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Meta-analysis of prospective cohort studies evaluating the association

of saturated fat with cardiovascular disease
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ABSTRACT

Background: A reduction in dietary saturated fat has generally
been thought to improve cardiovascular health.

Objective: The objective of this meta-analysis was to summarize
the evidence related to the association of dietary saturated fat with
risk of coronary heart disease (CHD), stroke, and cardiovascular
disease (CVD; CHD inclusive of stroke) in prospective epidemio-
logic studies.

Design: Twenty-one studies identified by searching MEDLINE and
EMBASE databases and secondary referencing qualified for inclu-
sion in this study. A random-effects model was used to derive
composite relative risk estimates for CHD, stroke, and CVD.
Results: During 5-23 y of follow-up of 347,747 subjects, 11,006
developed CHD or stroke. Intake of saturated fat was not associated
with an increased risk of CHD, stroke, or CVD. The pooled relative
risk estimates that compared extreme quantiles of saturated fat in-
take were 1.07 (95% CI: 0.96, 1.19; P = 0.22) for CHD, 0.81 (95%
CI: 0.62, 1.05; P = 0.11) for stroke, and 1.00 (95% CI: 0.89, 1.11;
P =0.95) for CVD. Consideration of age, sex, and study quality did
not change the results.

Conclusions: A meta-analysis of prospective epidemiologic studies
showed that there is no significant evidence for concluding that
dietary saturated fat is associated with an increased risk of CHD
or CVD. More data are needed to elucidate whether CVD risks are
likely to be influenced by the specific nutrients used to replace
saturated fat. Am J Clin Nutr doi: 10.3945/ajcn.2009.27725.

INTRODUCTION

Early animal studies showed that high dietary saturated fat and
cholesterol intakes led to increased plasma cholesterol concen-
trations as well as atherosclerotic lesions (1). These findings were
supported by associations in humans in which dietary saturated
fat correlated with coronary heart disease (CHD) risk (2, 3). More
recent epidemiologic studies have shown positive (4-10), inverse
(11, 12), or no (4, 13—18) associations of dietary saturated fat with
CVD morbidity and/or mortality.

A limited number of randomized clinical interventions have
been conducted that have evaluated the effects of saturated fat on
risk of CVD. Whereas some studies have shown beneficial effects
of reduced dietary saturated fat (19-21), others have shown no
effects of such diets on CVD risk (22, 23). The studies that
showed beneficial effects of diets reduced in saturated fat
replaced saturated fat with polyunsaturated fat, with the impli-
cation that the CVD benefit observed could have been due to an
increase in polyunsaturated fat or in the ratio of polyunsaturated
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fat to saturated fat (P:S), a hypothesis supported by a recent
pooling analysis conducted by Jakobsen et al (24).

The goal of this study was to conduct a meta-analysis of well-
designed prospective epidemiologic studies to estimate the risk of
CHD and stroke and a composite risk score for both CHD and
stroke, or total cardiovascular disease (CVD), that was associated
with increased dietary intakes of saturated fat. Large prospective
cohort studies can provide statistical power to adjust for cova-
riates, thereby enabling the evaluation of the effects of a specific
nutrient on disease risk. However, such studies have caveats,
including a reliance on nutritional assessment methods whose
validity and reliability may vary (25), the assumption that diets
remain similar over the long term (26) and variable adjustment
for covariates by different investigators. Nonetheless, a summary
evaluation of the epidemiologic evidence to date provides im-
portant information as to the basis for relating dietary saturated
fat to CVD risk.

