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Abstract

Background & aims: PUFA intake is associated with reduced cardiovascular and all-cause 

mortality in the general population; however, evidence about this association in older adults is 

controversial. The objective of this study was to evaluate the relationship between PUFA intake 

and serum concentration, and the association of these variables with all-cause and cardiovascular 

mortality.

Methods: in this cohort study, we selected 927 community dwelling adults aged ≥65 years 

enrolled in the InCHIANTI study from 1998 to 2000 and followed-up for 9 years. The association 

between PUFA intake and serum concentration was evaluated using scatterplot and Pearson 

correlation test; all-cause and cardiovascular mortality was analyzed using the Kaplan-Meier 

method and Cox regressions adjusted for potential confounders.

Results: mean age of the population was 75 years (SD 7.3), 55% were women. There was 

no association between overall PUFAs, linolenic and linoleic acid intake and their serum 

concentration. There was no association between quartiles (Q) of PUFA intake and all-cause 

mortality: compared to Q1 of PUFA intake, the adjusted HR (95% CI) for overall mortality 

were: 1.05 (0.74–1.50) in Q2, 1.10 (0.76–1.58) in Q3, and 0.98 (0.68–1.41) in Q4; this lack of 

association was confirmed for cardiovascular mortality. Compared to Q1, participants in the fourth 

quartile of PUFA serum concentration had lower risk of all-cause mortality (adjusted HR [95%CI]: 

Q2 1.10 [0.79–1.53], Q3 0.84 [0.60–1.19], Q4 0.66 [0.44–0.995]), no association was found for 

cardiovascular mortality.
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Conclusions: In our sample of community-dwelling older adults, PUFA intake is not associated 

with PUFA serum concentration. Interventions to modulate PUFA concentration based on dietary 

intake may not be effective in preventing mortality in this population.
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1. Introduction

Both PUFA intake and PUFA serum concentration may have a role in the prevention of 

cardiovascular disease (CVD) and death [1], and this effect is likely to be mediated by 

PUFA serum concentration. Indeed, observational studies in adult populations found an 

inverse association between PUFA intake and CVD mortality and all-cause mortality [2–

5]. Assessing PUFA dietary intake has two major drawbacks: it is inherently imprecise, 

dependent on the questionnaire used, and it is only a hypothetical proxy of the PUFA serum 

concentration, but it has the advantage of being less expensive and more easily available; 

furthermore, it is a modifiable factor [6]. However, clinical trials on PUFA supplementation 

showed discordant results [4].

In older adults, studies on the relationship between PUFA and mortality have provided 

discordant results. In a relatively small population, Solfrizzi et al. did not find a relationship 

between dietary PUFA intake and mortality [7], while Mozaffarian et al. showed a 

statistically significant inverse correlation between serum ω−3 PUFA serum concentration 

and all-cause and CVD mortality [8]; similar results were found by Wu et al. for ω−6 PUFA 

concentration [9]. Mozaffarian et al. and Wu et al. evaluated the association between PUFA 

intake and serum concentration using food-frequency questionnaires performed three years 

before the blood sampling, thus being not representative of the PUFA intake at the time of 

PUFA serum concentration assessment. Thus, it is not clear if the discordant results reported 

in the literature may be due to a weak relationship between PUFA intake and PUFA serum 

concentration or to biases in the available studies.

We speculated that the lack of association between PUFA intake and mortality in older 

adults might be underpinned by a weak relationship between PUFA intake and PUFA serum 

concentration in this population.

The objective of this study was firstly to evaluate the correlation between dietary intake of 

PUFA and PUFA serum concentration, and then to evaluate whether PUFA intake, serum 

concentration or both were associated with all-cause and cardiovascular mortality in a 

sample of community-dwelling older adults.

2. Materials and methods

2.1. Data source and study design

We analyzed data from the longitudinal InCHIANTI study [10]. The baseline study was 

supported by the Italian Ministry of Health and partly supported by the US National 

Institute on Aging. After obtaining informed consent, participants were randomly selected 
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from the populations of two town areas in Tuscany, Italy; baseline data collection started 

in September 1998 and was completed in March 2000. The interviews of the eligible 

participants were performed at home by trained study researchers and were followed by 

a physical examination at the study clinic and by a laboratory analysis. Follow-up visits 

were scheduled at 3, 6, and 9 years. The procedures followed were in accordance with the 

Helsinki Declaration of 1975 as revised in 1983.The Italian National Institute of Research 

and Care on Aging Ethical Committee approved the study protocol. There was no reward for 

participation to the study.

2.2. Sample selection

From 1453 participants included in the InCHIANTI study, 1155 were aged 65 years or 

older; of these, 1139 had estimated PUFA dietary intake at baseline. We selected only those 

having the PUFA serum concentration evaluated at the same baseline assessment (N: 927) 

(Supplementary Fig. 1).

