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Background: The prevalence of metabolic syndrome (MetS) in recent years has been

growing in different societies, which may be due to lifestyle changes including changes in

diet, in particular the consumption pattern of edible oils. The purpose of this study was to

investigate the relationship between the consumption of animal oils including butter and

Kermanshah ghee with MetS and its components in the adult population of Ravansar Non-

Communicable Disease (RaNCD) cohort study.

Methods: This cross-sectional study was carried out on 5550 adults aged 35–65 years using

baseline data of Ravansar’s prospective study center in Iran. MetS was defined according to

the criteria of modified NCEPATP III for Iranian adults. Relationship between the consump-

tion of butter and Kermanshah ghee and MetS was analyzed by logistic regression model

using STATA software.

Results: In our study, the frequency of MetS was 31.40%. The mean body mass index and

mean age were 27.1±4.6 kg/m2 and 47.6±8.2 years. The mean values of consumed butter and

Kermanshah ghee were 3.3±1.8 and 5.1±2.3 g/day, respectively. After adjusting the con-

founding variables, the highest to the lowest quintile of butter and Kermanshah ghee

consumption showed a reverse correlation with the MetS (OR = 0.7, 95% CI = 0.5–0.9)

and (OR= 0.7, 95% CI=0.6–0.9), respectively.

Conclusion: This study revealed a reverse relationship between milk and Kermanshah ghee

consumption with MetS and its components. Therefore, consumption of milk-based oils may

be associated with lower cardiovascular risk factors.

Keywords: butter, Kermanshah ghee, metabolic syndrome, oil, Ravansar cohort

Background
Metabolic syndrome (MetS) refers to a cluster of metabolic disorders including

insulin resistance, hypertension, abdominal obesity, dyslipidemia and systemic

inflammation1 that increase the risk of non-communicable diseases such as type 2

diabetes (T2D) and cardiovascular diseases (CVD).2 According to the National

Cholesterol Education Program (NCEP/ATP III) norms, the occurrence of MetS in

the world varies from 8% to 43% in men and 7% to 56% in women3 and varies

from 47.2% to 60.0% in Iran.4 The increasing prevalence of MetS can be attributed

to changes in lifestyle, especially the diet.5 The amount and type of edible oils are

among the most vital factors that regulate the health of our diet.6 One group of these
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oils is animal-origin oils, in particular dairy fat which

contains saturated and trans-fatty acids (TFA).7 One

study showed that SFAs may impair insulin sensitivity,8

however in a clinical study decreasing SFAs in diet did not

affect insulin sensitivity in people with MetS.9 A recent

review regarding the effects of dairy-derived SFAs con-

sumption on the risk of MetS indicated that there is not

enough evidence to support current dietary guidelines for

reducing all dietary SFAs regardless of the dietary source,

food matrix and composition.10

Evidence on the health effects of animal oils are incon-

clusive, their effects largely depend on the amount of satu-

rated and trans fats in these products. While some studies

indicate that animal oils increase the risk of cardiovascular

diseases because of their high SFAs content,7,11 others have

reported that trans-fatty acids in dairy fat do not increase the

risk of cardiovascular diseases.12 The results of several stu-

dies point to that using animal oils significantly increases

total cholesterol, HDL-C, and very low-density lipoprotein

(VLDL) and decreases Apolipoprotein A (Apo-A) level.13,14

On the contrary, several studies have shown that consump-

tion of animal oils as much as about 10% of total fat intake

has no adverse effect on the lipid profile.15,16 In a large

multicenter cohort study, the consumption of high-fat dairy

products, butter, and yogurt showed a strong inverse relation-

ship (linear dose-response) with the risk of MetS.17 In

another study, however, using butter was directly correlated

with the incidence of MetS.7 Butter and ghee are commonly

used in many parts of Iran, including Kermanshah, where

traditionally they account for a significant portion of total oil

consumed by households.18

Despite the prevalent use of butter and ghee in the com-

mon diet of Kermanshah people and the inconsistency of the

existing reports on the health effects of these products, there

has been no study on the relationship between butter and

Kermanshah ghee consumption and the risk of MetS in this

population. To close this gap in the literature, this study

investigated the relationship between the consumption of

oils with animal origin including butter and Kermanshah

ghee and MetS and its components in the adult population

of Ravansar Non-Communicable Disease (RaNCD) cohort

study.