SUBJECTS AND METHODS

Study selection

Two investigators (QS and PS-T) independently conducted
a systematic literature search of the MEDLINE (http://www.ncbi.
nlm.nih.gov/pubmed/) and EMBASE (http://www.embase.com)
databases through 17 September 2009 by using the following
search terms: (“saturated fat” or “dietary fat”) and (“coronary” or
“cardiovascular” or “stroke”) and (“cohort” or “follow up”).
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Studies were eligible if /) data related to dietary consumption of
saturated fat were available; 2) the endpoints were nonfatal or
fatal CVD events, but not CVD risk factors; 3) the association of
saturated fat with CVD was specifically evaluated; 4) the study
design was a prospective cohort study; and 5) study participants
were generally healthy adults at study baseline. The initial
search yielded 661 unique citations, of which 19 studies met the
inclusion criteria and were selected as appropriate for inclusion
in this meta-analysis (Figure 1) (4-6, 8-11, 14-16, 18, 27-34).
All 4 investigators participated in the selection process (PS-T,
QS, FBH, and RMK). Additional reference searches were per-
formed by conducting a hand review of references from re-
trieved articles, and 3 more studies were identified (13, 17, 35).
Of the 22 identified studies, 10 studies provided data appropriate
to the constraints of this meta-analysis, specifically, relative risk
(RR) estimates for CVD as a function of saturated fat intake (10,
14-16, 28, 30-34). Where such data were not provided (n = 12),
data requests were made to investigators. Investigators from 6 of
the studies (4, 5, 8, 18, 29, 35) responded with the requested
data. A data set of the Honolulu Heart Study (9), obtained from
the National Heart, Lung, and Blood Institute (36), was used to
derive the RR estimates for this study. Investigators from 5 studies
either did not respond or could no longer access data sets (6, 11,
13, 17, 27). However, 4 of 5 of these studies provided data for
saturated fat intake as a continuous variable (6, 11, 13, 17). For
these studies, we derived RR estimates (see Statistical analysis)
for categorical saturated fat intake and CHD and/or stroke. The
study by Boden-Albala et al (27) was excluded because the RR
estimate published did not correspond to the values given for the
upper and lower bounds of the CI, ie, using these values to
derive the SE resulted in different estimates, and the authors did
not respond to our attempts to obtain the correct data.

661 Potentially Relevant
References Identified
and Screened

642 References excluded by

abstract or article review

(excluded: clinical trials,

reviews, meta-analyses, cross-

19 unique and relevant sectional studies; and studies

studies identified that did not specifically consider
l saturated fat effects on CVD

risk, or for which estimates for
saturated fat associations not
available)

An additional 3 studies
identified by secondary
referencing

| Identified studies: n=22

l Received requested RR estimates from
N 7 investigators

Data requests made to
investigators of 12 of the >
22 studies

RR estimates were derived from
published continuous data of 4 studies

l > RR estimates could not be obtained or
derived for 1 study

21 unique studies
included in meta-
analysis

(16 CHD’; 8 stroke’)

FIGURE 1. Study selection process. CHD, coronary heart disease; CVD,
cardiovascular disease; RR, relative risk. "Three studies provided outcome
data for both CHD and stroke.
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Altogether, this meta-analysis included data from 21 unique
studies, with 16 studies providing risk estimates for CHD and
8 studies providing data for stroke as an endpoint. Data were de-
rived from 347,747 participants, of whom 11,006 developed CVD.

Data extraction

Two authors (PS-T and QS) independently extracted and tab-
ulated data from each study using a standard extraction form.
Discrepancies were resolved via review of the original articles and
group discussion. From each study, we extracted information on
first author, publication year, disease outcome, country of origin,
method of outcome ascertainment, sample size, age, sex, average
study follow-up time, number of cases, dietary assessment method
and the validity of the method, number of dietary assessments,
covariates adjusted, unit of measurement, RR of CVD comparing
extreme quantiles of saturated fat intake or per unit of saturated fat
intake, and corresponding 95% Cls, SEs, or exact P values.

Statistical analysis

RRs and 95% Cls were log transformed to derive corre-
sponding SEs for f-coefficients by using Greenland’s formula
(37). Otherwise, we used exact P values to derive SEs where
possible. To minimize the possibility that the association for
saturated fat intake may be influenced by extreme values, we
contacted the authors of studies in which RRs were presented as
per-unit increments of saturated fat intake and requested RRs
comparing extreme quantiles. For studies for which we did not
receive responses, we used the published trend RRs comparing
the 25th and 75th percentiles to estimate RRs comparing high
with low dichotomized saturated fat intakes (38).

Meta-analyses were performed by using STATA 10.0 (Stata-
Corp, College Station TX) and Review Manager 5.0 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen,
Denmark; http://www.cc-ims.net/RevMan). P < 0.05 was con-
sidered statistically significant. Random-effects models taking
into account both within-study and between-study variability
were used to estimate pooled RRs for associations of dietary
saturated fat with CHD risk. Relative to fixed-effects models,
random-effects models were more appropriate for the current
study because test statistics showed evidence of heterogeneity
among these studies. When several RRs were given for subgroup
analyses within a single study, random-effects models were used
to pool the RRs into one composite estimate.

