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| ABSTRACT |
Background

determinants of dyslipidaemia, a known cause of CVDs.
Objective

factors.
Methods

Non-communicable diseases (NCDs) are the leading cause of mortality worldwide, with cardiovascular diseases (CVDs) being
the most predominant. This is a similar trend in the United States (U.S.). Modifiable and non-modifiable factors are important

This study aimed to explore the pattern of high-density lipoprotein cholesterol (HDL-C) distribution and its associated risk

The data was collected from the National Health and Nutrition Examination Survey NHANES) 2015-2016 database which is
part of the yeatly cross-sectional survey. The NHANES uses complex multistage probability sampling method in data collection.
The target population was the noninstitutionalized civilian living across the U.S. The primary sampling units were individuals.
Socio-demographic characteristics, body measurement (waist circumference) and blood samples (to determine HDIL-C and total
cholesterol levels) were recorded. In the database, 5000 respondents were randomly selected for analysis. Statistical analyses were
performed using Stata version 14.0. The results are described as means and standard deviation (SD) for group and continuous
variables. Regression analyses were used to identify risk factors of low HDL-C.

Results

Of the complete cases (3989), 49.03% were males. The mean age was 46.57+15.44-years. The mean HDL-C was 1.39120.45
mmolL/L. The prevalence of low HDL-C was 32.8% in males and 12.5% in females. The tresults obtained from multiple linear
regression indicated that male gender, age, ethnicity, country of birth, number of children aged 0-18-years per household, waist
circumference, family income to poverty ratio and total cholesterol were significantly associated with HDL-C. Multivariable logis-
tic regression revealed male gender, age 30 to 49-years, ethnicity, smoking, enlarged waist circumference (cm), low family income
to poverty ratio and high total cholesterol were associated with low HDL-C.

Conclusion

The prevalence of low HDL-C of was 22.4 %. This was distributed into 32.8% in males and 12.5% in females. The associated
risk factors show that lifestyle modification is important in the prevention of low HDIL-C and consequently, CVDs.
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INTRODUCTION |

Non—communicable diseases (NCDs) have been the leading
cause of mortality worldwide, with cardiovascular diseases
(CVDs) being the most predominant.' This trend is not different
from that observed in the United States.>® Despite overall reduc-
tions in deaths from CVDs over the past few decades, approxi-
mately 2,200 individuals in the United States (US.) die of CVDs
each day.’ This represents a setious public health problem.

Cardiovascular disease risk factors are conditions that are
associated with the early onset of the disease. Some of these risk
factors are modifiable while others are not. Modifiable CVD risk
factors include smoking, dyslipidaemia, obesity, diabetes, hyperten-
sion, sedentarism, psychosocial stress. Age, sex, and heredity are
not modifiable risk factors.*> Certain types of dyslipidaemia are
hereditary and may not be modifiable, for example, familial hy-
percholesterolemia.® Some studies have shown that high-income
persons have a lower cardiovascular risk as opposed to low-income
individuals. This shows that the socio-economic status plays a vi-
tal role in the development of CVDs. People suffering from food
insecurity will be exposed to high energy foods and saturated fatty
acid foods. Such food types are cheap and readily available. Among
other factors, low educational level plays a role in the consumption
of poor-quality foods.

Dyslipidaemia is defined as an increased triglyceride and
lowered high-density lipoprotein cholesterollevel in serum. Itis a
common CVD risk factor and has been demonstrated to be asso-
ciated with increased risk of developing CVDs."” Differences in
dyslipidaemia are seen across population, race, and ethnic groups.
In the US., Non-Hispanic blacks have much higher death rates
from CVDs and stroke than other races.’

There are different types of cholesterol with varying
functions and the level of serum cholesterol is influenced by sev-
eral factors. Several epidemiological studies have demonstrated
that increased levels of plasma total cholesterol and low-density
lipoproteins (LDL) atre strongly and directly related to a greater
incidence of coronary heart disease.” Elevated plasma triglycerides
and very-low-density lipoproteins (VLDL) are directly associated
with the risk of atherosclerotic heart disease, although not as inde-
pendent risk factors.® In contrast, high-levels of high-density lipo-
protein-cholesterol (HDL-C) have been found to be a protective
factor for the development of CVDs, hence, also known as “good
cholesterol”. HDL-C protects against heart disease by transport-
ing the “bad cholesterol” from the blood to the liver, preventing
accumulation in the arteries. Low-levels of HDL-C are therefore
considered a risk factor for CVDs.?¢ In addition, low HDL-C is
used to determine metabolic syndrome.? Metabolic syndrome-
consists of a group of risk factors for CVDs and type 2 diabetes
mellitus (T2DM), which often occur together. These risk factors
include raised blood pressure, dyslipidaemia, raised fasting glucose
and central obesity.’

