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ABSTRACT

Background: Cardiovascular diseases (CVDs) are the leading cause of 
global morbidity and mortality. The findings of previous studies on the 
association between a low-carbohydrate diet (LCD) and cardiovascular 
risk factors are inconsistent. Therefore, the aim of the present study was to 
investigate the relationship between LCD score (LCDS) and conventional 
cardiovascular risk markers in the adult Iranian population. 
Methods: This cross-sectional study was conducted on participants in the 
Kharameh Cohort Study in southern Iran. According to the inclusion and 
exclusion criteria, 6,611 subjects were enrolled. A valid 130-item food frequency 
questionnaire was used to evaluate the food intake of individuals. The association 
of LCDS with indicators such as high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), fasting blood 
sugar (FBS), non-HDL-C, LDL-C to HDL-C ratio, and waist circumference 
(WC) was evaluated. Multivariate logistic regression models were used to 
evaluate the association between the risk factors of CVD and LCDS. 
Results: The findings showed that individuals in the highest LCDS tertile 
had lower odds of having an increased WC (odds ratio (OR)=0.83, 95% 
confidence interval (95% CI): 0.74-0.94), and TG (OR=0.68, 95% CI: 
0.59-0.79), and higher odds of having an increased HDL-C (OR=0.84, 
95% CI: 0.74-0.95) in the adjusted model. No other variables exhibited a 
statistically significant relationship with LCDS. 
Conclusion: In this cross-sectional study among Iranian adults, adherence 
to LCDS was associated with improved CVD risk factors, such as WC, 
HDL-C, and TG. Further studies are needed to confirm the results.
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Introduction
Cardiovascular diseases (CVDs) are the leading 
cause of global morbidity and mortality and 
are responsible for approximately 30% of all 
deaths worldwide (1). The main risk factors for 
these diseases include high levels of low-density 
lipoprotein cholesterol (LDL-C), abdominal 
obesity, diabetes, hypertension, smoking, excessive 
alcohol consumption, psychosocial factors, 
insufficient consumption of fruits and vegetables, 
and lack of regular physical activity (2-4). Several 
dietary approaches have been shown to reduce 
cardiovascular events. Consuming polyunsaturated 
fats instead of saturated fats has been shown 
to prevent cardiovascular events in men, and 
consuming fish oil and a Mediterranean diet has 
increased survival (5, 6). However, increased 
carbohydrate intake may negatively affect glucose 
metabolism and lipoprotein concentrations (7, 8). 
In a low-carbohydrate diet (LCD), energy from 
carbohydrates is less than 45% (9) and LCDs have 
been considered a way to lose weight (10). However, 
the effect of LCDs on cardiovascular risk factors is 
inconsistent. Some studies have shown an increase 
in LDL-C with LCDs, while others have shown 
little change. Also, an increase in high-density 
lipoprotein cholesterol (HDL-C) and a decrease in 
triglycerides (TG) have been demonstrated with 
LCDs (11-13).

Macronutrient intake scoring is more commonly 
used when assessing carbohydrate intake because 
it allows for examining the relationship between 
disease risk and different intake levels (14). Also, 
as mentioned, there are contradictory findings 
regarding the relationship between LCDs and CVD 
risk factors. Therefore, the present study aimed 
to investigate the association between LCD score 
(LCDS) and conventional cardiovascular risk 
markers in adult population in southern Iran.

Materials and Methods
The participants included in this cross-sectional 
study were those in the Prospective Epidemiological 
Research Studies in Iran (PERSIAN) (12). The 
Cohort of Kharameh is a part of the PERSIAN Cohort 
in Kharameh, southern Iran that was undertaken 
between 2014 and 2017. This study was performed 
on a total of 10,663 individuals with an age range 
of 40-70 years. The number of participants excluded 
for cardiovascular diseases, diabetes, and other 
diseases was 4,015. The missing data was 6, and the 
over-nutrition and under-nutrition reports were 31. 
Eventually, 6,611 subjects entered the final analysis 
(Figure 1). Some information, such as demographic 
information, medical history, and physical 

activity, was prepared. The measurements, such as 
weight, height, hip circumference (HC), and waist 
circumference (WC), were determined. Additionally, 
HDL-C, LDL-C, TG, fasting blood sugar (FBS), and 
total cholesterol (TC) (15) were measured. 

