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IMPORTANCE Type 2 diabetes mellitus and associated chronic kidney disease (CKD) have
become major public health problems. Little is known about the influence of diet on the
incidence or progression of CKD among individuals with type 2 diabetes.

OBJECTIVE To examine the association between (healthy) diet, alcohol, protein, and sodium
intake, and incidence or progression of CKD among individuals with type 2 diabetes.

DESIGN, SETTING, AND PARTICIPANTS All 6213 individuals with type 2 diabetes without
macroalbuminuria from the Ongoing Telmisartan Alone and in Combination With Ramipril
Global Endpoint Trial (ONTARGET) were included in this observational study. Recruitment
spanned from January 2002 to July 2003, with prospective follow-up through January
2008.

MAIN OUTCOMES AND MEASURES Chronic kidney disease was defined as new
microalbuminuria or macroalbuminuria or glomerular filtration rate decline of more than 5%
per year at 5.5 years of follow-up. We assessed diet using the modified Alternate Healthy
Eating Index (mAHEI). The analyses were adjusted for known risk factors, and competing risk
of death was considered.

RESULTS After 5.5 years of follow-up, 31.7% of participants had developed CKD and 8.3% had
died. Compared with participants in the least healthy tertile of mAHEI score, participants in
the healthiest tertile had a lower risk of CKD (adjusted odds ratio [OR], 0.74; 95% CI,
0.64-0.84) and lower risk of mortality (OR, 0.61; 95% CI, 0.48-0.78). Participants consuming
more than 3 servings of fruits per week had a lower risk of CKD compared with participants
consuming these food items less frequently. Participants in the lowest tertile of total and
animal protein intake had an increased risk of CKD compared with participants in the highest
tertile (total protein OR, 1.16; 95% CI, 1.05-1.30). Sodium intake was not associated with CKD.
Moderate alcohol intake reduced the risk of CKD (OR, 0.75; 95% CI, 0.65-0.87) and mortality
(OR, 0.69; 95% CI, 0.53-0.89).

CONCLUSIONS AND RELEVANCE A healthy diet and moderate intake of alcohol may decrease
the incidence or progression of CKD among individuals with type 2 diabetes. Sodium intake,
within a wide range, and normal protein intake are not associated with CKD.
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I n industrialized countries, as life expectancy increases and
populations increase in age, type 2 diabetes mellitus and
associated chronic kidney disease (CKD) have become ma-

jor public health problems. Glycemic control, antihyperten-
sive therapy, and inhibition of the renin-angiotensin system
are known to affect established diabetic renal disease. How-
ever, little is known about the long-term effect of diet on the
incidence and progression of early-stage diabetic CKD. The slow
progression of CKD, the competing risk of death among indi-
viduals with diabetes and CKD, and the difficulty in assessing
dietary intake contribute to this lack of information.

In nephrology, restrictions of dietary protein and salt have
received the most attention. In the largest randomized trial,
the Modification of Diet in Renal Disease,1 low vs normal pro-
tein intake did not change the progression of CKD in individu-
als with nondiabetic renal disease. A meta-analysis2 sug-
gested otherwise but concluded that the optimal amount of
protein intake remains unclear.

High sodium intake may contribute to arterial hyperten-
sion and thereby renal and cardiovascular disease.3 A Coch-
rane review of short-term studies4 reported no effect of so-
dium intake on the rate of decline of glomerular filtration rate
(GFR) or progression of proteinuria in individuals with ad-
vanced diabetic CKD.

Because of the lack of knowledge about the effect of di-
etary factors on incidence or progression of early-stage dia-
betic renal disease, we analyzed the association of overall diet
quality and specific nutrients of interest with renal outcomes
and the competing risk of death among individuals with dia-
betes at high vascular risk in the Ongoing Telmisartan Alone
and in Combination With Ramipril Global Endpoint Trial
(ONTARGET).

We hypothesized that a healthy diet, low protein and so-
dium intake, as well as moderate alcohol intake would be as-
sociated with a lower incidence or slower progression of early
CKD and possibly death. We focused on those 4 important vari-
ables because they are potentially modifiable.

Methods
Design and Participants
The ONTARGET trial5 included 25 620 participants recruited
at 733 centers in 40 countries; these participants were aged 55
years or older, had vascular disease or type 2 diabetes melli-
tus with end-organ damage, and thus were also at high risk for
kidney disease. The composite primary outcome was cardio-
vascular mortality, myocardial infarction, stroke, or hospital-
ization for heart failure. Secondary outcomes included dou-
bling of the serum creatinine level, the need for dialysis, and
changes in urine albumin. The main finding was that com-
bined renin-angiotensin system blockade led to more ad-
verse events without additional benefit and that either drug
alone was equally effective in preventing the combined pri-
mary outcome.6,7

To calculate the urinary albumin-creatinine ratio (UACR)
(milligrams per millimole), urinary albumin and creatinine
were measured centrally in a core laboratory at baseline and

after 5 years of follow-up.8 Serum creatinine was measured lo-
cally at study sites at baseline and after 5.5 years. Estimated
GFR was calculated using the 4-variable Modification of Diet
in Renal Disease formula and the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation for
comparison.9,10

In this study we included only participants with a history
of type 2 diabetes, normoalbuminuria or microalbuminuria at
baseline, and UACR and GFR measurements at study entry and
end, resulting in a study population of 6213.