Albert et al’ further noted that patients with metabolic
syndrome are twice at risk of developing CVD over the next 5
to 10-years compared to individuals without metabolic syndrome,
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therefore risk increases overtime. Also, metabolic syndrome con-
fers a five-fold increase in risk for T2DM in such patients.’

An increased waist circumference is attributed to poor
lifestyle and is used to measure central obesity; a characteristic of
metabolic syndrome. This has several implications, including insu-
lin resistance in diabetic patients. With changes in lifestyles such
as increased sedentarism, increased consumption of cheap fatty
foods, smoking, and lack of physical exercise, there is risk of total
cholesterol accumulation in the blood and a decrease in HDL-C.
Many studies have reported an increase in sedentary lifestyle among
the adults of the US.® It is therefore necessary to examine HDL-C
levels and the pattern of its distribution across the U.S. population.
Knowing the prevalence and factors associated with low HDL-C
will help policy makers to take better measures and initiatives to
prevent CVDs.

The objective of this study was to determine the preva-
lence of low HDL-C and its associated risk factors. The pattern of
distribution of HDL-C was also investigated. We hypothesised that
an unhealthy lifestyle and low socio-economic status are associated
with low HDL-C. We further hypothesize that some demographic
characteristics are linked to HDL-C.

METHODOLOGY |
Description of Variables

There were 13 variables included in the data analysis. The selec-
tion of these variables from the dataset was based on the available
published literature, underpinned by the knowledge of the inves-
tigators. The outcome variable was HDL-C (continuous variable).
This was dichotomised into low (< 1.03 mmol/L) and normal
(21.03 mmol/L) HDL-C. The explanatory variables wete age, sex,
ethnicity, marital status, educational level, country of birth, family
income to poverty ratio, number of children aged 0-18-years per
household, smoking, health insurance coverage, waist circumfer-
ence and total cholesterol.

In the analyses of the relationship between the explana-
tory variables and the outcome variables, some variables were cate-
gotized based on the literature and standards. Age was categorised
based on the existing literature into six categories, with a 10-year
interval. The number of children aged 0-18-years in a household
was grouped into five categories; households with five or more
children are generally considered to have more financial con-
straints. The waist circumference was classified into normal and
enlarged, based on sex. This grouping was based on the recom-
mended normal waist circumferencefor males(<102 cm) and fe-
males(=88 cm) from the National Cholesterol Education Program
- Adult Treatment Panel III (NCEP ATPIII) (2001). The mari-
tal status categories were married, widowed, divorced, separated,
never married, and living with partner. The educational attainment
level was grouped as less than 9" grade education, 9-11* grade edu-
cation (includes 12 grade and no diploma), high school graduate/
GED, some college or associates (AA) degree and college graduate
or higher. Ethnicity was categorised as Mexican American, oth-
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er Hispanic, Non-Hispanic White, Non-Hispanic Black and other
race-including multi-racial. The country of birth was dichotomised
into US. or other. The smoking status was categorized as never
smoked, former smoker or current smoker. Health insurance cov-
erage was dichotomised into being covered or not.

Some categories with a small number of observations
that had no direct influence on the analysis were either merged with
another category or considered as missing. For instance, for the
variable health insurance coverage, those who refused to respond
(n=3) and those who did not know (n=4) were all considered to be
missing values. Those who refused to disclose their marital status
(n=2) were also considered as missing values. One participant did
not know their country of birth, and this was considered a missing
value. One person did not know his/her educational level, this was
classified as missing. Also, two outliers were considered as missing
values for HDL-C.

Statistical Analysis

Statistical analyses were performed using Stata version 14.0 (Stat-
aCorp LP, College Station, Texas, 77,845 USA). The results are
described as means and standard deviation (SD) for group and
continuous variables. Proportions are also presented for categorti-
cal variables.

