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Adherence to a Healthy Lifestyle and All-Cause
Mortality in CKD
Ana C. Ricardo,* Magdalena Madero,† Wei Yang,‡ Cheryl Anderson,§ Matthew Menezes,* Michael J. Fischer,* |
Mary Turyk,¶ Martha L. Daviglus,** and James P. Lash*

Summary
Background and objective Among general populations, a healthy lifestyle has been associated with lower risk
of death. This study evaluated this association in individuals with CKD.
Design, setting, participants, & measurements A total of 2288 participants with CKD (estimated GFR , 60 ml/min
per 1.73 m2 or microalbuminuria) in the Third National Health and Nutrition Examination Survey were included.
A weighted healthy lifestyle score was calculated (range, 24 to 15, with 15 indicating healthiest lifestyle) on the
basis of the multivariable Cox proportional hazards model regression coefﬁcients of the following lifestyle
factors: smoking habit, body mass index (BMI), physical activity, and diet. Main outcome was all-cause mortality,
ascertained through December 31, 2006.
Results After median follow-up of 13 years, 1319 participants had died. Compared with individuals in the lowest
quartile of weighted healthy lifestyle score, adjusted hazard ratios (95% conﬁdence intervals) of all-cause
mortality were 0.53 (0.41–0.68), 0.52 (0.42–0.63), and 0.47 (0.38–0.60) for individuals in the second, third, and
fourth quartiles, respectively. Mortality increased 30% among individuals with a BMI of 18.5 to ,22 kg/m2
versus 22 to ,25 kg/m2 (P,0.05); decreased mortality was associated with never-smoking versus current
smoking (0.54 [0.41–0.70]) and regular versus no physical activity (0.80 [0.65–0.99]). Diet was not signiﬁcantly
associated with mortality.
Conclusions Compared with nonadherence, adherence to a healthy lifestyle was associated with lower all-cause
mortality risk in CKD. Examination of individual components of the healthy lifestyle score, with adjustment for
other components, suggested that the greatest reduction in all-cause mortality was related to nonsmoking.
Clin J Am Soc Nephrol 8: 602–609, 2013. doi: 10.2215/CJN.00600112

Introduction
More than 26 million individuals in the United States
are estimated to have CKD (1). In the general population, it is well established that adherence to a
healthy lifestyle is associated with lower risk of adverse outcomes (2–7). Exploring the association of
lifestyle with outcomes in CKD is important because
this population is at higher risk for cardiovascular
events and death (8–11). Furthermore, there is evidence of reverse epidemiology for certain risk factors,
such as body mass index (BMI), in individuals with
CKD (12,13).
Although current guidelines for CKD management
recommend dietary and lifestyle modiﬁcations, these
have largely been based on general population studies
(14). Few studies have evaluated select lifestyle factors in CKD populations and have reported adverse
effects of smoking and physical inactivity (15,16).
However, the beneﬁts of adherence to multiple components of a healthy lifestyle have not been systematically evaluated in individuals with CKD. For this
reason, we conducted a study to assess the association of four lifestyle factors (diet, physical activity,
602
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BMI, and smoking) with all-cause mortality among
participants with CKD in the Third National Health
and Nutrition Examination Survey (NHANES III)
Linked Mortality File.