Assessment of Risk Factors
We recorded food intake once at baseline using a qualitative
food frequency questionnaire that has been found to be ap-
plicable to different countries (Supplement [eTable 1]).11,12 We
classified the 20 food items based on their nutrient similari-
ties, such as high-carbohydrate foods (consisting of desserts,
sugar, and refined grains) or vegetables (consisting of leafy
green, raw, and cooked vegetables). Frequencies of consump-
tion were converted to servings per week. To estimate daily
protein intake, we assigned a medium serving size to each food
item and defined animal proteins as the sum of protein pro-
vided by meat/poultry, fish, eggs, and dairy products and plant
protein as protein provided by tofu/soybean curd, legumes, and
whole and refined grains. The conversion was based on the US
Department of Agriculture Nutrient database (Supplement
[eTable 2]).13

We assessed diet quality using the modified Alternate
Healthy Eating Index (mAHEI) originally developed by
McCullough and colleagues14 and applied by Dehghan and
colleagues.11 Instead of portion sizes, we used frequency of con-
sumption. The scoring system and cutoff points for food items
were identical to those of the mAHEI described by Dehghan
and colleagues but included multivitamins as used by
McCullough and colleagues. Each participant’s points from the
assessment of food items were summed to a total score. Higher
scores indicated adherence to dietary guidelines and re-
flected high intake of healthy foods, such as vegetables, and
lower intake of unhealthy foods, such as fried food.

Alcohol intake was measured by the number of drinks per
week, with 1 drink equaling 1.5 ounces of hard liquor or 1 glass
of beer or wine. Measurements of 24-hour urinary excretion
of potassium and sodium were estimated from a fasting morn-
ing urine sample as previously described.15,16

Main Outcome
The main study outcome was defined by the 3 possible states
of a participant’s status after 5.5 years of follow-up: (1) alive
with no incidence or progression of CKD, (2) alive with inci-
dence or progression of CKD, or (3) death. Incidence or pro-
gression of CKD was defined as at least 1 of the following re-
nal events: new microalbuminuria, new macroalbuminuria,
GFR-decline of more than 5% per year, or end-stage renal dis-
ease. New microalbuminuria was defined as progression of
UACR to above 3.4 mg/mmol and an increase of at least 30%
from UACR at baseline (UACRb). To avoid random categorical
changes of participants with a UACRb near the next cutoff point,
the 30%-increase rule was included. New macroalbuminuria
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Table. Clinical and Nutrition Characteristics of Participants With Diabetes, Separated by the 3 Outcome States at 5.5 Years of Follow-upa

Characteristic at Baseline

Participants Alive
Participants Who Died

(n = 516) P
Value

No Renal Event
(n = 3726)

Renal Event
(n = 1971)

No. Median (IQR) No. Median (IQR) No. Median (IQR)
Age, y 3726 65 (60-70) 1971 66 (61-71) 516 69 (63-74) <.001

BMI 3708 28.65 (25.71-31.96) 1963 28.70 (25.83-32.45) 511 28.04 (25.41-31.54) .07

Weight, kg 3724 81.00 (71.00-92.00) 1970 81.00 (70.00-92.00) 516 80.00 (70.00-91.00) .33

Systolic blood pressure, mm Hg 3724 142 (130-154) 1971 145 (133-156) 514 145 (133-156) <.001

Diastolic blood pressure, mm Hg 3724 82 (75-89) 1971 82 (75-89) 514 80 (73-88) .008

Mean arterial blood pressure, mm Hg 3724 102.67 (95.00-109.67) 1971 103.33 (95.33-110.00) 514 102.33 (93.75-109.67) .10

MDRD GFR, mL/min/1.73 m2 3717 74.35 (62.30-88.06) 1967 72.73 (58.56-87.77) 515 67.52 (55.38-80.87) <.001

CKD-EPI GFR, mL/min/1.73 m2 3722 73.44 (60.38-87.20) 1964 71.61 (57.07-86.78) 515 65.01 (52.39-79.42) <.001

Serum creatinine level, mg/dL 3717 1.00 (0.87-1.15) 1967 1.00 (0.85-1.20) 515 1.10 (0.90-1.30) <.001