High-density lipoprotein-cholesterol as a continuous variable:
The association between HDL-C and age groups, marital status,
educational level, ethnicity, number of children per household and
smoking status were assessed using the one-way analysis of vari-
ance with ftest. Meanwhile for binary categories; sex, country of
birth, insurance coverage and waist circumference categories, the
Student’s ~test was used as the measure of association. Normality
check of HDL-C was confirmed with a histogram and homosce-
dasticity using the Levene’s test. A simple linear regression was
used to test the significance of an increase or decrease of mean
HDL-C values across groupsor continuous vatiables taking validity
conditions into consideration. Collinearity was checked using the
variance inflation factor (VIF) and all variables had a VIF<10. The
multivariate linear regression model was used to check the associ-
ation of the independent variables to HDL-C. The step-by-step
method was used, taking probability of entry to be 5% and of re-
moval 10%. Normality of residuals was assessed using Qnorm and
the Breusch-Pagan test, normality present (p value not significant).

Low high-density lipoproteins-cholesterol as binary variable: A
Chi-square (y) test wasused to determine the prevalence and dif-
ference in prevalence across groups after examining its applicabil-
ity. Socio-demographic factors (age, sex, country of birth, marital
status, education level, health insurance coverage and number of
children per household aged 0-18-years), anthropometric factor
(waist circumference) and lifestyle factor (smoking), were created
as dummy variables. Economic status (family income to poverty
ratio) and nutrition factor (total cholesterol) were used as contin-
uous variables. Univariate logistic regression was used to examine
the risk of low HDL-C according to various determinants. The
step-by-step method was used, and results compared with those
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of step wise approach, probability of entry 5% and of removal
10%. The results of both models were similar. The test of Hosmer
and Lemeshow was used to check the fitness of the model the
result was not significant (p=0.92), confirming the appropriateness
of the model. The results presented are those of the step-by-step
method. Adjusted odds ratio was presented together with a 95%
confidence interval. All reported p-values were based on 2-sided
tests and p-values<0.05 were considered statistically significant.

RESULTS |

Basic Characteristics of Study Population

The general characteristics of the study population are shown in
Table 1. This represents the whole cohort and complete cases. The
results in the whole cohort and complete cohort were similar, fur-
ther analysis was done on the complete cases. The sex distribution
was almost equal between both genders. At least half of the re-
spondents were married. Over a quarter of the respondents were
at least college graduates. More than half of the respondents had
never smoked and almost a quarter were current smokers. Majority
of participants had health insurance coverage. The most predomi-
nant ethnic group was the non-hispanic white, accounting for 30%
of the total population, while the least represented was other his-
panic, constituting 14.1% of the population. Most of the partici-
pants (64.4%) were born in the U.S. Over half of the respondents
had no children under 18-years of age in the household.

Several characteristics showed statistically significant as-
sociations with HDL-C in the univariate linear regression model.
For instance, there was an increase of 0.03 mmol/L of HDL-C
for any unit increase in family income to poverty ratio and this in-
crease was statistically significant. Also, a 1.3% increasein HDL-C
wasaccounted for by the family income to poverty ratio. Similarly,
for any unit increase in the male waist circumference (cm), there
was a decrease of 0.2 mmol/L of HDL-C and this decrease was
statistically significant. This male waist circumference accounted
for 5.9% decrease in HDL-C. In the age category, with age group
30-39-years as the reference, there was an increase in 0.08 mmol/L
of HDL-C for the 50-59-years age group. Age contributedto only
1.0% of the change in HDL-C. In these comparisons, we assumed
all other variables were held constant.

