Lipids in Health and Disease© The Author(s) 2022
https://doi.org/10.1186/s12944-021-01608-4

Research

Race and sex differences in HDL peroxide content among American adults with and without type 2 diabetes

Shelby M. Flaherty1, Elizabeth K. Wood2, Carol D. Ryff3, Gayle D. Love3, Theodoros Kelesidis4, Loni Berkowitz5, Guadalupe Echeverría5, Katherine Rivera5, Attilio Rigotti5 and Christopher L. Coe1  
(1)Harlow Center for Biological Psychology, University of Wisconsin-Madison, Madison, WI, USA

(2)Oregon Health and Science University, Portland, OR, USA

(3)Institute on Aging, University of Wisconsin-Madison, Madison, WI, USA

(4)Department of Medicine, University of California, Los Angeles, CA, USA

(5)Departamento de Nutrición, Diabetes y Metabolismo; Escuela de Medicina, Pontificia Universidad Católica, Santiago, Chile

 

 
Christopher L. Coe
Email: ccoe@wisc.edu



Received: 23 September 2021Accepted: 2 December 2021Published online: 6 February 2022
Abstract
Background
High-density lipoprotein (HDL) plays a critical role in protection against atherosclerosic and cardiovascular disease (ASCVD). In addition to contributing to clearing excess vascular cholesterol, HDL particles exhibit antioxidative functions, helping to attenuate adverse effects of oxidized low-density lipoproteins. However, these beneficial properties can be undermined by oxidative stress, inflammation, and unhealthy lifestyles and diet, as well as influenced by race and sex. Thus, when assessing cardiovascular risk, it is important to consider multifactorial aspects of HDL, including antioxidant activity rather than just total amount and type of HDL-cholesterol (HDL-C) particles. Because prior research showed HDL peroxide content (HDLperox) can be inversely associated with normal anti-oxidant HDL activity, elevated HDLperox may serve as a bioindicator of HDL dysfunction.

Methods
In this study, data from a large national cohort of Americans was utilized to determine the impact of sex, race, and diabetes status on HDLperox in middle-aged and older adults. A previously developed cell-free fluorometric method was utilized to quantify HDLperox in serum depleted of apo-B containing lipoproteins.

Results
In keeping with predictions, white men and diabetics exhibited HDLperox in the atypical upper range, suggestive of less functional HDL. White men had higher HDLperox levels than African American males (13.46 ± 6.10 vs. 10.88 ± 5.81, p < .001). There was also a significant main effect of type 2 diabetes (F(1,1901) = 14.9, p < .0001). Overall, African Americans evinced lower HDLperox levels, despite more obesity (10.3 ± 4.7 vs.11.81 ± 5.66 for Whites) suggesting that other aspects of lipid metabolism and psychosocial factors account for the higher prevalence of ASCVD in African Americans.

Conclusion
This research helps to provide a more comprehensive understanding of HDL function in a racially and metabolically diverse adult population. HDLperox content was significantly different in adults with type 2 diabetes, and distinctive in nondiabetic White males, and suggests other processes account for the higher prevalence of ASCVD among African Americans.
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Background
Although elevated levels of low-density lipoprotein-cholesterol (LDL-C) were historically considered to be the primary risk factor for atherosclerotic and cardiovascular disease (ASCVD), it is evident that low levels of high-density lipoprotein-cholesterol (HDL-C) are an equivalent concern [1, 2]. The negative association between low HDL-C and ASCVD risk reflects several important atheroprotective functions of high-density lipoproteins (HDL). Notably, assisting in reverse cholesterol transport (RCT), which enables removal of excess cholesterol from the vascular wall by transporting it to the liver for biliary secretion [3]. In addition, other beneficial functions of HDL include anti-oxidant, anti-inflammatory and anti-thrombotic activities, which can lessen the adverse effects of oxidized LDL-C and reduce foam cell and plaque formation [4, 5]. HDL is thought to perform anti-oxidant functions through peroxidase activity by its protein components, most likely paraoxonase 1 (PON-1), as well as apolipoproteinA-1 (apoA-1). Dietary supplements with high levels of phenolic flavonoids, including anthocyanines have been shown to increase HDL-C, HDL-associated PON-1, and improve chosterol efflux capacity, which would support cardioprotective functions [6]. However, a consensus on all of the specific pathways underlying atherogenic benefits of HDL has not been reached [7]. Moreover, the health-promoting effects of just modifying lipid levels without addressing HDL constituents may not be as protective as previously assumed, especially among those with metabolic and proinflammatory conditions such as type 2 diabetes [8–10]. Therapeutic modalities need to not only target increasing HDL-C levels, but should address the structural modifications that alter function, especially in dyslipidemic individuals [11, 12]. Specific aspects of HDL function also need more systematic investigation in larger population based studies of health.
Quantifying total HDL-C levels, as commonly done in clinical practice, provides information about the size of the HDL pool, but not about HDL composition or function. Methodological refinements in ex vivo assays that can specifically quantify lipid and non-lipid content of HDL may provide useful surrogate indicators of HDL function and anti-oxidant activity in cell-free biochemical conditions [13]. Prior research showed that high HDL peroxide content, when determined for a standardized amount of HDL-C, is associated with abnormal HDL function. In the context of oxidative stress, HDL has a higher load of lipid peroxides, which can decrease its protective activity against LDL oxidation. Specifically, reduced HDL function occurs in individuals with dyslipidemia, fatty liver disease and type 2 diabetes. It is also a significant side effect of the anti-viral medications used to treat HIV-infected individuals, and continues to be a concern even when there is an undetectable viral load [14]. In addition, the dyslipidemia associated with diabetes can affect not only the overall lipid levels in circulation, but can induce structural changes in HDL, altering its protein content and disrupting function [15, 16]. However, most of these studies have been performed with relatively small sample sizes that limit generalization to large populations and the previous research was not designed to detect race-related and sex differences.
A cell-free fluorometric method was employed that measures HDL associated lipid peroxidation (HDLperox), and offers a rapid and reproducible means to indirectly evaluate this apect of HDL function. It was applied on a large scale to determine the peroxide content of HDL-C among middle-aged and older Americans in the Midlife in the United States (MIDUS) project [17, 18]. Given the known racial differences in the prevalence of diabetes and ASCVD, this analysis offered an opportunity to compare HDL dysfunction in African Americans to White Americans descended from European family backgrounds. In general, most studies have found that African Americans are more likely to become diabetic and suffer from higher cardiovascular morbidity and mortality when compared to White Americans with similar clinical profiles [19]. This risk has been found to occur even when African Americans appear to have a more favorable lipid profile [20, 21]. In addition to racial differences, sex and glucoregulation are important to consider as potential modulators of HDL functionality. Previous research has documented significant differences in HDL-C levels and HDL function between men and women [22, 23]. When investigating the effects of race and sex on HDL functionality, it is also critical to consider the potential contribution of obesity, given its high prevalence among adults [24]. Thus, a secondary aim of this study was to compare the differential influence of adiposity and insulin resistance on HDLperox among Whites and African Americans, and the likely relationship between type 2 diabetes and HDL function.
Materials and methods
Participants
Middle-aged and older Americans (N = 1903) were surveyed and provided biomarker information as part of the larger MIDUS longitudinal survey (http://​www.​midus.​wisc.​edu/​data/​timeline.​php). From 2004 to 2006, 1255 American adults were recruited from the 48 continental states via random telephone dialing as part of a first cohort of biomarker subsamples within the larger MIDUS-2 national study (35–86 years old). The same methodology was used for the MIDUS-Refresher (MIDUS-R) cohort between 2011 and 2016, during which 863 American adults were recruited (25–74 years old). To increase the racial diversity during MIDUS-2 and MIDUS-R, a further subsample was recruited in each cohort from Milwaukee, WI (MIDUS-2, N = 201; MIDUS-R, n = 117). Participants in the biomarker subsample were comparable to the larger national MIDUS survey with respect to age, sex, and marital status. However, participants in the biomarker project tended to be more educated than those participating only in the larger survey (25% attained a high school education, and 50% had completed some college) [17]. Although participation remained predominantly white (80.6%), there were a total of 370 African Americans in the two cohorts. Female and male participation was balanced overall (54.8% female), but there was a higher percentage of women among the older African American participants (descriptive statistics provided in Table 1).
Table 1Demographic and biomarker variables for MIDUS participants stratified by race


