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Association of Dietary Patterns With Albuminuria and Kidney
Function Decline in Older White Women: A Subgroup Analysis

From the Nurses’ Health Study

Julie Lin, MD, MPH,1,2 Teresa T. Fung, SD, RD,3 Frank B. Hu, MD, PhD,1,4,5 and
Gary C. Curhan, MD, ScD1,2,4

Background: Dietary patterns have been linked to such chronic diseases as cardiovascular disease, but
sparse data currently are available for associations between dietary patterns and microalbuminuria or kidney
function decline.

Study Design: Subgroup analysis from a prospective observational cohort study.
Setting & Participants: Female participants in the Nurses’ Health Study who had dietary pattern data from

food frequency questionnaires returned in 1984, 1986, 1990, 1994, and 1998 and urinary albumin-creatinine
ratios from 2000 (n � 3,121); estimated glomerular filtration rate (eGFR) change between 1989 and 2000 was
available for 3,071.

Predictor: Prudent (higher intake of fruits, vegetables, legumes, fish, poultry, and whole grains), Western
(higher intake of red and processed meats, saturated fats, and sweets), and Dietary Approach to Stop
Hypertension (DASH)-style dietary patterns (also greater intake of vegetables, fruits, and whole grains).

Outcomes & Measurements: Microalbuminuria (albumin-creatinine ratio, 25-354 �g/mg) in 2000 and
change in kidney function using eGFR between 1989 and 2000.

Results: After multivariable adjustment, the highest quartile of Western pattern score compared with the
lowest quartile was associated directly with microalbuminuria (OR, 2.17; 95% CI, 1.18-3.66; P for trend � 0.01)
and rapid eGFR decline �3 mL/min/1.73 m2/y (OR, 1.77; 95% CI, 1.03-3.03). Women in the top quartile of the
DASH score had decreased risk of rapid eGFR decline (OR, 0.55; 95% CI, 0.38-0.80), but no association with
microalbuminuria. These associations did not vary by diabetes status. The prudent dietary pattern was not
associated with microalbuminuria or eGFR decline.

Limitations: Study cohort included primarily older white women and generalizability of results would benefit
from validation in nonwhites and men.

Conclusions: A Western dietary pattern is associated with a significantly increased odds of microalbuminuria
and rapid kidney function decrease, whereas a DASH-style dietary pattern may be protective against rapid eGFR
decline.
Am J Kidney Dis. 57(2):245-254. © 2011 by the National Kidney Foundation, Inc.
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The presence of microalbuminuria and moderately
decreased kidney filtration function are power-

ful predictors of cardiovascular disease1-3 and mortal-
ity,3,4 but there are limited data about how diet, an
important modifiable risk factor, might be associated
with microalbuminuria or kidney function decrease.
In particular, the influence of dietary patterns over
time on the kidney is not well defined. Whereas
traditional nutritional epidemiology has focused on
individual nutrients or foods, perhaps their additive or
interactive influence may be observed better when
overall diet patterns are considered for incident chronic
diseases. In addition to the ability to capture potential
synergy between foods and nutrients, dietary patterns
also may allow for easier translation into practical
dietary advice because people eat many different
foods in combination.5 Furthermore, classifying indi-
viduals according to their eating pattern can yield a
larger contrast between exposure groups than analy-
ses based on multiple single nutrients or foods, which

can be influenced by collinearity.

Am J Kidney Dis. 2011;57(2):245-254
One previously published study analyzed dietary pat-
terns and albuminuria. The Multiethnic Study of Athero-
sclerosis (MESA) Study reported that a diet pattern rich
in whole grains, fruit, and low-fat dairy foods was
associated with lower albumin-creatinine ratios (ACRs).6

We therefore investigated the associations between di-
etary patterns and the presence of microalbuminuria or
estimated glomerular filtration rate (eGFR) decline in
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3,121 women participating in the Nurses’ Health Study
(NHS). We hypothesized that healthier eating patterns,
measured using the prudent or DASH (Dietary Ap-
proach to Hypertension)-style dietary patterns, would be
associated inversely, whereas the Western dietary pattern
would be associated directly with microalbuminuria and
eGFR decline.

METHODS

StudyDesign

The NHS was initiated in 1976 with the enrollment of 121,700 US
female nurses aged 30-55 years. This cohort is followed up through
mailed biennial questionnaires related to lifestyle factors and health
outcomes. Between 1989 and 1990, a total of 32,826 participants
provided blood samples that were shipped on ice by overnight
delivery and stored at �130°C as previously described.7 In 2000, a
total of 18,720 of these participants submitted second blood and spot
urine specimens. Participants who did and did not return blood
samples were similar in terms of demographics and lifestyle character-
istics.

The NHS women in this investigation were participants in substud-
ies of analgesic use and kidney function8 or type 2 diabetes and

kidney function. Women in the analgesic study had submitted plasma
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in 1989 and 2000 and were sent supplemental questionnaires to obtain
detailed information regarding lifetime analgesic use. In total, 3,876
women returned the analgesic questionnaires. There were 2,712
women selected, with oversampling of those from the highest levels
of lifetime analgesic consumption. For the type 2 diabetes substudy,
we included 674 women who had submitted biological samples and
had reported a diagnosis of diabetes that was confirmed using a
diabetes supplemental questionnaire. The total number of women
with diabetes was 694.

We included women who had cumulative average dietary pat-
tern data available and who submitted a urine specimen in 2000
(n � 3,121; Fig 1). Most of these women (n � 3,071) also had
plasma creatinine measured in samples collected in 1989 and
2000, which allowed us to examine eGFR change over 11 years.