Methods
Study Design
This cross-sectional study was performed on baseline data of

9951 permanent residents of Ravansar, including men and

women aged 35–65 years that started in 2014. Ravansar is

a city in Kermanshah province in west of Iran with

a population of over 50,000 people, who are almost entirely

of Kurdish ethnicity. This study is part of the PERSIAN

(Prospective Epidemiological Research Studies of Iran)

mega-cohort study. Details of the Ravansar cohort study pro-

tocol have been introduced in previous studies.19,20

Population
The study was designed as a census survey of participants

in the RaNCD cohort study. Based on the inclusion cri-

teria, 4401 of participants were excluded due to not having

an usual daily energy intake (not at the range of 1.35–2.39

EI:BMR ratio) (n=2172), being diagnosed with non-

communicable diseases for more than 1 year (n=2195),

the lack of biochemical data (n=30), and the lack of data

on oil consumption (n=4). Ultimately, the data of 5550

participants (2986 females and 2564 males) were investi-

gated in the current study.

Data Collection
Demographic (age, gender, smoking and alcohol use, the

history of diseases and medication), anthropometric and

biochemical data, blood pressure, nutrition status of parti-

cipants, and socioeconomic status (SES) including

employment status; incomes, availability of electricity,

access to safe drinking water and natural gas for heating

and cooking, transport coverage; marital status; number

and type of marriages (first-degree or second-degree famil-

ial marriage or none); spouse’s job; region of residency,

number of domestic and international trips; access to land-

line and mobile phones, the internet and the extent of cell

phone use were acquired.19,20 Physical activity was

assessed using the standardized RaNCD cohort physical

activity questionnaire, which measures this parameter in

metabolic equivalent per day (MET-h/day).20 Data were

collected by the relevant trained experts. A brief descrip-

tion of other data collection is provided in the following.

Food Intake Assessment
Food intake was studied using the Ravansar cohort food

frequency questionnaire (FFQ) to which a list of foods

commonly used in Kermanshah was added.21 The food

quantities were converted to grams using the manual for

household measures and analyzed in the software

Nutritionist 4 to obtain nutritional parameters (micronutri-

ent, macronutrient, and energy intake).22 The cooking oils

of animal origin used in the study area are butter and ghee.
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To assess the relationship of the use of butter and ghee

with the risk of MetS and its components, the intake of

these products was classified into 5 quintiles from very

low (quintile 1) to very high (quintile 5). We calculated the

ratio of reported energy intake to BMR (rEI: BMR) to

evaluate the validity of energy intake. To match the rela-

tive degree of under- and over-reporting of energy, we

briefly used the values defined by Goldberg et al which

proposed by FAO/WHO/UNU for assessing the energy

expenditure. According to these surveys, EI:RMR ratio

less than 1.35 was not consistent with usual dietary intake

and considered underreporting.,23,24 In the current study

we considered EI:BMR at ranges of 1.35–2.39 as normal

reporting of energy intake.25

Biochemical and Blood Pressure

Assessment
To evaluate the serum level of biochemical markers, blood

samples were taken from the brachial vein after 12 hours

of fasting. After centrifugation, serum samples were stored

in the RaNCD cohort study laboratory at −72°C until

analysis.19 Serum total triglyceride (TG), total cholesterol,

and High-density lipoprotein (HDL-C) levels were mea-

sured by routine laboratory methods26 (Pars Azmoon kit,

Pars Azmoon Inc., Tehran, Iran). The Friedewald equation

was used to calculate low-density lipoprotein (LDL-C)

levels.27 Fasting blood glucose (FBG) was measured

using glucose oxidase test. Systolic blood pressure (SBP)

and diastolic blood pressure (DBP) were measured using

a Reister sphygmomanometer after sitting for at least 4–5

minutes. This measurement was performed twice for each

hand with 10-minute intervals and the average of the

measurements was recorded as the person’s final blood

pressure.19

Anthropometric Assessment
Assessed anthropometric parameters included height,

weight, BMI, waist circumference, and hip circumference.

