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Abstract

:

Background: Obesity is associated with dyslipidemia, and weight loss can improve obese patients’ lipid profile. Here, we assessed whether non-interventional weight changes are associated with alterations in lipid profile, particularly the triglyceride (TG)-to-high-density lipoprotein cholesterol (HDL-C) ratio (TG/HDL-C). Methods: In this retrospective analysis of subjects referred to medical screening, body mass index (BMI), low-density lipoprotein cholesterol (LDL-C), TG, and HDL-C levels were measured annually. Patients were divided according to BMI changes between visits. The primary outcomes were the changes in LDL-C, TG, HDL-C, and the TG/HDL-C ratio between visits. Results: The final analysis included 18,828 subjects. During the year of follow-up, 9.3% of the study population lost more than 5% of their weight and 9.2% gained more than 5% of their weight. The effect of weight changes on TG and on the TG/HDL-C ratio was remarkable. Patients with greater BMI increases showed greater increases in their TG/HDL-C ratio, and conversely, a decreased BMI level had lower TG/HDL-C ratios. This is true even for moderate changes of more than 2.5% in BMI. Conclusions: Non-interventional weight changes, even modest ones, are associated with significant alterations in the lipid profile. Understanding that modest, non-interventional weight changes are associated with alterations in the TG/HDL-C ratio may aid in better risk stratification and primary prevention of CV morbidity and mortality.
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1. Introduction


Overweight and obesity are associated with an increased risk of cardiovascular (CV)-related morbidity such as hypertension (HTN), type 2 diabetes mellitus (DM), ischemic heart disease (IHD), chronic kidney disease (CKD), and dyslipidemia [1,2,3,4,5]. Dyslipidemia is an established risk factor for developing atherosclerosis and subsequent CV events [6,7,8], and interventional weight loss among overweight and obese patients improves their lipid profile [9,10,11,12]. High triglyceride (TG) levels are associated with other lipid abnormalities that predispose an individual to atherosclerosis development, including low levels of high-density lipoprotein cholesterol (HDL-C), high levels of low-density lipoprotein cholesterol (LDL-C), and atherogenic TG-rich lipoprotein remnants [13]. High TG is also associated with insulin resistance and DM, both of which are independent CV risk factors [14,15]. Insulin resistance induces the liver production and release of very low-density lipoprotein (VLDL) particles, which carry TGs in the bloodstream. Insulin resistance also decreases hepatic uptake of VLDL and LDL, resulting in increasing levels of these lipoproteins in the plasma and decreasing lipoprotein lipase activity, a major mediator of VLDL clearance [16]. While high TG levels are associated with insulin resistance and atherosclerosis [17,18,19], HDL-C promotes reverse cholesterol transport, removes excess cholesterol from arteries, and exerts anti-inflammatory and antioxidant properties [13]. In the past few years, the TG/HDL-C ratio has emerged as a surrogate marker for metabolic syndrome [20,21], increased CV risk [22,23,24,25], increased ischemic stroke risk [24,26], and CKD progression [27] and an independent predictor for all-cause mortality [28].



The effects of different dietary patterns on the lipid profile, particularly on the TG/HDL-C ratio, have been previously explored [29,30,31,32,33,34,35]. It has been reported that greater adherence to an unhealthy Western diet predicts an increased risk of abnormal blood lipids [31], that the atherogenic TG/HDL-C ratio is reduced significantly by the consumption of fresh fish [32], and that certain dietary patterns are associated with a low TG/HDL-C ratio and a lower risk for DM [30]. Furthermore, metabolic surgery in obese individuals has been shown to significantly reduce TG levels and the TG/HDL-C ratio [36,37]. However, previous studies, including recent reports, have suggested that reduced-calorie diets may result in clinically meaningful weight loss and improved glycemic control regardless of different compositions of fat, protein, and carbohydrates [38,39].



Most studies, to date, have focused on the association of various interventional weight-loss programs with specific lipid profile parameters. However, there is a paucity of data regarding the effects of non-interventional minor weight changes on the lipid profile and specifically the TG/HDL-C ratio. Most clinic patients do not participate in a structured weight loss program, yet their weight may change between clinic visits. We sought to explore the effects of any non-interventional weight changes on lipid profiles, regardless of the dietary restriction or particular nutritional habits. Specifically, we aimed to assess whether non-interventional weight changes are associated with alterations in LDL-C, HDL-C, TG, and particularly in the TG/HDL-C ratio. Our hypothesis was that even subtle weight changes may significantly affect patients’ lipid profiles.




