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Elevated intakes of saturated fatty acids (SFA) can adversely affect serum cholesterol levels. Dairy fat contains ~60% SFA, prompting healthy eating guidelines to recommend low-fat dairy. Physiological, and environmental factors influence inter-individual variance in response to food consumption. Evidence exploring the dairy matrix has differing effects of dairy fat consumption on serum cholesterol levels when consumed in the form of cheese. The extent of this variability and determinants of response to dairy fat are currently unknown. The objective of this study was to determine factors associated with lipid metabolism response to a dairy fat intervention, with a focus on serum cholesterol. A 6-week randomized parallel intervention trial was carried out in healthy volunteers (≥50 years, BMI ≥25 kg/m2). Participants (n = 104) consumed ~40 g dairy fat daily in addition to their usual diet, in 1 of 3 forms: butter, cheese, or reduced-fat cheese and butter. For this analysis, “response” was based on the percentage (%) change in serum total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), and high-density lipoprotein cholesterol (HDL-c) from pre- to post-intervention. Participants were divided into tertiles for each lipid response. The upper and lower tertiles were used to categorize participants as “responders” and “non-responders.” For TC and LDL-c, response was classified as a decrease, whereas “response” was defined as an increase for HDL-c. Clinical response was also considered, by calculating pre- and post-intervention prevalence of those meeting target levels of cholesterol recommendations. Participants demonstrating the largest % decrease (Tertile 1; “responders”) in TC had significantly higher levels of TC and HDL-c, at baseline, and lower levels of triglycerides (TAGs) compared to those in tertile 3 (i.e., TC non-responders). Those with the largest % decrease in LDL-c (Tertile 1: LDL-c responders) had higher baseline levels of LDL-c and lower levels of TAGs. Multiple regression analysis revealed that the % change in TC and LDL-c was associated with baseline TC, TAG, body weight and high-sensitivity C-reactive protein (hsCRP; P < 0.05). Previous work has demonstrated the dairy food matrix affects lipid response to dairy consumption. This study suggests that phenotypic differences may also influence response to dairy fat in overweight individuals.

KEYWORDS
 cheese, cholesterol, dairy matrix, saturated fat, response


Introduction

Inter-individual variance in response to consumption of food or nutrients is influenced by a variety of physiological and environmental factors, which can impact the link between diet and an individuals' risk of various related diseases (1, 2). Even in the controlled environment of nutrition research, individuals' responses to dietary interventions are shown to be highly variable (3–5). It is important to identify and understand these variances, not only as they can affect our interpretation of the results, but they can also support the development of tailored nutrition advice and delivery of personalized nutrition (6). Tailoring nutrition or dietary advice to an individual based on their needs and requirements offers precision nutrition which can improve overall health as well as reducing the risk of diet-related diseases (7, 8).

Several studies have examined inter-individual variability in response to lipid consumption, noting influences from phenotypic and genetic factors (9–13). For example, using data from the MECHE (Metabolic Challenge) study, Ryan et al. (9) examined baseline characteristics influencing response to standard oral lipid tolerance tests (OLTT). Influencing factors included age, triacylglycerols (TAGs), circulating fatty acids, and several single-nucleotide polymorphisms (SNP) (9). Using the same data, Morris et al. (10) found that fitness levels also influenced response following lipid consumption. Furthermore, some studies have reported sex differences in response to lipid consumption, such as alpha-linoleic acid enriched margarines and spreads (11).