Weight was measured with minimal clothing and without

shoes using the InBody 770 device (Inbody Co., Seoul,

Korea). Height was measured using the BSM 370 auto-

matic measuring device (Biospace Co., Seoul, Korea) in

the standing position without shoes with the shoulders held

in their normal position. BMI was calculated. Waist and

hip circumferences were also measured according to

RaNCD protocols.19,20

Definition of Metabolic Syndrome
In the present study, MetS was defined as meeting at least

three criteria specified in the Modified NCEP ATP III for

Iranian adults.28 These criteria are as follows:

● FBG ≥100 mg/dl or taking blood glucose-lowering

medications
● Serum TG ≥150 mg/dl or taking TG-lowering

medications
● HDL-C ≤40 mg/dl in men and ≤50 mg/dl in women

or taking HDL-C boosting medications
● SBP ≥130 mm/Hg or DBP ≥ 85 mm/Hg or taking

blood pressure-lowering medications
● Waist circumference ≥95cm for both genders.

Definition of Kermanshah Ghee
According to the definition of International Dairy

Federation,29 ghee is a dairy product made from milk,

cream or butter of cattle, sheep, or goat that contains

65% SFA and 33% MUFA.30 Kermanshah ghee is a type

of ghee produced by traditional methods in rural areas of

Kermanshah province. To prepare this ghee, one first fer-

ments the milk to produce yogurt and keeps it at room

temperature for one night, then shakes the yogurt for a few

hours in a classic round churning machine to separate the

butterfat from the yogurt. After melting this butterfat and

removing its impurities, the remained fat is called ghee

that contains about 60.4% SFA, 31.4% MUFA, 4% PUFA,

and 1.5% TFA.31

Data Analysis
Data were analyzed using the software STATA 14. The

analysis of covariance (ANCOVA) was used to compare

butter/ghee consumption quintiles (energy-, age-, and gen-

der-adjusted) in terms of intake of nutrients and food

groups. Upon encountering significant differences, the

Tukey post hoc test was used to make pairwise compar-

isons between the groups. Logistic regression was used to

check whether there is any correlation between the use of

butter/ghee and the odds of having MetS. The correlation

between the use of butter/ghee and the components of

MetS was assessed by the use of linear regression.

Regression models were used to eliminate the effect of

confounding variables. In addition to the crude model, the

analysis was performed with three other models with

adjustment for significant variables:
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● Model 1: age, gender, education level, marital status,

economic status, and physical activity
● Model 2: Additional adjustment for dietary intakes

including fruits, vegetables, legumes, bread and cer-

eals, dairy products, sugars, miscellaneous foods

(spices and food supplements), oils and oilseeds,

percentage of energy intake from fat except butter

or ghee.
● Model 3: Additional adjustment for BMI>30 and hip

circumference

In all multivariate models, the first quintile was considered

as the reference. The relationship between the consump-

tion of butter/ghee and the study variables was assessed

using the crude and adjusted odds ratios taken from the

logistic regression model at 95% confidence level. For all

tests, the level of statistical significance was P-value<0.05.

Results
Of the 5550 persons whose data met the inclusion/exclusion

criteria, 53.8% were female and the rest were male. The

mean age of the subjects was 47.6±8.19 years. The preva-

lence of MetS was 31.42%. The mean intake of butter and

Kermanshah ghee was 1.85±3.32 and 2.32±5.13 g/day,

respectively. The demographic characteristics of the subjects

across quintiles of butter/ghee intakes after adjustment for

total energy intake are given in Table 1. As this table shows,

people in the highest quintile of butter intake had higher

mean age, higher physical activity, and lower BMI than

those in the lowest quintile. People in the highest quintile

of ghee intake were mostly women and had lower BMI and

obesity and more physical activity than the lowest quintile.

Also, the use of butter and Kermanshah ghee had

a significant correlation with socioeconomic status.

