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Abstract

Background—Several recent papers have called into question the deleterious effects of high 

animal fat diets due to mixed results from epidemiologic studies and the lack of clinical trial 

evidence in meta-analyses of dietary intervention trials. We were interested in examining the 

theoretical effects of substituting plant-based fats from different types of margarine for animal 

based fat from butter on the risk of atherosclerosis-related cardiovascular disease (CVD).

Methods—We prospectively studied 71,410 women, aged 50–79 years, and evaluated their risk 

for clinical myocardial infarction (MI), total coronary heart disease (CHD), ischemic stroke and 

atherosclerosis-related CVD with an average of 13.2 years of follow-up. Butter and margarine 

intakes were obtained at baseline and Year 3 by means of a validated food frequency 

questionnaire. Cox proportional hazards regression using a cumulative average diet method was 

used to estimate the theoretical effect of substituting 1 teaspoon/day of three types of margarine 

for the same amount of butter.

Results—Substituting butter or stick margarine with tub margarine was associated with lower 

risk of MI (HRs=0.95 and 0.91). Subgroup analyses, which evaluated these substitutions among 

participants with a single source of spreadable fat, showed stronger associations for MI (HRs=0.92 

and 0.87). Outcomes of total CHD, ischemic stroke, and atherosclerosis-related CVD showed wide 

confidence intervals but the same trends as the MI results.
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Conclusions—This theoretical dietary substitution analysis suggests that substituting butter and 

stick margarine with tub margarine when spreadable fats are eaten may be associated with reduced 

risk of myocardial infarction.
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INTRODUCTION

Diets low in saturated fats and trans fats are recommended by both the American Heart 

Association and the European Food Safety Authority based on data1,2 suggesting that diets 

rich in saturated fats and trans fats are associated with high risk for coronary heart disease, 

both through effects on lipoprotein metabolism and effects on endothelial function, 

membrane fluidity, and inflammation.3,4 These recommendations rely largely on 

observational studies of an increased risk of coronary heart disease in participants with diets 

high in saturated fats and trans fats5–11 and on feeding studies that demonstrate reduced total 

and low-density lipoprotein (LDL) cholesterol and increased high-density lipoprotein (HDL) 

cholesterol levels when substituting saturated fatty acids (SFA) and trans fatty acids (TFA) 

with polyunsaturated fatty acids (PUFA) and monounsaturated fatty acids (MUFA).12–14 

One potentially practical way to reduce SFA and TFA in the diet is to substitute butter, 

which is high in SFA, and stick margarine, which is high in TFA, with tub margarine.15,16 

This is because of the differences in fatty acid profiles of butter (SFA 51%, MUFA 21%, 

PUFA 3%, TFA 3%), stick margarine (SFA 15%, MUFA 39%, PUFA 24%, TFA 15%–21%), 

tub margarine (SFA 14%, MUFA 36%, PUFA 27%, TFA 5%), and low-fat margarine (SFA 

3%–12%, MUFA 7%–30%, PUFA 8%–26%, TFA 1%–17%).17–19

Some recent publications have questioned these recommendations based on the 

heterogeneity of results of prospective observational studies and randomized control trials, 

which have failed to support these dietary guidelines that encourage low consumption of 

SFA and high consumption of PUFA.5,20,21 These negative studies focused on the 

heterogeneity of effects of specific SFA with some demonstrating an increased risk of 

coronary heart disease (CHD) and some showing a protective effect, and other showing no 

effect at all. One explanation of the difficulty finding consistent diet-heart associations in 

observational studies is the misclassification bias from self-reported dietary assessments.22 

Most previous studies have focused on the associations of SFA, MUFA, PUFA, and TFA, 

rather than the food sources of these fats, with cardiovascular disease (CVD) risk.5–11 

Previous feeding studies that measured the substitution association between butter and 

margarine on CVD risk have utilized lipoprotein surrogates and not incident cardiovascular 

events.23,24 No epidemiologic studies to date have examined the theoretical effects of 

substituting butter with different types of margarine on the risk of developing CVD. Dietary 

substitution methods focusing on specific foods related to similar serving size have been 

developed, thus making spreadable fats substitution analysis possible.25,26 We were 

therefore interested in testing the long-term association of this diet substitution on the risk of 

myocardial infarction (MI), total CHD, ischemic stroke and atherosclerosis-related CVD.
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SUBJECTS AND METHODS