Glucose level, mg/dL 3709 138.05 (113.94-171.36) 1964 144.00 (117.00-183.60) 514 142.20 (116.28-183.42) <.001

UACR, mg/mmol 3726 4.97 (2.44-15.52) 1971 9.31 (3.66-28.27) 516 11.85 (3.62-49.95) <.001

Albuminuria status, No. (%) 3726 667 (17.9) 1971 472 (23.9) 516 176 (34.1) <.001

Duration of type 2 diabetes mellitus, y 3688 8 (3-15) 1959 9 (4-16) 513 10 (4-17) <.001

Estimated 24-h urinary sodium, g 3718 4.89 (3.95-5.94) 1969 4.91 (3.83-5.96) 515 4.81 (3.72-5.99) .80

Estimated 24-h urinary potassium, g 3718 2.14 (1.83-2.55) 1969 2.12 (1.81-2.50) 516 2.14 (1.80-2.47) .02

Previous ACEI/ARB use, No. (%) 3726 2565 (68.8) 1971 1491 (75.7) 516 381 (73.8) <.001

Female sex, No. (%) 3726 1152 (30.9) 1971 671 (34.0) 516 148 (28.7) .02

Caucasian ethnic group, No. (%) 3736 2546 (68.3) 1971 1316 (66.8) 516 357 (69.2) .86

Tobacco use, No. (%) 3721 1969 515

Current 389 (10.5) 208 (10.6) 87 (16.9) <.001

Former 1834 (49.2) 955 (48.5) 247 (47.9)

Never 1498 (40.3) 806 (40.9) 181 (35.2)

Clinical history, No. (%)

Myocardial infarction 3726 1399 (37.6) 1971 757 (38.4) 516 218 (42.3) .12

Stroke or TIA 3726 616 (16.5) 1971 358 (18.2) 516 115 (22.3) .003

Coronary artery disease 3726 2353 (63.2) 1971 1230 (62.4) 516 340 (65.9) .34

Peripheral artery disease 3726 425 (11.4) 1971 289 (14.7) 516 114 (22.1) <.001

Hypertension 3726 2846 (76.4) 1971 1608 (81.6) 516 407 (78.9) <.001

CABG 3726 706 (19.0) 1971 404 (20.5) 516 101 (19.6) .37

PTCA 3726 919 (24.7) 1971 422 (21.4) 516 108 (20.9) .01

Retinopathy, laser treatment 3726 311 (8.3) 1971 195 (9.9) 516 52 (10.1) .10

Medications, No. (%)

Statin 3726 2133 (57.3) 1971 1087 (55.2) 516 259 (50.2) .007

β-Blocker 3726 1919 (51.5) 1971 1025 (52.0) 516 264 (51.2) .91

Any antiplatelet drug 3726 2797 (75.1) 1971 1471 (74.6) 516 386 (74.8) .94

Diuretic 3726 1120 (30.1) 1971 756 (38.4) 516 229 (44.4) <.001

Calcium-channel blocker 3726 1302 (34.9) 1971 786 (39.9) 516 196 (40.0) .001

Nutrition

mAHEI score 3726 25.23 (20.02-31.24) 1971 23.83 (19.26-29.63) 516 23.42 (18.85-28.72) <.001

Deep fried food/snacks/fast food
consumed, No. (%)

3720 1743 (46.9) 1965 913 (46.6) 515 245 (47.6) .92

Animal protein, kg/d 3718 15 (10.23-23.21) 1963 14.23 (10.00-20.46) 514 15 (10.29-29.21) .02

Plant protein, kg/d 3715 14 (7-21) 1963 14 (7-18) 514 14 (7-19) .22

Total protein, kg/d 3714 28.23 (20.46-46.38) 1962 27.46 (19.86-36.21) 514 28.46 (20.46-37.23) .01

No. of servings/wk

Alcohol, drinks 3725 0 (0-2) 1970 0 (0-1) 516 0 (0-1) <.001

High-carbohydrate foods 3714 9 (3-18) 1961 9 (3-19) 514 9 (4-18) .47

Fruits and fruit juices 3716 7 (4-14) 1963 8 (6-14) 515 8 (5-14) <.001

Vegetables 3712 11 (7-17) 1961 10 (7-16) 515 10 (5-16) <.001

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker; BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); CABG, coronary artery bypass graft;
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation;
GFR, glomerular filtration rate; IQR, interquartile range; mAHEI, Modified
Alternate Healthy Eating Index; MDRD, Modified Diet in Renal Disease;
PTCA, percutaneous transluminal coronary angioplasty; TIA, transient ischemic

attack; UACR, urinary albumin-creatinine ratio.

