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Abstract
Randomised controlled trials comparing low- v. high-fat diets on cardiometabolic risk factors in people with overweight or obesity have shown
inconsistent results, which may be due to the mixed metabolic status of people with excess adiposity. The role of dietary fat manipulation in
modifying cardiometabolic indicators in people with overweight or obese without metabolic disturbance is unclear. Thus, meta-analysis was
conducted to compare low- v. high-fat diets on cardiometabolic indicators in people who are overweight or obese without metabolic
disturbance in the present study. Databases were searched until October 2016. The pooled effects of outcomes with heterogeneity were
calculated with a random-effects model, heterogeneities were analysed by subgroup and meta-regression. As a result, twenty studies with
2106 participants were included in the meta-analysis. Total cholesterol and LDL-cholesterol levels were lower following low-fat diets
compared with high-fat diets: weighted mean difference (WMD) was −7·05mg/dl (−0·18mmol/l; 95% CI −11·30, −2·80; P= 0·001) and
−4·41mg/dl (−0·11mmol/l; 95% CI −7·81, −1·00; P= 0·011), respectively. Conversely, significant higher level of TAG (WMD: 11·68mg/dl
(0·13mmol/l), 95% CI 5·90, 17·45; P< 0·001) and lower level of HDL-cholesterol (WMD: −2·57mg/dl (−0·07mmol/l); 95% CI −3·85, −1·28;
P< 0·001) were found following low-fat diets compared with high-fat diets. In conclusion, dietary fat manipulation has a significant influence
on blood lipid levels in people with overweight or obesity without metabolic disturbances.
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Excessive body weight (BW) is a global public health issue.
According to the WHO’s investigation in 2015, worldwide
obesity has more than doubled since 1980(1). Excess adiposity is
associated with chronic diseases through various metabolic
pathways and their complications such as elevated blood
pressure, elevated plasma glucose and dyslipidaemia(2–4). Tra-
ditional weight loss diets are usually low in fat to decrease
overall daily energy intake and because of the favourable
effects on blood lipids(5). This traditional dogma is now con-
tentious with several studies comparing low-fat with high-fat
diet showing variable results on BW and cardiometabolic indi-
cators in people with overweight or obesity(6–9). Notably two
systematic reviews and meta-analyses(8,9) have reported com-
mon findings that high-fat diets v. low-fat diets result in higher
fasting plasma total cholesterol (TC) and LDL-cholesterol, but
lower fasting plasma TAG and higher HDL-cholesterol. The

effects on BW are less clear with one meta-analysis reporting
that overall there is no difference when comparing low-fat v.
high-fat diets, however when these diets were combined with
energy restriction the difference was greater with the high-fat
intervention(9). Whereas in a more recent meta-analysis there
was a greater change in BW after high-fat diets compared with
low-fat diets(8). As there appears to be elevated LDL-cholesterol
with consumption of high-fat diets, caution has ensued in
recommending this dietary pattern in combination with overall
energy restriction for facilitating weight loss.

Dietary fat may confer different effects on blood lipids in
people with overweight or obesity depending on whether there
is underlying metabolic disease or not. Excess adiposity is not
always concomitant with metabolic complications or CVD.
These people have been described as ‘metabolically healthy
obese’ (MHO)(10–12). MHO individuals are characterised by

Abbreviations: BW, body weight; DBP, diastolic blood pressure; Hs-CRP, high-sensitivity C creative protein; MHO, metabolically healthy obese; MUO,
metabolically unhealthy obese; RCT, randomised controlled trial; SBP, systolic blood pressure; TC, total cholesterol; WMD, weighted mean difference.
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reduced cardiometabolic risk (relative to weight-matched indi-
viduals with metabolic disturbances), as reflected by preserved
insulin sensitivity, a reduced inflammatory status and a normal
circulating lipid profile(13). Importantly, recent studies estimate
that the prevalence of this phenotype may be as high as 30% of the
obese population(14,15). If excess adiposity is sustained a metabo-
lically unhealthy phenotype may develop(16). This is an important
sub-clinical population to study to assist with development of
strategies which aim to prevent the onset of metabolic complica-
tions. A growing number of studies show that in addition to lifestyle
and dietary differences, there are also differences in the expression
of genes linked to CVD progression in this sub-clinical population,
compared with those who have excess adiposity in combination
with metabolic disturbances(17–20). With the increased number of
randomised controlled trials (RCT) that have compared a low-fat
diet with a high-fat diet in metabolically healthy people with
overweight or obesity, a systematic review and meta-analysis to
summarise the impact of these diets on cardiometabolic risk factors
is now warranted. This is important for developing best-practice
dietary guidelines, particularly for MHO populations.

Methods

Literature search

All of the processes of article searching were conducted by two
investigators independently. Literature search was limited to RCT
without any restriction on language or calendar date. The databases
MEDLINE, EMBASE and the Cochrane Trial Register were searched
through to October 2016. The structured search strategies used the
following format of terms: (low fat diet OR low fat diets OR reduced
fat) AND (obese OR obesity OR overweight OR weight loss). This
combination of search terms were selected to ensure that all rele-
vant studies were identified through and screened for eligibility. The
reference lists of retrieved articles were also checked for additional
publications. This systematic review was conducted in adherence to
the standards of the Preferred Reporting Items for Systematic
Review and Meta-Analysis statement(21).