All variables were included in the multiple linear regres-
sion model (Table 2). After adjustment, marital status, educational
level, smoking status and health insurance coverage were no longer
statistically associated with HDL-C (all p>0.05). Males had a de-
crease of 0.23 mmol/L of HDL-C compated to females; this was
similar to the result obtained in the univariate model. This suggests
the other covariates had no effect on sex. Similarly, in the family in-
come to poverty ratio, there wasa 0.02 mmol/L increase in HDL-C
for any unit increase in the family income to poverty ratio, this in-
crease was statistically significant. This increase was similar to that
obtained with the univariate analysis. There was also no significant
change in the association between HDL-C and the other varia-
bles: age, country of birth, number of children aged 0-18-years per
household, ethnicity and total cholesterol when compared to the
univariate results.
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Table 1. Overview of General Characteristics of the Study Population
Whole Cohort Complete Cases
n=5,000 n=3,989
Sex
Male (%) 494 49.0
Missing (n) 0
Age (years) 46.9x15.6 46.6x15.4
20-29 (%) 17.8 18.1
30-39 (%) 18.3 18.6
40-49 (%) 18.5 18.9
50-59 (%) 18.5 18.5
60-69 (%) 19 18.7
270 (%) 79 74
Missing (n) 0
Marital Status
Married (%) 511 52
Widowed (%) 42 39
Divorced (%) 10.9 10.7
Separated (%) 35 3.6
Never married (%) 19.8 19.3
Living with partner (%) 10.5 10.5
Missing (n) 2
Educational Level
Less than 9* grade (%) 1.1 10.5
9-11* grade (Includes 12* grade with no diploma) (%) 12 10.9
High school graduate/GED or equivalent (%) 214 21.7
Some college or AA degree (%) 30 30.7
College graduate or above (%) 25.5 26.3
Missing (n) |
Ethnicity
Mexican American (%) 17.9 17.7
Other Hispanic (%) 14.1 13.8
Non-Hispanic White (%) 30 324
Non-Hispanic Black (%) 21.7 20.5
Other Race - Including Multi-Racial (%) 16.2 15.6
Missing(n) 0
Country of Birth
Born in 50 US or Washington, DC(%) 64.4 65.7
Other(%) 356 343
Missing (n) 0
Family income to poverty ratio 2.46x1.62 2.48%1.61
Missing (n) 500
Number of Children 0-18-Years per Household
0(%) 54 542
1(%) 16.8 16.6
2(%) 15.5 159
3(%) 85 8.1
4(%) 3.6 4
25(%) 1.5 1.2
Missing (n) 0
Smoking Status
Never smoked (%) 58.1 57.9
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Former smoker (%) 21.6 22.1
Current smoker (%) 20.3 20.1
Missing (n)
Covered by Health Insurance
Yes (%) 8l.1 8l1.3
Missing (n)
Waist circumference (cm) 100.10+16.86 100.33£16.91
Missing (n) 403
Total cholesterol (mmol/l) 4.95+1.07 4.95+1.07
Missing (n) 405
Direct HDL-cholesterol (mmol/l) 1.39£0.45 1.39£0.45
Missing (n) 405
Values are means%SD or numbers (percentages) as appropriate
Table 2. Variation of HDL-C with other Characteristics of the Study Population (Multiple Linear Regression) (n=3989)
Complete Cases
Adjb 95%Cl P
Sex <0.001
Male -0.23 (-0.25;-0.2)
Female (reference)
Age (years) <0.001
20-29 -0.004 (-0.05;0.04)
30-39 (reference)
40-49 -0.01 (-0.05;0.03)
50-59 0.05 (0.0150.10)
60-69 0.09 (0.05;0.14)
270 0.16 (0.10;0.22)
Marital Status 041
Married (%) (reference)
Widowed (%) 0.01 (-0.06;0.08)
Divorced (%) 0.03 (-0.01;0.07)
Separated (%) 0.02 (-0.04;0.09)
Never married (%) 0.03 (-0.01;0.06)
Living with partner (%) 0.04 (0.001;0.09)
Educational Level 0.17
Less than 9* grade (%) -0.05 (-0.10;0.02)
9-11* grade (Includes 12* grade with no diploma) (%) -0.03 (-0.08;0.02)
High school graduate/GED or equivalent (%) -0.04 (-0.08;-0.002)
Some college or AA degree (%) -0.04 (-0.07;-0.003)
College graduate or above (%) (reference)
Ethnicity <0.001
Mexican American (%) (reference)
Other Hispanic (%) -0.01 (-0.05;0.04)
Non-Hispanic White (%) 0.07 (0.03;0.11)
Non-Hispanic Black (%) 0.16 (0.11;0.20)
Other Race - Including Multi-Racial (%) -0.01 (-0.05;0.04)
Observational Study | Volume 6 | Number | | AkemTE et al 23
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Country of Birth 65
Born in 50 US or Washington, DC (%) 0.05 (0.02;0.09)

Other (%) (reference)

Number of Children 0-18-Years per Household 0.01
0 0.07 (0.01;0.14)

| 0.0l (-0.05;0.08)

2 0.04 (-0.03;0.11)

3 0.02 (-0.06;0.09)

4 (reference)

25 0.06 (-0.06;0.19)

Smoking Status 0.08
Never smoked (reference)

Former smoker -0.01 (-0.04;0.02)

Current smoker -0.04 (-0.07;-0.004)

Covered by Health Insurance 0.07
Yes (reference)

