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Introduction. The objective was to examine whether dietary acid
load was associated with chronic kidney disease (CKD) in adults.
Materials and Methods. The cross-sectional analyses included
4564 participants, aged 20 years and older, who participated in
the 4th phase of the Tehran Lipid and Glucose Study and had
complete dietary and serum creatinine data. Dietary data were
obtained from using a 147-item food-frequency questionnaire.
Dietary acid load was calculated as the potential renal acid load
(PRAL). Anthropometrics, blood pressure, and fasting plasma
glucose, and lipids were measured. Chronic kidney disease was
defined as an estimated glomerular filtration rate (GFR) less than
60 mL/min/1.73 m? calculated using the Modification of Diet in
Renal Disease equation. Risk of CKD was obtained in quartiles of
PRAL with logistic recreation.

Results. The mean dietary PRAL of the participants was -22.0
mEq/d. After adjustment for age, sex, and body mass index, the
odds ratio for CKD in the highest compared to the lowest quartile
of PRAL was 1.38 (95% confidence interval [CI], 1.02 to 1.83). After
additional adjustment for energy intake and smoking, the odds
ratio for CKD in the 4th quartile of PRAL compared to the 1st
was 1.42 (95% CI, 1.06 to 1.91). In the final model, after additional
adjustment for dietary intake of total fat, carbohydrate, dietary
fiber, fructose, sodium, diabetes mellitus, and hypertension, the
risk of CKD in the highest dietary PRAL category, compared to
the lowest, increased by 42%.

Conclusions. After adjusting for possible confounding factors, we
found that higher PRAL (more acidic diet) was associated with
higher prevalent CKD in Iranian adults.
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Chronic kidney disease (CKD), defined as the
presence of microalbuminuria or reduction in
glomerular filtration rate (GFR), is a growing public
health problem worldwide, with a rising incidence
and prevalence, only stages 3 and 4 estimates ranged
from 6.3% to 18.6%.!? Previously, many studies

have demonstrated that age, sex, hypertension,
diabetes mellitus, obesity, hyperlipidemia, and
smoking are risk factors for development of CKD.?
There has been a growing interest regarding the
association of dietary factors and development of
kidney disorders and CKD; however, limited and
inconsistent data are available in this regard.*®
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Endogenous homeostasis of acid-base has
been identified as an important determinant for
cardiometabolic risk factors.® Current evidence
indicates that acid-base status, which is affected by
food intake, is a main factor for the development
and progression of CKD.”” Dietary acid load has
been determined by food supply of acid precursors,
ie, noncarbonic acids such as sulfuric acid, which
are rich in animal proteins such as meats, eggs, and
cheese, and base precursors (ie, alkali salts from
organic acids, such as citrate and bicarbonate) are
abundant in fruits and vegetables such as raisins,
apple, peach, spinach, and cauliflower.® A common
method used to estimate dietary acid load from
dietary assessment in epidemiology studies is the
potential renal acid load (PRAL) method. A negative
PRAL value reflects a base-forming potential,
whereas a positive one reflects an acid-forming
potential.'! It has been shown that dietary acid
load is associated with the risk of hypertension
and type 2 diabetes mellitus.'*4[13]

To the best of our knowledge, there has been no
report on the relationship between dietary PRAL
and CKD. Hence, we investigated a community-
based population of Iranian adults to investigate
this association, independent of diabetes mellitus
and hypertension.

This study was conducted within the framework
of the Tehran Lipid and Glucose Study (TLGS).
Briefly, TLGS is a community-based ongoing
prospective study, being conducted to investigate
and prevent noncommunicable diseases, in a
representative sample of residents, aged 3 years
and older, from district 13 of Tehran, the capital
city of Iran. The first phase of the TLGS began in
March 1999 and data collection, at 3-year intervals,
is ongoing."” During the 4th phase of TLGS (2009-
2011), from a total of 12823 participants with
complete data on their medical history and physical
examinations, 7956 participants were randomly
selected for dietary assessment, and for the current
analysis, participants aged 20 to 70 years, with
complete data for diagnosis of diabetes mellitus
and hypertension and data on serum creatinine
levels. Participants were excluded from the analysis
if they were on specific diets or were diagnosed as
under-reporters (< 800 kcal/d) or over-reporters
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(= 4200 kcal/d) of energy intake. Finally, data
of 4564 individuals were considered for analysis.