Eligibility criteria

Studies were reviewed by title and abstract first and then the full-
text for the final eligibility of a study. Only studies that met all of
the following criterions were included: (i) RCT; (ii) the BMI of the
participants ≥25kg/m2; (iii) the intervention should be a low-fat
diet (<30% of total energy consumption) compared with a high-
fat diet (≥30% of total energy consumption); (iv) participants are
metabolically healthy according to Wildman et al.(22): where less
than two of the following criterions should be found: blood
pressure≥130/85mmHg; TAG≥1·7mmol/l; HDL-cholesterol
for men <1·03mmol/l, for women <1·30mmol/l; glucose≥ 5·6
mmol/l; homoeostasis model assessment-insulin resistance>4·27
(i.e. 90th percentile); high-sensitivity C-reactive protein (Hs-
CRP)>7·89mg/dl (i.e. 90th percentile); (v) having at least one of
the outcomes (BW, systolic blood pressure (SBP), diastolic blood
pressure (DBP), LDL-cholesterol, HDL-cholesterol, TC, TAG,
insulin, glucose, leptin, total adiponectin and Hs-CRP) for assess-
ment and report of post intervention mean or mean of two time

point values with standard deviation (or basic data to calculate
these parameters).

Studies were excluded if the high-fat diet accounted for only
30% of the total energy or if any of the participants were using
drugs that could influence the result of interest (lipid mod-
ification drugs, hormone drugs, slimming drugs, etc.). Diets that
replaced fat with artificial fat were excluded. If there were
studies published as updates, only the study that had the most
outcomes of interest was included.

Data extraction

For all included studies, the following data were extracted: the
first author’s name, date of publication, country where partici-
pants reside, follow-up period, study design, drop-out rate, total
number of participants, female percentage and post interven-
tion mean values or differences in mean of two time point
values with corresponding standard deviation. In case of more
than one low-fat group or high-fat group within a single study
design, data were combined according to the methods recom-
mended by the Cochrane collaboration(23). If standard deviation
was not provided, it was calculated from standard error of mean
or 95% CI. Extracted data were turned to unified units. For TC,
LDL-cholesterol and HDL-cholesterol, 1mmol/l was converted
to 38·61mg/dl; for TAG, 1mmol/l was converted to 88·50mg/
dl; for plasma glucose, 1mmol/l was converted to 18mg/dl.

Quality assessment and risk of bias

Methodology quality of the included studies were assessed by both
the JADAD score and risk of bias assessment. Two investigators
conducted the assessment independently. The modified JADAD
score (seven-point) was used according to randomisation (rando-
misation=1 point, random number generated by computer or
similar methods=an additional 1 point) , concealment of allocation
(random number table or similar methods=1 point, the allocation
scheme is controlled by centre or pharmacy, or using of opaque
envelopes or other methods that be secret to clinicians and subjects
of the allocation methods=an additional 1 point), double-blinding
(double-blind=1 point, use of a placebo= additional 1 point),
withdrawals and dropouts (numbers and reasons for drop-out are
stated=1 point). Final scores of 0–3 points were considered to be
of low quality and 4–7 points as high quality(4,24).

Risk of bias of the included studies were assessed using the
Cochrane Collaboration’s risk of bias tool following six domains:
(i) selection bias (random sequence generation allocation con-
cealment); (ii) performance bias (blinding of participants and
personnel); (iii) detection bias (blinding of outcome assessment);
(iv) attrition bias (incomplete outcome date); (v) reporting bias
(selective reporting); (vi) other bias(25). Data were analysed using
Review Manager 5.3 software to give an overview of the risk of
bias within the included studies against theses six domains.

Statistical analysis

Meta-analysis was performed for all outcomes to determine the
pooled effect of the intervention. A random-effects model
described by DerSimonian & Laird(26) was used to estimate
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weighted mean differences (WMD) with 95% CI. Heterogeneity of
the trial results were tested by Q test and I2 parameter. I2≤25%
was considered to be low heterogeneity, 25%< I2≤50% mod-
erate heterogeneity, whereas I2≥ 75% was considered to be high
heterogeneity(27). In order to find out the source of heterogeneity,
subgroup analysis was carried out for outcomes that had a
moderate or high heterogeneity focused on the following cov-
ariates : the percentage of female (>80 or≤ 80%); fat percentage
of high-fat diet (≥45 or <45%); carbohydrate percentage of low-
fat diet (>55 or≤ 55%); duration (<3, 3–6 or >6 months); energy
restriction (both restricted or low fat only or high fat only or no);
high-fat diet type (low-carbohydrate diet or other high-fat diet
types); drop-out rate (>20 or≤ 20%); Continent (North America,
Europe or others); the JADAD score (≥4 or <4). Univariate meta-
regression was also conducted where there were more than 10
studies including the dependent variables of interest. Most of the
cut points of subgroups were chosen by median. Sensitivity ana-
lysis was applied to assess whether one single study influenced
the results excessively. Begg’s test and Egger’s test were per-
formed and the symmetry of the funnel plots assessed to examine
potential publication bias. All of the analyses were conducted
using Stata/SE 12.0 (add publisher/manufacture details). Two-
sided P< 0·05 was considered to be statistically significant.

Results

Literature search

A total of 4877 articles were retrieved: 989 from Medline, 2324
from Embase and 1564 from the Cochrane trial register. Fol-
lowing first and second pass screening, twenty studies were
eligible for inclusion, resulting in 2106 participants for the meta-
analysis(28–47). Details for the screening steps and reasons for
exclusion are shown in Fig. 1.

