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LIPIDS AND CARDIOVASCULARDISEASE

Diet, exercise and weight loss and dyslipidaemia
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Summary

There is a large amount of controversy relating dietary fat
intake and coronary artery disease. It has been strongly
suggested that saturated fat is not harmful and that poly-
unsaturated fat is either not beneficial or even harmful.
Given that dietary lipids and fibre can influence serum lipids
which are strongly linked to the risk of coronary artery dis-
ease | have reviewed recent evidence linking diet and serum
lipids to confirm a diet-heart disease link. Over 84 studies
have been included in a recent meta-analysis and meta-
regression which examined the effects of changes in fat
type on lipid levels. An absolute 1% reduction in saturated fat
or trans fat intake as a percentage of energy with replace-
ment by n-6 polyunsaturated fat would lead to a reduction in
low density lipoprotein (LDL) cholesterol of 0.05 mmol/L. In
most Western countries the difference in intake between the
highest quintile and the lowest quintile of saturated fat is
about 7%, so moving from the highest to the lowest quintile
should lower LDL cholesterol by 0.35 mmol/L or about 10%.
This change should lower cardiovascular disease rates by at
least 10%. Replacing this amount of saturated fat with car-
bohydrate of average quality would lower LDL cholesterol by
0.21 mmol/L and increase fasting triglyceride by 0.17 mmol/
L. This combination of effects would have a neutral effect on
cardiovascular disease rates. However, replacement of
trans fat appears to reduce disease rates and total mortality.
Substituting low glycaemic index carbohydrates for high
glycaemic index carbohydrates will lower triglyceride by
15-25% and reduce cardiovascular risk. Large doses of fish
oil will lower triglyceride with a mean lowering of 0.45 mmol/
L for a 3.5 g/day amount. Large doses of soluble fibre
(8.5—7.0 g/day) lower LDL cholesterol by 0.2—0.35 mmol/L
with Konjac glucomannan being the most effective per gram.
Plant sterols or stanols lower LDL cholesterol by about 10%
for a 2 g/day dose, while exercise and weight loss lower
cardiovascular risk predominantly by lowering fasting tri-
glyceride. In conclusion, diet lowers LDL cholesterol and
triglyceride and dietary changes should be ultimately linked
to a reduced risk of heart disease.
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INTRODUCTION

There is a large amount of controversy relating dietary fat
intake and coronary artery disease and it has been strongly
suggested that saturated fat is not harmful and that poly-
unsaturated fat is either not beneficial or even harmful. Given
that dietary lipids and fibre can influence serum lipids which
are strongly linked to the risk of coronary artery disease I
have reviewed recent evidence linking diet and serum lipids
to confirm a diet-heart disease link.

GENERAL CONSIDERATIONS

Lipid changes in response to diet occur quickly and in 2 weeks
80% of the maximal effect is seen with no further change
beyond 4 weeks. If diet is maintained, then the effect on lipid
levels is persistent long term. Regardless of the background
diet or if the study is parallel or crossover, contrasting the
effect of two diets on lipids at the end of 4 weeks is more than
adequate to see a clear effect. 12 Washout periods are not
required. Age, body mass index (BMI), or ethnicity appear not
to interact with responses. Although non-high density lipo-
protein (HDL) cholesterol and apoB, the major apolipoprotein
in low density lipoprotein (LDL) and a marker of LDL particle
number, are better markers of risk than LDL cholesterol, there
are insufficient data to draw any useful conclusions about
these markers from dietary or exercise interventions.

DIETARY FAT AND LIPIDS AND
LIPOPROTEINS

Saturated, n-6 polyunsaturated and monounsaturated
fat

In normal healthy subjects the effects of saturated, poly-
unsaturated fat and monounsaturated fat are well described in a
meta-analysis of 60 clinical trials published in 2003 by
Mensink e al.' and in an updated review of 84 clinical trials in
2016.” In this recent paper, 1% of energy from saturated fat
elevated LDL cholesterol by 0.03 mmol/L when it replaced
carbohydrate, while n-6 polyunsaturated fat lowered LDL
cholesterol by 0.02 mmol/L. when it replaced carbohydrate.
HDL cholesterol was elevated by about 0.01 mmol/L by
saturated and unsaturated fat in comparison with carbohydrate.
Thus, an absolute 10% energy reduction in saturated fat (a very
large dietary change) and replacement of this fat entirely with
n-6 polyunsaturated fat would lower LDL cholesterol by 0.5
mmol/L. or about 14—15%. If the 10% saturated fat were
replaced entirely by carbohydrate then LDL cholesterol would
fall by 0.3 mmol/L, HDL cholesterol would fall by 0.1 mmol/L
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and triglyceride levels would rise by 0.24 mmol/L. A summary
of dietary and exercise effects is shown in Table 1.