2.3. Definition of exposure and outcome

PUFA dietary intake was estimated using the EPIC questionnaire [11]. This questionnaire 

investigates the intake frequency over the previous year of 236 specific foods, along with 

the average size of the servings, selected from a range as shown in photographs. The 

information derived from the questionnaire is automatically converted into data on energy, 

micro- and macronutrient intake by a specifically designed software. The EPIC nutritional 

assessment has been successfully validated in an older adult population, by comparing the 

dietary intake estimated by this method with the dietary intake estimated by a direct method 

of measuring, weighing and recording of seven day-food consumptions [12]. For the present 

analyses we used total PUFA intake, and linoleic and linolenic acid (g/day) (respectively, the 

essential and most represented ω−6 and ω−3 in the diet).

Blood samples for PUFA serum concentration were collected in the morning, after the 

participants had been fasting for at least 8 h. Measurement of individual fatty acid was 

performed using gaschromatography (Hewlett-Packard, Palo Alto, CA). Total PUFAs were 

calculated by summing C18:2 n-6 cis, C18:3 n-3 cis, C20:2 n-6 cis, C20:3 n-9 cis, C20:4 

n-6 cis, C20:5 n-3 cis and C22:6 n-3 cis fatty acids and expressed in mg/l. The median time 

between food questionnaire and blood sample was 26 days (Supplementary Fig. 2).

We considered mortality for all causes and cardiovascular mortality (ICD-9 codes from 410 

to 440.9 and from 444 to 444.91 [13]) as outcome measures; these data were collected from 

mortality registers after a 9-year follow-up and were available for all participants.

2.4. Analytic approach

We standardized PUFA for total lipid intake (PUFA intake) or total fatty acid weight 

(PUFA serum concentration). The characteristics of the study sample were reported using 

descriptive statistics (mean and standard deviation for continuous variables, proportion 

for categorical variables), according to quartiles of PUFA intake. We included associated 

diseases (e.g. hypertension, diabetes), cigarette smoke (pack-years), blood pressure, total 

cholesterol, estimated glomerular filtration rate (eGFR), evaluated through the Chronic 

Lelli et al. Page 3

Clin Nutr. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Kidney Disease Epidemiology Collaboration (CKD-EPI) formula, total caloric and alcohol 

intake (EPIC Questionnaire). Finally, we considered years of education and physical activity.

The cross-sectional correlation between PUFA intake and PUFA serum concentration 

was evaluated using a scatterplot with LOESS interpolation and the Pearson coefficient. 

Mortality risk across quartiles of PUFA intake and serum concentration was calculated using 

the Kaplan-Meier method. The relationship between quartiles of PUFA intake and all-cause 

mortality and cardiovascular mortality was estimated using Cox regressions and reported as 

hazard ratios (HRs) and 95% confidence intervals (CIs). The models were then adjusted for 

potential confounders, selected on the basis of the clinical significance, prior knowledge, and 

results of the univariate analysis. To explore the different role of demographic and clinical 

variables, we first adjusted for age and sex, and then for the other potential confounders 

(education, CKD-EPI, pack/year, hypertension, diabetes, BMI, caloric intake/body weight, 

alcohol and oleic acid consumption). The same analysis was performed for PUFA serum 

concentration. As sensitivity analysis, we also evaluated unstandardized PUFA intake and 

serum concentration; the results were virtually unchanged and therefore not reported.

All analyses were performed using R version 3.5.0 (R Foundation for Statistical Computing, 

Vienna, Austria) [14].

3. Results

3.1. General results

The mean age of the population was 75 years (SD 7.3), 55% were female. Cut-off values 

for quartiles of PUFA intake/lipid intake ratio (Q1-Q2-Q3-Q4) were 0.100, 0.107, and 0.117. 

Patients in Q3 were younger compared to the others (73.8 years vs. more than 75 years 

in the other quartiles). There were no differences across quartiles in sex, BMI, eGFR, 

and total cholesterol serum concentration. Total caloric intake, protein, lipids, and mono-

unsaturated fatty acids intake decreased across quartiles, while there were no differences 

in total carbohydrates intake. The linoleic/linolenic acid ratio increased across quartiles (I 

quartile: 5.2, SD 0.7 to IV quartile: 6.7, SD 1.4, P < 0.001). The prevalence of comorbidities 

did not change according to PUFA intake, with the exception of diabetes, that was more 

frequent in the IV quartile (19% vs. 7% in the I quartile, P = 0.002) (Table 1).

