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Abstract

guidelines in societies with high carbohydrate diet.

Objective: The associations between dietary carbohydrate, fat intake, and inflammation are controversial. Most exist-
ing data are from industrialized societies which low-carbohydrate and high-fat diet is common and so their attribu-
tion to other populations remains unclear. We evaluated the association of fat and carbohydrate intakes with inflam-
matory markers in pre-menopause women with overweight or obesity in Iran.

Results: Three hundred and sixty women with body mass index (BMI) > 25 were included to this study. The levels of
monocyte chemoattractant protein-1 (MCP-1) indicated a trend towards significance across tertiles of total dietary
carbohydrate. We found that the levels of galectin-3 were negatively associated with dietary carbohydrate in adjusted
model. In addition, the levels of MCP-1 and transforming growth factor beta (TGF-8) were positively correlated to
dietary carbohydrate. No significant relationship was demonstrated between inflammatory parameters and total fat
intake). However, there was a borderline significant negative association between total fat intake and TGF-{3 level in
adjusted model. Therefore, a total dietary carbohydrate were related to elevated inflammation risk, while a total fat
intake were not associated to higher inflammation. This study suggests reconsideration of applying global dietary

Keywords: Dietary fat, Dietary carbohydrate, Inflammation, Pre-menopause, Obesity

Introduction

The epidemic of cardiovascular diseases (CVDs) are con-
tinuing to increase an alarming rate in low and middle
income societies [1]. Chronic inflammatory states which
are identified with high levels of pro-inflammatory risk
markers are involved in the pathogenesis of all stages of
CVDs [2—4]. It has been shown that women with obesity
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have a higher probability of developing cardiovascular
disorders than women with normal weight [5]. One of the
important modifiable factor that contributes to chronic
inflammatory state is diet [6].

Current dietary guidelines mostly have focused on
lowering dietary total fat to < 30% of total energy intake
[7], while higher carbohydrate intake play an important
role to incidence chronic non-communicable diseases,
such as CVDs [8]. Recommendations on restricting total
fat intake are largely based on observational studies per-
formed in European and North American societies where
there is relatively high intakes of energy, total fats and
low intake of total carbohydrate [9]. It remains unclear
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whether these guidelines can be applied in low and mid-
dle income countries where under-nutrition and high
carbohydrate diet is significantly more common. Further-
more, these dietary guidelines are predominantly based
on the assumption of a positive relationship between
total fat intake and low-density lipoprotein cholesterol
(LDL), and the association between LDL and CVDs
events [10, 11]. There is an undeniable importance of tak-
ing inflammatory biomarkers from human investigations
into account when recommendations on fat and carbohy-
drate intakes are discussed [12].

Despite the existence of several studies on the asso-
ciation between fat and carbohydrate intake with
inflammation which are in line with the guidelines rec-
ommendations [13—-17], recently, a number of studies did
not support the previous results. For instance, the recent
meta-analyses indicated either no or inverse association
between fat intake with inflammatory biomarkers, risk of
CVDs, and mortality [18—20]. Moreover, findings from
several studies did not support the anti-inflammatory
benefits of high consumption of carbohydrates [21-23].
The uncertainty regarding the association between
consumption of fat and carbohydrate with inflamma-
tory markers might be attributed to differences in sex,
ethnicity, use of the different food frequency question-
naires (FFQ) as well as the fact that most of these studies
have been performed in European and North Ameri-
can societies. This study provided a unique opportunity
to assess the association between fat and carbohydrate
intake amounts with inflammatory factors in Iran where
under-nutrition and high-carbohydrate diet is of greater
concern.

