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Abstract

Background—Dietary protein restriction is recommended for patients with moderate to severe
renal insufficiency. Long-term data on the relationship between dietary protein sources and risk for
incident kidney disease in individuals with normal kidney function are largely missing.

Objective—To assess the association between dietary protein sources and incident chronic
kidney disease (CKD)

Design—~Prospective cohort

Setting—Atherosclerosis Risk in Communities (ARIC) study participants from 4 U.S.
communities

Subjects—11,952 adults aged 44-66 years in 1987-1989 who were free of diabetes mellitus,

cardiovascular disease and had an estimated glomerular filtration rate (eGFR) =60 mL/min/1.73
2

m4,

Main outcome measure—A 66-item food frequency questionnaire was used to assess food
intake. CKD stage 3 was defined as a decrease in eGFR of 225% from baseline resulting in an
eGFR of less than 60 mL/min/1.73 m2; CKD-related hospitalization; CKD-related death; or end-
stage renal disease. Hazard ratios (HR) and 95% confidence intervals (CI) were estimated using
Cox proportional hazards regression.

Results—During a median follow-up of 23 years, there were 2,632 incident CKD cases. Red and
processed meat consumption was associated with increased CKD risk (HRgs vs, 91: 1.23, 95% CI:
1.06, 1.42, pyeng = 0.01). In contrast, higher dietary intake of nuts, legumes and low-fat dairy
products was associated with lower CKD risk (nuts: HRqgs vs. q1: 0.81, 95% CI: 0.72, 0.92, pyrend
<0.001; low-fat dairy products: HRqs ys. g1: 0.75, 95% CI: 0.65, 0.85, pireng <0.001; legumes:
HR@s vs. 1: 0.83, 95% CI: 0.72, 0.95, pireng=0.03).

Conclusion—There were varied associations of specific dietary protein sources with risk of
incident CKD, with red and processed meat being adversely associated with CKD risk and nuts,
low-fat dairy products and legumes being protective against the development of CKD.

Keywords
dietary protein; protein sources; chronic kidney disease

Introduction

The role of dietary protein intake in kidney disease has been debated for decades.13 In 1923,
Addis and Drury were among the first to describe a relationship between level of dietary
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protein and rates of urea excretion.* This was followed by the observation that higher dietary
intake of protein resulted in elevated rates of creatinine and urea excretion in a dog model as
a consequence to meat feeding.> Excretion rates were attributed to changes in glomerular
filtration rate (GFR) based on renal blood flow alterations in response to increased protein
intake.8-8 Therefore the concern arose that higher consumption of dietary protein may
contribute to chronic renal disease through increased glomerular pressure (‘intrarenal
hypertension”) and hyperfiltration that may predispose even healthy people to progressive
glomerular sclerosis and deterioration of renal function.!

To this point, not much is known on the role of various dietary protein sources on renal
functioning and incident kidney disease.® 10 Most clinical evidence stems from trials in
patients with moderate to severe kidney insufficiency.11 Pathophysiological mechanisms
supporting different effects of various protein sources may involve lower concentrations of
amino acids that cause renal vasodilation and lesser stimulation of vasodilator
prostaglandins.12 Moreover, dietary protein sources vary in their non-protein constituents
which may in part explain differential health effects. There is growing evidence showing the
adverse health effects of red and processed meat intake specifically and its association with
cardiovascular disease.13-16 On the other hand, a diet with a higher proportion of plant
protein may be beneficial to persons with chronic kidney disease (CKD).17: 18 Unfortunately
detailed analyses of specific food groups instead of single nutrients are largely missing.?: 10
Such investigations are warranted as these provide a more adequate assessment of the
complexities of diet-disease associations.19

The primary aim of this study was to examine the association between individual protein-
rich food groups on the risk of incident stage 3 CKD in a large, community-based cohort of
middle-aged adults with normal renal function at baseline. We hypothesized that animal-
derived food groups such as red or processed meat would be associated with a higher risk of
incident stage 3 CKD whereas plant-based proteins such as nuts and legumes would be
related to a lower risk.