DietaryAssessment

We used information collected from the 1984, 1986, 1990, 1994,
and 1998 semiquantitative food frequency questionnaires (FFQs;
Fig 2). The FFQs were designed to assess average food intake
during the preceding year, and each has approximately 116 items.
A standard portion size and 9 possible frequency-of-consumption
responses, ranging from “never or less than once per month” to “6
or more times per day” were given for each food item. Total energy
and nutrient intake was calculated by summing energy or nutrients

Figure 1. Inclusion and exclusion crite-
ria for Nurses’ Health Study women in this
analysis of dietary patterns with albumin-
uria and kidney function decrease.
from all foods. Previous validation studies in members of the NHS
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showed a correlation coefficient of 0.66 between assessment using
the FFQ and multiple weeks of food records completed during the
preceding year.9

Diet Pattern Indexes

We have previously identified 2 major diet patterns using the
statistical procedure factor analysis (principal components).10

Briefly, foods from the FFQ first were classified into 38 food
groups based on similar nutrient profiles or culinary use. The
principle components procedure identifies diet patterns based on
correlations between these food groups. We also used an orthogo-
nal rotation procedure that results in uncorrelated factors or pat-
terns.11 The factor score for each pattern was calculated by
summing intakes of food groups weighted by their factor load-
ings.12 Factor scores were standardized to have a mean of 0 and
standard deviation of 1. Scores reflect how closely a participant’s
diet resembles each identified pattern, with higher scores represent-
ing closer resemblance.

Each woman received a factor score for each identified pattern.
The first identified factor, which we called the prudent pattern, is
characterized by higher intake of fruits, vegetables, whole grains,
fish, and poultry. The second factor, which we called the Western
pattern, is characterized by higher intake of processed and red
meats, refined grains, sweets, and desserts. Factor scores generated
using this approach are not correlated with each other. Factor
analysis was conducted using SAS PROC FACTOR (SAS Institute
Inc, www.sas.com).13

We also constructed the DASH score as previously detailed14,15

(range, 8-40 points) based on food and nutrients emphasized or
minimized in the DASH diet16 focusing on 8 components: high
intake of fruits, vegetables, nuts, legumes, low-fat dairy products,
and whole grains and low intake of sodium, sweetened beverages,
and red and processed meats.

Of note, 3 independent dietary patterns were derived based on a
large number of correlated food items, which were aggregated into
a small number of conceptually meaningful food patterns. Each
individual receives a score for each pattern. There is only minor
overlap between the Western and prudent patterns because we used
an orthogonal rotation algorithm to derive the patterns (eg, correla-
tions between them are close to zero).

Measurement ofUrinaryACR

Urinary assays were performed on spot collections. Urinary creati-
nine was measured using a modified Jaffé method (coefficient of
variation, 1.6%). Urinary albumin was measured using a solid-phase
fluorescence immunoassay using the Hitachi 911 analyzer and Roche

Figure 2. Timeline of questionnaire and biological sample
Questionnaires are administered every 2 years beginning in 19
used for this study (1990 and 2000) are shown. Food frequency q
were administered in 1984, 1986, 1990, 1994, and 1998. Abbrevi
permission of the American Society of Nephrology.
diagnostics reagents (www.roche.com) with a lower limit of detection
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of 0.1 mg/L (coefficient of variation, 8.0%). Urinary ACR �25
�g/mg was used to define the microalbuminuria threshold. This
sex-specific cutoff value for women has been reported to approximate
a urinary albumin excretion rate of �30 mg/24 h,17 which classically
is considered clinically relevant microalbuminuria. In this study, 177
women (5.7%) met the criterion for microalbuminuria (ACR, 25-355
�g/mg). There were 30 women with macroalbuminuria (ACR �355
�g/mg; range, 393-6,234 �g/mg) who were excluded from the
microalbuminuria analyses.

Measurement of Kidney FunctionDecrease

Plasma creatinine was analyzed using a modified kinetic Jaffé
reaction (coefficient of variation, 10%). In 2007, repeated creatinine
assays of 20 NHS plasma samples (with a range of 0.6-1.4 mg/dL)
initially measured in 2000 showed a mean recalibration coefficient
(new value/original value) of 0.97 and confirmed that plasma creati-
nine is stable for many years under our storage conditions.

Glomerular filtration was estimated using the 4-variable Modifi-
cation of Diet in Renal Disease (MDRD) Study equation: GFR
(mL/min/1.73 m2) � 186 � [PCr (mg/dL)]�1.154 � [Age]�0.203 �
[0.742 if female] � [1.21 if black], in which PCr is plasma
creatinine.18 An eGFR decline �30% between 1989 and 2000 was
determined a priori as a clinically significant change in kidney
function and has been used in a previous analysis of kidney
function decline in NHS participants.19 We also examined rapid
eGFR decline, defined as �3 mL/min/1.73 m2/y, which has been
used previously as a cutoff that reflects 3 times more rapid
decrease than expected by normal aging.20

Measurement of Covariates

Race and height initially were reported on the 1992 questionnaire.
Other self-reported clinical and lifestyle variables, including weight,
hypertension, smoking status, physical activity calculated using a
weekly metabolic score, cardiovascular disease (angina, myocardial
infarction, coronary artery bypass surgery, percutaneous coronary
revascularization, or stroke), and blood pressure medication use were
reported on the biennial questionnaires. Self-reported hypertension
has been validated previously in a subset of this cohort through direct
medical record review.21 In addition, we obtained self-reported blood
pressure from the 1990 questionnaire.