Main text

Materials and methods

Study sample and design

Current study hypothesized that in societies with high
carbohydrate diet, the association between total carbo-
hydrate and inflammation might be stronger than the
relationship between dietary fat and inflammation. This
observational investigation was a multi-center cross-sec-
tional study that was performed by a multistage cluster
random sampling method. A number of 360 women who
referred to community health centers of Tehran Univer-
sity of Medical Science were recruited for this investiga-
tion. The protocol for the recruitment of participants was
described in the previous papers by our team [24, 25].
Inclusion criteria were consisted of healthy women aged
18-50 with BMI equal or more than 25. Exclusion crite-
ria were those who had medical history of hypertension,
addiction to alcohol, drugs and/or smoking, thyroid dis-
eases, diabetes mellitus, CVDs, malignancies, hepatic or
renal diseases, lactation, pregnancy and acute or chronic
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infections. This research was conducted according to the
Declaration of Helsinki [26]. The protocol of this study
was approved by the Ethics Committee of Tehran Univer-
sity of Medical Sciences, Tehran, Iran (With ID number:
IRTUMS.VCR.REC.1395.1234). Written and informed
consent requirement was provided by all participants.
Assessment of anthropometrics and biochemical vari-
ables, dietary intakes, physical activity and statistical
analysis are provided in Additional file 1.

Results

Research participants

Additional file 1: Table S1 presents the baseline charac-
teristics, biochemical parameters for 360 pre-menopause
women with overweight and obesity. The mean age,
height, weight, and BMI of the study participants were
36.52+8.32 years, 161.38+5.70 c¢cm, 78.97+10.76 kg,
and 30.3343.65 kg/m? respectively. The mean of total
carbohydrate and total fat intake in the study partici-
pants were 360.62+114.79 g, range: 112.42-722.31)
and 89.30+£32.75 g, range: 21.15-211.66), respectively.
Among the participants, the frequency of low, mod-
erate and high physical activity was 163, 117 and 10,
respectively.

Primary findings

The general characteristics and inflammatory markers
in study participants among tertiles of total dietary car-
bohydrate and fat intakes are shown in Additional file 1:
Tables S2 and S3. Significant differences were found for
age, body weight, and height across tertiles of dietary car-
bohydrate (P=0.01, P=0.02 and P=0.01, respectively).
Moreover, the levels of MCP-1 indicated an increasing
trend towards significance among tertiles of dietary car-
bohydrate (P =0.048).

Additional findings

Tables 1 and 2 indicate multiple linear regression analy-
sis between inflammatory variables with dietary carbo-
hydrate and fat, respectively. Furthermore, the levels of
galectin-3 were independently and negatively associated
with dietary carbohydrate in adjusted model (adjusted
for energy intake, physical activity, and age) (P=0.04)
(Table 1). In addition, the levels of MCP-1 and TGF-f
were independently and positively correlated to dietary
carbohydrate in crude and adjusted models (P=0.002
and P=0.002 for MCP-1 and P=0.03 and P=0.003 for
TGE-p for crude and adjusted models, respectively). As
indicated in Table 2, there was borderline significant
relationship between dietary fat intake and TGF-p in
adjusted model (P=0.05). However, no significant rela-
tionship was indicated between inflammatory param-
eters and dietary fat (P >0.05).
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Table 1 Assessment of the association between dietary

carbohydrate intake and inflammatory markers

Inflammatory Model Beta Cl95% P value

biomarkers

CRP (mg/L) Model 1 000 —037t00.37 0.96
Model 2 005 —0261t00.58 045

IL-163 (mg/L) Model 1 —0.09 —0.18t00.07 0.40
Model2 —009 —021t00.11 0.51

TGF-B (mg/L) Model 1 057 5631010445 0.03
Model 2 123 5271t0 18440  0.003

Galectin-3 (mg/L) Model 1 —0.19 —1841t00.13 0.09
Model2 —028 —243to—001 0.04

MCP-1 (mg/L) Model 1 023 253101138 0.002
Model 2 029 3.281t0 14.02 0.002

Multiple linear regression analysis

CRP C-reactive protein, IL18 interleukin 1 beta, TGF-8 transforming growth factor
beta, MCP-1 monocyte chemoattractant protein-1, Model 1 Crude model, Model
2 adjusted model for age, BMI physical activity and calorie intake

Table 2 Assessment of the association between dietary fat
intake and inflammatory markers

