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fatty acids (SFA) are associated with an increase in serum 
LDL-C [2]. High SFA intake may also decrease insulin 
sensitivity [3]. It has been shown that reducing SFA intake 
reduces combined cardiovascular events [4]. As a result, 
most current dietary guidelines recommend limiting SFA 
intake. Dairy fat in general is rich in SFAs, and dairy foods 
are often a major contributor to dietary SFA intake. There-
fore, healthy eating guidelines often recommend low-fat 
or fat-free varieties of milk, cheese, and yogurt instead of 
high or full-fat ones. However, food products with similar 
nutrient compositions may not necessarily have the same 
effect on health. Although SFA intake from meat and pro-
cessed meat are associated with greater CVD risk [5], the 
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Abstract
Purpose  Dairy foods are often a major contributor to dietary saturated fatty acids (SFA) intake. However, different SFA-rich 
foods may not have the same effects on cardiovascular risk factors. We compared full-fat yogurt with low-fat yogurt and 
butter for their effects on cardiometabolic risk factors in healthy individuals.
Methods  Randomized, two-period crossover trial conducted from October 2022 to April 2023 among 30 healthy men and 
women (15 to receive full-fat yogurt first, and 15 to receive low-fat yogurt and butter first). Participants consumed a diet with 
1.5-2 servings of full-fat (4%) yogurt or low-fat (< 1.5) yogurt and 10–15 g of butter per day for 4 weeks, with 4 weeks wash-
out when they consumed 1.5-2 servings of low-fat milk. At baseline, and the end of each 4 weeks, fasting blood samples 
were drawn and plasma lipids, glycemic and inflammatory markers as well as expression of some genes in the blood buffy 
coats fraction were determined.
Results  All 30 participants completed the two periods of the study. Apolipoprotein B was higher for the low-fat yogurt and 
butter [changes from baseline, + 10.06 (95%CI 4.64 to 15.47)] compared with the full-fat yogurt [–4.27 (95%CI, -11.78 to 
3.23)] and the difference between two treatment periods was statistically significant (p = 0.004). Non-high-density lipopro-
tein increased for the low-fat yogurt and butter [change, + 5.06 (95%CI (-1.56 to 11.69) compared with the full-fat yogurt 
[change, − 4.90 (95%CI, -11.61 to 1.81), with no significant difference between two periods (p = 0.056). There were no 
between-period differences in other plasma lipid, insulin, and inflammatory biomarkers or leukocyte gene expression of 
ATP-binding cassette transporter 1 and CD36.
Conclusion  This study suggests that short-term intake of SFAs from full-fat yogurt compared to intake from butter and low-
fat yogurt has fewer adverse effects on plasma lipid profile.
ClinicalTrials.gov  NCT05589350, 10/15/2022.
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association between SFA intake from dairy sources and 
CVD risk is inconsistent [6] and some observational studies 
have shown that higher intakes of cheese, milk, and yogurt 
were not associated with a significantly increased risk of 
mortality compared with low intakes [7]. Although but-
ter (consisting of approximately 80% of the milkfat) is a 
by-product of milk, it is not generally considered a ‘dairy 
food’ for dietary guideline purposes, and its consumption 
is not recommended in healthy eating guidelines due to 
the high content of SFA [8]. However, the results of some 
meta-analyses suggest small or neutral overall associations 
of butter with CVD, and diabetes [9]. Yet other studies have 
demonstrated that butter can increase circulating LDL-C 
[10, 11]. In addition to these contradictions, there are other 
issues related to dairy fat, and it has been suggested that 
with respect to the impact on the risk of CVD and type 2 
diabetes, not all dairy products, notably fermented varieties, 
can be considered equal and consumption of some specific 
dairy may not be associated with a higher risk of CVD and 
type 2 diabetes [12]. Studies have shown that cheese which 
is a relatively higher-fat dairy food does not have the same 
effect on increasing LDL-C as compared to butter with the 
same saturated fat content [13–15]. Considering some of the 
controversy surrounding the health effects of dairy fat, some 
have suggested that guidelines could be food-based rather 
than nutrient-specific [16]. Cheese is a fermented dairy 
product and the above findings may also apply to other fer-
mented dairy products.

Yogurt is a fermented dairy product with potential favor-
able effects on both lipid- and non-lipid-related cardio-
vascular risk factors and its higher consumption has been 
associated with lower risk of cardiovascular disease events 
and mortality [17]. Yogurt contains bacterial cultures, which 
may produce short-chain fatty acids and bioactive peptides 
that may modulate the effect of its fat content on lipid and 
lipoprotein metabolism. Despite the relatively high-fat con-
tent of full-fat (3.5% fat) yogurt products, their consump-
tion has not been associated with a higher risk of myocardial 
infarction [18]. Hence, compared to the fat intake from other 
dietary sources, the intake of equal amounts of fat from full-
fat yogurt may have a different effect on the blood concen-
tration of lipids and lipoproteins.

