potential confounders did not materially alter these
associations. A penalized spline of the
association between vegetable intake
and risk of PTDM is shown in Fig. 1.
Additionally, we performed Cox regression analyses according to subcategories of vegetables (i.e., green legumes,
cruciferous vegetables, leafy green
vegetables, and other vegetables). In
these analyses, both intake of cruciferous vegetables (HR 0.81 [95% CI 0.69–
0.96] per 2log g/day; P = 0.02) and leafy
green vegetables (HR 0.70 [95% CI
0.53–0.93] per 2log g/day; P = 0.01)
were signiﬁcantly associated with lower
risk of PTDM, independent of potential confounders including age, sex,
time between transplantation and
study baseline, eGFR, proteinuria,
HbA1c, and FPG. Similar analyses for intake of green legumes and other vegetables showed that neither intake of
green legumes (HR 0.91 [95% CI 0.78–
1.07] per 2log g/day; P = 0.24) nor
intake of other vegetables (HR 0.92
[95% CI 0.78–1.08] per 2log g/day; P =
0.31) were signiﬁcantly associated with
development of PTDM.
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Table 2—Prospective survival analysis of fruit intake and PTDM
Median fruit intake, g/day

Tertile 1

Tertile 2

Tertile 3

Continuous (per 2log g/day)

26 (11–44)

99 (83–123)

232 (192–246)

99 (44–192)

RTRs, n

157

158

157

472

Events, n

19

18

15

Models*

Reference

HR (95% CI)

HR (95% CI)

P for trend

HR (95% CI)

P

Crude

1.00

0.90 (0.47–1.72)

0.71 (0.36–1.40)

0.32

0.90 (0.79–1.03)

0.13

1

1.00

0.86 (0.45–1.65)

0.65 (0.32–1.32)

0.23

0.89 (0.78–1.02)

0.09

2

1.00

0.88 (0.46–1.70)

0.67 (0.33–1.36)

0.26

0.89 (0.78–1.02)

0.10

3
4

1.00
1.00

0.84 (0.43–1.67)
0.96 (0.47–1.97)

0.77 (0.37–1.60)
0.85 (0.40–1.84)

0.50
0.68

0.90 (0.79–1.04)
0.92 (0.79–1.07)

0.16
0.28

5

1.00

0.82 (0.41–1.64)

0.86 (0.41–1.81)

0.72

0.92 (0.80–1.06)

0.26

6

1.00

0.84 (0.41–1.71)

0.84 (0.39–1.77)

0.67

0.91 (0.79–1.06)

0.21

7

1.00

0.88 (0.44–1.74)

0.81 (0.39–1.70)

0.59

0.92 (0.79–1.05)

0.22

8

1.00

0.95 (0.47–1.90)

0.85 (0.41–1.79)

0.67

0.91 (0.79–1.06)

0.22

52

*Model 1 included crude data and adjusted for age, sex, and the time between transplantation and study baseline. Model 2 adjusted for model
1 variables, eGFR, and proteinuria (.0.5 g/24 h). Model 3 adjusted for model 2 variables, HbA1c, and FPG. Model 4 adjusted for model 3 variables,
SQUASH score, total energy intake (kilocalories per day), and BMI. Model 5 adjusted for model 3 variables, smoking status, and alcohol use. Model
6 adjusted for model 3 variables, CMV infection, acute rejection, and HCV status. Model 7 adjusted for model 3 variables, the use of prednisolone and
daily dose, and the use of tacrolimus. Model 8 adjusted for model 3 variables, the use of RAAS inhibitors, the use of b-blockers, and the use of diuretics.

Mediation Analyses

Blood pressure and FPG were not independently associated with vegetable
intake and therefore were eliminated as

Figure 1—Associations of fruit intake (A) and
vegetable intake (B) with risk of PTDM. Data
were ﬁt by a Cox proportional hazard regression model based on a penalized spline
and adjusted for age, sex, time after transplantation, eGFR, proteinuria, HbA1c, and
FPG. Data are shown on a 2log scale. The
gray areas represent the 95% CI.

potential mediators in the association
between vegetable intake and PTDM.
Otherwise, HDL cholesterol, triglycerides, and waist circumference were all
independently signiﬁcantly associated
with vegetable intake and PTDM. Therefore HDL cholesterol, triglycerides, and
waist circumference were considered as
potential mediators in the association
between vegetable intake and PTDM,
because associations between higher
vegetable intake and these components
of the metabolic syndrome are more
likely to be a consequence of high vegetable intake than the inverse, which
would imply that a high vegetable intake
is the consequence of not having the
metabolic syndrome. Results of mediation analyses with components of the
metabolic syndrome are shown in
Supplementary Table 3. In mediation
analyses, HDL cholesterol, triglycerides,
and waist circumference mediated 28.3,
26.5, and 20.9% of the inverse association between vegetable intake and risk
of PTDM, respectively. Conjointly, HDL
cholesterol, triglycerides, and waist
circumference mediated 49.7% of the
association of vegetable intake and
risk of PTDM.
CONCLUSIONS