We found no relationship in individual ω−3 and ω−6 PUFA serum concentration across 

quartiles of PUFA intake, except for a slight increase in eicosapentaenoic acid concentration 

in the II and III quartile (Supplementary Table 1).

The median follow-up time was 9 years, with a cumulative follow-up time of 6957 years. 

Over the follow-up time, 318 participants died, with an incidence rate of 4.57/100 person-

year (95% CI 4.09–5.09) and a cumulative risk of 34.4% (95% CI 31.2–37.4); there were 

114 cardiovascular deaths, with an incidence rate of 1.64/100 person-year (95% CI 1.36%–

1.95%) and a cumulative risk of 16.9% (95% CI 11.5%–22%).
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3.2. Association between PUFA intake and PUFA serum concentration

As shown in Fig. 1, panel A, we found no association between PUFA intake and PUFA 

serum concentration (r = 0.022, P = 0.501). Results did not change after stratification by sex 

(male: r: 0.028, P = 0.526; female: r: 0.005, P = 0.924), or by age (age <80 years: r: −0.002, 

P = 0.960; age ≥ 80 years: r: 0.066, P = 0.324) (data not shown). Similar results were found 

for the association between linolenic and linoleic acid intake and serum concentration (r 

−0.002, P = 0.954 and r = −0.010, P = 0.751) (Fig. 1, panels B and C, respectively).

3.3. PUFA intake and mortality

Kaplan-Meier curves showed no differences in both all-cause and cardiovascular mortality 

across quartiles of PUFA intake/total lipid intake (Fig. 2, panels A and B).

Similar results were found for linoleic and linolenic intake (Supplementary Figs. 3 and 

4, respectively). The lack of association between PUFA intake quartiles and all-cause 

mortality was confirmed in Cox regression models adjusted for age, sex, education, CKD-

EPI, cigarette packs/year, hypertension, diabetes, BMI, caloric intake/body weight, alcohol 

and oleic acid consumption with HR 1.05 (95% CI 0.74–1.50), 1.10 (0.76–1.58), and 0.98 

(0.68–1.41) in Q2, Q3, and Q4, respectively. The corresponding adjusted HR (95% CI) 

for cardiovascular mortality were 1.22 (0.66–2.25), 1.40 (0.76–2.59), and 0.98 (0.51–1.86) 

(Table 2). The lack of association with all-cause and cardiovascular mortality was confirmed 

also for quartiles of linolenic and linoleic acid intake (Supplementary Table 2).

3.4. PUFA serum concentration and mortality

Kaplan-Meier curves showed a significant decrease in both all-cause and cardiovascular 

mortality across increasing quartiles of PUFA serum concentration (Fig. 2, panels C and 

D, respectively). However, in Cox-regression models adjusted for potential confounders, the 

association with all-cause mortality was evident only for Q4 (adjusted HR [95%CI]: Q2 1.10 

[0.79–1.53], Q3 0.84 [0.60–1.19], Q4 0.66 [0.44–0.995], P for trend 0.028). The association 

was also evident for cardiovascular mortality (crude HR [95% CI]: Q2 0.57 [0.36–0.90], 

Q3 0.44 [0.27–0.72], Q4 0.20 [0.11–0.38]), but did not reach statistical significance after 

adjustment for potential confounders (adjusted HR [95%CI]: Q2 1.14 [0.66–1.99], Q3 0.91 

[0.52–1.59], Q4 0.62 [0.30–1.29], P for trend 0.213) (Table 3).

Kaplan-Meier curves documented a significant decrease in mortality across increasing 

quartiles of linolenic and linoleic serum concentration (Supplementary Figs. 1 and 2), but 

these results did not reach statistical significance after adjustment for potential confounders 

(Supplementary Table 3).

4. Discussion

In a sample of community-dwelling older adults, we did not find an association between 

PUFA intake and PUFA serum concentration. There was no association between PUFA 

intake and mortality, while an inverse relationship was evident between PUFA serum 

concentration and all-cause mortality, possibly with a threshold effect as indicated by the 

more evident reduction in risk in the highest quartile of PUFA serum concentration.
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To the best of our knowledge, data on the association between PUFA intake and PUFA 

serum concentration have never been reported in a cohort representative of the general 

population of older adults in which PUFA intake and serum concentration have been 

estimated within a narrow time window: Huang et al. found an association between linoleic 

acid and docosahexaenoic acid serum concentration and intake, that was less evident for 

other PUFAs, but it was estimated in a sample of men with kidney failure [15]. Studying a 

cohort of 60-year-old adults from Sweden, Laguzzi et al. found an association between fish 

intake and eicosapentaenoic and docosahexaenoic acid serum concentration, and between 

vegetable fat intake and linoleic acid and total PUFA serum concentration. However, the 

authors used a non-validated food questionnaire, that included only a few food items [16]. 