Table 2 shows the intake of nutrients and food groups

in the butter/ghee consumption quintiles after adjustment

for total energy intake, age, and gender. As can be seen,

people in the highest quintile of butter consumption had

higher cholesterol and intakes of energy, protein, fat, SFA,

dairy, oils and oilseeds and lower intakes of carbohydrates,

fiber, PUFA, vegetables, bread and cereals, and miscella-

neous foods than the lowest quintile. Individuals in the

highest quintiles of Kermanshah ghee consumption had

higher cholesterol and intakes of energy, protein, fat,

SFA, dairy, oils and oilseeds and lower intakes of carbo-

hydrates, MUFA, PUFA, fiber, vegetables, legumes, bread

and cereals and miscellaneous foods than the first quintile.

The odds ratio of theMetS and the geometric means of its

components in the butter/ghee consumption quintiles are

shown in Tables 3 and 4. In both crude and adjusted models,

the geometric mean of TG in the highest quintile of butter

consumption was significantly lower than that in the lowest

quintile (P<0.05). A similar statistically significant relation

was observed for the geometric mean of FBG in the crude

model andModels 1 and 2. InModel 3 however (adjusted for

BMI and hip circumference), this relation was not statisti-

cally significant (P = 0.09). In all models, the geometric mean

of HDL-C significantly increased with the quintile (P <0.05).

There was no significant difference between the butter con-

sumption quintiles in terms of the geometric mean of DBP or

waist circumference (P> 0.05). Only Model 1 showed

a significant difference between the geometric means of

SBP in the highest and lowest butter consumption quintiles

(P <0.039) and even this difference became insignificant

after further adjustment for confounding variables. In the

crude model and Models 1 and 2, the odds of having MetS

significantly decreased with the increase of butter consump-

tion (P = 0.001). In Model 3, decrease in the odds of devel-

oping MetS was less pronounced but still statistically

significant (26% difference between the highest and lowest

quintiles with P=0.007, 95% CI=0.59–0.92, OR=0.74)

In the crude model and Models 1 and 2, the geometric

mean of TG in the highest quintile of Kermanshah ghee

consumption was significantly lower than that in the low-

est quintile (P <0.05), but in Model 3 this difference

although present was insignificant (P=0.405). In all mod-

els, the geometric mean of SBP and DBP decreased (P

<0.001) and the geometric mean of HDL-C increased (P

<0.001) with the increase of ghee consumption. None of

the models showed a significant difference between the

highest and lowest quintiles of ghee consumption in terms

of the geometric mean of FBG (P> 0.05). In all of the

models, the geometric mean of waist circumference in the

highest Kermanshah ghee quintiles was significantly lower

than that in the lowest quintile (P <0.001). In the crude

model and Models 1 and 2, the odds of having MetS

significantly decreased with the increase of ghee consump-

tion (P <0.001). In Model 3 (adjustment of hip circumfer-

ence and BMI), this relation was weaker but still

significant (22% difference between the highest and lowest

quintiles with P=0.045, 95% CI=0.61–0.99, OR=0.78).

Discussion
In this cross-sectional study on the adult population of

Ravansar Non-Communicable Disease (RaNCD) cohort,
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we observed a strong and inverse relationship with a linear

dose–response pattern between the consumption of

Kermanshah ghee and butter (ghee/butter) with the odds of

having MetS after adjusting of cofounders. Also, some com-

ponents of MetS improved significantly with the greater

consumption of ghee/butter.

Table 3 Multivariate Adjusted Odds Ratio (95% CI) for Metabolic Syndrome and Geometric Means of Its Components Across

Quintile Categories of Butter Among Participants of the Ravansar Prospective Study

Variable Butter Quintiles *P- value

Q1 (n=1199) Q2 (n=1021) Q3 (n=1185) Q4 (n=1196) Q5 (n=949)

TG1(mg/dl)

Crude 140.11±2.28 130.81±2.47 134.24±2.29 136.02±2.28 126.72±2.56 < 0.001

Model 1 140.13±2.25 131.05±2.44 134.27±2.26 135.76±2.25 126.73±2.53 < 0.001

Model 2 139.66±2.30 130.83±2.46 134.01±2.26 135.69±2.27 127.98±2.66 0.003

Model 3 137.54±2.23 129.50±2.38 134.57±2.19 137.01±2.19 129.74±2.57 0.026

FBG1(mg/dl)