In this prospective study, we investigated
the prospective associations of fruit and
vegetable intake with development of
PTDM in a large cohort of stable RTRs.
We found that low vegetable intake was

independently associated with higher
risk of PTDM after renal transplantation.
Furthermore, we show that the inverse
association of vegetable intake and risk of
PTDM was mediated to a considerable
extent (49.7%) by higher HDL cholesterol
levels, lower triglyceride levels, and
smaller waist circumference, all of which
are associated withdand likely at least
partly effects ofdhigher vegetable intake.
In our cohort of RTRs, median fruit and
vegetable intakes were far below the
recommended intake of 200 g/day for
each. These ﬁndings are consistent with
estimates of the general Dutch population, as reported in the Dutch National
Food Consumption Survey 2007–2010
(25). However, median intakes of fruits
and vegetables in our study were lower
than those reported among the general
Dutch population. Most patients with
end-stage renal disease are advised to
consume a low-protein, low-potassium,
low-sodium diet, which also often restricts ﬂuid intake. This diet prevents
excessive urea generation and development of hyperphosphatemia, hyperkalemia, and hypertension. Consequently,
these dietary restrictions limit intakes
of fruits and vegetables, which are
rich sources of potassium. Low fruit
and vegetable intakes have also been
reported in patients who undergo dialysis treatment; these low intakes are
most likely the result of dietary restrictions discouraging potassium intake in
order to prevent hyperkalemia (26,27).
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Table 3—Prospective survival analysis of vegetable intake and PTDM
Median vegetable intake, g/day

Tertile 1

Tertile 2

Tertile 3

Continuous (per 2log g/day)

53 (34–71)

108 (93–119)

175 (153–216)

108 (71–153)

RTRs, n

157

158

157

472

Events, n

24

16

12

Models*

Reference

HR (95% CI)

HR (95% CI)

P for trend

HR (95% CI)

P

Crude

1.00

0.60 (0.32–1.12)

0.45 (0.23–0.90)

0.02

0.77 (0.63–0.94)

0.009

1

1.00

0.61 (0.32–1.16)

0.43 (0.21–0.86)

0.02

0.76 (0.63–0.93)

0.007

2

1.00

0.62 (0.33–1.18)

0.44 (0.22–0.88)

0.02

0.77 (0.63–0.94)

0.009

3
4

1.00
1.00

0.54 (0.28–1.02)
0.55 (0.28–1.07)

0.39 (0.19–0.80)
0.40 (0.19–0.86)

0.009
0.02

0.76 (0.62–0.92)
0.78 (0.63–0.98)

0.005
0.03

5

1.00

0.56 (0.29–1.07)

0.43 (0.20–0.92)

0.03

0.75 (0.60–0.94)

0.01

6

1.00

0.49 (0.25–0.95)

0.37 (0.18–0.79)

0.009

0.74 (0.60–0.91)

0.004

7

1.00

0.56 (0.29–1.06)

0.41 (0.20–0.86)

0.02

0.77 (0.63–0.94)

0.01

8

1.00

0.56 (0.29–1.07)

0.44 (0.21–0.91)

0.02

0.79 (0.64–0.97)

0.02

52

*Model 1 includes the crude data adjusted for age, sex, and time between transplantation and study baseline. Model 2 adjusts for model 1 variables,
eGFR, and proteinuria (.0.5 g/24 h). Model 3 adjusts for model 2 variables, HbA1c, and FPG. Model 4 adjusts for model 3 variables, SQUASH score, total
energy intake (kilocalories per day), and BMI. Model 5 adjusts for model 3 variables, smoking status, and alcohol use. Model 6 adjusts for model
3 variables, CMV infection, acute rejection, and HCV. Model 7 adjusts for model 3 variables, the use of prednisolone and daily dose, and the use of
tacrolimus. Model 8 adjusts for model 3 variables, the use of RAAS inhibitors, the use of b-blockers, and the use of diuretics.