In the present study, we investigated the effects of two 
diets, one with full-fat yogurt and the other with low-fat 
yogurt and butter, on plasma LDL-C (primary outcome) in 
healthy participants. We hypothesized there would be no 
differences between the two test diets. Furthermore, effects 
on other blood lipid profiles, glycemic and inflammatory 
markers as well as expression of some genes in the blood 
buffy coats fraction were assessed as secondary outcomes.

Materials and methods

Subjects and study design

This study was a randomized, crossover trial. The study was 
conducted between October 2022 to April 2023 at the Sha-
hid Beheshti University of Medical Sciences. Participants 
were adult men and pre-menopausal women who were 
recruited through public advertisements. The inclusion cri-
teria included: age 20 to 60 years, willingness to consume 
the provided dairy products for the duration of the study, 
body mass index (BMI) from 18.5 to 29.9 kg/m2, and stable 
body weight during the previous month. Participants were 
excluded from the study if they were taking lipid-lower-
ing drugs, were in pregnancy and breastfeeding periods, 
had type 2 diabetes or coronary artery disease, were being 
treated for cancer, had serum creatinine > 1.4 mg/dL, tak-
ing any anti-inflammatory medications, or taking calcium 
or omega-3 supplements. Diet sequences were determined 
using a computer-generated random list. Simple random-
ization was performed between two treatments (1:1). 
Each number was placed in an envelope and was opened 
sequentially. Eligible subjects were allocated to one of two 
treatment sequences by the study’s research assistant. The 
primary outcome was a change in plasma lipid profile. The 
secondary outcomes were changes in glycemic measures, as 
measured by plasma fasting blood glucose and insulin, and 
inflammatory markers as measured by plasma c-reactive 
protein (CRP) and interleukin-6 (IL-6). In this study, the 
effect of the consumption of full-fat yogurt was compared 
with the consumption of low-fat yogurt and butter. The two 
dietary periods of study, with either full-fat yogurt or low-
fat yogurt and butter, were of 4 weeks duration, preceded 
by a 2-week run-in and separated by a 4-week wash-out 
period, during which low-fat milk was consumed instead of 
yogurt. Based on previous studies on dairy fat consumption, 
it appears that a 4-week period was sufficient to observe a 
change in plasma lipid profile and allow wash-out of the 
first treatment [14, 15]. Milk was consumed during run-in 
and wash-out periods because the daily consumption of 
dairy products is recommended in the healthy dietary guide-
lines, and it was not appropriate not to consume an alterna-
tive dairy product during these periods. Low-fat milk was 
chosen since its fat content was low, which reduced the level 
of fat intake from dairy sources, and its use instead of yogurt 
was more accepted by the participants than other alternative 
dairy products, such as cheese. Body weight, physical activ-
ity, biochemical factors, and expression of some genes in 
the blood buffy coats fraction were assessed at the beginning 
and end of each intervention period. Due to the nature of the 
diets, the study coordinator and participants could not be 
blinded to treatments. However, laboratory measurements 
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as well as statistical analysis were undertaken in a blinded 
fashion.

Diets

The dietary intervention included the consumption of com-
mercially available full-fat (4% fat) yogurt during one 
period and low-fat (< 1.5%) yogurt along with butter dur-
ing another study period. First, weight maintenance calo-
ries were estimated for each subject (by taking gender, body 
weight, age, and physical activity level into account) and then 
macronutrients were calculated (~ 50% from carbohydrates, 
~ 15% from protein, and ~ 35% from fat). Then, by using an 
exchange list for meal planning, the number of servings in 
food groups was determined. The food plan included daily 
consumption of 6–9 servings of grains, 2–3 servings of veg-
etables, 2–3 servings of fruit, and 3–4 servings of chicken, 
meat, fish or egg. The recommended quantities for daily 
consumption of dairy products (milk, yogurt, cheese) based 
on the food guide pyramid is 2–3 servings per day and this 
quantity was considered in the present study, considering 
1.5-2 servings for yogurt and 1 serving for cheese. During 
the consumption of low-fat yogurt, participants also incor-
porated butter in their diet (10 g of butter for participants 
who were consuming 1.5 servings of low-fat yogurt per day, 
and 15 g of butter for participants who were consuming 2 
servings of low-fat yogurt per day). The nutrient composi-
tion of the test foods is listed in Table 1. During the two 
treatment periods, the participants were not allowed to con-
sume milk, but during the run-in and wash-out periods, they 
consumed low-fat milk instead of yogurt and avoided butter. 
During all stages of the study, participants avoided kefir and 
buttermilk. Full-fat yogurt, low-fat yogurt, butter, and low-
fat milk were delivered to people for consumption in each of 
the study periods. In addition, to reduce the variation in the 
type of fatty acid intake, participants were delivered canola 
oil (for low-heat cooking and salads) and blended vegetable 
frying oil (for high-heat cooking) to be consumed during 
all study periods (including run-in, wash-out, and treatment 
periods) and the recommended intake was 6 to 9 servings 
(30 to 45 g) per day depending on daily calories.

