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Abstract

Purpose—The prevalence of chronic kidney disease (CKD) is increasing rapidly in many 

countries and has become a major public health concern. Although intakes of long-chain omega-3 

polyunsaturated fatty acids (LCω3PUFA) and its food source — fish — may have renal protective 

effects, little is known about the longitudinal association between these dietary factors and CKD 

incidence.

Methods—A total of 4133 healthy individuals of black and white race aged 18 to 30 at baseline 

(1985–86) from the Coronary Artery Risk Development in Young Adults study were enrolled and 

followed up over 25 years. LCω3PUFA and fish intake were assessed by an interview-based 

dietary history questionnaire at baseline, year 7 (1992–93), and 20 (2005–06).

Results—Four hundred eighty-nine incident cases of CKD were identified. After adjustment for 

potential confounders, LCω3PUFA intake was inversely associated with CKD incidence [HR = 

0.73 (95% CI: 0.60 to 0.89), P = 0.002, with one standard division (0.19 g/day) increment in 

LCω3PUFA], This inverse association was persisted among females [0.64 (95% CI: 0.48, 0.84; P 
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= 0.002], but not males (Pinteraction = 0.070). A marginal significant inverse association was also 

found between non-fried fish consumption and CKD incidence (HR = 86, 95% CI: 0.73, 1.01; P= 

0.073).

Conclusions—Dietary LCω3PUFA intake was inversely associated with incidence of CKD 

among American young adults over 25 years of follow-up. The suggestive evidence of the inverse 

association between non-fried fish consumption with CKD incidence needs further confirmation.
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Introduction

The global prevalence of chronic kidney disease (CKD) from 1999 to 2014 was around 11%, 

and CKD is an independent risk factor for cardiovascular morbidity and decreased quality of 

life [1,2]. Moreover, the prevalence is increasing rapidly in many countries and has become 

a major public health concern [2–5]. Because the final common pathway of chronic kidney 

damage often involves inflammation and fibrosis [2], intake of long-chain omega-3 

polyunsaturated fatty acids (LCω3PUFA) via fish oil supplements or non-fried fish is 

considered beneficial since they can down-regulate pro-inflammatory cytokine production, 

oxidative stress, and express endothelial leukocyte adhesion molecules, thereby protecting 

kidney function [6, 7], To date, numerous studies have reported inverse associations of 

LCω3PUFA intake with cardiovascular diseases [8], hypertension [9] and endothelial 

function [10], all of which can increase risk of CKD [11], Also, fish oil is often prescribed in 

patients with IgA nephropathy [12], However, some studies have shown no or at most a 

weak preventive effect on cardiovascular outcomes [13–15].

Fish is enriched in LCω3PUFA species that include eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) [16], Despite the benefits these fatty acids provide, fish 

consumption may come with the potential for harm from contaminants such as mercury (Hg) 

[16], However, fish is also a dietary source of selenium (Se) that can increase Hg elimination 

and ameliorate its toxic effects [17, 18], Thus, it is important to consider both the benefits 

and risks of consuming fish as routes of exposure to LCω3PUFA, Se, and Hg [9].

Few epidemiological studies have examined the putative association between fish oil and a 

decline in glomerular filtration rate (GFR) [6, 19, 20] and the association between fish oil 

and albuminuria in the general population [21], Two studies have shown that fish oil 

consumption was associated with a reduced likelihood of CKD. A cross-sectional study 

reported that dietary intake of LCω3PUFA and fish was inversely associated with risk of 

prevalent CKD [20], An Italian population-based cohort study of 931 adults aged >65 years 

showed that polyunsaturated fatty acid levels at enrollment was inversely associated with 

risk of developing reduced creatinine clearance during a 3-year follow-up [19], However, 

whether the findings can be generalized to younger individuals with a long observational 

period is uncertain. Conversely, a study that examined the association between fish 

consumption and nephropathy in American Indians found no association between fish 

consumption and risk of nephropathy [21], However, fish items consumed were 
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predominantly deep-fried in the study. Because of the gap in knowledge about the 

longitudinal association of intakes of LCω3PUFA and fish with incidence of CKD, we 

undertook the present analysis using data from a large cohort of young adults participating in 

the Coronary Artery Risk Development in Young Adults (CARDIA) study.