Study Population

The Women’s Health Initiative (WHI) enrolled 93,676 postmenopausal women into its 

observational study at 40 clinical center, from 1994 to 1998. Details of the study design, 

recruitment, baseline questionnaires and examinations performed have been published 

previously.27–29 All women at each of the 40 clinical centers provided written informed 

consent which were approved by their respective institutional review boards. Among the 

93,676 women, those who had a self-reported MI, coronary artery bypass graft (CABG), 

percutaneous transluminal coronary angioplasty or stroke at baseline were excluded to create 

a disease free cohort. Additionally, we excluded baseline cancer and diabetes as they may 

lead to changes in diet, and therefore reported diet may not reflect long-term dietary 

exposures. Women with implausible energy intake (<600 kcal/d or >5000 kcal/d) were also 

excluded. This resulted in the inclusion of 71,410 women in this analysis. Additionally, we 

divided the whole population into three groups according to their usage of spreadable fats. 

Those who neither used butter nor margarine comprised the non-user group; those who used 

only one type of fats (butter or a specific type of margarine) were in the single-source group; 

and those who used more than one type of fats were in the multiple-source group. The 

population selection process is shown in Figure 1.

Exposures

The primary exposure of interests were the intakes of butter, stick margarine, tub margarine 

and low-fat margarine, which were estimated from food frequency questionnaires (FFQs) at 

baseline and Year 3. The FFQ was based on instruments used in the WHI feasibility 

studies27,28 and the original National Cancer Institute/Block FFQ.28,29 Four questions in the 

FFQ asked participants to indicate one or two types of fat that they usually used in food 

preparation or added after cooking. The questions were: What kinds of fat did you usually 

use to deep fry, pan fry, or sauté foods? What kinds of fat did you usually add when cooking 

beans, rice, vegetables, and potatoes? What kinds of fat did you usually add after cooking 

vegetables, beans, rice, and potatoes? What kinds of fat did you usually use on breads, 

muffins, tortillas, and rolls? Choices included stick margarine, tub margarine, butter, 

shortening, olive or canola oil, other oils (vegetable, corn, peanut, safflower), non-stick 

spray, and didn’t add fat. Correspondingly, the frequency and portion size of fats were 

measured. Teaspoon (tsp) was used to measure the portion size of spreadable fats (1 

tsp=4.73 grams). For those women who only chose one type of fat, the intake was directly 

calculated from the product of frequency and portion size. For those women who chose two 

types of fats, we applied a weight of 0.5 for each type of fat that was chosen and calculated 

the intake of a certain kind of fat by multiplying the product of frequency and portion size 

by 0.5. The total intake of a certain type of fat was the sum of these four questions.

The intakes of spreadable fats at baseline and Year 3 were computed separately. We used the 

cumulative average diet method to evaluate the associations of higher levels of spreadable 

fats consumptions with each outcome and the theoretical effects of substituting equal 

servings of spreadable fats.9,30 In this method, disease incidence within the first 3 years was 

related to butter and margarine intakes from the baseline FFQs only, while the disease 
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incidence following the first 3 years was related to the average intake between the baseline 

and Year 3 FFQs. For those who failed to complete the FFQs in Year 3 (n=8980), baseline 

FFQs were used. We performed a sensitivity analysis by using the baseline diet only method, 

in which disease incidence was related to butter and margarine intakes from the baseline 

FFQs only.

Outcomes

All outcomes were identified annually by medical record review of self-reported 

hospitalizations and ascertained by the trained physician adjudicator.31 The WHI algorithm 

for classifying hospitalized MI includes elements of the medical history, electrocardiogram 

(ECG) readings, and results of cardiac enzyme determinations, and is adapted from 

standardized criteria.31 Total CHD is defined as the first occurrence of MI, CABG, 

percutaneous transluminal coronary angioplasty, and CHD death. CHD death was based on 

medical record review of hospital, emergency room records and emergency medical service 

records at the time of death, previous hospitalizations for CHD, death certificates, autopsy, 

coroners and next of kin reports.31 Ischemic stroke was confirmed by medical record 

documentation of rapid onset of a neurologic deficit consistent with stroke and lasting at 

least 24 hours or until death. Atherosclerotic related CVD included MI, incident CHD, CHD 

related death and ischemic stroke.