SI conversion factors: To convert creatinine to micromoles per liter, multiply by
88.4; glucose to millimoles per liter, multiply by 0.0555.
a Participants with available data. Median, first quartile, and third quartile (IQR)

or frequencies and percentages are given.
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was defined as progression of UACR above 33.9 mg/mmol
and an increase of at least 30% from UACRb. Without the
30%-increase criterion, the number of renal outcomes would
have increased by only 15 (Supplement [eTable 3]). Glomeru-
lar filtration rate decline was measured using GFR measure-
ments at baseline, 2 years, and 5.5 years. End-stage renal dis-
ease was defined as a GFR less than 15 mL/min/1.73 m2 or
renal replacement therapy for more than 2 months. In an
additional analysis, the association of overall diet quality
and specific nutrients was estimated separately for the albu-
minuria and GFR-decline renal events. The competing
nature of the outcome states was addressed by sensitivity
analysis using only 2 years of follow-up; no deaths had
occurred by this time point.

Statistical Analysis
Median, first, and third quartiles (interquartile range [IQR])
were used to summarize continuous variables; absolute fre-
quencies and percentages were used to summarize categori-
cal variables. Wilcoxon and χ2 tests were applied to compare
continuous and categorical variables with normoalbumin-
uria or microalbuminuria at baseline. Urinary albumin-
creatinine ratio and duration of type 2 diabetes were not nor-
mally distributed, so values were log transformed. Given the
exploratory nature of this observational study, we did not ad-
just P values for multiple testing. Multinomial logit regres-
sion models were applied to identify odds ratios (ORs) and 95%
CIs for the association of diet with the 3 outcome states. Frac-
tional polynomials were used to model nonlinear relation-
ships (P = .157). In the final models, interactions between vari-
ables were tested by including pairwise product interaction
terms while controlling for a false discovery rate of 5%. Three
sets of confounders were defined based on expert opinion. The
set of known confounders at baseline included age, duration
of type 2 diabetes, status of albuminuria, sex, ONTARGET
randomization arms, GFR, and Δ-UACR to progression
(dUACRtp), which was defined as the difference between the
participant-specific cutoff point for diagnosis of new micro-
albuminuria or macroalbuminuria and UACRb on the log scale.
The extended set 1 of confounders additionally included body
mass index (calculated as weight in kilograms divided by height
in meters squared), mean arterial blood pressure (millime-
ters of mercury), glucose (milligrams per deciliter) and previ-
ous use of angiotensin-converting enzyme inhibitors or an-
giotensin-receptor blockers. These additional variables may be
mediators for CKD rather than confounders.17 The extended
set 2 additionally included tobacco use, physical activity, and
educational level to study the nutrition-specific effects of a
healthier lifestyle and socioeconomic status. Correlations be-
tween explanatory variables were low, with the largest abso-
lute correlation of 0.34 between sodium and potassium ex-
cretion. For each diet variable, we created models adjusted with
all sets of confounders (single-variable models). On the basis
of expert opinion, a multivariable diet model with nonover-
lapping diet variables adjusted with either set of confounders
was devised (multivariable model). The mAHEI is an aggre-
gate of various dimensions of diet and was therefore not in-
cluded in the adjusted multivariable model. In 2 separate ad-

ditional analyses, we evaluated associations of diet with the
outcome states considering only albuminuria or GFR-decline
renal events. With multinomial logit regression, 2 ORs were es-
timated for each food item: ORrenal compares participants who
were alive at study’s end and experienced an incidence or pro-
gression of CKD with participants who were alive at study’s end
and did not develop or have progression of CKD; ORdeath com-
pares participants who died during follow-up with partici-
pants who were alive and did not develop CKD. For diet vari-
ables, such as fried food, that showed heavy clustering of zero
values and a small range, we used binary indicators based on
consumption of these foods at least once per week or less. For
continuous variables, we state 2 ORs: OR2vs1 and OR3vs1, com-
paring participants at the median of the second and third ter-
tiles (50.0th and 83.3rd percentile) with participants at the me-
dian of the first tertile (16.7th percentile), respectively. All
available cases were used for each statistical model. A 2-sided
P < .05 was considered statistically significant. We used R, ver-
sion 2.12.2, for analysis and figure preparation. Multinomial
logit regression was computed with the mlogit library.18 A more
detailed description of statistical analysis is contained in the
Supplement.