2. Materials and Methods


2.1. Study Population


All subjects enrolled were asymptomatic men and women examined annually at the Chaim Sheba Medical Center Institute for medical screening between the years 2000 and 2020. The annual examination includes filling out a standard questionnaire regarding demographic characteristics, a complete medical history, any unusual medical events that occurred since the previous visit, and lifestyle and health-related habits. Until 2016, the electronic medical records (EMR) system included a dietary questionnaire regarding any dietary restrictions or habits, such as low-calorie diet, low-fat diet, low-carbohydrate diet, or any combination of these diets. However, with the implementation of a new EMR system, self-reported dietary restrictions are no longer available and therefore not included in our data analysis. Data regarding the dietary habits of our cohort up to 2016 are illustrated in Supplementary Figure S1. Height and weight were measured while wearing light clothing without shoes and recorded at each encounter for all participants. Participants underwent a thorough physical examination. The body mass index (BMI) was calculated as weight in kg divided by the squared height in meters. No weight loss intervention program was applied and all weight changes were subject-driven and unguided by the investigators. Blood for lab tests, including LDL-C, HDL-C, and TG levels, was drawn by a trained nurse following at least eight hours of fasting.




2.2. Inclusion and Exclusion Criteria


The complete database included 21,111 individuals with two consecutive annual clinic visits. Individuals were excluded if height; weight; or TG, LDL-C, or HDL-C level records were missing; or if they had extreme BMI values (less than 15 kg/m2 or more than 50 kg/m2). After patient exclusion, the final study cohort comprised 18,828 participants. Data on diet restrictions (as self-reported) were collected from 14,104 subjects.




2.3. Definitions and Outcome


Participants were divided according to the percent change in BMI between the first and second visits: BMI reduction of more than 5% (“large reduction”), BMI reduction between 2.5% and 5% (“moderate reduction”), BMI reduction of <2.5% or elevation of <2.5% (“unchanged”), BMI elevation between 2.5% and 5% (“moderate increase”), and BMI elevation of more than 5% (“large increase”).



The primary outcomes were changes in LDL-C, TG, HDL-C, and the TG/HDL-C ratio between visits.




2.4. Statistical Analysis


Trends in characteristics for categorical variables were assessed using chi-square tests. The logistic regression model was calculated to assess the relationship between the baseline characteristics of patients and increases of at least 10% in the TG/HDL-C ratio. Age, gender, initial BMI, BMI change, diagnosis of IHD, diagnosis of HTN, diagnosis of DM, and obesity (defined as BMI above 30 kg/m2) were tested individually and in a multivariable logistic regression model as clinically and epidemiologically relevant variables. Subset analysis was performed for gender, initial BMI, and initial TG/HDL-C ratio. All analyses were performed using R software (R Development Core Team, version 4.1.0) [40]. A 2-sided p-value < 0.05 was used for statistical significance.





3. Results


The final analysis included 18,828 patients, of whom 72% were male. Baseline demographic and clinical characteristics according to pre-specified groups of BMI change are presented in Table 1. Gender proportions of roughly two-thirds male were generally consistent across the pre-specified groups (Table 1). The mean BMI for our cohort was approximately 28 kg/m2 and was consistently in the overweight range across groups. Most patients in our study had a mean BMI in the overweight category (47%), followed by obesity (27%) and normal weight (26%) (Table 1). The frequency of hypertension was about 30% for the entire cohort without significant differences across groups, while mean SBP and DBP were in the range of stage 2 hypertension with a mean SBP of 126 mm Hg and a mean DBP of 79 mm Hg (Table 1). Rates of IHD and DM in our entire cohort were around 10% and were consistent across groups (Table 1).



The dietary habits of participants enrolled until the end of 2016 are illustrated in Figure S1. Of the participants, 63% indicated specific restrictions on their dietary habits. Of them, 21% self-reported adherence to a low-calorie diet, 13% to a low-fat diet, and 12% to a low-carbohydrate diet (Figure S1).



