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Abstract

Objective To study the association between high fat-low carbohydrate diet score and newly diagnosed
type 2 diabetes in Chinese population.

Methods Data about 20 717 subjects aged 45-59 years from the cross-sectional 2002 China National
Nutrition and Health Survey were analyzed. High fat-low carbohydrate diet was scored according to the
energy of carbohydrate, fat, and protein.

Results Of the 20 717 subjects, 1 332 were diagnosed with hyperglycemia and 662 were newly
diagnosed with type 2 diabetes. Multivariate adjusted analysis showed that the highest score of type 2
diabetes patients was 2.75 (95% Cl: 2.09-3.61). The score of type 2 diabetes patients was 1.87 (95% Cl:
1.35-2.58) after further adjustment for their socioeconomic status and physical activity. No significant
difference was found in the odds ratio after further adjustment for BMI, blood pressure, lipid level, and
energy intake. No evidence was observed for the relation between high fat-low carbohydrate-diet score
in type 2 diabetes patients due to high family income, less education, physical activity, overweight,

hypertension, high TG, or low HDL level.

Conclusion

High fat-low carbohydrate diets, far different from traditional Chinese diets, are associated

with the high incidence of type 2 diabetes in Chinese population.
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INTRODUCTION

characterized by a high intake of plant foods,
high carbohydrate and very low dietary fat,
has a potential to protect the heart. However, with the
economic transition, this potential is switching rapidly
towards a Western-style. Dietary fat provides only
11%-22% energy for the people in the 1980s during

Theoretically, the traditional Chinese diet,

which no significant correlation was found between
dietary fat intake and body weight[”]. The average
energy intake from fat increased from 21.8% in 1991
to 22.2% in 1993, from 25.8% in 1997 to 28.9% and
29.6% in 2000 and 2002. Meanwhile, the proportion of
total dietary energy intake from carbohydrate
decreased from 65.6% in 1991 to 65.0% in 1993, from
61.9% in 1997 to 58.8% and 58.6% in 2000 and
2002[3'4], while the prevalence of type 2 diabetes and
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its related factors including obesity, hypertension and
dyslipidemia has dramatically increased. The most
recent data indicate that the prevalence of diabetes in
Chinese adults has reached 9.7% with another 15.5%
diagnosed with either impaired fasting glucose or
glucose tolerance®™.

Whether the nutrition transition from high
carbohydrate-low fat diet to the opposite increases
the trend of diabetes and its related factors is still
unknown, because elevated dietary fat increases with
the increasing sedentary lifestyle and the reducing
infectious diseases, which may also lead to chronic
disease risks. A modest but significant independent
effect of energy from fat on BMI has been found in
Chinese adults'®. However, information about the role
of a high fat-low carbohydrate diet in diabetes is so far
limited in China.

The present study is to investigate the association
between high fat-low carbohydrate diet and newly
diagnosed type 2 diabetes in China according to the
cross-sectional data from 2002 China National
Nutrition and Health Survey (CNNHS).

SUBJECTS AND METHODS

Study Population

The 2002 CNNHS was a national representative
cross-sectional study on nutrition and chronic diseases.
A stratified multistage probability cluster sampling
design was used in this surveyW]. The county was
divided into 6 strata according to its socioeconomic
characteristics. In the first stage of sampling, 22
counties were randomly selected from each of the 6
strata. In the second stage, 3 townships were
randomly selected from each of the selected counties.
Two residential villages were randomly selected from
each township and 90 households were randomly
sampled from each village for physical examination. A
total of 795 residential committees or villages and
68 828 families were sampled. About one-third of the
90 households were randomly selected to participate
in the dietary survey and blood was drawn for the
measurement of fasting blood glucose and lipid levels.
The response rate was 87%". Oral glucose tolerance
(OGT) was tested in subjects with their fasting glucose
level =5.5 mmol/L.

The diet and blood glucose data about 21 390
subjects aged 45-59 years and 673 subjects with
diagnosed diabetes were excluded in this study. The
final number of subjects in this study was 20 717. The
survey protocol was approved by the Ethical
Committee of the National Institute for Nutrition and
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Food Safety, Chinese Center for Disease Control and
Prevention. All subjects signed their consent form.

