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Abstract 

To describe the contribution of three classes of dietary fatty acids to all-cause mortality and 

age at death among middle-aged men followed up for 61 years until extinction. The cohort 

comprised 1712 men aged 40-59 years at entry examination in 1960, belonging to the Italian 

Rural Areas of the Seven Countries Study of Cardiovascular Diseases. A dietary survey allowed 

to estimate dietary fatty acids [saturated (SAFA), mono-unsaturated (MUFA), poly-

unsaturated (PUFA) and their ratios (M/S, P/S)] that were fed as possible predictors in a series 

of Cox models and a multiple linear regression model (MLR) with all-cause mortality and age 

at death as end-points, respectively, together with 17 possible confounders. Cox multivariate 

coefficients of SAFA and MUFA were significantly predictive of the end-point (all-cause 

mortality) in a direct and inverse way, respectively, for the first 31 years and then for the final 

61 years of follow-up while P/S and M/S ratios had a minor role. Prediction of the isolated 

events occurring between years 31 and 61 of follow-up did not show a significant association 

with the same fatty acids. In an MLR model with age at death as the endpoint, 1 standard 

deviation over SAFA was associated with the loss of 1 year. In comparison, 1 standard 

deviation over PUFA was associated with a gain of 0.61 years. Intake of butter, milk, cheese, 
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meat, and pastry was significantly larger in high levels of SAFA and in low levels of P/S ratio. 

In a long-term follow-up, all-cause mortality and age at death are associated considerably with 

SAFA, MUFA, and partly PUFA using different predictive models, all adjusted for 17 possible 

confounding variables. 
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1. Introduction 

In a previous contribution, we described the predictive power of major dietary fatty acids versus 

cardiovascular mortality in a cohort of middle-aged men followed up for 61 years until extinction 

[1]. Here we intend to investigate the contribution of the same dietary fatty acids to all-cause 

mortality (and separately to age at death) of the same cohort, which reached extinction, in the 

presence of some other baseline risk factors and characteristics. 

The relationship of fatty acids with all-cause mortality is a debated issue, although less frequently 

than the parallel problem dealing with cardiovascular diseases (CVD). As for CVD, contributions are 

documenting a role of fatty acids [2-22] while others tend to negate it [23-26]. The approaches and 

arguments are somewhat variegated and, time by time, they used the three major classes of fatty 

acids [2, 3, 5, 10, 13, 15, 20, 23-27], or some of them or particular subtypes. Several studies adopted 

the theoretical “replacement” procedure of one fatty acid with another to estimate the possible 

effects on the end-point of such exchange [10, 11, 21]. On the other hand, other studies tended to 

insist more on dietary scores describing “healthy” versus “not healthy” diets for their association 

with all-cause mortality [4, 6, 7, 12, 14] where the contribution of fatty acids was not always 

explicitly indicated and frequently hidden in the choice of the diet type usually based on food groups. 

Finally, some narrative papers were summarizing others’ data or proposing preventive approaches 

[10, 13]. All this means that not all the discussed reports may directly compare with our analysis, 

whose details are below. 

2. Materials and Methods 

2.1 Population and Measurements 

The study cohort was made by the Italian Rural Areas (IRA) of the Seven Countries Study enrolled 

in 1960 when the baseline examination was made on 1712 middle-aged men (aged 40-59) out of 

1735 listed in the roster of two rural municipalities, with an entry participation rate of 98.7% [28]. 

The entry examination included the collection of family and social data, lifestyle behaviors 

including smoking, motion, and dietary habits, a series of anthropometric measurements, a few 

biochemical and biophysical measurements, diagnoses of major prevalent diseases obtained with a 

complex medical examination, and other diagnostic procedures [28]. All measurement techniques 

underwent strict standardization procedures. 

The dietary survey was based on the dietary history [29] using an ad-hoc questionnaire 

administered by trained and supervised nutritionists [1]. These data allowed us to identify 18 food 
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groups and to estimate the amount of several nutrients based on local food tables [30]. The fatty 

acids used in this analysis were saturated (SAFA), monounsaturated (MUFA), and polyunsaturated 

(PUFA). Moreover, the following ratios were computed: MUFA/SAFA (M/S) and PUFA/SAFA (P/S) [1]. 

The intake of oligosaccharides, polysaccharides, and protein was also estimated, together with 

energy intake. 