Whilst evidence of factors influencing variation to interventions is growing, the complexity within nutrition research is, in fact, 2-fold. One must consider the impact of the food matrix and the source of the nutrients within the intervention, as well as the individuals' characteristics influencing response. A systematic review and meta-analysis conducted by de Souza et al. (14), re-opened the debate on intake of saturated fatty acids (SFA), where associations between intake of total fat, SFA and trans-unsaturated fat with all-cause mortality and differing morbidities were examined. Contrary to previous evidence, they reported that SFA intake was not associated with all-cause mortality, as well as several non-communicable diseases such as cardiovascular disease (CVD), total coronary heart disease (CHD), ischemic stroke, and type 2 diabetes (14). While the totality of evidence indicates that elevated levels of SFA intake is adversely associated with non-communicable disease risk, a number of meta-analyses have suggested that not all total SFA is associated with such (14–16). This supports the concept that the specific type of SFA as well as the variation of fat in food can play a significant role in determining this risk. Dairy foods are naturally rich sources of a wide range of nutrients, including protein, fats, and several micronutrients (17). Most dairy fat typically contains high amounts of SFA (~60%), thus it has been targeted as one of the main causes of diet-related diseases such as CVD (18). Approximately 20% of SFA intakes across Europe and the United States are from dairy products, prompting many healthy eating guidelines to recommend low-fat dairy (19). However, focusing specifically on fat derived from the dairy food group, some meta-analyses have reported that when SFA is consumed within the dairy matrix, it may have favorable or neutral associations with cardiometabolic health (20, 21). Moreover, some studies have observed contrasting risks associated with different dairy products (22). Much like the understanding of factors influencing response to lipid intakes, more evidence is needed to understand factors influencing response to dairy fat consumption across the different food matrices. Considering these findings, the most recent Scientific Advisory Committee on Nutrition (SACN) report (23) concluded that the totality of evidence did not provide a basis to amend the current SFA recommendations which remains at, <10% total energy (23).

Recently, we presented evidence with respect to the consumption of dairy fat within and outside of, the cheese matrix (24). A significant reduction in triglycerides (TAGs) and low-density lipoprotein cholesterol (LDL-c) was observed post-intervention when the fat was contained within the cheese matrix, compared to butter, and reduced-fat cheese matrices (24). However, within that study, considerable variation in response to the consumption of dairy fat, in all forms, was evident. Understanding the factors influencing the response to dairy fat, within and outside the cheese matrix, is an important step in order to contribute to tailored and specific advice with respect to dairy. Therefore, the objective of this study was firstly, to identify the responders and non-responders of this dairy fat intervention study; secondly, to determine the factors influencing lipid metabolism response, and thirdly, to investigate the relationship between them.



Methods


Participants

In the original study, a total of 203 participants were recruited from Dublin, Ireland, and the surrounding areas. The study inclusion criteria were as follows: healthy volunteers aged ≥50 y and a BMI ≥25 kg/m2. Exclusion criteria were as follows: any prescribed medication for cholesterol or blood pressure lowering reasons, any prescribed diet, or actively trying to lose weight. Of the 203 participants randomized to the study, 164 participants completed the study. Written, informed consent was obtained from all participants before commencing the study, and all procedures involving the study participants were approved by the Human Research Ethics Committee of University College Dublin (LS-15-44-Feeney-Gibney). Full details are available elsewhere (24).



Study design

In brief, the study was a randomized parallel controlled trial divided into four arms: (A) full-fat cheddar cheese; (B) reduced-fat cheese plus butter; and (C) butter, calcium caseinate powder, and a calcium supplement (CaCO3). Group D followed the same intervention diet as Group A, but they completed a run-in period prior to starting the intervention, abstaining from all cheese for 6 weeks. All intervention diets delivered between 39 and 41 g/d (41 g ± 1.6 g) of dairy fat in different dairy matrices over a 6-week period. The intervention diets were also matched as closely as possible for total energy, macronutrients, and calcium. More information on this nutrient breakdown can be found in Supplementary Table 1. For this analysis, group D was excluded as it was the only group to complete a run-in period of no dietary cheese. The current analysis was performed on data from participants who reported 80% compliance or greater (per protocol) (n = 104). Anthropometry measurements were collected at baseline and post-intervention. Fasting body weight was measured using a Tanita scale, Model BC-420 ma, and height was measured with a free standing SECA stadiometer. Serum and plasma fasting blood samples were also collected at baseline and post-intervention. For a more detailed description of this protocol see Feeney et al. (24).