Systolic blood pressure was reported in 9 categories (�105, 105-
114, 115-124, 125-134, 135-144, 145-154, 155-164, 165-174, and
�175 mm Hg), and diastolic blood pressure was reported in 7
categories (�65, 65-74, 75-84, 85-89, 90-94, 95-104, and �105 mm
Hg). A participant’s blood pressure was defined as the middle systolic

a collection in the Nurses’ Health Study for these analyses.
ut only questionnaire data for nondietary covariates from years
nnaires (FFQs) asking about diet during the previous 12 months

: ACR, albumin-creatinine ratio. Reproduced from Lin et al28 with
dat
76, b
uestio
ation
and middle diastolic value of the reported category. Many of these

247

http://www.sas.com
http://www.roche.com


Lin et al
variables have been validated previously through direct medical
record review.21,22

Body mass index (BMI) was calculated as [weight (kg)/(height
(m)2]. Questionnaire data collected closest to the year kidney
function was measured (the 1988 questionnaire for eGFR decline
and the 2000 questionnaire for urinary ACR) were used (Fig 2).
Many of these variables have been validated previously through
direct medical record review.21,22

Participants report diabetes newly diagnosed by physicians on
biennial questionnaires. We mailed a diabetes supplementary question-
naire to all women reporting diabetes to obtain further information
about the date of diagnosis, symptoms, diagnostic tests, and treatment.
We used National Diabetes Data Group criteria to define diabetes
self-reported up to the 1996 biennial questionnaire23; the American
Diabetes Association diagnostic criteria for diabetes released in 1997
were used for incident cases of diabetes reported in 1998 and after.24

Table 1. Demographic, Clinical, and Nutrient Characteristics o

All NHS
(N � 3,121)

Cu

Q1 (n � 780)

Age (y) 67 (62, 73) 69 (63, 74)
White (%) 97.4 96.1
Hypertension (%) 54.1 53.1
SBP in 1990 (mm Hg) 130 (120, 140) 120 (110, 130)
DBP in 1990 (mm Hg) 80 (70, 80) 80 (70, 80)
Diabetes (%) 23.1 17.1
High cholesterol (%) 65.0 66.3
CVD (%) 6.0 6.4
Current smoker (%) 5.8 3.0
Ever smoker (%) 52.8 52.8
Alcohol intake (g/d) 1.7 (0.2, 7.0) 1.9 (0.2, 7.1)
Activity level (METs/wk) 11.4 (3.6, 25.2) 14.0 (4.3, 27.9)
BMI (kg/m2) 26.4 (23.0, 30.2) 25.0 (22.3, 28.7)
Aspirin use lifetime (g/d) 748 (98, 3,169) 414 (33, 2,438)
NSAID use lifetime (g/d) 60 (10, 1,000) 20 (10, 500)
Acetaminophen use

through 1999 (g/d)
98 (33, 1,138) 81 (33, 650)

ACEi or ARB use (%) 21.3 18.7
Cholesterol-lowering

medication (ever used
by 2000, %)

28.8 32.2

Plasma Cr in 2000 (mg/dL) 0.8 (0.7, 0.9) 0.8 (0.7, 0.9)
eGFR in 2000 (mL/min/

1.73 m2)
76 (65, 88) 76 (65, 88)

Urinary ACR (�g/mg) 3.4 (2.0, 6.2) 3.3 (2.1, 6.2)
Dietary intake

Calorie intake (kcal/d) 1,726 (1,468, 2,020) 1,413 (1,230, 1,626)
Total protein (g/d) 74 (68, 80) 76 (69, 83)
Animal protein (g/d) 53 (46, 59) 54 (47, 61)
Vegetable protein (g/d) 21 (19, 23) 22 (20, 25)
Total fat (g/d) 56 (50, 61) 49 (44, 55)
Animal fat (g/d) 30 (25, 34) 26 (22, 30)
Sodium (mg/d) 2,001 (1,801, 2,227) 1,907 (1,718, 2,116)
Beta-carotene (mg/d) 4,406 (3,281, 5,930) 5,763 (4,198, 7,522)

Median Western diet
pattern score

�0.1 (�0.6, 0.4) �0.9 (�1.1, �0.7)

Note: Results expressed as median (25th, 75th percentile), pe
mg/dL to �mol/L, �88.4; eGFR in mL/min/1.73 m2 to mL/s/1.73 m

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor
BMI, body mass index; Cr, creatinine; CVD, cardiovascular di
filtration rate; MET, metabolic equivalent; NA, not applicable; NH
Q, quartile; SBP, systolic blood pressure.
Self-reported diagnosis of type 2 diabetes using the diabetes supple-
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mentary questionnaire has been established as 98% accurate in a
separate validation study through medical record review.25 We consid-
ered a participant who was given a diagnosis of diabetes through the
year 2000 as having diabetes.

Statistical Analyses

For albuminuria analyses, cumulative averaging for each dietary
pattern using available data for 5 FFQs (1984, 1986, 1990, 1994, and
1998) was performed for each participant and divided into quartiles as
the primary exposure of interest. Similarly, for analyses of eGFR
decline between 1989 and 2000, cumulative average dietary patterns
from 1984, 1986, and 1990 were divided into quartiles. This modeling
approach used dietary pattern exposures as measured up to the time of
each outcome assessment (Fig 2).Acumulative average approach was
chosen because it generally reflects long-term diet and also likely

Participants in 2000 Stratified by Western Pattern Diet Score

tive Averaged Western Pattern Diet Score
P for
TrendQ2 (n � 780) Q3 (n � 781) Q4 (n � 780)

67 (62, 73) 66 (61, 72) 65 (59, 71) �0.001
97.1 98.3 98.2 0.02
44.9 43.4 42.2 �0.001

30 (120, 140) 130 (120, 140) 130 (120, 140) �0.001
80 (70, 80) 80 (70, 88) 80 (70, 88) �0.001

22.8 23.8 28.6 �0.001
66.3 65.4 61.8 0.2
6.0 5.4 6.0 0.9
4.6 5.8 9.7 �0.001
54.6 51.5 52.2 0.6

2.1 (0.4, 8.0) 1.9 (0.2, 7.4) 1.2 (0.0, 5.7) 0.2
2.7 (4.1, 26.0) 11.5 (4.0, 24.6) 8.1 (2.4, 20.8) �0.001
.4 (23.3, 30.0) 26.6 (23.2, 30.1) 27.5 (23.5, 32.0) �0.001
48 (82, 3,006) 813 (98, 3,656) 975 (98, 3,656) 0.01
50 (10, 900) 100 (20, 1,200) 100 (20, 1,500) 0.06
98 (33, 98) 98 (33, 1,138) 260 (33, 2,438) 0.001