	 	White
80.6%
N = 1533
	African American
19.4%
N = 370
	X2

	Demographic Variables

	 Sexa

	  Male
	48.5% (743)
	31.6% (117)
	<.001

	  Female
	51.5% (790)
	68.4% (253)

	 Ageb

	   < 50
	42.03 ± 5.48 (468)
	41.45 ± 5.96 (163)
	<.001

	   ≥ 50
	63.26 ± 8.7 (1065)
	59.24 ± 7.18 (207)

	Health and Biomarker Variables

	 Adiposity and Glucoregulationc

	  BMI (kg/m2)
	29.12 ± 6.16
	33.02 ± 8.57
	<.001

	  Waist circumference (cm)
	96.88 ± 17.43
	101.66 ± 18.43
	<.001

	  HbA1c (%)
	5.81 ± 0.85
	6.41 ± 1.74
	<.001

	  HOMA-IR
	3.79 ± 5.80
	5.22 ± 5.48
	<.001

	 Blood Lipid Valuesd

	  Total Cholesterol (mg/dL)
	184.5 ± 38.3
	182.7 ± 43.3
	0.231

	  Triglycerides (mg/dL)
	125.19 ± 71.54
	110.64 ± 68.62
	<.001

	  LDL-C (mg/dL)
	102.48 ± 34.21
	100.80 ± 37.78
	0.187

	  Non-HDL-C (mg/dL)
	127.9 ± 38.7
	123.3 ± 43.0
	0.010

	  HDL-C (mg/dL)
	56.62 ± 18.78
	59.42 ± 18.91
	0.004

	  HDLperox
	11.81 ± 5.66
	10.3 ± 4.7
	<.001


a A higher percent of both White and Afr-Amer participants were female. b Although the age distribution was similar across race, more of the older participants were White. cAfr-Amers were more likely to be overweight with more insulin resistance indicative of poor glucoregulation. d Afr-Amer tended to have more HDL-C. Even when HDL concentrations were controlled in the assay, the Afr-Amer particiants had significantly lower HDLperox levels



Biomedical assessments took place in Clinical Translational Research Centers (CTRC) at three participating universities. Specimen collection and testing were approved by the Health Sciences Institutional Review Board at the University of Wisconsin-Madison, as well as by the Institutional Review Boards at the University of California-Los Angeles and Georgetown University in Washington DC.
Sociodemographic variables
Age, race, and sex were obtained for all participants. Age was treated both as a parametric variable as well as categorized into two groups consisting of younger and older adults (< 50 and ≥ 50 years of age). Participants self-identified race (i.e., by asking the race with which each participant identified and the background races of their family) and were coded as White or African American. Many African-American participants were specifically recruited from neighborhoods in Milwaukee with predominantly African-American families. Sex was coded as female or male.
Anthropometric measures
Height, weight, and waist circumference were recorded by a nurse at each CTRC and used to calculate body mass index (BMI, weight/height, kg/m2). Poor glucoregulation for each participant was determined by meeting at least one of the three following criteria: ≥6.5% HbA1c, a diagnosis of diabetes by a physician, or use of prescribed medications for diabetes. The Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) was calculated from insulin and glucose levels determined from fasted blood collected in a different vacuainer on the same day as the specimen used for assaying HDL-C. HOMA-IR was one of many variables log-transformed prior to analysis to ensure a normal distribution.
Blood collection and clinical lab results
12-h fasted blood (50 mL) was obtained between 0500 and 0700, with a modal time of 0605. The blood was centrifuged, and plasma and sera cryopreserved for later testing. In addition, whole blood was collected in a separate vacutainer to determine HbA1c as an integrated measure of glucose levels over the prior several weeks. Blood was either transported locally or shipped cool via overnight carrier for analysis at the same diagnostic laboratory via turbidimetric immunoinhibition assay (Meriter Labs, Madison, WI). A traditional lipid panel was also determined at this Clinical Laboratory Approvement Amendments (CLIA) certified laboratory. It included total cholesterol, HDL-C, LDL-C, and triglyceride levels (mg/dL). LDL-C level was calculated using the following formula: LDL = total cholesterol - HDL-C - triglyceride/5. When triglycerides were lower than 400 mg/dL, LDL-C level was calculated using the following formula: LDL-C (mg/dL) = Total cholesterol (mg/dL) - HDL-C (mg/dL) – triglycerides (mg/dL)/5.
There were 3 measures of glucoregulation: HbA1c (%) and fasted insulin and glucose, from which HOMA-IR was calculated. Type 2 diabetes was determined by meeting at least one of the 3 following criteria: ≥6.5% HbA1c, a diagnosic of diabetes by a physician, or use of medications prescribed for diabetes.
Biochemical assay of HDLperox
HDL samples were prepared by depleting apoB containing particles from serum via a precipitation method using dextran sulfate (Sigma) and magnesium chloride (Sigma) at concentrations of 2 μM and 50 mM, respectively [24]. A fixed volume protocol for analysis of lipid peroxidation was adapted from a previously developed fluorescence protocol [13]. Adaptations to optimize this assay that differ from the published protocol include the use of polypropylene round bottom plates (Greiner), and inclusion of a positive control of purified HDL-C (Lee Biosolutions). Control HDL-C was maintained in stock concentration of 2070 mg cholesterol/dL, which was diluted to a working concentration of 300 mg/dL using 0.15 NaCl for each assay. Both reagent preparations and the fluorescence-based HDLperox assay were conducted in a darkened room to minimize light exposure and extraneous oxidation. Sera were assayed in triplicate on one plate. Fluorescence was measured with a Synergy H1 fluorimeter (Biotek) at 530 nm and 590 nm wavelength. Quantification of HDL-C in all sera, and for the positive control of purified HDL-C, was performed with the WAKO Cholesterol E kit (Fujifilm), using a microplate reader (MRXe DYNEX Magellan Biosciences) as well as at the Meriter clinical laboratory.
The following calculations were employed to generate the final HDL peroxide content used in the analyses:
	1.
Fluorescence in sample – Fluorescence in blank = Peroxidized HDL sample in flurorescence units (FU).