Results
Participants’ characteristics and dietary details are reported
in the Table and the Supplement (eTable 4). After 5.5 years of
follow-up, 1971 participants (31.7%) experienced the com-
bined renal end point of incidence or progression of CKD, and
516 participants (8.3%) died (Supplement [eTable 5]); 979 par-
ticipants (15.8%) developed new microalbuminuria (678
[10.9%]) or macroalbuminuria (301 [4.8%]), 1270 (20.4%) ex-
perienced a more than 5% decline of GFR per year, and 33 (0.5%)
developed end-stage renal disease (Figure 1). Two hundred
ninety-two participants (4.7%) experienced the albuminuria

Figure 1. Flowchart of Number of Participants and Outcomes at 5.5 Years
of Follow-up

979  (15.8%) New microalbuminuria
or macroalbuminuria

1270  (20.4%) GFR decline >5%
per year

1971  (31.7%) Primary renal outcome 516  (8.3%) Death

25 620 Participants in ONTARGET

6213 (100%) Participants at baseline

19 407 Participants excluded
16 008 Without diabetes

1064 With missing UACR or GFR at baseline
758 With macroabuminuria at baseline

1577 With missing UACR or GFR at last follow-up

GFR indicates glomerular filtration rate; ONTARGET, Ongoing Telmisartan Alone
and in Combination With Ramipril Global Endpoint Trial; and UACR, urinary
albumin-creatinine ratio.
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and the GFR-decline event. Adjusted single-variable and mul-
tivariable models for the combined renal outcome adjusted
with known confounders are presented below. Parameter es-
timates of the 2 separated renal outcomes, albuminuria and
GFR-decline, were only marginally different from the com-
bined renal outcome (Supplement [eTables 14 and 17]).

Scores for the mAHEI, a measure of healthy diet, varied
from 9.8 to 66.2 (unhealthy to healthy), with a median of 24.6.
We found an almost linear association between the mAHEI and
CKD in the adjusted single-variable model (Figure 2); partici-
pants with a higher mAHEI had significantly lower renal risk
(ORrenal2vs1, 0.88 [95% CI, 0.82-0.94], ORrenal3vs1, 0.74 [95%
CI, 0.64-0.84]) (Figure 3 and the Supplement [eTable 7]). Risk
of death was 39% lower in the third tertile of mAHEI than in
the first tertile (ORdeath3vs1, 0.61 [95% CI, 0.48-0.78]). The de-
creased risk of CKD for participants with higher mAHEI val-
ues was also detected when albuminuria and GFR-decline were
analyzed separately. Because participants with a healthier diet

lived longer, they had a longer period during which to de-
velop the renal outcome, but it occurred less frequently.

Participants consumed a median of animal, plant, and total
protein of 0.47 g/kg/d (IQR, 0.32-0.68), 0.10 g/kg/d (IQR, 0.05-
0.16), and 0.58 g/kg/d (IQR, 0.42-0.82), respectively. A weak
positive association was observed between the frequency of
animal and plant protein consumption (Pearson correlation,
0.22). In adjusted single-variable models, consumption of total
and animal protein showed a significantly decreased risk of
CKD (total protein: ORrenal2vs1, 0.94 [95% CI, 0.91-0.98];
ORrenal3vs1, 0.86 [95% CI, 0.77-0.95]) (Figure 3). In the ad-
justed multivariable model, the negative association of higher
animal protein intake and CKD was reproduced (ORrenal2vs1,
0.95 [95% CI, 0.91-0.98]; ORrenal3vs1, 0.86 [95% CI, 0.77-
0.96]) (Figure 4, Figure 5, and Figure 6 and the Supplement
[eTable 8]). In the separate adjusted albuminuria- and GFR-
decline multivariable models, higher animal protein intake
showed a nonsignificant decreased risk of CKD (Supplement

Figure 2. Single-Variable Multinomial Logit Models Adjusted With Known Confounders

200
400
600
800

200
400
600
800

Incidence or progression of CKDA DeathB

0.6

0.8

1.0

1.2

0.4

0.2

0.0

300
400

100
200

0

Fr
eq

ue
nc

y
Re

la
tiv

e 
O

dd
s

mAHEI
15 20 25 30 35 40 45

34.4% 32.4% 28.4%

0.6

0.8

1.0

1.2

0.4

0.2

0.0

300
400

100
200

0

Fr
eq

ue
nc

y
Re

la
tiv

e 
O

dd
s

mAHEI
15 20 25 30 35 40 45

10.4% 8.0% 6.6%

1.4

1.8

2.2

2.6

1.0

3.0

–1.4

0

Fr
eq

ue
nc

y
Re

la
tiv

e 
O

dd
s

24-h Urinary Sodium, g/kg/d
2 4 6 8 10

32.4% 31.6% 31.2%

1.4

1.8

2.2

2.6

1.0

3.0

–1.4

0

Fr
eq

ue
nc

y
Re

la
tiv

e 
O

dd
s

24-h Urinary Sodium, g/kg/d
2 4 6 8 10

9.0% 7.0% 9.0%

Confounders (at study entry) are age, duration of type 2 diabetes mellitus,
albuminuria status, glomerular filtration rate, sex, Ongoing Telmisartan Alone
and in Combination With Ramipril Global Endpoint Trial randomization arms,
and urinary-albumin-creatinine ratio (UACR) to progression, which was defined
as the difference between the participant-specific cutoff point of developing
new microalbuminuria or macroalbuminuria and UACR at baseline on the log