20.3 23.9 22.2 0.06
27.3 28.6 27.2 0.1

0.8 (0.7, 0.9) 0.8 (0.7, 0.9) 0.8 (0.7, 0.9) 0.9
76 (65, 87) 76 (65, 88) 76 (66, 89) 0.9

3.3 (1.9, 6.0) 3.4 (1.9, 6.2) 3.4 (2.0, 6.1) 0.9

7 (1,408, 1,805) 1,800 (1,605, 1,996) 2,153 (1,923, 2,392) �0.001
75 (69, 81) 73 (68, 79) 72 (66, 77) �0.001
53 (47, 59) 52 (46, 58) 51 (46, 58) �0.001
21 (19, 23) 21 (19, 23) 20 (18, 22) �0.001
54 (50, 59) 57 (53, 62) 60 (56, 65) �0.001
29 (25, 33) 31 (27, 35) 33 (29, 37) �0.001
1 (1,781, 2,181) 2,033 (1,827, 2,262) 2,085 (1,888, 2,325) �0.001
1 (3,499, 5,851) 4,031 (3,216, 5,344) 3,620 (2,732, 4,727) �0.001
.3 (�0.5, �0.2) 0.1 (0.0, 0.3) 0.9 (0.7, 1.3) NA

age, or median (percentage). Conversion factors for units: Cr in
0.01667.
R, albumin-creatinine ratio; ARB, angiotensin receptor blocker;
; DBP, diastolic blood pressure; eGFR, estimated glomerular
rses’ Health Study; NSAID, nonsteroidal anti-inflammatory drug;
f NHS

mula

1

1
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7

1,60

1,98
4,65
�0
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2, �
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sease
S, Nu
decreases measurement error from intraindividual variation over time.26
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Covariates included in adjusted models were determined from ques-
tionnaire data up to the nearest time of measurement of albuminuria or
first eGFR.

Wilcoxon rank sum and �2 tests were used to test for
differences between groups as appropriate. Primary analysis
was performed with outcomes of microalbuminuria using a
sex-specific category of ACR of 25-355 �g/mg or presence of
eGFR decline �30% or �3 mL/min/1.73 m2/y. Exposures of
interest were quartiles of each dietary pattern, with the lowest
quartile as the referent category. Logistic regression was used to
model associations between quartiles of diet scores and pres-
ence of microalbuminuria, eGFR decline �30%, or decline �3
mL/min/1.73 m2/y between 1989 and 2000. In all analyses of
microalbuminuria and eGFR decline, adjustment for alcohol

Table 2. Demographic, Clinical, and Nutrient Characteristics o

All NHS
(N � 3,121)

Cu

Q1 (n � 780)

Age (y) 67 (62, 73) 65 (60, 71)
White (%) 97.4 96.4
Hypertension (%) 54.1 51.4
SBP in 1990 (mm Hg) 130 (120, 120) 120 (120, 140)
DBP in 1990 (mm Hg) 80 (70, 80) 80 (70, 80)
Diabetes (%) 23.1 20.1
High cholesterol (%) 65.0 61.2
CVD (%) 6.0 4.7
Current smoker (%) 5.8 11.3
Ever smoker (%) 52.8 54.1
Alcohol intake (g/d) 1.7 (0.2, 7.0) 1.6 (0, 7.6)
Activity level (METs/wk) 11.4 (3.6, 25.2) 8.2 (2.3, 18.5)
BMI (kg/m2) 26.4 (23.0, 30.2) 26.1 (23.0, 30.1)
Aspirin use lifetime (g/d) 748 (98, 3,169) 650 (98, 2,454)
NSAID use lifetime (g/d) 60 (10, 1,000) 60 (10, 900)
Acetaminophen use

through 1999 (g/d)
98 (33, 1,138) 98 (33, 1,138)

ACEi or ARB medication
use (%)

21.3 19.2

Cholesterol-lowering
medication (ever used
by 2000, %)

28.8 28.2

Plasma Cr in 2000 (mg/
dL)

0.8 (0.7, 0.9) 0.8 (0.7, 0.9)

eGFR in 2000 (mL/min/
1.73 m2)

76 (65, 88) 76 (66, 89)

Urinary ACR (�g/mg) 3.4 (2.0, 6.2) 3.2 (1.9, 5.7)
Dietary intake

Calorie intake (kcal/d) 1,726 (1,468, 2,020) 1,474 (1,256, 1,798)
Total protein (g/d) 74 (68, 80) 70 (63, 75)
Animal protein (g/d) 53 (46, 59) 51 (44, 57)
Vegetable protein (g/d) 21 (19, 23) 19 (17, 21)
Total fat (g/d) 56 (50, 61) 60 (54, 65)
Animal fat (g/d) 30 (25, 34) 33 (29, 38)
Sodium (mg/d) 2,001 (1,801, 2,227) 1,994 (1,782, 2,230)
Beta-carotene (mg/d) 4,406 (3,281, 5,930) 2,944 (2,215, 3,840)

Median prudent diet
pattern score

�0.004 (�0.5, 0.5) �0.8 (�0.3, �0.1)

Note: Results expressed as median (25th, 75th percentile), pe
mg/dL to �mol/L, �88.4; eGFR in mL/min/1.73 m2 to mL/s/1.73 m

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor
BMI, body mass index; Cr, creatinine; CVD, cardiovascular di
filtration rate; NA, not applicable; NHS, Nurses’ Health Study; N
blood pressure.
intake and eGFR in 1989 did not influence results; therefore,
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these covariates were not included in multivariable-adjusted
models.

All analyses were performed using SAS software, version 9.1.
This study was approved by the Partners’ Healthcare Brigham and
Women’s Hospital Human Research Committee Institutional Re-
view Board.