The dietary intake of each participant was assessed 
by taking two 24-hour dietary recalls (one weekday and 
one weekend) obtained by telephone interview during 
each of the study periods. The composition of obtained 
dietary recalls was analyzed by the software (Nutritionist 
4, N-Squared Computing, USA). For each individual, the 
mean of the two 24-hour dietary recalls was calculated and 
used for data analysis.

At the beginning and end of each intervention period, the 
participants attended the clinic in the morning after 12 h of 
fasting, and fasting blood samples were collected.

Table 1  Nutrient composition of the test foods
Full-fat 
yogurt 
treatment

Low-fat yogurt and butter

Full-fat 
yogurt

Low-fat 
yogurt

Butter Low-fat 
yogurt + but-
ter

Daily amount, 
g/2000 kcal

450 450 15 -

Energy, 
kcal/2000 kcal

308 245 108 353

Protein, 
g/2000 kcal

9 14 0.1 14.1

Fat, g/2000 kcal 18 6 12.2 18.2
SFA g/2000 kcal 11.2 3.9 7.5 11.4
Calcium, 
mg/2000 kcal

540 585 2.1 587.1

Phosphor, 
mg/2000 kcal

441.8 489 2.8 491.8

Sodium, 
mg/2000 kcal

472 398 1.5 399.5

Fatty acid composition (% total fatty acids in fat)
Fatty acids Full-fat 

yogurt
Low-fat yogurt

C4:0 2.7 1.32
C6:0 1.9 1.58
C8:0 2.4 1.16
C10:0 3.75 2.38
C12:0 4.0 4.07
C14:0 12.97 9.52
C14:1 2.9 0.7
C15:0 1.4 1
C16:0 27.1 33.41
C16:1 5.0 1.90
C17:0 0.26 0.55
C17:1 0.17 0.23
C18:0 4.0 9.87
C18:1t 0.1 1.66
C18:1c 21 22.48
C18:2t 0.1 0.49
C18:2c 4.0 3.75
C18:3c 0.19 0.36
C20:0 0.06 0.21
C20: 5 (w3) 0.1 ND
C22 0.12 0.12
C22:2 3.9 1.92
C24:0 1.0 0.05
Total SFA 62.36 65.47
Total MUFA 29.2 26.29
Total PUFA 8.23 6.09
Total Trans FA 0.2 2.15
MUFA monounsaturated fatty acid, ND, not detected, PUFA polyun-
saturated fatty acid, SFA saturated fatty acids
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of full-fat yogurt and low-fat yogurt and butter had been 
compared. Considering the hypothetical mean plasma 
LDL-C concentration in two periods of yogurt consump-
tion (100  mg/dL at the end of the full-fat yogurt period 
and 110  mg/dL at the end of the low-fat yogurt and but-
ter period), the standard deviation of 18 to 20 mg/dL, the 
power of 80%, a significance level of 0.05 and the correla-
tion between treatment values of 0.5, the sample size esti-
mated to be n = 30.

Statistical Package for the Social Sciences software (IBM 
Corporation, version 26.0) was used. The Kolmogorov-
Smirnov test was used to check the normality of continu-
ous variables. Plasma CRP, IL-6, insulin, and non-HDL-C 
were non-normally distributed and log-transformation was 
performed before analysis. To check the assumption of no 
carry-over effect, a pretest of the data was conducted. For 
this test, the sum of the values measured in periods 1 and 
2 was calculated for each participant and compared across 
the two sequence groups by the independent t-test. The 
equality of sequence effect was also tested by calculating 
the difference between periods 1 and 2 for each participant 
and then comparing the two sequences by the independent 
t-test. A mixed design analysis of covariance (ANCOVA) 
was used to evaluate the differences between the full-fat and 
low-fat yogurt and butter treatments on the fourth-week val-
ues of the primary and secondary outcome measures. The 
models included adjustments for baseline values (values at 
the beginning of each treatment period) and body weight 
change (weight change during each treatment period) as 
fixed effects.