At year 31 of follow-up, in connection with a periodical re-examination of the survivors, the 

dietary survey was repeated with the same procedures, thus allowing comparison of nutritional 

habits time trends and posing the basis for further estimating subsequent all-cause mortality. 

The three main fatty acids were the principal variables of analysis. In contrast, several potential 

confounders for multivariate analysis were considered, choosing only those measured in both the 

year 0 and year 31 examinations. These variables, listed in Table 1, were measured following the 

procedures suggested in the WHO Cardiovascular Survey Method manual [31] except serum 

cholesterol, which was measured following the Anderson-Keys technique [32]. 
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Table 1 List of study variables, confounding variables and demographic data. 

Study variables 

 Year 0, N = 1712 Year 31, N = 390 P of difference 

 mean SD mean SD  

SAFA, g/day 28.7 11.7 20.6 8.8 <0.0001 

MUFA, g/day 49.3 16.3 47.3 15.3 0.0270 

PUFA, g/day 11.4 6.8 8.1 5.4 <0.0001 

P/S ratio 0.40 0.25 0.39 0.27 0.1604 

M/S ratio 1.72 0.64 2.29 1.36 <0.0001 

Confounding variables 

Age, years 49.1 5.1 77.4 4.1 <0.0001 

Never smokers, % 25.4 1.1 22.3 2.1 0.2000 

Ex smokers, % 13.6 0.8 61.8 2.5 <0.0001 

Smokers, % 61.1 1.2 15.9 1.9 <0.0001 

Body mass index, kg/m2 25.2 3.7 26.1 3.5 <0.0001 

Subscapular skinfold 11.8 5.9 19.3 6.4 <0.0001 

Systolic blood pressure, mmHg 143.6 21.0 160.5 19.6 <0.0001 

Heart rate, beats/min 71.3 12.9 70.3 13.5 0.1900 

Serum cholesterol, mg/dl 201.6 40.8 208.2 41.0 0.0040 

Proteins, g/day 76.5 24.5 76.1 20.9 0.7700 

Oligosaccharides, g/day 57.9 35.5 74.2 31.3 <0.0001 

Polysaccharides, g/day 254.7 90.8 200.3 67.4 <0.0001 

Cardiovascular diseases, % 4.4 0.5 39.5 2.5 <0.0001 

Cancer, % 0.3 0.1 6.7 1.3 <0.0001 

Diabetes, % 4.7 0.5 13.6 1.7 <0.0001 

Chronic bronchitis, % 6.3 0.6 41.3 2.5 <0.0001 

Energy intake, calories 2941 642 2388 584 <0.0001 

Demographic data 

 Age-range alive deaths examined  

Year 0 40-59 1712 -- 1712  

Year 31 71-90 631 1081 390  

Year 61 -- 4 1708 --  

Discrete variables are reported in proportion and standard error. 

P-value of differences from the T-test for continuous variables and the test of proportions for 

discrete variables. 

Collection and coding of mortality data were performed up to year 61 of follow-up when the 

cohort was practically extinct. Among 1712 men examined at entry, there were 1708 deaths (99.8%), 

three survivors, and 1 lost to follow-up after 50 years. 

For analytical purposes, we used all-cause mortality and also, but marginally, age at death (AD), 

an old demographic metric that has been recently re-evaluated [33-35], whose use in cohort studies 

is proper only if the cohort is extinct or nearly extinct. 
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2.2 Statistical Analysis 

Variables used for analysis were preliminarily treated descriptively. 

A series of Cox proportional hazards models were computed with the three fatty acids 

(altogether) and separately the P/S and M/S ratios as independent variables and all-cause mortality 

as the dependent variable, all adjusted for a series of 17 possibly confounding variables. This 

operation was repeated 3 times, that is, for measurements taken at year 0 and follow-up mortality 

from year 0 to 31, from year 0 to 61, and from year 31 to 61. Then, another model was computed 

using measurements taken at year 31 for a follow-up from year 31 to 61.  

Separately, a single multiple linear regression model (MLR) was computed for age at death after 

61 years as the dependent variable, using baseline measurements of fatty acids and the usual 

confounding variables as covariates. 

Finally, some food groups possibly related to high levels of SAFA were distributed in 2 classes of 

SAFA and separately of the P/S ratio. 

