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ABSTRACT

Background: It has been suggested that the increase in carbohydrate at the expense of fat has contributed to the
obesity epidemic in North America and some European countries. However, obesity rates in China have increased
rapidly in parallel with a transition from the traditional low fat, high carbohydrate diet to a diet relatively high in
fat and reduced in carbohydrate. Therefore, the current study aimed to determine whether the traditional Chi-
nese diet was likely to be more effective than a diet with higher fat and lower carbohydrate — which is consumed
in most Western societies, at weight control among a non-obese healthy population in China.

Methods: The 6-month, two-center, three-arm, randomized, parallel-group, controlled-feeding trial was conduct-
ed at People's Liberation Army General Hospital in north China and Zhejiang University in south China. We re-
cruited healthy young adults (aged 18-35 years, body mass index <28) who lived in the university campus or
the hospital dormitory during the whole study intervention period. They were required to eat only the foods pro-
vided, and to avoid excessive or unusual strenuous exercise during the trial. Participants were simultaneously en-
rolled and randomized using a computer-generated number (stratified by clinic center, age, sex, and body mass
index) by data manager to one of the three isocaloric diets (1:1:1): a lower fat, higher carbohydrate diet (fat 20%,
carbohydrate 66% energy); a moderate fat, moderate carbohydrate diet (fat 30%, carbohydrate 56% energy); a
higher fat, lower carbohydrate diet (fat 40%, carbohydrate 46% energy). Protein provided 14% energy in all
diets. We provided all food and beverages throughout the 6-month intervention. Laboratory personnel were
masked to treatment allocation. Body weight was the primary outcome and measured each month. Data were
primarily analyzed according to an intention-to-treat approach, supplemented with per-protocol analysis. The
study was approved by the Ethics Committee at Zhejiang University. Each participant provided written informed
consent. The study was registered at Clinicaltrials.gov, number NCT02355795.

Findings: Between April 30, 2016, and October 30, 2016, 307 participants were randomly assigned to the lower fat
diet (n = 101), the moderate fat diet (n = 105) and the higher fat diet (n = 101), and 245 (79.8%) participants
completed the study. Reduction in body weight was significantly greater in the lower fat, higher carbohydrate
group throughout the intervention (P < 0.001 for the interaction between diet group and time) than in the
two other groups. Weight change at 6 months was — 1.6 kg (95% CI — 1.8 to —1.4) in the lower fat, higher car-
bohydrate group; — 1.1 kg (95% CI —1.3 to —0.9) in the moderate fat, moderate carbohydrate group, and
—0.9 kg (95% CI —1.1 to —0.6) in the higher fat, lower carbohydrate group. Reduction in waist circumference,
total cholesterol, low-density lipoprotein cholesterol and non-high-density lipoprotein cholesterol on the
lower fat, higher carbohydrate group were greater than those observed on the other two diet groups.
Interpretation: A lower fat, relatively higher carbohydrate diet, similar in macronutrient composition to that tra-
ditionally eaten in China appears to be less likely to promote excessive weight gain and be associated with a
lower cardiometabolic risk profile than a diet more typical of that eaten in Western countries in healthy non-
obese Chinese. Findings from studies in European and North American populations suggesting possible benefits
of carbohydrate restriction may not apply to people of other ethnicities.
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1. Introduction

In the United States and many western countries, the prevalence of
obesity and type 2 diabetes (T2D) has increased dramatically in parallel
with a reduction in total fat and an increase in carbohydrate intake in
the past several decades (Austin et al., 2011). This dietary change is con-
sidered by some to, at least in part, have contributed to the substantial in-
crease in rates of obesity and T2D (Mozaffarian et al., 2011; Livesey et al.,
2013; Te Morenga et al., 2013). Findings from several relatively short-
term clinical trials and observational studies suggested that diets charac-
terized by moderate restriction of carbohydrate, but relatively high in
unsaturated fat improved blood lipid profile and lowered coronary
heart disease (CHD) risk among individuals with high cardiometabolic
risk (Jenkins et al., 2009; Halton et al., 2006). Some investigators have
suggested that carbohydrate restriction rather than fat reduction should
be recommended as the most appropriate nutritional approach to
achieve overall reduction in obesity and cardiometabolic risk (Hu, 2010).