For each outcome, we present mean ± standard devia-
tions (SD), the mean change from baseline (∆) and 95% 
confidence interval (CI) for each phase, and the difference 
of the mean changes between the two phases (∆∆). Gene 
expression data are presented as mean ± standard error and 
calculated as fold changes in the expression. First, normal-
ized Ct or ΔCt (ΔCt = Ct gene –Ct house-keeping) was cal-
culated and analyzed statistically using ANCOVA. Then 
fold changes in the expression were calculated as the dif-
ferences between ΔCts values at baseline and ΔCts values 
at 4 weeks.

Results

All 30 individuals completed the study periods and were 
included in the final analysis (Fig. 1). The baseline charac-
teristics of the participants are shown in Table 2. The pretest 
results to check for the assumption of negligible sequence or 
carry-over effects indicated no evidence of relevant effects. 
Therefore, data for both periods were pooled for statisti-
cal analysis. Table 3 shows the dietary intake during each 

Anthropometric and physical activity measurement

Weight, height, and physical activity level were deter-
mined at the beginning and end of each intervention period. 
Weight was measured without heavy clothing. Height was 
measured without shoes. The level of physical activity was 
determined by using the International Physical Activity 
Questionnaire [19].

Blood sample collection and analysis

Fasting blood samples were collected into the heparin-con-
taining tubes. The samples were then centrifuged (3000 × 
g for 10 min) and plasma and buffy coat sub-fractions were 
separated, collected, and stored at -80 0C. Collected buffy 
coats were stored along with an RNA-stabilization reagent.

Plasma total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), triglyceride (TG), apolipoprotein B 
(apo B), C-reactive protein (CRP), and glucose were mea-
sured using commercial kits (Delta Darman Part, Tehran, 
Iran) by an autoanalyzer (Selectra ProXL). Low-density 
lipoprotein cholesterol (LDL-C) concentration was calcu-
lated with the Friedewald equation. Non-HDL-C was calcu-
lated as TC minus HDL-C. Plasma concentrations of insulin 
(Monobind, Inc., Lake Forest, CA, USA) and interleukin-6 
(IL-6) (Biolegend, San Diego, USA) were measured in fro-
zen plasma samples by commercially available enzyme-
linked immunosorbent assays kits. Homeostatic Model 
Assessment for Insulin Resistance (HOMA-IR) was calcu-
lated according to the formula: fasting glucose (mg/dL) × 
fasting insulin (mIU/mL) /405.

The RNA from the buffy-coat fraction was extracted 
using an RNA extraction kit (Bio Basic, Canada Inc.) in 
accordance with the manufacturer’s protocol. The concen-
tration and purity were determined using a NanoDrop 2000 
UV spectrophotometer (Thermo Scientific). The extracted 
RNA was then converted to complementary DNA using a 
commercially available kit (Sinaclon, Tehran, Iran). Quanti-
tative real-time PCR was performed using the SYBR Green 
PCR master mix (Sinaclon, Tehran, Iran) and gene-specific 
primers on a Step-one plus system (Applied Biosystems). 
ATP-binding cassette transporter (ABCA1) and the cluster 
of differentiation 36 (CD36) expression were measured. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was amplified as the housekeeping gene.

Statistical analysis

The change in LDL-C was considered the primary outcome 
of calculating the sample size. G*Power 3.1 software was 
used to calculate the sample size. For sample size calcula-
tion, we could not find a similar study in which the effect 
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Characteristic Total (n = 30) Treatment A (Full-fat 
yogurt)
(n = 15)

Treatment B 
(Low-fat yogurt 
and butter
(n = 15)

Age, y 36.90 ± 14.79 37.20 ± 12.85 36.60 ± 16.97
Female 19 (63.3) 8 (53.3) 11 (73.3)
Weight, kg 73.24 ± 12.88 71.50 ± 11.27 74.78 ± 14.17
BMI, kg/m2 26.39 ± 4.16 25.92 ± 3.42 26.85 ± 4.88
Plasma glucose, mg/dL 90.43 ± 11.25 89.60 ± 10.16 91.26 ± 12.55
Plasma total cholesterol, mg/dL 169.06 ± 40.30 178.60 ± 44.67 159.53 ± 34.28
Plasma LDL-C, mg/dL 103.16 ± 29.23 110.68 ± 32.92 95.64 ± 23.77
Plasma HDL -C, mg/dL 39.83 ± 8.52 39.46 ± 9.06 40.20 ± 8.24
Plasma TG, mg/dL 150.90 ± 58.09 142.26 ± 75.21 159.53 ± 34.28
Plasma creatinine mg/dL 1.01 ± 0.24 0.99 ± 0.28 1.04 ± 0.17

Table 2  Participants’ baseline 
characteristics1

1Data are means ± SD or number 
(percentage). BMI, body mass 
index; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, 
high-density lipoprotein choles-
terol; TG, triglyceride

 

Fig. 1  Participants flow diagram 
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B (p = 0.004). There were no differences in plasma TG, 
LDL-C, and HDL-C levels between the two treatment peri-
ods. The dietary interventions had no significant effects on 
plasma fasting plasma glucose, insulin, and HOMA-IR. The 
two diets had no significant effect on the measured plasma 
concentration of systemic inflammatory factors. However, 
the concentration of IL-6 tended to increase more in the 
period of low-fat yogurt and butter consumption compared 
to the high-fat yogurt period (p = 0.052). The concentration 
of CRP remained unchanged during each of the two study 
periods.

