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Several articles have concluded that associations between high
cholesterol and premature death are lacking and advocate
revision of current guidance advising low consumption (<10%)
of saturated fat.1-3 Ramsden and colleagues recovered 45 year
old data from the Minnesota Coronary Experiment, a randomised
controlled trial conducted in state psychiatric hospitals and
nursing homes in Minnesota, USA, and reassessed the effect of
a diet rich in linoleic acid on serum cholesterol and mortality.3

The authors found that the diet lowered total cholesterol but did
not reduce the risk of premature mortality and might even have
increased it.
To change current consensus, however, these claims should be
based on valid and reliable evidence. We performed a critical
appraisal of the Minnesota Coronary Experiment using the
methods and data provided in three publicly available
descriptions of this trial: two peer reviewed papers (by Ramsden
and colleagues3 and Frantz et al4) and a thesis by Broste,5 on
which the primary data in the analysis by Ramsden and
colleagues were based.
We used the Cochrane risk of bias tool to assess the internal
validity of data from the original experiment (table 1⇓).6

We identified several factors that weaken the validity of
conclusions drawn from the experiment. Here we focus on the
areas of most concern—discrepancies in data and selective
outcome reporting, high attrition, and lack of wider relevance.
Discrepancies in data and selective
outcome reporting
The total number of participants and event rates differed in each
report of the same data: 9570 participants and 517 deaths in
Ramsden and colleagues, 9057 and 517 in Frantz et al, and 9570
and 477 in Broste’s thesis. The difference in event rates between
intervention and control groups was driven by events occurring
in those aged >65 years.5 We found a discrepancy in the numbers
analysed for this age group too: 626 participants were left after
the first year in Broste’s thesis, whereas Ramsden and colleagues

report only 595. These inconsistencies cast doubt over the
overall precision of data collection and its recovery.
Ramsden and colleagues focused on one statistically significant
association with mortality—that of serum cholesterol
concentrations. But smoking, a higher body mass index, and a
higher diastolic blood pressure were each associated with a
lower mortality risk in Broste’s thesis, some of which also
contradict current knowledge.5 As outcomes and statistical
analysis methods in the original experiment were not clearly
pre-specified, any subsequent statistical subanalyses of data
should have been adjusted for multiple analysis inflation. This
was not performed or acknowledged by Ramsden and
colleagues, so the resulting observed associations could have
arisen by chance.

Attrition bias
We used data in Broste’s original thesis to analyse the extent of
attrition in each group.5 More than 83% of participants were
lost to follow-up from both study arms—4028 of 4814 from the
control arm and 3953 of 4756 from the diet arm. All people lost
to follow-up were excluded from further analysis and per
protocol analysis was performed. Such analysis is likely to
inflate estimated effect sizes.7

Secondly, 21 more deaths were observed in the diet group than
the controls (269 v 248), and this difference was exclusively
driven by a higher mortality rate in those over 65 (19.9% (190)
of 953 patients in the diet group and 16.9% (162) of 958 patients
in the control group).3 5 We manually counted events from
Kaplan-Meier curves for participants over 65 who remained in
the study for more than one year (when the mortality difference
between diet and control groups became established). Twenty
seven patients in the control arm and 40 patients in the diet
group died in the second year. Over the same period, however,
15 more participants were lost to follow-up from the control
group (96) than the diet group (81) without explanation. Some
of these 15 participants are likely to have died, as the per
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protocol mortality rate in the second year in the control group
was 12% (27/225). Considering the excessive attrition cases in
the control group as deaths considerably alters the mortality
rate estimates for those over 65 and halves the relative risk
reduction to 0.075.
Unfortunately none of the reports of the experiment provide
data to ascertain if prognostic equivalence between both groups
in over 65s has been maintained through follow-up, which
impairs the validity of any demonstrated effects.8 Applying
equivalent compensation for the higher rate of attrition in the
control group to the overall population results in a higher
mortality rate in the control group.

Wider relevance of findings
In addition to highly selective study population (psychiatric
hospital inpatients), the dietary interventions used in the
experiment are a major barrier to external validity of the data.
The World Health Organization currently recommends that no
more than 30% of daily calories should come from fat.9 The
intervention and control diets in the experiments contained 38%
and 39% of calories from fat, respectively. The American
Medical Association recommends a daily intake of linoleic acid
of between 5% and 10% of total energy content, with a note of
caution for higher intakes (>11%) owing to an observed
association with increased lipid peroxidation.10 11 The proportion
of energy from linoleic acid in the Minnesota Coronary
Experiment was 13%, which was achieved by adding large
quantities of liquid corn oil—practically the sole source of
linoleic acid in the experiment. Such a diet might be harmful
for reasons unrelated to the potential cholesterol mechanism
and does not reflect current dietary recommendations. Even if
the data are correct and correctly interpreted, calls for a change
to dietary guidelines are remiss as the recommendations do not
reflect the diets offered to the control group in the experiment.

Summary
We need to advance our understanding of the interaction
between dietary fat and human health. But the Minnesota
Coronary Experiment has multiple methodological
shortcomings, such as discrepant reporting, heavy attrition, and
lack of wider relevance. Our detailed re-analysis empirically
shows that any claims to change our current understanding of
the relationship between saturated fat intake and mortality are
not fully supported by data from the experiment.
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Table

Table 1| Cochrane risk of bias table

            Support for judgmentJudgment            Entry

Participants were randomised using 512 cells and eight criteria. But the method used
to generate the random sequence or how it was implemented are not discussed

Unclear risk of biasSelection bias (random sequence generation)

Allocation concealment or allocation implementation are not describedUnclear risk of biasSelection bias (allocation concealment)

Used computer generated code cards uninterruptable to participants
Participants were allowed to try different diets before enrolment

Low risk of biasPerformance bias (blinding of participants and
personnel)

Objective outcome, less susceptible to detection biasLow risk of biasBlinding of outcome assessment (detection bias for all
cause mortality)

At time of study, serum cholesterol would have been recorded manually, making it a
semi-objective. As outcome assessors were not blinded this represents an increased

risk of bias

Unclear risk of biasBlinding of outcome assessment (detection bias for
other outcomes)

75% attrition in the first year
~30% annual attrition in later years

More participants lost from control group
Only per protocol analysis was performed

High risk of biasIncomplete outcome data (attrition bias) (long term >6
weeks)

Authors focused on mortality and serum cholesterol—outcomes that achieved statistical
significance in MCE

Outcomes that did not achieve statistical significance or offered contradicting results
were not explicitly reported

High risk of biasSelective reporting (reporting bias)

MCE=Minnesota Coronary Experiment
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