 

	2.
FU/ HDL-C in sample (mg/dL) = Normalized peroxidized HDL per 1 mg/dL HDL-C (FU/mg HDL-C), which was the basic unit of measure for this assay.

 

	3.
Normalized peroxidized HDL per 1 mg/dL HDL-C in sample (FU per mg/dL HDL-C)/ standardized peroxidized HDL in purified HDL reference control = HDLperox*

 




*Steps 2 and 3 were performed for HDL-C, which was measured both with the WAKO kit and by the clinical laboratory, and then averaged. The same pool of purified HDL-C was included in each assay to provide a standard and common reference point for harmonizing results across the assays needed to test 1903 sera.
Statistical analyses
Descriptive summary statistics were generated to examine means, variance, data distribution, and to identify outlier values. BMI, HbA1c, HOMA-IR, HDL-C, LDL-C, non-HDL-C, waist circumference, and triglycerides were loge transformed to normalize their distributions. All other variables were mean-centered. Chi-square and t-tests were used to compare sociodemographic and health variables between Whites and African Americans. Two-way ANOVA was used to compare differences in HDLperox by race and sex. Three-way ANOVA was used to compare differences in HDLperox by race, sex, and diabetes status. Tukey’s honest significance tests were performed for post hoc contrasts to determine pairwise significance. Multivariate linear regression models examined the association between HDLperox and health variables, adjusting for sex and diabetes status. In addition, the influence of race on HDLperox was considered in a separate hierarchal regression model, adjusting for sex (male as reference), diabetes status (nondiabetic as reference), as well as considering the effects of age, obesity, and non-HDL-C. Interactions of diabetic status with race and sex were evaluated, but are not reported because none were statistically significant. The influence of dyslipidemia, insulin resistance (HOMA-IR), and obesity (waist circumference) were considered independently as possible mediators. The possible influence of prescription medication was considered in two ways. First, self-reported use of any of 23 different drugs was included as a categorical covariate in the hierarchical regression model. Second, the specific influence of lipid-lowering medications and supplements on the differences in HDLperox in diabetics and between women and men was analyzed (focusing on antihyperlipidemic agents, cholesterol absorption inhibitors, HMC-COA reductase inhibitors, bile acid sequestrants, fibrates, niacin, omega-3). All tests were two-tailed, and alpha threshold set at p < .05. Statistical analyses were conducted with SPSS (version 25) and R-studio Desktop (version 3.2.5) software.
Results
Descriptive statistics
Descriptive statistics and results from chi-square and t tests for all demographic and biological variables are provided in Table 1. On average, the African American participants exhibited healthier lipid profiles when compared to Whites. African Americans were more likely to have higher HDL-C (African Americans: 59.4 ± 18.9 mg/dL vs Whites: 56.6 ± 18.8 mg/dL; p = .01) and lower triglycerides (African Americans: 110.6 ± 68.6 mg/dL vs. Whites: 125.2 ± 71.5 mg/dL; p < .001) and lower non-HDL-C (African Americans: 110.6 ± 68.6 mg/dL vs. Whites: 125.2 ± 71.5; p < .001) when compared to Whites. This race difference was evident in spite of the fact that more African Americans evinced signs of insulin resistance (HOMA-IR: African Americans: 5.2 ± 5.5 vs. Whites: 3.8 ± 5.8; p < .001) and had higher HbA1c values (African Americans: 6.4 ± 1.7% vs. Whites: 5.8 ± 0.8%; p < .001). Type 2 diabetes was prevalent overall, but higher among African Americans (33.8%) when compared to White adults (13.8%). African Americans were also more likely to be overweight as reflected by a higher BMI (African Americans: 33.0 ± 8.6 kg/m2 vs. Whites: 29.1 ± 6.2 kg/m2; p < .001). On average, men had lower HDL-C levels (men: 50.4 ± 16.5 mg/dL vs. women: 62.8 ± 18.8 mg/dL; p < .001), higher triglycerides (men: 135 ± 75.4 mg/dL vs. women: 111.9 ± 65.8 mg/dL; p < .001) and exhibited a small but significant difference in non-HDL-C when compared to women (men: 128.0 ± 40.3; women: 126.1 ± 39.1 mg/dL; p < .001).
White men exhibited the highest HDLperox when compared with white women or African Americans (white men: 13.5 ± 6.1 vs. white women: 10.6 ± 4.7; p < .001; African American men: 10.9 ± 5.8; p < .001; African American women: 10.0 ± 5.8; p < .001). Table 2 provides the summary statistics on HDLperox stratified by race, sex, and diabetic status.
Table 2Means (S.D) for biomarker and clinical measures organized by race, sex, and diabetes status


	 	Men
	Women

	Nondiabetic
	Diabetic
	Nondiabetic
	Diabetic

	Variable
	White
	Afr-Amer
	p-value
	White
	Afr-Amer
	p-value
	White
	Afr-Amer
	p-value
	White
	Afr-Amer
	p-value

	n
	629
	85
	 	114
	32
	 	692
	160
	 	98
	93
	 
	Age (yrs.)
	56 ± 13b
	50 ± 10b
	<.001
	64 ± 12
	56 ± 10
	<.001
	55 ± 12b
	49 ± 11b
	<.001
	59 ± 11
	54 ± 11
	<.001