We used the STATA METAINF module to examine the in-
fluence of an individual study on the pooled estimate of RR by
excluding each study in turn. We used the STATA METAREG
module to examine whether the effect size of these studies
depended on certain characteristics of each study, including age,
sex, sample size, duration of follow-up, whether disease out-
comes were confirmed by medical record review, and a score
evaluating overall study quality. This quality score was derived
from the following information: dietary assessment method
(where 5 points were given for diet records, 4 for validated FFQs,
3 for FFQs that were not formally validated, 2 for diet history, and
1 for 24-h recall), number of dietary assessments, and number of
adjusted established risk factors for CVD. Points were totaled to
construct a composite quality score for each study.

We further conducted secondary analyses to examine age- and
sex-specific effects (ie, age <60 y compared with >60 y and
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TABLE 2
Baseline characteristics of participants of 21 unique prospective epidemiologic studies of saturated fat intake and risk of coronary heart disease (CHD) or
stroke’
No. of Country of Disease Method of
Study subjects Age Sex residence Smoker outcome diagnosis
y %
CHD
Shekelle et al, 1981 (17) 1900 40-55 Male USA NR Fatal CHD DC
McGee et al, 1984 (9)? 8006 45-68 Male USA NR Total CHD MR and DC
Kushi et al,1985 (13) 1001 30-69 Male USA NR Fatal CHD DC
Posner et al, 1991 (16) 813 45-65 Male USA 41.6 Total CHD MR
Fehily et al, 1993 (28) 512 45-59 Male UK NR Total CHD DC
Goldbourt et al, 1993 (35)° 9767 >40 Male Israel NR Fatal CHD MR and DC
Ascherio et al, 1996 (4) 38,463 40-75 Male USA 9.5 Total CHD MR and DC
Esrey et al, 1996 (6) 4546 30-79 Both Canada 339 Fatal CHD MR
Mann et al, 1997 (32) 10,802 16-79 Both UK 19.5 Fatal CHD MR
Pietinen et al, 1997 (15) 21,930 50-69 Male Finland 100 Total CHD MR and DC
Boniface and Tefft, 2002 (5) 2676 40-75 Both UK NR Total CHD DC
Jakobsen et al, 2004 (8) 3686 30-71 Both Denmark NR Total CHD MR
Leosdottir et al, 2007 (14)2 28,098 45-73 Both Sweden 29.5 Total CHD DC
Oh et al, 2005 (33) 78,778 30-55 Female USA NR Total CHD MR and DC
Tucker et al, 2005 (18) 266° 34-80 Male USA 21.8 Fatal CHD MR and DC
Xu et al, 2006 (10) 2938 47-79 Both USA 29.7 Total CHD MR
Stroke
McGee et al, 1984 (9)? 8006 45-68 Male USA NR Total stroke MR and DC
Goldbourt et al, 1993 (35)2 9767° >40 Male Israel NR Fatal stroke MR and DC
Gillman et al, 1997 (11) 832 45-65 Male USA NR Ischemic stroke MR
Iso et al, 2001 (31) 85,764 34-59 Female USA NR Hemorrhagic stroke MR and DC
He et al, 2003 (29) 38,463° 40-75 Male USA 9.5 Total stroke MR and DC
Iso et al, 2003 (30) 4775 40-69 Both Japan 13.5 Hemorrhagic stroke MR and DC
Sauvaget et al, 2004 (34) 3731 35-89 Both Japan 26-35 Ischemic stroke DC
Leosdottir et al, 2007 (14)2 28,098 45-73 Both Sweden 29.5 Ischemic stroke DC

! NR, not reported; MR, medical records; DC, death certificate.
2 These studies provided both CHD and stroke outcome data.

 These numbers, as provided by the respective investigators, differ from those used in the original publications.

male compared with female) of saturated fat on CVD risk. These
secondary analyses were performed with only those studies that
provided stratified data according to these variables.

To examine the effects of replacing saturated fat with car-
bohydrate or polyunsaturated fat, we performed secondary meta-
analyses with studies that provided pertinent and extractable data.
Because energy from carbohydrate intake was excluded in fully
adjusted models (including adjustments for total energy and
energy from protein and fats other than saturated fat) in 6 of 21
studies, the regression coefficients of saturated fat could be
interpreted as the effects of isocalorically replacing carbohydrate
intake with saturated fat (25). Similarly, there were 5 studies (4, 9,
29, 31, 33) in which the regression coefficients of saturated fat
could be interpreted as the effects of isocalorically replacing
polyunsaturated fat intake with saturated fat. Finally, because
consideration for total energy intake has been shown to be rel-
evant in the evaluation of nutrient-disease associations (39), we
also performed a subanalysis of studies (n = 15) that provided
total energy intake data (4, 6, 8-11, 15, 16, 18, 29-31, 33). Begg
funnel plots were used to assess potential publication bias (40).