Potential Confounders

Information on demographic and social economic status (SES), lifestyle factors and CHD 

risk factors were obtained by self-report at baseline. Demographic and SES included age, 

region, race/ethnicity and income. Lifestyle factors were defined as physical activity, body 

mass index (BMI) and smoking. CHD risk factor included family history of MI, 

postmenopausal hormone use, aspirin use, hysterectomy, treated hypercholesterolemia and 

hypertension. Age was treated as a continuous variable. For analytic purposes, income was 

categorized as <$20,000, $20,000 to $74,999, and ≥ $75,000 per year. Physical activity was 

measured by total physical activity score (MET-h/week) which was computed from a series 

of questions related to walking and exercise at strenuous levels, and physical activity at 

moderate- and low-intensity levels.32 BMI was categorized as normal or underweight (<25 

kg/m2), overweight (25–<30 kg/m2), and obesity (≥30 kg/m2), or treated as continuous 

variable. Smoking was categorized as never, past, or current. Family history of MI was 

defined as first relatives having a MI. Postmenopausal hormone use was categorized as 

never, past, or current. Treated hypercholesterolemia was defined as taking cholesterol-

lowering medication. Hypertension was defined by self-reported hypertension and taking 

antihypertensive medication or systolic blood pressure ≥ 140 mm Hg and/or diastolic blood 

pressure ≥ 90 mm Hg. For those categorical variables with more than 1% missing data, 

including income, family history of MI and smoking, we created a missing category for each 

of them. For missing continuous variables and those categorical variables with less than 1% 

missing values, we excluded them in multivariable analysis.

Potential dietary confounders were total energy intake and the Alternative Healthy Eating 

Index (AHEI), which were obtained from the baseline and Year 3 FFQs using cumulative 

average diet method as previously described.9 AHEI, as a measure of dietary quality, was 
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calculated from a series of items from the FFQ, including vegetables, fruits, whole grains, 

sugar-sweetened beverage, nuts, legumes, red meat, TFA%, long-chain fats, PUFA%, 

sodium, and alcohol intake, using the standard methodology as previously described.33 To 

prevent over adjustment, we didn’t evaluate AHEI and nutrient density measures of SFA, 

TFA or PUFA in our models as potential confounders, but adjusted for AHEI or food groups 

(red meat, fruits, vegetables, and whole grains) in sensitivity analyses.

Statistical Methods

We calculated the mean (SD) intakes of spreadable fats by baseline characteristics 

(continuous variables were categorized as under median and above median). Person-years of 

follow up were calculated from the date of the return of baseline FFQ to the following, 

whichever came first: the first occurrence of each event, loss to follow-up or the end of the 

study follow-up (September 30, 2013). Cox proportional hazards regression using the 

cumulative average diet method was used.9,30 In multivariable analyses, we regarded 

demographic and SES, lifestyle factors, dietary factors, and CHD risk factors as potential 

confounders. The fully adjusted model included all of the above variables. We found no 

evidence of violation of the proportional hazard assumption on the basis of Schoenfeld 

residuals or the Wald test for an interaction between the exposure of interest and follow-up 

time.

Dietary substitution analyses—In order to estimate the theoretical effects of 

substituting 1 tsp /day of three types of margarine for the same amount of butter on the risk 

of CVD, we included butter, stick margarine, tub margarine and low-fat margarine in one 

multivariable model. Difference in regression coefficients was used to estimate the hazard 

ratio (HR) for each substitution association. For example, the difference between the 

regression coefficients for 1 tsp of tub margarine and 1 tsp of butter was used to define the 

effect of substituting tub margarine for butter, and stick margarine and low fat margarine 

were treated as covariates in the model. The 95% confidence interval (CI) was derived from 

the variances and covariance matrix of the coefficients.26 When examining the association of 

substituting tub margarine and low-fat margarine for butter and stick margarine on CVD 

risk, the sum of tub and low-fat margarine as well as the sum of butter and stick margarine 

were included in one model. Butter and the sum of three types of margarine were included in 

one model to obtain the association of substituting total margarine for butter. The association 

of substituting butter and stick margarine with tub margarine were determined by including 

tub margarine and the sum of butter and stick margarine intake in one model. The 

substitution associations were measured overall, as well as among the single-source group 

and multiple-source group. Further substitution analysis was performed by stratifying all 

participants according to tertiles of dietary total fat.