Characteristics of studies included

Included studies were published between 1993 and 2014 and
intervention duration ranged from 6 weeks to 2 years. Most of
the trials were conducted in USA (n 12). All participants were
adults aged≥ 18 years old and BMI≥ 25 kg/m2. Five of the
studies were conducted exclusively on women. The proportion
of energy from fat in low-fat diet ranged from 12 to 30%,
whereas carbohydrate ranged from 52 to 65%. There were
twelve trials with restricted energy intake in both diets. The
number of included studies reporting on outcomes of interest
were as follows: BW (n 14), SBP and DBP (n 10), plasma LDL-
cholesterol (n 18), HDL-cholesterol (n 18), TC (n 16), TAG
(n 19), plasma insulin (n 14), plasma glucose (n 14), leptin
(n 5), adiponectin (n 3) and Hs-CRP (n 7) respectively. Nine of
the included studies scored≥ 4 of the JADAD score, no study
scored less than 2 points (Table 1). No obviously high risk of
bias was found (Fig. 2).

The effects of low-fat diet compared with high-fat diet
on cardiometabolic indicators

A more pronounced reduction of TC and LDL-cholesterol was
found after following a low-fat diet compared with high-fat

diets: WMD −7·05mg/dl (−0·18mmol/l; 95% CI 11·30, −2·80;
P= 0·001) and −4·41mg/dl (−0·11mmol/l; 95% CI −7·81, −1·00;
P= 0·011), respectively. Conversely, HDL-cholesterol was lower
and TAG higher after the low-fat diet compared with high-fat
diets: WMD were −2·57mg/dl (−0·07mmol/l; 95% CI 3·85,
−1·28; P< 0·001) and 11·68mg/dl (0·13mmol/l; 95% CI 5·90,
17·45; P< 0·001), respectively. Low-fat diet was also associated
with higher DBP compared with high-fat diets, the WMD was
2·18mm Hg (95% CI 0·74, 3·62; P= 0·003). There appeared
to be no significant difference between low-fat and high-fat
diets on: BW (P= 0·548), SBP (P= 0·114), plasma glucose
(P= 0·347), plasma insulin (P= 0·106), leptin (P= 0·679),
Hs-CRP (P= 0·623) or adiponectin (P= 0·100) (Table 2) (Fig. 3).

Subgroup and meta-regression analysis

Low heterogeneity between studies was detected for TAG
(I2= 10·8%), SBP (I2= 0%) and DBP (I2= 0%). Moderate het-
erogeneity were found in TC (I2= 32·8%), plasma insulin
(I2= 42·9%), plasma glucose (I2= 25·8%), leptin (I2= 25·1%),
Hs-CRP (I2= 29·6%) and adiponectin (I2= 49·3%). High het-
erogeneity were found in LDL-cholesterol (I2= 56·7%), HDL-
cholesterol (I2= 69·4%) and BW (I2= 72·7%).

For the studies that measured TC, TAG, HDL-cholesterol,
LDL-cholesterol, subgroup analyses found that the following
factors confounded the effects of low-fat diet compared with
high-fat diet: drop-out rate> 20% and the JADAD score <4,
P values of these four indicators remained significant only
when drop-out rate <20% and the JADAD score> 4. The pro-
portion of dietary fat on the high-fat diet was also a source of
heterogeneity and for studies where dietary fat≥ 45%, there
was a greater change for the size effects of TAG (WMD:
35·26mg/dl; 95% CI 20·15, 50·36; P< 0·001) and BW (WMD:
3·98 kg; 95% CI 2·25, 5·72; P< 0·001) on the low-fat diet com-
pared with high-fat diet. Compared with high-fat diet, the
reduction of LDL-cholesterol was more marked when carbo-
hydrate percentage≤ 55% in low-fat diet (WMD: −6·87mg/dl;
95% CI −11·20, −2·54; P= 0·002). When female percentage≤
80%, fasting plasma glucose was greater after low-fat diet
compared with high-fat diet (P= 0·002). However, most of
the heterogeneity were only partly explained by subgroups
(Tables 3 and 4).

Sensitivity analysis and publication bias

Sensitivity analysis showed there was no apparent difference
for the pooled estimate of the WMD for the effects of low-fat
diet on BW, HDL-cholesterol, TC, TAG, SBP, DBP, or LDL-
cholesterol after any one study was removed (online
Supplementary Fig. S1–S12). The results for Begg’s rank
correlation test and Egger’s linear regression test indicated that
there were no obvious publishing bias detected in the meta-
analysis of BW, TC, TAG, SBP, DBP, LDL-cholesterol, plasma
insulin, leptin, Hs-CRP and adiponectin. Publication bias may
exist for HDL-cholesterol and plasma glucose according to
Egger’s linear regression test (P< 0·001), however, it was not
evident from the Begg’s rank correlation test (P= 0·820,
P= 0·477) (Table 5 and online Supplementary Fig. S13–S36).
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After further analysed by the trim and fill method, there were no
articles indicated to be trimmed, which suggests little evidence
for publication bias.