RESULTS

StudyParticipants andDietary PatternAssessment

Characteristics of these 3,121 women in 2000 are
listed in Tables 1-3. Median age was 67 years, 97%
were white, 54% had hypertension, and 23% had

S Participants in 2000 Stratified by Prudent Pattern Diet Score

ive Averaged Prudent Pattern Diet Score
P for
Trend2 (n � 780) Q3 (n � 781) Q4 (n � 780)

66 (61, 72) 68 (63, 73) 69 (63, 74) �0.001
97.9 98.4 96.9 0.05
56.3 55.3 53.5 0.2

30 (120, 140) 130 (120, 140) 130 (120, 140) 0.3
80 (70, 88) 80 (70, 80) 80 (70, 80) 0.6

22.1 26.5 23.6 0.02
64.2 65.7 68.7 0.02
6.8 5.8 6.5 0.3
6.0 2.3 3.5 �0.001

55.4 52.2 49.4 0.09
.8 (0.2, 7.4) 2.0 (0.2, 7.4) 1.6 (0.2, 5.9) 0.01
.2 (3.4, 22.1) 13.2 (4.0, 26.1) 16.2 (6.7, 32.4) �0.001

.1 (22.9, 30.1) 26.6 (23.0, 30.3) 26.3 (23.0, 30.4) 0.9
8 (98, 3,169) 731 (98, 3,656) 975 (98, 3,169) 0.9

0 (10, 1,200) 60 (10, 900) 60 (10, 900) 0.9
8 (33, 1,138) 98 (33, 1,138) 98 (33, 975) 0.4

22.4 22.0 21.4 0.4

28.3 28.3 30.4 0.7

.8 (0.7, 0.9) 0.8 (0.7, 0.9) 0.8 (0.7, 0.9) 0.02

75 (63, 86) 75 (64, 87) 77 (66, 90) 0.01

.3 (2.0, 5.8) 3.4 (2.1, 6.4) 3.6 (2.1, 6.7) 0.9

1 (1,458, 1,929) 1,750 (1,555, 2,005) 1,989 (1,708, 2,273) �0.001
73 (68, 78) 75 (69, 81) 78 (72, 84) �0.001
53 (47, 59) 54 (47, 60) 54 (48, 61) �0.001
20 (19, 22) 22 (20, 23) 23 (21, 25) �0.001
57 (52, 61) 55 (50, 59) 51 (46, 57) �0.001
31 (27, 35) 29 (25, 33) 27 (22, 30) �0.001
8 (1,790, 2,204) 2,013 (1,826, 2,214) 2,018 (1,806, 2,253) 0.4
8 (3,190, 4,840) 4,856 (4,054, 5,991) 6,239 (5,073, 7,822) �0.001
.2 (�0.3, �0.1) 0.2 (0.1, 0.4) 0.9 (0.7, 1.3) NA

age, or median (percentage). Conversion factors for units: Cr in
0.01667.
R, albumin-creatinine ratio; ARB, angiotensin receptor blocker;
; DBP, diastolic blood pressure; eGFR, estimated glomerular
, nonsteroidal anti-inflammatory drug; Q, quartile; SBP, systolic
f NH
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diabetes. The Western and prudent dietary patterns
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had a weak but statistically significant inverse correla-
tion (r � �0.07; P � 0.001). DASH score correlated
directly with the prudent pattern (r � 0.76; P �
0.001) and inversely with the Western pattern (r �
�0.30; P � 0.001). Cumulative average dietary pat-
tern scores highly correlated comparing 1990 with
1998 values (all r � 0.94; P � 0.001), suggesting that
dietary patterns were relatively unchanged in these
women over time. Participant characteristics stratified
by quartiles of dietary pattern scores are listed in
Tables 1-3.

Microalbuminuria
The 177 women (5.7%) who met the criterion for

Table 3. Demographic, Clinical, and Nutrient Characteristics o
Patte

All NHS
(N � 3,121) Q1 (n � 780)

Age (y) 67 (62, 73) 64 (61, 73)
White (%) 97.4 96.3
Hypertension (%) 54.1 56.5
SBP in 1990 (mm Hg) 130 (120, 140) 130 (120, 140
DBP in 1990 (mm Hg) 80 (70, 80) 80 (70, 88)
Diabetes (%) 23.1 24.6
High cholesterol (%) 65.0 65.0
CVD (%) 6.0 6.8
Current smoker (%) 5.8 11.6
Ever smoker (%) 52.8 56.3
Alcohol intake (g/d) 1.7 (0.18, 7.0) 1.4 (0, 6.7)
Activity level (METs/wk) 11.4 (3.6, 25.2) 7.7 (1.9, 17.7)
BMI (kg/m2) 26.4 (23.0, 30.2) 27.1 (23.5, 31.4
Aspirin use lifetime (g) 748 (98, 3,169) 813 (98, 3,169
NSAID use lifetime (g) 60 (10, 1,000) 60 (10, 1,200)
Acetaminophen use lifetime (g) 98 (33, 1,138) 163 (33, 1,463
ACEi or ARB medication use (%) 21.3 22.9
Cholesterol-lowering medication

(ever used by 2000, %)
28.8 30.9

Plasma Cr in 2000 (mg/dL) 0.8 (0.7, 0.9) 0.8 (0.7, 0.9)
eGFR in 2000 (mL/min/1.73 m2) 76 (65, 88) 77 (65, 89)
Urinary ACR (�g/mg) 3.4 (2.0, 6.2) 3.4 (1.9, 6.2)
Dietary intake
Calorie intake (kcal/d) 1,726 (1,468, 2,019) 1,560 (1,301, 1,9
Total protein (g/d) 74 (68, 80) 71 (65, 77)
Animal protein (g/d) 53 (46, 59) 52 (46, 58)
Vegetable protein (g/d) 21 (19, 23) 19 (17, 21)
Total fat (g/d) 56 (50, 61) 61 (56, 65)
Animal fat (g/d) 30 (25, 34) 34 (30, 39)
Sodium (mg/d) 2,001 (1,801, 2,227) 2,084 (1,893, 3,2
Beta-carotene (mg/d) 4,406 (3,281, 5,930) 3,109 (2,327, 4,0
Median DASH-style pattern

score
25 (22, 27) 20 (18, 21)