Associations of increased spreadable fat consumptions with each outcome—
The associations between increased spreadable fats and four outcomes were measured using 

1) unadjusted; 2) demographic and SES factor adjusted; 3) demographic and lifestyle factor 

adjusted; 4) demographic and dietary factor adjusted; 5) demographic, lifestyle, and dietary 

factors adjusted; and 6) fully adjusted models. The associations were also examined among 

participants using single source of spreadable fats.
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All data were analyzed with the Statistics Analysis Systems software package (version 9.3; 

SAS Institute, Inc., Cary, NC).

RESULTS

The mean (SD) age for all participants was 63.1 (7.3) years and the average (SD) follow-up 

person time was 13.2 (4.3) years. Of the 71,410 participants, 288 were lost to follow-up for 

events. The numbers of events documented during follow-up were 1914 for MI, 4344 for 

total CHD, 1588 for ischemic stroke, and 5654 atherosclerosis-related CVD. The average 

(SD) consumptions among users were 6.15 (7.6) g/day for butter, 5.06 (6.6) g/day for stick 

margarine, 5.87 (6.6) g/day for tub margarine and 4.78 (5.7) g/day low-fat margarine. 

Among all participants, 84% were butter or margarine users, and 54% used one source of 

spreadable fat. The Pearson correlation coefficients among different spreadable fats were 

between −0.097 to 0.00003.

The mean consumptions of spreadable fats by baseline characteristics are shown in Table 1. 

Women who lived in the Midwest had higher intakes of both butter and margarine compared 

with other areas. White/non-Hispanic participants were higher in butter and tub margarine 

intakes; Black participants were higher in stick margarine intake. Women who had lower 

income had higher intakes of margarine. Physical activity and AHEI were inversely 

associated with butter, stick, and tub margarine consumptions, while BMI, smoking, total 

energy, and aspirin use were positively associated with spreadable fat consumptions.

Substitution analyses

Using the cumulative average diet method in the fully adjusted Cox model, we estimated the 

theoretical effects of dietary substitution between different types of spreadable fats on the 

risk of MI, total CHD, ischemic stroke and atherosclerosis-related CVD (Table 2). 

Substituting stick margarine 1 tsp /day with tub margarine was associated with lower risk of 

MI (HR=0.91, 95% CI 0.85, 0.99). This substitution gave similar results for total CHD 

ischemic stroke, and atherosclerosis-related CVD, although these estimates had wide 

confidence intervals.

Since the substitution associations may be confounded by fat sources, we measured the 

substitution associations by fat source groups. Among the single-source group, we found 

stronger associations with MI when substituting tub margarine for stick margarine 

(HR=0.87, 95% CI 0.78, 0.96), and substituting tub margarine for butter (HR=0.92, 95% CI 

0.84, 0.99) (Figure 2a). A moderate trend towards lower risk was found for total CHD when 

substituting stick margarine with tub margarine (HR=0.95, 95% CI 0.89, 1.0) (Figure 2b). 

Among the multiple-source group, the substitution associations were attenuated and close to 

the null, although similar directions were found for MI. When we combined the two groups 

together and measured the substitution associations among butter or margarine users, 

substituting butter and stick margarine with tub margarine was associated with lower risk of 

MI (HR=0.94, 95% CI 0.88,0.99) (eAppendix 1).

We also considered whether the substitution associations differed between strata (tertiles) of 

dietary total fat (% of energy intake). The association of substituting stick margarine with 
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tub margarine was slightly stronger among women in the highest tertile of dietary total fat 

(HR=0.93 for MI) than the overall association (Table 3). However, the substitution 

associations had wide confidence intervals among women with lower dietary total fat. When 

limiting the analysis to the single-source population, substituting butter or stick margarine 

with tub margarine may be associated with lower risk of MI among women in the highest 

tertile of dietary total fat (HRs=0.85 and 0.81), which was stronger than the association 

among whole population (Figure 3a). No associations were observed with total CHD in the 

stratified substitution analysis among the whole population, while substituting stick 

margarine with tub margarine was found to be associated with lower risk of CHD (HR=0.92, 

95% CI 0.86, 0.99) among women in the highest tertile of dietary total fat and only using 

one type of spreadable fat (Figure 3b).