	 < 50
	42 ± 6
	42 ± 6
	0.004a
	43 ± 6
	45 ± 4
	0.177a
	42 ± 5
	41 ± 6
	<.001a
	44 ± 3
	42 ± 5
	0.081a

	 ≥ 50
	63 ± 8b
	58 ± 7
	67 ± 9
	60 ± 9
	62 ± 9
	59 ± 7
	 	63 ± 8
	60 ± 7

	Adiposity and Glucoregulation

	 BMI (kg/m2)
	29.1 ± 4.8b
	29.1 ± 6.7b
	<.001
	31.7 ± 5.9
	31.7 ± 6.7
	<.001
	28.0 ± 6.1b
	33.1 ± 8.1b
	<.001
	33.7 ± 9.0
	36.8 ± 9.8
	<.001

	 Waist Circumference (cm)
	102 ± 15b
	98 ± 17b
	<.001
	111 ± 17
	107 ± 18
	<.001
	89 ± 15b
	98 ± 16b
	<.001
	104 ± 18
	109 ± 22
	<.001

	 HOMA-IR
	3.5 ± 3.3b
	3.7 ± 3.8b
	<.001
	9.4 ± 3.7
	7.2 ± 6.9
	<.001
	2.7 ± 2.5b
	4.4 ± 4.5b
	<.001
	7.2 ± 11.9
	7.3 ± 6.9
	0.286

	 HbA1c (%)
	5.5 ± 0.42b
	5.6 ± 0.52b
	<.001
	7.5 ± 1.4
	7.7 ± 2.5
	<.001
	5.6 ± 0.4b
	5.7 ± 0.4b
	<.001
	7.1 ± 1.3
	8.0 ± 2.3
	<.001

	Blood Lipid Values

	 Total Cholesterol (mg/dL)
	180 ± 37b
	188 ± 47b
	<.001
	164 ± 39
	169 ± 47
	<.001
	192 ± 37b
	180 ± 39
	<.001
	181 ± 42
	187 ± 45
	<.001

	 LDL-C (mg/dL)
	102 ± 33b
	106 ± 45
	<.001
	87 ± 36
	93 ± 40
	<.001
	105 ± 34b
	99 ± 33
	<.001
	97 ± 40
	103 ± 37
	<.001

	 Triglycerides (mg/dL)
	132 ± 71b
	118 ± 74
	<.001
	168 ± 89
	128 ± 86
	<.001
	109 ± 62b
	94 ± 56b
	<.001
	147 ± 84
	126 ± 72
	<.001

	 non-HDL-C (mg/dL)
	130 ± 38b
	130 ± 51
	<.001
	121 ± 40
	119 ± 46
	<.001
	128 ± 39
	118 ± 37
	<.001
	127 ± 45
	128 ± 44
	<.001

	 HDL-C (mg/dL)
	51 ± 16b
	58 ± 21b
	<.001
	42 ± 14
	50 ± 14
	<.001
	65 ± 19b
	62 ± 17
	<.001
	54 ± 18
	59 ± 20
	<.001

	 HDLperox
	13.2 ± 6b
	10.4 ± 6
	<.001
	14.9 ± 6
	12.1 ± 5
	<.001
	10.1 ± 5b
	9.7 ± 4
	<.001
	11.7 ± 5
	10.5 ± 5
	<.001


achi-square test bt-test comparing race and diabetes status Significance shown by bolded p value



HDLperox
One-way ANOVA results indicated there was a significant main effect of race on HDLperox (F (1,1901) = 31.3, p < .0001), which was not congruent with the overall higher occurrence of obesity and diabetes in the African American participants. HDLperox in the African Americans was lower than in the White adults (African Americans: 10.3 ± 4.7 vs. Whites: 11.81 ± 5.66; p < .001). When probing this racial difference further by considering the dual influence of race and sex (F (1,1899) = 20.3, p < .0001) it was evident that the significant racial differences in HDLperox were driven primarily by the difference between African American and White men (see Fig. 1A). White men had higher HDLperox (white men: 13.46 ± 6.10 vs. African American men: 10.88 ± 5.81, p < .001) suggesting that some anti-oxidant functions of HDL might be impaired. In contrast, a pairwise comparison of HDLperox in White and African American women did not indicate there was a similar racial difference (White females: 10.26 ± 4.73 vs. African American females: 10.03 ± 4.07, p = .520; see Fig. 2A). There was also a significant main effect of diabetes (F (1,1901) = 14.9, p < .0001; see Fig. 2B), which affected HDLperox in both racial groups, although it was not as pronounced in African American women (see Fig. 1B). The expected negative effect of diabetes on HDLperox was evident in both middle-aged and older adults. While there was a trend for an influence of age in the overall models, a separate test with age considered as a categorical variable (i.e., under and over 50 years of age) indicated the difference in HDLperox between middle-aged and older adults was lessened after controlling for the influence of sex and race. The potential association between HDLperox and selected variables reported by many studies to contribute to cardiovascular risk was evaluated further in several additional analyses. As shown in Table 3, after adjusting for covariates (including sex, age, and diabetes), a linear regression model showed that HDLperox was significantly associated with several risk factors for ASCVD, including obesity (BMI, waist circumference), insulin resistance (HOMA-IR), and the traditional clinical measures of lipid metabolism (non-HDL-C, LDL-C and triglycerides) in both African Americans and Whites. HDLperox was inversely associated with the circulating levels of HDL-C in both racial groups. The analysis indicated that an individual with higher HDL-C levels would have lower HDLperox; specifically, for each 1 mg/dL increase in HDL-C in circulation, HDLperox is predicted to be 19.5% percent lower.
[image: ]
Fig. 1HDLperox in White and African American males and females shown with respect to diabetic status. Significantly more HDLperox was found in White males when compared to African American males. Diabetes increased HDLperox in White males and females, as well as African American males, but did not significantly increase HDLperox among African American women. Letters indicate significance (p < .05) based on a two factor ANOVA assessing the influence of race and diabetic status on HDLperox. Tukey post hoc tests of significance are indicated by *p < 0.05, **p < .01, and ***p < .001. Graphs show peroxidized HDLin serum (FU/HDL-C, mg/dL), standardized across assays by reference to purified HDLperox

[image: ]
Fig. 2Significant influence of race, sex, and diabetes on HDLperox. White males had the highs HDLperox suggestive of poorer HDL function. Diabetics had higher HDLperox levels than nondiabetic adults. Significance indicated by letters. After attaining significance in a two-way ANOVA, the Tukey test was used for post hoc comparisons *p < 0.05, **p < .01, and ***p < .001