2.3 Ethics Statement 

The Board of Directors of the various institutions of the Seven Countries Study involved in data 

collections were de facto playing the role of ethical committee approving the execution of the study 

on the basis of the local existing legislation by the date this investigation started. Baseline 

measurements were taken before the era of the Helsinki Declaration and approval was implied in 

participation, while verbal or written consent was obtained for the collection of follow-up data. 

3. Results 

In Table 1, a descriptive presentation was made of variables distributed into 3 categories, i.e., 

study variables, confounding variables, and demographic data. Baseline means values of nutrients, 

suggested relatively low amounts of SAFA (8.8% of energy) and relatively high amounts of MUFA 

(15.0%) as expected from a population of the Mediterranean area, plus the relatively high 

contribution of carbohydrates (43% of energy). 

Among the risk factors, there were relatively high levels of blood pressure and smoking habits, 

as well as relatively low levels of serum cholesterol. There were significant differences in the 

characteristics of men examined at entry with those still alive and examined after 31 years. Despite 

the reduction of total energy intake, some small, probably beneficial changes in the fatty acids 

profile and the drastic decrease in smoking habits, there were systematic increases in the mean 

level of major cardiovascular risk factors and of significant disease prevalence. 

A low participation rate hampered the evaluation of personal characteristics at year 31 in the 

examination performed on the survivors, with 631 alive and 390 examined (62%). Comparing some 

entry characteristics between two groups (390 examined versus 241 not reviewed), we found a few 

significant differences, i.e., the non-examined subjects had a higher age by 1.5 years, slightly higher 

levels of serum cholesterol, and a lower prevalence of chronic bronchitis. However, in the long run, 

the distribution of 26 groups of causes of death was not different between the two groups, but the 

non-examined had an age at death 1 year lower. 

Cox models of Tables 2 to 5 provide much information that can be summarized as follows 

considering all p values of coefficients reported in the Tables: A) Baseline SAFA predicted in a 
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significant and direct way fatal events occurred during the first 31 years of follow-up and during the 

whole period of 61 years, with hazards ratios (for 1 standard deviation difference) of 1.15 and 1.10 

respectively; B) Baseline MUFA predicted in a significant and inverse way fatal events occurred 

during the first 31 years of follow-up and during the whole period of 61 years, with hazards ratios 

(for 1 standard deviation difference) of 0.92 and 0.94; C) Baseline PUFA predicted in a significant 

and inverse way only fatal events occurred during the whole period of 61 years with a hazard ratio 

of 0.94; D) Baseline P/S ratio was inversely and significantly related to events only for the 0 to 61 

years period with a hazard ratio of 0.95; E) Baseline M/S ratio was inversely and significantly related 

only to events occurring during the first 31 years with a hazard ratio of 0.94; F) All models having as 

end-point the events of the period 31 to 61 did not produce significant associations, both with fatty 

acid measured at baseline and at 31-year examination. All estimates were adjusted for the 17 

confounding variables reported in Table 1. Simulating a replacement procedure derived from the 

first model of Table 2, replacing 1 standard deviation of SAFA (12 g) with 1 standard deviation of 

MUFA (16 g), all-cause mortality within 31 years would decrease by 23%. 

Table 2 Cox models with 31-year all-cause mortality as end-point and fatty acids 

measured at baseline as independent variables, adjusted for the other 17 covariates 

(including 1 reference). 

Variables Coefficient P value Delta Hazard ratio 95% CI 

Model SAFA-MUFA-PUFA 

SAFA 0.0116 0.0126 +12 1.15 1.03 1.28 

MUFA -0.0049 0.0500 +16 0.92 0.85 0.99 

PUFA -0.0067 0.1808 +7 0.95 0.89 1.02 

MODEL P/S 

P/S -0.1863 0.1462 +0.25 0.95 0.90 1.02 

MODEL M/S 

M/S -0.1074 0.0479 +0.64 0.94 0.87 1.00 

Delta = levels of variables used for the estimate of end-point changes, roughly corresponding to 

1 standard deviation difference. CI = confidence intervals. 

Table 3 Cox models with 61-year all-cause mortality as end-point and fatty acids 

measured at baseline as independent variables, adjusted for the other 17 covariates 

(including 1 reference). 