Materials and Methods
Study Population and Baseline Data
NHANES III was a cross-sectional, stratiﬁed, clustered, multistage probability sample survey of the
civilian, noninstitutionalized population in the United
States, conducted by the National Center for Health
Statistics (NCHS) between 1988 and 1994. The survey
protocol was approved by the NCHS institutional
review board. All participants provided informed consent. Participants underwent a home interview followed
by an extensive physical examination and blood and
urine sampling at a mobile examination center (17).
Self-reported information on sociodemographic
characteristics and presence of medical conditions
was collected during the home interview. Blood and
urine samples and BP were obtained during the physical examination. Hypertension was deﬁned as a
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BP .140 mmHg/.90 mmHg or the use of antihypertensive
medications. Diabetes was deﬁned as a history of diabetes,
use of insulin or other medication to treat diabetes, a fasting
blood glucose level $126 mg/dl, or a random blood glucose level $200 mg/dl. CKD was deﬁned by an estimated
GFR (eGFR) , 60 ml/min per 1.73 m2, calculated using the
CKD Epidemiology Collaboration equation for creatinine
(developed from the pooling of several cohorts with GFR
measured by iothalamate [18 ]), or the presence of microalbuminuria (urine albumin-to-creatinine ratio [UACR] $
30 mg/g). We used the formula for correction of serum
creatinine recommended in the NHANES III Data File Documentation (19).
Exposure Ascertainment: Healthy Lifestyle Factors
Four different lifestyle factors were considered (BMI,
diet, physical activity, and cigarette smoking) on the basis
of their association with mortality in the general population
and current recommendations for cardiovascular health
promotion (14,20). BMI was calculated as weight in kilograms divided by height in meters squared. Participants
were asked about the frequency of leisure time physical
activity (e.g., walking a mile without stopping, running or
jogging, riding a bicycle, swimming). The level of physical
activity was ascertained using metabolic equivalent intensity levels (moderate exercise ranged from 3 to 5 metabolic
equivalents and vigorous exercise, .6 metabolic equivalents) based on the Compendium of Physical Activities
(21). The frequency of each physical activity was reported
in times per month, which was divided by 4.3 to obtain the
number of times per week. Participants were classiﬁed as
current, past, or never smoker according to responses to
the questions “Have you smoked at least 100 cigarettes
during your entire life?” and “Do you smoke cigarettes
now?” Dietary data were collected using a 24-hour recall.
Diet quality was assessed using the 1995 Healthy Eating
Index (HEI) (22), which provides a measure of the overall
quality of the diet on the basis of the extent to which Food
Guide Pyramid recommendations on 10 dietary components (intake of grains, vegetables, fruits, milk, meat, total
fat, saturated fat, cholesterol, sodium, and dietary variety)
are met. The HEI score ranges from 0 to 100, with higher
scores indicating a healthier eating pattern.
Weighted Healthy Lifestyle Score
A weighted healthy lifestyle score was computed by
allocating points for each category of the four healthy
lifestyle factors based on multivariable Cox proportional
hazards regression coefﬁcients (23). We derived the total
number of points for each participant by adding the points
assigned to his or her healthy lifestyle factors. Scores
ranged from 24 to 15, with a higher number indicating
a healthier lifestyle (Table 1). Healthy lifestyle factors were
deﬁned a priori using an approach similar to that used in
general populations studies (3–5,24): (1) BMI 22 to ,25
versus 18.5 ,22 kg/m2, 25 to ,30, or $30 kg/m2; (2) physically inactive (no reported leisure time physical activity)
versus insufﬁcient physical activity (not inactive but not
meeting criteria for recommended physical activity) or recommended physical activity, deﬁned as moderate selfreported leisure-time physical activity at least ﬁve times
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Table 1. Point-based system to calculate weighted healthy
lifestyle score

Characteristic
BMI
18.5 to ,22 kg/m2
22 to ,25 kg/m2
25 to ,30 kg/m2
$30 kg/m2
Physical activity
Inactive
Insufﬁcient
Recommended
Smoking
Current
Past
Never
Healthy Eating Index score
,54.4
54.5 to ,63.7
63.8 to ,73.1
73.1–100

Points Based on
Regression Coefﬁcients
24
0
0
2
0
2
3
0
7
9
0
0
0
1

per week, vigorous physical activity at least three times
per week, or a combination of the two ([weekly frequency
of moderate activity/5] + [weekly frequency of vigorous
activity/3] $ 1) (16); (3) current smoker versus past or never
smoker; and (4) HEI score ,54.4 versus 54.5 to ,63.8, 63.8 to
,73.1, or 73.1–100 (22).
Outcome Ascertainment
Vital status was determined using the NHANES III Linked
Mortality Public-use File, which provides follow-up data on
vital status in person-months from the date of the NHANES
III survey participation through the date of death or December 31, 2006. Mortality was ascertained by the NCHS
through a probabilistic match between NHANES III participants and National Death Index death certiﬁcate records.
Participants who were not matched with any death records
were considered to be alive through the follow-up period (25).
Statistical Analyses
NCHS recommendations were followed to account for
stratiﬁcation and clustering of the survey design, as well as
oversampling of ethnic minorities and elderly persons (26).
Continuous variables were expressed as means 6 SEM or
medians (interquartile range) if not normally distributed,
and categorical variables as weighted percentage. Cox proportional hazards models were used to determine the association between a healthy lifestyle and survival among
individuals with CKD, adjusting for important covariates.
No censoring variables were used. Because of missing values in at least one of the covariates included in the model,
143 participants were excluded from multivariable analyses (income was missing in 54 participants, education in
12, diabetes in 51, cardiovascular disease in 25, and cholesterol in 6). Sensitivity analyses were performed by conducting stratiﬁed survival analyses by eGFR and UACR, by
using sex-speciﬁc cut-points for UACR ($17 mg/mg in
men and $25 mg/mg in women) (27), and by using
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Table 2. Characteristics of Participants in the Third National Health and Nutrition Examination Survey with CKD by Healthy Lifestyle
Score