Note: Results expressed as median (25th, 75th percentile), pe
mg/dL to �mol/L, �88.4; eGFR in mL/min/1.73 m2 to mL/s/1.73 m

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor
BMI, body mass index; Cr, creatinine; CVD, cardiovascular dise
pressure; eGFR, estimated glomerular filtration rate; MET, me
NSAID, nonsteroidal anti-inflammatory drug; Q, quartile; SBP, sy
microalbuminuria (ACR, 25-355 �g/mg) were more
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likely to be older and have hypertension, diabetes,
cardiovascular disease, higher BMI, and lower activ-
ity levels (Tables 1-3). In age- and energy-adjusted
models, the Western pattern diet was associated di-
rectly with microalbuminuria (odds ratio [OR], 3.55
[95% confidence interval (CI), 2.03-6.20] for the
fourth vs first quartile), whereas DASH score was
associated inversely with microalbuminuria (OR, 0.53
[95% CI, 0.33-0.84] for the fourth vs first quartile).
There was no association between the prudent diet
pattern and microalbuminuria. After multivariable ad-
justment, the association between Western diet and
microalbuminuria remained significant (OR, 2.17 [95%
CI, 1.18-3.96] for the fourth vs first quartile), but not

ticipants in the NHS in the Year 2000 Stratified by DASH-Style
ore

lative Averaged DASH-Style Pattern Score
P for
TrendQ2 (n � 780) Q3 (n � 781) Q4 (n � 780)

66 (61, 73) 68 (63, 73) 70 (64, 74) �0.001
98.0 98.0 97.1 0.08
56.3 56.7 48.3 0.001

130 (120, 140) 130 (120, 140) 120 (120, 140) 0.05
80 (70, 88) 80 (70, 80) 80 (70, 80) �0.001

24.1 26.1 20.3 0.04
63.3 66.1 66.4 0.6
6.3 6.6 5.3 0.6
6.0 3.3 2.2 �0.001

57.7 50.3 48.4 �0.001
2.0 (0.3, 8.0) 1.6 (0.2, 6.5) 1.8 (0.2, 6.5) 0.03
9.8 (3.1, 22.3) 12.7 (4.4, 27.0) 17.7 (7.7, 32.7) �0.001

27.1 (23.5, 31.4) 26.3 (23.0, 30.5) 24.9 (22.3, 28.4) �0.001
748 (98, 3,169) 569 (98, 2,844) 748 (81, 3,169) 0.4
60 (10, 1,200) 60 (10, 900) 50 (10, 760) 0.2
98 (33, 1,235) 98 (33, 975) 98 (33, 650) 0.001

22.3 23.9 17.2 0.004
27.9 30.4 28.0 0.4

0.8 (0.7, 0.9) 0.8 (0.7, 0.9) 0.8 (0.7, 0.9) 0.03
75 (64, 88) 75 (64, 86) 77 (66, 89) 0.2

3.6 (1.9, 5.6) 3.4 (2.1, 6.8) 3.6 (2.1, 6.5) 0.7

,685 (1,447, 1,978) 1,745 (1,496, 2,019) 1,876 (1,628, 2,157) �0.001
73 (67, 79) 75 (69, 81) 77 (70, 83) �0.001
53 (47, 59) 53 (47, 59) 53 (46, 60) 0.1
20 (19, 22) 22 (20, 23) 23 (21, 25) �0.001
57 (53, 61) 54 (50, 59) 49 (45, 54) �0.001
31 (27, 35) 29 (25, 33) 25 (22, 29) �0.001

,031 (1,831, 2,274) 1,964 (1,788, 2,165) 1,926 (1,730, 2,111) �0.001
,037 (3,225, 5,226) 4,619 (3,730, 6,011) 5,979 (4,833, 7,531) �0.001

23 (22, 24) 26 (25, 27) 29 (28, 31) NA

age, or median (percentage). Conversion factors for units: Cr in
0.01667.
R, albumin-creatinine ratio; ARB, angiotensin receptor blocker;
DASH, Dietary Approach to Hypertension; DBP, diastolic blood
ic equivalent; NA, not applicable; NHS, Nurses’ Health Study;
blood pressure.
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the DASH-style diet (Table 4). BMI, diabetes, and
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physical activity level appeared to be the major con-
founders in the association between dietary patterns
and microalbuminuria.

Stratifying analyses by diabetes status also did not
meaningfully change results. When the outcome of
ACR �25 �g/mg was examined, results also were not
meaningfully changed.

eGFRDecline

There were 346 (11.3%) women who experienced
an eGFR decline �30% between 1989 and 2000; this
reflected a median increase in plasma creatinine level
of 0.33 mg/dL. There were 230 (7.5%) women with
eGFR decline �3 mL/min/1.73 m2/y, representing a
median eGFR decline rate of 3.8 mL/min/1.73 m2/y
and a median increase in plasma creatinine level of
0.34 mg/dL.

There were no significant associations between the
prudent pattern and eGFR decline. After multivariable
adjustment, the Western pattern was not significantly
associated with eGFR decline �30% (Table 5). DASH
score maintained a significant inverse association with
eGFR decline �30% after adjustment (OR, 0.55 [95%
CI, 0.38-0.80] comparing top with bottom quartiles).
Results were not meaningfully different when ad-
justed for analgesic medication use, high cholesterol
level or lipid-lowering medication use, or diabetes
duration (Table 3). These associations for Western
diet and DASH score did not vary by baseline eGFR
�80 mL/min/1.73 m2 or diabetes status because all P
values for interaction terms were nonsignificant. Re-
sults using �3 mL/min/1.73 m2/y eGFR decline were
virtually identical except that the highest quartile of
the Western pattern remained statistically signifi-
cantly associated after multivariable adjustment (OR,

Table 4. Odds Ratios for Microalbum

Q1

Western
Age and energy intake adjusted 1.00 (reference)
Multivariablea 1.00 (reference)

Prudent
Age and energy intake adjusted 1.00 (reference)
Multivariablea 1.00 (reference)

DASH-style
Age and energy intake adjusted 1.00 (reference)
Multivariablea 1.00 (reference)

Note: Microalbuminuria defined as an albumin-creatinine ra
parentheses.

