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     Abbreviations 

   ADA    American Diabetes Association   
  Apo    Apolipoprotein   
  HDL    High-density lipoprotein   
  LDL    Low-density lipoprotein   
  P:S    Polyunsaturated to saturated fat ratio   
  TG    Triglycerides   
  VLDL    Very low density lipoprotein   

         General Considerations 

    Lipid changes occur quickly in response to diet, 
and in two weeks 80 % of the maximal effect is 
seen, with no further change beyond four weeks. If 
diet is maintained, then the effect on circulating 
lipid levels is persistent. Regardless of the back-
ground diet, or if the study is parallel or crossover, 
then contrasting the effect of two diets on lipids at 
the end of four weeks is more than adequate to see 
a clear effect. Washout periods are not required. 
BMI, diabetes control, nor type of diabetes does 
not appear to interact with responses to fat or fi ber, 
but they do appear to be related to response to cho-
lesterol and plant sterols.  

    Dietary Fat and Lipoproteins 

    Saturated, n6 Polyunsaturated, 
and Monounsaturated Fat 

 In non-diabetic subjects the effects of dietary 
saturated, polyunsaturated, and monounsaturated 
fat are well described in a meta-analysis of 60 
clinical trials published in 2003 by Mensink et al. 
[ 1 ]. In this paper 1 % of energy from saturated fat 
elevated LDL-cholesterol by 0.03 mmol/L when 
it replaced carbohydrate, while n6 polyunsatu-
rated fat lowered LDL-cholesterol levels by 
0.02 mmol/L when it replaced carbohydrate. 
The concentration of HDL-cholesterol was ele-
vated by about 0.01 mmol/L by saturated and 
unsaturated fat in comparison with carbohydrate. 
Thus an absolute 10 % energy reduction in satu-
rated fat (a very large change) and replacement of 
this fat entirely with n6 polyunsaturated fat would 
lower LDL-cholesterol levels 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, and 
triglyceride levels would rise by 0.24 mmol/L. 
Is there any evidence that people with diabetes 
behave in a different way to changes in dietary fat 
composition? Somewhat surprisingly, it is diffi -
cult to answer this question as there have been a 
very limited number of studies in people with 
diabetes—either type 1 or type 2 diabetes—and 
much of the focus has been on glycemic rather 
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than lipid control. All studies contained very 
small numbers of volunteers, except for the 
Oxford study. 

 The Oxford study was begun at a time (1973) 
when the standard dietary advice was a high fat 
(40 % of energy), low-carbohydrate diet (maxi-
mum of 40 % of energy) and little attention was 
paid to the type of fat in the diet, which was mostly 
saturated. The study contrasted the standard diet 
with a modifi ed fat diet of 30 % of energy with a 
polyunsaturated/saturated (P/S) fat ratio of 0.9 or 
above. Two hundred and fi fty people with newly 
diagnosed type 2 diabetes were enrolled between 
1973 and 1976 [ 2 ]. Total cholesterol levels were 
0.7 mmol/L lower on the modifi ed fat diet averaged 
over 1, 3, and 5 years, which is consistent with an 
estimated reduction in saturated fat of about 15 % 
and an increase in polyunsaturated fat of 10 % [ 3 ]. 
Dietary records were not collected. 

 In a controlled study by Storm et al. [ 4 ], a pal-
mitic acid-rich diet (16 % of energy) increased 
total cholesterol compared with a carbohydrate- 
rich diet or a stearic acid-rich diet (13 % of 
energy) for 3 weeks each, but surprisingly LDL- 
and HDL-cholesterol were not different. 
However, only 15 volunteers with type 2 diabetes 
were included in this relatively short study, and 
the difference in LDL-Cholesterol levels (based 
on total cholesterol changes) may have been 
about 0.2–0.3 mmol/L, which is about half of that 
expected. A 6-week study in 16 patients with 
type 2 diabetes compared 20 % of energy as satu-
rated fat with 20 % as monounsaturated fat and a 
20 % trans monounsaturated fat diet [ 5 ]. Lipids, 
lipoprotein, and apoB levels were the same on the 
three diets, which would not have been expected. 
A very small study in Pima Indians ( n  = 7) by 
Abbott et al. [ 6 ] showed a fall in LDL-cholesterol 
levels by 17 % with a change in saturated fat of 
14 % of energy, and the changes were very simi-
lar to those seen in the nondiabetic subjects in the 
same study. Kinetic studies showed that these 
changes were due to slower conversion of VLDL 
to LDL. HDL-cholesterol and fasting TG con-
centrations were not signifi cantly altered. Heine 
et al. [ 7 ] performed a 30-week study of two diets, 
one with a low polyunsaturated to saturated fat 
ratio (P:S 0.3) and one with a P:S of 1.0, in 14 
patients with type 2 diabetes in a crossover study. 