Crude 93.01±0.47 91.54±0.51 91.84±0.47 92.56±0.47 91.56±0.53 0.042

Model 1 92.96±0.47 91.76±0.51 91.94±0.47 92.44±0.47 91.41±0.53 0.030

Model 2 93.11±0.48 91.71±0.51 91.88±0.47 92.36±0.47 91.46±0.55 0.006

Model 3 92.89±0.47 91.55±0.50 91.95±0.46 92.51±0.46 91.64±0.54 0.018

DBP1 (mmHg)

Crude 69.98±0.28 68.90±0.30 69.26±0.28 69.34±0.28 69.64±0.31 0.435

Model 1 69.89±0.27 69.15±0.29 69.39±0.27 69.24±0.27 69.45±0.30 0.291

Model 2 69.78±0.28 69.18±0.29 69.41±0.27 69.23±0.27 69.54±0.32 0.961

Model 3 69.54±0.27 69.03±0.29 69.48±0.26 69.38±0.26 69.74±0.31 0.346

SBP1 (mmHg)

Crude 108.58±0.48 106.70±0.52 107.11±0.49 107.17±0.48 107.46±0.54 0.128

Model 1 108.41±0.46 107.33±0.49 107.39±0.46 106.90±0.45 106.98±0.51 0.039

Model 2 108.18±0.47 107.32±0.50 107.39±0.46 106.91±0.46 107.27±0.54 0.398

Model 3 107.80±0.45 107.07±0.48 107.50±0.44 107.15±0.44 107.58±0.52 0.921

HDL-C1(mg/dl)

Crude 46.39±0.33 46.92±0.35 46.76±0.33 47.38±0.33 47.94±0.37 0.002

Model 1 46.09±0.31 47.03±0.33 46.85±0.31 47.47±0.31 47.98±0.35 < 0.001

Model 2 46.14±0.31 46.90±0.34 46.74±0.31 47.52±0.31 48.13±0.36 0.002

Model 3 46.45±0.30 47.08±0.33 46.66±0.30 47.33±0.30 47.88±0.35 0.034

WC1(cm)

Crude 96.74±0.30 96.74±0.33 96.36±0.30 96.62±0.30 96.56±0.34 0.690

Model 1 96.65±0.30 96.72±0.32 96.36±0.30 96.63±0.30 96.67±0.33 0.964

Model 2 96.96±0.30 96.85±0.32 96.34±0.30 96.47±0.30 96.38±0.35 0.300

Model 3 96.58±0.14 96.47±0.15 96.51±0.13 96.76±0.14 96.69±0.16 0.905

**MetS2

Crude 1 0.74(0.62–0.89) 0.77(0.65–0.91) 0.80(0.68–0.95) 0.72(0.60–0.87) 0.001

Model 1 1 0.76(0.63–0.91) 0.78(0.65–0.93) 0.80(0.67–0.95) 0.72(0.60–0.87) 0.001

Model 2 1 0.76(0.63–0.91) 0.78(0.65–0.93) 0.78(0.65–0.93) 0.71(0.58–0.87) 0.001

Model 3 1 0.74(0.60–0.90) 0.82(0.67–0.99) 0.84(0.69–1.03) 0.74(0.59–0.92) 0.007

Notes: 1Geometric mean± standard error. 2Odds ratio (95% confidence interval). *A significant level comparison the highest quintile with the lowest quintile of butter

(logistic and linear regression). **A significant level of additive or decreasing trend in quintiles of butter (p-trends for MetS were significant in all models except model3).

p <0.05 was considered as a significant level (bold values). Model1 was adjusted for age (in y), physical activity (continuous), socioeconomic status (categorical), current use

of medications (except use of hypertriglyceridemic, hypertensive and hyperglycemic medications), Model2 was adjusted for variables in Model 1 and for dietary intakes

including vegetables, bread and cereals, dairy products, others (spices and food supplements), oils and oilseeds, percentage of energy from fat except butter. Model3 was

adjusted for variables in Model 2 and for BMI and Hip circumference which may be mediators as well as confounders (continuous).

