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Effects of Energy and Carbohydrate Intake on Serum High-
Density Lipoprotein-Cholesterol Levels

Hidekatsu Yanai® ¢, Norio Tada®

Abstract

High-density lipoprotein (HDL) is a lipoprotein which has anti-ather-
ogenic property by reverse cholesterol transport from the peripheral
tissues to liver. Low HDL-cholesterol (HDL-C) level is associated
with the development of coronary artery diseases. We previously
studied effects of energy and carbohydrate intake on serum HDL-C
to make “Dietary Reference Intakes for Japanese 2015, and reported
the results by reviewing papers by 2012. Here we review meta-anal-
yses about the effects of energy and carbohydrate intake on serum
HDL-C levels which were published from 2012 to 2018, to make “Di-
etary Reference Intake for Japanese 2020”, by using PubMed, Em-
base and Google Scholar. Effects of energy restriction on HDL-C may
depend on backgrounds of subjects studied, the ratio of carbohydrate,
protein and fat. Low carbohydrate diet may increase HDL-C, which
may be due to reduction of body weight and/or amelioration of insulin
resistance. Regarding intake of free sugar, further studies including
effects of free sugar intake on other risk factors in addition to HDL-C
should be performed. Fructose intake may exert no effect on HDL-
C; however, the fructose intake < 100 g/day may be recommended
considering unfavorable effects on triglyceride (TG) and low-density
lipoprotein-cholesterol (LDL-C).

Keywords: Body weight; Carbohydrate; Free sugar; Fructose; High-
density lipoprotein

Introduction

High-density lipoprotein (HDL) plays a role in reverse choles-
terol transport from the peripheral tissues to liver, suppressing
cholesterol accumulation in the peripheral tissue. Therefore,
serum low HDL-cholesterol (HDL-C) level was considered to
be one of risk factors for coronary artery diseases [1, 2].
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We previously studied effects of energy and carbohydrate
intake on serum HDL-C levels to make “Dietary Reference
Intakes for Japanese 2015”, and reported the results by review-
ing papers by 2012 [3]. Here we review articles about the ef-
fects of energy and carbohydrate intake on serum HDL-C lev-
els which were published from 2012 to 2018, to make “Dietary
Reference Intake for Japanese 2020”.

Methods

To make “Dietary Reference Intake for Japanese 2020, we
searched meta-analyses of randomized controlled trials (RCTs)
which have the highest evidence level. A search was con-
ducted by using PubMed, Embase and Google Scholar, with
the following keywords: high-density lipoprotein-cholesterol
(HDL-C) and energy intake and meta-analysis or high-density
lipoprotein-cholesterol (HDL-C) and carbohydrate intake and
meta-analysis. The search period was comprised between Jan-
uary 2012 and March 2018.

Results

Effects of energy intake on HDL-C

We found three meta-analyses which studied effects of energy
intake on HDL-C. Parretti et al conducted a meta-analysis of
very-low-energy diets (VLEDs) used to treat obesity, by us-
ing RCTs included where the intervention included an VLED
and the comparator was no intervention or an intervention that
could be given in a general medical setting in adults that were
overweight [4]. Compared with a behavioral program alone,
VLEDs combined with a behavioral program achieved -3.9kg
(95% confidence interval (CI): -6.7 to -1.1) at 1year. An in-
crease of HDL-C of 0.06 mmol/L (95% CI: 0.00, 0.13 mmol/L)
was obtained.

In the systematic review with meta-analysis which as-
sessed the effect of diet on changes in parameters describing
the body size phenotype of metabolically healthy obese sub-
jects, the combined analyzed population consists of 1,827 sub-
jects aged 34.4 to 61.1 with a body mass index (BMI) of > 30
kg/m? [5]. Time of intervention ranged from 8 to 104 weeks.
This systematic review revealed a significant association be-
tween restricted energy diet and BMI (-2.70 kg/m?; 95% CI:
-4.01, -1.39), triglyceride (TG) (-0.11 mmol/L; 95% CI: -0.16,
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-0.06). However, a significant association between restricted
energy diet and HDL-C could not be observed.

A systematic review and meta-analysis of studies that
compared energy-restricted, isocaloric, high-protein, low-fat
(HP) diets with standard-protein, low-fat (SP) diets on car-
diometabolic risk factors was conducted [6]. Compared with
an SP diet, an HP diet produced more favorable changes in
weighted mean differences for reductions in body weight, fat
mass, and TG. However, HDL-C was similar across dictary
treatments.

Effects of carbohydrate intake on HDL-C

Meta-analyses evaluated effects of carbohydrate intake on
HDL-C as shown in Table 1 [7-13]. Seven meta-analyses were
eligible. Only one meta-analysis failed to prove that low-car-
bohydrate diet increases HDL-C. However, six meta-analyses
showed that low-carbohydrate diet significantly increased se-
rum HDL-C levels.