Change in LDL-c was the primary outcome from baseline to post-intervention between Group A and C (24). The change in overall lipid profile [total cholesterol (TC), LDL-c and high-density lipoprotein cholesterol (HDL-c)] and several metabolic markers such as TAGs, non-esterified fatty acids (NEFA), glucose, insulin, high-sensitivity C-reactive protein (hsCRP), and blood pressure (BP) were examined (24). Further information on the study outcomes can be found in the original paper (24).



Defining responders

The aim of this secondary analysis was to determine factors associated with individual lipid metabolism response to dairy fat consumption, outside of the dairy food matrix in which they were presented. “Response” was based on the percentage (%) change (Δ) in serum TC, LDL-c, and HDL-c from pre- to post-intervention. Participants were ranked from the largest decrease to the largest increase for each of these lipid parameters. The ranked participants were divided into tertiles (three groups of equal size) for each lipid response; TC, LDL-c, and HDL-c. The tertiles were used to categorize participants as “responders” and “non-responders” at a total cohort level, irrespective of intervention group. This was also conducted for each intervention group but as results were similar, we combined them as a single overall dairy fat intervention here to understand response; see Supplementary Tables 2A–C. Supplementary Figures 1–3 also show similar patterns of variation in response across each group. For TC and LDL-c, tertile 1 demonstrated the largest % decrease and was classified as a response, whereas tertile 3 displayed the largest % increase and was classified as a non-response. The opposite applied across tertiles of HDL-c, where participants within tertile 3 (largest % increase) were classified as a response and those within tertile 1 were considered a non-response. The identified responders and non-responders were then compared across each lipid parameter; serum TC, LDL-c, and HDL-c.

Baseline characteristics considered included circulating serum cholesterol, TAGs, NEFA, inflammatory marker hsCRP, glucose, insulin, and BP, as well as several anthropometric measurements. To examine the clinical relevance of the effects of this dairy fat intervention, participants were also categorized based on clinical risk categories of circulating cholesterol levels, i.e., above, or below recommended lipid levels. The cut offs, adopted from WHO (25), were applied for TC, LDL-c, and HDL-c.



Statistical analysis

Statistical analyses were conducted using SPSS® V24.0 for Windows™ (SPSS Inc. Chicago, IL, USA). Descriptive statistics were performed on baseline data which included demographic, anthropometric, and clinical chemistry data for the total population and stratified by diet intervention. Sex was reported as a percentage. Delta (Δ) scores (changes) were calculated by subtracting the post-intervention values from the pre-intervention values. Multivariate analysis was used to evaluate differences in baseline characteristics across the tertiles while adjusting for sex and for study wave, as per previous analysis (24). Study wave refers to each separate batch of cheese issued to participants over the total study duration. While all cheese used within each study wave was at the same stage of ripening to ensure continuity, seasonal variation in milk composition can impact the composition of the cheese, and as such was included within the analysis. A multiple regression model was generated to examine the baseline variables predictive of % change for the lipid parameters. With respect to clinical relevance, the proportion of participants meeting the recommended lipid levels between baseline and post-intervention were examined by means of a chi-squared test. The Bonferroni correction for multiple comparisons was applied, and significance level for all statistical analyses was classified as P ≤ 0.05. Analysis was considered in the total compliant cohort and within intervention arm, as appropriate.




Results


Distribution of individual responses

Table 1 displays baseline characteristics across the intervention groups. Of these, only age differed across the intervention groups, whereby group A was significantly older than group B (63 vs. 58 years, respectively; P = 0.009).


TABLE 1 Baseline demographic and phenotypic characteristics of the total population and by intervention groups A–C.
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Changes in lipid biomarkers

Figure 1 illustrates the individual responses for the % change in TC after 6 weeks of a dairy fat intervention across the total population, categorized by intervention groups A-C, with the tertiles of TC % change indicated. The plotted individual % changes were sorted by the magnitude of change, ranging in order from the largest decrease to the largest increase. As expected, there was a significant difference in the % change of TC across the tertiles (total population) (Table 2). The mean % change across tertiles of TC were split as follows: −16.8% ± 5.3% (responder), −5.3% ± 2.7% and 4.6% ± 5.2% (non-responder; P < 0.001). When the tertiles were further stratified by intervention group, the same trends were evident between the groups across the tertiles (P < 0.001). However, when the % change was split by intervention group within each tertile, all groups demonstrated similar changes in TC cholesterol levels and were no longer significant (Table 2).
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FIGURE 1
 Distribution of individual responses for total cholesterol (%) following 6 weeks of a dairy fat intervention across the total population and the three diet intervention groups. Each bar represents an individual's % total cholesterol change Δ, delta; T1, Tertile 1; T2, Tertile 2; T3, Tertile 3.