RESULTS

The study design characteristics of the 21 studies identified by
database searches and secondary referencing that were included
in this meta-analysis (4-6, 8-11, 13-18, 28-35) are shown in

Table 1. Altogether, there were 16 studies that considered the
association of saturated fat with CHD and 8 studies that evalu-
ated the association of saturated fat with stroke. Dietary as-
sessments included 24-h recalls, food-frequency questionnaires
(FFQs), and multiple daily food records. The duration of follow-
up ranged from 6 to 23 y, with a mean and median follow-up of
14.3 and 14 y, respectively.

The baseline characteristics of the study participants are
provided in Table 2. The number of subjects in each study
ranged from 266 to 85,764. The age of participants ranged from
~30 to 89 y. There were 11 studies conducted exclusively in
men, 2 studies conducted exclusively in women, and 8 studies
that enrolled both men and women. There were 12 studies that
were conducted in North America, 6 in Europe, 2 in Japan, and
1 in Israel.

The level of adjustment for covariates varied according to
study (Table 3). Wherever possible, risk estimates from the
most fully adjusted models were used in the estimation of the
pooled RR. Studies that reported positive associations be-
tween saturated fat and CVD risk included the Lipid Research
Clinics Study (6), the Health Professionals Follow-Up Study
(4), the Health and Lifestyle Survey (5), the Strong Heart Study
(10), and studies by Mann et al (32) and Jakobsen et al (8).
Notably, these positive associations were specific to subsets of
the study population, ie, younger versus older (6, 8, 10), women
versus men (5, 8), or for some, but not all, CHD endpoints (4).
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META-ANALYSIS OF SATURATED FAT AND CVD

Although the Strong Heart Study reported a positive association
between saturated fat and CVD in younger than in older in-
dividuals (ie, RR = 5.17; 95% CI: 1.6, 16.4), the fully adjusted
model that included adjustment for polyunsaturated fatty acids,
trans fats, and monounsaturated fatty acids was not statistically
significant (RR = 2.98; 95% CI: 0.66, 13.6).

In contrast, a number of studies did not show significant
associations of dietary saturated fat intake with CHD, including
the Western Electric Study (17), the Honolulu Heart Study (9),
the Ireland Boston Diet Heart Study (13), the Caerphilly Study
(28), the Framingham Heart Study (16), the Israeli Ischemic
Study (35), the Alpha-Tocopherol, Beta-Carotene Study (15), the
Nurses’ Health Study (33), the Malmo Diet and Cancer Study
(14), and the Baltimore Longitudinal Study of Aging (18).

With respect to stroke, although inverse associations of sat-
urated fat intake with hemorrhagic stroke were reported in 2
studies (11, 30), no association between saturated fat and stroke
was found in 6 other studies (9, 14, 29, 31, 34, 35). The relation
of saturated fat with ischemic versus hemorrhagic stroke may
differ given their different biological mechanisms, and consid-
eration of these 2 disease states as distinct endpoints may be
important.

Individual study estimates as well as the overall estimate for
CHD, stroke, and CVD are shown in Figure 2. Saturated fat
intake was not associated with an elevated risk of CHD, stroke,
or CVD as a composite outcome. The RRs (95% CIs) were 1.07

Risk Ratio
Study or Subgroup IV, Random, 95% Cl Year
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(0.96, 1.19) for risk of CHD, 0.81 (0.62, 1.05) for risk of stroke,
and 1.00 (0.89, 1.11) for overall CVD risk. Two of the 8 studies
included in the meta-analysis related to stroke examined hem-
orrhagic stroke exclusively (30, 31). When these 2 studies were
excluded from the meta-analysis, the pooled RR (95% CI) was
0.86 (0.67, 1.11).