Study Population

The Atherosclerosis Risk in Communities Study (ARIC) is a community-based prospective
cohort study of 15,792 adults aged 45-64 years at baseline from four U.S. communities
(Washington County, MD; suburban Minneapolis, MN; Jackson, MS; and Forsyth County,
NC).20 For this analysis, only white and black adults were included. Individuals with
diabetes (defined as self-reported diabetes, fasting blood glucose =126 mg/dL, non-fasting
blood glucose =200 mg/dL, or use of diabetes medication) or cardiovascular disease (a
history of myocardial infarction, heart failure, coronary bypass surgery, or angioplasty) at
baseline were not included (Appendix Figure 1). Participants with an estimated GFR (eGFR)
<60 mL/min/per 1.73 m? at baseline or prior to baseline were also excluded (n=108). Last,
we excluded individuals with incomplete dietary information or with extreme caloric intake
(<600 kcal or >4,200 kcal per day for men, <500 kcal or >3,600 kcal per day for women) or
with missing data on covariates of interest (n=841). Our final study population consisted of
11,952 participants at the baseline examination (visit 1, 1987-1989).
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The ARIC study was approved by the Institutional Review Boards (IRB) of all participating
institutions, including University of Minnesota, Johns Hopkins University, University of
North Carolina, and University of Mississippi Medical Center. Written documentation of
informed consent was obtained from all participants at each clinical site.

Assessment of Dietary Protein Intake

Dietary protein intake was assessed using an interviewer-administered, 66-item food
frequency questionnaire (FFQ) adapted from the 61-item FFQ developed by Willett et al.
and validated in ARIC.21: 22 The FFQ was administered to all subjects at visit 1 (baseline,
1987-1989) and visit 3 (1993-1995). As major dietary protein sources, the following food
groups were identified: unprocessed red meat, processed red meat, red and processed meat
intake (combined), poultry, fish and seafood, eggs, high-fat dairy products, low-fat dairy
products, nuts, and legumes (Appendix Table 1). Vegetable protein intake was defined as the
difference between total and animal protein intake.

Cumulative updating of the FFQ was used to reduce within-person variation and to represent
long-term dietary intake.1% 23 Specifically, visit 1 FFQ data were used for those who
developed kidney disease or were censored before visit 3. Otherwise, for those who did not
develop kidney disease and those who were not censored before visit 3, the average of visits
1 and 3 FFQ data were used. In analysis, quintiles of dietary protein sources were created.

Assessment of Incident Kidney Disease

Covariates

The primary endpoint for this study was incident stage 3 CKD through December 31, 2012.
A detailed description of creatinine measurements at all ARIC study visits has been
previously published.?4 25 eGFR was calculated using the 2009 Chronic Kidney Disease
Epidemiology (CKD-EPI) equation using creatinine.2® Incident stage 3 CKD was assessed
from baseline (1987-1989) through December 31, 2012 and defined as a decrease in eGFR
of at least 25% from baseline resulting in an eGFR of less than 60 mL/min/per 1.73 m?2,
International Classification of Disease-9/10 code for a CKD-related hospitalization
identified by surveillance of hospitalizations, International Classification of Disease-9/10
code for a CKD-related death identified by linkage to the National Death Index, or end-stage
renal disease (ESRD) defined as transplant or dialysis as indicated by entry in the U.S. Renal
Data System (USRDS) registry.2’

In sensitivity analyses, we evaluated associations with incident stage 3 CKD defined using
visit-based measures only from visits 1-4, i.e. eGFR of less than 60 mL/min/per 1.73 m?
accompanied by a decrease in eGFR of at least 25% from baseline.2’

Information on height, weight, waist, and hip circumference, current smoking, alcohol
intake, education level, and use of anti-hypertensive and lipid-lowering medication was
obtained using standardized procedures at baseline.20 Baecke's physical activity
questionnaire and scoring systems were used to assess sports-related physical activity and
leisure-related physical activity.28 Hypertension was defined as systolic blood pressure =140
mm Hg, diastolic blood pressure =90 mm Hg, or use of anti-hypertensive medication.
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Participants provided blood samples for the assessment of blood glucose and the lipid
profile.20 Diabetes status was defined as self-reported diabetes, physician diagnosis of
fasting blood glucose =126 mg/dL, non-fasting blood glucose =200 mg/dL, or use of
diabetes medication.