Inflammatory Model Beta Cl95% P value
biomarkers
CRP (mg/L) Model 1 000 —026t00.29 091
Model 2 002 —0.29t00.39 0.79
IL-163 (mg/L) Model 1 013 —004t00.16 0.26
Model2 014 —0.07t00.20 035
TGF-B (mg/L) Model 1 —0.19 —40.25t020.85 0.50
Model2 —095 —9506t00.15 0.05
Galectin-3 (mg/L) Model T —0.05 —097to00.60 0.64
Model2 —0.01 —1.18to 1.11 0.95
MCP-1 (mg/L) Model1 —006 —486t02.15 044
Model2 —0.17 —0.26t00.29 0.09

Multiple linear regression analysis. CRP C-reactive protein, IL1f3 interleukin 1
beta, TGF-B transforming growth factor beta, MCP-1 monocyte chemoattractant
protein-1, Model 1 crude model, Model 2 adjusted model for age, BMI physical
activity and calorie intake

Discussion

Current study aimed to investigate the association
between intake of total carbohydrate and total fat with
inflammatory markers in pre-menopausal women with
overweight and obesity. Our findings illustrated that
high-carbohydrate intake was associated with a high
level of inflammatory state. While, fat intake did not have
any statistically significant relationship with inflamma-
tory markers. In fact, serum MCP-1 level was positively
associated with total dietary carbohydrate. The TGEF-f
level had significant positive association with dietary car-
bohydrate amount. Moreover, the serum level of galec-
tin-3 had significant negative association with dietary
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carbohydrate amount in adjusted model. An inverse
correlation was also demonstrated between MCP-1 and
TGE- B with fat amount in the diet, however this finding
was insignificant, possibly due to small sample size.

For several years, dietary guidelines have recom-
mended to decrease total fat intake and replacing them
with carbohydrate which was based on the presumption
of the association between high fat consumption and
high low density lipoprotein level to inhibit CVDs events
[10, 11].

The role of high inflammatory markers level in the risk
of CVDs risk cannot be denied [12]. Currently, there is
not a certain conclusion on the association between
total fat and carbohydrate intake with inflammatory
state which is probably because of the sensitivity of this
association to various factors including ethnics, sociode-
mographic factors, types of the fat and carbohydrate con-
sumed, age, and disease history [13, 14, 18, 21].

Present study was conducted among healthy pre-men-
opause women with obesity from a low-income country
(an especial ethnic, disease background and gender).
The consumption of a high-carbohydrate diet in a broad
range (56.01-74% of total energy) which was predomi-
nantly from refined sources might explain the stronger
correlation between carbohydrate intake and inflamma-
tory state in this investigation than the previous ones,
which were mainly performed on subjects in European
and North American countries who have lower carbohy-
drate intake in a restricted range (35-56% of total energy)
[27]. The current results were not in agreement with the
guidelines. Based on the current findings, carbohydrate
intake was positively associated with inflammatory state
and therefore, people with high carbohydrate diet might
benefit from reducing carbohydrate intake and elevat-
ing the intake of fats. Moreover, this study used several
inflammatory and anti-inflammatory (galectin-3) factors
which are less assessed in the previous studies on this
subject.

Current study suggested that high-carbohydrate diet
can probably led to an increase in the levels of MCP-1,
a chemokine that the pro-inflammatory and adverse
effects has been demonstrated in the several studies [28].
There might be several causes for less statistically signifi-
cant linear association between total carbohydrate intake
and MCP-1 levels such as an increasing effect of obesity
on MCP-1 level and random errors in macronutrients
intake calculation. The results of this investigation were
in accordance with Forsythe et al’s study [29] in which a
very low carbohydrate diet led to a decrease in inflamma-
tory markers such as tumor necrosis factor-alpha, MCP-
1, interleukin-6, interleukin-8, and plasminogen activator
inhibitor-1 compared to a low-fat diet. They expressed
that the anti-inflammatory influences of carbohydrate
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restriction may be mediated through down-regulation
of nuclear factor kappa B pathway [29, 30]. It has also
been established that high-carbohydrate intake induces
the production of the major lipogenic products and
increases lipogenesis that it was related to higher levels
of adiposity [29] which was associated with elevated lev-
els of MCP-1 [28]. However, Hall et al. [31] demonstrated
that the serum levels of MCP-1 remained constant after
reduction of both fat and carbohydrate intake for 6-week
among obese individuals. The inconsistency between
results of current study and Hall et al. study might be due
to various study designs and different sample sizes.