Dietary Assessment

Trained interviewers interviewed with the
subjects at their home about their food intake in the
last 24 h, once a day for 3 consecutive days using the
dietary recall method. The interviewers weighed the
cooking oil and condiment consumed by all family
members during the 3 days. The percentage of oil and
condiments the subjects consumed was calculated as
the ratio of his/her energy intake divided by the
energy intake of all family members. The energy and
nutrient intake were calculated according to the data
listed on the China Food Composition Table'®,
Calculation of the High Fat-low Carbohydrate Diet
Score

The high fat-low carbohydrate diet score, also
known as “low-carbohydratediet score” was calculated
with the method developed by Halton et al.” since
the diet of Chinese subjects with the highest score did
not include a very low carbohydrate as compared to
the general low carbohydrate diet[m], but included a
relatively high fat intake, the score was termed as
“high fat-low carbohydrate diet score”.

The subjects included in this study were divided
into 11 strata as described by Halton et al®. Fat and
protein intake was scored as 10,9, 8,7, 6,5, 4, 3,2, 1,
and 0 respectively while the carbohydrate intake was
scoredas 0,1, 2,3,4,5,6,7,8,9, and 10 respectively
in men and women (Table 1). The scores of fat, protein
and carbohydrate intake were summed to express the
overall high fat-low carbohydrate diet score (range
0-3). The animal and plant high fat-low carbohydrate
scores were recorded as described by Halton et al. Gl

Outcome Assessment

Blood was drawn from the subjects 10-14 h after
fasted. Plasma glucose level in fasting blood sample
was measured with a spectrophotometer within 4 h.
Oral glucose tolerance was tested in subjects with their
fasting plasma glucose level =5.5 mmol/L. WHO
Expert Committee-recommended criteria for diabetes
mellitus were used in diagnosis of diabetes™".
Hyperglycaemia was defined as fasting plasma glucose
(FPG) level =6.1 mmol/L and/or 2-h plasma glucose
level =7.8 mmol/L. Type 2 diabetes was defined as
FPG =7 mmol/L and/or 2-h plasma glucose =11.1
mmol/L. Subjects with type 2 diabetes were excluded
from this study[“].
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Measurement of Non-dietary Factors

Information about current smoking and drinking
was collected by face to face interview with the
subjects. Current smoking was identified as having
smoked at least one piece a week in the past 30 days,
and alcohol drinking was identified as having drunk
alcohol at least once a week. Sedentary activity was
investigated  with  one-year  physical  activity
questionnaire. Physical activity was recorded as a
3-level variable (light, moderate, and heavy)
recommended by the China Nutrition Societym], to
reflect the total energy expenditure.

Fasting body weight was measured in the morning
to the nearest 0.10 kg with a balance-beam scale while
the subjects wore a light weight clothing. Body height
of bare footed subjects was measured to the nearest
0.1 cm with a standard steel strip stadiometer. BMI
(kg/m’) was calculated according to the fasting body
weight and height. Obesity was defined when the BMI
was =28 kg/mz[m.

Plasma total cholesterol (TC), triglyceride (TG),
and HDL-C levels were measured with a Hitachi 7060
or 7180 auto-analyzer (Hitachi, Tokyo, Japan). LDL level
was expressed as TC minus TG and HDL-C. High TG
level was defined as it was =1.7 mmol/L, Low HDL-C
level as it was <1.03 mmol/L in males and <1.29
mmol/L in females™ and high LDL level as it was =
3.62 mmol/L™.

Resting blood pressure of the subjects was
measured twice with its mean value recorded.
Hypertension was defined as systolic blood pressure
(BP) =130 mmHg and/or diastolic BP =85 mmHg[14].

Statistical Method

The subjects were divided into quintiles of the
high fat-low carbohydrate diet score. The odds ratio of
hyperglycemia and type 2 diabetes calculated in a
specific quintile was compared with that calculated in
the lowest quintile. Sex, family history of diabetes,
educational level, current smoking, alcohol use,
sedentary activity time and physical activity level, BMI,
SBP, TG, LDL, and HDL were included in the
multivariate models. The subjects were classified by
stratified analysis according to their sex, overweight,
family income, educational level, sedentary activity
time, and physical activity level. Interaction between
the high fat-low carbohydrate diet score and stratified
variables was tested by adding a multiplicative factor
in the logistic regression model.

RESULTS

The average high fat-low carbohydrate diet score
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was 5-25 in the highest quintile. The mean energy of
fat and carbohydrate was 16.7% and 72.5%
respectively in the lowest quintile, and was 42.2% and
42.9% respectively in the highest quintile (Table 1).