Table 3Linear regression between HDLperox and health variables across race, controlling for demographic variables and diabetes in the MIDUS participants


	Variable
	White
	African American

	β (SE)
	p-value
	β (SE)
	p-value

	Adiposity and Glucoregulation

	BMI (kg/m2)
	.445 (.048)
	<.001
	.433 (.083)
	<.001

	HOMA-IR
	.141 (.012)
	<.001
	.157 (.023)
	<.001

	Waist Circumference (cm)
	−.023 (.077)
	.764
	.117 (.100)
	0.242

	Blood Lipid values (mg/dL)

	Total Cholesterol
	−.146 (.047)
	.002
	−.181 (.092)
	0.051

	LDL-C
	.065 (.027)
	.016
	.109 (.053)
	0.041

	Triglycerides
	.260 (.018)
	<.001
	.286 (.038)
	<.001

	Non-HDL-C
	.224 (.031)
	<.001
	.245 (.060)
	<.001

	HDL-C
	−.612 (.025)
	<.001
	−.893 (.052)
	<.001


Note. All variables were loge transformed for this analysis
White and African Americans evinced similar relationships between adiposity and the glucoregulatory measures, as well as similar associations between blood lipids and HDLperox



In order to evaluate other factors that could account for the observed sex and racial differences in HDLperox, a series of hierarchical regression models were run, sequentially adjusting for relevant covariates. Self-reported use of any of 23 different prescription medications was included as a covariate. Statistical results from this series of 6 models are presented in Supplemental Table S1; Fig. 3 provides a visual summary of the final model. Significant differences in HDLperox between men and women were retained in all models, as was the difference in HDLperox between African Americans and Whites, even when accounting for age, obesity and diabetes status. Notably, the significant associations between sex (i.e., being male) and race (i.e., being White) and higher HDLperox remained, even after accounting for non-HDL-C, the increasingly used clinical index of atherogenic dyslipidemia. The final model yielded a statistically significant R2 of 0.199 (p < .0001).
[image: ]
Fig. 3Hierarchical regression analysis of variables influencing HDLperox (N = 1903). Overall model: F (6,1894) = 78.47, p < .0001; R2 = .199, Adjusted R2 = .197. Standardized coefficients are shown. The model indicated that being male, white, having diabetes, a younger age, larger waist circumference, and higher non-HDL-C was predictive of HDL peroxide content. This model accounted for 19.9% of HDL perox variance. Significance indicated by asterisks (*p < .05, **p < .01, ***p < .001). Results from 6 sequential models are presented in Suppl Table 1