Effects of sugar intake on HDL-C

Meta-analyses evaluated effects of sugar intake on HDL-C as
shown in Table 2 [14-17]. Four meta-analyses were eligible.

When free sugars were substituted for complex carbohy-
drates, a significant increase in HDL was observed [14]. How-
ever, in another systematic review and meta-analysis of RCTs
that examined effects of the modification of dietary free sugars
on lipids, higher compared with lower sugar intakes signifi-
cantly raised HDL-C [15].

In a meta-analysis which searched through July 7, 2015
for controlled feeding trials with follow-up > 7 days, which
investigated the effect of oral fructose compared to a control
carbohydrate on lipids, fructose had no effect on HDL-C in
isocaloric trials [16]. In a systematic review and meta-analysis
of human, controlled, feeding trials involving isocaloric fruc-
tose exchange for other carbohydrates to quantify the effects of
fructose on serum lipids in adult humans, fructose exerted no
effect on HDL-C [17].

Discussion

In addition to decreased HDL-C, elevation of TG is commonly
observed in an insulin-resistant state such as obesity, metabolic
syndrome and type 2 diabetes [18]. Reduction of body weight
increases HDL-C and decreases TG. Therefore, we evaluat-
ed effects of energy, carbohydrate and sugar intake on body
weight and other serum lipids in addition to HDL-C.

One meta-analysis showed a significant association be-
tween energy restriction and body weight and TG, however,
failed to show a significant association between energy restric-
tion and HDL-C in metabolically healthy obese subjects [5].
Another meta-analysis using overweight adults who were not
always defined as metabolically healthy, showed significant
improvement of body weight and HDL-C [4]. Energy-restrict-
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ed, isocaloric, high-protein, low-fat diets did not make a dif-
ference in HDL-C as compared with standard-protein, low-fat
diets [6]. Effects of energy restriction on HDL-C may vary by
backgrounds of subjects, the ratio of carbohydrate, protein and
fat intake.

The low carbohydrate diet, in which carbohydrates are
replaced by greater intake of fat and/or protein, is a popular
weight-loss option compared with the conventional low-fat
diet. However, concerns have been raised with regard to the
macronutrient shift with an extreme carbohydrate restriction
and the liberal intakes of fats, which may present detrimental
effects on cardiovascular risk factors [19].

In present review, although six meta-analyses showed that
low-carbohydrate diet significantly increased HDL-C, only
one meta-analysis did not show beneficial effect of low-carbo-
hydrate diet on HDL-C.

Naude et al compared the effects of low carbohydrate and
isoenergetic balanced weight loss diets on overweight and
obese adults assessed in RCTs [8]. In non-diabetic and dia-
betic participants, little or no difference was detected at 3 - 6
months and 1 - 2 years for HDL-C. They suggested that there
is probably little or no difference in weight loss and changes
in cardiovascular risk factors up to 2 years of follow-up when
overweight and obese adults, with or without type 2 diabetes,
are randomized to low-carbohydrate diets and isoenergetic
balanced weight loss diets.

Four of six studies which showed an increase of HDL-C by
low-carbohydrate diet demonstrated a significant reduction of
both body weight and TG. In the meta-analysis by Ajala et al,
reduction of body weight was observed; however, data about
TG were not available [10]. The meta-analysis by Huntriss et
al showed statistical significance in favor of the low-carbohy-
drate intervention arm for TG; however, body weight did not
demonstrate a statistically significant difference between in-
terventions [11]. Low-carbohydrate diet may increase HDL-C,
which may be due to body weight reduction and/or improve-
ment of insulin resistance.

In a meta-analysis of RCTs to compare diets that provide
a given amount of energy from free sugars with a control diet
that provides the same amount of energy from complex car-
bohydrates, a significant increase in HDL-C was observed;
however, significant increases in LDL-C and TG were also ob-
served [14]. In another meta-analysis, higher compared with
lower sugar intakes significantly raised HDL-C, TG and LDL-
C [15]. Regarding the effect of free sugar intake on HDL-C,
two meta-analyses showed the opposite result. However, both
studies showed that free sugar intake was significantly associ-
ated with an increase of TG and LDL-C. Further studies in-
cluding effects of free sugar on other risk factors in addition to
HDL-C should be performed in the future.

Two meta-analyses showed no effect of fructose intake
on HDL-C [16, 17]. There were no effects of fructose intake
on LDL-C, non-HDL-C, apolipoprotein B, and TG in isoca-
loric trials. However, in hypercaloric trials, fructose increased
apolipoprotein B and TG [16]. Isocaloric fructose exchange
for carbohydrates increased LDL-C at > 100 g fructose/day
[17]. However, no effect was shown on LDL-C when the fruc-
tose intake was < 100 g/day. Fructose intake may exert no ef-
fect on HDL-C; however, the fructose intake < 100 g/day may
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