The mean baseline BMI was 26 kg/m2 and there was no significant change in mean BMI between visits for the entire study population (Table 2). However, 20.8% of patients reduced their BMI by at least 2.5% and 23.6% increased their BMI by more than 2.5%, and 9.3% of the patients reduced their BMI by at least 5% and 9.2% of patients increased their BMI by at least 5% (Table 2). On the second visit, patients in the pre-specified “large reduction” group had a mean percent decrease of 3.8% and 11% in LDL-C and TG, respectively, and a 5.8% increase in HDL-C (Figure 1, Table 2). Patients in the pre-specified “large increase” group had a mean percent increase of 3.9% and 18% in LDL-C and TG, respectively, and a 0.41% decrease in HDL-C (Figure 1, Table 2). The TG/HDL-C ratio decreased by 13% and increased by 20% in the pre-specified “large reduction” and “large increase” groups, respectively.



The proportion of patients with a >10% rise in the TG/HDL-C ratio progressively increased with the relative increases in BMI, with a 20.6%, 30.2%, 37.5%, 46.2%, and 50.2% increase for the “large reduction”, “moderate reduction”, “unchanged”, “moderate increase”, and “large increase” groups, respectively (p < 0.01) (Figure 2). Conversely, the proportion of patients with at least a 10% decrease in the TG/HDL-C ratio progressively declined with relative decreases in BMI: 60.5%, 46.7%, 37.7%, 30.5%, and 26.9% for “large reduction”, “moderate reduction”, “unchanged”, “moderate increase”, and “large increase”, respectively (p < 0.01) (Figure 2).



In the multivariable logistic regression model, compared to the “unchanged” group, the odds ratio for TG/HDL-C ratio increases of at least 10% was 0.43, 0.73, 1.42, and 1.68 for the “large reduction”, “moderate reduction”, “moderate increase”, and “large increase” groups, respectively (p < 0.001) (Figure 3). Concomitant DM was significantly associated with an elevated odds ratio for a >10% rise in the TG/HDL-C ratio (p = 0.02). Age, gender, initial BMI, IHD diagnosis, diagnosis of HTN, and obesity, which are clinically and epidemiologic relevant variables, did not show significant correlations with the TG/HDL-C ratio increase of at least 10% in multivariable logistic regression analysis (Figure 3).



Additional analyses excluding patients who were treated with statins, and subgroup analyses by gender, showed similar results regarding the initial TG/HDL-C ratio and baseline BMI.




4. Discussion


In this study, we demonstrate that non-interventional weight changes are associated with significant alterations in the lipid profile. An increase in BMI, even when modest, was associated with a progressive rise in LDL-C and TG and a decrease in HDL-C. Conversely, a decrease in BMI was associated with a progressive decline in LDL-C and TG and an increase in HDL-C. The proportion of subjects with more than a 10% increase in TG/HDL-C progressively increased with a rise in BMI and conversely, patients with a decline in BMI showed a decline in their TG/HDL-C ratio.



Previous studies have shown that various interventional weight loss programs among overweight and obese individuals improve patients’ lipid profiles [9,33,36,37]. A recent retrospective study shows that among a cohort of Japanese patients, non-interventional weight losses of 5% or more are associated with improved LDL-C, TG, and HDL-C levels [41]. Our results concur with these findings. However, our cohort is much larger, and we analyzed subtler BMI changes of 2.5% or more and assessed changes in the TG/HDL-C ratio as well.



An elevated TG/HDL-C ratio has been shown to predict metabolic syndrome occurrence [21], coronary artery disease [25,42,43], peripheral artery disease [44], and cerebrovascular disease [45]. The TG/HDL-C ratio was found to positively correlate with the degree of carotid plaque vulnerability and stenosis [26]. Higher TG/HDL ratios are also associated with the prevalence of CKD and its progression [27]. Arterial stiffness is a recognized predictor of CV mortality, and death and is also associated with the TG/HDL-C ratio [46]. TG/HDL-C was a better predictor than LDL-C for atherosclerosis development [47], and relative to LDL-C, total cholesterol, HDL-C, and triglycerides, TG/HDL-C showed the strongest association with the extent of coronary disease [48]. TG/HDL-C predicted all-cause mortality and major adverse cardiac events in patients presenting for coronary angiography, even after adjusting for known cardiovascular risk factors and CAD [28]. It has been shown that even when LDL-C levels are tightly controlled, a residual CV risk remains, which might be attributable to other lipid abnormalities, such as TG/HDL-C [25,47,49]. We believe that the mentioned association of higher TG/HDL-C with different cardiovascular diseases and the predictive value of higher ratios for worse prognoses highlights the potential of TG/HDL-C to serve as a CVD risk marker.