Given that LDL cholesterol is a very strong predictor of
coronary risk both from genetic studies examining high or low
lifetime levels of LDL cholesterol’ and interventions with
statins and other drugs,5 it would be expected that reducing
LDL cholesterol by reducing saturated fat should be associated
with a reduction in cardiovascular disease (CVD) risk. How-
ever, the data are not at all clear in healthy people, especially
when saturated fat is replaced by carbohydrate. It would appear
that CVD risk is unchanged, possibly due to the elevation of
tn'glycen'de.ﬁfx However, replacement of saturated fat with
unsaturated fat or high quality, fibre-rich carbohydrate is
associated with a reduction in CVD risk.”'" Genetic differ-
ences in HDL cholesterol levels are not associated with CVD
risk,'>™"° nor are drug-induced changes,””18 so any diet
changes in HDL cholesterol are unlikely to be related to CVD
risk either. In 102 cohorts'” it was found that a 16% increase in
triglyceride of about 0.25 mmol/L. was associated with an in-
crease in CHD of 18%. Thus, an absolute 10% drop in satu-
rated fat intake should decrease CVD events by 7% for the
reduction in LDL cholesterol”’ and increase CVD events by
9-18% for the elevation in triglyceride.w Similarly, calcu-
lating risk based on glycaemic load, an absolute 10% increase
in carbohydrate (50 g in a 2000 kcal diet, which is about a
40-50U glycaemic load increase) could increase CVD risk by
14-18%.”" Another consideration is that an increase in car-
bohydrate leads to a smaller LDL particle size and more LDL
particles for the same level of LDL cholesterol via the increase
in triglyceride, plus an increase in lipoprotein (a) [Lp(a)].22

Thus, it is clear why replacing saturated fat with high
glycaemic index, low fibre containing carbohydrate, such as
sugar or refined starch, is of little benefit in reducing CVD
risk. However, the Nurses’ Health Study has shown that
replacing saturated fat with fibre-rich, high quality carbohy-
drate does reduce CVD risk.”

Overall, replacing saturated fat with unsaturated fat
without a change in carbohydrate intake has added benefit
in terms of a lower LDL cholesterol with no change in tri-
glyceride or Lp(a).

Trans fatty acids

Replacing trans fat with unsaturated fat will lower LDL
cholesterol even more than replacing saturated fat with

Table 1  Effects of diet, weight loss and exercise on lipid levels
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unsaturated fat, 123 but the effects on event rates in cohort studies
would suggest that trans fats have effects beyond just LDL
cholesterol.*”?** The HDL cholesterol lowering seen with
industrial trans fats is a very unusual response to fat, and even if
not on the causal pathway of increased risk, may indicate the
unusual metabolic responses to this fat. ApoA-I, the major
apolip%protein of HDL, also falls. Trans fats also increase
Lp(a).”

Dietary cholesterol

Dietary cholesterol statistically significantly increased both
serum total cholesterol in 17 trials (net change 0.3 mmol/L)
and LDL cholesterol in 14 trials (net change 0.2 mmol/L), for
an average cholesterol increase of 300 mg/day. Dietary
cholesterol did not significantly change serum triglycerides or
very low density lipoprotein (VLDL) concentrations.”*?’

Epidemiology of cholesterol intake and CVD

Despite the limited effect of dietary cholesterol on fasting
lipids, egg consumption of one per day doubles the risk of
coronary heart disease in women and all cause mortality in
men with type 2 diabetes, compared with an intake of one egg
per week.” 2 The incidence of type 2 diabetes is also
increased with higher egg intake. !

Although there is now considerable controversy about the
role of dietary saturated fat and cholesterol in promoting
CVD in healthy people, the data in people with type 2 dia-
betes are relatively clear in the US Nurses’ Health Study.3 ?
Between 1980 and 1998, 619 new cases of CVD (non-fatal
myocardial infarction, fatal coronary heart disease, and
stroke) occurred in 5672 women with type 2 diabetes. The
relative risk (RR) of CVD for an increase of 200 mg
cholesterol/1000 kcal was 1.37 (p=0.003). Each 5% of energy
intake from saturated fat, as compared with equivalent energy
from carbohydrates, was associated with a 29% greater risk of
CVD (risk ratio 1.29, p=0.04). The Keys score [1.26 x (2 x %
saturated fat — % polyunsaturated fat) + 1.5 x square root
dietary cholesterol in mg] was the most powerful predictor
after multivariate adjustment (p=0.001). The ratio of poly-
unsaturated to saturated fat was inversely associated with the
risk of fatal CVD (p=0.007). Replacement of 5% of energy
from saturated fat with an equivalent energy from mono-
unsaturated fat was associated with a 37% lower risk of CVD.