No -0.03 (0.02;0.002)

Waist circumference (cm) -0.01 (-0.01;-0.009) <0.001
Family income to poverty ratio 0.02 (0.01;0.03) <0.001
Total cholesterol (mmol/l) 0.05 (0.04;0.06) <0.001
Adj b=slope adjusted for other covariates, CI= Confidence Interval

HDL-C Distribution

The prevalence of low HDL-C of the general population was
22.4%, Figure 1. This prevalence was more than two times high-
er in males than in females, 32.8% and 12.5%, respectively and
this difference was statistically significant, Table 3. Elderly peo-
ple above 70-years of age and thoseaged 20-29-years had lower
HDL-C compared to the rest of the population. The prevalence
of low HDL-C was statistically significant across the age group.
Married individuals or those living with partners had lower HDL-C
(25%) compared to those who were widowed, separated, divorce-
dor never married (almost 20%). The prevalence of low HDL-C
was statistically significant across marital status. Men with an en la-

Figure 1. HDL-C Distribution Across the Population

2
HDL-C {mmol/)

rged waist circumference had a lower HDL-C (42.7%) compared
to men with a normal waist circumference (24.8%) and this differ-
ence in prevalence was statistically significant. Similarly, females
with an enlarged waist circumference hada nearly five-fold higher
prevalence of low HDL-C (16.2%) as opposed to females with
normal waist citcumference (3.3%), this difference was also statis-
tically significant. A higher prevalence of low HDL-C was found
among current smokers compared to former smokers and those
who had never smoked; these differences were statistically signif-
icant. There was no difference in the prevalence of low HDL-C
between people born in the U.S. and those born in other countries.

Univariate logistic regression showed that country of
birth was not statistically significant. Males had higher odds of
having low HDL-C compared to females (OR 3.42;95% CI: 2.90-
4.01). The odds of having low HDL-L were 2.25 times higher in
males with an enlarged waist circumference than males with a nor-
mal waist circumference. The odds of having low HDL-L were
5.75 times higher in females with an enlarged waist circumference
than females with a normal waist circumference. Current smokers
had higher odds of having low HDL-C compared to those who
hadnever smoked (OR: 1.73; 95% CI: 1.43-2.08). Similarly, former
smokers had higher odds of developing low HDL-C compared to
those who had never smoked (OR: 1.57: 95% CI: 1.3-1.88). There
wereincreasing odds of having low HDL-C across the number of
children aged 0-18-years per household category.

All variables except country of birth were entered into
the multiple logistic regression. Marital status, educational level,
health insurance coverage and number of children aged 0-18-years
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Table 3. Prevalence of Low HDL-C According to the Sample Population Characteristics
Complete Cases
Low HDL-C
n % P
Sex <0.001
Female 254 12.5
Male 641 32.8
Age (years) 0.003
20-29 131 18.2
30-39 197 26.6
40-49 183 243
50-59 164 223
60-69 163 21.9
270 57 19.3
Marital Status 0.01
Married 500 24.1
Widowed 28 17.8
Divorced 82 19.3
Separated 28 19.7
Never married 149 19.4
Living with partner 108 25.8
Educational Level <0.001
Less than 9* grade 107 25.7
9-11* grade (Includes 12* grade with no diploma) 122 28.0
High school graduate/GED or equivalent 201 232
Some college or AA degree 277 227
College graduate or above 188 17.9
Ethnicity <0.001
Mexican American 192 27.2
Other Hispanic 154 28.1
Non-Hispanic White 292 22,6
Non-Hispanic Black 120 14.7
Other Race - Including Multi-Racial 137 22.0
Country of Birth 0.21
Born in 50 US or Washington, DC 572 21.8
Other 323 236
Number of Children 0-18-Years per Household 0.008
0 444 20.6
| 161 244
2 147 232
3 78 24.1
4 50 313
25 15 30.6
Smoking Status <0.001
Never smoked 433 18.8
Former smoker 234 26.6
Current smoker 228 285
Observational Study | Volume 6 | Number | | Akem TE et al 25


http://dx.doi.org/10.17140/PHOJ-6-155

Public Health Open J. 2021; 6(1): 19-29. doi: 10.17140/PHOJ-6-155

()penventio

PUBLISHERS

Covered by Health Insurance <0.001
Yes 684 21.1

No 211 283

Waist Circumference (cm)