The drawback of the TG/HDL-C ratio is the absence of a universal unequivocal cutoff value, which limits its use as a predictive biomarker for CVD [25]. Some argue that the ideal cutoff for predicting CV outcomes with the TG/HDL-C ratio is above 2, while others recommend using ratios above 2.5 and even above 3 [25,28,50]. Notably, the TG/HDL-C ratio is an important prognosticator across different weight classes and not only for overweight or obese subjects. One study found that an increased TG/HDL-C ratio correlates with a significant increase in intracerebral hemorrhage and cerebral infarction, only in patients with normal BMI [24]. Another study showed that a higher TG/HDL-C ratio was a potential risk factor for prediabetes and insulin resistance in women, even in normal-weight women [50]. Interestingly, the mean BMI for our population was almost 28 kg/m2, with the majority defined as either normal weight or overweight. We found that the association of non-interventional weight changes and alterations in lipid profile was independent of baseline BMI as well as gender.



In our cohort population, concomitant DM was significantly associated with an increased odds ratio of a ≥10% rise in the TG/HDL-C ratio. This finding is likely related to insulin resistance-mediated increased TG production by the liver and reduced clearance of TG-rich lipoproteins from the bloodstream [16] and concurs with the current literature, as the association between the TG/HDL-C ratio and insulin resistance has been widely explored. It has been shown that a high plasma TG/HDL-C ratio provides a simple means of identifying insulin-resistant obese patients who are likely to have increased risks for CVD [16,20,51,52]. In addition, the TG/HDL-C ratio significantly correlates with fasting insulin levels even among adults without DM [53], and the TG/HDL-C ratio is a valuable predictor of DM incidence [54]. Our findings highlight the importance of even minor weight changes, specifically among patients with DM, and suggest that individuals with DM who gain weight may be at a higher risk of worsening dyslipidemia and CVD development.



The TG/HDL-C ratio is potentially a modifiable risk factor as some studies suggest. It has been shown that specific dietary patterns obtained by a validated food frequency questionnaire are associated with changes in the TG/HDL-C ratio and ultimately with a reduced risk for DM [30]. In addition, in a randomized open-labeled trial, the consumption of fresh fish significantly reduced the TG/HDL-C ratio among patients with hyperlipidemia [32], and finally, a prospective cohort found that a greater adherence to the Western diet pattern increased the TG/HDL-C ratio and predicted a higher risk for abnormal lipids overall [31]. However, while the effect of different dietary patterns on lipid composition has been established, the influence of various diet compositions on weight loss is somewhat controversial. A large randomized trial showed that reduced-calorie diets result in clinically meaningful weight loss regardless of which macronutrients are consumed [33]. Other investigators have shown that the difference found in the effect of calorie-unrestricted low-carbohydrate/high-fat diets versus high-carbohydrate/low-fat diets on glycemic control and weight loss was not sustained three months after intervention [55]. Furthermore, in a recent study, a comparison of weight reduction using a very-low-carbohydrate diet versus a low-carbohydrate diet in obese patients yielded no significantly different outcomes, such as body weight and fat, lipid abnormalities, and liver function [34].



The aim of our study was to assess the association of non-interventional weight changes on the lipid profile and particularly, the TG/HDL-C ratio, regardless of any dietary habits or restrictions. Most patients do not participate in structured weight loss programs, yet we frequently observed modest weight changes, increases or decreases, between clinic visits. Therefore, we believed it to be prudent to evaluate the effects of these seemingly negligible weight changes on specific lipid parameters in this specific and very large proportion of clinic patients. Our findings, together with data from interventional weight programs, further highlight the importance of weight changes on the lipid profile and possibly on CV health.



One of our study’s limitations is the lack of individual dietary data for our total cohort, which is attributed to the change in our EMR system from 2016. To partially overcome this limitation and to provide a general idea of our study population’s dietary habits, we conducted an analysis of approximately 14,000 patients who were assessed in the same medical screening facility prior to 2016 and for whom dietary data exist. Our study has several other limitations. First, this is a retrospective study. Therefore, causality between BMI alterations and serum lipids could not be established. Second, data regarding the method for any weight changes obtained, including physical activity, are not available. In addition, our cohort had a clear male predominance (72%), which might reduce the generalization of our findings. However, in a subgroup analysis, we did not observe any gender-related significant differences in the association between weight changes and lipid profile.