Materials and methods

Design and Participants

The CARDIA study is an ongoing, multicenter, prospective cohort study of the development 

and determinants of cardiovascular risk factors in young adults aged 18 to 30 years at 

recruitment. Details of study design have been published elsewhere [22]. In brief, 5114 male 

and female participants of both black and white races were recruited in 1985 and 1986 (Y0) 

in four cities in the United States (Birmingham, AL; Chicago, IL; Minneapolis, MN; and 

Oakland, CA). The cohort was designed to be balanced by age, sex, race, and education. The 

follow-up examinations were conducted in 1987–88 (Y2), 1990–91 (Y5), 1992–93 (Y7), 

1995–96 (Y10), 2000–01 (Y15), 2005–06 (Y20), and 2010–11 (Y25). Retention rate of the 

surviving cohort in each follow-up was 90.4%, 85.1%, 79.9%, 77.2%, 71.8%, 69.3%, and 

68.4%, respectively.

We excluded participants who reported an implausible total energy intake (<800 or >8000 

kcal/day for males, and <600 or >6000 kcal/day for females) (n = 30), with missing data on 

exposure variables at all diet assessments (n = 4) and smoking status (n = 54), with CKD at 

baseline (n = 6), and participants without follow-up information for defining incidence of 

CKD (n = 664). To be conservative, we also excluded females who were pregnant at any 

examination (n = 223). The remaining 4133 participants were included in the main analysis. 

Of these, 3690 participants with toenail Se and Hg available were included in the analyses of 

the effect modification of Se and Hg on the associations of interest. A written informed 

consent form was obtained from all participants. Supplemental figure 1 in the appendix 

shows the enrollment flow. The study design, data collection, and analyses were approved by 

the institutional review boards of the participating centers.

Ascertainment of Fish Consumption and LCω3PUFA Intake

The CARDIA Diet History questionnaire is an interviewer-administered quantitative food-

frequency questionnaire designed to assess habitual eating patterns. The validity and 

reproducibility of CARDIA food-frequency questionnaire have been described in previous 

studies [23, 24], The correlation coefficients for logarithmically transformed nutrient values 

and energy-adjusted nutrient values from two dietary histories are 0.50 to 0.80 for whites 

and 0.30 to 0.70 for blacks [24], Briefly, diet assessment was conducted three times at Y0, 

Y7 and Y20. Participants were asked to recall their usual dietary intakes using the previous 

30 days as the time frame. Daily intake of each food or beverage group was calculated as the 

sum of the number of servings consumed per day. Fish consumption was categorized into 

fried and non-fried fish, recognizing that the health impact may be influenced by the 

preparation method [25], Because of the skewed and narrow distribution of fried fish 

consumption, we did not use fried fish as an exposure separately, but adjusted for fried fish 

intake when examining the association between non-fried fish intake and incidence of CKD. 
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Nutrient intake was estimated using an adaptively updated nutrient database version 36 

(Nutrition Data System for Research 2005 from the Nutrition Coordinating Center at the 

University of Minnesota, Minneapolis, MN). In this study, LCω3PUFA intake was defined 

as the sum of DHA, EPA and docosapentaenoic acid from all dietary sources. Because of the 

relatively small amount and the narrow distribution, docosapentaenoic acid was not analyzed 

as a separate exposure.

Ascertainment of CKD

We defined CKD as an estimated GFR (eGFR) <60 mL/min per 1.73 m2 or albuminuria >30 

mg/g (urine albumin/creatinine) [2]. eGFR was estimated at Y0, Y10, Y15, Y20, and Y25 

by using the CKD-EPI (epidemiology collaboration) Creatinine Equation [26], Albuminuria 

was determined from a single, untimed (spot) urine sample collected at Y10, Y15, Y20 and 

Y25 examinations. Urine albumin concentrations were measured using a nephelometric 

procedure with a specific anti-albumin monoclonal antibody. Between study years 0–20, 

creatinine was measured using a modified-rate Jaffe method and standardized to NIST 

standards. In Y25 examination, creatinine was measured using the Roche enzymatic method 

and standardized to NIST standards. Urine albumin-creatinine ratios were standardized to 

sex and race and expressed in milligrams per gram of creatinine [27].