Weighted Healthy Lifestyle Score Quartiles
Demographic and Clinical Variables
Points
Mean age (yr)
Sex (%)
Male
Female
Race/ethnicity (%)
Non-Hispanic white
Non-Hispanic black
Mexican-American
Other
Annual household income $$20,000 (%)
Graduated from high school (%)
Mean CKD-EPI eGFR (ml/min per 1.73 m2)
Urine albumin-to-creatinine ratio (%)
,30 mg/g
30 to ,300 mg/g
$300 mg/g
CKD KDOQI stage (%)
1
2
3
4
Mean body mass index (kg/m2)
Median physical activity, times per week
Moderate
Vigorous
Smoking (%)
Never
Past
Current
Mean Healthy Eating Index score
Healthy Eating Index score . 64 (%)
Mean systolic BP (mmHg)
Mean diastolic BP (mmHg)
Cardiovascular disease (%)a
Diabetes mellitus (%)
Cancer (%)
Family history of premature CHD (%)b
Ideal waist circumference (%)c
Cholesterol level , 200 mg/dl (%)
Statin use (%)
ACE inhibitor/ARB use (%)

1

2

3

4

24 to 6
51.861.1

7–9
59.361.9

10–11
63.561.4

12–15
61.461.4

46.6
53.4

39.0
61.0

43.6
56.4

32.4
67.6

73.4
14.0
3.2
9.4
47.8
61.5
88.461.7

78.4
11.7
3.9
6.0
53.0
60.0
78.362.4

80.5
10.2
3.5
5.8
56.0
59.6
71.962.1

75.5
11.4
4.8
8.1
57.4
66.4
74.461.7

13.3
75.8
10.9

28.1
62.3
9.5

34.7
58.5
6.8

34.1
55.2
10.7

51.6
24.4
23.3
0.8
26.360.5

37.9
19.3
40.1
2.6
24.760.3

24.2
28.5
44.7
2.5
29.160.4

30.7
23.9
43.7
1.7
30.960.4

0.9 (0–6.0)
1.8 (0.7–2.7)

0.7 (0–2.5)
0.6 (0.4–1.6)

1.8 (0.4–6.7)
1.6 (0.3–3.2)

5.5 (1.3–8.3)
2.2 (0.8–4.4)

4.7
12.2
83.0
59.960.7
35.8
13261.5
7660.8
11.6
17.8
5.2
10.7
44.6
58.1
2.6
6.2

46.6
53.4
0
62.560.8
43.7
13561.4
7460.8
19.5
19.5
11.7
12.5
38.3
60.8
1.4
12.4

38.8
61.2
0
66.560.8
59.8
14061.4
7760.8
22.1
25.9
7.8
7.3
64.7
67.5
3.0
15.4

82.1
17.9
0
70.860.6
71.0
14061.5
7760.6
12.9
28.8
6.9
13.0
76.3
72.4
4.5
11.3

Percentages are weighted. Means are expressed with SEM. Medians are expressed with interquartile range. CKD-EPI, CKD Epidemiology Collaboration; eGFR, estimated GFR; KDOQI, Kidney Disease Outcome Quality Initiative; CHD, coronary heart disease; ACE,
angiotensin-converting enzyme; ARB, angiotensin-receptor blocker.
a
Includes history of myocardial infarction, heart failure, or stroke.
b
First-degree relative with history of myocardial infarction at age ,50 years.
c
Waist circumference ,88 cm in women and ,102 cm in men.

indicator variables for missing covariates in the fully adjusted models. All tests were two sided, and P,0.05 was
considered to represent signiﬁcant differences for hypothesis testing. The proportional hazards assumption of the
Cox models was examined using Schoenfeld residuals,
which showed no signiﬁcant departure from proportionality over time (P.0.05) (28). We used SAS software, version
9.2 (SAS Institute, Inc., Cary, NC), for descriptive statistical

analyses and SAS-Callable SUDAAN, version 10.0.1 (RTI
International, Research Triangle Park, NC), for survival
analyses.