Total dietary fat was 37–38 % with linoleic acid 
increasing from 4.2 to 10.9 %. LDL-cholesterol 
levels declined by 9.8 % ( p  < 0.01) during the 
high P:S diet. The change in LDL-cholesterol 
levels of 0.4 mmol/L is what would be expected 
based on the Mensink meta-analysis. A combina-
tion of weight loss and reduced dietary saturated 
fat lowered LDL-cholesterol levels by 10–17 % 
with a high-carbohydrate or high-monounsatu-
rated fat diet respectively [ 8 ]. 

 Overall, despite the small number of studies, 
the data suggest that people with type 2 diabetes 
respond to dietary lipid changes in the same way 
as non-diabetic subjects. However, a Cochrane 
review in 2007 [ 9 ] of dietary advice for adults with 
type 2 diabetes, which examined 18 trials of more 
than six months duration with 1,467 participants 
and a wide variety of dietary interventions, con-
cluded that there was insuffi cient data to conclude 
anything other than that exercise lowered HbA1c.   

    Dietary Fat vs. Carbohydrate 

 Much of the major disagreements in nutrition over 
the last 20 years for people with type 2 diabetes 
have related to replacing saturated fat with carbo-
hydrate as opposed to unsaturated fat. For many 
years (1970s–1990s), a very high- carbohydrate 
(and high-fi ber) diet was strongly advocated, 
although some researchers suggested high-carbo-
hydrate diets were theoretically not optimal 
because of the lowering of HDL- cholesterol and 
elevation of fasting triglyceride levels (which is 
also seen to the same degree in non-diabetic sub-
jects). The meta-analysis ( n  = 133 subjects, nine 
studies) of Garg in 1998 [ 10 ] focused on compar-
ing high-carbohydrate diets (49–60 % of energy) 
with high-monounsaturated fat diets (24–33 % 
monounsaturated fat, 37–50 % total fat). A high-
monounsaturated fat diet was associated with a 
reduction in fasting triglyceride levels of 
0.36 mmol/L (19 %) and a reduction in VLDL-
cholesterol levels of 22.5 %. HDL- cholesterol 
levels increased by 0.05 mmol/L or 4 %. The 
remainder of the fat in both diets was 7–21 %, 
presumably about 5 % polyunsaturated fat with 
the remainder being saturated fat, but surprisingly 
in the meta-analysis, neither of these two fats was 
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mentioned. LDL-cholesterol levels were not 
different between the two diets, but the data are 
uninterpretable in relation to the effect of saturated 
fat, and one can only assume that saturated fat was 
not different between diets. The lack of difference 
between carbohydrate and monounsaturated fat on 
LDL-cholesterol levels is consistent with the 
Mensink data [ 1 ] in non-diabetic subjects. 

 A later meta-analysis by Kodama et al. [ 11 ] 
examined 19 studies with 306 patients and again 
showed no effect of a high-carbohydrate diet on 
LDL-cholesterol levels with a rise in triglycer-
ides of 13 % and a lowering of HDL-cholesterol 
levels of 8 %. These changes are similar to that 
expected in non-diabetic subjects [ 12 ]. Whether 
these changes with a high-carbohydrate diet pro-
mote an increased risk of cardiovascular disease 
(CVD) is not clear, but there are no data available 
to refute this suggestion. Secondary intervention 
studies in non-diabetic subjects suggest that 
replacing saturated fat with carbohydrate is not 
benefi cial, whereas replacing it with n6 polyun-
saturated fat is benefi cial [ 13 ]. A (pro- atherogenic) 
smaller LDL particle size in those following a 
high-carbohydrate diet may contribute to the 
adverse effect [ 12 ].    

 Replacing carbohydrate with protein and/or 
polyunsaturated fat would be expected to have 
similar effects to replacing it with monounsatu-
rated fat. This was demonstrated by Thompson 
et al. [ 14 ] and a small ( n  = 11 participants) study 
of a high protein, lower carbohydrate Paleolithic 
diet that showed a reduction in triglycerides lev-
els of 0.4 mmol/L and an increase in HDL- 
cholesterol levels of 0.08 mmol/L [ 15 ]. Although 
the Paleolithic diet had a lower glycemic load 
than the standard American Diabetes Association 
(ADA) diet, it was also reduced in energy and the 
3 kg weight loss may account for some or all of 
these effects.  