The leukocyte gene expressions of ABCA1 or CD36 
results are shown in Fig. 2. There were no significant changes 
in gene expressions of ABCA1 or CD36 of participants 

of the two periods. The calorie and macronutrient intake 
were not different between the two dietary periods. The 
total dietary fat, as well as fatty acid intake, did not differ 
between the two dietary periods. Self-reported compliance 
indicated more than 80% compliance with yogurt and butter 
consumption.

In Table 4, values of body weight and physical activity 
level are shown. Body weight and physical activity level 
were not different between the two periods.

Table  5 shows plasma cardiometabolic factors dur-
ing each of the two periods. Compared to the period of 
full-fat yogurt, consumption of low-fat yogurt and butter 
tended to increase in plasma TC (p = 0.075), non-HDL-C 
(p = 0.056), and the TC to HDL-C ratio (p = 0.095). Low-
fat yogurt and butter consumption increased plasma apo 

Table 3  Dietary intake of healthy adults during the consumption of full-fat yogurt or low-fat yogurt and butter periods1

Full-fat yogurt (n = 30) Low-fat yogurt and butter (n = 30) p2

Basal
mean ± SD

4 wk
mean ± SD

∆
Mean, 95%CI

Basal
mean ± SD

4 wk
mean ± SD

∆
Mean, 95%CI

Energy, kcal/day 1826.6 ± 807.7 1836.3 ± 576.8 9.7 (-317.5 to 
336.9)

1790.4 ± 773.9 1889.3 ± 884.8 98.9 (-161.1 to 
358.9)

0.689

Total carbohydrate, % of 
energy

52.8 ± 7.7 50.12 ± 6.6 -2.7 (-5.9 to 0.6) 52.2 ± 7.6 49.3 ± 6.7 -2.9 (-6.7 to 0.7) 0.650

Sucrose, % of energy 1.9 ± 2.0 2.2 ± 2.5 0.3 (-0.9 to 1.5) 1.7 ± 1.7 2.2 ± 2.1 0.5( -0.3 to 1.3) 0.660
Glucose, % of energy 1.2 ± 1.1 1.1 ± 1.2 -0.1 (-0.8 to 0.5) 1.4 ± 1.6 1.5 ± 1.5 0.1 (-0.7 to 0.8) 0.581
Fructose, % of energy 1.3 ± 1.2 1.4 ± 1.5 0.2( -0.6 to 0.9) 1.7 ± 1.8 2.0 ± 1.9 0.3 (-0.7 to 1.2) 0.246
Protein, % of energy 13.9 ± 3.7 14.3 ± 5.7 0.4 (-1.9 to 2.7) 13.1 ± 2.6 13.6 ± 3.0 0.4 (-0.8 to 1.7) 0.670
Fat, % of energy 33.3 ± 6.7 35.6 ± 5.0 2.2 (-0.7 to 5.2) 34.6 ± 6.4 37.2 ± 6.2 2.5 (-0.9 to 5.8) 0.316
SFA, % of energy 8.3 ± 3.4 9.6 ± 2.3 1.2 (-0.1 to 2.5) 8.6 ± 2.8 9.7 ± 2.5 1.1 (0.1 to 2.1) 0.891
MUFA, % of energy 14.3 ± 3.1 15.1 ± 2.6 0.8 (-0.7 to -2.3) 14.8 ± 2.9 15.6 ± 2.5 0.8 (− 0.6 to 2.2) 0.452
PUFA, % of energy 9.5 ± 2.4 9.7 ± 2.5 0.2 (-0.7 to 1.1) 9.7 ± 2.6 10.2 ± 3.2 0.5 (-0.8 to 1.8) 0.488
Cholesterol, mg/2000 kcal 212.2 ± 180.6 308.0 ± 472.2 95.8 (-91.7 to 

283.3)
205.6 ± 173.7 218.8 ± 205.5 13.2 (-77.6 to 

77.6)
0.355

Calcium, mg/1000 kcal 659.1 ± 305.8 691.0 ± 320.7 32.0 (-131.7 to 
195.7)

718.6 ± 288.6 810.2 ± 380.0 91.59 (-74.4 to 
104.0)

0.221

Phosphorus, mg/1000 kcal 989.2 ± 411.2 969.1 ± 459.6 -20.1 (-231.4 to 
191.2)