However, a very different situation prevails in China where over a
similar period consequences of overnutrition have replaced those of
malnutrition (Du et al., 2014; Zhai et al., 2014). Whereas some thirty
years ago, rates of overweight and obesity were extremely low com-
pared with the rest of the world, now nearly half the Chinese population
is overweight and the majority are at high risk of cardiometabolic dis-
ease (Adair et al,, 2014). Unlike the situation in the United States,
from 1982 to 2011, energy intake from fat doubled from 18% to 32%
(37% in Chinese megacities) and daily edible oil nearly tripled from 18
to 49 g (Jenkins et al., 2009; China NCD Report, 2011). Correspondingly,
total daily energy from carbohydrate decreased significantly from 72%
to 54% (47% in Chinese megacities) (Jenkins et al., 2009). Ecologic stud-
ies suggested that increased fat intake and corresponding reduction in
carbohydrate might be an important contributing factor to increases
in obesity and cardiometabolic disease (Campbell, 2004; Popkin et al.,
1995). On the other hand, recent prospective cohort studies indicated
that intake of carbohydrate, particularly white rice and highly processed
wheat products are associated with increased CHD and T2D risk in Chi-
nese adults (Yu et al,, 2013; Villegas et al., 2007).

Given the different trends in fat and carbohydrate consumption in
the Chinese population and populations in North America and Europe,
despite a common trend towards increased rates of obesity and its co-
morbidities, we decided to conduct a randomized, controlled trial
among our population to determine whether the traditional lower fat,
higher carbohydrate diet or the western higher fat, lower carbohydrate
diet is more effective at weight control and related cardiometabolic pro-
file in modern Chinese.

2. Materials and Method
2.1. Study Design

This study was an observer-blinded, parallel, three-arm, randomized
controlled-feeding trial conducted at People's Liberation Army General
Hospital in north China and Zhejiang University in south China and
was approved by the Ethics Committee at Zhejiang University. The
study protocol is published (Wan et al.,, 2017). The trial is registered at
ClinicalTrials.gov, number NCT02355795.

2.2. Participants, Randomization and Masking

Recruitment began in January 25, 2015. Trial participants were
healthy young adults and were recruited primarily using fliers and inter-
net advertisements. Eligibility for the trial was determined from 3
screening visits and a 7-day run-in period (Table S1). Key inclusion

criteria included overall good health, residence on the university campus
or hospital dormitory, age range between 18 and 35 years and body mass
index (BMI) <28 according to the Chinese obesity criteria. Key exclusion
criteria included blood pressure >140 mmHg systolic or 90 mmHg dia-
stolic, total, LDL cholesterol >6.19 mmol/L and 4.12 mmol/L respectively,
fasting triglyceride >2.25 mmol/L, fasting glucose >6.11 mmol/L, change
in body weight exceeding 10% during the previous year and pre-existing
chronic diseases. After the 3 screening visits, all volunteers participated
in breakfast acceptability tests. They were provided with sample break-
fast foods (lower fat bread, moderate fat cookies, higher fat cookies)
identical to those which would be provided throughout the trial. After
that, participants entered into a 7-day run-in period during which they
were fed the moderate fat, moderate carbohydrate (MF-MC) diet.

Upon successful completion of run-in period, eligible participants
were randomized (1:1:1) to either a lower fat, higher carbohydrate
(LF-HC) diet, a MF-MC diet, or a higher fat, lower carbohydrate (HF-
LC) diet, stratified by clinic center, age, sex, and BMI using a comput-
er-generated random number list. Clinical staff and laboratory person-
nel who did the measurements were masked to group allocation. Meal
providers were aware of participant diet assignment, but they were
not involved in the rest of the trial, including later measurement and re-
sults analyses. Due to the obvious difference in the breakfast provided,
blinding participants was not feasible, though they were not informed
of the allocated treatment.

2.3. Procedures

The three diets were isocaloric, the primary distinguishing feature
being their fat and carbohydrate content (Table 1). By replacing a pro-
portion of energy derived from carbohydrates (white rice and wheat
flour, the most consumed carbohydrate sources in China contributing
to 70% and 17% total carbohydrate respectively) with fats (soybean oil,
the most consumed edible oil in China rich in unsaturated fatty acids),
we achieved the required distribution of fats and carbohydrates in the
three diet groups, which represented macronutrient transition in the
past 30 years in China. The LF-HC diet (fat 20%, carbohydrate 66% ener-
gy) corresponds to the macronutrient distribution 30 years ago during
which obesity was rare in China; the MF-MC diet (fat 30%, carbohydrate
56%) is based on the current macronutrient intake in China and also the
upper limit of fat intake recommended by the Chinese Nutrition Society
and (Chinese Dietary Reference Intakes, 2014); and the HF-LC diet (fat