TABLE 2 Percentage change in TC, LDL-c, and HDL-c across tertiles of percentage change at total population level, compared across intervention groups A–C.
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Similar trends to the above were observed when the % change of LDL-c and HDL-c were examined across tertiles of LDL-c and HDL-c % change, respectively. As expected, significant differences across tertiles of LDL-c % change at a total population level were apparent, with tertiles 1-3 displaying the following: T1, −22.4 ± 5.5% (responder); T2, −8.8 ± 2.8% and T3, 7.4 ± 11.5% (non-responder; P < 0.001).

Similarly, differences across tertiles of HDL-c % change was observed, with tertiles 1-3 displaying the following: T1, −12.41 ± 6.4% (non-responder); T2, −0.47 ± 3.01% and T3, 14.33 ± 9.71% (responder; P < 0.001). No significant differences were observed across groups within tertiles for both LDL-c and HDL-c % change (P < 0.05) (Table 2). Additional analysis carried out on the % change in cholesterol across tertiles of % change within each intervention group can be seen in Supplementary Table 3, with some significant differences noted between groups. Examining differences in distribution within tertiles of % change of TC, Figure 2 demonstrates a greater proportion of individuals within T1 in group A (40%), compared to group C (18%) (Figure 2).
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FIGURE 2
 Distribution of participants across tertiles of total cholesterol Δ (%) following 6 weeks of a dairy fat intervention split by diet intervention group. Δ, delta; T1, Tertile 1; T2, Tertile 2; T3, Tertile 3.




Baseline anthropometric and metabolic characteristics across tertiles of response

Tables 3A,B present baseline characteristics across tertiles of % change in TC and LDL-c levels for the total population, respectively. Tertile analysis was also carried out for HDL-c (Supplementary Table 4). As no changes were apparent in HDL-c between groups in our previous study (24), the remaining results will focus on identifying factors influencing TC and LDL-c response. No demographic or anthropometric differences were apparent across TC and LDL-c tertiles. Participants showing the largest % decrease (responders) in TC displayed significantly higher levels of TC and HDL-c, and lower levels of TAGs at baseline (6.24 ± 1.15; 1.90 ± 0.50; 1.08 ± 0.39 mmol/l, respectively) compared to those displaying the largest % increase (non-responders) (5.54 ± 0.77, 1.49 ± 0.34 and 1.43 ± 0.66 mmol/l, respectively). Across tertiles of LDL-c % change, those with the largest % decrease (responders) showed similar significant differences, reporting higher baseline levels of LDL-c and TAG (3.90 ± 0.91; 1.07 ± 0.41 mmol/l, respectively) compared to T2 and T3. When categorized by HDL-c % change, TC was significantly higher in those with the largest decreases compared to T2 and T3 (P < 0.018; Supplementary Table 3). This was similar for HDL-c (P < 0.001). While many of the baseline characteristics remained non-significant, similar trends for TC, LDL-c, HDL-c, and TAGs were observed when split by group (data not shown).


Table 3A. Comparison of baseline characteristics across tertiles of percentage change in circulating serum total cholesterol levels for total population.
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Table 3B. Comparison of baseline characteristics across tertiles of percentage change in circulating serum LDL cholesterol levels for total population.
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Multiple regression analysis examining the relationship between the baseline characteristics and serum cholesterol response revealed that the variation in the % change for TC and LDL-c was associated with baseline TC, TAG, body weight and hsCRP (R2 = 0.23; 0.35; P < 0.05, respectively) (Table 4). An additional relationship between HDL-c % change and baseline HDL-c was established, along with sex differences, however this was not as strong (R2 = 0.11; P < 0.05).