Ascertainment of Toenail Se and Hg

Details of assessment have been described previously [9]. Briefly, Se and Hg levels were 

analyzed by instrumental neutron-activation analysis at the University of Missouri Research 

Reactor. The average coefficient of variation in duplicate toenail sub-samples was 2.5% for 

for Hg. The toenail concentrations of Se or Hg were suggested to be useful biomarkers of 

exposure in which a single sample was assumed to represent long-term exposure since 

toenail clippings reflect 9–12 months of exposure [28–30].

Ascertainment of Covariates

Age, race, sex, smoking status, and hyperlipidemia were defined using Y10 data and 

measured in all available CARDIA participants. Age, race, sex, and smoking status were 

obtained by self-report. The major lifestyle variables and clinical measurements were 

reevaluated at the follow-up examinations. Cumulative average alcohol consumption was 

classified into four groups based on daily intake measured using a validated questionnaire. 

Physical activity (PA) was assessed using the interviewer-administered and validated 

CARDIA PA history questionnaire [31], The PA score was calculated in exercise units, 

which reflect the frequency and duration of activity over the previous year. A score of 100 

exercise units is approximately equivalent to participation in vigorous activity for 2–3 h/

week for 6 months of the year. The cumulative average PA was categorized into quartiles. At 

baseline, respondents were asked if they had a history of “kidney problems” (yes/no). If yes, 

respondents were asked to clarify if they had a history of kidney stones, nephritis, 

pyelonephritis, glomerulonephritis, kidney infection, or other kidney disease (yes/no). In this 

study, “kidney diseases” represents self-reported history of kidney stones, nephritis, 

pyelonephritis, glomerulonephritis, kidney infection, or other kidney disease at baseline 

(yes/no).
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Statistical Analysis

Baseline characteristics of study population were described as means (SDs), medians 

(IQRs), or proportions based on their properties and distributions. Cox proportional hazards 

models were used to examine intakes of LCω3PUFA, DHA, EPA or non-fried fish in 

relation to incidence of CKD by calculating multivariable-adjusted HRs and 95% confidence 

intervals. Schoenfeld residual test was performed to check the proportional hazards 

assumption [32]. Incident CKD was defined at Y10, Y15, Y20, and Y25. Each participant 

contributed person-time from baseline to the date when incident CKD was determined, 

censored or the end of the study, whichever came first.

To reduce measurement errors caused by within-person variation and to best represent the 

long-term dietary intakes, we used cumulative average nutrient intake from the 

measurements at Y0, Y7 and Y20 in the main analysis. For example, we related the average 

LCω3PUFA intake reported at Y0 and Y7 to the new cases identified at Y10 and Y15; and 

the average LCω3PUFA intake reported at Y0, Y7 and Y20 to the new cases identified at 

Y20 and Y25. To test the robustness of model selection, we replaced “cumulative average 

model” with “baseline model”, and “most-recent model”, respectively [33, 34]. In addition, 

we used a sequential covariates-adjusted strategy in the Cox model. Model 1 (initial model): 

adjustment for age, sex, race, and study center. Model 2 (final model): Model 1 with 

additional adjustment for BMI, education, current smoker, alcohol consumption, PA, and 

total energy, and reported kidney diseases. In Model 2, fried fish consumption was also 

adjusted when non-fried fish was examined. To determine whether sex or race was an effect 

modifier, the interaction of sex or race with the exposures of interest was detected by 

likelihood-ratio test. We also examined whether baseline fasting glucose, urinary creatinine, 

and toenail Se and Hg levels would modify the results. In addition, we conducted the 

following sensitivity analyses based on the final model (Model 2). First, we further adjusted 

for a few potential dietary confounders, including intakes of magnesium, calcium, sodium, 