This association was also studied in a sample of older adults free from cardiovascular 

disease in the Cardiovascular Health Study (CHS): Wu et al. found a non-linear relationship 

between linoleic (ω−6) acid intake and serum concentration, that was more evident when 

intake of linoleic acid was <8% of total daily energy [9]; in the same cohort, Mozaffarian 

et al. found an association between ω−3 PUFA intake and serum concentration, with a 

stronger association for ω−3 PUFA intake <400 mg/day [8]. However, in the CHS the food 

questionnaire was administrated about three years before the serum assays, thus it might 

be not representative of the PUFA intake at the moment of the blood sampling, and the 

association found between PUFA intake and serum concentration might have been subject 

to bias. In our sample, the average PUFA dietary intake was similar to that reported in 

the above-mentioned studies; however, we did not find an association with PUFA serum 

concentration. These discrepancies might be related to different sample characteristics (e.g. 

community dwelling older adults vs. older men with kidney failure).

The lack of association between PUFA intake and serum concentration in older adults 

might be related to the variability of the different processes involved in the absorption 

and metabolism of linoleic and linolenic acid, such as protein-mediated enterocyte PUFA 

uptake [17], or senescence-related epigenetic modifications of genes associated with lipid 

metabolism [18]. These epigenetic modifications are expected to have less influence on the 

relationship between dietary intake and serum concentration of linoleic and linolenic acid, 

because they are at the beginning of the metabolic pathway of PUFA synthesis. However, 

our data indicate that no association is present even for these two PUFA precursors.

Regarding the association between PUFA intake and mortality, our results are in line and 

extend those previously reported by Solfrizzi et al. in a sample of 278 older adults followed 

for 8.5 years, where no association was found between total PUFA intake and mortality 

for all causes [19]. Our data support their results in a larger cohort, also for linoleic 

and linolenic acid intake, and not only for all-cause mortality, but also for cardiovascular 

mortality. It must be noted that in our sample, participants with the higher PUFA/total lipid 

intake also had a reduced energy and nutrient intake. Thus, in this group the high PUFA/total 

lipid ratio seems to be due to a decrease in the denominator rather than to an increase in 

the numerator. These participants, however, are no different compared those in the other 

quartiles with respect to other health status indicators. Thus, it is unlikely that this unbalance 

may have biased our results.
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With respect to the association between PUFA serum concentration and mortality, in the 

CHS Wu et al. found an inverse relationship between linoleic (ω−6) acid and all-cause 

and CVD mortality [9]; similar results were found also for ω−3 PUFAs [8]. Our results 

confirm the inverse association between overall PUFA serum concentration and all-cause, 

but not cardiovascular mortality, where only a trend in reduction of mortality was evident; 

furthermore, we did not find an association between linolenic and linoleic acid and 

mortality. These partially contrasting results might be related to the different characteristics 

of our population, since we did not exclude patients affected by cardiovascular diseases, and 

the sex distribution of our sample was more representative of the general population, but also 

to the smaller sample size of our population with consequent fewer events.

Our study has many strengths: to the best of our knowledge, this is the first study on this 

topic estimating PUFA intake and serum concentration within a short period of time in a 

relatively large sample of community dwelling older adults. We used a food questionnaire 

for the estimation of the PUFA intake in the previous years validated in a similar population, 

thus providing reliable dietary information [11] and we did not use exclusion criteria, thus 

we provide data on a sample of “real life” older adults population. Finally, our study 

could help to clarify the discordant results of studies on PUFA dietary intake and serum 

concentration and mortality in older people.

On the other hand, we had a relatively small sample size, with consequent small number 

of events. We had information only on overall PUFA, linolenic and linoleic acid intake, 

therefore we could not study the association between dietary intake and serum concentration 

of all the individual fatty acids. However, linolenic and linoleic acid are respectively the 

most represented ω−3 and ω−6 PUFA in the diet of our sample and have the advantage of 

being less influenced by lipid metabolism compared to other PUFA. Finally, information on 

PUFA supplementation was not available.

In conclusion, our results indicate that older people in the highest quartile of PUFA serum 

concentration have lower all-cause mortality risk. Nonetheless, we found no association 

between intake and serum concentration, suggesting that interventions to modulate PUFA 

concentration based on dietary intake may not be effective on mortality in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Correlation between intake and serum concentration of overall PUFAs (panel A), linolenic 

(ω−3) (panel B) and linoleic acid (ω−6) (panel C).

Lelli et al. Page 9

Clin Nutr. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Kaplan-Meyer curves of overall and cardiovascular mortality by quartiles of PUFA intake 

(panels A and B, respectively) and quartiles of PUFA serum concentration (panels C and D, 

respectively).
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