Statistical Analysis

Mean values and standard deviations (SD) for continuous variables and proportions for
categorical variables were used to describe baseline characteristics (visit 1, 1987-1989) of
the study participants. Cox proportional hazards regression was used to assess the
association of dietary protein sources with stage 3 CKD incidence, accounting for time from
the baseline examination to the date of the first outcome event, death, loss to follow-up, or
December 31, 2012. Hazard ratios were calculated to estimate risk of CKD for participants
in quintiles 2 to 5 of dietary food or protein intake relative to participants in the lowest
quintile of dietary food or protein intake (reference group). Multivariable regression models
were used to account for potential confounding. Model 1 was adjusted for age, race (in
combination with ARIC study center), sex, education level, and total caloric intake. Model 2
additionally adjusted for high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglycerides, total cholesterol, lipid-lowering medication use, systolic blood
pressure, anti-hypertensive medication use, alcohol intake, current smoker, physical activity
index, leisure-related physical activity, total carbohydrate intake, body mass index, and
waist-to-hip ratio. Tests for linear trend across quintiles were conducted by modeling the
median value within each quartile. We tested for potential interactions by sex and race and
conducted stratified analyses by sex and race. Sensitivity analyses were conducted to
examine the association between dietary protein intake and incident CKD using visit-based
measures only (9 years of follow-up; visits 1-4).

To characterize the distribution of dietary intake of total protein and sources of protein, we
have plotted frequency histograms. In addition, to visualize the continuous association
between total protein as well as specific sources of protein with risk of incident CKD, we
plotted linear splines with four knots at the 20th, 40th, 60th, and 80th percentiles,
corresponding to the quintiles. The 10th percentile of dietary intake of protein was used as
the reference point in all spline models. We truncated the data at the 99th percentile to
minimize the influence of extreme values.

Last, we investigated the effect of replacing red and processed meat with legumes, dairy, fish
and seafood, or nuts. This substitution analysis was conducted by including the continuous
forms of dietary protein variables in the same multivariable model (legumes, red and
processed meat, fish and seafood, eggs, nuts, low-fat dairy, high-fat dairy, and poultry) in
addition to other macronutrients and all the covariates in Model 2. The substitution effect
estimates were calculated as the difference between the coefficient for the substituted food
source of dietary protein and the coefficient for red meat, and the confidence intervals were
calculated using the respective variances and covariance between these two factors.15 29, 30

Statistical analyses were performed using Stata statistical software version 13.0 (StataCorp,
College Station, Texas, USA). A two-sided p-value of 0.05 was considered statistically
significant.
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There were no substantial differences in average age, blood pressure, total, or LDL-
cholesterol across quintiles of total protein intake (Table 1). Participants in the highest
quintile of total protein intake had higher caloric intake, body mass index, consumed more
alcohol, and were more likely to have a college education. Mean total protein intake was
41.1 grams (15.9% of total caloric intake) in the lowest quintile compared to 109.5 grams
(19.5% of total caloric intake) in the highest quintile. Participants who developed incident
CKD were slightly older, more likely to be male, had higher blood pressure, cholesterol, and
body mass index (Appendix Table 2). Total protein and animal protein intake at baseline was
similar in persons who did and did not develop incident CKD.

A total of 2,632 cases of incident CKD cases were observed during a median follow-up of
23 years. Neither total protein nor animal protein consumption was significantly related to
risk of incident CKD (Table 2). Participants consuming the highest amounts of vegetable
protein sources were at lower risk for incident CKD compared to inidividuals with lowest
intake (HRqs vs. 1: 0.76, 95% CI, 0.64, 0.91; pgreng = 0.002).

In detailed analyses, higher intake of red and processed meat was significantly associated
with an increased risk for incident CKD (HRqs vs. g1: 1.23; 95% ClI, 1.06, 1.42, pirend =
0.01; Table 3). Individuals with the highest levels of dietary intake of low-fat dairy products
and legumes had a lower risk of incident CKD (HRgqs vs. g1: 0.75; 95% Cl, 0.65, 0.85, ptrend
<0.001 and HRqs vs. @1: 0.83; 95% ClI, 0.72, 0.95, ptreng=0.03). In addition, higher nut
consumption was associated with reduced CKD risk (HRgs vs. 1: 0.81; 95% Cl, 0.72, 0.92,
Ptrend <0.001). Higher levels of fish and seafood consumption was not significantly
associated with lower risk of incident CKD, although the test for trend was statistically
significant (pireng = 0.01). Dietary intake of poultry, eggs and high-fat dairy products were
not significantly associated with incident CKD. When we investigated the association of
major dietary protein sources with CKD risk by sex and race, our results did not change

significantly (Pinteraction by sex = 0.60; Pinteraction by race = 0.91).