A valid 130-item food frequency questionnaire 
was used to evaluate the food intake of individuals 
(15). The grams of the food items were providede. 
For obtaining energy, micro- and macro-nutrients, 
Nutritionist IV software (version 7.0) was utilized. 
The dietary glycemic index (GI) was computed 
as GI×available carbohydrate/total available 
carbohydrate. The term “available carbohydrate” 
refers to carbohydrate minus dietary fiber (16). 
Glycemic load (GL) (17) was calculated using the 
formula of total GI multiplied by total available 
carbohydrates divided by 100. This study was 
approved by the Medical Research and Ethics 
Committee Of Shiraz University of Medical 
Sciences (IR.SUMS.REC.1399.1115), Shiraz, Iran 
and the informed consents were completed by all 
participants. All experiments were performed in 
accordance with relevant guidelines and regulations.

To calculate the LCDS, the participants were 
divided into 11 classes for each carbohydrate, 
vegetable protein, refined grains, monounsaturated 
fatty acids (MUFAs), fiber, GL, and n3/n6 
polyunsaturated fatty acids (PUFAs) (18). For fiber, 
MUFA, vegetable protein, and n3/n6 PUFA, adults 
received 10 points in the highest class, and 0 points 
in the lowest level. The sequence of levels was 
opposite for categories such as GL, refined grains, 
and carbohydrates (lowest level: 10 points and the 
highest level: 0 points). The percentage of energy 
instead of absolute intake was used to decrease bias.  

Figure 1: The study flowchart.
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The score of every item was collected, and the total 
score ranged from 0 to 70 points. A score of 0 described 
the minimum consumption of fat and protein and the 
maximum consumption of carbohydrates, while 70 
points indicated the maximum protein and fat intake 
and the minimum carbohydrate intake. A higher 
score demonstrated that more LCD or “LCDS” was 
being followed (19-21).

Socio-demographic information (sex, medical 
history, and age) and some information such as 
duration of exercise, sleep, eating, and work in a day 
were collected using a checklist (22). Anthropometric 
indices such as weight, WC, and HC were measured 
with an accuracy of 0.1 cm. Also, height was assessed 
without shoes. Blood pressure was determined using 
a German sphygmomanometer. A 20 mL blood 
sample was collected from each participant, and their 
laboratory indicators were investigated. Glucose, TC, 
and TG were measured by Pars Azmoon test kits. 
The enzymatic method was employed to assess TC, 
TG, and HDL-C levels. LDL-C level was determined 
applying the Friedwald’s formula (23). The crude and 
multivariable-adjusted odds ratios (ORs) and 95% 
confidence intervals (95% CIs) across the tertiles of 
LCDS were also presented (24).

Data analysis was done using SPSS software 
(version 20.0, Chicago, IL, USA). The Kolmogorov-
Smirnov test was utilized to evaluate the normality 
of the data. One-way analysis of variance (ANOVA) 
and Chi-Square tests were used to assess the 

differences of continuous and categorical variables 
among different tertiles of LCDS, respectively. 
The Kruskal-Wallis test was used to determine the 
differences across tertiles of LCDS. Multivariate 
logistic regression models were used to examine 
any association between the risk factors of CVD 
and tertiles of LCDS. A p value less than 0.05 was 
considered statistically significant.

Results
Out of 10,663 people eligible to participate in 
the study, only data from 6,611 participants were 
included in the analysis. For various reasons, other 
participants were excluded from the study (Figure 1).  
According to Table 1, there were significant 
differences in relation to gender (p˂0.001), weight 
(p˂0.001), WC (p=0.001), educational level 
(p=0.005), physical activity (p=0.005), systolic 
blood pressure (p=0.028), TG (p˂0.001), HDL-C 
(p˂0.001), and the ratio of LDL-C to HDL-C 
(p=0.034) between LCDS tertiles. No significant 
difference was detected in other variables (p>0.05). 
Higher LCDS was associated with higher intakes 
of protein, carbohydrates, fat, fiber, cholesterol, 
saturated fatty acids (SFAs), MUFAs, PUFAs, 
whole grains, fruits, vegetables, nuts, legumes, 
dairy, meats, and processed meats (p˂0.001, for 
all variables). Also, higher LCDS were related to a 
lower intake of energy, refined grains, and sweets 
(p˂0.001, for all variables; Table 2).