TABLE 4 Predictors of total, LDL and HDL cholesterol Δ (%).
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Clinical response (based on recommended cholesterol cut-off values)

Table 5 compares the frequency of the total population who were above and below the WHO clinical cut-off between baseline and post-intervention. This comparison was also examined across the intervention groups. At baseline, only 16 and 24% of the total population were meeting the recommended TC of <5 mmol/l and LDL-c of <3 mmol/l, respectively. The proportion meeting these increased significantly post-intervention, rising from 16 to 31% for TC and from 24 to 37% for LDL-c (P < 0.001). Similar significant increases in those meeting the TC recommendations were observed when split across the intervention groups. Although in Group B, while the proportion meeting the recommendation increased post-intervention, the increase was deemed non-significant (P = 0.090). Considering baseline HDL-c levels, the proportion of those meeting the recommended level was high, with 98% of the total population above the recommended HDL-c cut-off (males >1.0 mmol/l; females >1.2 mmol/l). Post-intervention, 97% of the population met the recommendation.


TABLE 5 Comparison of the population meeting the WHO (25) recommended clinical cut-offs between baseline and post-intervention.
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Discussion

Several studies have examined inter-individual variability in response to the consumption of food and nutrients (9–11, 26–32). The present study is unique in that it is one of the first to examine the factors influencing lipid metabolism response after dairy fat consumption across different cheese matrices as well as examining changes in cholesterol levels from a clinical risk perspective. Here, our data suggests that lipid metabolism response may be influenced by some baseline phenotypic characteristics. Total cholesterol responders, classified here as those who displayed the largest decreases in TC after consuming the dairy fat, had higher baseline levels of TC, HDL-c, and lower levels of TAGs. Similarly, LDL-c responders appeared to be influenced by higher baseline levels of LDL-c and lower TAGs. While our previous work demonstrated a benefit when all of the fat was contained within the cheese (24), this secondary analysis demonstrates that individual variation in response is also influenced by some biochemical factors, regardless of the dietary intervention group.

Inter-individual variation in response to consumption of dietary fat has been reported in TC, LDL-c, and HDL-c (33), with some individuals showing very little change in blood cholesterol, irrespective of significant changes in dietary fat intake (34). This highlights the difficulty in identifying factors that influence response to dietary change (35). Similar to the present study, Kirwan et al. (28) examined phenotypic factors influencing the variation in response to the change in circulating TC levels following dietary intervention. They used data from the Food4Me personalized dietary intervention study and found that while no differences between demographic and anthropometric profiles of responders and non-responders were reported, marked differences between responder and non-responder biochemical phenotypes were observed. Kirwan and colleagues identified a number of differences in baseline fatty acid profiles, specifically, noting higher levels of stearic acid and lower levels of palmitic acid within the responder group (28). In addition, baseline phenotype (demographic, lifestyle, and biochemical profile), characterized by age, alcohol intake, DHA, EPA, eicosenoic acid and trans-fatty acid discriminated responders and non-responders in most cases. It is important to note that Kirwan et al. (28) did not distinguish between the sources of trans-fat. This is important to consider as evidence has shown that naturally occurring trans-fat from natural sources, i.e., ruminant animals, may not have the same adverse effects on diet-related disease risk that industrial sources produced from hydrogenated oils have (36, 37). In line with Kirwan et al., the current analysis also found baseline factors to be an important influence, specifically some biochemical phenotypes (TC responders: higher baseline levels of TC, HDL-c, and lower levels of TAGs; LDL-c responders: higher levels of LDL-c and lower TAGs). While only a small influence in sex was shown, associated with HDL-c % change, other studies have demonstrated significant sex differences in response to lipid consumption. For example, after a 6-month intervention study carried out by Childs et al. (11), significant differences in sex were reported in response to alpha-linoleic acid enriched margarines and spreads. Following the intervention, a greater increase in the eicosapentaenoic acid (EPA) content of plasma phospholipids was observed in females compared to males (11). Furthermore, the current study also demonstrated that the variation in the % change for TC and LDL-c was also influenced by baseline TC, TAG, body weight and hsCRP. As previously mentioned, TC and LDL-c responders who displayed the largest decreases in TC and LDL-c, respectively, had higher baseline concentrations. This suggests that the reductions observed could potentially be due to higher baseline levels providing more room for reduction. However, while the group was split into tertiles based on their % change and ranked from the largest decrease to the largest increase, the mean baseline concentrations for TC and LDL-c were in fact above the recommended lipid levels across all three tertiles. This suggests that the response being driven by baseline concentrations is not simply an artifact of a higher starting concentration. Although investigating the effects of an anti-inflammatory nutrition supplement and not specific to lipid consumption, McMorrow et al. (30), observed a significant variation in response within a cohort of overweight adolescents. They reported that the supplement modulated adiponectin biology, an early predictor of type 2 diabetes risk. In addition, improvements in insulin resistance were observed among a sub-cohort considered to be responders. Interestingly, responders exhibited insulin resistance and dyslipidemic phenotypes with higher homeostatic model assessment for insulin resistance and β-cell function (HOMA-IR and HOMA- β, respectively), TC, LDL-c, and lower quantitative insulin sensitivity check index (QUICKI) at baseline compared to non-responders (30). No differences between responders and non-responders were reported across demographic characteristics such as sex, age, BMI, and body composition. However, this could be due to their selective cohort of overweight adolescents. The demographic findings presented in the current study were similar, apart from a small influence in sex associated with HDL-c % change.