Abbreviations: Q, quintile; TG, triglyceride; FBG, fasting blood glucose; DBP, diastolic blood pressure; SBP, systolic blood pressure; HDL-C, high-density lipoprotein; WC,

waist circumference; MetS, metabolic syndrome.
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The present study showed that with increasing the

Kermanshah ghee intake, DBP, SBP and waist circumference

decreased and HDL-C increased significantly. Mahmoudifard

et al reported that a ghee-containing diet significantly reduced

TG levels and increased HDL.29 Other authors indicated that

ghee as compared to sunflower oil decreases the weight and

Table 4 Multivariate Adjusted Odds Ratio (95% CI) for Metabolic Syndrome and Geometric Means of Its Components Across

Quintile Categories of Kermanshah Ghee Among Participants of the Ravansar Prospective Study

Variable Kermanshah Ghee Quintiles *P- value

Q1 (n=1703) Q2 (n=1106) Q3 (n=1166) Q4 (n=1462) Q5 (n=701)

TG1 (mg/dl)

Crude 141.27±1.91 129.52±3.15 134.27±2.24 129.04±2.64 128.86±2.38 < 0.001

Model 1 140.76±1.89 130.50±3.11 133.59±2.22 129.07±2.61 129.85±2.36 < 0.001

Model 2 140.43±1.93 130.04±3.13 133.49±2.23 128.96±2.61 130.82±2.44 0.032

Model 3 137.78±1.89 129.28±3.03 133.33±2.16 130.91±2.54 133.96±2.37 0.405

FBG1 (mg/dl)

Crude 91.47±0.39 93.28±0.65 92.37±0.46 92.97±0.55 91.62±0.49 0.815

Model 1 91.36±0.39 93.64±0.65 92.49±0.46 92.91±0.54 91.52±0.49 0.805

Model 2 91.62±0.40 93.55±0.65 92.38±0.46 92.76±0.54 91.40±0.50 0.770

Model 3 91.48±0.40 93.40±0.64 92.29±0.45 92.90±0.53 91.70±0.50 0.444

DBP1 (mmHg)

Crude 70.73±0.23 69.13±0.39 68.79±0.27 69.35±0.32 68.37±0.29 < 0.001

Model 1 70.56±0.22 69.45±0.37 69.00±0.26 69.35±0.31 68.22±0.28 < 0.001

Model 2 70.53±0.23 69.52±0.38 69.09±0.27 69.33±0.31 68.14±0.29 < 0.001

Model 3 70.22±0.23 69.44±0.37 69.08±0.26 69.56±0.31 68.50±0.28 < 0.001

SBP1 (mmHg)

Crude 109.44±0.40 107.05±0.67 106.80±0.47 107.18±0.56 105.40±0.50 < 0.001

Model 1 109.10±0.38 107.85±0.63 107.23±0.45 107.11±0.53 105.04±0.48 < 0.001

Model 2 109.03±0.39 107.92±0.63 107.33±0.45 107.09±0.53 105.01±0.49 < 0.001

Model 3 108.66±0.38 107.75±0.61 107.26±0.44 107.39±0.51 105.54±0.48 < 0.001

HDL-C1(mg/dl)

Crude 45.34±0.27 47.40±0.45 46.86±0.32 48.27±0.38 48.72±0.34 < 0.001

Model 1 45.28±0.26 47.35±0.42 47.26±0.30 48.21±0.35 48.43±0.32 < 0.001

Model 2 45.42±0.26 47.22±0.43 47.11±0.30 48.17±0.36 48.49±0.33 < 0.001

Model 3 45.90±0.26 47.29±0.41 47.08±0.29 47.84±0.35 48.01±0.32 0.013

WC1 (cm)

Crude 95.70±0.25 96.81±0.42 97.11±0.30 97.53±0.35 96.55±0.32 0.040

Model 1 95.62±0.25 96.95±0.41 97.20±0.29 97.35±0.34 96.64±0.31 0.012

Model 2 95.82±0.25 96.97±0.41 97.18±0.29 97.21±0.34 96.46±0.32 0.089

Model 3 96.21±0.12 96.43±0.19 96.67±0.13 97.16±0.16 96.78±0.15 0.007

**MetS2

Crude 1 0.78(0.64–0.95) 0.89(0.76–1.04) 0.78(0.66–0.93) 0.71(0.60–0.84) < 0.001

Model 1 1 0.81(0.66–0.99) 0.90(0.77–1.06) 0.77(0.64–0.93) 0.78(0.61–0.99) < 0.001