Variables Coefficient P value Delta Hazard ratio 95% CI 

Model SAFA-MUFA-PUFA 

SAFA 0.0080 0.0303 +12 1.10 1.01 1.20 

MUFA -0.0040 0.0455 +16 0.94 0.88 1.00 

PUFA -0.0094 0.0172 +7 0.94 0.89 0.99 

MODEL P/S 

P/S -0.2248 0.0218 +0.25 0.95 0.90 0.99 

MODEL M/S 

M/S -0.0161 0.7194 +0.64 0.99 0.94 1.05 
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Delta = levels of variables used for the estimate of end-point changes, roughly corresponding to 

1 standard deviation difference. CI = confidence intervals. 

Table 4 Cox models with 31-61-year all-cause mortality as end-point and fatty acids 

measured at baseline as independent variables, adjusted for the other 17 covariates 

(including 1 reference). 

Variables Coefficient P value Delta Hazard ratio 95% CI 

Model SAFA-MUFA-PUFA 

SAFA 0.0080 0.2174 +12 1.10 0.94 1.28 

MUFA -0.0033 0.3433 +16 0.96 0.85 1.06 

PUFA -0.0053 0.4414 +7 0.96 0.88 1.06 

MODEL P/S 

P/S -0.1523 0.3301 +0.25 0.96 0.89 1.04 

MODEL M/S 

M/S 0.0318 0.6909 +0.64 1.02 0.92 1.13 

Delta = levels of variables used for the estimate of end-point changes, roughly corresponding to 

1 standard deviation difference. CI = confidence intervals. 

Table 5 Cox models with 31-61-year all-cause mortality as end-point and fatty acids 

measured at year 31 as independent variables, adjusted for the other 17 covariates 

(including 1 reference). 

Variables Coefficient P value Delta Hazard ratio 95% CI 

Model SAFA-MUFA-PUFA 

SAFA 0.0068 0.5433 +9 1.06 0.87 1.30 

MUFA 0.0009 0.8747 +15 1.01 0.86 1.19 

PUFA -0.0054 0.5825 +5 0.97 0.88 1.07 

MODEL P/S 

P/S -0.0429 0.8276 +0.27 1.01 0.91 1.12 

MODEL M/S 

M/S -0.0185 0.7156 +1.36 0.97 0.85 1.12 

Delta = levels of variables used to estimate end-point changes, roughly corresponding to a 1 

standard deviation difference. CI = confidence intervals. 

An alternative way to look at the same problem derives from the inspection of the MLR of Table 

6 where age at death at year 61 of follow-up represented the end-point. At the same time, the three 

major fatty acids and the 17 confounding covariates were the independent variables. In this case, 

the magnitude of the coefficients represents the gained (if positive) or lost (if negative) years of life 

for a difference of 1 unit of measurement of the variable. The so-called “effect” represents the exact 

estimate adjusted for the variable difference of 1 standard deviation in the case of the continuous 

variables. It appears that 1 standard deviation in excess for SAFA corresponds to 1 year lost in age 

at death, roughly the same finding derived from 40 mg/dl increase of serum cholesterol. Simulating 

a replacement process, if SAFA is reduced by 1 standard deviation while PUFA is increased by 1 

standard deviation, the net result will be a gain of 1 + 0.63 years of life. On the other hand, there is 
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a heavy contribution to prediction from the 4 major prevalent diseases that may interfere with the 

role of the other covariates. The advantage of this approach is that gains and losses are additive and, 

in theory, can be combined in an infinite number of associations. 

Table 6 MLR model with age at death after 61 years of follow-up as dependent variable, 

three dietary fatty acids as predictors and 17 other confounding variables (including 1 

reference). 