Table 1
Nutrient targets and menu analysis of the 3 study diets.
Nutrients LF-HC diet MF-MC diet HF-LC diet
Targets Menu Targets Menu Targets Menu
analysis® analysis® analysis®
Total energy 2100 2094 2100 2096 2100 2103
(male), kcal®
Total energy 1700 1697 1700 1698 1700 1704
(female), kcal®
Carbohydrate, % 66 66 56 55 46 46
Fat, % 20 20 (18) 30 31(28) 40 40 (38)
Protein, % 14 14 (12) 14 14 (11) 14 14 (12)
Dietary fiber, g 14 14 14 13 14 14
Cholesterol, mg 300 289 300 289 300 289

LF-HC = lower fat, higher carbohydrate. MF-MC = moderate fat, moderate carbohydrate.
HF-LC = higher fat, lower carbohydrate.

2 Values were calculated using Nutrition System of Traditional Chinese Medicine
Combining with Western Medicine, version 11.0 (Medical College, Qingdao University,
Shandong, China). The nutrition system includes food composition data, permitting calcu-
lation of nutrient intake from the menus. Values in the parentheses are the results of
chemical analyses of the menus prepared during the intervention period.

b Targets energy intake was determined from the 3-day dietary record at baseline.
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40%, carbohydrate 46%) approximates the current consumption of Chi-
nese residents of some megacities. Protein provided 14% energy in all
diets. A sample, one-day set of meals is shown in Table 2.

Throughout the 6-month intervention, participants were provided
with all of their food. Six 7-day menus cycling (each for one month) at
two energy levels (one for female and one for male, according to aver-
age baseline energy intake) were developed for each diet. Participants
ate at least one meal (lunch or dinner, packaged) on-site, where they
were monitored by staff, while breakfast was packaged for consumption
off-site. Participants were advised to maintain the same fruit consump-
tion and physical activity level as before the trial. During the controlled
feeding, they were asked to complete a daily diary in which they record-
ed whether they had eaten all study foods and detailed non-study foods
eaten. At the end of each month, participants reported an overall satis-
faction with the diet program using a 10-cm visual analog scale with ap-
propriate verbal anchors.

2.4. Outcomes

All data were collected at baseline and monthly thereafter. The pri-
mary outcome was weight change from baseline to 6 months. Secondary
outcomes were the changes of waist circumference, blood pressure, lipid
profile (total, LDL, and HDL cholesterol, triglycerides, apolipoprotein A1,
and apolipoprotein B), glycemic traits (glucose, glycated serum protein,
and insulin), adiponectin, and leptin from baseline to 6 months.

Dietary intake data at baseline were collected by a 3-day dietary re-
cord (2 weekdays and 1 weekend day) using Nutrition System of Tradi-
tional Chinese Medicine Combining with Western Medicine, version

11.0 (Medical College, Qingdao University, Shandong, China). The nutri-
tion system includes food composition data, permitting calculation of
nutrient intake from reported food intake. Physical activity at each
time point was assessed by the Global Physical Activity Questionnaire
developed by WHO (GPAQ Analysis Guide, 2014).

2.5. Statistical Analyses

Main analyses followed the intention-to-treat approach. The prima-
ry outcome, body weight, was analyzed by mixed-model analysis of var-
iance without imputing missing values (UCLA Statistical Consulting,
2016). Within-participant correlation was accounted for by a random
effect (repeated measures with compound-symmetric covariance).
Age, sex and study center were included as covariates. Mean changes
derived from mixed models at each time point were used for graphical
presentation. The group x time interaction term provides a test of the
hypothesis that body weight among groups do not differ across the
study period. A parallel approach was used for secondary outcomes in-
cluding waist circumference, blood pressure, lipid profile (total, LDL,
and HDL cholesterol, total/HDL cholesterol, non-HDL cholesterol, tri-
glycerides, apolipoprotein A1, and apolipoprotein B), glycemic traits
(glucose, glycated serum protein, and insulin), adiponectin, and leptin.
Analysis for body weight was supplemented with a per-protocol meth-
od, while analyses of these secondary outcomes were only performed
based on intention-to-treat principles. For exploratory purposes, ancil-
lary analyses were conducted after adjusting for change in weight in
mixed-model. Each of the statistically significant outcomes among
groups across the intervention period remained statistically significant