Food and Nutrient Intake in Different High Fat-low
Carbohydrate Diet Score

The subjects with a higher high fat-low
carbohydrate diet score tended to consume less grain
food and more red meat with a lower cereal fiber and
dietary glycemic load, and a higher dietary fat
including unsaturated fat (Table2).

Characteristics in Different High Fat-low Carbohyd-
rate Diet Score

The subjects with a higher high fat-low
carbohydrate diet score drank more alcohol and
smoked less and had a higher family income and
educational level with a lower day time physical
activity level, a longer leisure time and a sedentary
activity time (Table 3). The high fat-low carbohydrate
diet score was positively associated with the BMI,
plasma TG and LDL level and negatively associated
with the blood pressure and HDL level in the subjects
after adjustment for their age, sex and socioeconomic
status (Table 3). Further analysis showed that the LDL
increased 1.19-fold with the increasing quintile of the
high fat-low carbohydrate diet score (95% Cl: 1.68-2.95,
P<0.001). The TG and HDL levels were significantly
lower (odds ratio: 0.96, 95% Cl: 0.93-0.99, P=0.011;
odds ratio: 0.88, 95%Cl: 0.86-0.91, P<0.001). However,
they were not significantly associated with obesity or
hypertension in the subjects after adjustment for their
socioeconomic variables.

Association between Newly Diagnosed
Hyperglycaemia and Type 2 Diabetes with High
Fat-low Carbohydrate Diet Score

Of the 20 717 subjects, 1 332 were diagnosed with
hyperglycaemia and 662 with type 2 diabetes. Sex- and
age-adjusted analysis showed that the incidence of
type 2 diabetes in the subjects with a highest quintile
of the high fat-low carbohydrate diet score was 2.75
(95% CI: 2.09-3.61) and decreased to 1.87 (95% Cl:
1.35-2.58) after further adjustment for socioeconomic
status and physical activity. No significant difference
was found in the odds ratio after further adjustment
for their BMI, blood pressure and lipid level or after
further adjustment for their total calories and lipid
controls by diet or drags (odds ratio: 1.88, 95% Cl:
1.34-2.64).
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Table 1. Criteria for Determining High Fat-low Carbohydrate Diet Score
Points Carbohydrate Total Protein Total Fat Animal-protein Animal-fat Vegetable-protein Vegetable-fat
Intake Intake Intake Intake Intake Intake Intake
Men percentage of energy
0 >73.5 <8.7 <15.1 0 <0.4 <5.8 <3.9
1 69.5-73.5 8.7-9.5 15.1-18.8 0.1-0.5 0.4-2.2 5.8-6.5 3.9-8.0
2 66.3-69.4 9.6-10.1 18.9-22.0 0.6-1.1 2.3-44 6.6-7.1 8.1-11.1
3 63.3-66.2 10.2-10.6 22.1-25.0 1.2-1.7 4.5-6.6 7.2-7.6 11.2-13.7
4 60.2-63.2 10.7-11.2 25.1-27.7 1.8-2.3 6.7-8.7 7.7-8.1 13.8-16.0
5 57.2-60.1 11.3-11.7 27.8-30.4 2.4-3.0 8.8-10.9 8.2-8.6 16.1-18.4
6 54.2-57.1 11.8-12.4 30.5-33.3 3.1-3.7 11.0-13.4 8.7-9.1 18.5-21.0
7 50.8-54.1 12.5-13.0 33.4-36.7 3.8-4.6 13.5-16.2 9.2-9.7 21.1-23.9
8 46.7-50.7 13.1-14.1 36.8-40.7 4.7-5.8 16.3-20.0 9.8-10.5 24.0-27.6
9 40.9-46.6 14.2-15.9 40.8-46.4 5.9-7.5 20.1-25.6 10.6-11.4 27.7-33.4
10 <40.9 >15.9 >46.4 >7.5 >25.6 >11.4 >33.4
Women percentage of energy