947.0 ± 307.8 1044.1 ± 301.7 97.1 62.0 to 
256.1)

0.430

Na, mg/1000 kcal 3 877.5 ± 657.3 849.2 ± 435.6 -28.3 289.7 to 
233.1)

876.3 ± 937.7 1158.4 ± 678.4 282.1 (-100.1 to 
664.3)

0.205

1The mean of two 24-hour dietary recalls in each diet period was calculated for each participant and used for data analysis
2A mixed design analysis of covariance was used with baseline value as a covariate
3The amount of sodium intake is without counting the salt added to the food during preparation or serving

Table 4  Body weight of study subjects at baseline and after full-fat yogurt or low-fat yogurt and butter consumption
Full-fat yogurt (n = 30) Low-fat yogurt and butter (n = 30) ∆ High-fat yogurt 

vs. ∆ Low-fat yogurt 
and butter
Mean, 95%CI

p*

Basal
means ± SD

4 wk
means ± SD

∆
Mean, 95%CI

Basal
means ± SD

4 wk
means ± SD

∆
Mean, 95%CI

Weight (kg) 73.53 ± 13.31 74.05 ± 13.29 0.52(0.14 to 
0.89)

73.58 ± 12.84 73.80 ± 13.22 0.22 (-0.35 to 
0.80)

0.29(-0.40 to 0.98) 0.389

BMI (kg/m2) 26.51 ± 4.26 26.69 ± 4.17 0.17 (0.04 to 
0.30)

26.53 ± 4.15 26.50 ± 4.16 0.06 (-0.11 to 
0.25)

0.10 ( -0.12 to 0.34) 0.336

Physical activ-
ity (METs/day)

34.92 ± 13.83 35.07 ± 14.46 0.15(-1.88 to 
2.19)

32.53 ± 14.36 32.73 ± 13.47 0.19 (-2.79 to 
3.18)

-0.04 (-3.39 to 3.30) 0.913

*A mixed design analysis of covariance was used with baseline value as a covariate. BMI, body mass index
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not change significantly between treatments. One of the rea-
sons for not reaching a statistically significant difference in 
plasma LDL-C concentration between the two study periods 
may be that most of the participants had the optimal base-
line LDL-C concentration (100 mg/dL or less) in the pres-
ent study. Low baseline levels may cause dietary changes 
to have little effect on circulating LDL-C levels. In a study, 
it was shown that baseline levels of blood TC, LDL-C, and 
TG, influence the lipid metabolism response following the 
consumption of dairy fat and participants who showed the 
greatest percent reduction in LDL-C had higher baseline 
LDL-C levels and lower TG levels [22]. Considering that 
these were healthy subjects, a lack of significant change in 
LDL-C does not mean that increasing SFA intake from but-
ter is not unhealthy, particularly since total and non-HDL 
cholesterol concentrations tended to increase with butter 
and low-fat yogurt consumption. Due to the short duration 
of the study, consumption in the longer term may have sig-
nificant effects on LDL-C and other lipid parameters.

In this study, physical activity did not differ between 
the two treatment periods. Therefore, its influence on the 
observed changes in plasma lipids and lipoproteins concen-
trations was probably negligible. Changes in body weight 
also had a small and non-significant difference between 
the two periods, and its effect was adjusted by entering it 

during the period of full-fat yogurt compared with low-fat 
yogurt and butter consumption.

Discussion

This randomized, crossover study evaluated the impacts of 
consuming full-fat yogurt compared with low-fat yogurt 
and butter on cardiometabolic risk factors in healthy vol-
unteers. We hypothesized there would be no differences 
between the two test diets, indicating that neither diet would 
worsen plasma cardiometabolic risk markers. However, the 
results of our study indicated that compared to the consump-
tion of full-fat yogurt, the consumption of low-fat yogurt 
along with the incorporation of butter in the daily diet had 
an increasing effect on plasma apo B concentration. Con-
versely, there was no difference in plasma levels of other 
lipids or lipoproteins, and levels of glycemic or inflamma-
tory markers between the two diets.