    Relationship Between Diet and 
Coronary Events in People with 
Type 2 Diabetes 

 Although there is now considerable controversy 
about the role of dietary saturated fat and choles-
terol in promoting CVD, the data in people with 

type 2 diabetes are relatively clear in the US 
Nurses’ Health Study [ 16 ]. Between 1980 and 
1998, 619 new cases of CVD (nonfatal myocar-
dial infarction, fatal coronary heart disease, and 
stroke) occurred in 5,672 women with type 2 dia-
betes. The relative risk (RR) of CVD for an 
increase of 200 mg cholesterol/1,000 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 (RR: 1.29  p  = 0.04). Keys 
score (1.26 × (2 x% saturated fat − % polyunsatu-
rated fat) + 1.5 × square root dietary cholesterol in 
mg/1000 kcal) was the most powerful predictor 
after multivariate adjustment ( p  = 0.001). The ratio 
of polyunsaturated to saturated fat was inversely 
associated with the risk of  fatal  CVD ( p  = 0.007). 
Replacement of 5 % of energy from saturated fat 
with equivalent energy from monounsaturated fat 
was associated with a 37 % lower risk of CVD.     

    Fish Oil 

 A Cochrane meta-analysis in 2008 examined 23 
randomized controlled trials (1,075 participants 
with type 2 diabetes), with a mean treatment 
duration of 8.9 weeks [ 17 ]. The mean dose of 
omega-3 PUFA used in the trials was 3.5 g/day. 
Among those taking omega-3 PUFA circulating 
triglyceride levels were signifi cantly lowered by 
0.45 mmol/L ( p  < 0.00001) and levels of 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 signifi cant changes in 
levels of total or HDL-cholesterol, HbA1c, fast-
ing glucose, fasting insulin, or in body weight 
were observed. The decrease in VLDL-cholesterol 
levels was signifi cant only in trials of longer dura-
tion and in hypertriglyceridemic patients.     

    Dietary Cholesterol 

 A meta-analysis of 17 studies of dietary choles-
terol in non-diabetic subjects showed that the 
addition of 100 mg dietary cholesterol/day 
increased the ratio of total to HDL-cholesterol 
by 0.020 U, total cholesterol concentrations by 
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0.056 mmol, LDL-cholesterol by 0.05 mmol/L, 
and HDL-cholesterol concentrations by 
0.008 mmol/L [ 18 ]. 

 Dietary cholesterol had little effect either on 
total- or LDL-cholesterol-in 31 overweight, insu-
lin-resistant postmenopausal women over four 
weeks, and the effect was no different to the 34 
women who were insulin sensitive [ 19 ]. A further 
4-week study in insulin-sensitive individuals con-
suming four eggs/day showed a signifi cant increase 
in non-HDL-cholesterol levels and in infl amma-
tory markers in insulin-sensitive individuals, 
which was not observed in lean or obese insulin- 
resistant individuals, but the difference between 
the groups was not statistically different [ 20 ].  

    Cholesterol Synthesis and 
Absorption 

 Cholesterol synthesis can be assessed by the cir-
culating level of lathosterol, an intermediate in 
the cholesterol synthetic pathway, while absorp-
tion can be assessed by measuring the level of 
plant sterols sitosterol and campesterol or the 
level of an endogenous bacterial cholesterol 
metabolite, cholestanol. All of these are trans-
ported in lipoproteins and the higher the lipopro-
tein level, the higher the sterol level, so adjustment 
needs to be made for the level of the carrier. 

 Insulin-sensitive individuals had higher plant 
sterol levels and lower lathosterol levels, indica-
tive of higher cholesterol absorption and lower 
cholesterol synthesis. In 761 men of varying 
degrees of glucose tolerance, including 76 with 
type 2 diabetes, cholesterol synthesis markers 
were lowest and absorption markers highest in 
normoglycemia. Sitosterol was lower in subjects 
with impaired fasting glucose, impaired glucose 
tolerance, and type 2 diabetes compared with 
normoglycemic subjects (111–115 ± 7 vs. 
136 ± 3 µmol × 100/mmol of cholesterol,  p  < 0.05). 
Campesterol levels were also signifi cantly lower 
in these groups relative to the normoglycemic 
control subjects. Peripheral insulin sensitivity 
evaluated by the Matsuda index was associated 
with the lathosterol/sitosterol ratio in the entire 

population ( r  = −0.457,  p  < 0.001) and with 
that of lathosterol/cholestanol independently of 
obesity [ 21 ]. 

 Clinical research on dietary cholesterol and 
diabetes management is very limited, and there 
are no clinical intervention trials that have inves-
tigated the role of egg consumption in people 
with type 2 diabetes. 