This study protocol was approved by the ethics
committee of the Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical
Sciences, and informed written consent was obtained
from all participants.

Dietary data were collected by the trained
dietitians using a valid and reliable semi-
quantitative Food Frequency Questionnaire with
147-food items.'® The interviewer asked participants
to designate their consumption frequency for each
food item during the past year on a daily, weekly,
or monthly basis. Portion sizes of consumed
foods that were reported in household measures
were then converted to grams. The United States
Department of Agriculture Food Composition Table
(FCT) was used to calculate energy and nutrient
intakes. The Iranian FCT was also used for some
traditional foods that are not listed in the United
States Department of Agriculture FCT.

Dietary acid-base load was evaluated by 2
indexes, PRAL and the protein-potassium ratio,
using the following formulae”'”:

PRAL (mEq/d) = 0.4888 x dietary protein (g/d)
+ 0.0366 x dietary phosphorus (mg/d) - 0.0205
x dietary potassium (mg/d) - 0.0125 x calcium
(mg/d) - 0.0263 x magnesium (mg/d)

protein-potassium ratio = dietary protein (g/d)/
dietary potassium (mg/d)

Both PRAL and protein-potassium ratio were
calculated using residual energy-adjusted nutrient
intake data estimated from the Food Frequency
Questionnaire. Higher values of PRAL and protein-
potassium ratio were considered as higher acidic
dietary acid-base load.’

The participants were interviewed by trained
interviewers using pretested questionnaires,
following which demographic data collection,
anthropometric examinations, medical history
of cardiovascular disease, and medication use
were undertaken by trained general physicians.
Weight was measured while the participants were
minimally clothed without shoes using digital
scales and recorded to the nearest 100 g. Height
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was measured in a standing position, without
shoes, using a tape measure while the shoulders
were in a normal position. Body mass index (BMI)
was calculated as weight in kilograms, divided by
height in meters squared. Using a standard mercury
sphygmomanometer, systolic blood pressure and
diastolic blood pressure were measured twice in
a seated position after a 15-minute rest period.
Blood samples were taken after a 12- to 14-hour
overnight fast. All blood analyses were done
at the TLGS research laboratory on the day of
blood collection.'® Serum total cholesterol and
triglyceride levels were measured using enzymatic
colorimetric kits (Pars Azmon Inc, Tehran, Iran).
Serum creatinine was measured according to the
standard colorimetric Jaffe-Kinetic reaction method
(Pars Azmon Inc, Tehran, Iran).

Hypertension was defined as systolic/diastolic
blood pressure of 140/90 mm Hg and higher
or current therapy for a definite diagnosis of
hypertension.'”” We used the Modification of Diet
in Renal Disease (MDRD) equation formula to
express estimated GFR in mL/min/1.73 m? of
body surface area.” The abbreviated MDRD study
equation is as follows:

GFR = 186 x (serum creatinine)™* x (Age)2%®
x (0.742 if female)

Based on the estimated GFR levels, the patients
were classified as not having CKD with a GFR of
60 mL/min/1.73 m? and higher (non-CKD) and as
having CKD with a GFR less than 60 mL/min/1.73
m? (CKD) groups.”

Diabetes mellitus was defined as a fasting blood
glucose of 126 mg/dL and higher, 2-hour blood
glucose of 200 mg/dL and higher, or being on
anti-diabetic medication.?

The mean values and the proportions of baseline
characteristics of the participants with and without
CKD were compared using the independent
sample t test or the chi-square test, respectively.
Dietary PRAL was assigned as quartiles, based on
their 25th, 50th, and 75th percentile values. The
quartile ranges of dietary PRAL were less than -36.9
mEq/d, -36.9 mEq/d to-19.8 mEq/d, -19.8 mEq/d
to -5.4 mEq/d, and = -5.4 mEq/d. To determine
the odds ratio (OR) and 95% confidence interval

(95%CI) of CKD in each quartile category of dietary
PRAL, multivariable logistic regression models
were conducted with adjustment for potential
confounding variables. A univariable analysis
was performed for each potential confounder
including age, sex, BMI, smoking, diabetes mellitus,
hypertension, energy intake, and dietary intakes
of fat, carbohydrate, fiber, fructose, and sodium.
A P value less than .2 in the univariable analysis
was considered the threshold for inclusion in the
final multivariable models. To assess the overall
trends of OR across quartiles of dietary PRAL, the
median of each quartile was used as a continuous
variable in the logistic regression models.
Statistical analysis was performed using the
SPSS software (Statistical Package for the Social
Sciences, version 15.0, SPSS Inc, Chicago, IL, USA).