Table 2
One-day sample menu for the female.?
Meal® LF-HC diet MF-MC diet HF-LC diet
Food item g Food item g Food item g
Breakfast® Soymilk 250 Soymilk 250 Soymilk 250
Low-fat bread: Flour 58 Moderate-fat cookies: flour 50 High-fat cookies: flour 48
Sugar 16 Soybean oil 20 Soybean oil 38
Egg yolk 7 Sugar 4 Sugar 4
Egg white 30 Egg white 65
Egg yolk 7 Egg yolk 7
Bran 2
Lunch Rice 120 Rice 115 Rice 80
Dish A: Pork chop 44 Dish A: Pig chop 44 Dish A: Pig chop 44
Shallot 5 Shallot 5 Shallot 5
Dish B: Tofu 40 Dish B: tofu 40 Dish B: Tofu 40
Chub 48 Chub 48 Chub 48
Dish C: White gourd 60 Dish C: White gourd 60 Dish C: White gourd 60
Cucumber 200 Cucumber 200 Cucumber 200
Soybean oil 8 Soybean oil 8 Soybean oil 8
Salt 2 Salt 2 Salt 2
Dinner Rice 120 Rice 90 Rice 75
Dish A: Chicken wing 88 Dish A: Chicken wing 88 Dish A: Chicken wing 88
Ginger 2 Ginger 2 Ginger 2
Dish B: tomato 36 Dish B: tomato 36 Dish B: tomato 36
egg 18 egg 18 Egg 18
Dish C: Chinese chives 100 Dish C: Chinese chives 100 Dish C: Chinese chives 100
Soybean oil 8 Soybean oil 8 Soybean oil 8
Salt 2 Salt 2 Salt 2

LF-HC = lower fat, higher carbohydrate. MF-MC = moderate fat, moderate carbohydrate. HF-LC = higher fat, lower carbohydrate.
2 For the male, the amount of all food items, except soybean milk, were multiplied by 1.2 based on their baselined energy intake.

b Traditional Chinese cuisines include a staple (rice or noodles or steamed bread) and stir-fried dishes (mixed food with edible oil). A majority of Chinese people tend to leave a little
edible oil unconsumed which is unable to be quantitatively controlled. In order to alter the fat content of the diet without participants having to make major eating behavior, we did not
distribute the additional fat evenly over the meals, but only delivered at breakfast to be consumed as low-fat bread or higher fat cookies. For example, at the energy level for the females, the
LF-HC group had low-fat bread with 6.5 g of fat, while the MF-MC group replaced the low-fat bread with cookies containing 26.2 g of fat and the HF-LC group did the same but their cookies
contained 44.2 g of fat. Otherwise, the menus for the 3 groups were almost identical, apart from the MF-MC and HF-LC groups eating less rice at lunch and dinner than the low-fat group. To
enhance the public health relevance of the trial, the test diets were constructed with naturally occurring foods and did not include supplements or unfamiliar foods. The meals in the menus
were prepared in duplicate, composited, and frozen for chemical analysis of fat and protein. For production consistency and quality control, each site purchased the same brand of each
particular food item, and soybean oil was the only edible oil used in food preparation. Standardized recipes and cooking procedures were meticulously followed under sanitary conditions.
As most Chinese dishes were mixed food with varied garnishes, each item was prepared in batch quantities, individually portioned, and weighed to within 0.1 g for portions <10 g or within
0.5 g for those 210 g using electronic scales.

¢ In order to balance the intake of dietary cholesterol, breakfast in LF-HC received an egg yolk (part of the egg which is high in cholesterol), whereas the other groups received a whole
egg for breakfast. In order to balance the intake of dietary fiber, breakfast in HF-LC received bran whereas the other diets did not.
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after including weight change in the model. For simplicity, only results
without adjustment are presented. Also for exploratory purpose, multi-
ple imputation analysis was performed for all outcomes. There was no
qualitative difference of multiple imputation compared with values
from mixed-model and complete case analysis. Full details are given
in Fig. S1.

The power calculation was based on a between-group difference in
weight change of 1.8 kg (approximately 3% for a 60-kg individual) and
a 6.3-kg SD of weight change, based on a previous study and considered
to be clinically meaningful (Gardner et al., 2007). The estimated 240
subjects provided a power of 90% to detect this difference in weight
change at a two-tailed significance level of 0.05 and the sample size
was then increased to 300 to take into account a possible loss-to-fol-
low-up rate of 20%. All statistical analyses were carried out using SAS
version 9.3 (SAS Institute Inc) for Windows.