We found significant positive association between
TGF-B level and dietary carbohydrate amount in this
study. TGF-p is considered as a cytokine that regulates
insulin resistance in obesity. In addition, it has been illus-
trated to induce macrophages proliferation and deposi-
tion in adipose tissue of obese mice [32]. Over-expression
of TGE-P along with high-carbohydrate consumption was
associated to high blood glucose level that led to stimu-
lated IxkB kinase phosphorylation and secretion of pro-
inflammatory factors such as TGF-B via nuclear factor
kappa B pathway [33, 34]. A long with the current results
an experimental study indicated that high-carbohydrate
diet, increased TGF-B, TNF-a and IL 1B, nuclear factor
kappa light chain enhancer of activated B cells (NF-kB),
and IL-6 in an animal study [34]. A human study also
reported that low-carbohydrate diet with high amounts
of fat contributed to reduction in serum level of TGF-f
[35]. Near to significant negative correlation between
total dietary fat and TGF-p was also indicated in present
study which might have reached to significant level with
a larger study population. There is no clear mechanism
for this negative association. However, the insignificant
reduction of body weight during dietary fat tertiles might
have mediated the reduction of TGF-$ in higher-fat
intake [36]. Contrary to our results, Ohtomo et al. inves-
tigated the effects of high-carbohydrate/low-fat diet and
middle-carbohydrate/middle-fat diet (as normal group)
on hypertensive, obese, type 2 diabetic rats for 12-week
which indicated that that the TGF-p in the kidney tissue
reduced in the interventional diet compared to the con-
trol group. Inconsistency between human and animal
findings might be due to unsuitability of attributing the
results of animal models to humans [37].

There was negative association between serum galec-
tin-3 level and dietary carbohydrate amount in adjusted
model. Galectin-3 plays various and sometimes contra-
dictory roles in pathological and physiological pathways
depending on type of involved organs [38]. Several stud-
ies revealed that galectin-3 correlates with the preven-
tion of chronic inflammatory diseases [38]. No study was
presented on the association between macronutrients
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intakes with galectin-3 levels. Although, in line with
current study, a clinical trial in mice with progressive
hepatopathy indicated that low-carbohydrate and high-
fat led to significant expression of galectin-3 gene in
comparison to control diet which was probably due to
improved mitochondria-related functions [39].

Conclusion

In this study, dietary carbohydrate intake was associated
with elevated MCP-1, TGF-p and reduced galectin-3
level which have been shown to predict the increase risk
of CVDs disorders. Interestingly, this study did not find
any association between total fat intake and pro-inflam-
matory markers.

This study indicated that high-carbohydrate diet pre-
dicted more inflammatory status than high-fats diets in
Iran, which refined-carbohydrate are more consumed.
The current results should be interpreted with caution
and cannot be attributed to other populations. Further
investigations on the association between intake of fat
and carbohydrate with various pro- and anti-inflamma-
tory factors and inflammatory diseases in various popula-
tions with larger sample sizes would be of interest.

Limitations

The limitations of our article were small sample size and
its cross-sectional design with no exact cause-effect and
failure to follow the subjects during change in diet.

Abbreviations

BMI: Body mass index; MCP-1: Monocyte chemoattractant protein-1; TGF-3:
Transforming growth factor beta; CVDs: Cardiovascular diseases; LDL: Low-
density lipoprotein cholesterol; HDL: High-density lipoprotein cholesterol;
FFQ: Food frequency questionnaires; WC: Waist circumference; WHR: Waist to
hip ratio; IPAQ: International Physical Activity Questionnaire; ELISA: Enzyme-
linked immunosorbent assay.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513104-021-05699-1.