Although not examined in this present analysis, it is important to consider the influence of genetic variation in response to dietary intervention as this could be useful when tailoring dietary advice. A study by Shatwan et al. (12) considered the impact of genetic variation in response to lipid consumption and investigated a potential diet-gene interaction in individuals with a moderate risk of CVD. After a 16-week intervention of diets high in SFA, MUFA or n-6 PUFA, they reported that only TT homozygotes showed a significant reduction in TC after the MUFA diet compared to the SFA or n-6 PUFA diets when stratified for apolipoprotein E (APOE) SNP rs1064725. Furthermore, Chouinard-Watkins and colleagues (13) examined changes in circulating lipid profiles in a healthy cohort after an 8-week intervention consuming a high SFA diet, with the addition of docosahexaenoic acid (DHA) and EPA. When stratified by body mass index (BMI; low <25, high >25), they discovered that APOE4 carriers were lower responders to DHA supplementation compared with non-carriers of the allele, although, this was only evident in the high-BMI group (13).

While an individual's phenotype are important factors to consider when examining variation in response, the influence of the food matrix and the food source also needs to be considered, further adding to the already complex nature of inter-individual variation. The focus on whole foods as opposed to individual nutrients is increasing as research has demonstrated that a food product is more than the sum of its individual components (38). Evidence shows this is particularly true for dairy products (21, 24, 38–41). With a range of complex physical and nutritional structures, the dairy matrix can influence the digestion, absorption and bioactive nature of the nutrients it holds, as well as their biological effects (38). Focusing specifically on fat derived from the dairy food group, several studies have concluded that fat when contained within the dairy matrix can result in beneficial effects on cardiovascular health (21, 39–41). A meta-analysis by Drouin-Chartier et al. (20) examined the impact of dairy consumption and dairy fat on cardiometabolic disease risk factors and concluded that when SFA is consumed within the dairy matrix, it may have favorable or neutral associations with cardiometabolic health. This has been particularly evident in cheese (24). Despite the fact that cheese consumption is a significant contributor of SFA intake in many Western diets, the overarching evidence does not associate cheese with diseases such as CVD or stroke (42, 43). In accordance with our previous intervention (24), a number of clinical studies have reported cholesterol-lowering effects when dairy fat is consumed in the form of cheese compared with butter (44, 45), suggesting that the cheese matrix can modulate the effect of dairy fat on cardiovascular health (46). Furthermore, Alexander et al. (21), carried out a meta-analysis of prospective cohort studies examining dairy intake and CVD. While they concluded that there may be associations between dairy consumption and a reduction in CVD risk, additional data are needed to further examine potential dose–response patterns (21). Recently, new evidence has emerged demonstrating that the cheese matrix can modulate dairy fat digestion (46). Drouin-Chartier and colleagues compared the impact of cheeses with different hardnesses (firm cheddar, soft cream cheese, and butter) on post-prandial response and found that when the dairy fat is contained within the soft cream cheese matrix it is digested more rapidly than when provided in the butter or cheddar matrix (46). However, another meta-analysis by Drouin-Chartier et al. (22) investigated the association of changes in dairy product consumption with subsequent risk of type 2 diabetes in US men and women. Conversely, they found that an increase in yogurt consumption was associated with a moderately lower risk of T2D, whereas increasing cheese consumption was associated with a higher risk (22).