Associations of Higher Butter and Margarine Consumptions with Each Outcome

We evaluated the associations between higher levels of butter or margarine consumption and 

each outcome, by calculating the HRs and 95% CIs for the risk of each outcome associated 

with 1 tsp /day higher intake of butter or margarine (eAppendix 2). In demographic- and 

SES-adjusted models, butter was positively associated with MI, and stick margarine was 

associated with elevated risk of each outcome. However, these associations were attenuated 

when lifestyle and CHD risk factors were additionally taken into consideration. When 

limiting the analysis to the single-source group (eAppendix 3), there was a trend towards 

higher risk of MI, total CHD and atherosclerotic related CVD at higher levels of stick 

margarine consumption, and a lower risk of MI at higher levels of tub margarine intake.

Sensitivity Analyses

In the analysis using baseline diet only, we got comparable results to the analysis using 

cumulative diet method (eAppendix 4). In substitution analyses when we additionally 

adjusted for AHEI or food groups, the results did not differ from our primary analysis.

DISCUSSION

In this study of postmenopausal women, we evaluated the effects of the theoretical 

substitution of butter and various types of margarine on the risk of myocardial infarction, 

coronary heart disease, ischemic stroke and cardiovascular disease. In our substitution 

analyses, we found a lower risk of MI when stick margarine was substituted by a similar 

serving of tub margarine (1 tsp/day). Substituting butter with tub margarine was associated 

with borderline benefit, while substituting butter with stick margarine or low-fat margarine 

was associated with no benefit. Moderate trends toward lower risk were found for total 

CHD, ischemic stroke, and atherosclerosis-related CVD when tub margarine was substituted 

for stick margarine. Substituting stick margarine with tub margarine demonstrated stronger 

inverse associations than substituting butter with tub margarine. When the substitution 

analyses were limited to a population consuming a single source of spreadable fat, stronger 

inverse associations were found for MI and total CHD. The substitution association was also 

stronger among women with high dietary fat consumption.
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Our substitutions are consistent with what has been found when eating patterns and fatty 

acids substitution associations on lipids have been examined.7,8,10 In a meta-analysis of 

feeding studies, LDL cholesterol showed no change and HDL cholesterol decreased by 0.02 

mmol/l when 10% of energy from butter was replaced by stick margarine; LDL cholesterol 

decreased by 0.20 mmol/l and HDL cholesterol did not change when butter was replaced by 

tub margarine for 10% of energy,23 thus showing a protective association with tub 

margarine. A cross-over feeding study of table spreads providing 8.3% energy as fat found 

that tub margarine resulted in lower LDL cholesterol levels than butter or stick margarine.34 

Most previous observational studies have not measured the substitution associations between 

butter and margarine, but have focused on the association of SFA, TFA, MUFA and PUFA 

on CVD with mixed results.6,8,10,11,35 Substituting SFA or TFA with PUFA shows a 

protective association in most studies.

The potential protective association of tub margarine may be explained by its lower 

proportion of SFA, TFA, and higher proportion of MUFA and PUFA, compared with butter 

and stick margarine. These differences in composition were not only present in the 1990s 

when these dietary data were collected but are still seen in contemporary studies17–19 The 

reason for lack of associations from low-fat margarine low in SFA and TFA is unclear, but 

could be explained by its varying composition; this question requires further study.17

We found stronger associations between dietary fat substitution and MI than for other CVD 

outcomes. One explanation could be the atherogenic effect of SFA and TFA, such that these 

fatty acids may influence atherothrombotic events associated with MI and CHD more than 

other CVD outcomes. Another explanation could be the more accurate classification of MI 

and CHD compared to other CVD related events.

We did not find associations between spreadable fats substitutions and the risk of ischemic 

stroke. This perhaps could be explained by the different mechanisms for ischemic heart 

disease and ischemic stroke.36 In the Framingham Study, researchers found that SFA, 

MUFA, and PUFA were not associated with increased risk of ischemic stroke.36 Similarly, in 

the WHI Dietary Modification trial, reduction in SFA consumption did not reduce the 

incidence of ischemic stroke.37 Similar results were also observed in a prospective cohort 

study showing that dietary fats were not associated with ischemic stroke.38 However, these 

studies did not examine substitution of SFA with other classes of fatty acids.