scale. Association of modified Alternate Healthy Eating Index (mAHEI) and
24-hour urinary sodium and relative odds (solid line) with 95% CI (shaded area)
with chronic kidney disease (CKD) (A) or death (B) and respective histograms.
The horizontal line on the top shows tertiles, and the numbers within each
tertile give the percentage of participants experiencing the respective event.
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[eTable 14 and eTable 17]). For plant protein consumption, no
significant association with CKD was found in adjusted single-
variable and multivariable models.

Consuming more high-carbohydrate foods increased the
risk of CKD in adjusted single-variable and multivariable mod-
els (multivariable model: ORrenal2vs1, 1.03 [95% CI, 1.01-1.06];
ORrenal3vs1, 1.15 [95% CI, 1.01-1.32]). Although the association
of high-carbohydrate foods and GFR-decline–type CKD were
virtually identical, the albuminuria-type CKD showed a simi-
lar, but not significant, association with high-carbohydrate
foods.

Participants consumed a median of 9 (IQR, 7-14) servings
of fruits and fruit juices per week and a median of 11 (IQR, 7-17)
servings of vegetables per week. In adjusted single-variable and
multivariable models, frequent consumption of fruits and fruit
juices reduced the risk of CKD (multivariable model:
ORrenal2vs1, 0.95 [95% CI, 0.91-0.99]; ORrenal3vs1, 0.91 [95% CI,
0.84-0.99]) (Figure 4) and the risk of death (ORdeath2vs1, 0.90
[95% CI, 0.84-0.96]; ORdeath3vs1, 0.82 [95% CI, 0.72-0.94]) in
a dose-dependent manner. For GFR-decline–type CKD, the ef-
fect of intake of fruits and fruit juices was similar but not sig-
nificant. In the adjusted single-variable model, vegetable con-
sumption of more than 5 servings per week reduced the risk
of CKD and mortality (ORrenal2vs1, 0.94 [95% CI, 0.90-0.99];
ORrenal3vs1, 0.90 [95% CI, 0.82-0.98]; ORdeath2vs1, 0.88 [95%
CI, 0.82-0.95]; and ORdeath3vs1, 0.80 [95% CI, 0.69-0.91]). The
significant association with mortality remained in the multi-
variable models. Vegetables were further classified into leafy
green, raw, and cooked varieties, which were weakly corre-
lated with each other (maximal Pearson correlation, 0.25). Only
high intake of leafy green vegetables reduced the risk of CKD

in adjusted single-variable models (ORrenal2vs1, 0.93 [95% CI,
0.88-0.98]; ORrenal3vs1, 0.90 [95% CI, 0.83-0.98]).

Alcohol was consumed by 32.6% of participants (n = 2024),
who had a median intake of 5 (IQR, 2-8) alcoholic drinks per
week. The association between alcohol intake and CKD was J-
shaped (Figure 5). In adjusted single-variable and multivari-
able models, participants with alcohol intake of 5 drinks per
week had lower risk of CKD (multivariable model: ORrenal3vs1,
0.75 [95% CI, 0.65-0.87]) and mortality (ORdeath3vs1, 0.69 [95%
CI, 0.53-0.89]) compared with nondrinkers.

Median estimated measurements of 24-hour potassium
and sodium urinary excretion were 2.13 g (IQR, 1.82-2.53) and
4.89 g (IQR, 3.89-5.95), respectively). Higher potassium was
associated with reduced risk of CKD in adjusted single-
variable and multivariable models (multivariable model:
ORrenal2vs1, 0.90 [95% CI, 0.85-0.95]; ORrenal3vs1, 0.78 [95% CI,
0.69-0.88]); sodium was not associated with risk of CKD. So-
dium excretion had a U-shaped association with mortality. Es-
timates of sodium and potassium remained substantially un-
changed for the 2 separate renal events.

Albuminuria at baseline was independently associated
with CKD (ORrenal, 1.16 [95% CI, 1.01-1.34]) (Supplement
[eFigure 2 and eTable 20]). No effect modification with
mAHEI and nutrients was found. Likewise, no effect modifi-
cation was observed between renin-angiotensin–blocking
medication and nutrients. When adjusted with the extended
sets of confounders or when the use of diuretics was
included, estimates were not materially different from the
above when single-variable and multivariable models were
adjusted with known confounders (Supplement [eTables
9-12]). The adjusted multivariable model using only 2 years’

Figure 3. Forest Plot for Single-Variable Multinomial Logit Models Adjusted With Known Confounders
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follow-up (n = 5847) showed estimates for CKD similar to the
5-year model, indicating that our estimates were not sensi-
tive to the competing risk of mortality (Supplement [eTable
13 and eFigure 4]). Results for individual food items are pro-
vided in the Supplement (eTable 7).