When we characterized the shape and asssociations of total protein intake and of selected
food groups with CKD risk and frequency in the overall population (Figure 1A-F), total
protein consumption was not related to CKD risk. However, there was a higher risk of CKD
among persons with elevated red and processed meat intake and a lower risk among persons
with higher consumption of low-fat dairy products. Dietary intake of nuts, fish and seafood
and legumes were not significantly associated with lower CKD risk. Replacing red and
processed meat in the diet with legumes, low-fat dairy products or nuts was significantly
associated with a lower risk of CKD (Table 4).

When we defined incident stage 3 CKD using visit-based measures only (eGFR <60
mL/min/1.73 m? and >25% eGFR decline), vegetable protein remained significantly
associated with incident CKD (HRgs vs, Q1 0.69; 95% Cl, 0.55, 0.86, pgreng = 0.005)
(Appendix Table 3). Consumption of eggs, dairy products, nuts and legumes was related to a
lower CKD risk, whereas dietary intake of red and processed meat tended to be associated
with a higher risk but the test for trend was not significant (Appendix Table 4).
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Discussion

In this large, community-based cohort of middle-aged adults with normal kidney function at
baseline, participants with the highest red and processed meat consumption had an increased
risk for incident CKD, while individuals with high consumption of nuts, low-fat dairy
products or legumes were at a lower risk for CKD. Replacing red and processed meat in the
diet with other sources of dietary protein, including nuts, low-fat dairy products and legumes
was associated with lower CKD risk.

The majority of scientific evidence on dietary protein intake stems from studies involving
patients with kidney disease, most prominently the Modification of Diet in Renal Disease
(MDRD) study.!! There, among patients with moderate renal insufficiency, over 3 years, no
significant correlation between achieved protein intake and GFR decline was observed.11: 31
However, extension of this relationship to individuals with normal renal function is
inappropriate as the damaged glomerulus responds differently to various stressors than the
healthy glomerulus. To this point, there are only a few longitudinal studies on the effect of
long-term, high consumption of protein on kidney function decline in persons with normal
kidney function available.®: 10. 32, 33 Analyses of the Nurses' Health Study, the Women's
Health Initiative, and the Cardiovascular Health Study suggest that total protein intake was
not significantly associated with changes in eGFR in individuals with normal kidney
function.® 32. 33 Non-dairy animal protein, dairy protein, and vegetable protein were not
found to be related to changes in eGFR in nurses but unfortunately detailed food group
analyes were not undertaken.® Additionally, almost all previous studies consisted of
relatively small sample sizes of predominantly white women, and large, diverse prospective
studies of adequate duration are needed for further clarification. 32 The most recent results
of the Singapore Chinese Health Study indicate that red meat intake may increase the risk of
ESRD.10

Our data derived from a US community-based cohort support no association between total
or animal protein intake and stage 3 CKD, whereas vegetable protein was found to be
protective. Given the hypothesized effect of specific types of protein on renal vasodilation,
renal blood flow, and GFR, analyses of food groups instead of total total protein intake may
be a more appropriate method.1® This approach follows early observations that showed renal
blood flow increases in dogs as a consequence to meat feeding.®> Controlled short-term
feeding studies in humans support that an increase in the GFR can be induced by animal
protein, specifically protein from meat.34 In contrast, consumption of soy protein produced
little or no effect.12: 35 Our observational results over 20 years add to the evidence that
among animal protein sources, red and processed meat is positively related while low-fat
dairy products are inversely related to risk of incident CKD. Among vegetable protein
sources, nuts and legumes were associated with a lower risk for CKD.

Many longitudinal studies define CKD solely on biomarker results which may introduce a
selection bias as persons developing the disease may be less likely to attend study visits. The
outcome definition for this analysis incorporated surveillance measures, including the
USRDS registry and ICD-9/10 codes for CKD-related hospitalizations and deaths. In
sensitivity analyses, we also evaluated associations with incident stage 3 CKD defined using
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visit-based measures only with eGFR of less than 60 mL/min/per 1.73 m? accompanied by a
decrease in eGFR of at least 25% from baseline. Using this alternative definition of CKD,
the results confirm that vegetable protein sources (overall as well as nuts and legumes
specifically) and low-fat dairy products are inversely related to incident stage 3 CKD.