One might assume that the lower intakes
of fruits and vegetables we noted could
be a result of persisting adherence to
these dietary restrictions imposed during
the pretransplantation stage in order to
limit potassium intake.
We did not observe a signiﬁcant
association of fruit intake with development of PTDM. Fruit intake has been
described to reduce the risk of diabetes
in the general population (28,29). It
might be that in our study variation of
fruit intake was too low or too few
events of PTDM occurred, or a combination of both, for us to observe an
otherwise existing association. Alternatively, it might be that RTRs are
particularly susceptible to the adverse
effects of fructose, which is present in
large amounts in fruits and may predispose patients to weight gain and
the metabolic syndrome (30). We did
observe an inverse association of vegetable intake and risk of PTDM. The
exact biological mechanisms responsible for the protective effect of vegetable intake against the development
of diabetes remain largely unknown,
although several mechanisms have
been proposed. The protective effect
of vegetable intake against diabetes
might result from a higher intake of
antioxidants, such as b-carotene and
vitamins C and E, which are present in
most vegetables. Additionally, ﬁbers in
vegetables might also contribute to the
protective effect of vegetable intake
against the risk of diabetes. High dietary

ﬁber intake has been associated with a
low risk of diabetes (31), which is thought
to be due to improved satiety and lower
energy intake, as well as improved postprandial hyperglycemia and insulin sensitivity as a result of slower absorption of
nutrients and ﬁber fermentation in the
colon (32). Furthermore, considering
that vegetables are rich dietary sources
of magnesium, the beneﬁcial effect of
vegetable intake on the risk of diabetes
might also be attributed to higher magnesium intake. Recent meta-analyses
show that low magnesium intake is associated with incidence of type 2 diabetes in the general population (33), and
magnesium-supplementation has improved glucose hemostasis in both subjects with diabetes (34,35) and those
without diabetes (36,37).
Additionally, we found that vegetable
intake was signiﬁcantly associated with
components of the metabolic syndrome
(i.e., HDL cholesterol, triglycerides, and
waist circumference), and mediation
analyses revealed that these components of the metabolic syndrome mediated to a considerable extent the inverse
association of vegetable intake and risk
for PTDM. In RTRs, the prevalence of the
metabolic syndrome is high and has
been associated with an increased risk
for PTDM (38). Although data are limited
regarding the relation between diet and
the metabolic syndrome in RTRs, fruit
and vegetable intake has been shown to
reduce the risk of the metabolic syndrome in the general population (39).

Furthermore, vegetable intake has been
inversely associated with weight gain
during the 1st year after renal transplantation (40), a hallmark of the development of the metabolic syndrome
(41,42). Our results suggest that increasing vegetable intake may reduce the risk
of PTDM in this population, at least to a
considerable extent, by improving the
metabolic proﬁle. Future studies aimed
at increasing vegetable intake in RTRs are
necessary in order to further substantiate these ﬁndings and elucidate the
mechanisms underlying these associations.
Strengths of this study include a median follow-up of 5.2 years and PTDM as a
clinically relevant end point. Furthermore, we included a large number of
RTRs with complete dietary data and
did not lose participants during followup. Moreover, we included only stable
RTRs who had a functioning renal transplant for more than 1 year, thereby
excluding transient posttransplantation hyperglycemia in the diagnosis
of PTDM. On the other hand, RTRs in
this study were included at a median of
5.5 years after transplantation, and
180 RTRs with diabetes at baseline
were excluded from analyses. Therefore, caution should be taken to extrapolate the current results to RTRs in
the early stages after transplantation.
Also, no oral glucose tolerance tests
were performed in this study, and this
may have led to underdetection of
PTDM. Furthermore, the incidence
rate of PTDM in our study should be
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interpreted in light of the prednisolone
doses, which were relatively high compared with current immunosuppressive
regimens; this might also contribute to
the development of PTDM. Another limitation of this study is that dietary intake
was assessed by using a self-reported FFQ,
which might lead to over- or underreporting of dietary intake. Also, the FFQ was
validated on the basis of serum lipids and
protein intake but not fruit and vegetable
intakes. Furthermore, this is a single-center
study, and subjects are predominantly
Caucasian, which hinders the extrapolation
of our results to other populations, particularly because results from epidemiological
studies investigating the association of
vegetable intake with type 2 diabetes in
non-Caucasian populations are scarce and
show inconsistent results (43,44). Finally,
the observational design of the study precludes drawing conclusions regarding
causality.
In conclusion, in this study we found
that vegetable intake, but not fruit intake,
was associated with a lower long-term risk
of PTDM in stable RTRs. Mediation analyses reveal that several components of
the metabolic syndrome (i.e., HDL cholesterol, triglycerides, and waist circumference) substantially mediated the
association between vegetable intake
and risk of PTDM. Our ﬁndings further
support current evidence that pleads for
dietary recommendations to increase
the daily intake of vegetables in RTRs.
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Bulló M, Ros E. The role of diet in the prevention
of type 2 diabetes. Nutr Metab Cardiovasc Dis
2011;21(Suppl. 2):B32–B48
14. McEvoy CT, Cardwell CR, Woodside JV, Young
IS, Hunter SJ, McKinley MC. A posteriori dietary
patterns are related to risk of type 2 diabetes:
ﬁndings from a systematic review and meta-analysis. J Acad Nutr Diet 2014;114:1759–1775.e4
15. van den Berg E, Pasch A, Westendorp WH,
et al. Urinary sulfur metabolites associate with a
favorable cardiovascular risk proﬁle and survival
beneﬁt in renal transplant recipients. J Am Soc
Nephrol 2014;25:1303–1312
16. Wendel-Vos GC, Schuit AJ, Saris WH,
Kromhout D. Reproducibility and relative validity
of the short questionnaire to assess healthenhancing physical activity. J Clin Epidemiol
2003;56:1163–1169
17. Feunekes GI, Van Staveren WA, De Vries JH,
Burema J, Hautvast JG. Relative and biomarkerbased validity of a food-frequency questionnaire
estimating intake of fats and cholesterol. Am J
Clin Nutr 1993;58:489–496