Abbreviations: DASH, Dietary Approach to Hypertension; Q, qu
aAdjusted for age, hypertension, body mass index, physica

cardiovascular disease, and angiotensin-converting enzyme–inh
estimated glomerular filtration rate did not influence results and w
1.77; 95% CI, 1.03-3.03).
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Our results for kidney function decrease were un-
changed when the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation was used to
estimate GFR27 or if change in weight or BMI was
included as a covariate in the adjusted models.

DISCUSSION

Our data suggest that dietary patterns are associated
with microalbuminuria and kidney function decrease
in middle-aged and older women. Women in the
highest quartile of the Western pattern had a signifi-
cant 2-fold increased odds of having microalbumin-
uria and experiencing more rapid eGFR decline �3
mL/min/1.73 m2/y. Moreover, a DASH-style pattern
appears to decline risk by �40% for eGFR decline
�30% over 11 years.

We previously reported that higher dietary intake of
animal fat was associated with the presence of mi-
croalbuminuria, whereas higher sodium intake was
associated directly and higher beta-carotene intake
was associated inversely with faster eGFR decline
over 11 years.28 The present study provides additional
information regarding decline in kidney function and
dietary patterns that may be interpreted more easily by
the general public.

The lack of association with the prudent pattern
with renal outcomes despite its correlation with the
DASH pattern may be due to the different weights
given to food groups used to derive each score. Our
results suggest that DASH score may better reflect
food groups most relevant to microalbuminuria and
eGFR decline. Of note, we do not believe the DASH-
style diet is merely a surrogate for low sodium intake
because we did not find significant associations of
DASH scores with 24-hour urinary sodium excretion

a by Quartiles of Diet Pattern Scores

Q2 Q3 Q4

29 (0.81-2.05) 1.51 (0.91-2.51) 3.55 (2.03-6.20)
11 (0.68-1.81) 1.12 (0.66-1.92) 2.17 (1.18-3.96)

98 (0.63-1.53) 1.11 (0.71-1.74) 0.94 (0.58-1.52)
89 (0.57-1.42) 1.05 (0.66-1.67) 0.97 (0.58-1.61)

82 (0.54-1.23) 0.72 (0.47-1.10) 0.53 (0.33-0.84)
80 (0.52-1.23) 0.77 (0.49-1.21) 0.71 (0.44-1.14)

f 25-355 �g/mg. The 95% confidence intervals are shown in

.
tivity (METS/wk), energy intake, cigarette smoking, diabetes,
/angiotensin receptor blocker medication use (alcohol intake and
emoved).
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data.29 Although dietary protein (particularly red meat)
intake may potentially affect plasma creatinine concen-
trations, we previously have ascertained that all nutri-
ent intake, including total and subtypes of protein,
varied by �16% over time in this cohort of women.28

Therefore, changes in dietary protein intake are un-
likely to explain change in eGFR.

We hypothesize that inflammation might be one
possible pathophysiologic link between dietary pat-
terns and microalbuminuria. A number of studies have
reported significant direct associations between mark-
ers of inflammation and higher albuminuria. For ex-
ample, in a recent publication from the National
Health and Nutrition Examination Surveys 1999-
2004, each 1-mg/dL increase in C-reactive protein
(CRP) level was associated independently with a 1.02
(95% CI, 1.01-1.02; P � 0.0003) OR for the presence
of microalbuminuria in this large nationally represen-
tative cohort.30 Furthermore, the highest tertile of
ICAM-1 (inter-cellular adhesion molecule 1), a vascu-
lar endothelial transmembrane glycoprotein upregu-
lated by inflammation, also previously has been asso-

Table 5. Odds Ratios for eGFR Declin

Western
Age and energy intake adjusted 1.00 (
Multivariablea 1.00 (
Multivariable � analgesic medication useb 1.00 (
Multivariable � high cholesterol or lipid-lowering drug 1.00 (
Multivariable � diabetes duration 1.00 (

Prudent
Age and energy intake adjusted 1.00 (
Multivariablea 1.00 (
Multivariable � analgesic medication useb 1.00 (
Multivariable � high cholesterol or lipid-lowering drug 1.00 (
Multivariable � diabetes duration 1.00 (

DASH-style
Age and energy intake adjusted 1.00 (
Multivariablea 1.00 (
Multivariable � analgesic medication useb 1.00 (
Multivariable � high cholesterol or lipid lowering drug 1.00 (
Multivariable � diabetes duration 1.00 (

Abbreviations: eGFR, estimated glomerular filtration rate;
anti-inflammatory drugs; Q, quartile.

aAdjusted for age, hypertension, body mass index, physica
cardiovascular disease, and angiotensin-converting enzyme–inh
estimated glomerular filtration rate did not influence results and w

bWe mailed a supplementary questionnaire in 1999 to collect
medication classes (aspirin, nonsteroidal anti-inflammatory dru
tablets per day, tablet dosage, brand, and indication for current us
the past 10 years and before 1990. The total number of tablets t
101-500, 501-1,000, 1,001-1,500, 1,501-3,000, 3,001-5,000, 5,0
used the combined total from the 2 periods by adding the midpoin
in grams by multiplying the total number of tablets (the midpoin
(aspirin and acetaminophen, 325 mg; NSAIDs, 200 mg).
ciated independently with the development of incident

252
sustained microalbuminuria (OR, 1.67; P for trend �
0.03) in patient with type 1 diabetes.31

Previous work on dietary patterns and inflamma-
tion reported that the Western diet pattern showed
significant direct correlations between CRP, ICAM-1,
and VCAM-1 (vascular cell adhesion molecule 1)
levels in multivariable models that included adjust-
ment for BMI in NHS women,32 as well as Health
Professionals Follow-Up Study (HPFS) men.33 The
strong associations between Western pattern and in-
flammatory markers may explain the significant direct
association of the Western dietary pattern with mi-
croalbuminuria. In these previous studies, the prudent
pattern was not associated with inflammatory marker
levels after multivariable adjustment, which may be
consistent with the lack of association between the
prudent pattern and microalbuminuria. No data cur-
rently appear to be available for DASH score and
markers of inflammation.