The plasma apo B may represent atherogenic particles 
more accurately [1, 20]. Each 10 mg/dL reduction in apo 
B could reduce 9% coronary heart disease risk by 9% 
and major cardiovascular disease by 6% [21]. Despite the 
increase in the concentration of apo B with the consumption 
of low-fat yogurt and butter, the concentration of LDL-C did 

Fig. 2  Effect of dietary interven-
tion with full-fat yogurt and 
low-fat yogurt and butter on 
the expression of leukocyte’s 
selected genes (Values are the 
mean ± standard error). ABCA1 
or CD36 gene expression was 
normalized to GAPDH (∆Ct = Ct 
target gene − Ct GAPDH). Fold 
change in the gene expression 
was calculated as the difference 
between ∆Cts at baseline and 
∆Cts after 4 weeks during each 
of the yogurt consumption. Posi-
tive values indicate an increased 
expression. ABCA1, ATP-binding 
cassette transporter 1; CD36, the 
cluster of differentiation 36
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study, the amount of yogurt consumption and calcium and 
phosphate intake were relatively equal in both intervention 
periods. However, the consumption of low-fat yogurt and 
butter was not in the same meal. It is possible if calcium 
and fat do not enter the small intestine at the same time, 
the interaction between fat and calcium may be limited. 
Thereby the interaction between calcium in low-fat yogurt 
and fat in butter may have not been similar to the interaction 
of calcium and fat in full-fat yogurt. However, it should be 
noted that the formation of unabsorbed soaps may not be 
solely responsible for the observed difference in apo B con-
centration. An RCT by Feeney et al. showed that increas-
ing the level of calcium within the cheese matrix resulted in 
significantly lower LDL-C when compared to the reduced-
calcium cheese or to the same reduced-calcium cheese with 
matched calcium, delivered as a supplement [32]. There-
fore, calcium content may affect the overall physical proper-
ties of the matrix and thus the availability of nutrients within 
the matrix in the dairy product.

Our results indicate the neutral effect of consuming full-
fat and low-fat yogurt with butter on circulating CRP and 
IL-6. This finding is supported by data from studies showing 
no effect of various dairy products on systemic inflamma-
tion [14, 33–35]. Our 4-week study also suggested a neutral 
effect of full-fat yogurt or low-fat yogurt and butter on fast-
ing glucose, insulin, and HOMA-IR. However, fermented 
dairy products, especially yogurt, may be considered prom-
ising foods for reducing the risk of type 2 diabetes [36]. The 
potentially greater beneficial effect of yogurt on metabolic 
health may be related to the fermentation process with bac-
terial strains that may generate bioactive peptides [37]. Con-
sistent with our finding, change (increase or decrease) in the 
amount of consumption of different dairy products (includ-
ing yogurt) for 1 month in healthy participants did not affect 
plasma glucose, insulin, or HOMA-IR [38]. However, daily 
consumption of 1 serving of conventional yogurt for 24 
weeks had a better effect than milk at reducing plasma insu-
lin and improving HOMA-IR in Chinese women with meta-
bolic syndrome and nonalcoholic fatty liver disease [39]. 
These differential effects may be explained by the study 
population and study duration. In the current study, the lack 
of difference in glycemic markers may be related to the fact 
that in both treatment periods of the study, the participants 
consumed equal amounts of yogurt, and also there was no 
difference in the body weight calorie, or carbohydrate intake 
between the two periods.

As some changes in plasma lipids were observed fol-
lowing two treatment periods, gene expression of ABCA1 
and CD36 was also determined in leukocytes. However, 
the effect of dairy diets on plasma lipids and lipoprotein 
was not explained by changes in ABCA1 and CD36. The 
CD36 also known as fatty acid translocase is present on the 

as a confounding factor in the statistical analyses. In addi-
tion, the evaluation of the food intake indicates that the 
intake of calories and macronutrients was not significantly 
different between the two periods. Some characteristics 
of dairy foods, including their different food matrix, may 
partly explain the different effects on blood lipids. The food 
matrix effect refers to the interaction of food structure and 
nutrients contained within, which determines the digestion 
and absorption of nutrients, thereby affecting the food’s 
nutritional properties. Different food structures of dairy 
and common processing methods influence interactions 
between nutrients in the dairy matrix, which may alter the 
metabolic effects of consumed dairy food [23]. The food 
matrix in butter and yogurt is different which may affect the 
rate of absorption of the fat in these products, and thereby 
concentration of lipoproteins. Fat globules in milk are sur-
rounded by a biophysical membrane called milk fat globule 
membrane (MFGM). The lipid and protein components of 
MFGM may have beneficial effects on inflammation and 
insulin metabolism [24]. Butter is obtained by mechanically 
agitated cream, which damages the MFGM and separates 
the fat globules, resulting in the formation of a continuous 
phase of fat-containing dispersed water droplets, whereas, 
in yogurt, the fat droplets are dispersed in a loosely gelled 
protein matrix [25]. Compared to high-fat yogurt, MFGM 
is reduced in low-fat yogurt, which can reduce the level of 
bioactive components in low-fat yogurt [26]. The lipids of 
the MFGM are primarily polar lipids, and sphingomyelin is 
one of the major types of polar lipids present in the mem-
brane [23]. Sphingomyelin and its metabolites may influ-
ence cholesterol absorption, triglyceride hydrolysis, and 
lipoprotein formation in the gut [27] and in rats, sphingo-
myelin has dose-dependently lowered the intestinal absorp-
tion of fats and cholesterol [28]. The role of the food matrix 
on the effect of dietary fat on blood lipids has also been 
considered in other dairy products. Compared to butter, a 
favorable effect of cheese matrix on LDL cholesterol and 
total cholesterol has been suggested [29].