0 >73.3 <8.8 <15.1 0 0 <6.0 <4.3
1 69.2-73.3 8.8-9.6 15.1-19.0 0.1-0.4 0.1-2.1 6.0-6.7 4.3-8.5
2 65.8-69.1 9.7-10.3 19.1-22.4 0.5-1.0 2.2-4.2 6.8-7.3 8.6-11.7
3 62.6-65.7 10.4-10.8 22.5-25.3 1.1-1.7 4.3-6.3 7.4-7.8 11.8-14.3
4 59.6-62.5 10.9-11.4 25.4-28.1 1.8-2.3 6.4-8.4 7.9-8.2 14.4-16.6
5 56.4-59.5 11.5-11.9 28.2-30.9 2.4-3.0 8.5-10.6 8.3-8.7 16.7-19.0
6 53.3-56.3 12.0-12.5 31.0-34.1 3.1-3.8 10.7-13.2 8.8-9.3 19.1-21.6
7 49.9-53.2 12.6-13.3 34.2-37.4 3.9-4.7 13.3-15.9 9.4-9.9 21.7-24.6
8 45.7-49.8 13.4-14.3 37.5-41.4 4.8-5.8 16.0-19.8 10.0-10.6 24.7-28.4
9 39.9-45.6 14.4-16.1 41.5-47.1 5.9-7.6 19.9-25.5 10.7-11.6 28.5-34.6
10 <39.9 >16.1 47.1 >7.6 >25.5 >11.6 >34.6

Type 2 diabetes was significantly associated with
the high fat-low carbohydrate diet score. Animal fat
and protein in the subjects were observed in the sex-
and age-adjusted analysis but not in the multivariate
model after further adjustment for their
socioeconomic status and physical activity level,
even after adjustment for the potential confounders
(Table 4).

The stratified analysis showed no evidence for the
relation between high fat-low carbohydrate diet score,
high family income, less education, physical inactivity,
overweight, hypertension, high TG level, or low HDL
level in the subjects (Table 5). The incidence of type 2
diabetes increased with the increasing high fat-low

carbohydrate diet score of the subjects who were
sedentary and overweight with a low HDL level.

DISCUSSION

This cross-sectional survey showed that the high
fat-low carbohydrate diet score was associated with
type 2 diabetes mellitus in the subjects, which was
remarkably lower after adjustment for their
socioeconomic status and physical activity.

Theoretically, high fat diet can potentially increase
the risk of type 2 diabetes because it reduces the
expression of glucose sensing gene, glucose transporter
2 (GLUT2), glucokinase (GK), and impairs insulin
secretion™®, Furthermore, oxidative stress becomes
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severer in subjects after having a high fat diet, which
may impair beta-cell function[le], while high
carbohydrate diet may speed up an age-related
decline in insulin secretion and lead to an earlier onset
of type 2 diabetes because high carbohydrate intake
increases the requirement for insulin secretion in
order to maintain glucose homeostasis and repeatedly
stimulates high insulin outputm]. So the optimal
relation of carbohydrate to fat in diet is still a hot topic
in human research.

There is evidence that a high carbohydrate intake
decreases the prevalence of diabetes™™. It was
reported that replacing fat with carbohydrate
significantly elevates not only postprandial glucose
level but also postprandial and fasting insulin levels in
patients with type 2 diabetes when the total energy
intake is consistent™®. However, Bessesen™ did not
find any association between total carbohydrate and
diabetes risks after reviewing the updated literature.
On the contrast, a prospective study showed that low
carbohydrate diets with rich vegetable sources of fat
and protein can modestly reduce the risk of
diabetes®. A recent meta-analysis indicated that
replacing saturated fatty acids with carbohydrates with
low glucose intolerance values is associated with a
lower risk of myocardial infarction, whereas replacing
saturated fatty acids with carbohydrates with high
glucose intolerance values is associated with a higher
risk of myocardial infarction®. Their recent pooled
analysis of 11 American and European cohort studies
showed that decreased risk of coronary events is
significantly associated with death due to coronary
heart disease and replacement of saturated fat with
poly unsaturated fatty acids™.

Carbohydrate in Chinese diets is commonly
characterized and dominated by refined carbohydrate
with a high glucose index. Coincidentally, the majority
of fat in Chinese diets are MUFA and PUFA. Such a high
fat-low carbohydrate diet should potentially protect
subjects against type 2 diabetes. However, the high
fat-low carbohydrate diet score was significantly
associated with the incidence of type 2 diabetes in the
present study. It was reported that a higher
percentage of energy intake from cereals is associated
with a lower trend of diabetes while a higher
percentage of energy intake from fat is related with a
higher incidence of diabetes in Chinese populations[zs].