3. Results

Between 25 January 2015 and 30 October 2015, 1145 individuals ini-
tially telephoned or emailed in response to our recruitment, and 745
(65.1%) entered into the 3 screening visits for eligibility according to
the inclusion and exclusion criteria. Of these individuals, 424 (56.9%)

recruitment plan

1145 individual telephoned
or emailed in response to our

were excluded with recorded reasons. The remaining 321 entered into
the run-in phrase. Upon successful completion of the run-in, 307 partic-
ipants were randomized (n = 101 in the LF-HC group, n = 105 in the
ME-MC group and n = 101 in the HF-LC group) and 245 (79.8%) com-
pleted the study (Fig. 1). Retention rates at 6 months were 84.2%,
79.0%, and 76.2% for the LF-HC, MF-MC, and HF-LC diet group, respec-
tively. Baseline characteristics of participants are shown in Table 3. All
307 participants were included in the intention-to-treat analysis.
Participants reported a high level of satisfaction with diets through-
out the study with satisfaction scores ranging between 8 and 8.5 on a
10-cm visual analog scale (a score of 10 suggesting extremely satisfied)
and no difference among groups. They also reported a high level of ad-
herence to meals provided (93-98%) regardless of whether or not
they were consumed under supervision (Fig. S2). Total energy (TE) in-
take (including study and non-study food eaten), percentage TE from
macronutrients and amounts of dietary fiber and cholesterol calculated
from 3-day diet records, and physical activity level are shown in Fig. S3.
All groups lost weight and reductions were greater in the LF-HC
group than in the MF-MC and HF-LC groups (P < 0.001 for the interac-
tion between diet group and time) (Fig. 2). In the intention-to-treat
analysis, 6-month weight changes among the 307 participants were
— 1.6 kg (95% confidence interval [CI] — 1.8 to —1.4) for the LF-HC

l—- 400 ineligible

‘ 745 individuals screened |

424 excluded
323 unable to abide by the study protocol
28 age >35

v

14 dropped out

| 321 entered run-in phase I

6 felt extremely hunger
5 could not have all the food provided
3 personal reason

‘ 307 randomized

28 bowel diseases
25 refused to blood drawing
12 hypertension
8 hyperglycenma/hyperhipidemia

101 assigned to the 105 assigned to the 101 assigned to the
LF-HC diet MF-MC diet HF-LC diet

I withdrew owing to
l personal reason

4 withdrew owing to
l personal reason

101 completed 1 mo of
intervention

100 completed 1 mo of
intervention

5 withdrew:

4 lacked motivation

[
l I transferred to another

l—.

school 96 completed 2 mo of

intervention

95 completed 2 mo of
intervention

2 withdrew owing to lack
of motivation

l—* 3 personal reason

92 completed 3 mo of
intervention

93 completed 3 mo of
intervention

l—b 2 lacked information

2 withdrew owing to
personal reason

91 completed 4 mo of
intervention

89 completed 4 mo of
intervention

3 withdrew owing to
summer internship

— » 2 withdrew owing to

87 completed 5 mo of
intervention

88 completed 5 mo of
intervention

—

3 withdrew owing to
personal reason

85 completed 6 mo of
intervention

83 completed 6 mo of
intervention

| |

101 included in 105 included in
intention-to-treat analysis intention-to-treat analysis

l—'| 0 withdrew

101 completed 1 mo of

intervention B
4 withdrew:

l—h 2 lacked motivation

2 personal reason

5 withdrew owing to lack
motivation

97 completed 2 mo of
intervention

5 withdrew:

l—h 4 lacked motivation

1 personal reason

4 withdrew:

1 lacked motivation

92 completed 3 mo of
intervention

3 withdrew: 4 withdrew:

3 lacked motivation
1 personal reason

|

1 dropped out of school

88 completed 4 mo of
intervention
5 withdrew:
l—. 3 summer internship
83 completed 5 mo of 2 personal reason
intervention
6 withdrew:
3 lacked motivation
77 completed 6 mo of 3 personal reason
intervention

|

101 included in
intention-to-treat analysis

summer internship

4 withdrew:
3 lacked motivation
1 personal reason

Fig. 1. Trial profile. LF-HC = lower fat, higher carbohydrate. MF-MC = moderate fat, moderate carbohydrate. HF-LC = higher fat, lower carbohydrate.
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Table 3
Baseline characteristics of the intention-to-treat population.
LF-HC diet (n MF-MC diet (n HF-LC diet (n
=101) =105) =101)
Age (years) 234 (3.6) 23.2(3.9) 23.7 (43)
Female 51 (50%) 55 (52%) 49 (48%)
Northern area 49 (49%) 56 (53%) 47 (46%)
Weight (kg) 60.4 (10.4) 59.6 (10-1) 62.2 (10.5)
BMI (kg/m?) 21.7 (2.5) 21.8 (2.6) 21.9 (2.5)
Blood pressure (mm Hg)
Systolic 117.0 (10.7) 115.5 (9.3) 116.0 (9.5)
Diastolic 70.9 (7.1) 69.5 (6.6) 71.1 (7.0)
Waist circumference (cm)  76.4 (10.0) 76.8 (9.4) 77.8 (9.9)
Blood biomarkers
Total cholesterol 4.2 (0.8) 4.1 (0.7) 4.1 (0.6)
(mmol/L)
LDL cholesterol (mmol/L) 2.4 (0.6) 2.4 (0.6) (0.5)
HDL cholesterol 1.5(0.3) 1.5(0.3) 1.5(0.3)
(mmol/L)
Total/HDL cholesterol 2.8 (0.6) 2.9(0.7) 2.9 (0.6)
Non-HDL cholesterol 2.7 (0.7) 2.6 (0.7) 2.7 (0.6)
(mmol/L)
Triglycerides (mmol/L) 0.8 (0.4) 0.8 (0.4) 0.8 (0.4)
Apolipoprotein Al 1.6 (0.2) 1.6 (0.2) 1.6 (0.2)
(mmol/L)
Apolipoprotein B 0.7 (0.2) 0.7 (0.2) 0.7 (0.1)
(mmol/L)
Glucose (mmol/L) 4.2 (0.5) 4.1 (0.5) 4.1 (0.6)
Glycated serum protein 258.0(17.2) 257.8 (16.2) 256.6 (17.7)
(umol/L)
Insulin (pmol/mL) 71.0 (23.0) 70.3 (25.1) 70.3 (244)
Adiponectin (mg/L) 11.6 (4.0) 11.7 (4.4) 12.0 (4.1)
Leptin (ug/L) 5.0 (3.3) 49 (3.5) 5.0 (3.5)

Dietary intakes
Energy (male, kcal/day)  2099.0 (128.8)
Energy (female, kcal/day) 1688.3 (97.7)

2097.9 (123.8)
1705.5 (89.3)

2082.6 (107.1)
1696.8 (96.6)

Total fat (% of TE) 30.3 (5.0) 31.0 (4.2) 31.0 (44)
Carbohydrate (% of TE) 55.6 (5.0) 55.1 (4.1) 54.8 (4.4)
Protein (% of TE) 14.0 (1.9) 14.0 (1.9) 142 (1.9)
Cholesterol (mg/day) 389.8 (354.0)  370.3 (303.5) 363.5 (314.8)
Fiber (g/day) 13.5 (5.6) 13.1 (5.5) 13.5 (5.5)
Physical activity (kcal/kg/h) 3.4 (1.7) 3.3 (2.0) 3.0 (1.5)

Data are mean (SD) or n (%). LF-HC = lower fat, higher carbohydrate. MF-MC = moderate
fat, moderate carbohydrate. HF-LC = higher fat, lower carbohydrate. BMI = body mass
index. LDL = low-density lipoprotein. HDL = high-density lipoprotein. TE = total energy.

group, — 1.1 kg (95% CI —1.3 to —0.9) for the MF-MC group, and
—0.9 kg (95% CI — 1.1 to —0.6) for the HF-LC group. Among the 245
participants who completed the intervention, overall weight changes
were — 1.6 kg (95% CI —1.7 to — 1.4) for the LF-HC group, — 1.1 kg
(95% Cl —1.3 to —0.8) for the MF-MC group, and — 1.0 kg (95% CI
—1.3 to —0.7) for the HF-LC group (Table S2). Similarly, all groups
showed significant decreases in waist circumference, but the reductions
were greater in the LF-HC group (P < 0.0001 for the interaction between
diet group and time) than in the MF-MC group and HF-LC group (Fig. 2).