 A small study in ten male volunteers with type 
1 diabetes showed that 800 mg/day of cholesterol 
for three weeks increased LDL-cholesterol levels 
by 12 % with a 7 % increase in control subjects. 
HDL-cholesterol levels remained the same but 
tended to increase in control subjects [ 22 ]. High- 
cholesterol absorption markers, e.g., sitosterol or 
campesterol, and low-cholesterol synthesis mark-
ers, e.g., lathosterol, appear to characterize type 1 
diabetes [ 23 ], and these differ from people with 
type 2 diabetes [ 24 ]. 

 Obesity is inversely related to fractional 
 cholesterol absorption both in diabetic and non-
diabetic subjects [ 25 ], but absorption is lower in 
subjects with type 2 diabetes [ 26 ]. Cholesterol 
absorption effi ciency was 29 ± 1 % in obese sub-
jects with diabetes vs. 42 ± 2 % in the obese con-
trol subjects ( p  < 0.01). Cholesterol synthesis was 
higher (17 ± 1 vs. 14 ± 1 mg/kg/day;  p  < 0.05) and 
neutral sterol and bile acid excretion and choles-
terol turnover tended to be higher in the group 
with diabetes than in the control group. Blood 
glucose (measured twice one week apart) was 
positively related to cholesterol synthesis in the 
diabetic group ( r  = 0.663,  p  < 0.01) and in the con-
trol group ( r =  0.590,  p  < 0.05), suggesting that 
the higher blood glucose level, the higher the 
cholesterol synthesis. In 16 obese patients with 
type 2 diabetes, baseline cholesterol absorption 
and synthesis were related to respective serum 
sex hormone-binding globulin, glucose, and 
insulin values. Weight reduction of 6 kg increased 
cholesterol absorption effi ciency and the ratio of 
serum plant sterols to cholesterol—indicators of 
cholesterol absorption—increased by 28 % 
( p  < 0.01) and 20–31 % ( p  < 0.05 for both) and 
reduced blood glucose by 14 %. Serum choles-
terol levels did not change but serum triglyceride 
levels fell by 13 % [ 26 ].  
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    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 the same except for 
the removal of a double bond in the cholesterol 
nucleus. Some foods such as milk, margarine, 
orange juice, cheese, and chocolate are sometimes 
supplemented with sterols or stanols and deliver 
2–2.5 g/day when consumed as directed. 

  Type 2 diabetes . The data above would suggest that 
obese subjects with type 2 diabetes would be less 
sensitive to dietary cholesterol and in turn less sen-
sitive to the effects of dietary plant sterols. However, 
plant sterols appear to be just as effi cacious in 
people with type 2 diabetes as in nondiabetic 
 subjects. Plant sterols (1.8 g/day) for 21 days sig-
nifi cantly reduced ( p  < 0.05) LDL- cholesterol con-
centrations from baseline levels in 15 nondiabetic 
and 14 type 2 diabetic subjects by 15.1 and 26.8 %, 
respectively, and these were not statistically differ-
ent from each [ 27 ]. A meta- analysis of fi ve clinical 
trials, involving seven groups ( n  = 148 subjects 
with type 2 diabetes, with follow-up range of 
3–12 weeks) found the use of sterols/stanols 
 signifi cantly reduced LDL- cholesterol levels by 
0.30 mmol/L (9 %,  p  < 0.01), with no apparent 
effect on triglycerides and a trend towards raising 
HDL-cholesterol levels. These results are exactly 
the same as those seen in a meta-analysis of non-
diabetic subjects [ 28 ]. 

  Type 1 diabetes . Excellent effi cacy of plant ste-
rols is also seen in patients with type 1 diabetes 
with [ 29 ] or without [ 30 ] the concomitant use of 
statins.  

    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 [ 31 ,  32 ]. The incidence of type 2 
diabetes is also increased with higher egg intake 
[ 33 ,  34 ].  

    Fiber 

 Very high fi ber diets were actively promoted and 
studied in the 1980s both for glycemic and lipid 
control [ 35 – 38 ], but interest faded as patients 
found the diets too diffi cult or they were found in 
some studies to be ineffective [ 39 – 41 ]. 

 A more recent small intervention study, pub-
lished in the  New England Journal of Medicine  
[ 42 ], in 13 patients with type 2 diabetes com-
pared a high-fi ber diet which provided 50 g of 
total fi ber per day (as soluble and insoluble fi ber 
25 g each), with the standard ADA diet contain-
ing 24 g of total fi ber per day, with 8 g as soluble 
fi ber and 16 g as insoluble fi ber. No fi ber supple-
ments were used. As compared with the ADA 
diet, the high-fi ber diet resulted in a lower fasting 
plasma total cholesterol concentration (by 6.7 %, 
 p  = 0.02), a lower plasma triglyceride concentra-
tion (by 10.2 %,  p  = 0.02), and a lower plasma 
VLDL-cholesterol concentration (by 12.5 %, 
 p  = 0.01). The fasting plasma LDL-cholesterol 
concentration was 6.3 % lower with the high- 
fi ber diet, but this was not statistically signifi cant 
( p  = 0.11), almost certainly due to the small size 
of the study. There were no signifi cant differ-
ences between the two diets in fasting plasma 
HDL-cholesterol concentrations. 