18. van den Berg E, Engberink MF, Brink EJ, et al.
Dietary protein, blood pressure and renal function in renal transplant recipients. Br J Nutr 2013;
109:1463–1470
19. Netherlands Nutrition Center. Dutch Food
Composition Table 2006 NEVO-tabel: Nederlands Voedingsstoffenbestand. Den Haag, Netherlands Nutrition Center, 2006
20. Levey AS, Stevens LA, Schmid CH, et al.; CKDEPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate
glomerular ﬁltration rate [published correction
appears in Ann Intern Med 2011;155:408]. Ann
Intern Med 2009;150:604–612
21. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults.
Executive summary of the third report of the
National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III). JAMA 2001;285:
2486–2497
22. American Diabetes Association. Diagnosis
and classiﬁcation of diabetes mellitus. Diabetes
Care 2014;37(Suppl. 1):S81–S90
23. Sharif A, Hecking M, De Vries APJ, et al.
Proceedings from an international consensus
meeting on posttransplantation diabetes mellitus: recommendations and future directions. Am
J Transplant 2014;14:1992–2000
24. Hayes AF. Beyond Baron and Kenny: statistical mediation analysis in the new millennium.
Commun Monogr 2009;76:408–420
25. van Rossum CTM, Fransen H, VerkaikKloosterman J, Buurma-Rethans E, Ocke M.
Micronutrients. In Dutch National Food Consumption Survey 2007-2010: Diet of Children
and Adults Aged 7 to 69 Years. Bilthoven, the
Netherlands, National Institute for Public Health
and Environment, 2011, p. 61–76
26. Therrien M, Byham-Gray L, Denmark R, Beto
J. Comparison of dietary intake among women on
maintenance dialysis to a Women’s Health Initiative cohort: results from the NKF-CRN Second
National Research Question Collaborative Study.
J Ren Nutr 2014;24:72–80
27. Saglimbene VM, Wong G, Ruospo M, et al.
Fruit and vegetable intake and mortality in adults
undergoing maintenance hemodialysis. Clin J Am
Soc Nephrol 2019;14:250–260
28. Harding AH, Wareham NJ, Bingham SA,
et al. Plasma vitamin C level, fruit and vegetable
consumption, and the risk of new-onset
type 2 diabetes mellitus: the European Prospective Investigation of Cancer–Norfolk Prospective
Study. Arch Intern Med 2008;168:1493–1499
29. Muraki I, Imamura F, Manson JE, et al. Fruit
consumption and risk of type 2 diabetes: results
from three prospective longitudinal cohort studies [published correction appears in BMJ 2013;
347:f6935]. BMJ 2013347:f5001
30. Elliott SS, Keim NL, Stern JS, Teff K, Havel PJ.
Fructose, weight gain, and the insulin resistance
syndrome. Am J Clin Nutr 2002;76:911–922
31. The InterAct Consortium. Dietary ﬁbre and
incidence of type 2 diabetes in eight European
countries: the EPIC-InterAct Study and a metaanalysis of prospective studies. Diabetologia
2015;58:1394–1408
32. Weickert MO, Pfeiffer AF. Metabolic effects
of dietary ﬁber consumption and prevention of
diabetes. J Nutr 2008;138:439–442

7

8

Fruit and Vegetable Intake and PTDM in RTRs

33. Fang X, Han H, Li M, et al. Dose-response
relationship between dietary magnesium intake
and risk of type 2 diabetes mellitus: a systematic
review and meta-regression analysis of prospective cohort studies. Nutrients 2016;8. pii:E739
34. Asemi Z, Karamali M, Jamilian M, et al. Magnesium supplementation affects metabolic status
and pregnancy outcomes in gestational diabetes:
a randomized, double-blind, placebo-controlled
trial. Am J Clin Nutr 2015;102:222–229
35. Paolisso G, Passariello N, Pizza G, et al.
Dietary magnesium supplements improve
B-cell response to glucose and arginine in elderly
non-insulin dependent diabetic subjects. Acta
Endocrinol (Copenh) 1989;121:16–20
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