Additional file 1: Table S1. The characteristics of demographic, anthro-
pometric and laboratory parameters among study subjects. Table S2.
The general characteristics and inflammatory parameters of participants
across tertiles of dietary carbohydrate intake. Table S3. The general
characteristics and inflammatory parameters of participants across tertiles
of dietary fat intake. Assessment of anthropometrics and biochemical vari-
ables, dietary intakes, physical activity and statistical analysis are provided
in Additional file.

Acknowledgements
We would like to acknowledge the Tehran University of Medical Sciences,
Tehran, Iran, for the fund.


https://doi.org/10.1186/s13104-021-05699-1
https://doi.org/10.1186/s13104-021-05699-1

Karimi et al. BMC Res Notes (2021) 14:279

Authors’ contributions

EK: conceptualization, methodology, investigation, writing—original draft,
HY: software, formal analysis, LS: writing—review and editing, LKh: review and
editing, visualization, SFS: resources, data curation, NG: resources, data cura-
tion, KhM: validation, supervision, project administration, funding acquisition.
All authors read and approved the final manuscript.

Funding

The present data are obtained from a research Project with ID number: 95-03-
161-33142,97-03-161-41017, and 97-03-161-41144 from Tehran University of
Medical Sciences.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

The present study was carried out in accordance to the ethical standards laid
down in the 1964 Declaration of Helsinki. This investigation was also approved
by the Ethics Committee of Tehran University of Medical Sciences, Tehran, Iran
(with ID number: Ethics number: RTUMS.VCR.REC.1395.1593). All of the study
participants signed a written consent form related to this study.

Consent for publication
Written consent forms were approved and signed by subjects of this study for
publication of this article.

Competing interests
The authors in the study declared no conflict of interests.

Author details

'Department of Community Nutrition, School of Nutritional Sciences and Die-
tetics, Tehran University of Medical Sciences (TUMS), PO. Box: 14155-6117,
Tehran, Iran. 2Endocrinology and Nephrology Unit, CHU de Québec-Laval
University, Research Center, Québec, QC, Canada.

Received: 8 March 2021 Accepted: 14 July 2021
Published online: 21 July 2021

References

1. YusufS,Rangarajan S, Teo K, Islam S, LiW, Liu L, Bo J, Lou Q, Lu F, LiuT.
Cardiovascular risk and events in 17 low-, middle-, and high-income
countries. N Engl J Med. 2014,371:818-27.

2. Niu J, Kolattukudy PE. Role of MCP-1 in cardiovascular disease: molecular
mechanisms and clinical implications. Clin Sci (Lond). 2009;117:95-109.

3. LiuG,MaC, Yang H, Zhang PY. Transforming growth factor 3 and its role
in heart disease. Exp Ther Med. 2017;13:2123-8.

4. Held C, White HD, Stewart RAH, Budaj A, Cannon CP, Hochman JS, Koenig
W, Siegbahn A, Steg PG, Soffer J, et al. Inflammatory biomarkers inter-
leukin-6 and C-reactive protein and outcomes in stable coronary heart
disease: experiences from the STABILITY (Stabilization of Atherosclerotic
Plaque by Initiation of Darapladib Therapy) Trial. J Am Heart Assoc. 2017;6.

5. Manrique-Acevedo C, Chinnakotla B, Padilla J, Martinez-Lemus LA,

Gozal D. Obesity and cardiovascular disease in women. Int J Obes.
2020;44:1210-26.

6. Casas R, Castro-Barquero S, Estruch R, Sacanella E. Nutrition and cardio-
vascular health. Int J Mol Sci. 2018;19:3988.

7. Organization WH: World Health Organization healthy diet fact sheet num-
ber 394.2017.

8. WHO: Healthy diet fact sheet. http://www.who.int/mediacentre/facts
heets/fs394/en/ September 14, 2015.

9. Puska P Fat and heart disease: yes we can make a change—the case of
North Karelia (Finland). Ann Nutr Metab. 2009;54:33-8.

10. Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR, Deckelbaum RJ,
Erdman JW, Kris-Etherton P, Goldberg 1J, Kotchen TA, et al. AHA dietary
guidelines. Circulation. 2000;102:2284-99.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 5 of 6

. Ference BA, Ginsberg HN, Graham |, Ray KK, Packard CJ, Bruckert E,

Hegele RA, Krauss RM, Raal FJ, Schunkert H. Low-density lipoproteins
cause atherosclerotic cardiovascular disease. 1. Evidence from genetic,
epidemiologic, and clinical studies. A consensus statement from

the European Atherosclerosis Society Consensus Panel. Eur Heart J.
2017,38:2459-72.

Sorriento D, laccarino G. Inflammation and cardiovascular diseases:
the most recent findings. IJMS (Multidisciplinary Digital Publishing
Institute). 2019;20:3879.

Vogel RA, Corretti MC, Plotnick GD. Effect of a single high-fat meal on
endothelial function in healthy subjects. Am J Cardiol. 1997;79:350-4.
Teng K-T, Chang C-Y, Chang LF, Nesaretnam K. Modulation of obesity-
induced inflammation by dietary fats: mechanisms and clinical
evidence. Nutr J. 2014;13:1-15.

Stevens J, Kearney M, St-Onge M-P, Stanhope K, Havel P, Kanaley J,
Thyfault J, Weiss E, Butler A. Inverse association between carbohydrate
consumption and plasma adropin concentrations in humans. Obesity.
2016;24:1731-40.

Bujtor M, Turner Al, Torres SJ, Esteban-Gonzalo L, Pariante CM, Borsini A.
Associations of dietary intake on biological markers of inflammation in
children and adolescents: a systematic review. Nutrients. 2021;13:356.
Chen A, Mumick S, Zhang C, Lamb J, Dai H, Weingarth D, Mudgett J,
Chen H, MacNeil DJ, Reitman ML, Qian S. Diet induction of mono-
cyte chemoattractant protein-1 and its impact on obesity. Obes Res.
2005;13:1311-20.

ZhuY, BoY, Liu Y. Dietary total fat, fatty acids intake, and risk of car-
diovascular disease: a dose-response meta-analysis of cohort studies.
Lipids Health Dis. 2019;18:1-14.

Wang DD, Li Y, Chiuve SE, Stampfer MJ, Manson JE, Rimm EB, Willett
WG, Hu FB. Association of specific dietary fats with total and cause-
specific mortality. JAMA Intern Med. 2016;176:1134-45.

Telle-Hansen VH, Christensen JJ, Ulven SM, Holven KB. Does dietary fat
affect inflammatory markers in overweight and obese individuals?—a
review of randomized controlled trials from 2010 to 2016. Genes Nutr.
2017;12:1-18.

. Buyken AE, Goletzke J, Joslowski G, Felbick A, Cheng G, Herder C,

Brand-Miller JC. Association between carbohydrate quality and inflam-
matory markers: systematic review of observational and interventional
studies. Am J Clin Nutr. 2014;99:813-33.

Buyken AE, Flood V, Empson M, Rochtchina E, Barclay AW, Brand-Miller
J, Mitchell P. Carbohydrate nutrition and inflammatory disease mortal-
ity in older adults. Am J Clin Nutr. 2010,92:634-43.

Silveira BKS, Oliveira TMS, Andrade PA, Hermsdorff HHM, Rosa CDOB,
Franceschini SDCC. Dietary pattern and macronutrients profile on the
variation of inflammatory biomarkers: scientific update. Cardiol Res
Pract. 2018;2018:1-18.

Abaj F, Saeedy SAG, Mirzaei K. Are Caveolin-1 minor alleles more likely
to be risk alleles in IR mechanisms in metabolic diseases? 2021.
Mirzababaei A, Sajjadi SF, Ghodoosi N, Pooyan S, Arghavani H, Yeka-
ninejad MS, Mirzaei K. Relations of major dietary patterns and meta-
bolically unhealthy overweight/obesity phenotypes among Iranian
women. Diabetes Metab Syndr. 2019;13:322-31.

Association WM. World Medical Association Declaration of Helsinki:
ethical principles for medical research involving human subjects.
JAMA. 2013;310:2191-4.