 A 6-month Canadian study [ 43 ] compared a 
low-glycemic-index (GI) diet with a high-fi ber 
diet in 210 participants with type 2 diabetes. 
The high-cereal fi ber diet included 35 g of fi ber, 
GI of 86, and glycemic load of 201. The low-GI 
diet included 42 g of fi ber, GI of 62, and glyce-
mic load of 141. There was an increase of 
 HDL- cholesterol levels in the low-GI diet by 
1.7 mg/dL compared with a decrease of HDL-
cholesterol by −0.2 mg/dL in the high-cereal 
fi ber diet ( p  = 0.005), but this occurred only after 
about 16 weeks and was not associated with a 
change in triglyceride levels, so it is hard to 
conceive of a mechanism and may just be noise, 
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although HbA1c improved modestly in the low-
GI diet. LDL-cholesterol levels did not change. 

 The effects of specifi c types of dietary fi bre 
are now summarized.

Wheat bran has no effect on lipid levels in type 2 
diabetes [ 44 ] nor does adherence to a high- fi ber, 
high-vegetable Mediterranean diet [ 45 ], admit-
tedly in a small study. 

Psyllium in a low dose (3.5 g three times/day) in 
40 participants for 2 months does not appear to 
signifi cantly lower LDL-cholesterol or triglycer-
ide levels compared to a control group [ 46 ]. 
However, higher doses of psyllium (15 g/day) 
can signifi cantly lower triglyceride levels com-
pared with control when enough participants are 
studied ( n  = 125) [ 47 ]. Psyllium has also been 
demonstrated to lower LDL-cholesterol levels in 
some studies [ 48 ,  49 ].

Oat bran can lower LDL-cholesterol—an extra 
15 g of fi ber from oat bran lowered LDL- 
cholesterol levels by 0.77 mol/L, but this study 
[ 50 ] was very small ( n  = 8). 

Stabilized rice bran (20 g/day for 12 weeks) low-
ered LDL-cholesterol levels by 13.7 % compared 
with the control group in a parallel study in 28 
subjects with type 2 diabetes [ 51 ]. Triglyceride 
levels were also lowered by 0.5 mmol/L. 

Guar gum is well established as being able lower 
LDL-cholesterol levels [ 52 – 54 ], but is not widely 
used. It would appear from the limited number of 
studies (except for guar) that soluble fi ber can 
reduce LDL-cholesterol and triglyceride levels to 
the same degree as in nondiabetic subjects [ 55 ].  

    Low-Glycemic-Index Carbohydrate 

 As noted above, replacing fat with carbohydrate 
lowers HDL-cholesterol and increases triglycer-
ide levels. In most of these studies, the GI of the 
carbohydrate was not assessed. Low-GI carbohy-
drate may have lesser effects on these lipid levels 
compared with high-GI carbohydrates. A meta- 
analysis was performed by Opperman et al. [ 56 ] 

in 2004 who examined lipid changes in 13 stud-
ies (eight in people with type 2 diabetes). Seven 
of the ten studies found an improvement in mean 
LDL-cholesterol concentrations on a low-GI 
diet. Overall, low-GI diets tended to decrease 
LDL- cholesterol concentrations; however, it was 
not  statistically signifi cant (change 0.15 (95 % 
CI 0.   31, 0.00) mmol/L;  p  = 0.06). The GI of the 
diets was decreased by 21 (SD 10) units. In type 
2 diabetes subjects, it appeared that LDL-
cholesterol concentrations were decreased to a 
greater extent (0.18 mmol/L,  p  = 0.06) than in 
healthy subjects. Only six of the 13 studies 
showed an improvement in triglyceride concen-
trations with a low-GI diet, and the overall 
change was not statistically signifi cant (change 
0.03 mmol/L,  p  = 0.73). When divided into sub-
groups, no signifi cant difference was found 
within type 2 diabetes, coronary heart disease, 
or healthy subjects. No effect was observed 
when only subjects with elevated triglyceride 
concentrations were included. Lowering the GI 
of food did not cause an overall signifi cant 
change in mean HDL-cholesterol levels. 