potassium, and phosphorous (Model 3a). Second, we additionally adjusted for baseline 

creatinine and glucose (Model 3b) on top of Model 2. Third, we re-performed model 2 under 

a reduced sample size at n 3690 including only participants with toenail trace element data 

available (Model 3c). Fourth, we adjusted for Hg, and cadmium (Model 3d), and further 

added Se (Model 3e) on top of Model 3c. While baseline glucose is included in Model 3b, 

we also replaced it with: 1) cumulative glucose levels; or 2) baseline diabetes; or 3) incident 

diabetes; none of the results were substantially changed. We also performed a sensitivity 

analysis by adding baseline GFR, blood pressure (either baseline or cumulative), and blood 

pressure lowering medication at time of CKD ascertainment to the model and the results 

were materially unchanged.

All analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, North 

Carolina, USA) with nominal significance level set as 0.05, and 0.10 for detecting main 

effect and interaction, respectively.

Results

Baseline characteristics of the study participants are shown in Table 1. The average intake of 

LCω3PUFAs was 0.17 g/day and the mean age of the participants was 25.0 years old. Of the 
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4,133 participants, 53.2% were women and 49.8% were blacks. The mean eGFR was 123.5 

ml/min per 1.73 m2 and the average follow-up time was 22.3 years.

During the 25-year follow-up, 489 incident cases of CKD were identified. Among them, 

there were 426/24 cases with moderately/severely increased albuminuria, and 56 cases with 

decreased eGFR. There were 17 cases with both abnormal eGFR and albuminuria (12/5: 

moderately/severely increased albuminuria). Table 2 shows the associations of intake of 

LCω3PUFA and non-fried fish with incident CKD. Higher LCω3PUFA intake had a 

significantly lower incidence of CKD [HR = 0.73 (0.60 to 0.89), P = 0.002] in model 2. 

Similar inverse associations were observed for EPA (0.76 (0.62, 0.94), P = 0.010) and DHA 

(0.72 (0.59, 0.87), P < 0.001) intake with incident CKD. A marginally significant inverse 

association was found between non-fried fish consumption and incidence of CKD [0.86 

(0.73, 1.01), P = 0.073].

To determine potential effect modifiers for the associations of interest, we conducted 

stratified analyses according to several pre-specified factors (Table 3). The associations 

between LCω3PUFA and CKD were modified by sex, but not by race, Se or Hg levels. The 

observed inverse associations persisted in females [HR = 0.64 (0.48, 0.84), P = 0.002], but 

not in males [HR = 0.91 (0.71, 1.18), P = 0.489] with a P value of 0.070 for interaction, 

indicating a suggestive heterogeneity by sex.

To test the robustness of our findings, several sensitivity analyses were conducted, and 

results were presented in Table 2 (model 3a to model 3e). The findings were overall not 

appreciably changed. In addition, we used midpoint imputation instead of right-point 

imputation considering the interval-censored nature of the outcome, the results remained. 

Moreover, we replaced “cumulative average model” with “baseline model” and “most-recent 

model” for dietary intake, the main findings were consistent excepting some results were 

somewhat attenuated (data not shown).

Discussion

In this 25-year follow-up prospective study, LCω3PUFA intake and non-fried fish 

consumption exhibited overall inverse relations with incidence of CKD in young American 

adults. Findings from this study suggest that non-fried fish consumption may be beneficial 

with respect to primary prevention of CKD.

To our knowledge, no previous studies have investigated whether there are sex-dependent 

differences in the relation between fish consumption and incidence of CKD. A cross-

sectional study of 2600 adults aged ≥50 years reported an association of increased dietary 

intake of LCω3PUFA and fish with a reduced risk of CKD [20]. A population-based cohort 

study of 931 adults aged ≥65 years showed that higher plasma polyunsaturated fatty acid 

levels at enrollment were associated with a lower risk of developing renal insufficiency 

during a 3-year follow-up [19], Our study strengthens these findings given that our timeline 

of 25 years is substantially longer; studies investigating kidney disease outcomes require at 

least a 5-to-10-year follow-up. Our study adds new evidence that fish consumption in young 

adulthood may be beneficial to primary prevention of CKD later in life.
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LCω3PUFA can interfere with several stages of renal fibrosis by acting directly on renal 

cells and modulating several pathophysiological responses [7], such as apoptosis, 

inflammation, migration, proliferation and differentiation [35, 36], In addition, dietary fish 

oil may reduce blood pressure [8] and proteinuria in patients with hypertension through a 

mechanism mediated by the vasorelaxant response to LCω3PUFA [7] and by their 

modulation of transforming growth factor-beta, renin, fibronectin and nitric oxide synthesis 