The mean age of the participants was 39.8 + 12.8
years and 54% of the participants were women.
The mean estimated GFR was 72.4 mL/min/1.73
m? and 11.7% of the participants were diagnosed
with CKD (6.8% and 18.8% in men and women,
respectively). The mean dietary PRAL of the
participants was -22.0 mEq/d (-15.6 mEq/d and
-26.8 mEq/d in men and women, respectively).
General characteristics of the CKD and non-CKD
participants are shown in Table 1. Participants
with prevalent CKD, compared to non-CKD ones,
had higher body weight, serum triglyceride levels,
systolic blood pressure, and serum creatinine levels

Table 1. Characteristics of the Study Participants With and
Without Chronic Kidney Disease (CKD)*

Non-CKD
Characteristic c;|(1D=ngT)'p group P
(n = 4030)
Age, y 544+05 426+0.1 .001
Body weight, kg 75.8+06 745+0.2 .04
Body mass index, kg/m? 279+0.2 27.6+0.1 .18
Serum triglyceride, mg/dL  157.0+3.8 142.0+1.3 .001

High-density lipoprotein, 46.3+05 46.9%0.2 .25
mg/dL

Systolic blood pressure, 116.0+0.7 114.0+0.2 .047
mm Hg

Diastolic blood pressure, 76.8+0.5 76.6 +£0.1 .82
mm Hg

Serum creatinine, mg/dL 1.30+0.01 1.02+0.00 .001

Glomerular filtration rate, 58.5+0.4 745+01 .001

mL/min/1.73 m?

*Data are shown as mean + standard deviation. Analysis of
covariance was used with adjustment for age and sex.

121



Dietary Acid-Base Load and Chronic Kidney Disease—Mirmiran et al

as well as lower estimated GFR (P < .05).

Dietary intakes of the CKD participants and non-
CKD ones are compared in Table 2. Participants
with CKD had lower dietary PRAL (-22.71 + 045
mEq/d versus -19.46 + 1.52 mEq/d, P <.05) and
lower protein-potassium ratio (0.019 + 0.005
versus 0.02 + 0.013, P < .05). There were no
significant differences between dietary intakes of
the participants with and without CKD.

The ORs (95% CI) of CKD across quartile
categories of PRAL are presented in Table 3. In the
1st model, after adjustment for age, sex, and BMI,
a significant increased risk of CKD was observed
in the highest compared to the lowest quartile of
dietary PRAL (OR, 1.38; 95% CI, 1.02 to 1.83). In the
2nd model, after additional adjustment for energy
intake and smoking, the risk of CKD in the 4th
quartile of PRAL was 1.42 (95% CI, 1.06 to 1.91).

In the 3rd model, after additional adjustment for
dietary intake of total fat, carbohydrate, dietary
fiber, fructose, sodium, diabetes, and hypertension,
the risk of CKD in the highest compared to the
lowest dietary PRAL category increased by 43%
(OR, 1.43,95% CI, 1.03 to 1.95); moreover, there was
a significant trend in CKD risk across increasing
quartile of dietary PRAL (P for trend = .03).

This study, conducted in an Iranian adult
population, showed an increased risk of CKD in
individuals with higher dietary PRAL; this positive
association remained significant after additional
adjustment for all potential confounding variables
including energy intake, smoking, diabetes mellitus,
hypertension, and dietary intake of total fat,
carbohydrate, dietary fiber, fructose, and sodium.