We documented heterogeneity among studies that examined
saturated fat in relation to CHD (P = 0.04) or stroke (P = 0.01).
However, age (P = 0.16 for CHD, 0.40 for stroke), sex (P = 0.52
for CHD, 0.25 for stroke), sample size (P = 0.44 for CHD, 0.71
for stroke), duration of follow-up (P = 0.53 for CHD, 0.42 for
stroke), medical record review for CVD outcome confirmation
(P = 0.17 for CHD, 0.30 for stroke), and study quality as as-
sessed by a quality score (P = 0.62 for CHD, 0.70 for stroke)
could not explain this heterogeneity. Quality scores for each
study are provided in Supplementary Table 1 (see “Supple-
mental data” in the online issue).

No individual study had a particularly large influence on the
pooled estimate of RR for CVD, although Gillman et al’s (11) and
Boniface and Tefft’s (5) studies had relatively stronger effects on
the overall RR estimate than did other studies. The pooled RRs
for CVD were 1.03 (95% CI: 0.93, 1.14) after excluding Gillman
et al and 0.97 (95% CI: 0.88, 1.08) after excluding Boniface and
Tefft. When these 2 studies were excluded simultaneously, the
pooled RRs (95% CI) were 1.02 (0.94, 1.11) for CHD, 0.86 (0.65,
1.14) for stroke, and 1.00 (0.92, 1.10) for CVD, respectively.

Risk Ratio
I/, Random, 95% CI

Coronary Heart Disease
Shekelle et al(17) 1.11[0.91,1.36] 1981
McGee et al(9)’ 0.86[0.67,1.12] 1984
Kushi et al(13) 1.33[0.95,1.87] 1985
Posner et al{(16) 0.92[0.68,1.24] 1991
Goldbourt et al(35)" 0.86 [0.56, 1.35] 1993
Fehily et al(28) 1.57 [0.56, 4.42] 1994
Ascherio et al(4)" 1.11[0.87,1.42] 1996
Esrey et al(6) 0.97[0.80,1.18] 1996
Mann et al(32) 2.77[1.25,6.13] 1997
Pietinen et al(15) 0.93[0.60, 1.44] 1997
Boniface et al(5)’ 1.37[1.17,1.60] 2002
Jakobsen etal(8)’ 1.03 [0.66, 1.60] 2004

Oh et al(33) 0.97[0.74,1.27] 2005
Tucker et al(18) 1.22[0.31,4.77] 2005
Xu etal(10) 1.91(0.31,11.84] 2006

Leosdottir et al{14)
Subtotal (95% CI)

0.95[0.74,1.21] 2007
1.07 [0.96, 1.19]

Heterogeneity: Tau®= 0.02; Chi*= 25.54, df=15 (P=0.04), F= 41%

Test for overall effect. Z=1.22 (P=0.22)

Stroke
McGee et al(9)’
Goldbourt et al(35)"
Gillman etal(11)

1.04(0.72,1.50] 1984
0.92[0.56,1.51] 1993
0.64 [0.49, 0.84] 1997

IS0 etal(31) 1.05[0.33,3.39] 2001
He etal(29)’ 0.79[0.52,1.19] 2003
Iso etal(30) 0.30[0.13,0.71] 2003
Sauvaget et al(34) 0.58[0.28,1.20] 2004
Leosdottir et al{14) 1.22[0.91,1.64] 2007

Subtotal (95% CI) 0.81[0.62, 1.05]

Heterogeneity: Tau®= 0.08; Chi*=18.03, df=7 (P=0.01); F=61%

Test for overall effect: Z=1.58 (P =0.11)

Total (95% CI) 1.00 [0.89, 1.11]

Heterogeneity: Tau?= 0.03; Chi*= 52.63, df= 23 (P = 0.0004); = 56% |

Test for overall effect. Z= 0.06 (P = 0.95)

—t

-
1

| | ]
005 02 5 20
Lower risk with SAT Higher risk with SAT

FIGURE 2. Risk ratios and 95% Cls for fully adjusted random-effects models examining associations between saturated fat intake in relation to coronary
heart disease and stroke. ]Updated data were provided by respective investigators (4, 5, 8, 18, 29, 35) or derived from a provided data set (9, 36). SAT,