[37, 38],

Sex modified the inverse association between LCω3PUFA intake and incidence of CKD in 

this study. The underlying mechanisms are unclear. The type and number of transcripts and 

plasma lipid response were significantly different between the sexes after LCω3PUFA 

supplementation [39, 40]. For example, HDL cholesterol (HDL-C) levels increased 

significantly for females [40, 41]. In the present study, the HDL-C level was higher in 

females (55.59 mg/dL) than that in males (50.16 mg/dL). HDL-C might maintain and 

improve renal function through inhibition of intra-renal atherosclerosis [42], inhibiting the 

accumulation of lipoproteins on the mesangial cells [43], and the antioxidant effect [44]. In 

addition, the anti-inflammatory effects of LCω3PUFA may be acting via changes in gene 

expression by sex in various and multiple pathways [39, 45]. Recently it has been reported 

that LCω3PUFA interventions might improve insulin resistance in females but not in males 

[46]. However, further studies are warranted.

Our study found a potential benefit of non-fried fish consumption in relation to incidence of 

CKD after additional adjustment for dietary intakes of calcium, magnesium, phosphorous, 

potassium, and sodium in Table 3. A possible explanation is that these mineral levels, which 

are important to CKD patients, are strong confounders [47, 48]. Fried fish tends to be made 

from lean fish with little LCω3PUFA compared to fatty fish [49]. More studies are needed to 

further investigate the health impact of type of fish consumption. Additionally, frying may 

reduce the LCω3PUFA content and generate trans-fatty acids and/or oxidative factors that 

could substantially attenuate the benefits of fish intake [25, 50]. A cohort study in American 

Indians who consumed predominantly fried fish found no associations between fish 

consumption and any measure of nephropathy [21, 29].

Hg and Se concentrations were directly correlated with fish intake [51]. Epidemiological 

studies indicate a possible benefit of Se intake on Hg’s vascular toxicity which can be a risk 

factor of CKD [9, 16, 52]. However, they were not found to be effect modifiers of the 

relation between them and CKD events in this study. Additional research is needed to clarify 

it.

The strengths of our study include a unique 25-year follow-up prospective study involving 

young adults, in which both EPA and DHA exerted beneficial effects on kidney function, as 

reported previously [20], and we did stratified analysis according to several prespecified 

factors including sex. In addition, multiple in-depth dietary measurements were performed. 

Moreover, we used the cumulative average dietary intakes obtained from multiple 

measurements during the follow-up, which should reduce the random measurement error 

and provide a more precise estimate of habitual intake than would a single measurement. 

Furthermore, we distinguished non-fried from fried fish, and we conducted a number of 
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sensitivity analyses to test the robustness of our findings. To our knowledge, this is the first 

long-term follow-up study of the association between intake of LCω3PUFA and fish with 

incidence of CKD.

This study had several limitations. First, although we controlled for many potential 

confounders, the possibility of residual confounding or bias from unknown or unmeasured 

factors could not be completely excluded due to the observational property of this study. 

However, research or monitoring all food and chemicals commercially available is not 

possible nor is it desirable, as many do not pose a risk to ecosystems or humans [53]. 