Table 2. Dietary Intakes of the Study Participants With and Without Chronic Kidney Disease (CKD)*

. CKD Grou Non-CKD grou

Dietary Intake (n= 534)p (n= 40??0) P P
PRAL, mEq/d -19.46 + 1.50 -22.71 £ 0.40 .04
Protein-potassium ratio 0.019 + 0.005 0.02 £ 0.013 .05
Energy, Kcal 2336.0 + 37.2 2388.0 + 11.1 18
Protein, % of energy 15.20 £ 0.20 14.90 + 0.05 15
Protein, g/d 88.6 £ 0.9 87.9+0.3 .50
Carbohydrate, % of energy 59.3+0.5 59.2+0.1 .82
Fat, % of energy 29.4+0.8 29.9+0.2 .55
Sodium, mg/d 3491.0 + 53.6 3574.0 + 16.0 14
Magnesium, mg/d 464.0 £ 5.1 471.0+15 .23
Potassium, mg/d 4504.0 + 66.1 4622.0 £ 20.0 .09
Calcium, mg/d 1438.0 £ 24.6 1459.0 £+ 7.4 41
Phosphorus, mg/d 1640.0 + 15.1 1638.0 + 4.5 .90
Meat, g/d 46.7 £ 2.1 449 £ 0.6 .40
Cereals, g/d 428 +2.2 46.0 £ 0.7 A7
Grains, g/d 469.0 + 8.6 454.0+2.6 .09
Dairy, g/d 426.0 + 12.2 426.0+ 3.6 .97
Vegetable, g/d 314.0 £ 10.2 329.0 £3.0 A7
Fruit, g/d 399.0£18.0 400.0+54 .96

*Data are shown as mean + standard deviation. The independent ¢ test was used for comparisons.

Table 3. Logistic Regression Models’ Odds Ratios (95% Confidence Intervals) of Chronic Kidney Disease (CKD) Across Quartile

Categories of Dietary Potential Renal Acid Load (PRAL)

Dietary PRAL
Q1 (<-36.9) Q2 (-36.9 to -19.8) Q3 (-19.8 to -5.4) Q4 (2 -5.4) .
Model for CKD pegian = -52.7 Median = -26.3 Median = -12.1 Median = 6.0 Pfor Trend
Model 1T 1,00 1.21(0.93 t0 1.57) 1,07 (0.80 to 1.39) 1.38 (1.02 to 1.83) 13
Model 2% 1.00 1.16 (0.89 to 1.52) 1.04 (0.79 10 1.37) 1.42 (1.06 t0 1.91) 09
Model 3§ 1.00 1.24 (0.93 to 1.64) 1.17 (0.86 to 1.58) 1.42 (1.03 to 1.95) 03

‘Based on logistic regression model using median intake of dietary PRAL in each quartile as a continuous variable.

tAdjusted for age, sex, and body mass index.
tAdditionally adjustement for smoking and energy inatke.

§Additiona|ly adjustement for dietary intake of fat, carbohydrate, fiber, fructose, and sodium; diabetes mellitus, and hypertention.
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In this study, CKD patients had a more acidic
diet, defined as lower dietary PRAL and protein-
potassium ratio.

Similarly, in adult population of the National
Health and Nutrition Examination Survey (1999-
2004), a 2-fold higher risk of CKD in adults was
associated with estimated net acid excretion as
explained by PRAL plus organic anion production
in an un adjusted model.?* In this study, the
association was attenuated to 75% risk of CKD
after adjustment of age, sex, race or ethnicity,
socio-economic status, smoking, diabetes mellitus,
hypertension, self-reported cardiovascular disease,
BMI, and total caloric intake.?* In the current
study, the final model was adjusted for diabetes
mellitus and hypertension, which showed that
PRAL could the increase risk of CKD up to 42%.
These findings suggest that dietary acid load has
considerable effect on kidney function and affects
CKD risk. Kanda and coworkers, in a retrospective
cohort study of 217 non-dialysis-dependent CKD
patients with a normal serum bicarbonate level on
low-protein diet, showed that high net endogenous
acid production (NEAP) as net acid excretion was
independently associated with CKD progression
and the authors suggested that decreased NEAP
might be an effective kidney-protective therapy.”
It is important to note that dietary acid load is
related to protein intake, a risk factor for CKD
progression that has been widely studied.??

In the current study, we used PRAL for
measuring dietary acid-base load balance. The
NEAP and PRAL are estimates, which are affected
by imprecision in the measurement of dietary intake
as a result of inaccurate reporting and variation
over time. Additionally, absorption of nutrients in
the gastrointestinal tract and the actual nutrient
composition of a specific food vary considerably
across individuals and the methods of preparation,
but these differences cannot be accounted for by
the PRAL equation.