 In a 1-year Canadian study [ 57 ], subjects with 
type 2 diabetes managed by diet alone ( n  = 162) 
were randomly assigned to receive high- 
carbohydrate, high-glycemic-index (high-GI), 
high-carbohydrate, low-glycemic-index (low-
 GI), or low-carbohydrate, high-monounsaturated 
fat (low-CHO) diets. With the low-GI diet, over-
all mean triglyceride levels were 12 % higher and 
HDL-cholesterol levels were 4 % lower than with 
the low-CHO diet ( p  < 0.05), despite a 26 % lower 
glycemic load. The lack of benefi t of a low-GI/
low-GL diet on triglyceride and HDL-cholesterol 
levels confi rms the short-term meta-analytic 
results, but it is not clear why there were adverse 
changes. LDL-cholesterol responses were not 
different between the diets. 

 Epidemiological studies, such as the Zutphen 
Elderly Study [ 58 ] and the EURODIAB 
Complications Study [ 59 ], failed to show a 
 relationship between LDL-cholesterol concen-
trations and low-GI diets, while other cross-
sectional studies, such as the Survey of British 
Adults (1986–1987) [ 60 ] and the Third National 
Health and Nutrition Examination Survey (1988–
1994) [ 61 ], found an increase in HDL-cholesterol 

P. Clifton



321

concentrations with long-term low-GI diets. No 
relationship was found between low-GI diets and 
triglyceride concentrations [ 58 ,  59 ].  

    Fructose 

 Fructose for many years was promoted as very 
suitable for people with diabetes because it low-
ered plasma glucose and insulin levels and 
improved HbA1c levels when it replaced starch, 
glucose, or sucrose. Gannon [ 62 ] showed a high- 
fruit and high-vegetable diet with little starch 
lowered 24 hour blood glucose levels without 
adverse effects on triglyceride levels compared 
with a high-starch diet or a usual American diet. 
30–60 g/day of pure fructose supplementation 
(6–12 % of energy) for 3–12 months had no 
adverse effects on lipids [ 63 – 67 ] or lipid metabo-
lism [ 68 ]. A very high intake of fructose (>20 % 
of energy) has been found to elevate lipids in 
some studies [ 69 – 72 ], but not in others [ 73 ,  74 ].  

    Weight Loss 

    Non-diabetic Subjects 

 Aucott [ 75 ] conducted a systematic review of 
studies that included lifestyle interventions for 
adults (18–65 years), with a mean baseline BMI 
<35 kg/m 2 , with weight and lipid differences over 
2 years. Between 1990 and 2010, 14 studies were 
identifi ed. From meta-regression they found that a 
1 kg maintained weight loss in the long term 
(2–3 years) could be expected to result in reduc-
tions of 1.3 % in total cholesterol, 1.6 % for tri-
glycerides, and 0.34 % for LDL-cholesterol levels 
with a 4 % increase of HDL-cholesterol levels. 

 An earlier meta-analysis by Poobalan [ 76 ] of 
13 long-term studies (both cohort and surgical 
and non-surgical and drug-based weight loss 
interventions) with a follow-up of more than 
two years found that total cholesterol concentra-
tions had a signifi cant positive linear relationship 
with weight change ( r  = 0.89), where change in 
weight explained about 80 % of the cholesterol 
difference variation. For every 10 kg weight loss, 
a drop of 0.23 mmol/L in total cholesterol levels 

may be expected (about 5 %). Triglycerides and 
LDL-cholesterol concentrations were similarly 
related to weight loss, with a 10 kg change 
producing a 0.25 mmol/L and a 0.20 mmol/L 
change respectively. HDL-cholesterol changes 
were not related to weight loss. Participants in the 
two long-term meta-analyses could be on lipid- 
lowering medication. 

 In a meta-analysis of 70 short-term dietary 
weight loss studies in nondiabetic subjects, 
Dattilo and Kris Etherton [ 77 ] found that for 
every kilogram decrease in body weight, there 
was a 0.05 mmol/L decrease in total cholesterol 
levels (about 8–10 %,  p  < 0.0 1), a 0.02 mmol/L 
decrease in LDL-cholesterol levels ( p  < 0.001), a 
0.007 mmol/L decrease in HDL-cholesterol for 
active weight loss ( p  < 0.05), a 0.009 mmol/L 
increase in HDL-cholesterol for stabilized weight 
loss ( p  < 0.01), and a 0.015 mmol/L decrease in 
triglyceride levels ( p  < 0.05). Correlations 
between weight loss and lipid changes were of 
the order of 0.3–0.4 and were much lower than in 
the long-term studies. 