Discussion

To our knowledge, this is the first meta-analysis to system-
atically compare the effects of low-fat diet with high-fat diet
in people who are metabolically healthy but are overweight
or obese. This is important for contributing to understanding
what factors may be involved in the transition from a metabo-
lically healthy profile to a metabolically unhealthy profile
and consequently increase disease risk. Findings of this meta-
analysis suggests that short- to medium-term (6 months–2 years)
intake of low dietary fat compared with high dietary fat
was associated with lower plasma TC and LDL-cholesterol.
Conversely, low-fat diet was associated with a more unfavour-
able change in TAG, HDL-cholesterol and DBP compared with
high-fat diet. There appeared to be little impact of the low-fat

diet on other cardiometabolic risk factors compared with high-
fat diet including BW, SBP, plasma insulin, plasma glucose,
leptin, adiponectin and Hs-CRP. These results should be
explained cautiously.

Metabolic phenotype with excess adiposity

The results of this meta-analysis are consistent with that
of Schwingshackl & Hoffmann’s(9), who compared low-fat diets
with high-fat diets in overweight and obese populations without
screening of metabolic status, and the results found low-fat diets
were associated with lower TC and LDL-cholesterol levels,
whereas high-fat diets were associated with lower TAG level
and higher HDL-cholesterol level. However, WMD of all of the
four blood lipid indicators were more remarkable in the present
meta-analysis than Schwingshackl & Hoffmann’s(9), which
suggests that overweight and obese populations with healthy
metabolism have a more distinct reaction to dietary fat than
those metabolically unhealthy people.

Id
en

tif
ic

at
io

n
S

cr
ee

ni
ng

E
lig

ib
ili

ty
In

cl
ud

ed

Records identified through
database searching
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Medline (n 989)

Embase (n 2324)
Cochrane library (n 1564)

Additional records identified
through other sources

(n 3)

Records after duplicates removed
(n 3712)

Records screened
(n 3712)

Full-text articles assessed
for eligibility

(n 106)

Studies included in
qualitative synthesis

(n 20)

Studies included in
quantitative synthesis

(meta-analysis)
(n 20)

Records excluded
(n 3638)

Not RCT (n 1220)
No useful outcomes

(n 2367)
<18 years of age (n 51)

Full-text articles
excluded, with reasons

(n 138)
Abstract (n 32)

Metabolically unhealthy
(n 80)

Articles from the same
study (n 14)

Other reasons (n 12)

Fig. 1. Flow chart for article selection process. RCT, randomised controlled trial.
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Table 1. Characteristics of randomised controlled trials included
(Percentages and numbers)

Author, year Country
Female
(%)

Participant*
(n)

Duration
(Weeks) Low-fat diet intervention High-fat diet ntervention Drop-out (%)

JADAD†
score

Brehm et al., 2003 USA 100 53 24 Energy restricted
30% fat, 55%
carbohydrate

Atkins‡
low-carbohydrate diet

20·8 4

Brehm et al., 2005
USA 100 50 16 Energy restricted

30% fat, 55%
carbohydrate

Atkins
low-carbohydrate diet

20·0 4

Pelkman et al., 2004 USA 69 53 6 Energy restricted
20% fat

Energy restricted
35% fat

1·9 2

Ebbeling et al., 2007 USA 79 73 72 Energy restricted
20% fat
55% carbohydrate

Energy restricted
Low-glycaemic load
diet (35% fat, 40%
carbohydrate)

30·1 5

Bladbjerg et al., 2011 Denmark 58 131 24 20–30% fat
55–65% carbohydrate

MUFA diet (35–45% fat,
40–50%
carbohydrate);
Danish§ diet (30–40%
fat, 45–55%
carbohydrate)

24·4 2

Foster et al., 2010 USA 68 307 96 Energy restricted
30% fat, 55%
carbohydrate

Atkins
low-carbohydrate diet

0·0 4

Lovejoy et al., 2003 USA 0 45 36 Energy restricted
25% fat
58% carbohydrate

Energy restricted
33% fat
52% carbohydrate

18·9 4

Kasim et al., 1993 USA 100 72 48 Energy restricted
15% fat

Usual diet 0·0 2

Kelly et al., 2003 Canada 75 40 10 Energy restricted 18% fat Energy restricted
55% fat

22·5 2

Petersen et al., 2006 Denmark 75 771 10 Energy restricted
20–25% fat, 60–65%
carbohydrate

Energy restricted
40–45% fat
40–45% carbohydrate

17·1 5

Cornier et al., 2005 Sweden 100 12 16 Energy restricted
20% fat,
60% carbohydrate

Energy restricted
40% fat
40% carbohydrate

0·0 2

Falgarona et al., 2014 Spain 81 122 24 Energy restricted
30% fat,
52% carbohydrate

Energy restricted
40% fat,
42% carbohydrate

14·8 3

Ruth et al., 2013 USA 89 55 12 Energy restricted
25% fat,
60% carbohydrate

Energy restricted
60% fat, ≤40 g/d
carbohydrate

40·0 2

Clifton et al., 2004 Australia 100 70 12 Energy restricted
12% fat,
63% carbohydrate