Second, we do not have albuminuria information at baseline. However, we measured 

albuminuria at Y10. Therefore, if CKD occurred in some cases before Y10, they would not 

be missed. Third, this study adjusted for toenail Hg and Se. Although the advantage of 

toenails as a long-term exposure biomarker of trace elements such as Hg and Se status has 

been recognized [54], one toenail measurement at baseline may not reflect the changes in 

their status during the entire follow-up period. Since the changes are likely to be non-

differential, the possible association may be attenuated. Fourth, the recent discovery of the 

apolipoprotein LI (APOL1) gene variant has helped explain racial disparities in the 

progression of CKD between black and white patients [55]. While we were unable to adjust 

for the APOL1 variant, we did adjust for race and did not find any effect modification by 

race. Finally, the generalizability of our findings may be limited. All participants were young 

American adults mainly from four metropolitan areas, and their characteristics may be 

different from the general population.

In conclusion, our findings indicate that dietary LCω3PUFA intake is inversely associated 

with CKD incidence. The results add evidence in support of fish consumption, particularly 

non-fried fish, among apparently healthy American young adults. Further studies are 

warranted to confirm our findings in other populations.
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Refer to Web version on PubMed Central for supplementary material.
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CKD chronic kidney disease

eGFR estimated glomerular filtration rate

EPA eicosapentaenoic acid

EU exercise units

GFR glomerular filtration rate

Hg hydrargyrum, mercury

LCcω3PETFA long-chain omega-3 polyunsaturated fatty acids
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Table 1

Baseline characteristics of the study participants: The CARDIA Study (1985–2010) (n = 4133)

Characteristics Mean ± SD, median (IQR), or proportion (%)

LCω3PUFA (g/day) 0.17 ± 0.19

 DHA (g/day) 0.08 ±0.09

 EPA (g/day) 0.06 ± 0.08

Non-fried fish (serving/day) 0.95 ± 0.98

Fried fish (serving/day) 0.06 ± 0.27

Age (year) 25.0 ± 3.6

Education (year) 13.9 ± 2.3

Female (%) 53.2

Black (%) 49.8

Current smoker (%) 28.8

Alcohol intake (ml/day) 4.8 (0 – 14.7)

Physical activity (EU) 365 (200 – 577)

BMI (kg/m2) 24.6 ± 5.1

Dietary intake

 Total energy (kcal/day) 2802.4 ± 1312.2

 Magnesium (mg/day) 396.3 ± 229.2

 Calcium (mg/day) 1292.6 ± 855.3

 Sodium (mg/day) 4279.5 ± 2391.8

 Potassium (mg/day) 3745.5 ± 1956.5

 Phosphorous (mg/day) 1820.8 ± 998.9

eGFR (ml/min per 1.73 m2) 123.5 ± 15.5

BMI body mass index, CARDIA Coronary Artery Risk Development in Young Adults, DHA docosahexaenoic acid, eGFR estimated glomerular 
filtration rate, EPA eicosapentaenoic acid, EU exercise unit, IOR inter-quartile range, LCω3PUFA long-chain omega-3 polyunsaturated fatty acids, 
SD standard deviation
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Table 2

Associations of incident CKD by intakes of LCω3PUFA/Non-fried fish: The CARDIA Study (1985–2010) (n 
= 4133)

LCω3PUFA 
a

DHA 
a

EPA 
a

Non-fried fish 
a

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Model 1
b 0.74 (0.61, 0.90) 0.002 0.71 (0.59, 0.85) <0.001 0.78 (0.64, 0.96) 0.017 0.86 (0.74, 1.01) 0.064

Model 2
c 0.73 (0.60, 0.89) 0.002 0.72 (0.59, 0.87) <0.001 0.76 (0.62, 0.94) 0.010 0.86 (0.73, 1.01) 0.073

Model 3a
d 0.72 (0.59, 0.88) 0.002 0.71 (0.58, 0.86) <0.001 0.75 (0.61, 0.92) 0.007 0.85 (0.72, 0.999) 0.045

Model 3b
e 0.76 (0.62, 0.93) 0.008 0.74 (0.61, 0.90) <0.001 0.79 (0.64, 0.97) 0.022 0.88 (0.75, 1.03) 0.112

Model 3c
f 0.74 (0.60, 0.91) 0.004 0.70 (0.57, 0.86) <0.001 0.78 (0.63, 0.97) 0.023 0.86 (0.73, 1.02) 0.092