The mean PRAL in our population (-22.0 mEq/d)
was less acidic compared to other populations
including the British middle-aged women (27.6
mEq/d and 1.0 g/mEgq, respectively) and young
Japanese women (10.4 mEq/d and 1.2 g/mEq,
respectively). In agreement with previous studies,
we observed that higher intakes of meat, grains,
egg, fish, and dairy were associated with higher
PRAL, while higher intakes of vegetables and

fruit were related to lower PRAL. In general, high
dietary acid load foods include cheese, meat, and
eggs, all of which are important sources of animal
protein and grains, whereas alkali-providing foods
include fruits and vegetables.!! Western dietary
patterns with high contents of animal and grain
products represent a high acid supply for body.
The average percent of energy from protein is
raised in populations who follow Western diets
to approximately 15% to 17%, predominantly
from animal foods.?®* Also, in several general
population cohorts in the United States, an average
50 mEq/d to 75 mEq/d of dietary acid load was
reported,®® because of low potassium-rich fruit and
vegetables in the diet.”® In countries on nutrition
transition such as Iran, the animal-to-plant protein
ratio was found to be approximately 1.3 to 2.1.#
Many vegetable foods are sources of potassium,
which binds to organic anions and metabolized to
bicarbonate, which in turn, reduces the net rate
of endogenous acid production in comparison to
the rate of acid production from animal foods.*
Evidence available shows that if servings of sweets
and grains were replaced by fruits and vegetables,
or a diet enriched in fruits, vegetables, and low-fat
dairy with reductions in fats, oils, and meats such
as those observed in the Dietary Approach to Stop
Hypertension (DASH) yields a substantially reduced
dietary acid load compared to common diet (NEAP
of 31 mEq/d versus 78 mEq/d), despite comparable
protein intake.*” Overall, these findings suggest that
replacing low nutrient- and energy-dense foods,
very common in recent decade diets, by greater
intakes of fruits and vegetables, could lower NEAP
without requiring excessive protein restriction.?34
Some mechanisms may explain the effect of
dietary acid load on developing kidney dysfunction;
renal medullary ammonia level increases by acidosis
without decrease in serum bicarbonate levels and
the increase in resulting ammonia level by dietary
acid load in the long term leads to high local
intratubular and tissue ammonia concentrations
accompanied by increased ammonia genesis; this
pathway can exert toxic effects on progression of
tubulointerstitial injury.®>*® In diabetic nephropathy,
these mechanisms are highlighted and can force
the elimination of nephrons and progression
of diabetic nephropathy to end-stage kidney
failure.”” In addition, metabolic acidosis has been
associated with raised endothelin production in
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CKD, which mediates tubulointerstitial injury
and GFR decrease.’! Another possibility is the
rising production of oxygen-free radicals and
oxidative stress induced by acidosis. Evidence has
shown that with alkalinization of urine and the
renal medulla, production of oxygen-free radicals
declines and kidney is protected against oxidant
injury.®?* Oxygen-free radicals and oxidant injury
have been shown to play an important role in the
pathogenesis of radiocontrast nephrotoxicity.*

The strength of the current study was using
of a validated Food Frequency Questionnaire to
assess regular dietary intake. Furthermore, we had
detailed information on participants’ medications,
and therefore, adjusted for use of drugs which affect
hypertension or diabetes mellitus. Our study had
also some limitations; first, it was a cross-sectional
study, and hence, the association between dietary
acid load and kidney function could not provide a
causal relationship. Second, as no complete Iranian
FCT exists, we used the United States Department
of Agriculture FCT. Third, our definition of CKD,
as in most epidemiologic studies, was based on a
limited number of isolated creatinine measurements
that were not repeated within 3 months to confirm
a chronic reduction in GFR.

After adjusting for possible confounding factors,
we found that higher PRAL (more acidic dietary
acid-base loads) was associated with increased
risk of prevalent CKD in community-based Iranian
adults.

This work was funded by a grant from the
Research Institute for Endocrine Sciences, Shadid
Beheshti University of Medical Sciences, Tehran,
Iran.

We would like to acknowledge Ms Niloofar Shiva
for critical copy editing of the English manuscript.