Results
Participant Characteristics
Of the 16,973 NHANES III participants who were
examined (men and nonpregnant women $18 years of
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age), we sequentially excluded 1472 individuals with incomplete data on serum creatinine or UACR, 29 participants with eGFR , 15 ml/min per 1.73 m 2 , 12,992
individuals who did not meet criteria for CKD, 123 participants with incomplete data on dietary variables or BMI,
and 69 individuals with BMI , 18.5 kg/m2. The ﬁnal sample included in this analysis consisted of 2288 men and
women aged $18 years with CKD. Compared with individuals included in the ﬁnal cohort, participants who were
excluded because of missing serum creatinine or UACR
were more likely to be younger (44.561.2 versus
59.060.9 years [mean 6 SEM]; P,0.01) and non-Hispanic
black (18.5% versus 11.9%; P=0.003) and to have lower
BMI (25.860.3 versus 28.060.2 kg/m2 [mean 6 SEM];
P,0.01) and lower systolic BP (122.761.0 versus
136.960.9 mmHg; P,0.01). The sex distribution was similar between the two groups (percentage of men, 45% versus
40%; P=0.2); there were also no signiﬁcant differences in
income or education. Compared with participants included
in the analysis, the age-adjusted all-cause mortality rate
was slightly higher for those excluded (48.7 versus 46.2
per 1000 person-years; P,0.01).
The mean age at the time of the interview was 59 years,
60% of participants were women, 77% were non-Hispanic
white, 12% were non-Hispanic black, 4% were MexicanAmerican, and 7% had other racial/ethnic background. In
this sample of NHANES III participants with CKD, 7.8% of
individuals adhered to no healthy lifestyle factors, and
29%, 37%, 23%, and 4.2% were found to adhere to one, two,
three, and four healthy lifestyle factors, respectively. In
general, compared with individuals in the lowest quartile
of the weighted healthy lifestyle score, those in the highest
quartile were more likely to be older, women, and highschool graduates (Table 2). The overall mean eGFR was
78 ml/min per 1.73 m2. All individuals with eGFR $60
ml/min per 1.73 m2 had a UACR $ 30 mg/g. Individuals
in the lowest quartile had the highest mean eGFR of all four
groups (88 ml/min per 1.73 m2). However, they had the
highest prevalence of micro- and macroalbuminuria
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combined (87%) compared with all other groups (65%–
72%). Participants in the highest quartile of the weighted
healthy lifestyle score had the highest BMI, weekly physical
activity frequency, and healthy eating index; 82% of individuals in the highest quartile were never smokers compared with 4.7% in the ﬁrst quartile (Table 2).
Healthy Lifestyle Factors by eGFR
Compared with individuals with eGFR $90 ml/min
per 1.73 m2, individuals with eGFR of 15 to ,60 had a
higher median weighted healthy lifestyle score (10 versus
8.8); this was consistent across age groups (Table 3). Compared with individuals in the highest eGFR strata, those
in the lowest eGFR strata were more likely to adhere to
the recommended level of physical activity (42% versus
34%) and less likely to be current smokers (11% versus
34%).
Association of Healthy Lifestyle with All-Cause Mortality
During a median follow-up of 13 years, 1319 patients
died. Compared with individuals in the lowest quartile of
the weighted healthy lifestyle score, the adjusted hazard
ratio of all-cause mortality were 0.53 (95% conﬁdence
interval [CI], 0.41–0.68), 0.52 (95% CI, 0.42–0.63), and 0.47
(95% CI, 0.38–0.60) for individuals in the second, third,
and fourth quartiles, respectively (Table 4). The risk of
all-cause death was no different between individuals in
the second, third, and forth quartiles.
Multivariable regression analyses of each component of
the healthy lifestyle score (including adjustment for the
other three factors) demonstrated an independent association of abstinence from cigarette smoking and recommended physical activity with all-cause mortality (Table 4).
Compared with current smokers, the risk of death was
46% lower in never smokers and 39% lower in former
smokers (P,0.01). Adherence to recommended physical
activity was associated with a 20% lower risk of death
compared with physical inactivity (P=0.04). Using a BMI

Table 3. Distribution of healthy lifestyle factors by estimated GFR among participants in Third National Health and Nutrition
Examination Survey with CKD