Table 1: Baseline characteristics of the study participants.
Variable Low Carbohydrate Diet Score

T1 (n=2361) T2 (n=2172) T3 (n=2078) P value
Gender, Female (%) 44.0 51.6 57.7 ˂0.001
Age (year) 50.16±7.60 50.13±7.83 49.88±7.84 0.443
Weight (kg) 69.23±12.17 68.76±12.14 67.18±12.08 ˂0.001
BMI (kg/m2) 25.56±4.42 25.63±4.34 25.44±4.47 0.360
WC (cm) 94.06±12.16 94.04±11.91 92.85±11.77 0.001
HC (cm) 100.52±8.10 100.57±8.15 100.14±8.48 0.180
Education (year) 4.73±4.18 5.00±4.57 5.17±4.87 0.005
Physical activity (MET/day) 39.37±6.79 38.88±6.30 38.81±5.83 0.005
Systolic blood pressure (mm Hg) 111.23±15.39 111.00±14.84 110.07±14.80 0.028
Diastolic blood pressure (mm Hg) 70.56±9.62 70.44±9.10 70.16±9.27 0.348
FBS (mg/dL) 90.90±17.04 91.58±17.61 91.01±14.63 0.345
TG (mg/dL) 127.52±76.01 126.59±88.71 117.92±67.25 ˂0.001
TC (mg/dL) 187.40±40.42 187.77±40.59 189.19±39.96 0.308
LDL-C (mg/dL) 114.79±34.67 114.74±33.34 116.85±33.43 0.069
HDL-C (mg/dL) 47.20±12.49 47.97±13.36 48.92±12.09 ˂0.001
Non-HDL-C 140.21±39.06 139.79±39.28 140.27±38.08 0.909
LDL-C to HDL-C ratio 2.57±0.96 2.53±0.91 2.50±0.86 0.034
BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; FBS: Fasting blood sugar; TG: Triglyceride; 
TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; 
MET: metabolic equivalent of task; T: Tertile. Values were mean±SD for continuous and percentage for categorical 
variables. Using one-way ANOVA for continuous and chi-square test for categorical variables. A p value less than 0.05 
was considered statistically significant.
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Table 2: Nutrient and food intakes between tertiles of low-carbohydrate diet score.
Variable T1 (n=2361) T2 (n=2172) T3 (n=2078)

Median (25-75) Median (25-75) Median (25-75)
Nutrient
Energy (kcal/d) 2548.7 (2097.7-3044.9) 2449.9 (1992.8-2924.5) 2235.1 (1809.8-2710.9)
Protein (% Energy) 11.18 (8.79-13.73) 12.42 (10.14-15.01) 14.07 (11.54-17.27)
Carbohydrate (% Energy) 64.74 (54.02-78.84) 63.75 (52.43-79.31) 67.59 (54.26-83.81)
Fat ((% Energy) 8.52 (6.67-10.74) 10.14 (8.36-12.27) 15.27 (9.96-14.90)
Fiber (g/day) 21.90 (18.77-25.78) 23.93 (20.97-27.74) 25.83 (22.48-29.50)
Cholesterol (g/day) 195.43 (147.24-253.54) 228.47 (183.62-285.88) 266.31 (215.80-329.81)
SFA (% Energy) 6.63 (4.90-8.52) 8.05 (6.45-10.02) 9.96 (7.78-12.35)
MUFA (% Energy) 5.32 (3.96-7.01) 6.65 (5.19-8.20) 8.15 (6.46-10.12)
PUFA (% Energy) 3.04 (2.15-4.11) 3.69 (2.71-4.75) 4.45 (3.26-5.70)
Food Item
Whole Grains (g/day) 77.22 (13.63-202.30) 113.41 (46.01-254.26) 144.5 (74.53-264.68)
Refined Grains (g/day) 471.30 (341.50-595.06) 401.15 (295.61-490.37) 311.74 (228.22-398.44)
Fruits (g/day) 260.76 (169.71-388.49) 297.72 (199.20-421.34) 315.84 (222.20-446.31)
Vegetables (g/day) 416.61 (312.05-546.30) 451.81 (345.16-586.69) 490.32 (381.65-629.09)
Nuts (g/day) 2.67 (0.76-4.98) 3.73 (1.80-6.89) 4.62 (2.56-8.80)
Legumes (g/day) 21.04 (12.08-33.00) 25.00 (15.90-37.94) 29.89 (19.5-46.20)
Dairy (g/day) 172.98 (104.31-261.36) 200.75 (134.47-287.45) 215.22 (145.23-310.44)
Meats (g/day) 41.77 (24.89-63.13) 51.15 (33.60-74.03) 61.30 (42.58-85.57)
Processed Meats (g/day) 1.12 (0.42-3.27) 1.42 (0.03-4.08) 2.04 (0.52-5.23)
Sweets (g/day) 61.09 (36.35-96.02) 47.20 (30.04-67.55) 43.42 (27.93-59.59)
Sweetened beverages (g/day) 45.70 (14.17-95.81) 44.61 (17.17-94.17) 46.76 (22.19-85.52)
SFA: Saturated fatty acids; PUFA: Polyunsaturated fatty acids; MUFA: Monounsaturated fatty acids; T: tertile. ⃰ Using 
Kruskal-Wallis test. A p value less than 0.05 was considered statistically significant.