Variable Coefficient 
Standardized 

Coefficient 
P value Delta Effect 95% CI 

Intercept 101.1461 ---- ---- ---- ---- ---- 

SAFA -0.0831 -0.0840 0.0325 12 -1.00 -1.91 -0.08 

MUFA 0.0381 0.0535 0.0796 16 0.61 -0.07 1.29 

PUFA 0.0905 0.0531 0.0321 7 0.63 0.05 1.21 

Age 0.0411 0.0181 0.4522 5 0.21 -0.33 0.74 

Never smoker reference ---- ---- ---- ---- ---- 

Ex smoker -1.6473 -0.0488 0.0648 1 -1.65 -3.39 0.10 

Smoker -3.3355 -0.1407 <0.0001 1 -3.34 -4.58 -2.09 

Body mass index 0.0446 0.0143 0.6955 4 0.18 -0.71 1.07 

Subscapular skinfold 0.0977 0.0489 0.1808 6 0.59 -0.27 1.44 

Systolic blood pressure -0.1208 -0.2190 <0.0001 21 -2.54 -3.13 -1.94 

Heart rate -0.0664 -0.0740 0.0025 13 -0.86 -1.42 -0.30 

Serum cholesterol -0.0267 -0.0941 0.0001 40 -1.07 -1.60 -0.53 

Cardiovascular diseases -4.3645 -0.0778 0.0008 1 -4.36 -6.92 -1.81 

Cancer -19.2506 -0.0899 0.0001 1 -19.25 -28.86 -9.64 

Diabetes -2.7561 -0.0506 0.0290 1 -2.76 -5.23 -0.28 

Chronic bronchitis -3.3243 -0.0696 0.0026 1 -3.32 -5.49 -1.16 

Proteins -0.0056 -0.0118 0.7584 25 -0.14 -1.03 0.75 

Oligosaccharides 0.0161 0.0480 0.0974 35 0.56 -0.10 1.23 

Polysaccharides -0.0012 -0.0090 0.7647 90 -0.10 -0.78 0.57 

Energy -0.0004 -0.0238 0.3007 640 -0.27 -0.79 0.24 

Units of measurement from Table 1. Standardized coefficients allow for comparing the strength 

of coefficient predictive power despite the difference in units of measurement. 

Delta (roughly corresponding to 1 standard deviation for continuous variables) is the difference 

in the covariates' levels used to compute the Effect. The effect is the number of years gained (if 

positive) or lost (if negative) for increasing the delta in the covariate level. 

An entirely different approach consisted of exploring the intake of food groups typically 

associated with high levels of SAFA, defined by its median value. All food groups involved were 

associated with SAFA, showing highly significant p-values of the T-test (Table 7). The parallel analysis 

involving low and high P/S ratios, again defined by the median value, provided inverted findings 

compared to those of SAFA, although significant only in two cases out of five. In summary, a high 

intake of butter, milk, cheese, meat, and pastry is associated with high levels of SAFA and low levels 

of the P/S ratio. 
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Table 7 Intake of some food groups versus SAFA and P/S ratio expressed as mean (and 

standard deviation) in grams per day. 

Panel 1: 856 men with Low SAFA [20.0 (9.7)] versus 856 men with High SAFA [37.4 (9.7)]. 

 Low SAFA High SAFA P of difference 

Butter, g 7.9 (13.1) 15.3 (15.4) <0.0001 

Milk, g 78.7 (127.1) 138.9 (156.4) <0.0001 

Cheese, g 12.7 (15.1) 14.6 (18.0) 0.0181 

Meat, g 104.4 (61.1) 129.9 (62.7) <0.0001 

Pastry, g 9.9 (17.9) 15.1 (25.0) <0.0001 

Panel 2: 856 men with High P/S [0.58 (0.28)] versus 856 men with Low P/S [0.27 (0.06)]. 

 High P/S Low P/S P of difference 

Butter, g 10.3 (13.9) 13.0 (15.6) 0.0002 

Milk, g 98.0 (134.5) 120.0 (155.2) 0.0017 

Cheese, g 14.0 (17.3) 13.4 (15.5) 0.4499 

Meat, g 113.0 (61.6) 116.3 (63.8) 0.2764 

Pastry, g 10.7 (16.8) 14.3 (25.9) 0.1364 

4. Discussion 

This analysis has shown that dietary fatty acids have a role in predicting all-cause mortality in an 

extinct cohort of middle-aged men. This was particularly true for the adverse role of SAFA and the 

beneficial role of MUFA, while the roles of PUFA and P/S or M/S ratios were less consistent. These 

findings were limited to the periods 0-31 and 0-61 years while no significant coefficients were 

produced for the isolated 31 to 61 years interval. 

Findings with the follow-up of 61 should be considered with caution due to the possible influence 

of changing dietary habits and food composition during the extended follow-up. However, if this is 

true, the projection of prediction to 61 years can be only somewhat impaired and the conclusion 

can be simply conservative. Moreover, we can suppose that the predictive role of fatty acids, say 

after 31 years, may have relatively limited influence considering that it applies only to about one 

third of the original population size that has reached an age range of 71 to 90 years. 

If we treat the hazard ratios of SAFA for the 0-31 years and the 31-61 periods as parts of a 

partitioned analysis, (that is combining the estimates of the two time-periods instead of using a 

single more extended period), the final crude hazard ratio for the whole 0-61 period is about 2% 

smaller than the one derived from the partitioned analysis. Something similar happens considering 

the role of MUFA, with an inverse outcome due to the different algebraic sign of the coefficients. 