The question is whether it is just a sign of
difference in socioeconomic status in relation with
both the dietary pattern and the disease risks. The
socioeconomic status, physical activity, and BMI of the
subjects should be the major confounders of this
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association. The multivariate model and stratification
analysis showed that the high fat-low carbohydrate
diet score was significantly associated with the
incidence of type 2 diabetes mellitus, even after
adjustment for these variables. The confounding
problem may still exist. As the vegetable cooking oil is
the main source of fat for people with a high plant
fat-low carbohydrate score, it does not depend on the
socioeconomic level, at least not as much as the
animal high fat-low carbohydrate score, because
cooking oil is quite cheap in China. The carbohydrate
and animal fat and protein diet score mainly reflects a
higher socioeconomic status and a sedentary life style.
This assumption, which coincides with the association
between type 2 diabetes mellitus and the animal
food-based diet score is not significant any more after
multivariate adjustment. It was reported that the low
carbohydrate diet is associated with the favorable
changes in TG and HDL-C levels and the unfavorable
changes in LDL level®, which indirectly supports the
assumption that the association between diet score
and diabetes should not only reflect the different
socioeconomic status.

It was reported that subjects with a higher total
fat intake (>37%E) do not benefit from MUFA™ which
is consistent with the fact that changes in estimated
desaturase activities (derived from plasma FA
composition) are related with those in insulin
sensitivity only in subjects with a total fat intake
<35.5%E*. The present study showed that too much
consumption of fat, even good fatty acids, would be
dangerous. The dietary energy intake from PUFA was
over 10% (which is the recommended maximum PUFA
intake Ievel[zgl) in the subjects with the lowest high
fat-low carbohydrate diet score.

The traditional dietary pattern of Chinese
populations is characterized by high carbohydrate with
very low fat, which is undergoing rapid transition to
the high fat dietary pattern in Western countries. This
transition would last a period when various dietary
patterns coexist and provide the opportunity to study
the association between dietary patterns and diabetes
mellitus in a large range of exposed factors. As type 2
diabetes is only a recent epidemic in China, the
present study offers a good window to study the
associated dietary factors. Fifty percent of the subjects
with diabetics in this study were not aware of the fact,
supporting the assumption that these subjects still
have no chance to change their diets due to type 2
diabetes mellitus or dietary treatment. Meanwhile,
several weak points in this study should also be
noticed. Firstly, oral glucose tolerance was not tested,
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which might result in the underestimation of diabetes
cases and misclassification of some cases. Yang et al.l”
recently reported that 46.6% of undiagnosed diabetes
the cases meet the criteria for elevated 2-hour plasma
glucose level in an oral glucose tolerance test but not
the criteria for elevated fasting glucose levels.
However, the misclassification of diabetes cases may
weaken the real association but not overestimation of
causes. In addition, the weaknesses of cross-section
study design should not be neglected, which may limit
any cause relationship linking.

In conclusion, high fat-low carbohydrate diets,
which are far different from the traditional Chinese
diets and the sedentary lifestyle, are associated with
the high incidence of type 2 diabetes in China, even
though they may have some beneficial effects on TG
and HDL-C levels. Though the cross-sectional design
weakens its potential for cause relationship
interpretation, it can be used in design of future
prospective study and clinical trials.

ACKNOWLEDGEMENTS

None of the authors had any personal or financial
conflicts of interest. We thank all team members and
participants from the 31 provinces in 2002 CNNHS.

REFERENCES

Jany

. Jin D, Chen C. Report of 1982 China National Nutrition Survey.
Chinese Preventive Medicine Publishing, Beijing, 1985.

. Campell TC. A study on diet, nutrition and disease in the People's
Republic of China. Part II. Bol Asoc Med P R, 1990; 82, 316-8.

3. Zhai F, Wang H, Du S, et al. Prospective study on nutrition

transition in China. Nutr Rev, 2009; 67 Suppl 1, S56-561.

4. Wang L. Report of China Nationwide Nutrition and Health Survey
2002 (1): Summary Report. People’s Medical Publishing House,
Beijing, 2005. (In Chinese)

5.Yang W, Lu J, Weng J, et al. Prevalence of diabetes among men and
women in China. N Engl J Med, 2010; 362, 1090-101.

. Paeratakul S, Popkin BM, Keyou G. Changes in diet and physical
activity affect the body mass index of Chinese adults. Int J Obes
Relat Metab Disord, 1998; 22, 424-31.

7. He Y, Ma G, Zhai F, et al. Dietary patterns and glucose tolerance

abnormalities in Chinese adults. Diabetes Care, 2009; 32, 1972-6.