Model 3d
g 0.73 (0.59, 0.90) 0.003 0.69 (0.56, 0.85) <0.001 0.77 (0.62, 0.96) 0.018 0.86 (0.72, 1.02) 0.078

Model 3e
h 0.72 (0.58, 0.90) 0.003 0.68 (0.56, 0.84) <0.001 0.77 (0.61, 0.95) 0.017 0.86 (0.72, 1.02) 0.077

Data are HR (95% CIs). All models were constructed by using the Cox proportional hazards model and the exposures were the cumulative average 
intake before the event

BMI body mass index, CARDIA Coronary Artery Risk Development in Young Adults, CI confidence interval, CKD chronic kidney disease, DHA 
docosahexaenoic acid, EPA eicosapentaenoic acid, HR hazard ratio, LCω3PUFA long-chain omega-3 polyunsaturated fatty acids.

a
Every 1 SD increment for intakes of LCω3PUFA (SD = 0.19 g/day), DHA (SD = 0.09 g/day), and EPA (SD = 0.08 g/day), and every serving/day 

increment for non-fried fish consumption

b
Model 1: adjustment for age (continuous), sex, race (black or white), and study center

c
“Model 2: model 1 with additional adjustment for BMI (continuous), education (continuous), current smoker (yes or no), alcohol consumption (0, 

0.1–4.9, 5.0–9.9, 10.0–19.9, or ≥20 g/day), physical activity (quartiles), and total energy (quartiles), and personal kidney problems (yes or no). 
Fried fish intake (yes or no) was adjusted only in models when the exposure was non-fried fish intake

d
Model 3a: model 2 with additional adjustment for dietary intakes (quartiles) of magnesium, calcium, sodium, potassium, and phosphorous

e
Model 3b: model 2 with additional adjustment for baseline creatinine (continuous) and glucose (continuous)

f
Model 3c: model 2 under a reduced sample size at n = 3690 with trace elements measured

g
Model 3d: model 3c with additional adjustment for toenail measurements (quartiles) of mercury, and cadmium

h
Model 3e: model 3d with additional adjustment for toenail selenium (quartiles)
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Table 3

Stratified analysis of associations between intakes of LCω3PUFA/Non-fried fish with incident CKD: The 

CARDIA Study (1985–2010) (n = 4133)

Stratified variables LCω3PUFA
a

Non-fried fish
a

HR (95% CI)
a P value HR (95% CI)

a P value

Sex

 Male 0.91 (0.71, 1.18) 0.489 0.93 (0.76, 1.15) 0.527

 Female 0.64 (0.48, 0.84) 0.002 0.75 (0.59, 0.94) 0.012

 P for interaction 0.070 0.182

Race

 Black 0.80 (0.64, 0.999) 0.048 0.83 (0.68, 0.999) 0.047

 White 0.80 (0.57, 1.11) 0.185 0.96 (0.74, 1.25) 0.753

 P for interaction 0.446 0.955

Selenium
b

 <median 0.86 (0.66, 1.11) 0.251 0.86 (0.69, 1.08) 0.191

 ≥median 0.70 (0.52, 0.94) 0.016 0.84 (0.66, 1.07) 0.158

 P for interaction 0.662 0.702

Mercury
b

 <median 0.78 (0.59, 1.04) 0.091 0.79 (0.62, 1.00) 0.052

 ≥median 0.78 (0.58, 1.03) 0.082 0.92 (0.73, 1.16) 0.480

 P for interaction 0.870 0.325

Data are HR (95% CIs) except otherwise specified. All models were constructed by using the Cox proportional hazards model with adjustment for 
the covariates listed in model 2 in Table 2

CARDIA Coronary Artery Risk Development in Young Adults, CI confidence interval, CKD chronic kidney disease, HR hazard ratio, LCω3PUFA 
long-chain omega-3 polyunsaturated fatty acids, SD standard deviation

a
Every 0.19 g/day increment (1 SD) for LCω3PUFA intake, and every serving/day increment for non-fried fish consumption

b
The analyses were conducted with a size-reduced sample (n = 3690) in which trace elements were measured
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