Intervention Dose

LDL-C TG

Comments

Saturated fat replaced by CHO 10% of energy

—0.3 mmol/L

+0.17-0.25 mmol/L

Trans fats replaced by CHO 10% of energy —0.3 mmol/L +0.17-0.25 mmol/L Effect on CVD risk greater than
lipid changes
n-6 polyunsaturated fat replaced by CHO 10% of energy +0.2 mmol/L +0.17-0.25 mmol/L
n-3 polyunsaturated fat 3.5 g/day +0.11 mmol/l —0.45 mmol/L No other diet changes
Plant sterols/stanols 3g —12% (0.3 mmol/L) No change
Dietary cholesterol 300 mg/day +0.2 mmol/L No effect
Oat B-glucan 3.5 g/day —0.19 mmol/L No effect
Barley B-glucan 6.9 g/day —0.25mmol/L No effect
Konjac glucomannan 3 g/day —0.35mmol/L -23% Meta-analysis did not examine TG
Exercise Very variable dose —3% (0.1mmol/L) —5% (0.08 mmol/L)
Weight loss 5% —0.2 mmol/L —0.13 mmol/L
Meal timing —13.5% nibbling No change No weight loss
vs gorging

CHO, carbohydrate; CVD, cardiovascular disease; LDL-C, low density lipoprotein cholesterol; TG, triglyceride.
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Despite the association with CVD, interventions have shown
no effect of dietary cholesterol on lipids in people with type 2
diabetes.””

Fish oil

Replacing saturated fat with n-3 polyunsaturated fat will
lower LDL cholesterol as expected, but the effect will be
weaker than that seen with n-6 polyunsaturated fat, probably
because n-3 fats lower trigl}ceride by enhancing the con-
version of VLDL to LDL.>* A Cochrane meta-analysis in
2008 examined 23 randomised controlled trials: 1075 of the
participants had type 2 diabetes with a mean treatment
duration of 8.9 weeks. The mean dose of omega-3 poly-
unsaturated fatty acids (PUFA) used in the trials was 3.5 g/
day added to their usual diet. Among those taking omega-3
PUFA triglyceride levels were significantly lowered by
0.45 mmol/L (p<0.00001) and VLDL cholesterol lowered by
0.07 mmol/L (p=0.04). LDL cholesterol levels were raised by
0.11 mmol/L (p=0.05). No significant change in levels of
total or HDL cholesterol, HbAlc, fasting glucose, fasting
insulin or in body weight was observed. The decrease in
VLDL cholesterol levels was significant only in trials of
longer duration and in hypertriglyceridaemic patients.

PLANT STEROLS

Plant sterols are the plant equivalent of cholesterol and are
found in cell walls and membranes. They differ from
cholesterol by small changes to the side chain. They can be
found naturally in oil seeds and cooking oils and are a normal
part of the diet, up to 400—800 mg/day. Stanols are struc-
turally the same as sterols except for the removal of a double
bond in the cholesterol nucleus. Foods such as milk,
margarine, orange juice, cheese and chocolate are currently
supplemented with sterols or stanols and deliver 2—2.5 g/day
when consumed as directed.

Ras et al.’® examined 124 studies with 201 strata testing
plant sterols and stanols. Plant sterols and stanols were
administered in 129 and 59 strata, respectively; the remaining
used a mix of both. The average phytosterol dose was 2.1
(range 0.2-9.0) g/day. Phytosterol intakes of 0.6—3.3 g/day
were found to gradually reduce LDL cholesterol concentra-
tions by, on average, 6—12%. When plant sterols and stanols
were analysed separately, clear and comparable dose-
response relationships were observed. The LDL cholesterol
lowering effect of both plant sterols and stanols continues to
increase up to intakes of approximately 3 g/day to an average
effect of 12%.