Data per CKD-EPI–Estimated GFR
Variable

$90 ml/min
per 1.73 m2

60 to ,90 ml/min
per 1.73 m2

15to - ,60 ml/min
per 1.73 m2

Weighted percentage
Median weighted healthy
lifestyle score (range, 24 to 15)
All ages
18–57 yr
58–74 yr
.74 yr
Mean body mass index (kg/m2)
Recommended physical activity (%)
Mean Healthy Eating Index score
Current smoker (%)

35.9

24.3

39.7

8.1 (2.7–10.9)
7.6 (2.6–10.8)
8.8 (3.9–11.1)
6.8 (2.4–10.8)
28.060.4
34.1
61.460.6
33.6

9.8 (4.9–11.2)
10.3 (3.7–11.7)
9.6 (4.6–11.0)
9.1 (6.7–11.0)
28.660.5
33.8
66.160.8
21.9

10.0 (8.0–11.4)
9.3 (2.7–11.3)
10.0 (8.1–11.3)
10.1 (8.1–11.4)
27.560.2
42.1
67.960.6
11.2

Percentages are weighted. Means are expressed with SEM. Medians are expressed with interquartile range. CKD-EPI, CKD Epidemiology Collaboration; eGFR, estimated GFR.
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Table 4. Risk of all-cause mortality by lifestyle factors among participants in Third National Health and Nutrition Examination Survey
with CKD

Variable

Body mass index
18.5 to ,22 kg/m2
22 to ,25 kg/m2
25 to ,30 kg/m2
$30 kg/m2
Physical activity
Inactive
Insufﬁcient
Recommended
Cigarette smoking
Current smoker
Past smoker
Never smoker
Healthy Eating Index score
,54.5
54.5 to ,63.7
63.7 to ,73.1
73.1–100
Weighted healthy
lifestyle score, quartiles
1 (24 to 6 points)
2 (7–9 points)
3 (10–11 points)
4 (12–15 points)

Age-Adjusted
All-Cause
Mortality Rate
per 1000
Person-Year
(95% CI) (%)

Demographic
Characteristic–
Adjusted
HR (95% CI)
(n=2223)a

61.2 (60.5–61.9)
56.5 (55.9–57.2)
55.9 (55.4–56.3)
53.8 (53.5–54.1)

1.19 (0.97–1.46)
Referent
0.97 (0.81–1.17)
0.96 (0.77–1.21)

65.1 (64.4–65.7)
54.2 (53.7–54.6)
51.7 (51.3–52.2)

P Value

0.09

Fully Adjusted HR
(95% CI) (n=2145)b

P Value

0.77
0.73

1.30 (1.03–1.64)
Referent
1.00 (0.82–1.22)
0.87 (0.71–1.07)

0.03

Referent
0.76 (0.60–0.96)
0.73 (0.57–0.92)

0.02
0.01

Referent
0.86 (0.67–1.10)
0.80 (0.65–0.99)

0.22
0.04

92.2 (91.7–92.8)
59.2 (58.7–59.7)
47.3 (46.4–48.2)

Referent
0.63 (0.51–0.78)
0.53 (0.41–0.67)

,0.01
,0.01

Referent
0.61 (0.50–0.76)
0.54 (0.41–0.70)

,0.01
,0.01

65.2 (64.5–66.0)
60.1 (59.5–60.7)
58.5 (58.0–59.0)
49.5 (49.1–49.8)

Referent
0.92 (0.74–1.14)
0.93 (0.74–1.14)
0.81 (0.62–1.06)

0.43
0.55
0.12

Referent
1.02 (0.80–1.31)
1.02 (0.78–1.33)
0.94 (0.71–1.25)

0.86
0.87
0.66

85.1 (83.9–86.4)
54.5 (54.1–54.9)
51.5 (51.0–52.0)
47.7 (47.5–48.0)

Referent
0.59 (0.46–0.75)
0.58 (0.48–0.70)
0.54 (0.44–0.67)

,0.01
,0.01
,0.01

Referent
0.53 (0.41–0.68)
0.52 (0.42–0.63)
0.47 (0.38–0.60)

