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Abstract
Background—Recent studies suggest an association between polyunsaturated fatty acids (PUFAs)
and the development of chronic kidney disease. The aim of this study was to examine the relationship
between PUFAs and renal function in older adults.

Methods—We performed a cross-sectional and prospective analysis of 931 adults, ≥65 years old,
enrolled in the InCHIANTI study, a population-based cohort in Tuscany, Italy. Plasma PUFAs were
measured at enrollment, and creatinine clearance was estimated by the Cockcroft-Gault equation at
baseline and after 3-year follow-up.

Results—At enrollment, participants with higher creatinine clearance had higher concentrations of
HDL cholesterol, total plasma PUFAs, plasma n-3 fatty acid (FA), and plasma n-6 FA and lower
triglycerides. From enrollment to the 3-year follow-up visit, creatinine clearance declined by 7.8
(12.2) mL/min (P <0.0001). Baseline total plasma PUFAs, n-3 FA, n-6 FA, and linoleic, linolenic,
and arachidonic acids were strong independent predictors of less steep decline in creatinine clearance
from baseline to follow-up (P <0.0001, after adjusting for baseline creatinine clearance). After
adjusting for baseline creatinine, baseline total plasma PUFAs, n-3 FA, and linoleic, linolenic, and
arachidonic acids were negatively associated with creatinine at 3-year follow-up. Participants with
higher plasma PUFAs at enrollment had a lower risk of developing renal insufficiency, defined by
a creatinine clearance <60 mL/min, during 3-year follow-up.

Conclusion—High PUFA concentrations, both n-3 FA and n-6 FA, may attenuate the age-
associated decline in renal function among older community-dwelling women and men.

Chronic kidney disease is emerging as a major public health problem among older adults and
can result in end-stage renal disease with need for dialysis or transplantation for kidney failure
(1,2). In the US, an estimated 19 million adults are in the early stage of disease (1). The
Prevention of Renal and Vascular End-Stage Disease study in Europe showed that up to 12%
of the adult population had some renal impairment (3). Creatinine clearance is widely used to
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assess chronic kidney disease in clinical practice and large epidemiologic studies (4,5). The
major risk factors for chronic kidney disease are increasing age, hypertension, diabetes,
cardiovascular disease, and a family history of the disease (1). Abnormalities in lipids and
atherogenic lipoprotein metabolism may contribute to glomerular and interstitial injury and
progression of renal disease (4).

Recent studies suggest that there may be an association between polyunsaturated fatty acids
(PUFAs)7 and the development of chronic kidney disease (6). PUFA supplementation has been
shown to reduce renal inflammation and fibrosis in animal models (6). PUFAs may protect
kidney function by modulating the inflammatory response through downregulation of the
production of proinflammatory cytokines, cyclooxy-genase-2 activity, and expression of
endothelial leukocyte adhesion molecules (7,8). Accordingly, among older adults, high levels
of plasma PUFAs were associated with lower levels of C-reactive protein (CRP) and
proinflammatory cytokines such as interleukin (IL)-6 and tumor necrosis factor (TNF)-α and
higher levels of antiinflammatory cytokines such as IL-10 and transforming growth factor
(TGF)-β (9).

We hypothesized that low total plasma PUFA levels were associated with an accelerated
decline of kidney function in older adults. To test this hypothesis, we examined the relationship
between total plasma PUFA levels and change in creatinine clearance over a 3-year follow-up
in the older participants of the InCHIANTI study, a population-based epidemiology study
conducted in Tuscany, Italy.

Materials and Methods
The study participants consisted of men and women ages 65 and older who participated in the
InCHIANTI study (Aging in the Chianti Area) conducted in 2 small towns in Tuscany, Italy.
The study protocol complied with the Declaration of Helsinki and was approved by the Italian
National Institute of Research and Care on Aging Ethics Committee. The rationale, design,
and data collection have been described (10). Briefly, in August 1998, 1270 people ages 65
years and older were randomly selected from the population registry of Greve in Chianti
(population 11 709) and Bagno a Ripoli (population 4704); of 1256 eligible subjects, 1155
(90.1%) agreed to participate. Of the 1155 participants, 1055 (91.3%) donated a blood sample.
The subjects who did not participate in the blood drawing were generally older and had greater
comorbidity than those who participated in the blood drawing (11).

Participants received an extensive description of the project and were enrolled in the study
after formal consent. Participants were evaluated again for a 3-year follow-up visit that was
conducted from 2001 to 2003 and included a new phlebotomy and laboratory testing.