In addition to the dairy food matrix, the calcium content 
of dairy products may also affect blood lipids via increased 
fecal fat excretion. It has been suggested that the increase 
in fecal fat loss may be caused by the formation of insolu-
ble calcium soaps or insoluble conjugates of bile acids and 
calcium-phosphate complexes. Soerensen and colleagues, 
in a cross-over trial, showed that a 2-week intake of milk 
and cheese-rich diets (both containing 1700 mg calcium per 
day) compared to a control diet (containing ~ 500 mg cal-
cium per day and equal fat content from butter) increases 
fecal fat excretion and reduces SFA-induced increase in 
serum LDL-C [30]. The formation of calcium soaps in the 
digestive system due to the consumption of dairy products 
has also been shown in an in vitro study [31]. In the present 
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Conclusion

This study shows that SFA intake from full-fat yogurt com-
pared to the same intake from butter and low-fat yogurt has 
fewer adverse effects on plasma lipid profile. The structure 
or matrix of the yogurt in which these SFAs are present may 
influence the lipid response. However, it is unclear whether 
these effects would persist with long-term exposure. A com-
parison of the effects of consuming full-fat versus low-fat 
yogurt may have provided more direct results regarding 
the cardiometabolic health effects of yogurt fat. However, 
according to dietary guidelines, it is generally recommended 
to consume low-fat or fat-free variety instead of full-fat or 
high-fat dairy products. Furthermore, such a comparison 
may have not properly reflected the possible role of the 
food matrix containing the SFAs. Based on this finding, in 
evaluating the effect of ingested SFAs on the concentration 
of plasma lipids, only estimating the amount of SFA intake 
may not be sufficient and the type of food source containing 
SFA may also be important, which may partly be explained 
by the matrix of food in which SFA is found.

However, as discussed earlier in this review, it is also 
increasingly recognized that the dairy matrix, or structure, 
in which these SFAs are contained may influence the blood 
lipid response.
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surface of several cells including monocytes/macrophages. 
It is involved in fatty acid uptake and also is a scavenger 
receptor [40]. Intracellular lipids taken up by CD36 may 
activate pro-inflammatory signals. Blocking CD36 in mac-
rophages has reduced inflammatory cytokine secretion and 
the formation of foam cells [41]. In the current study, full-
fat yogurt or low-fat yogurt and butter had no significant 
effect on participants’ buffy coats CD36 expression. Results 
of an animal study have shown that feeding pregnant rats 
with a high-fat diet containing a large amount of butter has 
increased the expression of protein CD36 in the liver of the 
offspring fetuses [42]. In contrast, in a human study, long-
chain n-3 polyunsaturated fatty acids supplementation has 
reduced peripheral blood mononuclear cells’ expression of 
CD36 [43]. ABCA1, an integral membrane protein, also 
known as the cholesterol efflux regulatory protein mediates 
the transfer of free cholesterol and cellular phospholipids to 
apolipoprotein A-I for generating nascent HDL which then 
can accept more free cholesterol from peripheral cells to 
form mature HDL [44]. In the present study, although the 
concentration of HDL-C was higher after the consumption 
of full-fat yogurt, it had no significant effect on the expres-
sion of the ABCA1 gene of leukocytes. The increase in 
HDL-C during full-fat yogurt consumption may have not 
been sufficient to affect the ABCA1 gene expression, espe-
cially that was not associated with between periods differ-
ence in HDL-C. Furthermore, it should also be considered 
that buffy coat gene expression may not reflect whole-body 
lipid metabolism.

This study has some limitations. The use of a short 
4-week diet intervention may not have been long enough to 
fully capture the long-term effects of habitual consumption 
of either of the test diets. However, it is noteworthy that we 
were able to detect differences in plasma lipoprotein lev-
els with such short interventions, and this may suggest that 
longer interventions could lead to greater differences. Fur-
thermore, the sample size was relatively small for the detec-
tion of subtle changes, and the power to detect differences 
between groups was limited. Despite participants report-
ing good compliance, it was subjective, and the objective 
compliance biomarkers such as the serum fatty acid study 
would have benefited the study. Furthermore, we did not 
standardize on the evening prior to study visits. In addition, 
evaluating the expression of a limited number of genes and 
not measuring the expression of different genes involved in 
lipid metabolism is another limitation of the study. Finally, 
the study sample included apparently healthy men and 
women, so these results may not be generalizable to other 
populations.
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