,0.01
,0.01
,0.01

1.00
0.17

HR, hazard ratio; CI, conﬁdence interval.
a
Adjusted for age, sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other), annual household income
(,$20,000 versus $$20,000), and education (high school, yes versus no).
b
In addition to demographic factors, adjusted for CKD Epidemiology Collaboration–estimated GFR, microalbuminuria (,30, 30 to
.300, $300 mg/g), diabetes, cardiovascular disease, cancer, systolic BP, serum cholesterol (,200 versus $200 mg/dl), use of statin (yes
versus no), and use of an angiotensin-converting enzyme inhibitor (yes versus no). Models for each individual component of the
healthy lifestyle score were adjusted for the other three components.

of 22 to ,25 kg/m2 as the referent category, we observed a
30% increased risk of death among individuals with a BMI
of 18.5 to ,22 kg/m2 (P=0.03). The multivariable-adjusted
risk of death was not signiﬁcantly different between the
referent category and individuals with a BMI of 25 to ,30
or $30 kg/m2 (P.0.05). Because of the observed association between all-cause mortality and BMI, we conducted
an additional analysis evaluating cardiovascular mortality
and BMI. Compared with individuals with a BMI of 22 to
,25 kg/m2, participants with a BMI of 18.5 to ,22 kg/m2
had a 33% increased risk of cardiovascular death (hazard
ratio, 1.33 [95% CI, 1.00–1.76]; P=0.049). This risk was not
signiﬁcantly different between the referent category and
overweight or obese participants (P.0.05, results not
shown). The age-adjusted all-cause mortality rates were
lower for individuals within the highest compared with
the lowest HEI quartile (49.5 versus 65.2 per 1000 personyears). However, there was no signiﬁcant association between
diet and all-cause mortality after multivariable adjustment
(Table 4).

Sensitivity Analyses
Adjusted survival analyses stratiﬁed by eGFR (,60 or $60
ml/min per 1.73m2), UACR ($30 or ,30 mg/g), and a combination of both (eGFR ,60 ml/min per 1.73 m2 and UACR
$30 mg/g) revealed results similar to those observed in the
main cohort (Figure 1). According to use of sex-speciﬁc
UACR cut-points, 496 additional participants were classiﬁed
as having CKD; compared with individuals in the lowest
quartile of the weighted healthy lifestyle score, the adjusted
hazard ratios of all-cause mortality were 0.57 (95% CI, 0.46–
0.71), 0.54 (95% CI, 0.44–0.66), and 0.48 (95% CI, 0.40–0.59) for
individuals in the second, third, and fourth quartiles, respectively; these values were not signiﬁcantly different from those
in the main cohort. Furthermore, the results of the main analyses did not change after we used indicator variables for missing covariates in the fully adjusted model (data not shown).

Discussion
Less than one third of this cohort of individuals with
mild-to-moderate CKD was adherent to three or more
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Figure 1. | Risk of all-cause mortality by weighted healthy lifestyle score quartiles (using the first quartile as the reference category) in
subgroups stratified by estimated GFR (eGFR) and urine albumin-to-creatinine ratio (UACR) in participants in the Third National Health and
Nutrition Examination Survey with CKD. Error bars represent 95% confidence intervals.

healthy lifestyle factors. Factors associated with a high
weighted healthy lifestyle score included female sex, older
age, and higher socioeconomic status. Moreover, participants with lower eGFR had higher healthy lifestyle scores,
which could be related to the receipt of lifestyle modiﬁcation counseling among individuals with advanced CKD.
Persons in the highest quartile of the weighted healthy
lifestyle score had a 53% lower risk of death compared with
those in the lowest quartile. The most signiﬁcant association with improved survival was observed with abstinence
from smoking. Additionally, regular versus no physical
activity was associated with a 20% reduction in mortality,
whereas a BMI of 18.5 to ,22 kg/m2 was associated with a
30% increased mortality.
To our knowledge, this study is the ﬁrst to examine
combinations of healthy lifestyle factors in relation to allcause mortality in CKD. Several studies of general populations suggest that adherence to multiple healthy lifestyle
factors is associated with improved clinical outcomes (5–
7,20,29). An analysis of the Nurses’ Health Study (7) demonstrated that a healthy lifestyle was associated with
lower risk of death. Similarly, the Health Professionals
Follow-up Study demonstrated that a healthy lifestyle
was associated with lower risk of coronary heart disease