5. Conclusions


In conclusion, we provide evidence that non-interventional weight changes, even when modest and subtle, are associated with changes in the lipid profile and in the TG/HDL-C ratio. Our findings concur with previous reports regarding the association between weight loss and alterations in lipid profile, specifically in the TG/HDL-C ratio.



Early detection of elevated TG/HDL-C ratios may serve as a strategy to prevent the development of atherosclerotic complications, especially in high-risk populations. Understanding that alterations in the TG/HDL-C ratio may be associated with modest, non-interventional weight changes may aid in better risk stratification and primary prevention of CV morbidity and mortality. Larger-scale prospective studies, with individual dietary data and long-term follow-up, are pivotal in evaluating and understanding the significance of modest non-interventional weight changes on CV morbidity and mortality.
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Figure 1. LDL-C, TG, HDL-C, and TG/HDL-C ratio change between visits across pre-specified BMI groups. Percent change in LDL-C, TG, HDL-C, and TG/HDL-C ratio between visits across pre-specified BMI groups. The analysis included 18,828 patients. X-axis from left to right represents LDL, TG, HDL, and TG/HDL-C ratio. Y-axis represents percent change in BMI. Abbreviations: LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index. 
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Figure 2. TG/HDL ratio %change according to the pre-specified BMI change. Percent change in TG/HDL-C ratio according to the pre-specified BMI change. Bars represent the pre-specified BMI change groups. Different colors represent the percent of patients in each pre-specified group with at least 10% increase in TG/HDL-C ratio from visit 1 to visit 2 (green), up to 10% change in TG/HDL-C ratio from visit 1 to visit 2 (blue) and at least 10% decrease in TG/HDL ratio from visit 1 to visit 2 (light blue). The analysis includes 18,828 patients. Abbreviations: BMI, body mass index; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol. 
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Figure 3. Relationship between baseline characteristics and increase of at least 10% in TG/HDL-C ratio. Logistic regression, presented as a forest plot, represents the relationship between baseline characteristics and an increase of at least 10% in the TG/HDL-C ratio on visit 2. The analysis includes 18,828 patients. Obesity is defined as BMI > 30 kg/m2. Abbreviations: TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index; IHD, ischemic heart disease; HTN, hypertension; DM, diabetes mellitus. 
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Table 1. Baseline characteristics.






Table 1. Baseline characteristics.





	

	
Large Reduction

	
Moderate Reduction

	
Unchanged

	
Moderate Increase

	
Large Increase

	
Total

	
p Value




	
(N = 1754)

	
(N = 2163)

	
(N = 10,524)

	
(N = 2664)

	
(N = 1723)

	
(N = 18,828)






	
Gender

	

	

	

	

	

	

	
<0.001




	
   Males

	
1169 (67%)

	
1592 (74%)

	
7852 (75%)

	
1944 (73%)

	
1075 (62%)

	
13,632 (72%)

	




	
   Females

	
585 (33%)

	
571 (26%)

	
2672 (25%)

	
720 (27%)

	
648 (38%)

	
5196 (28%)

	




	
Age (years)

	

	

	

	

	

	

	
<0.001




	
   Mean (SD)

	
48.9 (±10.3)

	
50.4 (±10.7)

	
50.0 (±10.3)

	
49.2 (±10.4)

	
48.1 (±9.9)

	
49.7 (±10.4)

	




	
1st visit BMI (kg/m2)

	

	

	

	

	

	

	
<0.001




	
   Mean (SD)

	
27.9 (±4.5)

	
26.4 (±3.6)

	
25.8 (±3.7)

	
25.6 (±3.8)

	
25.3 (±4.0)

	
26.0 (±3.8)

	




	
BMI categories

	

	

	

	

	

	

	
<0.001




	
   <18.5

	
5 (0%)

	
9 (0%)

	
109 (1%)

	
19 (1%)

	
30 (2%)

	
172 (1%)

	




	
   18.5–25

	
452 (26%)

	
788 (36%)

	
4547 (43%)

	
1308 (49%)

	
843 (49%)

	
7938 (42%)

	




	
   25–30

	
832 (47%)

	
1045 (48%)

	
4633 (44%)

	
1020 (38%)

	
653 (38%)

	
8183 (43%)

	




	
   >30

	
465 (27%)

	
321 (15%)