Model 2 1 0.82(0.67–1.01) 0.91(0.78–1.07) 0.78(0.65–0.93) 0.72(0.61–0.85) < 0.001

Model 3 1 0.81(0.66–0.99) 0.90(0.77–1.06) 0.77(0.64–0.93) 0.78(0.61–0.99) 0.045

Notes: 1Geometric mean± standard error. 2Odds ratio (95% confidence interval). *A significant level comparison the highest quintile with the lowest quintile of Kermanshah

ghee (logistic and linear regression). **A significant level of additive or decreasing trend in quintiles of Kermanshah ghee (p-trends for MetS were significant in all models).

p <0.05 was considered as a significant level (bold values). Model1 was adjusted for gender (male/female), physical activity (continuous), socioeconomic status (categorical),

current use of medications (except use of hypertriglyceridemic, hypertensive and hyperglycemic medications), Model2 was adjusted for variables in Model 1 and for dietary

intakes including fruits, vegetables, legumes, bread and cereals, dairy products, sugars, others (spices and food supplements), oils and oilseeds, percentage of energy from fat

except ghee. Model3 was adjusted for variables in Model 2 and for BMI and Hip circumference which may be mediators as well as confounders (continuous).

Abbreviations: Q, quintile; TG, triglyceride; FBG, fasting blood glucose; DBP, diastolic blood pressure; SBP, systolic blood pressure; HDL-C, high-density lipoprotein; WC,

waist circumference; MetS, metabolic syndrome.
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oxidative stress and had protective effects on the liver in rats.32

Also, long-term (5 months) consumption of yogurt butter oil

as compared to flaxseed oil had no adverse effect on lipid

profile and liver function in rats.33 The Possible mechanism of

HDL elevation with consumption of Kermanshah ghee could

be related to high levels of MUFA, especially oleic acid in this

product.34 Researches have shown that MUFA-rich diets are

associated with lower blood pressure.35 The decrease in

plasma TG can be attributed to the antiatherogenic effect of

conjugated linoleic acid (CLA) in milk fat. Loss of weight and

subsequent reduction in waist circumference can be due to the

high amounts of SFA and short- and medium-chain TG that

are directly transported through the bloodstream to the liver

and prevent obesity by increasing PPARγ gene expression.

Also, CLA in milk fat can prevent from obesity by reducing

the accumulation of visceral and ectopic fat.36

Hosseini et al found out rabbits receiving an animal oil

diet had higher total cholesterol and LDL levels than those

fed with hydrogenated and olive oils.15 Also, another

study showed that replacement of 10% of the diet with

animal oil for 4 weeks had no effect on total cholesterol

level and hepatic lipid peroxidation but increased serum

TG.16 Najafi et al reported that consumption of 30 grams

of Kermanshah ghee per day instead of other oils for 1

month had no significant effect on serum lipid profile of

healthy men.37 The discrepancy between our results and

some of the previous reports may be attributed to the

differences in the processing methods of ghee production.