With age treated as a categorical variable (< 50 yrs. vs. ≥50 yrs.), there was a significant effect of age. However, it was because HDLperox content was higher in middle-aged adults, suggestive of reduced HDL functional capacity in many of the younger participants. This model was also confirmatory of the previous analyses indicating that the White males had the highest HDLperox levels, even after accounting for the effect of the participant age.
Exploratory analysis of lipid-lowering medications
Even though self-reported use of many prescription medications had been considered as a covariate in the hierarchical regression model, the possibility of a specific, moderating effect of just lipid-lowering drugs and supplements on the observed effects of sex, race and diabetes was then assessed (i.e., antihyperlipidemic agents, cholesterol absorption inhibitors, HMC-COA reductase inhibitors, bile acid sequestrants, fibrates, niacin, omega-3). Among the White participants, 369 of 1533 (24%) were taking one of these drugs, but the sex difference with higher HDLperox in men continued to be evident in both medicated and nonmedicated males (see Table S2). Similarly, the lower HDLperox in African Americans was not attributable to taking more lipid-lowering medications (see Table S3). In the MIDUS cohort, 82% of the African Americans, and 75% of the White Americans reported that they were not taking lipid-lowering medications. Lower HDLperox was found in both African Americans taking medications and those who were not. Finally, an ANOVA comparing the difference in HDLperox between nondiabetic and diabetic participants indicated that the use of lipid-lowering medications did not lessen the influence of diabetes on HDLperox (Table S4). Among participants meeting study criteria for type 2 diabetes, 207 (61%) reported they were not taking a lipid-lowering medication.
Discussion
To our knowledge, this study is the first to assess lipoperoxide levels in HDL among middle-aged and older American adults in such a large scale population-based manner. It should be acknowledged that this type of ex vivo determination of HDLperox provides an indirect assessment of HDL anti-oxidative potential, and is not a direct measure of its in vivo function. However, the assay does offer some insight into how HDL particles and associated lipids would likely respond and function in the presence of reactive oxygen species.
We identified significant differences in HDLperox between women and men, which would usually be interpreted to indicate a gender difference in the anti-oxidative functions in HDL. There was also a racial difference between White participants and African Americans. The difference between White men and women was in the expected direction and is consistent with the well-documented sex differences in lipid metabolism and risk for ASCVD [22, 23]. In contrast, the effect of race was not anticipated and does not seem to be congruent with the higher morbidity and mortality from ASCVD among African Americans [20]. Based on our results, the HDLperox in African American adults was on average 12.7% lower than the HDLperox in White Americans. This racial distinction was especially striking for African American men, given the high HDLperox in White men. Whether these differences in HDLperox will prove to be correlated with other oxidative biomarkers and circulating levels of anti-oxidants in the MIDUS cohort is currently being determined.
The direction and magnitude of the observed race effect is especially noteworthy given that the prevalence of type 2 diabetes among African American participants was twice that of the White participants. It is known that diabetes can decrease HDL-C and increase triglycerides, oxidative stress and inflammation, which would likely contribute to structural and functional changes in HDL and decreased RCT function [25]. Other research has indicated that there are significant differences in PONS-1 activity in diabetic individuals [16]. However, the interaction between diabetes and gender they reported was not the same as we observed, because diabetes appeared to have a much larger effect on PON-1 in diabetic women.
Rosta et al. concluded the impairment of PON-1 arylesterase activity in type 2 diabetes was gender-specific, with women affected more than men. However, some studies suggest that PON-1 activity as measured by the paraoxon substrate may more closely correlate with HDL function [26, 27]. Thus, differences between assay methods could explain some of the discrepancies in conclusons. Further research is needed to better resolve how gender affects HDL antioxidant function, with a simultaneous assessment of HDL peroxide content, PON-1 arylesterase activity and PON1 paraoxonase activity determined in the same sample.
In vitro studies suggest that oxidative modification of apoA-I may also impair HDL’s ability to mediate cholesterol efflux by inhibiting the remodeling/exchange of apoA-I. Consistent with the hypothesis that HDLperox is a relevant mediator in early atherogenesis, the increases in HDLperox that persist in HIV-infected individuals promote early instigators of atherogenesis in vitro, including monocyte/macrophage chemotaxis and monocyte-derived foam cell formation (MDFCF) [28]. In addition, in a prospective 1-year cohort study, adolescent males (17.4 ± 1.6 years) with severe obesity, were followed after weight loss achieved by vertical sleeve gastrectomy [29]. Their HDLperox was a better predictor of improvement in HDL function when compared to HDL cholesterol efflux capacity and HDL anti-oxidative capacity. Finally, there is some clinical evidence that the benefits of anti-oxidant activity generalize to other ethnic and national groups outside the US [30]. In the Mashhad Stroke and Heart Atherosclerotic Disorder (MASHAD) study of 330 Iranian adults, 35–65 years of age, who had a median follow-up period of 7 years, reduced antioxidant function independently predicted risk for CVD (odds ratio, 1.62; 95% confidence interval, 1.41–1.86; p < 0.001).
Within the MIDUS cohort, 33.8% of the African American adults met criteria for type 2 diabetes as compared to 13.8% of the white adults. This racial disparity in glucoregulation was confirmed by HOMA-IR measured from the same fasted blood samples. The prevalence of obesity and type 2 diabetes was especially high among African American women; yet their sex and race appeared to be associated with some protection lessening or potentially buffering the negative influence of their diabetes. This interpretation concurs with previous research that found African American women had higher triglycerides and CVD than white women, while also having higher HDL-C and a higher concentration of apoA-1 [31]. At the same time, progression to type 2 diabetes would create a dysregulated environment within the body that decreases HDL-C, increasing triglycerides and oxidative stress and inflammation, which would then be likely to cause structural and functional changes in HDL. Therefore, further research is now needed to determine the mechanism accounting for this protection in African American women, given that HDL more commonly becomes dysfunctional in diabetic individuals. Proinflammatory processes were also found to result in oxidized and dysfunctional HDL in septic patients, and persistence of altered HDL was associated with poorer clinical outcomes [27].
Finally, it was also of interest that the sex and race differences were evident in both middle-aged and older adults, given that there are also age-related increases in dyslipidemia and more abnormal triglyceride metabolism [32, 33]. A statistically significant effect of age was apparent primarily in the hierarchical regression models, which considered the contribution of each predictor variable separately. But it was driven primarily by the higher HDLperox in middle-aged white men. This finding is suggestive of poorer lipid health among many middle-aged participants, which likely reflects secular trends over the last several decades. Younger Americans are becoming heavier and less healthy in middle adulthood. In addition, some of the oldest adults participating in MIDUS may be a healthy and resilient subgroup of elderly individuals.
Strengths and limitations
Notwithstanding that this study of middle-aged and older adults is the largest application of a HDLperox assay to date, and a number of unique findings were generated, there were also limitations. It should be acknowledged that the origins and consequences of gender and race-related differences in physiology and disease are multifactorial [34]. The current analysis did not consider many lifestyle variables and health care practices that can influence lipid metabolism and function, including diet, smoking, alcohol consumption and physical activity. In addition, while the MIDUS project was initiated as a nationally representative survey with participants from all 48 continental states, the recruitment of a racially diverse sample was achieved via oversampling African Americans from a single city (Milwaukee, WI). This recruitment approach was chosen to facilitate participation in the biomarker project because of the proximity to the CTRC site in Madison, WI. It created the opportunity to consider how race might influence HDLperox in the context of type 2 diabetes. The rigorous protocol and standardization of the HDLperox assays while conducting nearly 2000 tests was another strength of the project. But it should be acknowledged that our HDL assay focused on a single endpoint. Interpretation and implications for functional activity would have been enhanced by the inclusion of additional measures, including PON-1 activity [35, 36].
Conclusion
In conclusion, this survey of American adults identified both racial and sex influences on HDLperox. The higher HDLperox content in White males was striking when contrasted with white women and also with the lower HDLperox in African Americans of both sexes. While the effect of type 2 diabetes on HDLperox was in the predicted direction, the findings underscore the many health and policy concerns engendered by the rising prevalence of obesity and diabetes worldwide [37, 38]. A better understanding of the factors associated with the risk for ASCVD is a pressing healthcare issue. Finally our findings on HDLperox in African Americans suggest that other mediators and psychosocial factors likely account for the well-established racial disparities in cardiovascular health. Nevertheless, the relative ease of employing the HDLperox assay on cryopreserved serum samples makes it a sensitive and useful biomarker for investigating how HDL responds to inflammatory conditions and metabolic disorders, and the role it likely plays in dysfunctional HDL antioxidant activity.
Acknowledgements
Special appreciation to D. Brar for her help with the processing and archiving of blood samples.

Authors’ contributions
SMF conducted HDLperox assays, led the analysis and writing. EKW assisted in statistical analyses, especially the hierarchical regression models. CDR is the PI of the MIDUS project. GDL was instrumental in subject recruitment and specimen collection. TK refined the HDLperox assay and consulted on methods and interpretation. LB, KR, GE and AG collaborated on data analysis and interpretation. CLC is the head of the MIDUS Biomarker Core and assisted in writing and editing. All authors were involved in dissemination of results. The author(s) read and approved the final manuscript.

Funding
The Midlife Development in the US (MIDUS) project was supported by awards from the National Institute on Aging (P01 AG030166, U19AG051426). Sample collection at 3 US clinical sites received supplement support from M01-RR023942, M01-RR00865, and U01TR000427.

Availability of data and materials
In addition to the publicly available data at ICPSR, the MIDUS Portal offers researchers access to rich searchable variable-level metadata, longitudinal harmonization information, and the ability to download customized datasets and codebooks. http://​midus.​wisc.​edu/​data/​index.​phphttps://​midus.​colectica.​org/​.