Drewnowski A, Almiron-Roig E. 11 Human perceptions and prefer-
ences for fat-rich foods. Fat Detect Taste Texture Post Ingestive Effects.
2009;23:265.

Panee J. Monocyte chemoattractant protein 1 (MCP-1) in obesity and
diabetes. Cytokine. 2012;60:1-12.

Forsythe CE, Phinney SD, Fernandez ML, Quann EE, Wood RJ, Bibus
DM, Kraemer WJ, Feinman RD, Volek JS. Comparison of low fat and low
carbohydrate diets on circulating fatty acid composition and markers
of inflammation. Lipids. 2008;43:65-77.

Meex RC, Watt MJ. Hepatokines: linking nonalcoholic fatty liver disease
and insulin resistance. Nat Rev Endocrinol. 2017;13:509.

Hall KD, Bemis T, Brychta R, Chen KY, Courville A, Crayner EJ, Goodwin
S, Guo J, Howard L, Knuth ND. Calorie for calorie, dietary fat restriction
results in more body fat loss than carbohydrate restriction in people
with obesity. Cell Metab. 2015;22:427-36.


http://www.who.int/mediacentre/factsheets/fs394/en/
http://www.who.int/mediacentre/factsheets/fs394/en/

Karimi et al. BMC Res Notes (2021) 14:279

32.

33.

34

35.

36.

Dalmas E, Toubal A, Alzaid F, Blazek K, Eames HL, Lebozec K, Pini M,
Hainault I, Montastier E, Denis RG. Irf5 deficiency in macrophages
promotes beneficial adipose tissue expansion and insulin sensitivity
during obesity. Nat Med. 2015;21:610.

Noh H-J, Kim H-C, Lee S-S, Kang Y-N, Chae Y-M, Park K-K. The inhibitory
effect of siRNAs on the high glucose-induced overexpression of TGF-31
in mesangial cells. J Korean Med Sci. 2006;21:430-5.

Xu C, Liu W-B, Rema SC, Wang B-K, Shi H-J, Zhang L, Liu J-D, Li X-F. Feed-
ing restriction alleviates high carbohydrate diet-induced oxidative stress
and inflammation of Megalobrama amblycephala by activating the
AMPK-SIRT1 pathway. Fish Shellfish Immunol. 2019,92:637-48.

Haufe S, Engeli S, Kast P, Bohnke J, Utz W, Haas V, Hermsdorf M, Mahler
A, Wiesner S, Birkenfeld AL. Randomized comparison of reduced fat and
reduced carbohydrate hypocaloric diets on intrahepatic fat in overweight
and obese human subjects. Hepatology. 2011;53:1504-14.

Long J-R, Liu P-Y, Liu Y-J, Lu Y, Xiong D-H, Elze L, Recker RR, Deng H-W.
APOE and TGF-B1 genes are associated with obesity phenotypes. J Med
Genet. 2003;40:918-24.

Page 6 of 6

37. Perel P, Roberts |, Sena E, Wheble P, Briscoe C, Sandercock P, Macleod
M, Mignini LE, Jayaram P, Khan KS. Comparison of treatment effects
between animal experiments and clinical trials: systematic review. BMJ.
2007;334:197.

38. Pugliese G, lacobini C, Pesce CM, Menini S. Galectin-3: an emerging all-
out player in metabolic disorders and their complications. Glycobiology.
2015;25:136-50.

39. Purhonen J, Rajendran J, Mérgelin M, Uusi-Rauva K, Katayama S, Krjutskov
K, Einarsdottir E, VelagapudiV, Kere J, Jauhiainen M. Ketogenic diet
attenuates hepatopathy in mouse model of respiratory chain complex Il
deficiency caused by a Bcs1l mutation. Sci Rep. 2017;7:1-16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	High carbohydrate intakes may predict more inflammatory status than high fat intakes in pre-menopause women with overweight or obesity: a cross-sectional study
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Study sample and design

	Results
	Research participants
	Primary findings
	Additional findings

	Discussion
	Conclusion
	Limitations

	Acknowledgements
	References