None declared.

1. Snyder JJ, Foley RN, Collins AJ. Prevalence of CKD in
the United States: a sensitivity analysis using the National

124

10.

1.

12.

13.

14.

15.

16.

17.

Health and Nutrition Examination Survey (NHANES)
1999-2004. Am J Kidney Dis. 2009;53:218-28.

. Levey AS, Coresh J, Balk E, et al. National Kidney

Foundation practice guidelines for chronic kidney disease:
evaluation, classification, and stratification. Ann Intern
Med. 2003;139:137-47.

. Tohidi M, Hasheminia M, Mohebi R, et al. Incidence of

chronic kidney disease and its risk factors, results of
over 10 year follow up in an Iranian cohort. PLoS One.
2012;7:€45304.

. Yuzbashian E, Asghari G, Mirmiran P, Hosseini FS, Azizi

F. Associations of dietary macronutrients with glomerular
filtration rate and kidney dysfunction: Tehran lipid and
glucose study. J Nephrol. 2015;28:173-80.

. Lin J, Fung TT, Hu FB, Curhan GC. Association of dietary

patterns with albuminuria and kidney function decline in
older white women: a subgroup analysis from the Nurses’
Health Study. Am J Kidney Dis. 2011;57:245-54.

. Adeva MM, Souto G. Diet-induced metabolic acidosis.

Clin Nutr. 2011;30:416-21.

. Frassetto LA, Todd KM, Morris RC Jr, Sebastian

A. Estimation of net endogenous noncarbonic acid
production in humans from diet potassium and protein
contents. Am J Clin Nutr. 1998;68:576-83.

. Remer T. Influence of nutrition on acid-base balance--

metabolic aspects. Eur J Nutr. 2001;40:214-20.

. Remer T, Manz F. Estimation of the renal net acid

excretion by adults consuming diets containing variable
amounts of protein. Am J Clin Nutr. 1994;59:1356-61.

Remer T, Dimitriou T, Manz F. Dietary potential renal acid
load and renal net acid excretion in healthy, free-living
children and adolescents. Am J Clin Nutr. 2003;77:1255-60.

Engberink MF, Bakker SJ, Brink EJ, et al. Dietary acid
load and risk of hypertension: the Rotterdam Study. Am J
Clin Nutr. 2012;95:1438-44.

Zhang L, Curhan GC, Forman JP. Diet-dependent net acid
load and risk of incident hypertension in United States
women. Hypertension. 2009;54:751-5.

Murakami K, Sasaki S, Takahashi Y, Uenishi K.
Association between dietary acid-base load and
cardiometabolic risk factors in young Japanese women. Br
J Nutr. 2008;100:642-51.

Fagherazzi G, Vilier A, Bonnet F, et al. Dietary acid load
and risk of type 2 diabetes: the E3N-EPIC cohort study.
Diabetologia. 2014;57:313-20.

Azizi F, Rahmani M, Emami H, et al. Cardiovascular risk
factors in an Iranian urban population: Tehran lipid and
glucose study (phase 1). Soz Praventivmed. 2002;47:408-
26.

Asghari G, Rezazadeh A, Hosseini-Esfahani F, Mehrabi
Y, Mirmiran P, Azizi F. Reliability, comparative validity
and stability of dietary patterns derived from an FFQ

in the Tehran Lipid and Glucose Study. Br J Nutr.
2012;108:1109-17.

Reddy ST, Wang CY, Sakhaee K, Brinkley L, Pak CY.
Effect of low-carbohydrate high-protein diets on acid-
base balance, stone-forming propensity, and calcium
metabolism. Am J Kidney Dis. 2002;40:265-74.

. Azizi F, Ghanbarian A, Momenan AA, et al. Prevention



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Dietary Acid-Base Load and Chronic Kidney Disease—Mirmiran et al

of non-communicable disease in a population in nutrition
transition: Tehran Lipid and Glucose Study phase II. Trials.
2009;10:5.

Mancia G, De Backer G, Dominiczak A, et al. 2007
Guidelines for the Management of Arterial Hypertension:
The Task Force for the Management of Arterial
Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). J
Hypertens. 2007;25:1105-87.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N,
Roth D. A more accurate method to estimate glomerular
filtration rate from serum creatinine: a new prediction
equation. Modification of Diet in Renal Disease Study
Group. Ann Intern Med. 1999;130:461-70.