Energy restricted
35% fat,
45% carbohydrate

11·4 2

Saris et al., 2000 Spain 50·9 372 24 Reduce fat intake by 10%
energy

Usual diet 15·1 2

Phillips et al., 2008 USA ND 28 6 Energy restricted
30% fat

Energy restricted
Atkins
low-carbohydrate diet

28·6 4

Raatz et al., 2005 USA 83 29 12 25% fat,
60% carbohydrate

40% fat,
45% carbohydrate

0·0 2

Hernandez et al.,
2010

USA 69 32 6 Energy restricted
30% fat,
55% carbohydrate

20 g/d carbohydrate diet 0·0 2

Varady et al., 2011 USA 29·4 20 6 Energy restricted
25% fat

Energy restricted
60% fat

15·0 4

Haufe et al., 2011 Germany 82 174 24 Energy restricted≤20%
fat

Energy restricted>30%
fat

41·4 5

* Total number of participants without drop-out.
† JADAD score was graded by modified JADAD score method.
‡ Atkins low-carbohydrate diet, a maximum intake of 20 g carbohydrate/d at the first 2 weeks and then subjects were permitted to increase their intake of carbohydrate to 40–60g/d

only if self-testing of urinary ketones continued to indicate ketosis.
§ Danish diet, usual diet of the Danes.
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Suppressing the conversion from metabolically healthy
to metabolically unhealthy obesity

Epidemiological studies have shown that MHO populations are
at a lower risk of some chronic diseases and lower all-cause
mortality than metabolically unhealthy obese (MUO)(17,48,49), it
is therefore, meaningful to find methods to stop the transition
from MHO to MUO. Soriguer et al.(50) have found that after a 6-
year’s follow-up, about 37% of the MHO population trans-
formed to MUO, a recent longitudinal study also indicate that
MHO is an intermediate stage to MUO(51). A prospective study
reported that a healthy lifestyle helps to maintain a favourable
cardiometabolic profile and thus counterbalance the risk of
transition from MHO to MUO(20). According to these results,
macronutrient composition of the diet, including the amount
and the type of dietary fat may play an important role in
maintaining metabolic healthy status in people with excess
adiposity. However, according to the results of the present
meta-analysis, it is unclear what role dietary fat may play in the
transition from MHO to MUO.

Dietary fat and body weight

In this meta-analysis that included participants with excess
adiposity and who were metabolically healthy, significant dif-
ference between low-fat diets and high-fat diets on weight loss
was not found. Besides, no remarkable differences between
low-fat diets and high-fat diets were found for either leptin or

adiponectin in the present study (Table 2). Both leptin and
adiponectin are well known to be inversely correlated with
BW(52,53), leptin represses food intake and increases food
expenditure to regulate BW(54–57). These results are consistent
with pooled data from RCT, which showed that low-fat diet
have little effect on weight loss during long-term intervention of
more than 12 months(58)compared with high-fat diet. However,
another meta-analysis concluded RCT and cohort studies found
that diets low in total fat were associated with lower relative
BW(59) compared with high-fat diets. These disparate results
may be because of the different type of dietary fat and different
duration of intervention. As most of the experimental diets were
energy restricted, both the low-fat diets and high-fat diets
should be effective for weight loss, however, the potential
benefits of the high-fat diet may because of the greater satiety.
Besides, most of the high-fat diets were also low carbohydrate
diets, low carbohydrate diets have been reported to be good
for weight loss(60–62). So further studies that aim to compare
the effects of low-fat diet with high-fat diet on weight loss
should control the percentage of carbohydrate between the
two diets.

Dietary fat and CVD

The proportion of dietary fat in the low-fat diets in this review is
consistent with the latest American Dietary Guidelines recom-
mendation on fat intake. In this meta-analysis, high-fat diets

0 % 25 % 50 % 75 % 100 %

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias): self-reported outcomes

Blinding of outcome assessment (detection bias): objective outcomes

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Fig. 2. Summary of risk of bias within the included studies across the six domains: selection bias; performance bias; detection bias; attrition bias; reporting bias; and
other bias(22). The proportion of included studies with each judgement: , low risk of bias; , unclear risk of bias; , high risk of bias.

Table 2. Pooled estimates for the effects of low- v. high-fat diet on cardiometabolic indicators*
(Effect size (ES) of weighted mean difference and 95% confidence intervals)

Outcomes No. of studies ES 95% CI P I2 (%)

Weight loss (kg) 14 0·292 −0·660, 1·244 0·548 72·7
Total cholesterol (mg/dl) 16 −7·050 −11·296, −2·803 0·001 32·8
LDL-cholesterol (mg/dl) 18 −4·406 −7·809, −1·003 0·011 56·7
HDL-cholesterol (mg/dl) 18 −2·568 −3·852, −1·285 <0·001 69·4
TAG (mg/dl) 19 11·679 5·903, 17·454 <0·001 10·8
Systolic blood pressure (mmHg) 10 1·548 −0·374, 3·469 0·114 0
Diastolic blood pressure (mmHg) 10 2·182 0·741, 3·624 0·003 0
Plasma glucose (mg/dl) 14 0·406 −0·614, 1·426 0·435 30·7
Hs-CRP (μg/ml) 7 0·184 −0·549, 0·916 0·623 29·6
Adiponectin (total) 3 −0·317 −0·695, 0·061 0·100 49·3
Leptin 5 −0·047 −0·341, 0·246 0·752 39·2
Plasma insulin 15 0·142 −0·035, 0·319 0·116 46·9