Table 3: The crude and multivariable-adjusted odds ratios and 95% CIs across the tertiles of low-carbohydrate diet score.
Variable LCDS

T1 (n=2361) T2 (n=2172) T3 (n=2078) Ptrend
WC (cm)
Crude Model Ref. 1.00 (0.89, 1.12) 0.85 (0.76, 0.96) 0.012
Adjusted Modela Ref. 0.98 (0.87, 1.11) 0.83 (0.74, 0.94) 0.006
Adjusted Modelb Ref. 1.03 (0.86, 1.21) 0.91 (0.76, 1.08) 0.318
FBS (mg/dL)
Crude Model Ref. 1.44 (0.90, 2.31) 0.80 (0.46, 1.39) 0.524
Adjusted Modelc Ref. 1.45 (0.90, 2.32) 0.82 (0.47, 1.43) 0.589
TG (mg/dL)
Crude Model Ref. 0.86 (0.75, 0.98) 0.66 (0.57, 0.76) ˂0.001
Adjusted Modelc Ref. 0.87 (0.76, 0.99) 0.68 (0.59, 0.79) ˂0.001
LDL-C (mg/dL)
Crude Model Ref. 1.09 (0.96, 1.24) 1.08 (0.94, 1.23) 0.234
Adjusted Modelc Ref. 1.07 (0.94, 1.22) 1.06 (0.93, 1.21) 0.365
HDL-C (mg/dL)
Crude Model Ref. 0.98 (0.87, 1.10) 0.85 (0.75, 0.96) 0.012
Adjusted Modelb Ref. 0.97 (0.86, 1.09) 0.84 (0.74, 0.95) 0.007
Non-HDL-C
Crude Model Ref. 1.01 (0.90, 1.14) 1.04 (0.92, 1.17) 0.514
Adjusted Modelc Ref. 1.00 (0.89, 1.13) 1.05 (0.93, 1.19) 0.383
LDL-C to HDL-C Ratio
Crude Model Ref. 0.99 (0.88, 1.11) 0.92 (0.81, 1.03) 0.191
Adjusted Modelc Ref. 1.04 (0.92, 1.17) 1.02 (0.90, 1.15) 0.699
LCDS: Low-carbohydrate diet score; WC: Waist circumference; FBS: Ffasting blood sugar; TG: Triglyceride; LDL-C: 
Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; T, tertile; Ref, reference. Adjusted 
Modela: Adjusted for age, physical activity, and education. Adjusted Modelb: Adjusted for age, physical activity, education, 
and BMI. Adjusted Modelc: Adjusted for gender, age, physical activity, education, and BMI. These values are shown as 
odds ratio (95% CIs). Obtained from logistic regression. A p value less than 0.05 was considered statistically significant.
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The crude and multivariable-adjusted odds ratios 
(ORs) and 95% confidence intervals (95% CIs) across 
the tertiles of LCDS were shown in Table 3. There 
were no significant differences for FBS, LDL-C, 
non-HDL-C, and LDL-C to HDL-C ratio in the 
crude and adjusted models among the LCDS tertiles 
(p>0.05). However, in the crude model, individuals 
in the highest LCDS tertile had lower odds of 
having a high WC (OR=0.85, 95% CI: 0.76-0.96), 
TG (OR=0.66, 95% CI: 0.57-0.76), and higher odds 
of increased HDL-C (OR=0.85, 95% CI: 0.75-0.96). 
Also, after adjusting for confounders, people in the 
highest LCDS tertile had lower odds of having a high 
WC (OR=0.83, 95% CI: 0.74-0.94), TG (OR=0.68, 
95% CI: 0.59-0.79), and higher odds of increased 
HDL-C (OR=0.84, 95% CI: 0.74-0.95). 