Previously, we reported a matrix effect in response to a 6-week dairy fat intervention, whereby the greatest cholesterol reductions were observed when dairy fat was eaten within the matrix of cheese. Here, we find individual variation in response to that intervention, across all of the food matrices in those dietary intervention groups (24). In this analysis, we have uniquely examined both the inter-individual variation in response, and variation according to the food form, where factors influencing response were considered at a total cohort level and across each intervention group. While the cheese matrix has been shown to influence lipid metabolism, within this secondary analysis, we find that baseline biochemical markers and phenotype also appear to influence response, irrespective of food form. Nevertheless, if we consider the distribution within tertiles of % change of TC, there was a greater proportion of individuals within tertile 1 (responders) who consumed full-fat cheese (40%), compared to those who consumed butter (18%). Thus, demonstrating that more people who consumed full-fat cheese were considered responders than other intervention groups. In terms of clinical relevance, the percentage of the population meeting the recommended TC and LDL-c levels nearly doubled following the intervention, increasing from 16 to 31%, and 24 to 37%, respectively. This change was also greatest in those who consumed full-fat cheese, indicating that cholesterol in terms of clinical risk has the potential to improve when individuals consume dietary fat within the cheese matrix.

Strengths of this study include its robust RCT study design, the number of phenotypic variables included in the analyses, and the application of these to consider potential effects on clinical risk factors. However, there are several limitations that should be acknowledged. Across the diet groups, Group C experienced a higher dropout rate. This was most likely due to the lower palatability of study foods compared to the other cheese groups. Further, responders and non-responders were classified based on the % change on cholesterol level from baseline to post-intervention, with responders displaying the highest change, and non-responders displaying the lowest change, and these two extremes of response were compared. It must be acknowledged that this method of response categorization is somewhat arbitrary. This was seen in the clinical response to cholesterol risk, which was based on the direction of the clinical change, post-intervention. A small number (n = 5) of individuals responded negatively from a clinical risk perspective, i.e., moved from a “healthy” category into a higher risk category, but were classified as non-responders from our categorization method. Albeit arbitrary, it is important that different methods categorizing responders are considered, to ensure that the most appropriate method can be identified when influencing dietary advice relevant to healthcare professionals and consumers.

With the growing number of publications investigating inter-individual response to the consumption of foods and nutrients, it is essential to harness this information and begin to develop approaches and strategies to tailor nutritional recommendations for individual groups (6). Utilizing metabolic profiles to identify differing responses to dietary interventions can aid the development of personalized nutrition approaches, thus reducing diet-related disease risk. In this analysis, we demonstrate that baseline phenotypic characteristics (namely TC, LDL-c, and TAGs levels), may influence lipid metabolism response in overweight individuals following the consumption of dairy fat, when all diet groups are considered together as one dairy fat intervention. However, demographic, and anthropometric characteristics did not influence response. Although dairy fat within the cheese matrix has shown beneficial effects on cholesterol levels, individual characteristics play an important role in inter-individual variance, and biochemical factors have shown to influence lipid metabolism response within this cohort. These results are highly relevant to the current topic of tailored nutrition-related advice, which can support the detection of early-onset diet-related diseases. However, additional work is needed to further examine and understand the complexities of inter-individual variation in order to advance the development of precision nutrition and influence change in dietary recommendations.
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