Declarations
Ethics approval and consent to participate
Specimen collection and testing were approved by the Health Sciences Institutional Review Board at the University of Wisconsin-Madison, as well as by the Institutional Review Boards at the University of California-Los Angeles and Georgetown University.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests


References
	1.
Gordon DJ, Probstfield JL, Garrison RJ, Neaton JD, Castelli WP, Knoke JD, et al. High-density lipoprotein cholesterol and cardiovascular disease. Four prospective American studies. Circulation. 1989;79(1):8–15. https://​doi.​org/​10.​1161/​01.​CIR.​79.​1.​8.CrossrefPubMed

	2.
Truett J, Cornfield J, Kannel W. A multivariate analysis of the risk of coronary heart disease in Framingham. J Chronic Dis. 1967;20(7):511–24. https://​doi.​org/​10.​1016/​0021-9681(67)90082-3.CrossrefPubMed

	3.
Barter P. HDL-C: role as a risk modifier. Atheroscler Suppl. 2011;12(3):267–70. https://​doi.​org/​10.​1016/​S1567-5688(11)70885-6.CrossrefPubMed

	4.
Femlak M, Gluba-Brzózka A, Ciałkowska-Rysz A, Rysz J. The role and function of HDL in patients with diabetes mellitus and the related cardiovascular risk. Lipids Health Dis. 2017;16(207):1. https://​doi.​org/​10.​1186/​s12944-017-0594-3.Crossref

	5.
Von Eckardstein A, Kardassis D. (eds.) High density lipoproteins from biological understanding to clinical exploitation. Handbook of experimental Pharmology. 2015. Springer Nature https://​doi.​org/​10.​1007/​978-3-319-09665.

	6.
Zhu Y, Huang X, Zhang Y, Wang Y, Liu Y, Sun R, et al. Anthocyanin supplementation improves HDL-associated paraoxonase 1 activiy and enhances efflux capacity in subjects with hypercholesterolemia. J Clin Endocr Metab. 2014;99(2):561–9. https://​doi.​org/​10.​1210/​jc.​2013-2845.CrossrefPubMed

	7.
Miller NE, Cenini G, Upadhyay G, Durrington PN, Soran H, Schofield JD. Antioxidant properties of HDL. Front Pharmacol. 2015;6:1–6.Crossref

	8.
Ajit R, Srivastava K. Dysfunctional HDL in diabetes mellitus and its role in the pathogenesis of cardiovascular disease. Mol Cell Biochem. 2018;440(1-2):167–87. https://​doi.​org/​10.​1007/​s11010-017-3165-z.Crossref

	9.
Rosenson RS, Brewer HB, Ansell BJ, Barter P, Chapman MJ, Heinecke JW, et al. Dysfunctional HDL and atherosclerotic cardiovascular disease. Nat Rev Cardiol. 2016 Jan 1;13(1):48–60. https://​doi.​org/​10.​1038/​nrcardio.​2015.​124.CrossrefPubMed

	10.
Van Lenten BJ, Hama SY, Beer FC, Stafforini DM, Mcintyre TM, Prescott SM, et al. Anti-inflammatory HDL becomes pro-inflammatory during the acute phase response. J Clin Invest. 1995;96(6):2758–67. https://​doi.​org/​10.​1172/​JCI118345.CrossrefPubMedPubMedCentral

	11.
Marques LR, Diniz TA, Antunes BM, Rossi FE, Caperuto EC, Lira FS, et al. Reverse cholesterol transport: molecular mechanisms and the non-medical approach to enhance HDL holesterol. Front Physiol. 2018;9. https://​doi.​org/​10.​3389/​fphys.​2018.​00526.

	12.
Khera AV, Cuchel M, De La Llera-Moya M, Rodrigues A, Burke MF, Jafri K, et al. Cholesterol efflux capacity, high-density lipoprotein function, and atherosclerosis. N Engl J Med. 2011;364(2):127–35. https://​doi.​org/​10.​1056/​NEJMoa1001689.CrossrefPubMedPubMedCentral

	13.
Sen Roy S, Nguyen HCX, Angelovich TA, Hearps AC, Huynh D, Jaworowski A, et al. Cell-free biochemical fluorometric enzymatic assay for high-throughput measurement of lipid peroxidation in high density lipoprotein. J Vis Exp. 2017;128(128):e56325. https://​doi.​org/​10.​3791/​56325.Crossref

	14.
Kelesidis T, Roberts CK, Huynh D, Martínez-Maza O, Currier JS. A high throughput biochemical fluorometric method for measuring lipid peroxidation in HDL. PLoS One. 2014;9(11).

	15.
Farbstein D, Levy AP. HDL dysfunction in diabetes: causes and possible treatments. Expert Rev Cardiovasc Ther. 2012;10(3):353–61. https://​doi.​org/​10.​1586/​erc.​11.​182.CrossrefPubMedPubMedCentral

	16.
Rosta V, Tretini A. Sex difference impacts on the relationship between paraoxonase-1 (PON-1) and type 2 diabetes. Antioxidants. 2020;9(8):833–15 PMC 7463677.Crossref

	17.
Love GD, Seeman TE, Weinstein M, Ryff CD. Bioindicators in the MIDUS national study: protocol, measures, sample, and comparative context. J Aging Health. 2010;22(8):1059–80. https://​doi.​org/​10.​1177/​0898264310374355​.CrossrefPubMedCentral

	18.
Radler BT, Ryff CD. Who participates? Longitudinal retention in the MIDUS national study of health and well-being. J Aging Health. 2010;22(3):307–31. https://​doi.​org/​10.​1177/​0898264309358617​.CrossrefPubMedPubMedCentral

	19.
Henderson SO, Haiman CA, Wilkens LR, Kolonel LN, Wan P. Established risk factors account for most of the racial differences in cardiovascular disease mortality. PLoS One. 2007;2(4):e377. https://​doi.​org/​10.​1371/​jounral.​pone.​0000377.CrossrefPubMedPubMedCentral

	20.
Carnethon MR, Pu J, Howard G, Albert MA, Anderson CAM, Bertoni AG, Mujahid MS, Palaniappan L, Taylor HA Jr, Willis M, Yancy CW, American Heart Association Council on Epidemiology and Prevention; Council on Cardiovascular Disease in the Young; Council on Cardiovascular and Stroke Nursing; Council on Clinical Cardiology; Council on Functional Genomics and Translational Biology; and Stroke Council. Cardiovascular health in African Americans: A scientific statement from the American Heart Association. Circulation. 2017;136(21):e393–e423, https://​doi.​org/​10.​1161/​CIR.​0000000000000534​.

	21.
Gaillard TR. The Metabolic Syndrome and its components in African-American women: Emerging trends and implications. Front Endocrinol (Lausanne). 2018;22:8.