There are numerous potential mechanisms that could explain the varying associations of
dietary protein sources with kidney function decline. Importantly, red and processed meat
intake is associated with an increased risk of hypertension and diabetes-related
phenotypes 36-38 whereas dairy products and nuts are related to a lower risk.39: 40 Other
explanations for our results may involve differences in the metabolism among dietary
protein sources, such as the lower nonvolatile acid load that can be found in proteins from
plant sources.#1-43

The strengths of our study include a large diverse, community-based, prospective cohort
with long follow-up, and structured assessment of dietary intake and covariates.
Nonetheless, there are several limitations. In this US population assessed in the mid 1990's,
there was little variation in reported intake for some types of protein of interest for CKD
prevention. The relationships examined in this study should be confirmed, ideally, in
populations with greater vegetable and seafood protein intake (e.g., Mediterranean
populations). Second, intake of any particular food, including red meat, seafood, and others,
occurs within a complex pattern of food consumption and of lifestyle. Therefore, residual
and unmeasured confounding may explain part of the results, although our analyses adjusted
for many potentially confounding factors. Moreover, changing dietary habits and food
supply (e.g. processed meat) over time may not have been adequately captured by our FFQs.
Translation of these results into a “modern’ population is thus limited. Finally, as we
excluded individuals with diabetes and existing cardiovascular disease from our study
population, generalizability of our findings is limited.

In conclusion, high red and processed meat consumption was associated with an increased
CKOD risk, whereas consumption of nuts, legumes and low-fat dairy products was associated
with a lower risk of CKD. These results emphasize the potential role of dietary protein
sources rather than total protein intake for developing kidney disease.

Practical Application

A diet high in protein from certain protein sources, rather than total protein restriction,
appears to be advantageous in the long-term. The risk and frequency of CKD increases with
high red and processed meat consumption, whereas intake of nuts, legumes, and low-fat
dairy products are beneficial. Consequently, analyses replacing red and processed meat in
the diet with legumes, low-fat dairy products or nuts indicate potential gains for the
prevention of CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Frequency histograms and adjusted hazard ratios® for the association between dietary
intake of (A) total protein, (B) legumes, (C) red and processed meat, (D) fish and seafood, (E)
nuts, and (F) low-fat dairy products and incident chronic kidney disease

a Dietary intake of total protein and sources of protein are modeled using linear spline terms
with knots at the 20t, 40t 60t and 80t percentiles. The 10t percentile of dietary intake of
protein was used as the reference point, and data were truncated at the 99™ percentile. The
solid lines represent hazard ratios adjusted for age, race-center, sex, education level, total
caloric intake, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
triglycerides, total cholesterol, lipid-lowering medication, systolic blood pressure, anti-
hypertensive medication use, alcohol intake, current smoker, physical activity index, leisure-
related physical activity, total carbohydrate, body mass index, and waist-to-hip ratio.
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Table 4
Hazard ratios2 for incident chronic kidney disease associated with substituting one
serving red and processed meat with one serving of another food source of dietary protein

Substituted Food HR (95% CI) P-value

Legumes 0.69 (0.57,0.83)  <0.001
Low-fat dairy 0.80(0.73,0.87)  <0.001
Fish and seafood 0.86 (0.73, 1.02) 0.08

Nuts 0.82(0.73,0.92)  0.001

HR, hazard ratio; Cl, confidence interval

aThe substitution analysis was conducted by including the continuous forms of dietary protein variables in the same multivariable model, and
calculating the difference in their coefficients plus their covariance to estimate the hazard ratios and 95% confidence intervals. Regression model
included legumes, red and processed meat, fish and seafood, eggs, nuts, low-fat dairy, high-fat dairy, and poultry intake. Model was adjusted for
age, race-center, sex, education level, total caloric intake, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides,
total cholesterol, lipid-lowering medication use, systolic blood pressure, anti-hypertensive medication use, alcohol intake, current smoker, physical
activity index, leisure-related physical activity, total carbohydrate intake(%kcal), total fat intake(%kcal), body mass index, and waist-to-hip ratio.
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