saturated fat intake; IV, inverse variance.
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Subgroup analyses evaluating the association of saturated fat
with CVD by sex or age (< or > 60 y) showed no significant
associations (see Supplementary Figures 1 and 2, respectively,
under “Supplemental data” in the online issue). In men, the
pooled RR (95% CI) of CVD in relation to saturated fat intake
was 0.97 (0.87, 1.08), whereas in women this figure was 1.06
(0.86, 1.32). The associations for saturated fat intake were
similar between participants who were younger than 60 y at
baseline and those who were older: the pooled RRs (95% Cls)
were 0.98 (0.84, 1.13) and 0.98 (0.86, 1.10), respectively. Fur-
ther stratification by both age and sex (ie, men or women
younger than 60 y and men or women older than 60 y) also
showed no significant associations between saturated fat and
CHD risk, although sample size may have been inadequate for
these analyses (see Supplementary Figures 3 and 4, respectively,
under “Supplemental data” in the online issue). The limited
number of studies excluded our ability to further stratify the
analysis by study outcome.

Of 21 studies, 15 studies adjusted for total energy intake in the
fully adjusted model. Secondary analyses conducted within these
studies showed results largely similar to the primary analysis (see
Supplementary Figure 5 under “Supplemental data” in the on-
line issue). Six studies further adjusted for energy from other
fats and protein, but left energy from carbohydrate out of the
fully adjusted model. In these studies, the pooled RR (95% CI)
was 0.98 (0.86, 1.13) for CHD, 0.93 (0.71, 1.21) for stroke, and
0.97 (0.86, 1.10) for overall CVD (see Supplementary Figure 6
under “Supplemental data” in the online issue). Similarly, 5
studies adjusted for energy from carbohydrate, protein, and fats
but not polyunsaturated fat. The pooled RR (95% CI) for these
studies was 1.07 (0.91, 1.25) for CHD, 0.95 (0.81, 1.13) for
stroke, and 1.02 (0.92, 1.14) for overall CVD (see Supplemen-
tary Figure 7 under “Supplemental data” in the online issue).

A funnel plot of the 21 studies that evaluated the association of
saturated fat with CVD is provided in Figure 3. The larger
studies at the top of the plot were somewhat more symmetrically
distributed than were the smaller studies at the bottom. This
suggests the heterogeneity of the study estimates as well
as possible publication bias favoring studies with significant
results.

) - SEG0IRR) .

02t o Oiﬁ?

0.4+

m]

m]

08+

:
.
061 o

1+ 1 :

0.05 02 1 5 20
Subgroups

[ Coronary Heart Disease

<> stroke

FIGURE 3. Funnel plot of studies of saturated fat intake in relation to
cardiovascular disease. Dotted lines are pseudo 95% Cls. The large studies at
the top of the plot were somewhat more symmetrically distributed than the
small studies at the bottom. This indicates publication bias favoring studies
with significant results. RR, risk ratio.
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DISCUSSION

This study sought to evaluate the effects of dietary saturated fat
on CVD risk by summarizing the data available from informative
epidemiologic studies and including, where possible and rele-
vant, supplementary information that had been provided on
request from investigators of the component studies. The con-
glomeration of data from 16 studies with CHD as an endpoint and
8 studies with stroke as the endpoint showed no association of
dietary saturated fat on disease prevalence after adjustment for
other nutrients wherever possible. Evaluation of the subset of
studies (n = 15) that adjusted for total energy, which has been
shown to be relevant in evaluating nutrient-disease relations
(39), yielded similar findings. This study had several strengths,
including the selection of prospective epidemiologic studies that
statistically adjusted for relevant covariates and the inclusion of
large studies with a significant number of incident cases. Fur-
thermore, the use of the random-effects model in our analyses
allowed for the heterogeneity of variance between studies.

A caveat of this study was its reliance on the accuracy of the
dietary assessments of the component studies, which may vary
depending on the method used (25). Underreporting of calories
has often contributed to the error associated with dietary
assessments, particularly in overweight individuals. Generally, 4-
to 7-d food records are considered to be the most accurate means
of dietary assessment, but such methods are generally not feasible
in large cohort studies. A single 24-h recall is relatively easy to
collect, but the information does not reflect long-term dietary
patterns. FFQs have become the method of choice in large ep-
idemiologic studies because they are inexpensive and can assess
long-term diets (25); however, this method is also subject to
random and systematic errors.

As part of a quality score, the method of nutrient assessment
was taken into account, and the risk estimates that each study
contributed were adjusted based on this quality score, which also
considered whether the dietary assessment method had been
validated or repeatedly performed as well as the number of
covariates included in the model. The latter criterion assumed
that investigators included all relevant covariates in their re-
gression models. Evaluation of the studies on the basis of this
quality score did not change the findings of this meta-analysis.