Demographic information and information on smoking and medication use were collected
using standardized questionnaires. Average daily intakes of energy (kcal), carbohydrates, total
protein, total lipids, etc. were estimated using the European Prospective Investigation into
Cancer and Nutrition food frequency questionnaire, previously validated in the InCHIANTI
population (12). All participants were examined by a trained geriatrician, and diseases
(coronary heart disease, congestive heart failure, hypertension, diabetes, chronic obstructive
pulmonary disease, osteoarthritis, and cancer) were ascertained according to standard,
preestablished criteria and algorithms based on those used in the Women's Health and Aging
Study (13). Weight was measured using a high-precision mechanical scale. Standing height

7Nonstandard abbreviations: PUFA, polyunsaturated fatty acid; CRP, C-reactive protein; IL, interleukin; InCHIANTI, Aging in the
Chianti Area; BMI, body mass index; MMSE, Mini-Mental Status Examination; FA, fatty acid; Ccr, Cockcroft-Gault formula; Scr, serum
creatinine.
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was measured to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight in kg/
(height in m)2. Mini-Mental Status Examination (MMSE) was administered at enrollment
(14).

Blood samples were collected in the morning after a 12-h fast. Aliquots of serum and plasma
were immediately obtained and stored at −80 °C. Fatty acids (FAs) were measured using a
fasting plasma sample. The rationale and methodology of the FA determination have been
described (9). The intraassay and interassay CVs for all FAs were on average 1.6% and 3.3%,
respectively. The following fatty acid–related variables were selected for analyses: (a) ω-6
fatty acids (n-6, mg/L), linoleic acid (18:2n-6, mg/L), and arachidonic acid (20:4n-6, mg/L);
(b) ω-3 fatty acids (n-3, mg/L) and linolenic acid (18:3n-3, mg/L), and (c) total polyunsaturated
fatty acids (total plasma PUFAs, mg/L) (9).

Serum total cholesterol was assessed by commercial enzymatic tests (Roche Diagnostics,
GmbH) and a Roche-Hitachi 917 analyzer. The lower detection limit was 30 mg/L. The
intraassay and interassay CVs were 0.8% and 3.3%, respectively. Serum creatinine was
measured by commercial enzymatic assay using a Modular P800 Hitachi Analyzer. The
interassay CV was 2.3%, and the detection limit was 1 mg/L. Serum creatinine (Scr) measured
by use of a modified Jaffe method was used to estimate creatinine clearance according to the
Cockcroft-Gault formula (Ccr) = [(140 − age) × weight/(72 × Scr) × 0.85 (if the subject is
female)] where Ccr is expressed in mL/min, age in years, weight in km, and Scr in mg/dL
(15).

We found a high correlation between the creatinine clearance estimated by the Cockcroft-Gault
formula and that estimated by using the 4-variable Modification of Diet in Renal Disease
(MDRD) equation (r = 0.71; P <0.0001) (16).

Urinary protein was measured using a Modular P800 Hitachi Analyzer. Laboratory normal
range for proteinuria was 0–150 mg/L.

Statistical Analysis
Variables are reported as means (SD) for normally distributed variables or as percentages.
Anthropometric, biochemical, and clinical characteristics of the population at enrollment were
stratified across creatinine clearance strata (<30, 30–59, ≥60 mL/min) and compared using
ANOVA-based test for trend adjusting for age, sex, and BMI.

Total plasma PUFAs were divided into quintiles (≤34.3, 34.4–36.9, 37.0–39.5, 39.6–42.11,
≥42.14 mg/L). We used test for a linear trend to compare changes in creatinine clearance
between enrollment and 3-year follow-up across baseline total plasma PUFA quintiles. We
used Pearson correlation to examine the relationship between creatinine clearance, all types of
plasma PUFAs, and other variables. The relationship between changes in creatinine and
changes in creatinine clearance from baseline to follow-up and all types of plasma PUFA was
examined using multivariate linear models adjusted for multiple confounders. We obtained
parsimonious models by starting with an initial models that included all variables associated
with follow-up creatinine or creatinine clearance at a P level <0.10 (age, sex, BMI, education,
cigarette smoking pack-years, MMSE score, energy intake, alcohol, LDL and HDL cholesterol,
self-reported cancer, cardiovascular disease, and hypertension) plus baseline creatinine or
creatinine clearance.