An investigation in the MESA that included almost
5,000 ethnically diverse men and women similarly
has reported that a dietary pattern rich in whole grains,

0% by Quartiles of Diet Pattern Scores

Q2 Q3 Q4

ence) 1.37 (0.98-1.93) 1.84 (1.29-2.64) 1.95 (1.27-2.97)
ence) 1.22 (0.87-1.73) 1.57 (1.08-2.28) 1.48 (0.95-2.30)
ence) 1.22 (0.86-1.72) 1.52 (1.04-2.20) 1.40 (0.90-2.19)
ence) 1.23 (0.87-1.73) 1.57 (1.08-2.26) 1.46 (0.94-2.28)
ence) 1.22 (0.86-1.72) 1.58 (1.09-2.29) 1.46 (0.94-2.28)

ence) 1.44 (1.05-1.97) 1.06 (0.76-1.48) 0.78 (0.53-1.13)
ence) 1.43 (1.04-1.98) 1.07 (0.76-1.51) 0.81 (0.55-1.19)
ence) 1.44 (1.04-1.98) 1.10 (0.78-1.56) 0.82 (0.56-1.21)
ence) 1.45 (1.05-2.00) 1.09 (0.77-1.54) 0.84 (0.57-1.23)
ence) 1.44 (1.04-1.98) 1.07 (0.76-1.51) 0.81 (0.55-1.19)

ence) 0.87 (0.64-1.18) 0.79 (0.58-1.09) 0.51 (0.36-0.72)
ence) 0.86 (0.63-1.17) 0.79 (0.57-1.09) 0.55 (0.38-0.80)
ence) 0.88 (0.65-1.21) 0.82 (0.60-1.13) 0.57 (0.39-0.83)
ence) 0.86 (0.63-1.18) 0.79 (0.58-1.09) 0.55 (0.38-0.79)
ence) 0.87 (0.64-1.18) 0.79 (0.58-1.09) 0.55 (0.38-0.80)

, Dietary Approach to Hypertension; NSAIDs, nonsteroidal

ity (METs/week), energy intake, cigarette smoking, diabetes,
/angiotensin receptor blocker medication use (alcohol intake and
emoved).
led information about the current use of each of the 3 analgesic
nd acetaminophen), including frequency in days per months,
e questionnaire also asked about total consumption in 2 periods:
in those 2 periods was collected in 11 categories: none, 1-100,

0,000, 10,001-15,000, 15,001-20,000, and 20,001 or more. We
the categories. We converted number of tablets to lifetime intake
ach category) by the most common dosage of each analgesic
e �3
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lower urinary ACR (20% lower ACR across quintiles,
P for trend � 0.004), whereas nondairy animal-based
food intake was associated directly (11% higher ACR
across quintiles, P for trend � 0.03).6 The MESA
cohort also has reported that diets high in whole
grains, fruits or vegetables, and fish are associated
inversely with markers of inflammation, including
CRP and soluble ICAM-1 levels, whereas a diet
pattern high in fats and processed meats was associ-
ated directly with markers of inflammation, including
CRP.34 Data from other cohorts provide external vali-
dation for our findings regarding diet patterns, inflam-
mation, and albuminuria in the NHS cohort.

There are no published data for dietary patterns and
eGFR decline, but recent investigations have sug-
gested that markers of inflammation,35 including
CRP,36 are associated with faster eGFR decline. There-
fore, because inflammatory biomarkers have been
proposed to be potential mediators for associations
observed between diet and cardiovascular disease,37

we propose that inflammation also may be a factor in
associations between diet and eGFR decline.

Notable strengths of this investigation include the
relatively large number of women with data for both
albuminuria and eGFR decline. Change in eGFR was
assessed during an 11-year period, and repeated mea-
sures of diet intake over 14 years were performed. The
substantial numbers of covariates, most of which have
been validated extensively in this large and well-
established longitudinal cohort, are additional assets
in these analyses.

Limitations of this study include the predominant
white population of older women; therefore, results
may not necessarily be generalizable to men or non-
white populations. However, similar results in the
analysis of dietary patterns and albuminuria in the
ethnically diverse MESA cohort would suggest that
the associations may not vary substantially by race or
ethnicity.6 In addition, no data for change in urinary
ACR were available in our participants, and albumin-
uria analyses are cross-sectional. Markers of inflam-
mation are not available in this subcohort of women.
The presence of residual confounding also is possible,
as in any observational study. Measurements of glyce-
mic control to define glucose intolerance or prediabe-
tes were not available for most of these women,
although we conservatively considered a participant
with a diagnosis of diabetes up to 10 years after the
initial blood draw to address this issue. The possibility
of survival bias is present because women who died
before 2000 would not have been included in this
study; however, we would expect this to bias results
toward the null, whereas statistically significant asso-
ciations between dietary patterns and microalbumin-

uria and eGFR decline were observed.

Am J Kidney Dis. 2011;57(2):245-254
In conclusion, a Western pattern diet was associ-
ated with a 2-fold higher OR for microalbuminuria
and increased risk of rapid eGFR decline (�3 mL/min/
1.73 m2/y). A DASH-style diet was associated with an
almost 50% declined risk of eGFR decline. Therefore,
diets higher in fruits, vegetables, and whole grains,
but lower in meat and sweets, may be protective
against eGFR decline. Future directions of interest
include validation of these findings in other cohorts
and examining how individual foods might influence
microalbuminuria and eGFR decline.
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