Discussion
The present cross-sectional study indicated a 
significant association between WC, TG, and 
HDL-C with LCDs. Also, individuals in the highest 
tertile of LCDS consumed lower amounts of energy, 
refined grains, and sweets and higher amounts of 
protein, carbohydrates, fats, fiber, cholesterol, SFAs, 
MUFAs, PUFAs, whole grains, fruits, vegetables, 
nuts, legumes, dairy, meats, and processed meats. 
As can be perceived from the findings, the lowest 
amount of carbohydrate intake (second tertile) was 
higher than the definition of a low-carbohydrate 
diet (less than 45%). Therefore, if LCDS was related 
to CVD risk factors, in the current study, this 
carbohydrate intake could influence the association 
of LCDS with cardiovascular risk factors.

This study found no significant association 
between FBS, LDL-C, non-HDL-C, and LDL-C to 
HDL-C ratio with LCDS. The important role of diet 
on cell function has been described before (25, 26). 
A study by Shirani et al. on Iranian women showed 
no significant relationship between LCDS and high 
FBS (27). Another study on obese adults revaeled 
no significant association between FBS and LDL-C 
with LCDS tertiles (28). Also, in another study by 
Freedland et al. on the effect of LCD with walking 
among prostate cancer patients, it was shown that 
LCD with walking did not impact non-HDL-C (29). 
So, these findings were in line with previous studies.

As mentioned, our findings demonstrated a 
significant association between LCDS and WC. 
These results were consistent with similar studies. A 
study by Sali et al. illustrated that WC significantly 
decreased in the higher tertile of LCDS compared 
to the lower tertile of LCDS (30). In another study 
by Gholami et al., it was detected that the odds of 
high visceral fat levels decreased among women with 
high adherence to LCDs (31). Also, a meta-analysis 

study revealed that LCDs caused a significant 
reduction in WC by 5.74 cm (32). WC was shown 
to be a consistent risk factor for CVDs (33), and 
WC accurately reflected obesity-related health risks 
(34). Ebbeling et al. found that LCDS may affect 
total and resting energy expenditure (35). LCDs have 
also been shown to cause fat mass loss (36). Thus, 
LCDs may have influenced WC through the effects 
mentioned above. 

In addition, the findings demonstrated that with 
the increase of LCDS, TG decreased, and HDL-C 
increased. A systematic review by Meng et al. showed 
that LCD could reduce TG (37). Also, a randomized 
clinical trial revealed that LCD decreased TG (36). 
Moreover, some studies have shown a positive 
relationship between LCD and HDL-C (28, 38). 
Dietary carbohydrate is one of the important factors 
regulating the metabolism of fatty acids and induces 
lipogenesis by stimulating insulin secretion. When 
carbohydrate intake is restricted in the diet, even 
with high consumption of SFAs (such as LCD), 
access to insulin ligands, fructose, and glucose, and 
insulin secretion is reduced. As a result, there would 
be a decrease in lipogenesis, the secretion of very 
LDL-C (VLDL-C), and an increase in the oxidation 
of fats (39). These mechanisms explain the increase 
in HDL-C and the decrease in TG observed in the 
present study. Also, as mentioned earlier, the findings 
showed that people with the highest level of LCDS had 
lower weight and energy intake and higher fiber and 
whole grains, all of which decreased serum TG levels.

The current study had several limitations. First, 
we could not specify the cause-and-effect relationship 
due to the cross-sectional design. Second, there might 
be confounding factors that were not included in the 
study, which were always possible in observational 
studies. Third, although the FFQ is the best tool for 
collecting dietary data in epidemiological studies, 
it relies on the participants’ memory. However, the 
large sample size and adjustment of the effect of 
many important confounders were the strengths of 
this study.

Conclusion
The findings showed that adherence to LCDS 
could possibly improve some risk factors of CVDs, 
including WC, HDL-C, and TG. Therefore, the 
consumption of whole grains, fruits, vegetables, nuts, 
legumes, and dairy products is recommended for 
cardiovascular health and the prevention of CVDs. 
Further studies are needed to confirm these results.
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