* ES>0 means low-fat diet increased the indicator when compared with high-fat diets; ES <0 means low-fat diet decreased the indicator when compared
with high-fat diets; ES= 0 means low-fat diet makes no difference to the indicator when compared with high-fat diets. P value is P for ES.
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were found to be favourable for TAG (P< 0·001) and HDL-
cholesterol (P<0·001), and these results are also consistent with
the studies including metabolically heterogeneous groups of
participants(63–65). In patients with type 2 diabetes, high-fat diet
was also associated with lower TAG level and higher HDL-

cholesterol level compared with low-fat diet(66). As TAG and
HDL-cholesterol levels are important indices for CVD risk, each
10mg/dl (0·26mmol/l) increase of HDL-cholesterol is asso-
ciated with a decreased CHD risk of 29%(67). The present meta-
analysis found that high-fat diets can bring an average increase
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Fig. 3. Effects of low-fat diets compared on high-fat diets on: (a) total cholesterol (TC), (b) TAG (mg/dl), (c) LDL-cholesterol, (d) HDL-cholesterol (mg/dl), (e) systolic
blood pressure (SBP) and (f) diastolic blood pressure (DBP) (mmHg). The pooled weighted mean differences (WMD) and 95% CI are shown in the forest plot. WMD
was determined with a random-effects model. For TC, TAG, LDL-cholesterol, SBP, DBP, WMD> 0 means favours low-fat diet, for HDL-cholesterol, WMD> 0 means
favours high-fat diet. Weights are from random-effects analysis.
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Table 3. Subgroup and meta-regression analysis of body weight (BW), plasma insulin and plasma glucose concentrations
(Pooled effects and 95% confidence intervals)

BW Plasma insulin Plasma glucose

Subgroup factors
No. of
trials

Pooled
effect
(mg/dl) 95% CI

I2

( % ) P* P†
No. of
trails

Pooled effect
(mg/dl) 95% CI

I2

(%) P* P†
No. of
trails

Pooled effect
(mg/dl) 95% CI

I2

(%) P* P†

Female (%) 0·634 0·944 0·098
>80 6 0·99 −1·13, 3·12 78·3 0·360 6 0·07 −0·3, 0·45 66·2 0·701 6 0·87 −1·33, 3·07 0 0·438
≤80 5 0·13 −0·60, 0·86 34·4 0·732 5 0·23 −0·06, 0·52 44·3 0·119 5 1·25 0·48, 2·03 14·4 0·002

Duration (months) 0·983 0·584 0·750
≥ 6 6 0·37 −1·85, 2·60 82·7 0·742 6 0·13 −0·11, 0·37 45·8 0·290 6 0·13 −1·77, 2·04 16·5 0·893
3–6 3 0·49 −2·80, 3·78 84·3 0·770 3 −0·09 −0·84, 0·65 73·7 0·806 3 −0·11 −2·97, 2·75 0 0·940
<3 5 −0·02 −0·47, 0·43 0 0·930 5 0·30 −0·07, 0·66 44·8 0·113 5 0·53 −0·98, 2·03 53·8 0·493

Drop-out (%) 0·097 0·742 0·939
>20 3 2·51 −0·42, 5·43 56·2 0·093 5 0·19 −0·11, 0·49 29·2 0·211 5 0·20 −2·19, 2·59 8·4 0·872
≤ 20 11 −0·14 −1·10, 0·81 70·7 0·767 9 0·12 −0·11, 0·35 55·4 0·299 9 0·41 −0·76, 1·58 40·6 0·490

Fat in high-fat diet
(%)

0·341 0·796 0·147

≥ 45 3 3·98 2·25, 5·72 0 <0·001 4 0·26 −0·26, 0·79 51·3 0·325 4 0·47 −4·03, 4·96 28·7 0·838
30–45 7 −0·55 −1·54, 0·44 72·1 0·279 7 0·06 −0·17, 0·28 57·5 0·622 7 −0·05 −1·08, 0·98 0 0·928

Carbohydrate in low-
fat diet (%)

0·599 0·641 0·706

≤ 55 6 0·99 −1·76, 3·74 86·3 0·480 6 0·16 −0·14, 0·46 54 0·282 6 0·17 −2·06, 2·40 61·2 0·880
>55 5 −0·05 −0·85, 0·75 49·4 0·904 6 0·10 −0·24, 0·44 59·1 0·551 6 0·39 −0·78, 1·57 0 0·511

High-fat diet type 0·043 0·747 0·778
Low carbohydrate 5 1·96 −0·22, 4·14 68 0·078 4 0·21 −0·21, 0·64 46·8 0·330 4 0·79 −2·75, 4·33 25·3 0·661
Other type 9 −0·48 −1·38, 0·42 63·3 0·298 10 0·12 −0·08, 0·33 50·4 0·236 10 0·34 −0·77, 1·45 38·4 0·546

Energy restricted 0·034 0·362 0·977
Both restricted 8 0·06 −0·57, 0·70 25·8 0·846 11 0·19 −0·02, 0·40 46·7 0·073 11 0·07 −0·96, 1·10 0 0·892
Low fat only 5 1·31 −1·25, 3·86 74 0·316 2 0·12 −0·82, 1·06 75·2 0·799 2 2·22 −0·32, 4·76 27·3 0·087
No 1 −2·20 −3·26, −1·14 / <0·001 1 −0·09 −0·36, 0·19 / 0·536 1 −1·80 −4·32, 0·72 / 0·161