Discussion

In this large international study, we found that a healthier diet
was associated with lower incidence or slower progression of

Figure 4. Multivariable Multinomial Logit Model Adjusted With Known Confounders
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early CKD and lower mortality among individuals with type 2
diabetes. In fact, the healthier the diet, assessed by the mAHEI
score, the lower was the risk of incidence or progression of CKD.
A diet rich in fruits and vegetables and moderate consump-
tion of alcohol reduced the risk of incidence or progression of

CKD. However, high protein and sodium intake, often cited as
modifiable risk factors for causing renal disease, were not as-
sociated with early-stage CKD in this high-risk population. In
fact, low intake of total and animal proteins exhibited an in-
creased risk of CKD and mortality. We confirm the U-shaped

Figure 5. Multivariable Multinomial Logit Model Adjusted With Known Confounders
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association of urinary sodium excretion and mortality in in-
dividuals with type 2 diabetes mellitus.15

Consistent with our findings, the Nurses’ Health Study19 re-
ported that a healthier (Dietary Approach to Stop Hyperten-
sion [DASH]) diet was associated with less albuminuria and loss
of GFR compared with a Western-style diet. However, of the 3121
individuals analyzed in the Nurses’ Health Study, only 23% had
type 2 diabetes, and death was not considered as a competing
risk. Both the mAHEI and DASH diet measure high-quality diet
and agree in the classification of individuals with similar un-
derlying dietary patterns. De Koning and colleagues20 re-
ported a high correlation between AHEI and DASH indices, and
both strongly predicted a lower risk of new-onset type 2 diabe-
tes among men from the Health Professionals Follow-up study.
We speculate that a combination of effects of a healthy diet may
slow the complex process of atherosclerosis. In other studies,21-24

a healthy diet improved endothelial function and reduced in-
flammation, although it has been difficult to pinpoint specific
food items. These endothelial effects may especially be impor-
tant in individuals with increased cardiovascular and renal risk,
such as those who have type 2 diabetes.25,26

The negative association of a low protein diet and the in-
cidence or progression of CKD in our study was unexpected
because a meta-analysis2 of interventional studies on protein
restriction in advanced CKD suggested that a low-protein diet
reduced the hazard of renal death by 32% compared with higher
or unrestricted protein intake. However, in this meta-
analysis, studies on late-stage CKD were analyzed. Similar to
our findings, results from the Prevention of Renal and Vascu-
lar End-Stage Disease study27 did not show an inverse asso-
ciation of low protein intake and GFR-decline in the general
population, and low protein intake was associated with an in-
creased mortality. In addition, a recent study28 in obese indi-
viduals confirmed that high-protein diet was not associated
with low GFR or albuminuria.

Urinary sodium excretion was not associated with CKD,
even after controlling for the effects of sodium on blood pres-
sure. A meta-analysis4 of mainly short-term interventional
studies in patients with diabetic nephropathy showed that di-
etary sodium reduction to less than 2 g/d lowered blood pres-
sure but did not affect kidney disease. Vegter and colleagues29

analyzed GFR-decline in 500 participants in the Ramipril Ef-
ficacy in Nephropathy (REIN) trials who had advanced non-
diabetic CKD and reported, for univariate analysis, an almost
linear relationship between sodium excretion and end-stage
renal disease. However, after controlling for baseline protein-
uria, this relationship lost significance.

In contrast to our findings for CKD, mortality showed a U-
shaped association with sodium intake among people with type
2 diabetes, confirming data for the whole population of the
ONTARGET trial15 and a report by Ekinci and colleagues30 for
individuals with type 2 diabetes. The relative hazard of so-
dium for mortality was independent of blood pressure and car-
diovascular comorbidities. In the present analysis, estimated
sodium excretions less than 3 g/d and more than 7 g/d were
both associated with increased mortality.

We detected a protective effect of fruits and fruit juices for
individuals who consumed more than 3 servings per week on
both CKD and mortality. In individuals with established early
CKD due to hypertension, a short-term dietary intervention rich
in fruits and vegetables reduced albuminuria in stage 2 but not
stage 1 CKD.31 The mechanism of benefit may be improved en-
dothelial function of the microvasculature.32 In addition, we
showed that leafy green vegetables, but not raw or cooked veg-
etables, were associated with decreased incidence or progres-
sion of CKD. A likely explanation may be the high potassium
content of these food items; potassium content has been shown
previously to decrease the risk of cardiovascular disease.33 Ac-
cordingly, the consumption of more vegetable servings per
week was associated with a decreased risk of mortality.