Total, LDL, and non-HDL cholesterol decreased throughout the inter-
vention, with the greatest decrease in the LF-HC group compared with
the MF-MC and HF-LC groups (P values for the interaction between
diet group and time were <0.001, 0.009, and 0.006 for total, LDL, and
non-HDL cholesterol, respectively, Fig. 3). While HDL cholesterol de-
creased to a greater extent in the LF-HC group compared with other
two groups, the change in ratio of total cholesterol to HDL cholesterol
among all groups did not differ significantly (Fig. 3). Other lipid profile
including triglycerides, apolipoprotein A1, and apolipoprotein B also
did not differ significantly among all groups throughout the interven-
tion (Fig. 3).

All groups had small but significant decreases in blood pressure and
glycated serum protein, but differences between groups were not signif-
icant. Fasting glucose, insulin, adiponectin and leptin did not change sig-
nificantly during the course of the study and there were no significant
differences among groups. Details are shown in Table S3.

4. Discussion

While all three dietary interventions were associated with decreases
in weight, waist circumference, level of total, LDL, and non-HDL choles-
terol, reductions in the LF-HC group were greater than those observed in
the MF-MC and the HF-LC groups. HDL cholesterol was also reduced but
there were no differences among groups with regard to total to HDL
cholesterol ratio. Insulin and glucose levels remained unchanged
throughout the trial. Thus, the traditional LF-HC diet consumed over a
prolonged period confers benefit in terms of body weight and associat-
ed cardiometabolic risk factors when compared with diets with a mac-
ronutrient distribution more like those consumed in Western countries
in healthy non-obese Chinese. Findings from studies in European and
North American populations suggesting possible benefits of carbohy-
drate restriction may not apply to people of other ethnicities.

The finding with regard to body weight is consistent with that of a
recent systematic review and meta-analysis of 33 randomized con-
trolled trials and 10 cohort studies which compared, in individuals not
attempting to lose weight, the effects of diets in which total fat provided
<30% TE with those providing higher intakes of total fat (Hooper et al.,
2015). That analysis showed a modest but meaningful reduction of
body weight (1.6 kg [95% CI — 2.0 to — 1.2]) on the lower fat diets, com-
parable with that observed in the present study. The systematic review
was unable to identify any comparable studies addressing this issue in
developing or transitional countries, a gap now filled by the present
study. Trials involving obese people attempting to lose weight were ex-
cluded from the Hooper et al. meta-analysis as it was undertaken in
order to generate a recommendation regarding the population impact
of total fat intake in the development of obesity. Studies which were
specifically designed to achieve weight loss in selected obese people
would have limited application to non-obese populations or those in de-
veloping countries or countries experiencing nutritional transition.

In the present study, the finding that all three diet groups lost body
weight was unexpected. This may have been due to the underestima-
tion of total energy intake at baseline which provided the information
on which food was provided for individual participants. Total energy
provided in the experimental diet failing to meet the energy require-
ments might lead to the weight loss in all groups. Even prospective
methods like the dietary records we have used may have limitations
and in particular tend to underestimate intake of total energy
(Macdiarmid and Blundell, 1998). However, the fact that the LF-HC
group reduced body weight and improved blood lipid profile to a great-
er extent than the other two diet groups for whom energy intake was
similarly calculated suggests potentially important clinical and public
health implications. Not only is the traditional diet likely to be more ef-
fective in promoting weight loss in the overweight and obese but the
traditional dietary pattern may also have greater potential than higher
fat diets to reduce the risk of inappropriate weight gain in adult life.
Few studies have investigated the underlying mechanisms by which
macronutrient composition might influence energy balance indepen-
dently on calculated energy intake. The high food efficiency of dietary
fat provides a possible explanation. Diet-induced thermogenesis pro-
duces a loss of energy for the body which is 2-3% for fats and 6-8% for
carbohydrates. Thus the efficiency of nutrient utilization is modestly
higher for fats (97-98%) than for carbohydrates (92-94%) (Hariri and
Thibault, 2010). Furthermore, dietary modification has the potential to
alter the balance of the gut microbiota and therefore influence their ca-
pacity to harvest energy from the diet, which may have an impact on
host energy balance (Turnbaugh et al., 2006). Further studies are need-
ed to address the underlying mechanisms.