When we limited the analyses to a single-source group of spreadable fat, we found stronger 

associations of substituting butter or stick margarine with tub margarine on MI and total 

CHD. The single-source findings may be more informative than those in the entire analytic 

sample due to inaccuracies of measurement when multiple sources of spreadable fats are 

considered. Considering that the FFQs measured fat intake by asking the source of 

spreadable fat, a multisource user might well have more trouble truly estimating their 

frequency of use compared to a single-source user.

Sensitivity Analyses

Compared with the cumulative average method of assessing dietary fat intake, the 

associations were weaker using the baseline dietary assessment, but were in the same 
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direction. These differences could be explained by the measurement error and changing of 

eating habits over time. We believe that the cumulative average diet method reflects long-

term diet better and is more relevant etiologically than the baseline-only diet information 

when evaluating CVD risk.9

Strengths and Limitations

There are several strengths of this study. First, our study represents a large, multiethnic and 

geographically diverse population with a long period of follow-up that has an adequate 

sample size to evaluate associations of theoretical substitutions of different types of 

spreadable fats on the risk of CVD. Second, we reduced measurement errors in FFQs by 

using two measurements, at baseline and at Year 3, and using the cumulative average diet 

method to calculate spreadable fat intakes, and other dietary confounders. Third, to our 

knowledge our study is novel, focusing on the potential associations of substituting different 

types of spreadable fats- margarine for butter on CVD risk, which has a direct public health 

message. Fourth, the HRs presented were adjusted for multiple potential confounders 

including dietary quality. To deal with the measurement error of spreadable fats consumption 

we adjusted for total energy intake using regression calibration equations derived from 

doubly labeled water studies to give less biased parameter estimates.39 The most important 

limitation to this study is the potential measurement error associated with butter and 

margarine intakes by using four self-reported questions. Intake of spreadable fats was 

queried, with the respondent able to give up to two sources of spreadable fat for each 

question. We then calculated total consumptions of butter and margarine from these four 

questions by giving equal weight (0.5) to each type of fat when two were chosen, thus 

leading to potential misclassification bias of the exposure. Such measurement error would 

bias the results towards the null, so that the estimates given in the analyses may be 

conservative. We additionally evaluated a single source of spreadable fats to assess this 

limitation and found stronger associations. An additional limitation is the fact that we 

utilized two measurements of diet three years apart which may not be sufficient to get 

accurate estimates of long-term butter and margarine intakes.

CONCLUSION

This theoretical dietary substitution analysis suggests that substituting butter and stick 

margarine with tub margarine when spreadable fats are eaten may be associated with 

reduced risk of myocardial infarction. Future substitution analyses that use multiple dietary 

measurements of spreadable fats or other whole foods and measure clinically important 

outcomes are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Population selection process. WHI: Women’s Health Initiative
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FIGURE 2. 
HRs (95% CIs) of MI or total CHD associated with the substitution of margarine with butter 

using cumulative average diet method and fully adjusted model, among single-source 

population. a. MI (N=37,555, MI=1003); b. total CHD (N=37,555, CHD=2302).
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The dots represent the estimated risk associated with 1 tsp/day spreadable fats substitution. 

The error bars represent 95% CIs of point estimates. The fully adjusted model includes age, 

region, race/ethnicity, income, physical activity, BMI, smoking, total energy, hypertension, 

family history of MI, postmenopausal hormone use, aspirin use, and hysterectomy. 

Abbreviations: HR (Hazard Ratio), MI (myocardial infarction), tsp (teaspoon), BMI (body 

mass index).
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FIGURE 3. 
HRs (95% CIs) of MI or total CHD associated with the substitution of margarine with butter 

(1 tsp/day) by tertiles of dietary total fat (% energy) in the fully adjusted model, among 

whole population and single spreadable fat-source population. a. MI; b. total CHD.

The dots represent the estimated risk. The error bars represent 95% CIs of point estimates. 

The fully adjusted model includes age, region, race/ethnicity, income, physical activity, 

BMI, smoking, total energy, hypertension, family history of MI, postmenopausal hormone 

use, aspirin use, and hysterectomy. Abbreviations: HR (Hazard Ratio), MI (myocardial 

infarction), tsp (teaspoon), BMI (body mass index).
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Table 2

The substitution associations (1 tsp/day) among postmenopausal women using fully adjusted modela. 