events (3). Our ﬁndings suggest that the beneﬁcial effects
of a healthy lifestyle may potentially be extended to the
CKD population, which is at higher cardiovascular morbidity and mortality risk (8,9,15,30).
However, in contrast to these general population studies,
which showed a dose effect between adherence to multiple
lifestyle factors and adverse outcomes, we did not ﬁnd
additional beneﬁt of adherence to more than one factor.
The reasons for these differences are not clear but may be
due to inherent differences between CKD and non-CKD
populations or to differences in the outcomes evaluated
and methods used to assess the exposure. Nonetheless, our
ﬁndings support current CKD guidelines recommending
lifestyle modiﬁcations regarding nonsmoking and physical
activity for individuals with CKD (14,31–34). Further work
is needed to investigate regarding optimal diet and BMI.
Several prior studies have examined how individual
lifestyle factors inﬂuence outcomes in CKD. In the Cardiovascular Health Study (15), lower levels of physical activity were associated with increased cardiovascular
mortality in elderly individuals with CKD. Similarly, a recent analysis of NHANES III reported that physical activity was associated with lower mortality in CKD (16). Very
few studies have evaluated the relationship between
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smoking and mortality in CKD. Our ﬁndings regarding
abstinence from smoking are consistent with analyses
from the Cardiovascular Health Study reporting lower
risk of cardiovascular death in CKD (15).
In contrast to studies on general populations that have
reported increased morbidity and mortality in obese individuals (7,35), we found that the mortality risk for obese and
overweight persons was similar to that for participants
with a BMI of 22 to ,25 kg/m2. Moreover, we report a
30% increased mortality risk among participants with a
BMI of 18.5 to ,22 kg/m2, which is within the lower half
of what is considered to be the ideal BMI range. This is consistent with ﬁndings from a prospective study of a non-CKD
population, which reported increased mortality risk with a
BMI ,21 kg/m2 (24). The reasons for these ﬁndings are unclear. However, underweight patients undergoing maintenance hemodialysis experience a similar increased risk of
death, which has been attributed to protein-energy malnutrition and inﬂammation (36). The association between BMI
and outcomes has been less extensively studied in predialysis
CKD. Although one study in male veterans reported a signiﬁcant inverse association between BMI and all-cause mortality (37), BMI was not found to be an independent
predictor of death in analyses of data from the Modiﬁcation
of Diet in Renal Disease (13) and the Reasons for Geographic
and Racial Differences in Stroke Studies (12). Future research
is needed to further evaluate the relationship between BMI
and outcomes in patients with CKD and to determine what
constitutes an ideal BMI for this population.
The association between a healthy diet and survival has
not been previously studied in predialysis CKD. However,
in general populations it is well established that a diet that
includes high intake of vegetables, fruits, nuts, whole
grains, legumes, and ﬁsh is associated with lower risk of
cardiovascular morbidity and mortality (2–5,29). Evidence
suggests that this beneﬁt may be mediated by favorable
effects on BP, glucose, and lipids (38–40). We found that a
diet rich in fruits and vegetables and low in saturated fat
and sodium was associated with lower rates of ageadjusted all-cause mortality in individuals with CKD.
However, this association was no longer signiﬁcant after
adjustment for demographic factors. It is possible that the
HEI may not capture dietary components that are important for individuals with CKD. Prospective studies are
needed to further evaluate this association.
Strengths of our study include the large sample size and
the prospective design with a median follow-up of 13 years.
However, our ﬁndings should be interpreted in the context
of the limitations inherent to this type of analysis. First,
measurement errors are possible, particularly with the use
of self-reported questionnaires to ascertain medical history
and physical activity, which have not been validated
against medical records or objective measures of physical
activity, respectively. In addition, the 24-hour dietary recall
used to assess the diet component was not validated
against food diaries among NHANES III participants.
However, the HEI has been validated using selected
biomarkers of dietary intake (41). Second, CKD was deﬁned on the basis of a single eGFR and UACR measurement, which might lead to misclassiﬁcation of the selected
study sample, and information on certain important covariates (e.g., use of low-dose aspirin) was not available.

Finally, individuals excluded from the analysis because
of missing serum creatinine or UACR had signiﬁcantly
different demographic and clinical characteristics; this
may have resulted in bias.
Adherence to a healthy lifestyle was associated with lower
all-cause mortality risk in individuals with CKD, with the
greatest reduction in all-cause mortality related to nonsmoking. These ﬁndings reinforce the importance of smoking
abstinence counseling in patients with CKD. Our ﬁndings
also suggest that regular physical activity and avoidance of
low BMI might improve patient survival. Further work is
needed to conﬁrm these ﬁndings and to investigate what the
optimal diet and BMI are in this population.
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