[No author listed]. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis. 2002;39:S1-266.

[No author listed]. Standards of medical care in
diabetes--2014. Diabetes Care. 2014;37 Suppl 1:S14-80.

Scialla JJ, Anderson CA. Dietary acid load: a novel
nutritional target in chronic kidney disease? Adv Chronic
Kidney Dis. 2013;20:141-9.

Banerjee T, Crews DC, Wesson DE, et al. Dietary acid
load and chronic kidney disease among adults in the
United States. BMC Nephrol. 2014;15:137.

Kanda E, Ai M, Kuriyama R, Yoshida M, Shiigai T. Dietary
acid intake and kidney disease progression in the elderly.
Am J Nephrol. 2014;39:145-52.

Klahr S, Levey AS, Beck GJ, et al. The effects of dietary
protein restriction and blood-pressure control on the
progression of chronic renal disease. Modification of
Diet in Renal Disease Study Group. N Engl J Med.
1994;330:877-84.

Levey AS, Greene T, Sarnak MJ, et al. Effect of dietary
protein restriction on the progression of kidney disease:
long-term follow-up of the Modification of Diet in Renal
Disease (MDRD) Study. Am J Kidney Dis. 2006;48:879-88.

Asghari G, Mirmiran P, Hosseni-Esfahani F, Nazeri P,
Mehran M, Azizi F. Dietary quality among Tehranian adults
in relation to lipid profile: findings from the Tehran Lipid
and Glucose Study. J Health Popul Nutr. 2013;31:37-48.

Smit E, Nieto FJ, Crespo CJ, Mitchell P. Estimates of
animal and plant protein intake in US adults: results
from the Third National Health and Nutrition Examination
Survey, 1988-1991. J Am Diet Assoc. 1999;99:813-20.

Lennon EJ, Lemann J, Jr., Litzow JR. The effects of diet
and stool composition on the net external acid balance of

31.

32.

33.

34.

35.

36.

37.

38.

39.

normal subjects. J Clin Invest. 1966;45:1601-7.

Phisitkul S, Khanna A, Simoni J, et al. Amelioration of
metabolic acidosis in patients with low GFR reduced
kidney endothelin production and kidney injury, and better
preserved GFR. Kidney Int. 2010;77:617-23.

Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial
of the effects of dietary patterns on blood pressure.
DASH Collaborative Research Group. N Engl J Med.
1997;336:1117-24.

Sebastian A, Sellmeyer DE, Stone KL, Cummings SR.
Dietary ratio of animal to vegetable protein and rate of
bone loss and risk of fracture in postmenopausal women.
Am J Clin Nutr. 2001;74:411-2.

Patterson BH, Block G, Rosenberger WF, Pee D, Kahle
LL. Fruit and vegetables in the American diet: data from
the NHANES Il survey. Am J Public Health. 1990;80:1443-
9.

Nath KA, Hostetter MK, Hostetter TH. Increased
ammoniagenesis as a determinant of progressive renal
injury. Am J Kidney Dis. 1991;17:654-7.

Nath KA, Hostetter MK, Hostetter TH. Pathophysiology of
chronic tubulo-interstitial disease in rats. Interactions of
dietary acid load, ammonia, and complement component
C3. J Clin Invest. 1985;76:667-75.

Gilbert RE, Cooper ME. The tubulointerstitium in
progressive diabetic kidney disease: more than an
aftermath of glomerular injury? Kidney Int. 1999;56:1627-
37.

Atkins JL. Effect of sodium bicarbonate preloading on
ischemic renal failure. Nephron. 1986;44:70-4.

Katholi RE, Woods WT, Jr., Taylor GJ, et al. Oxygen free
radicals and contrast nephropathy. Am J Kidney Dis.
1998;32:64-71.

Correspondence to:

Parvin Mirmiran, PhD

Nutrition and Endocrine Research Center, Research Institute
for Endocrine Sciences, Shahid Beheshti University of Medical
Sciences, Tehran 19395-4763, Iran

Tel: +98 21 223 57 484

Fax: +98 21 224 16 264

E-mail: mirmiran@endocrine.ac.ir

Received September 2015
Accepted December 2015

125