(N=69,223)

MI Total CHD Ischemic Stroke Atherosclerosis-Related CVD

Events (n) 1864 4229 1550 5507

Butter↓ Stick margarine↑b 1.0 (0.97, 1.1) 1.0 (0.99, 1.1) 1.1 (0.97, 1.1) 1.0 (0.99, 1.1)

Butter↓ Tub margarine↑ 0.95 (0.89, 1.0) 1.0 (0.97, 1.1) 1.0 (0.93, 1.1) 1.0 (0.97, 1.0)

Butter↓ Low fat margarine↑ 0.98 (0.90, 1.1) 1.0 (0.97, 1.1) 1.0 (0.93, 1.1) 1.0 (0.97, 1.1)

Stick margarine↓ Tub margarine↑ 0.91 (0.85, 0.99) 0.97 (0.93, 1.0) 0.95 (0.88, 1.0) 0.97 (0.93, 1.0)

Butter & Stick margarine↓ Tub & Low fat 
margarine↑

0.95 (0.99, 0.99) 1.0 (0.97, 1.0) 0.99 (0.94, 1.1) 1.0 (0.97, 1.0)

Butter↓ Margarine↑ 1.0 (0.94, 1.1) 1.1 (1.0, 1.1) 1.1 (0.97, 1.2) 1.1 (1.0, 1.1)

Butter & Stick margarine↓ Tub margarine↑ 0.94 (0.88, 0.99) 1.0 (0.96, 1.0) 0.99 (0.92, 1.1) 1.0 (0.96, 1.0)

a
The fully adjusted model includes age, region, race/ethnicity, income, physical activity, BMI, smoking, total energy, hypertension, family history 

of MI, postmenopausal hormone use, aspirin use, and hysterectomy.

b
↓ and ↑ indicate substituting the spreadable fat with down arrow for equal amount of the fat with up arrow (here in the first row substituting for 

butter by increasing stick margarine consumption).

Abbreviations: BMI (body mass index), CHD (coronary heart disease), CVD (cardiovascular disease), MI (myocardial infarction), Tsp (teaspoon, 1 
tsp/day=4.73 grams/day)
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Table 3

The substitution associations (1 tsp/day) on MI among postmenopausal women using fully adjusted model, 

stratified by tertiles of dietary total fat (% energy)a

Tertile 1 Tertile 2 Tertile 3 Overall

Average dietary fat (% of total energy) 22 29 39 30

Events/Participants (n) 566/23,090 640/23,131 658/23,001 1864/69,223

Butter↓ Stick margarine↑b 1.0 (0.69, 1.5) 1.0 (0.87, 1.2) 1.0 (0.97, 1.1) 1.0 (0.97, 1.1)

Butter↓ Tub margarine↑ 0.99 (0.73, 1.3) 0.96 (0.82, 1.1) 0.94 (0.88, 1.0) 0.95 (0.89, 1.0)

Butter↓ Low fat margarine↑ 0.98 (0.75, 1.3) 0.99 (0.85, 1.2) 0.98 (0.87, 1.1) 0.98 (0.90, 1.1)

Stick margarine↓ Tub margarine↑ 0.97 (0.67, 1.4) 0.92 (0.77, 1.1) 0.91 (0.83, 0.99) 0.91 (0.85, 0.99)

Butter & Stick margarine↓ Tub & Low fat margarine↑ 0.98 (0.79, 1.2) 0.96 (0.86, 1.1) 0.94 (0.88, 1.0) 0.95 (0.99, 0.99)

Butter↓ Margarine↑ 1.0 (0.75, 1.4) 1.0 (0.84, 1.2) 1.0 (0.94, 1.1) 1.0 (0.94, 1.1)

Butter & Stick margarine↓ Tub margarine↑ 0.98 (0.75, 1.3) 0.95 (0.82, 1.1) 0.93 (0.87, 1.0) 0.94 (0.88, 0.99)

a
The fully adjusted model includes age, region, race/ethnicity, income, physical activity, BMI, smoking, total energy, hypertension, family history 

of MI, postmenopausal hormone use, aspirin use and hysterectomy.

b
↓ and ↑ indicate substituting the spreadable fat with down arrow for equal amount of the fat with up arrow (here in the first row substituting for 

butter by increasing stick margarine consumption).

Abbreviations: BMI (body mass index), MI (myocardial infarction), Tsp (teaspoon, 1 tsp/day = 4.73 grams/day).
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