We used a fully adjusted logistic regression analysis to test the hypothesis that lower plasma
PUFA levels were associated with a significantly higher probability of developing renal
insufficiency. In this analysis, participants with renal insufficiency at enrollment (defined by
a creatinine clearance <60 mL/min) were excluded. The analysis was also repeated using a
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composite outcome consisting of either the development of renal insufficiency or death during
the 3-year follow-up.

All analyses were performed using SAS (v. 8.2, SAS Institute, Inc.) with a statistical
significance level set at P <0.05.

Results
Of the 1055 participants who donated a blood sample at baseline, 931 (80.6%) had both plasma
PUFAs and serum creatinine measurements available for this analysis. Of these 931
participants, 676 (72.7%) had creatinine clearance measurements available at the 3-year
follow-up visit. Of the 255 subjects not included in the longitudinal analyses, 96 died between
enrollment and follow-up, 147 refused to participate in the blood drawing and/or interview,
and 12 moved out of the study area.

Participants evaluated at baseline with missing creatinine clearance at the 3-year follow-up (n
= 255) were significantly older (79.9 vs 73.2 years, P <0.0001), had lower baseline creatinine
clearance (55.1 vs 67.1 mL/min, P <0.0001), and had lower total plasma PUFAs (36.9 vs 38.1
mg/L, P = 0.0005) than those included in the present study (n = 709). Of the 676 participants
evaluated at the 3-year follow-up visit, 398 had creatinine clearance ≥60 mL/min at enrollment.

The demographic and disease characteristics of the study participants at enrollment, according
to creatinine clearance strata (<30, 30–59, ≥60 mL/min), are shown in Table 1. Higher
creatinine clearance was associated with younger age, male sex, and lower CRP level and BMI.
Persons with higher creatinine clearance also had higher HDL cholesterol, total plasma PUFAs,
plasma n-3 FA, and plasma n-6 FA and lower triglycerides. The proportion of persons with
proteinuria > 150 mg/L was lower among persons with higher creatinine clearance. The
prevalence of congestive heart failure, stroke, and peripheral artery disease was significantly
higher among persons with higher creatinine clearance.

In age- and sex-adjusted analysis, plasma PUFAs were also inversely associated with urine
protein excretion at enrollment (β = −0.15, SE = 0.06, P = 0.02) (data not shown).

From enrollment to the 3-year follow-up visit, creatinine clearance declined by 7.8 (12.2) mL/
min (P <0.0001). Creatinine clearance at enrollment and the 3-year follow-up were highly
correlated (r = 0.76; P <0.0001).

The relationship between total plasma PUFAs at enrollment and mean change in creatinine
clearance between baseline and the 3-year visit is shown in Fig. 1. The analysis is adjusted for
baseline creatinine clearance. From the lowest to the highest quintile of total plasma PUFAs,
the mean declines in creatinine clearance were 8.8, 5.0, 4.8, 3.2, and 1.4 mL/min, (P <0.0001).

The relationships of total plasma PUFAs, n-3 FA, linolenic acid, n-6 FA, linoleic acid, and
arachidonic acid with change in creatinine clearance from baseline to follow-up was examined
using multivariate linear regression models adjusted for covariates, including education,
cigarette smoking (pack-years), MMSE score, energy intake, alcohol intake, LDL cholesterol,
HDL cholesterol, cancer, cardiovascular disease, and hypertension (Table 2). Adjusting for
baseline creatinine clearance and other confounders, higher total plasma PUFAs, n-3 FA,
linolenic acid, n-6 FA, linoleic acid, and arachidonic acid at enrollment were significantly
associated with lower decline in creatinine clearance from baseline to follow-up; participants
with higher plasma PUFAs at enrollment had a smaller decline in creatinine clearance from
baseline to follow-up.
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The relationship of total plasma PUFAs, n-3 FA, linolenic acid, n-6 FA, linoleic acid,
arachidonic acid, and creatinine at enrollment with change in creatinine from baseline to
follow-up was examined using multivariate linear regression models adjusted for covariates,
including age, sex, BMI, education, cigarette smoking (pack-years), MMSE score, energy
intake, alcohol intake, LDL cholesterol, HDL cholesterol, cancer, cardiovascular disease, and
hypertension (Table 3).

At enrollment, total plasma PUFAs and n-6 FA were significantly associated with lower
creatinine. Adjusting for baseline creatinine, higher total plasma PUFAs, n-3 FA, linolenic
acid, linoleic acid, and arachidonic acid at enrollment were significantly associated with a
smaller decline in creatinine from baseline to follow-up.