 In the LIFE study [ 78 ] of 212 participants 
without diabetes, BMI fell in women from 35 to 
33.7 kg/m 2  over 30 months and from 35 to 33 kg/
m 2  in men, with a nadir at 12 months in both. In 
women, multivariate-adjusted HDL-cholesterol 
concentrations at 6-month follow-up was signifi -
cantly lower than at baseline, and at subsequent 
time points HDL-cholesterol concentration was 
signifi cantly higher than at 6-month follow- up, 
with no signifi cant differences between the later 
time points, which however were not signifi -
cantly different from baseline. In men the small 
decrease at six months was not statistically sig-
nifi cant but later rises in HDL-cholesterol levels 
were, with a maximum change at 18 months of 
about 10 %. Triglyceride levels were signifi cantly 
lower than baseline at six months but rose back to 
and beyond baseline in women, but remained low 
in men.   

    Diabetic Subjects 

 For participants with diabetes, there are much 
fewer studies available. The Look Ahead study 
was a very large randomized study ( n  = 5,145) 
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of intensive lifestyle interventions (ILI) or stan-
dard treatment (DSE) in overweight or obese 
individuals with type 2 diabetes [ 79 ]. After 
four years, ILI participants had a greater percent-
age of weight loss than DSE participants (−6.15 
vs. −0.88 %;  p  < 0.001) and superior improve-
ments in HDL- cholesterol levels (3.7 vs. 2.0 mg/
dL;  p  < 0.001) and triglyceride levels (−25.6 vs. 
−19.75 mg/dL;  p  < 0.001) averaged across all 
4 years. Reductions in LDL-cholesterol levels 
were greater in DSE than ILI participants (−11.3 
vs. 12.8 mg/dL;  p  = 0 0.009) owing to greater use 
of medications to lower lipid levels in the DSE 
group. The effects on triglyceride levels were not 
statistically signifi cant at four years but the HDL- 
cholesterol level difference was consistent across all 
four years. These effects on lipid levels were lower 
than those in the long-term meta-analyses quoted 
above, but not different from those of the 2-year 
studies in nondiabetic subjects from Shai and Sacks 
[ 80 ,  81 ]. However, HDL-cholesterol changes were 
very similar to the meta-analysis of short-term 
studies by Dattilo and Kris Etherton [ 77 ]. 

 A weight loss of 4.5 kg in 2,906 patients in the 
UKPDS reduced triglyceride levels by 
0.41 mmol/L in men and 0.23 mmol/L in women 
with an HDL-cholesterol increase of 0.02 and 
0.01 mmol/L, respectively. LDL-cholesterol lev-
els did not change [ 82 ].  

    Glycemic Control 

 In 2,220 type 2 diabetic patients (aged 
35–91 years; male/female ratio, 1.07), HbA1c 
levels showed direct and signifi cant correlations 
with total cholesterol, triglyceride, and LDL- 
cholesterol levels and inverse correlation with 
levels of HDL-cholesterol [ 83 ]. In Italian diabe-
tes outpatient clinics, abnormal lipids were asso-
ciated with markedly higher HbA1c levels [ 84 ] in 
12,222 patients. On multiple regression, triglyc-
eride levels were associated with HbA1c after 
adjustment for age, BMI and diabetes treatment, 
and a variety of other factors, while HDL- 
cholesterol levels were related to HbA1c levels in 
men only.  

    Interventions to Improve Glycemic 
Control 

 A Dutch study [ 85 ] which targeted a strict fasting 
capillary glucose of <6.5 mmol/L vs. a less strict 
regimen of <8.5 mmol/L in 214 patients over 
two years looked at individual changes in HbA1c 
vs. lipid changes. Individuals in whom HbA1c 
levels decreased had signifi cant favorable con-
current changes in triglycerides  r  = 0.26 with 
HbA1c changes ( p  = 0.001) with an absolute dif-
ference of 0.25 mmol/L between those whose 
HbA1c fell (−0.17 mmol/L) vs. those whose 
HbA1c rose (0.08 mmol/L). Changes in LDL- 
and HDL-cholesterol levels were not statistically 
signifi cant. The difference in HbA1c between the 
two groups was 1.09 %. 

 In the Veterans Affairs Cooperative study in 
513 male type 2 diabetes patients over two years, 
triglyceride levels decreased in the intensive- 
treatment arm from 2.25 ± 0.27 to 1.54 ±
 0.14 mmol/L at 1 year ( p  = 0.004) and to 
1.74 ± 0.18 mmol/L at 2 years ( p  = 0.03); there 
was no change in the standard-treatment arm. 
Total cholesterol levels decreased in the intensive- 
treatment arm at 1 year from 5.4 ± 0.21 to 
4.99 ± 0.13 mmol/L ( p  = 0.02); there was no 
change in the standard-treatment arm. Levels of 
LDL- and HDL-cholesterol decreased in the 
standard-treatment arm only after two years, 
from 3.44 ± 0.13 to 3.16 ± 0.10 mmol/L ( p  =0.02) 
and from 1.10 ± 0.03 to 1.00 ± 0.03 mmol/L 
( p  < 0.001), respectively. Levels of apolipoprotein 
B decreased in both treatment arms ( p  < 0.001), 
and apolipoprotein A1 levels decreased in the 
standard-treatment arm ( p  < 0.01). A 2.1 % dif-
ference in HbA1c levels was achieved over the 
2-year period [ 86 ]. 