All this is reassuring about the value of the prediction from year 0 to year 61. 

Similar considerations are partly valid for the absence of significant coefficients related to fatty 

acids measured at year 31, a finding likely hampered by the reduced denominator of people still 

alive and partly re-examined, with the addition of the overwhelming role of the four major prevalent 

diseases. 

Incidentally, the baseline levels of some traditional cardiovascular risk factors, such as serum 

cholesterol and blood pressure, have been shown in this population to maintain the same strength 

of predictive role for at least 40 years in dedicated partitioned analyses [36]. 
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In the previous analysis of dietary fatty acids versus 61-year cardiovascular mortality of the same 

population, the adverse role of SAFA and the beneficial role of MUFA showed somewhat similar 

findings to those of the present analysis. Still, this outcome was confined to coronary heart disease 

and absent for other major cardiovascular disease groups [1]. 

An advantage of this analysis was the availability of age at death, thanks to the extinction of the 

cohort. This allowed us to compute an MLR model with age at death as the endpoint and the three 

fatty acids plus 17 confounding variables as covariates. In this case, the adverse role of SAFA and 

the beneficial ones of MUFA and PUFA were again clearly shown, still in the presence of 17 

confounding variables. In this MLR analysis, the contribution of the single covariates, either basic 

(fatty acids) and confounding (all the others), to prediction seems relatively small except those of 

prevalent major diseases. This is mainly due to the presence of many confounding variables and the 

consequent fact that each variable is adjusted with all the others with a substantial loss of predictive 

power compared with that obtained by analyzing the risk factors singularly, one by one. In similar 

analyses run on the same population, involving around 30 predictive covariates and with age at 

death as endpoint, it was shown that arbitrary combinations of coefficients dealing with various 

covariates ends up with significant gains (or losses) in the overall age at death showing to be 

important determinants of the length of life [33]. 

A partial, indirect validation of our analysis is provided by the direct relationship between a few 

food groups (chosen because supposedly connected with SAFA intake) in high and low levels of SAFA 

and the inverse relationship with the P/S ratio. 

This analysis has limitations due to the small size of the study population, the absence of the 

women component of the population (excluded at that time due to the need to enroll a much larger 

cohort producing fewer cardiovascular events), and the use of only the three major groups of dietary 

fatty acids. All this is probably, at least partially, compensated by the extreme length of the follow-

up, which lasted 61 years with the reach of the cohort extinction. 

Another problem may be related to the limited value of the technique used in the dietary survey. 

It should be considered that in the early 1960, the dietary history [29] was one of the rare tools 

available to describe dietary habits, and at that time, probably a better alternative was not available. 

If that is unreliable, then most nutritional surveys conducted during the last century should be 

discarded together with all the knowledge piled up in those years. Moreover, in the previous few 

decades, many studies were performed using questionnaires that describe only the frequency of 

food groups intake [37], which is probably not better than the dietary history. 

The selection of a few references from the literature was based on identifying titles and abstracts 

that promised to be relatively similar to the characteristics of our analysis, thus allowing some 

comparisons. Several papers had some interesting similarities with our analysis. A Spanish 

population study compared all-cause mortality of the highest with the lowest quintile of some 

dietary fatty acids, and found a direct association for SAFA and an inverse association for MUFA and 

PUFA [3]. In an analysis of the NHANES data, all-cause mortality was inversely associated with PUFA 

and directly with SAFA [13]. In another study of the NHANES data dealing with adult and older adults, 

the highest quintile of the low-fat diet was associated with a 18% lower all-cause mortality and a 3% 

lower SAFA intake was also associated with lower all-cause mortality [19]. In a Chinese study 

covering over 1.5 million person-years, the SAFA intake had a positive and significant association 

with all-cause mortality, with a relative risk of 1.13, while the corresponding relative risk for PUFA 

was 0.79 [15]. 
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Recently, the research group of the Seven Countries Study produced new contributions 

confirming and expanding the early findings of the last century, using, as tradition dictates, the 

ecological comparison across 16 cohorts of middle-aged men. The correlation of SAFA intake was 

significantly predictive of 50-year all-cause mortality with an R of 0.66, when the estimate was 

adjusted for high socio-economic status [22]. Moreover, indices of atherogenicity and 

thrombogenicity computed using 11 measured dietary fatty acids were associated with all-cause 

mortality with significant R values of 0.55 and 0.62, respectively [27]. 