Excluding participants with creatinine clearance <60 mL/min at baseline, and adjusting for
multiple confounders, those with higher plasma PUFAs at enrollment had a lower risk of
developing renal insufficiency, defined by a creatinine clearance <60 mL/min at the 3-year
follow-up. Participants with higher plasma N-6 and N-3 fatty acids tended to have a lower risk
of developing renal insufficiency (Table 4), although this trend was not statistically significant.
N-3 FA concentrations were inversely associated with risk of developing renal insufficiency
or dying over the 3-year follow-up (Table 5).

Discussion
This study shows that older adults with low total plasma PUFA concentrations have a greater
decline in creatinine and creatinine clearance over 3 years of follow-up than those with higher
concentrations of total plasma PUFAs. In addition, participants with lower baseline plasma
PUFAs and free of renal insufficiency were significantly more likely to develop renal
insufficiency at the 3-year follow-up than those with higher plasma PUFAs.

These findings suggest that a higher dietary intake of PUFAs, both n-3 FA and n-6 FA, may
be protective against progression to chronic kidney disease, and are consistent with
observations from animal models that show that PUFA supplementation reduces progression
of renal disease (6). The observation that total plasma PUFAs and also ω-3 fatty and ω-6 fatty
acids separately appear to have a beneficial effect on renal function require consideration. In
fact, ω-3 polyunsaturated fatty acids are generally considered more beneficial than ω-6 fatty
acids (17). However, recent data showed that both ω-6 (18) and ω-3 (19) fatty acids have
antiinflammatory properties. PUFAs are present in high concentrations not only in fish oil but
also in vegetable oils. For example, large quantities of ω-6 fatty acids are present in sunflower
oil, soybean/corn oil, and safflower oil, whereas large quantities of ω-3 fatty acids are present
in flax oil and hemp oil.

To our knowledge, this is the first human study that clearly observed a protective effect of
PUFA on the age-associated decline of renal function. Strengths of this study are the relatively
large sample size and the prospective, longitudinal analysis. The study is limited in that plasma
PUFA levels were measured only at enrollment and not at the 3-year follow-up visit. Also, the
loss of some respondents to follow-up may have influenced our findings.

The mechanisms by which PUFAs may protect the kidneys from damage in older adults remain
unknown. Data from the literature suggest that PUFAs may be antiinflammatory (6). The main
histopathological changes associated with the progression of renal disease in older adults are
fibrosis, glomerulonephritis, progressive tubulointerstitial injury, and renal fibrosis (6). In
addition, experimental data have clearly shown that aging is associated with increased
oxidative stress (19), enhanced tubular cell apoptosis (20), and exacerbation of glomerular
inflammatory responses induced by glomerular fibrin deposition (21).
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Dietary fish oil supplementation has been shown to reduce progression of renal disease among
patients with IgA nephropathy (22) and to suppress mesangial cell activation and proliferation
in animal models (23). PUFAs may reduce inflammation through several possible pathways,
such as reduction of nitric oxide (24), downregulation of TNF-α (25), and modulation of protein
kinases (26).

Plasma PUFA concentrations have previously been associated with lower levels of markers of
inflammation in the InCHIANTI study (9); in the present analysis, markers of inflammation
were not included as confounders in the analysis because proinflammatory cytokines are
considered to be in the causal pathway between plasma PUFAs and progression of renal disease
(6,27). A recent double-blind, placebo-controlled trial in 103 middle-aged men and women
showed that increased dietary intake of α-linolenic acid lowered CRP levels (28). Another trial
involving 60 subjects with active rheumatoid arthritis showed that n-3 FA supplementation
decreased CRP (29).