CARBOHYDRATES
Sugar

In a meta-analysis Te Morenga et al.’’ found that higher
compared with lower sugar intakes significantly raised tri-
glyceride concentrations [mean difference (MD) 0.11 mmol/L,
p<0.0001], total cholesterol (MD 0.16 mmol/L, p<0.0001),
and LDL cholesterol (MD 0.12 mmol/L, p=0.0001). Potential
explanatory factors, including a weight change, in most in-
stances explained <15% of the heterogeneity between studies
(I = 36-75%). Despite this, it would appear the explanation
for arise in LDL cholesterol was an accompanying increase in
saturated fat along with the increase in sugar, as HDL
cholesterol also increased.
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Glycaemic index

In a meta-analysis of 28 trials comparing high to low
glycaemic index diets Goff et al.*® found that LDL choles-
terol was lowered by 0.16 mmol/L with no effect on HDL or
triglycerides.

Fibre

Oat (3-glucan

Ho et al.”’ examined 58 trials with 3974 participants and
found a median dose of 3.5 g/day of oat B-glucan signifi-
cantly lowered LDL cholesterol (—0.19 mmol/L, p<0.00001),
non-HDL cholesterol (—0.20 mmol/L, p<0.00001), and apoB
(-0.03 g/L, p<0.0001 compared with control interventions.
There was evidence for considerable unexplained heteroge-
neity in the analysis of LDL cholesterol (12 = 79%) and non-
HDL cholesterol (I2 =99%).

Konjac glucomannan

Ho et al.”’ examined twelve studies (n = 370), eight in adults
and four in children, and found Konjac glucomannan (average
3 g/day) significantly lowered LDL cholesterol (MD —0.35
mmol/L, p<0.001) and non-HDL cholesterol (MD -0.32
mmol/L, p<0.001. Data from six trials suggested no significant
impact of Konjac glucomannan on apoB (-0.05g/L, p=0.2),
but there were limited data and considerable heterogeneity, so
more trials are required.

Barley (3-glucan

Fourteen trials (n = 615) were included in the final analysis.4]

A median dose of 6.5 and 6.9 g/day of barley B-glucan for a
median duration of 4 weeks significantly reduced LDL
cholesterol (MD —0.25 mmol/L)) and non-HDL cholesterol
(MD -0.31 mmol/L), respectively, with no significant
changes to apoB levels, compared with control diets. There
was evidence of considerable unexplained heterogeneity in
the analysis of non-HDL cholesterol (I2 = 98%).

EXERCISE

Kelley examined six trials with 788 men and women and
found that exercise lowered triglyceride only, while diet and a
combination of diet and exercise lowered LDL more than
exercise alone.”” In trials examining exercise only, and in
women only, it lowered LDL by 3% and triglyceride by 5%
Exercise seems to be particularly valuable in reducing the rise
in triglyceride seen when fat is reduced and replaced by car-
bohydrate both in the fasting and postprandial state, "+

WEIGHT LOSS

Dattilo and Kris-Etherton*® performed a meta-analysis of 70
weight loss studies examining the effect of weight loss on
blood lipids and lipoproteins. Weight loss led to significant
decreases p<0.001 in total cholesterol, LDL cholesterol,
VLDL cholesterol and triglyceride with modest correlations
between extent of weight loss and change accounting for
9-14% of the variance in the lipids. Composition of the
weight loss diet was not analysed nor was the effect of
continuing energy restriction versus energy balance for these
lipid species. Lipids may not change if there has been a partial
weight regain or a return to an adverse diet. In a review of 83



studies with measured cardiovascular factors, interventions
causing weight loss overall lowered LDL cholesterol by 0.2
mmol/L and triglyceride by 0.13 mmol/L.*” In a review of
five trials that examined different macronutrient composition
in weight loss, low carbohydrate diets led to a greater tri-
glyceride reduction at 6 months (0.25 mmol/L difference
between diets) but a reduced LDL cholesterol reduction (0.14
mmol/L difference between diets).48

In a cohort of 1388 obese children treated for 1 year with
weight loss, triglycerides were reduced by 2.3 mg/dL (0.03
mmol/L) ZPer 0.1 BMI standard deviation score (SDS)
reduction.”’

TIME DEPENDENT EFFECTS

Jenkins er al.”® found that hourly nibbling versus three
standard meals/day reduced LDL cholesterol by 13.5%. This
probably occurred because more calories were taken in the
first half of the day. Jakubowicz et al. fed a weight reducing
diet contrasting a 700 kcal breakfast with a 700 kcal dinner
and found triglyceride reduction was greater with the former
by nearly 50%.”' However, others have found no effects on
lipids swapping lunch for dinner.””

CONCLUSIONS

Changes in dietary fat and fibre intake and weight loss lower
LDL cholesterol, while weight loss and exercise and lower
carbohydrate diets lower serum triglyceride. Both of these
changes should reduce the risk of heart disease.
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