A giant evaluation of the problem was produced by the US Department of Agriculture in 2020 

[14] that included, among other sources, 141 observational studies of diet versus all-cause mortality 

using several different approaches. Diets like the Mediterranean and other similar ones, 

characterized by high P/S or M/S ratios, were associated with lower all-cause mortality rates. 

Several papers dealt with a single fatty acid or a single primary class of them. Two papers showed 

lower all-cause mortality for high intake of MUFA [5, 16], one the same outcome for high intake of 

alpha-linolenic acid [17], and two for high intake of PUFA [18, 19], the first of the last two mainly 

based on high fish consumption. 

Other papers studied the effect of replacing SAFA with similar amounts of PUFA or other fatty 

acids. In a Spanish population study [10], the isocaloric replacement of MUFA or carbohydrates with 

SAFA was associated with a significant increase in all-cause mortality. In a US study, the equi-

energetic substitution of 10% of energy from SAFA to an equal amount of energy from MUFA or 

PUFA resulted in a significant reduction of all-cause mortality risk ranging from 4 to 8% [11]. In a 

large meta-analysis, replacing 5% of energy from SAFA and Trans fatty acids with the equivalent 

amount of PUFA, MUFA and plant-PUFA lowered the relative risk for all-cause mortality to ranges 

of relative risk between 0.75 to 0.91 [21]. A review of several sources showed that the reduction in 

SAFA intake does not affect all-cause mortality [25]. In an extensive US study involving half a million 

adults [2], replacement of carbohydrates with major fatty acids, produced for all-cause mortality 

hazards ratios ranging from 1.29 (for SAFA) to 0.92 (for PUFA). 

A small group of contributions reported the experience of studies focused on dietary scores or 

other special diets potentially valid to be related with mortality outcome. A paper described the role 

of the vegetarian diet, naturally almost free from saturated fat, that was associated with smaller all-

cause mortality rates, compared with standard diets [7]. The EPIC project run in half million subjects 

in 12 European countries showed that a complex dietary score characterized among other things by 

low SAFA and high PUFA and designed for the purpose, was associated, with its high levels 

(corresponding to an unhealthy diet), to an excess of 7% in all-cause mortality [12]. A similar study 

conducted in Singapore [6], employing more than one different dietary score, showed a relative risk 

ranging from 0.82 to 0.88 for diets rich in plant foods and PUFA. In a Spanish study, the adherence 

to the Mediterranean Diet, including higher M/S ratio and evaluated by different methods, was 

associated with lower all-cause mortality [4]. 

A couple of papers had a narrative shape, one reporting the conclusions of a Presidential (USA) 

committee that recommended the reduction of SAFA intake and other potentially dangerous 

nutrients [9], the other negating the role of saturated fat on health and disease based on generic 

review of literature [24]. 

We found other contributions with negative conclusions towards the role of dietary fatty acids 

in health and disease. One was already commented on in the paragraph of studies with replacement 

of fatty acids [25]. The review and re-analysis of unpublished data from an old dietary experiment, 
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showed that substituting SAFA with seed oil was associated with a 13% reduction of serum 

cholesterol, but at the same time with an increase of total mortality of 22% for each 30 mg/dl 

reduction of cholesterol [23]. An extensive review and metanalysis of many studies suggested that 

high fat intake was associated with reduced all-cause mortality (relative risk of 0.92). At the same 

time, SAFA were irrelevant in relation with the same end-point. 

This short and limited review of some contributions from the recent literature suggests, 

unexpectedly, that a majority of studies tend to attribute a role of dietary fatty acids in relation to 

all-cause mortality, in particular the favorable effect of unsaturated fatty acids and the deleterious 

impact of SAFA. However, considering the existence of opposite conclusions, more research is 

probably needed. 

5. Conclusions 

Our analysis seems to confirm the conclusions of the majority of the literature findings, consisting 

of the opposite contributions of SAFA and PUFA versus all-cause mortality. 

This accomplishment was obtained in a small cohort, but had the advantage to have used also 

age at death end-point beyond of all-cause mortality due to the extinction of the cohort and to have 

estimated the role of SAFA and PUFA after the adjustment for a large number of risk factors and 

personal characteristics measured at baseline including other nutrients. 
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