Our findings prompt the hypothesis that a diet rich in PUFAs may be protective against the
decline in renal function that is common with aging. A Mediterranean-style diet that is
characterized by a relatively high consumption of fish and low consumption of saturated fats
has been shown to be protective against cardiovascular disease (30,31), markers of
inflammation (32), and cancer (33). Further work is needed to confirm the association between
plasma PUFAs and renal function in other cohorts of older persons and provide enough
evidence to translate these findings into clinical trials.
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Fig. 1.
Relationship of total plasma PUFAs (in quintiles; mg/L) at enrollment with change in creatinine
clearance between enrollment and 3-year follow-up visit after adjusting for baseline creatinine
clearance (* P <0.05 in relation to the lowest quintile). P for linear trend across quintiles
<0.0001.
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Table 1
Characteristics of the study population according to creatinine clearance strata

Creatinine clearance

<30 mL/min 30–59 mL/min >60 mL/min Pa

n 27 383 521

Age, years 87.50 (5.00) 79.65 (7.34) 71.87 (4.68) <0.0001

Female, % 70.4 65.8 47.22 <0.0001

Education, years 4 (3–5) 5 (3–5) 5 (5–6) 0.26

Current smokers, % 15 12.4 24.6 0.0002

Former smokers, % 29 24.3 37.9 0.0002

Smoking, pack-years 0.0 (0.0–25.4) 0.0 (0.0–8.2) 0.0 (0.0–28.0) 0.47

Alcohol, g/day 10.0 (7.14–28.57) 10.0 (4.29–20.0) 13.57 (5.71–22.86) 0.20

MMSE score 18.74 (8.20) 23.31 (5.15) 25.66 (3.59) 0.13

BMI, kg/m2 24.38 (4.00) 25.77 (3.68) 28.59 (3.76) <0.0001

Energy intake, kcal/day 1535 (344.29) 1813.65 (542.70) 2017.69 (562.32) 0.90

Carbohydrate intake, g/day 202.83 (44.84) 237.28 (76.08) 259.96 (82.28) 0.593

Protein intake, g/day 59.80 (15.29) 71.73 (20.50) 78.53 (19.76) 0.32

Total lipid intake, g/day 50.99 (14.46) 61.13 (20.26) 67.48 (19.31) 0.75

Saturated FA intake, g/day 17.68 (5.48) 21.15 (8.03) 22.47 (7.69) 0.44

Monounsatured FA intake, g/day 24.81 (7.91) 30.12 (10.55) 34.14 (10.77) 0.78

Polynsaturated FA intake, g/day 5.72 (1.70) 6.60 (2.11) 7.43 (2.21) 0.79

Total cholesterol, mg/L 2004.1 (277.0) 2161.2 (425.0) 2169.5 (390.8) 0.18

LDL cholesterol, mg/L 1168.9 (212.4) 1340.1 (358.0) 1369.7 (341.1) 0.07

HDL cholesterol, mg/L 487.0 (159.2) 584.3 (169.7) 544.7 (135.1) 0.02

Triglycerides, mg/L 1734.4 (989.2) 1185.1 (535.5) 1275.6 (685.0) 0.0004

Total plasma PUFAs, mg/L 32.26 (4.80) 37.34 (4.87) 37.76 (4.85) <0.0001

Plasma n-3 FA, mg/L 2.69 (0.58) 3.34 (0.97) 3.29 (0.96) 0.004

Plasma n-6 FA, mg*10/L 2.76 (0.45) 3.26 (0.44) 3.24 (0.45) <0.0001

CRP, mg/L 4.66 (1.76–15.20) 2.59 (1.30–5.56) 2.89 (1.36–5.85) <0.0001

Urine protein, mg/L 0 (0–5) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.04

Coronary heart disease, % 10.00 5.93 5.21 0.43

Stroke, % 15.38 6.70 4.12 0.01

Diabetes, % 11.11 10.98 11.89 0.67

Hypertension, % 60.00 48.52 17.28 0.38

Peripheral artery disease, % 20.00 8.09 4.98 0.004

Congestive heart failure, % 44.44 8.56 4.86 <0.0001

COPD, % 26.92 7.18 8.65 0.35

Cancer, % 11.11 6.79 5.79 0.30

Continuous variables expressed as mean (SD) or as median (IQR).

a
From age-, sex-, and BMI-adjusted linear or multinomial logistic regression models as appropriate.
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Table 2
Backward regression models relating change in creatinine clearance over 3-year follow-up and total plasma
PUFAs at baseline

Dependent change in creatinine clearance

β (SE) P

Total plasma PUFAs, mg/L 0.43 (0.11) <0.0001

Plasma n-3 FA, mg/L 6.28 (1.29) <0.0001

Plasma linolenic acid, mg/L 0.19 (0.05) 0.0004

Plasma n-6 FA, mg*10/L 3.62 (1.19) 0.03

Plasma linoleic acid, mg*10/L 0.08 (0.03) 0.004

Plasma arachidonic acid, mg*10/L 0.24 (0.06) <0.0001

Data adjusted for creatinine clearance at baseline, education, cigarette-smoking pack-years, MMSE score, energy intake, alcohol consumption, LDL
cholesterol, HDL cholesterol, self-reported cancer, cardiovascular disease, and hypertension. Covariates were selected using a Pearson correlation
coefficient <0.10.

