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

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 -3.9 kg 
(95% confidence interval (CI): -6.7 to -1.1) at 1 year. 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/m2 [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/m2; 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 dietary 
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-

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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be recommended considering unfavorable effects of fructose 
on LDL-C and TG.

Conclusion

Effects of energy restriction on HDL-C may depend on back-
grounds of subjects studied and the ratio of macronutrients. 
Low-carbohydrate diet may increase HDL-C, which may be 
due to reduction of body weight and/or amelioration of insulin 
resistance. Further studies including effects of free sugar on 
other risk factors in addition to HDL-C should be performed 
in the future. Fructose intake may exert no effect on HDL-
C; however, the fructose intake ≤ 100 g/day may be recom-
mended considering unfavorable effects of fructose on other 
risk factors.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

1. Kitamura A, Iso H, Naito Y, Iida M, Konishi M, Folsom 
AR, Sato S, et al. High-density lipoprotein cholesterol 
and premature coronary heart disease in urban Japanese 
men. Circulation. 1994;89(6):2533-2539.

2. Satoh H, Nishino T, Tomita K, Saijo Y, Kishi R, Tsutsui 
H. Risk factors and the incidence of coronary artery dis-
ease in young middle-aged Japanese men: results from a 
10-year cohort study. Intern Med. 2006;45(5):235-239.

3. Yanai H, Katsuyama H, Hamasaki H, Abe S, Tada N, 
Sako A. Effects of carbohydrate and dietary fiber intake, 
glycemic index and glycemic load on HDL metabolism in 
Asian populations. J Clin Med Res. 2014;6(5):321-326.

4. Parretti HM, Jebb SA, Johns DJ, Lewis AL, Christian-
Brown AM, Aveyard P. Clinical effectiveness of very-
low-energy diets in the management of weight loss: a 
systematic review and meta-analysis of randomized con-
trolled trials. Obes Rev. 2016;17(3):225-234.

5. Stelmach-Mardas M, Walkowiak J. Dietary interventions 
and changes in cardio-metabolic parameters in metaboli-
cally healthy obese subjects: a systematic review with 
meta-analysis. Nutrients. 2016;8(8):455.

6. Wycherley TP, Moran LJ, Clifton PM, Noakes M, Brink-
worth GD. Effects of energy-restricted high-protein, low-
fat compared with standard-protein, low-fat diets: a meta-
analysis of randomized controlled trials. Am J Clin Nutr. 
2012;96(6):1281-1298.

7. Mansoor N, Vinknes KJ, Veierod MB, Retterstol K. Ef-
fects of low-carbohydrate diets v. low-fat diets on body 
weight and cardiovascular risk factors: a meta-analysis of 
randomised controlled trials. Br J Nutr. 2016;115(3):466-
479.

8. Naude CE, Schoonees A, Senekal M, Young T, Garner 
P, Volmink J. Low carbohydrate versus isoenergetic 
balanced diets for reducing weight and cardiovascular 
risk: a systematic review and meta-analysis. PLoS One. 
2014;9(7):e100652.

9. Bueno NB, de Melo IS, de Oliveira SL, da Rocha Ataide 
T. Very-low-carbohydrate ketogenic diet v. low-fat diet 
for long-term weight loss: a meta-analysis of randomised 
controlled trials. Br J Nutr. 2013;110(7):1178-1187.

10. Ajala O, English P, Pinkney J. Systematic review and me-
ta-analysis of different dietary approaches to the manage-
ment of type 2 diabetes. Am J Clin Nutr. 2013;97(3):505-
516.

11. Huntriss R, Campbell M, Bedwell C. The interpretation 
and effect of a low-carbohydrate diet in the manage-
ment of type 2 diabetes: a systematic review and meta-
analysis of randomised controlled trials. Eur J Clin Nutr. 
2018;72(3):311-325.

12. Meng Y, Bai H, Wang S, Li Z, Wang Q, Chen L. Effi-
cacy of low carbohydrate diet for type 2 diabetes melli-
tus management: A systematic review and meta-analysis 
of randomized controlled trials. Diabetes Res Clin Pract. 
2017;131:124-131.

13. Santos FL, Esteves SS, da Costa Pereira A, Yancy WS, 
Jr., Nunes JP. Systematic review and meta-analysis of 
clinical trials of the effects of low carbohydrate diets on 
cardiovascular risk factors. Obes Rev. 2012;13(11):1048-
1066.

14. Fattore E, Botta F, Agostoni C, Bosetti C. Effects of free 
sugars on blood pressure and lipids: a systematic review 
and meta-analysis of nutritional isoenergetic intervention 
trials. Am J Clin Nutr. 2017;105(1):42-56.

15. Te Morenga LA, Howatson AJ, Jones RM, Mann J. Di-
etary sugars and cardiometabolic risk: systematic review 
and meta-analyses of randomized controlled trials of the 
effects on blood pressure and lipids. Am J Clin Nutr. 
2014;100(1):65-79.

16. Chiavaroli L, de Souza RJ, Ha V, Cozma AI, Mirra-
himi A, Wang DD, Yu M, et al. Effect of fructose on 
established lipid targets: a systematic review and meta-
analysis of controlled feeding trials. J Am Heart Assoc. 
2015;4(9):e001700.

17. Zhang YH, An T, Zhang RC, Zhou Q, Huang Y, Zhang J. 
Very high fructose intake increases serum LDL-choles-
terol and total cholesterol: a meta-analysis of controlled 
feeding trials. J Nutr. 2013;143(9):1391-1398.

18. Yanai H, Hirowatari Y, Ito K, Kurosawa H, Tada N, 
Yoshida H. Understanding of diabetic dyslipidemia by 
using the anion-exchange high performance liquid chro-
matography data. J Clin Med Res. 2016;8(5):424-426.

19. American Heart Association Nutrition Committee, Li-
chtenstein AH, Appel LJ, Brands M, Carnethon M, Dan-
iels S, Franch HA, et al. Diet and lifestyle recommen-
dations revision 2006: a scientific statement from the 
American Heart Association Nutrition Committee. Circu-
lation. 2006;114(1):82-96.