 The DCCT study [ 87 ] and the study by Cusp 
et al. [ 88 ] have shown falls in LDL-cholesterol 
with intensive diabetes treatment. The latter 
study was very small ( n  = 12) and the fall in 
HbA1c achieved with 80 IU of insulin was 3.7 % 
over 16 weeks. In the DCCT with 1,441 patients 
with type 1 diabetes, changes in LDL-cholesterol 
levels were small, 0.1–0.2 mmol/L, but the risk 
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of developing an LDL-cholesterol level of 
>4 mmol/L was reduced by 40 % in the intensive 
diabetes treatment group, although rates were 
about 1 per 100 patient years or less. Mean 
HbA1c level in the intensive- and conventional- 
treatment groups differed by about 2% through-
out the follow-up period (7.2 vs. 9.1 %, 
respectively,  p  < 0.001).  

    Alcohol Intake 

 A moderate alcohol intake is associated with 
about a 30 % lower incidence of type 2 diabetes 
but high alcohol intake and binge drinking 
increases the risk of type 2 diabetes [ 89 ,  90 ]. 
Alcohol intake in people with type 2 diabetes in 
the EPIC study [ 91 ] did not reduce mortality, 
although a prospective cohort study in older peo-
ple showed an 80 % reduction in death due to 
coronary heart disease with 14 g or more of alco-
hol/day [ 92 ] before and after adjustment for lev-
els of HDL-cholesterol and total cholesterol. In 
Japanese men with type 2 diabetes, alcohol intake 
was directly related to HDL-cholesterol levels 
and hypertension, but the lowest triglyceride 
level was in the 1–22 g alcohol/day intake group 
compared with the nondrinker group [ 93 ]. There 
appear to be no alcohol intervention studies in 
people with diabetes.  

    Exercise 

 In a Cochrane meta-analysis [ 94 ], 14 randomized 
controlled trials comparing supervised or well- 
documented (aerobic, resistance, or mixed) 
exercise against “no exercise” in type 2 diabetes 
were identifi ed involving 377 participants. Most 
studies had three 30–60 min exercise sessions per 
week. Trials ranged from eight weeks to 
12 months duration. No specifi c exercise program 
was given to the control group, but there were no 
reports on their incidental activity. The exercise 
intervention signifi cantly decreased plasma tri-
glyceride levels (−0.25 mmol/L, 95 % CI −0.48 
to −0.02). No signifi cant difference was found 

between groups in plasma cholesterol levels or 
LDL-cholesterol or HDL-cholesterol levels.  

    Smoking 

 A recent meta-analysis [ 95 ] of observational 
studies in 130,000 people with diabetes showed 
the relative risk comparing smokers with non-
smokers was 1.48 for total mortality (27 studies), 
1.36 for cardiovascular mortality (nine studies), 
1.54 for CHD (13 studies), 1.44 for stroke (nine 
studies), and 1.52 for MI (seven studies). The 
increased risk of smoking is similar to people 
without diabetes. Smoking lowers HDL-
cholesterol levels. The major lipid-related effect 
of smoking cessation is an increase (of about 0.1 
mmol/L or 3.9 mg/dl) [ 96 ].  

    New Research Areas 

 Given the association between cholesterol intake 
and CVD events in people with diabetes, a 
cholesterol- feeding trial in people with both type 1 
and type 2 diabetes needs to be done, focused not 
just on LDL- and HDL-cholesterol levels, but adhe-
sion molecules and other infl ammatory markers. 

 Long-term dietary intervention studies exam-
ining low salt, low saturated fat, high polyunsatu-
rated fat, and high fruit, vegetables, and fi ber over 
a 3-year period need to be done with surrogate 
cardiovascular measures such as carotid intima- 
medial thickness as an endpoint.  

    Conclusions 

 There is a very limited amount of data related to 
the lifestyle effects on lipoproteins specifi cally 
involving people with diabetes. What data are 
available suggest they respond in a similar way to 
people without diabetes to lifestyle measures. 
The expected responses of LDL-cholesterol 
levels to dietary changes are summarized in 
Table  16.1 . The effect of dietary cholesterol 
needs further exploration.
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