Only a limited number of studies provided data that enabled
the evaluation of the effects of isocalorically replacing saturated
fat with carbohydrate or polyunsaturated fat, and, as such, the
statistical power was diminished for the secondary analyses
restricted to these studies. Most recently, however, an analysis
conducted in a pooled cohort of studies showed a lower CHD risk
when saturated fat was replaced with polyunsaturated fat and
increased nonfatal myocardial infarction, but not fatal CHD, risk
when saturated fat was replaced with carbohydrate (24).

Inverse associations of polyunsaturated fat and CVD risk have
previously been reported (41, 42). Replacement of 5% of total
energy from saturated fat with polyunsaturated fat has been
estimated to reduce CHD risk by 42% (43). Notably, the amount
of dietary polyunsaturated fat in relation to saturated fat (ie, the P:
S ratio) has been reported to be more significantly associated with
CVD than saturated fat alone, with a reduced CHD risk found
with P:S ratios > 0.49 (44). Only 1 of the 21 studies that met
criteria for inclusion in this meta-analysis evaluated the relation
of the P:S ratio with CHD (14). No effect was seen in this study,
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in which the average P:S ratio was ~0.4, nor was there an as-
sociation of P:S ratio with CVD in the Israeli Ischemic Heart
Study (U Goldbourt, personal communication, 2008). However,
these studies were relatively small.

Of note, in intervention trials that have shown protective
effects of reducing saturated fat, ie, the Veteran Affairs (19), Oslo
Diet Heart (20), and Finnish Mental Hospital (21) studies, the
calculated P:S ratios ranged from 1.4 to 2.4—values that are
much higher than the threshold of 0.49 above which CHD risk has
been reported to be reduced (44). Relatively high P:S ratios
(1.25-1.5) were also observed in the Anti-Coronary Club Study,
an early trial that showed beneficial effects of a lower fat diet (30—
32% of total energy) (45). The presumed beneficial effects of
diets with reduced saturated fat on CVD risk may therefore be
dependent on a significant increase in polyunsaturated fat in the
diet. Existing epidemiologic studies and clinical trials support
that substituting polyunsaturated fat for saturated fat is more
beneficial for CHD risk than exchanging carbohydrates for
saturated fat in the diet, as described further elsewhere (46).

With respect to dietary carbohydrate, the type of carbohydrate
(ie, a high or low glycemic index) that replaces saturated fat is
likely important in influencing dietary effects on CVD risk
(47). However, there was insufficient information in the com-
ponent studies of this meta-analysis to permit examination of
this issue.

Our results suggested publication bias, such that studies with
significant associations tended to be received more favorably for
publication. If unpublished studies with null associations were
included in the current analysis, the pooled RR estimate for CVD
could be even closer to null. Furthermore, despite several indi-
cations in the published literature that sex and age may modify
the association of saturated fat with CHD (5, 6, 8, 10), we did not
observe effects of these variables on CHD risk. The lack of an
association may have been related to limited statistical power.

Although an inverse association of saturated fat with stroke
risk has been previously described (48), saturated fat intake was
not significantly associated with risk of stroke in the current meta-
analysis. The exclusion of 2 studies conducted in Japan (30, 34),
where saturated fat intake is known to be significantly lower than
in Western populations, did not substantially change the RR
estimate (RR = 0.90; 95% CI: 0.70, 1.15). The exclusion of 2
studies that evaluated hemorrhagic stroke specifically (30, 31)
also did not alter the RR estimate; however, these findings were
likely limited by statistical power.

In conclusion, our meta-analysis showed that there is in-
sufficient evidence from prospective epidemiologic studies to
conclude that dietary saturated fat is associated with an increased
risk of CHD, stroke, or CVD. However, the available data were
not adequate for determining whether there are CHD or stroke
associations with saturated fat in specific age and sex subgroups.
Furthermore, there was insufficient statistical power for this
meta-analysis to assess the effects on CVD risk of replacing
specific amounts of saturated fat with either polyunsaturated fat
or carbohydrate. Finally, nutritional epidemiologic studies pro-
vide only one category of evidence for evaluating the relation of
saturated fat intake to risk for CHD, stroke, and CVD. An overall
assessment requires consideration of results of clinical trials as
well as information regarding the effects of saturated fat on
underlying disease mechanisms, as discussed elsewhere in this
issue (46).
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