The rise in popularity of low carbohydrate diets, especially in the
United States and other Western countries is based on studies which
have reported higher levels of insulin and triglyceride and lower
levels of HDL cholesterol for high carbohydrate diets when com-
pared with lower carbohydrate, higher fat diets (Hu et al., 2012;
Kodama et al., 2009., Mensink et al.,, 2003). The profile of
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Fig. 2. Mean changes and diet contrast in body weight and waist circumferences. Panel A shows mean changes in body weight and waist circumference. Error bars indicate 95% confidence
intervals. Data are based on mixed-model analysis of variance. The P value at the lower left indicates the test of whether the change between baseline and intervention period (mean of
each month) differed significantly between participants assigned to three diet groups. The P values for the comparison between the LF-HC group and the MF-MC group are <0.001 for body
weight and <0.001 for waist circumference. The P values for the comparison between the HF-LC group and the MF-MC group are 0.44 for body weight and 0.21 for waist circumference. The
P values for the comparison between the LF-HC group and the HF-LC group are <0.001 for body weight and <0.001 for waist circumference. Panel B shows the between-diet differences in
body weight and waist circumference at 1 to 6 month. Error bars indicate 95% confidence intervals. LF-HC = lower fat, higher carbohydrate. MF-MC = moderate fat, moderate
carbohydrate. HF-LC = higher fat, lower carbohydrate.

cardiometabolic risk factors measured on the three diets in the pres- diets which are relatively high in unsaturated vegetable derived
ent study suggests that the traditional high carbohydrate diet char- fatty acids (soybean oil). As expected, replacement of fat with carbo-
acteristic of the dietary patterns in China is associated with an hydrate was associated with lowered HDL cholesterol levels, but no
overall lower risk of cardiovascular diseases than the higher fat significant differences in ratio of total and HDL cholesterol. Diet
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induced lowering of HDL cholesterol results in more rapid clearance
of HDL and decreased transport of HDL apolipoproteins, which may
not confer the same risk of atherosclerosis as do low HDL cholesterol
levels in subjects consuming a high-fat diet (Connor and Connor,
1997). Several studies confirm that eating a low-fat diet is not asso-
ciated with an increased incidence of CHD despite a reduction in HDL
(Connor et al., 1978; Knuiman et al., 1982; Ornish et al., 1998). The
relatively high baseline HDL concentration (1.48 mmol/L), provides
some additional reassurance that this may not be an important de-
terminant of cardiovascular risk in the population we have studied.
Furthermore, the fact that glucose and insulin levels were not signif-
icantly different for the high and lower carbohydrate diets and that
body weight reduced with increasing carbohydrate intake suggests
that among the Chinese, traditional high carbohydrate diets are un-
likely to be associated with an increased risk of diabetes.

Our trial has several limitations. We relied on self-reported dietary
intake in the intervention period. However, all food was provided
throughout the 6 month intervention period and one meal each day
was consumed under supervision. All of these measures ensured a
high likelihood of achieving dietary targets. We also note that this limi-
tation would apply to all dietary intervention trials in which partici-
pants were not confined in a metabolic facility. In addition, the fact
that lipid measurements altered in the expected direction with increas-
ing intakes of carbohydrate might be considered as providing indirect
evidence of compliance with the test diets. One might argue that com-
pared with changes seen in weight-loss trials among obese subjects,
the relatively small benefit observed in terms of body weight and
other measurements of interest may be of little clinical relevance. How-
ever, the effects are potentially considerable among the non-obese pop-
ulation, especially when translated into population health outcomes in a
country that is in a state of nutrition transition. Only non-obese healthy
subjects were included, but based on current trends in China many of
them are likely to become obese and develop cardiometabolic disease
in the future. Therefore, we would suggest that our results are of consid-
erable potential relevance.

The strengths of the present study include the study design, the rel-
atively long duration of the intervention, the similar results observed
when analyzing the data according to intention-to-treat and per-proto-
col or whether including weight change or not, and high retention rates,
all of which enhance our confidence in the findings.

In conclusion, among non-obese healthy Chinese, a low fat, relatively
high carbohydrate diet, similar in macronutrient composition to tradi-
tional dietary patterns in China appears to be less likely to promote ex-
cessive weight gain and be associated with a lower cardiometabolic risk
profile than a diet more typical of that eaten in Western countries. Our
findings in conjunction with all other available evidence suggest that
the Chinese population should be discouraged from following the con-
tinuing trend towards increasing dietary fat intake at the expense of
carbohydrates.
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