	22.
Palmisano BT, Zhu L, Eckel RH, Stafford JM. Sex differences in lipid and lipoprotein metabolism. Mol Metab. 2018 Sep 1;15:45–55. https://​doi.​org/​10.​1016/​j.​molmet.​2018.​05.​008.CrossrefPubMedPubMedCentral

	23.
Wang X, Magkos F, Mittendorfer B. Sex differences in lipid and lipoprotein metabolism: It’s not just about sex hormones. J Clilnical Endocrinol Metab. 2011;96(4):885–93. https://​doi.​org/​10.​1210/​jc.​2010-2061.Crossref

	24.
Kuller LH. Ethnic differences in atherosclerosis, cardiovascular disease and lipid metabolism. Curr Opin Lipidol. 2004;15(2):109–13. https://​doi.​org/​10.​1097/​00041433-200404000-00003.CrossrefPubMed

	25.
Ungurianu A, Margin D, Grdinaru D, Bcanu C, Ilie M, Tsitsimpikou C, et al. Lipoprotein redox status evaluation as a marker of cardiovascular disease risk in patients with inflammatory disease. Mol Med Rep. 2017;15(1):256–62. https://​doi.​org/​10.​3892/​mmr.​2016.​5972.CrossrefPubMed

	26.
Charles-Schoeman C, Lee YY, Shahbazian A, Wang X, Elashoff D, et al. Improvement of high density liproprotein function in patients with early rheumatoid arthrist treated with methotrexate monotherapy or combnation therapies in a randomized controlled trial. Arthritis Rheumatol. 2017;69(1):46–57. https://​doi.​org/​10.​1002/​art.​39833.

	27.
Gurgis FW, Leeuwenburgh C, Grijalva V, Bowman J, Kaalnych C, et al. HDL cholesterol efflux is impaired in older patients with early sepsis. A subanalysis of a prospective pilot study Shock. 2018;50(1):66–70.

	28.
Angelovich TA, Hearps AC, Oda MN, Borja MS, Huynh D, Homann S, et al. Dysfunctional high-density lipoprotein from HIV + individuals promotes monocyte-derived foam cell formation in vitro. Aids. 2017;31(17):2331–6. https://​doi.​org/​10.​1097/​QAD.​0000000000001642​.CrossrefPubMed

	29.
Davidson WS, Heink A, Sexmith H, Melchior JT, Gordon SM, Kuklenyik Z, et al. The effects of apolipoprotein B depletion on HDL subspecies composition and function. J Lipid Res. 2016;57(4):674–86. https://​doi.​org/​10.​1194/​jlr.​M066613.

	30.
Samadi S, Mehramiz M, Kelesidis T, Mobarhan MG, Sahebkar AH, Esmaily H, et al. High-density lipoprotein lipid peroxidation as a molecular signature of the risk for developing cardiovascular disease: results from MASHAD cohort. J Cell Physiol. 2019;234(9):16168–77. https://​doi.​org/​10.​1002/​jcp.​28276.Crossref

	31.
Garin M-CB, Moren X, James RW. Paraoxonase-1 and serum concentrations of HDL-cholesterol and apoA-I. J Lipid Res. 2006;47(3):515–20. https://​doi.​org/​10.​1194/​jlr.​M500281-JLR200.

	32.
Spitler KM, Davies BSJ. Aging and plasma triglyceride metabolism. J Lipid Res. 2020;61(18):1161–7. https://​doi.​org/​10.​1194/​jlr.​R120000922.CrossrefPubMedPubMedCentral

	33.
Jaouad L, De Guise C, Berrougui H, Cloutier M, Isabelle M, Fulop T, et al. Age-related decrease in high-density lipoproteins antioxidant activity is due to an alteration in the PON1’s free sulfhydyl groups. Atherosclerosis. 2006;185(1):191–200. https://​doi.​org/​10.​1016/​j.​atherosclerosis.​2005.​06.​012.CrossrefPubMed

	34.
Žitnanová I, Šiarnik P, Füllöp M, Oravec S, Penesová A, Vaská E, et al. Gender differences in LDL- and HDL-cholesterol subfractions in patients after the acute ischemic stroke and their association with oxidative stress markers. J Clin Biochem Nutr. 2018;63(2):144–8. https://​doi.​org/​10.​3164/​jcbn.​17-105.CrossrefPubMedPubMedCentral

	35.
Cervellati C, Vigna GB, Trentini A, Sanz JM, Zimetti F, Nora ED, et al. Paraoxonase-1activities in individuals with different HDL circulating levels: implication in reverse cholesterol transport and early vascular damage. Atherosclerosis. 2019;285:64–70. https://​doi.​org/​10.​1016/​j.​atherosclerosis.​2019.​04.​218.

	36.
Wang M, Lang X, Cui S, Zou L, Cao J, Wang S, et al. Quantitative assessment of the influence of paraoxonase 1 activity and coronary heart disease risk. DNA Cell Biol. 2012;31(6):975–82. https://​doi.​org/​10.​1089/​dna.​2011.​1478.CrossrefPubMed

	37.
Tobias M. Global control of diabetes: information for action. Lancet. 2011;378(9785):3–4. https://​doi.​org/​10.​1016/​S0140-6736(11)60604-1.CrossrefPubMed

	38.
Finucane M, Paciorek CJ, Lu Y, Singh GM, Lin JK, Farzadfar F, et al. National, regional, and global trends in fasting plasma glucose and diabetes prevalence since 1980: systematic analysis of health examination surveys and epidemiological studies with 370 country-years and 2.7 million participants. Lancet. 2011;378:31–40.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Race and sex differences in HDL peroxide content among American adults with and without type 2 diabetes


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12944_2021_1608_Fig3_HTML.png
sex

race

-.066%*x*

diabetes status

HDL peroxide content I

age

waist circumference

non-HDL-C






OEBPS/images/12944_2021_1608_Fig1_HTML.png
A. MALE Diabetes Status

M Diabetic
Not Diabetic
15.00
b b,C
€
] c
3
c
o
O
@ 10.00
o
X
o
19
[
n
_1
]
=
&
P 5.00
=
0.00
White African American
Race
B. FEMALE Diabetes Status
15.00 M Diabetic
Not Diabetic
a,b
b b

10.00

= s

5.00

Mean HDL Peroxide Content

0.00
White African American

Race





OEBPS/css/sidebar.gif





OEBPS/images/12944_2021_1608_Fig2_HTML.png
A. Diabetics and Non Diabetics

Mean HDL peroxide Content

Mean HDL redox activity (HRA)

15.00

10.00

5.00

0.00

White and African American

15.00

10.00

5.00

0.00

a

.

*%k%

MALE

*

*k*k

*%k%

Sex

Race

White
M African American

FEMALE

Diabetes Status

M Diabetic
- Not Diabetic

*%

MALE

Sex

FEMALE