Continent 0·119 0·981 0·467
North America 10 1·12 −0·22, 2·46 52·5 0·102 9 0·16 −0·17, 0·49 48·8 0·329 9 0·66 −0·80, 2·12 23·1 0·373
Europe 3 −0·61 −2·16, 0·93 84·6 0·435 4 0·12 −0·11, 0·36 63·5 0·300 4 −0·04 −1·18, 1·10 0 0·940
Others 1 −1·07 −2·47, 0·33 / 0·133 1 0·11 −0·39, 0·60 / 0·676 1 0·72 −3·59, 5·03 / 0·743

JADAD‡ score 0·054 0·537 0·884
≥ 4 8 1·46 −0·14, 3·05 72·2 0·073 7 0·04 −0·09, 0·17 0 0·559 7 0·24 −1·03, 1·51 7·6 0·710
<4 6 −0·83 −2·22, 0·56 73·1 0·239 7 0·22 −0·14, 0·58 69·7 0·236 7 0·40 −1·20, 2·01 29·9 0·623

WMD, weighted mean differences.
* P for effect size; it was calculated with a random effect model with weighted mean difference.
† P for univariate meta-regression analysis. WMD was used as the dependent variables and the SE (WMD) as variable name.
‡ JADAD score were graded by modified JADAD score method.
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Table 4. Subgroup and meta-regression analysis of total cholesterol (TC), TAG, LDL-cholesterol and HDL-cholesterol plasma concentrations
(Pooled effects and 95% confidence intervals)

TC TAG

Subgroup factors No. of trials Pooled effect (mg/dl) 95% CI
I2

(%) P* P† No. of trails Pooled effect (mg/dl) 95% CI I2 (%) P* P†

Results for TC and TAG
Female (%) 0·801 0·472

>80 8 −7·37 −12·89, −1·84 0 0·009 9 14·94 2·63, 27·25 30·4 0·017
≤80 5 −9·28 −22·20, 3·63 70·7 0·159 7 10·28 3·72, 16·84 0 0·002

Duration (months) 0·270 0·284
≥6 8 −4·69 −9·02, −0·37 0 0·005 8 4·65 −3·16, 12·46 0 0·243
3–6 4 −6·09 −16·25, 4·07 0 0·240 5 21·53 2·38, 40·67 36·8 0·028
<3 6 −12·39 −25·85, 1·07 76·3 0·071 6 14·59 7·51, 21·67 0 <0·001

Drop-out (%) 0·179 0·764
>20 6 −8·51 −17·77, 0·75 72·3 0·072 5 13·18 −0·22, 26·58 2 0·054
≤20 12 −4·14 −7·08, −1·20 5·8 0·006 14 11·44 4·56, 18·31 19 0·001

Fat in high-fat diet (%) 0·052 0·743
≥45 5 −14·32 −29·01, 0·37 51·6 0·056 5 35·26 20·15, 50·36 0 <0·001
30–45 9 −3·72 −6·97, −0·47 11·6 0·025 10 9·88 3·88, 15·88 0 0·001
Carbohydrate in low-fat diet (%) 0·198 0·965

≤55 7 −6·87 −11·20, −2·54 0 0·002 7 10·77 −0·53, 22·08 27·5 0·062
>55 8 −3·48 −11·05, 4·09 59·3 0·368 9 14·31 7·70, 20·93 0 <0·001

High-fat diet type 0·096 0·782
Low carbohydrate 5 −15·11 −30·11, −0·10 65·4 0·048 6 12·25 −1·46, 25·96 34·5 0·080
Other type 11 −4·54 −7·27, −1·82 0 0·001 13 12·55 6·87, 18·22 0·2 <0·001

Energy restricted 0·603 0·812
Both restricted 11 −10·06 −16·77, −3·35 52·3 0·003 12 14·31 8·10, 20·53 2·1 <0·001
Low fat only 3 −4·81 −16·11, 6·48 0 0·404 5 11·19 −5·47, 27·86 35·5 0·188
High-fat only / / / / / 0·560
No 2 −3·20 −9·18, 2·79 0 0·295 2 3·98 9·38, 17·33 0 0·853

Continent 0·454 0·213
North America 9 −11·73 −21·90, −1·56 47·2 0·024 12 18·13 6·92, 29·35 34·3 0·002
Europe 6 −4·46 −7·26, −1·66 0 0·002 6 9·72 3·46, 15·99 0 0·002
Others 1 −12·35 −27·82, 3·12 / 0·118 1 7·08 −13·87, 28·03 / 0·508

JADAD score‡ 0·936 0·521
≥4 7 −3·43 −6·68, −0·17 48·5 0·039 8 14·14 5·07, 23·21 31·8 0·002
<4 9 −6·01 −14·50, 2·48 60·9 0·165 11 9·35 0·89, 17·81 0 0·030
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Table 4. Continued

TC TAG

Subgroup factors No. of trials Pooled effect (mg/dl) 95% CI
I2

(%) P* P† No. of trails Pooled effect (mg/dl) 95% CI I2 (%) P* P†

LDL-cholesterol HDL-cholesterol

Results for LDL-cholesterol and HDL-cholesterol
Female (%) 0·914 0·733

> 80 8 −0·30 −0·51, −0·09 0 0·006 8 −3·12 −5·74, −0·49 63·2 0·020
≤ 80 8 −5·57 −12·07, 0·92 67·9 0·092 7 −2·93 −4·83, −1·03 60·3 0·003