Figure 6. Forest Plot for the Multivariable Multinomial Logit Model Adjusted With Known Confounders
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of the respective variable.
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It is known that moderate and excessive alcohol consump-
tionareassociatedwithreducedmortalityandatendencytoward
increased mortality, respectively.34 Our data support such a
U-shaped relationship for incidence or progression of CKD in in-
dividuals with type 2 diabetes. Moderate alcohol consumption
may serve as a proxy for social integration and overall subjective
well-being but may also act through direct vascular effects.35

This study encompasses all limitations of an observa-
tional investigation. We addressed this issue by careful selec-
tion of confounders. The study has high internal validity be-
cause all risk factors were collected at baseline and preceded
outcomes. External validity applies to a population with simi-
lar demographics. Because albuminuria was measured only 3
times (baseline, 2 years, and 5 years), biological variability may
have led to misclassification. However, technical variability was
minimized by central analysis. Accordingly, spot estimates of
urinary electrolytes may not precisely reflect 24-hour con-
sumption, and a single dietary assessment may not be repre-
sentative. We cannot exclude some underreporting in pro-
tein intake, but the reported amount has been shown to be
representative for this population.36

In summary, our findings indicate that a healthy diet is
associated with a reduced risk of developing CKD and slower

progression of early kidney disease among individuals with
type 2 diabetes mellitus. If the associations identified would
be causal, then for each 1000 individuals with type 2 diabe-
tes and vascular disease adhering to a healthy diet, 131
would be expected to experience incidence or progression of
CKD within the next 5 years compared with 151 individuals
on an unhealthy diet. We also found a clear association of
healthy diet with decreased mortality. Neither a low protein
nor a low sodium diet, the 2 main nutritional recommenda-
tions in individuals with CKD, reduced the incidence and
progression of the disease. Although this finding was not
causally shown, it may be legitimate to advise individuals
with type 2 diabetes and vascular disease to adhere to a
healthy diet avoiding extremes of protein and salt intake to
reduce their high risk for renal disease and death. This paral-
lels the observations with cardiovascular disease; therefore,
the same approach to diet is appropriate to prevent cardio-
vascular disease and renal disease, further confirming the
parallels in the etiology of both conditions.11 This recom-
mendation is based on the above associations, the extensive
adjustments made for confounding, and the expectation
that randomized trials of dietary interventions are unlikely
to be forthcoming.
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Invited Commentary

Moving Dietary Management of Diabetes Forward
Holly Kramer, MD, MPH; Alex Chang, MD, MS

Type 2 diabetes mellitus is a nutritional disease with
genetic and environmental cofactors. The goals of nutri-
tional management of type 2 diabetes should include main-
taining near-normal plasma glucose levels without risking
hypoglycemia, controlling blood pressure and weight, and
avoiding the complications of kidney and cardiovascular
disease.

Unfortunately, dietary recommendations for individuals
with type 2 diabetes have been quite varied and often contra-
dictory over time. John Rollo, a surgeon general in the Royal

Artillery of the British Army
in 1797, first prescribed a
diet composed mainly of
animal products, particu-

larly old, rancid meat, but no fruits and vegetables.1 Conse-
quent improvement in glycosuria with this diet may have been
due to weight loss itself rather than avoidance of carbohy-
drates. Severe carbohydrate and caloric restriction for type 2
diabetes management was endorsed by others, such as Fred-
erick M. Allen, who introduced the “Allen Starvation Treat-
ment” in 1914.2 This diet provided only 10 g/d of carbohy-

drates. Subsequent ketosis with this diet was managed by
excessive water consumption and adding alkali or even alco-
hol to the diet.

The discovery of insulin in 1921 allowed individuals to con-
sume more carbohydrates, and average prescribed carbohy-
drate intake increased overall.1 However, controversy contin-
ues to exist regarding the exact amount and type of carbohydrate
because high-carbohydrate diets also have been effective in re-
ducing glycosuria. The most recent nutritional guidelines3 from
the American Diabetes Association no longer recommend a spe-
cific carbohydrate goal, instead suggesting “a dietary pattern that
includes carbohydrate from fruits, vegetables, whole grains, le-
gumes, and low-fat milk”; reducing intake of sodium and satu-
rated and trans fat; and increasing fish consumption.

Dunkler and colleagues4 examine the association be-
tween dietary habits and kidney disease as well as all-cause
mortality among patients with type 2 diabetes. Participants
were from the Ongoing Telmisartan Alone and in Combina-
tion With Ramipril Global Endpoint Trial (ONTARGET) and
were without macroalbuminuria (n = 6213). Food intake was
assessed at baseline using food frequency questionnaires, and
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