8. Yang Y, Wang G, Pan X. China Food Composition Table 2002.
Beijing Medical University Publishing House, Beijing, 2002. (In
Chinese)

. Halton TL, Willett WC, Liu S. Low-carbohydrate-diet score and the
risk of coronary heart disease in women. N Engl J Med, 2006; 355,
1991-2002.

10.Wylie-Rosett J, Davis NJ. Low-carbohydrate diets: an update on

current research. Curr Diab Rep, 2009; 9, 396-404.

N

(93]

©o

Biomed Environ Sci, 2012; 25(4): 373-382

11.Pauvilai G, Chanprasertyotin S, Sriphrapradaeng A. Diagnostic
criteria for diabetes mellitus and other categories of glucose
intolerance: 1997 criteria by the Expert Committee on the
Diagnosis and Classification of Diabetes Mellitus (ADA), 1998
WHO Consultation criteria, and 1985 WHO criteria. Diabetes Res
Clin Pract, 1999; 44, 21-6.

12.Society CN. Chinese Dietary Reference Intakes (DRIs). China Light
Industry Press, Beijing, 2000.

13.Zhou BF, Cooperative Meta-analysis Group of China Obesity Task
Force. Predictive value of body mass index and waist
circumference to risk factors of related diseases in Chinese adult
population. Chinese Journal of Epidemiology (Zhonghua Liu Xing
Bing Xue Za zhi), 2002; 23, 5-10. (In Chinese)

14.International Diabetes Federation. The IDF Consensus Worldwide
Definition of the Metabolic Syndrome. IDF: Brussels, 2005.

15.Liu R, Niu H, Wang J. Dyslipedimia and Related Diseases. Science
and Technology Publisher, Beijing, 1999.

16.Cerf ME. High fat diet modulation of glucose sensing in the
beta-cell. Med Sci Monit, 2007; 13, RA12-17.

17.Grundy SM. The optimal ratio of fat-to-carbohydrate in the diet.
Ann Rev Nutr, 1999; 19, 325-41.

18.Bray GA, Popkin BM. Dietary fat intake does affect obesity! Am J
Clin Nutr, 1998; 68, 1157-73.

19.Marshall JA, Hamman RF, Baxter J. High-fat, low carbohydrate diet
and the aetiology of non-insulin dependent diabetes mellitus: the
San Luis Valley Diabetes Study. Am J Epidemiol, 1991; 134,
590-603.

20.Kodama S, Saito K, Tanaka S, et al. Influence of fat and
carbohydrate proportions on the metabolic profile in patients
with type 2 diabetes: a meta-analysis. Diabetes Care, 2009; 32,
959-65.

21.Bessesen DH. The role of carbohydrates in insulin resistance. J
Nutr, 2001; 131, 27825-6S.

22.Halton TL, Liu S, Manson JE, et al. Low-carbohydrate-diet score
and risk of type 2 diabetes in women. Am J Clin Nutr, 2008; 87,
339-46.

23.Jakobsen MU, Dethlefsen C, Joensen AM, et al. Intake of
carbohydrates compared with intake of saturated fatty acids and
risk of myocardial infarction: importance of the glycemic index.
Am J Clin Nutr, 2010; 91, 1764-8.

24.Jakobsen MU, O'Reilly EJ, Heitmann BL. Major types of dietary fat
and risk of coronary heart disease: a pooled analysis of 11 cohort
studies. Am J Clin Nutr, 2009; 89, 1425-32.

25.Chen CM, Zhao W, Yang Z, et al. The role of dietary factors in
chronic disease control in China. Obes Rev, 2008; Suppl 1:100-3.

26.Nordmann AJ, Nordmann A, Briel M. Effects of low-carbohydrate
vs low-fat diets on weight loss and cardiovascular risk factors: a
meta-analysis of randomized controlled trials. Arch Intern Med,
2006; 166, 285-93.

27.Vessby B, Unsitupa M, Hermansen K. Substituting dietary
saturated for monounsaturated fat impairs insulin sensitivity in
healthy men and women: The KANWU Study. Diabetologia, 2001;
44,312-9.

28.Corpeleijn E, Feskens EJ, Jansen EH. Improvements in glucose
tolerance and insulin sensitivity after lifestyle intervention are
related to changes in serum fatty acid profile and desaturase
activities: the SLIM study. Diabetologia, 2006; 49, 2392-401.

29.Katan MB, Grundy SM, Willett W. Comment on “Low-fat Diets”. N
EnglJ Med, 2010; 338, 128.