Duration (months) 0·346 0·114
≥ 6 8 −0·30 −0·51, −0·09 0 0·005 8 −1·26 −2·60, 0·08 54·6 0·065
3–6 4 −6·09 −16·25, 4·07 0 0·240 4 −6·63 −10·06, −3·21 0 <0·001
< 3 6 −12·39 −25·85, 1·07 76·3 0·071 6 −4·52 −8·08, −0·96 56·6 0·013

Drop-out (%) 0·724 0·754
> 20 6 −8·51 −17·77, 0·75 72·3 0·072 5 −4·46 −9·14, 0·22 77·6 0·062
≤ 20 12 −4·14 −7·08, −1·20 5·8 0·006 13 −2·25 −3·46, −1·05 31·8 <0·001

Fat in high-fat diet (%) 0·581 0·855
≥ 45 5 −14·32 −29·01, 0·37 51·6 0·056 5 −7·62 −11·49, −3·75 27·7 <0·001
30–45 9 −3·72 −6·97, −0·47 11·6 0·025 9 −1·62 −2·63, −0·60 12 0·002

Carbohydrate in low-fat diet (%) 0·006 0·969
≤ 55 7 −6·87 −11·20, −2·54 0 0·002 8 −2·15 −3·40, −0·90 0 0·001
> 55 8 −3·48 −11·05, 4·09 59·3 0·368 7 −4·37 −7·29, −1·45 70·5 0·003

High-fat diet type 0·812 0·747
Low carbohydrate 6 −7·43 −16·37, 1·52 64·8 0·104 6 −3·78 −7·04, −0·52 78·7 0·023
Other type 12 −4·56 −8·07, −1·05 18·3 0·011 12 −2·22 −3·56, −0·87 33·7 0·001

Energy restriction 0·439 0·386
Both restricted 12 −4·05 −8·17, 0·07 65·7 0·054 12 −2·48 −4·05, −0·91 74 0·002
Low-fat diet only 5 −6·50 −12·69 to−0·31 0 0·040 5 −3·46 −5·38, −1·54 0 <0·001
High-fat diet only / / / / / / / /
None 1 −0·38 −14·11, 13·35 / 0·005 1 −1·16 −3·48 −1·16 / 0·327

Continent 0·452 0·074
North America 12 −7·30 −14·00, −0·61 52 0·033 12 −4·42 −6·48, −2·36 42 <0·001
Europe 5 −2·07 −5·02, 0·88 50·9 0·169 5 −0·67 −1·68, 0·34 58 0·195
Others 1 −8·12 −23·20, 6·96 / 0·291 1 −5·41 −11·77, 0·95 / 0·096

JADAD score 0·786 0·237
≥ 4 9 −3·43 −6·68, −0·17 48·5 0·039 9 −1·67 −3·00, −0·33 67 0·014
< 4 9 −6·01 −14·50, 2·48 60·9 0·165 9 −4·49 −7·33, −1·65 61·7 0·002

* P for effect size; it was calculated with a random effect model with weighted mean difference·
† P for meta-regression analysis.
‡ JADAD score were graded by modified JADAD score method.
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of HDL-cholesterol concentration of 2·57mg/dl (0·066mmol/l)
compared with a low-fat diet which means a relative risk
reduction for CVD of 7·45%.
The improvement in TAG after following a high-fat diet may

be linked to an increased intake of PUFA which have been
demonstrated to be favourable for reducing TAG and VLDL-
cholesterol as well as increasing HDL-cholesterol. For example,
EPA can reduce serum levels of TAG by inhibiting the activity of
fat synthetase and reducing fatty acids for synthesising TAG.
Besides, n-6 PUFA can inhibit the expression of stearyl coen-
zyme A desaturation enzyme in adipocytes, which is also an
important enzyme in the synthesis of TAG.
Interestingly, subgroup analysis by geographical location in

the present meta-analysis found greater effect sizes for low-fat
diets compared with high-fat diets on serum levels of TC and
TAG of trials conducted in North America than in Europe; and
for LDL-cholesterol and HDL-cholesterol, those trials conducted
in Europe lost statistical significance. Dietary sources of fat often
vary between Europe and North America which may further
hint towards an effect of fat type as a source of heterogeneity.
A limitation of this review is that most of the studies included
in this meta-analysis did not analyse the type of fat. Future
studies should consider the effect of types of dietary fat on
cardiometabolic changes in dietary intervention studies.

Strengths and weaknesses of the article

The strengths of this meta-analysis and systematic review is the
large sample size ,with little publication bias evident, which
permitted analysis using meta-regression to investigate the
potential sources of heterogeneity. The limitations of the pre-
sent study include: the lack of detailed information on the type
of dietary fat which prohibited the analysis of the mechanisms
between fat-type and cardiometabolic risk factors; the lack
information on blinding within studies which increases the risk
of bias and similarly the bias introduced into several studies by
the high (>20%) attrition rate; and the heterogeneity can only
be partly explained through the meta-regression performed
indicating other unknown factors account for the findings for
some parameters.

Conclusion

This meta-analysis found that people who are overweight/obese
but metabolically healthy, exhibit some metabolic changes after
dietary fat manipulation. This is mostly characterised by an overall
decrease in plasma TC, LDL-cholesterol, HDL-cholesterol and an
increase in TAG following low-fat diets compared with high-fat
diets. Future studies are needed to focus on the influences of
different types of fat. More high-quality RCT for low-fat diet v.
high-fat diet on metabolically healthy overweight and obese are
warranted to inform dietary guidelines.
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