Kermanshah ghee is traditionally produced from yogurt

(fermented dairy products) and has different fatty acids

pattern than butter and oils that are directly extracted from

milk, its production process results in higher amounts of

short- and medium-chain fatty acids and lower amounts of

cholesterol and long-chain fatty acids.31

In the current study with increasing butter intake the

TG and FBG levels decreased significantly. Also,

a positive relationship with a monotonic trend was

observed between butter intake and elevation of HDL-C

levels. The odds of having MetS significantly decreased

with more consumption of butter. A prospective study

indicated that high-fat dairy consumption was inversely

associated with DBP, SBP, total cholesterol, and increased

HDL level.17 Also, in a cross-over study, the consumption

of dairy products for 6 weeks improved liver function and

systemic inflammation among individuals with MetS.38

Another study also indicated that high intake of dairy fat

decreases the risk of T2D and cardiovascular diseases.39

A meta-analysis has also reported that butter consumption

significantly decreases the average incidence of T2D but is

not associated with CVD events.40 In another meta-

analysis of clinical trials, high-fat dairy consumption was

inversely associated with T2D and the low-fat dairy pro-

duct intake was related to the risk of the disease.41 In

a study by Gagliardi et al on people with MetS, butter

consumption for 5 weeks did not show any significant

effect on HDL-C, TG, SBP, DBP, and inflammatory

markers.42 The study of Ari Palomäki et al on people

with MetS showed that using a butter-containing diet last-

ing for 6 to 8 weeks made no significant difference in

HDL-C, TG, and FBG levels, however, increased DBP

and SBP although the changes were not statistically

significant.43

Regarding the possible causes and mechanisms respon-

sible for our findings as well as the similar investigations,

it can be argued that in addition to the content of butter

that 50% of its dry weight is made of SFAs44 SFAs with an

odd number of carbon atoms, which are mostly found in

dairy fats such as butter, increase the fluidity of the vas-

cular cell membrane and are associated with a reduced risk

of T2D and MetS.39 Butter also contains short- and med-

ium-chain SFAs such as lauric acid and myristic acid,

which are known to have protective effects against

T2D.44 Trans-palmitoleic acid, which is a biomarker of

dairy fat and butter consumption, is inversely associated

with T2D.35 Also, a research has shown that the butyrate

of butter induces insulin sensitivity45 and its CLA has

beneficial effects on metabolic diseases.36 Conversely,

Lichtenstein et al found that consumption of butter was

associated with increased FBG and HDL-C, although it

had no effect on SBP and DBP34 Compared to present

study, Lichtenstein et al study was performed on older

population (mean age: 67 years) with a large percentage

of postmenopausal women; it can be claimed that hormo-

nal changes are associated with increased insulin resis-

tance. Judd et al found that butter intake in adults with

normal blood lipid levels has no effect on HDL-C and TG

but can increase total cholesterol.44 As we know SFA

consumption can increase both HDL-C and LDL-C. In

Judd’s study, more than 20% of consumed calorie was

from SFA, but in our study even in the highest quintiles,

SFA accounted for less than 10% of daily intake of cal-

ories. In a 28-day interventional study on postmenopausal

women, the butter group with 20% SFA content in their

diet had significantly higher total cholesterol and LDL-C

than the olive oil group consuming 10% SFA; there was no

difference between two groups in terms of DBP and SBP,
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FBG and TG.46 The probable reasons for the difference

between some of these findings and our results are that

women in the mentioned study had android obesity (BMI

= 30.4 kg/m2), older age (mean age = 59.5 years), and

higher waist circumference (mean 102.1 cm) than our

subjects. It is well known that hormonal and sedentary

impacts of menopause are associated with glucose intoler-

ance, T2D, dyslipidemia, hypertension, and increased risk

of cardiovascular diseases.46 In one prospective study,

during 3 years of follow-up, investigators observed that

butter consumption led to increase TG and decrease HDL-

C levels and was directly associated with the risk of

MetS.7 Although this report contradicts our findings, it

should be noted that the medium butter consumption in

that study was 23.5 g/day, which is many times higher than

the 1.8 g/day butter intake in ours.

One of the strengths of this study compared to previous

works which are mostly focused on fat subclasses (SFA,

MUFA, PUFA, and TFA) is attention to the pattern of

consumption; it makes the results more suitable for pre-

sentation to the public as practical health advice.

The present study also had several limitations that

should be mentioned. Firstly, given the questionnaire-

based nature of this study, the results may have been

affected by recall bias and information bias. Also, like

other observational studies, it is impossible to mention

a cause-and-effect relationship. Although much effort

was made to minimize the effect of confounding variables,

residual confounders, whose effects cannot be ignored,

may still influence the results.

Conclusions
This study indicated the inverse relationship between

Kermanshah ghee and butter consumption with MetS and

some of its components. Therefore, consumption of milk-

based oils may be associated with lower cardiovascular

risk factors. However, clinical trials are required to recom-

mend the most effective dosages.
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