Clin Chem. Author manuscript; available in PMC 2009 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lauretani et al. Page 12

Table 3
Backward regression models relating creatinine at baseline, creatinine at the 3-year follow-up study, and plasma
PUFAs at baseline

Creatinine at baseline Creatinine at 3-years follow-up studya

β (SE) P β (SE) P

Total plasma PUFAs,
mg/L

−0.005 (0.002) 0.06 −0.005 (0.002) 0.03

Plasma n-3 FA, mg/L −0.02 (0.02) 0.31 −0.12 (0.03) <0.0001

Plasma linolenic acid,
mg/L

−0.002 (0.001) 0.10 −0.003 (0.001) 0.002

Plasma n-6 FA,
mg*10/L

−0.05 (0.02) 0.03 −0.04 (0.02) 0.11

Plasma linoleic acid,
mg*10/L

−0.001 (0.0005) 0.07 −0.001 (0.0006) 0.01

Plasma arachidonic
acid, mg*10/L

−0.0001 (0.001) 0.95 −0.002 (0.0006) 0.003

Data adjusted for age, sex, BMI, education, cigarette smoking pack-years, MMSE score, energy intake, alcohol, LDL cholesterol, HDL cholesterol, self-
reported cancer, cardiovascular disease, and hypertension. Covariates were selected using a Pearson correlation coefficient <0.10.

a
Also adjusted for creatinine at baseline.
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Table 4
Odds of developing renal insufficiency (n = 134) (defined by a creatinine clearance <60 mL/min, among the 398
participants with creatinine clearance >60 mL/min at baseline) over 3-year follow-up according to plasma
baseline PUFA level

Crude odds ratio (95% CI) P Fully adjusted odds ratio (95% CI)a P

Total plasma PUFAs, mg/L 0.95 (0.91–0.99) 0.02 0.94 (0.89–0.99 0.015

Plasma n-3 FA, mg/L 0.60 (0.35–1.04) 0.06 0.68 (0.37–1.28) 0.23

Plasma linolenic acid, mg/L 0.98 (0.96–1.01) 0.10 0.99 (0.96–1.01) 0.30

Plasma n-6 FA, mg*10/L 0.68 (0.42–1.10) 0.11 0.96 (0.88–1.00) 0.09

Plasma linoleic acid, mg*10/L 0.99 (0.98–1.01) 0.59 1.00 (0.98–1.02) 0.98

Plasma arachidonic acid, mg*10/L 0.99 (0.96–1.02) 0.44 0.98 (0.96–1.02) 0.49
a
Adjusted for education, cigarette smoking pack-years, MMSE score, energy intake, alcohol, LDL cholesterol, HDL cholesterol, cancer, congestive heart

failure, cardiovascular disease, and hypertension.
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Table 5
Odds of developing renal insufficiency (defined by a creatinine clearance <60 mL/min, among the 398
participants with creatinine clearance >60 mL/min at baseline) or dying over 3-year follow-up according to
plasma baseline PUFA level

Crude odds ratio (95% CI) P
Fully adjusted odds ratio (95%

CI)a P

Total plasma PUFAs, mg/L 0.95 (0.91–0.99) 0.02 0.98 (0.94–1.03) 0.36

Plasma n-3 FA, mg/L 0.47 (0.30–0.74) 0.001 0.53 (0.31–0.88) 0.02

Plasma linolenic acid, mg/L 0.96 (0.95–0.98) 0.002 0.97 (0.95–0.99) 0.008

Plasma n-6 FA, mg*10/L 0.71 (0.48–1.05) 0.08 0.93 (0.57–1.54) 0.19

Plasma linoleic acid, mg*10/L 0.98 (0.97–0.99) 0.01 0.99 (0.98–1.01) 0.30

Plasma arachidonic acid, mg*10/L 0.98 (0.96–1.01) 0.07 0.98 (0.95–1.01) 0.16
a
Adjusted for education, cigarette smoking pack-years, MMSE score, energy intake, alcohol, LDL cholesterol, HDL cholesterol, cancer, congestive heart

failure, cardiovascular disease, and hypertension.

Clin Chem. Author manuscript; available in PMC 2009 March 1.