	
1235 (12%)

	
317 (12%)

	
197 (11%)

	
2535 (13%)

	




	
IHD

	
200 (11%)

	
266 (12%)

	
1251 (12%)

	
285 (11%)

	
166 (10%)

	
2168 (12%)

	
0.0331




	
SBP (mm Hg)

	

	

	

	

	

	

	
<0.001




	
   Mean (SD)

	
125.9 (±18.4)

	
124.7 (±17.7)

	
124.2 (±17.3)

	
122.9 (±16.7)

	
121.4 (±16.6)

	
124.0 (±17.3)

	




	
DBP (mm Hg)

	

	

	

	

	

	

	
<0.001




	
   Mean (SD)

	
79.1 (±11.1)

	
78.1 (±10.4)

	
77.7 (±10.4)

	
77.3 (±10.2)

	
76.3 (±10.5)

	
77.7 (±10.5)

	




	
HTN

	
501 (29%)

	
667 (31%)

	
3048 (29%)

	
725 (27%)

	
489 (28%)

	
5430 (29%)

	
0.0934




	
DM

	
182 (10%)

	
220 (10%)

	
981 (9%)

	
256 (10%)

	
150 (9%)

	
1789 (10%)

	
0.356








Abbreviations: BMI, body mass index; IHD, ischemic heart disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; HTN, hypertension; DM, diabetes mellitus.













 





Table 2. Body mass index and lipid levels.






Table 2. Body mass index and lipid levels.





	

	
Large Reduction

	
Moderate Reduction

	
Unchanged

	
Moderate Increase

	
Large Increase

	
Total

	
p Value




	
(N = 1754)

	
(N = 2163)

	
(N = 10,524)

	
(N = 2664)

	
(N = 1723)

	
(N = 18,828)






	
1st visit BMI (kg/m2)

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
27.9 (±4.5)

	
26.4 (±3.6)

	
25.8 (±3.7)

	
25.5 (±3.8)

	
25.3 (±4.0)

	
26.0 (±3.8)

	




	
2nd visit BMI (kg/m2)

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
25.4 (±3.8)

	
25.4 (±3.5)

	
25.8 (±3.7)

	
26.5 (±3.9)

	
27.3 (±4.4)

	
25.9 (±3.8)

	




	
%BMI change

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
−8.6 (±4.2)

	
−3.6 (±0.7)

	
0.1 (±1.3)

	
3.6 (±0.7)

	
8.0 (±4.7)

	
0.1 (±4.5)

	




	
1st visit LDL (mg/dL)

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
123.5 (±30.0)

	
122.4 (±28.2)

	
121.5 (±28.2)

	
120.0 (±27.1)

	
120.4 (±29.4)

	
121.5 (±28.4)

	




	
2nd visit LDL (mg/dL)

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
116.5 (±28.8)

	
119.4 (±28.1)

	
121.3 (±28.0)

	
121.7 (±27.2)

	
122.8 (±29.1)

	
120.8 (±28.1)

	




	
%LDL change

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
−3.8 (±20.1)

	
−1.0 (±17.3)

	
1.3 (±17.4)

	
2.9 (±17.0)

	
3.9 (±18.6)

	
1.0 (±17.8)

	




	
1st visit HDL (mg/dL)

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
47.1 (±12.3)

	
47.3 (±12.0)

	
48.2 (±12.5)

	
48.3 (±12.0)

	
49.9 (±13.4)

	
48.2 (±12.4)

	




	
2nd visit HDL (mg/dL)

	

	

	

	

	

	

	
0.0046




	
  Mean (SD)

	
49.3 (±12.6)

	
48.3 (±11.9)

	
48.7 (±12.3)

	
48.5 (±11.8)

	
49.6 (±13.0)

	
48.8 (±12.3)

	




	
%HDL change

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
5.8 (±15.4)

	
3.0 (±12.8)

	
1.9 (±12.3)

	
1.3 (±12.3)

	
0.4 (±13.2)

	
2.2 (±12.8)

	




	
1st visit TG (mg/dL)

	

	

	

	

	

	

	
<0.001




	
  Mean (SD)

	
135.1 (±71.1)

	
130.0 (±67.5)

	
124.3 (±62.9)

	
118.9 (±59.4)

	
115.8 (±59.4)

	
124.4 (±63.7)

	




	
2nd visit TG (mg/dL)

	

	

	

	

	