Male <0.001
<102 270 24.8

>102 371 42.7

Female <0.001
<88 19 33

>88 235 16.2

p-value of Pearson’s Chi-square test

Table 4. Characteristics of the Sample Population Associated with Low HDL-C (multivariable logistic regression) (n=3989)

Low HDL-C Likelihood Ratio
Adj OR (95%Cl) test p
Sex <0.001
Female |
Male 343 (2.88:4.1)
Age (years) 0.04
20-29 1.24 (0.81;1.9)
30-39 1.68 (1.12;2.52)
40-49 1.69 (1.14;2.51)
50-59 1.38 (0.94,2.01)
60-69 1.26 (0.87;1.81)
270 |
Marital Status 0.69
Married 0.97 (0.61;1.55)
Widowed |
Divorced 0.83 (0.49;1.39)
Separated 0.75 (0.4;1.4)
Never married 0.94 (0.56;1.57)
Living with partner 1.05 (0.62;1.77)
Educational Level 0.76
Less than 9* grade 1.08 (0.77;1.51)
9-11* grade (Includes 12 grade with no diploma I.16 (0.85;1.59)
High school graduate/GED or equivalent 1.01 (0.78;1.31)
Some college or AA degree 1.13 (0.89;1.43)
College graduate or above |
Ethnicity <0.001
Mexican American 2.28 (1.7;3.05)
Other Hispanic 2.84 (2.11;3.82)
Non-Hispanic White 1.91 (1.48;2.47)
Non-Hispanic Black |
Other Race - Including Multi-Racial 2.68 (1.97;3.64)
Number of Children aged 0-18-years per Household 0.34
0 0.68 (0.34;1.38)
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I 0.82 (0.41;1.67)
2 0.75 (0.37;1.53)
3 0.7 (0.34;1.45)
4 1.01 (0.47;2.18)
25 |
Smoking Status <0.001
Never smoked |
Former smoker 1.14 (0.93;1.41)
Current smoker 1.53 (1.23;1.89)
Covered by Health Insurance 0.11
Yes |
No 1.19 (0.96;1.48)
Waist circumference (cm) 1.04 (1.03;1.04) <0.001
Family income to poverty ratio 0.93 (0.87;0.99) 0.02
Total cholesterol (mmol/l) 091 (0.84;0.98) 0.02
Adj OR=0dds ratio adjusted for other covariates; CI=confidence interval.

per household were no longer significant, Table 4. The odds of
having low HDL-C levels increased significantly from former
smoker to current smoker. The association between smoking sta-
tus and low HDL-C became stronger when the other covariates
were considered in the multiple logistic regression than in the uni-
variate, which suggests an effect modification. In the 20-29 and the
270 age groups,the odds of having low HDL were smaller than
those between 30 and 59-years of age. The odds of developing low
HDL-C decreased slightly in the multivariate logistic regression as
opposed to the univariate for age, ethnicity and number of chil-
dren aged 0-18-years per household. The risk of developing low
HDL-C was 3.43 higher in males than in females. This was similar
to that obtained with univariate model. This implied that the pres-
ence of other covariates did not affect the association between low
HDL-C and sex. Similatly, the association between HDL-C and
family income to poverty ratio or total cholesterol remained similar
when the other covariates were considered in the multiple logistic
regression.

DISCUSSION AND CONCLUSION |

The objective of this study was to determine the prevalence of low
HDL-C and to investigate its associated risk factors. The preva-
lence of low HDL-C in our study was 22.4%. The results obtained
from the multiple linear regression indicated that male gender, age,
ethnicity, country of birth, number of children aged 0-18-years
per household, waist circumference, family income to poverty ra-
tio and total cholesterol were significantly associated with HDL-C.
However, marital status, educational level, smoking status, and
health insurance coverage were no longer statistically significant
in the multiple linear regression model. In the univariate logistic
regression model, only country of birth was not statistically asso-
ciated with low HDL-C. After adjustment in the multiple logistic
regression model, male gender, age 30 to 49-years, ethnicity, smok-
ing,enlarged waist circumference, low family income to poverty

ratio and high total cholesterol were significantly associated with
low HDL-C. In the 20-29 and the =50 age groups, the odds ratio
of low HDL-C was smaller than in the age group 30-49-years. This
means that individuals in the extreme age groups were less likely to
have low HDL-C compared to those aged 30-49-years.

A study by Aguilar-Salinas in Mexico reported the prev-
alence of low HDL-C to be highet in males than in females.’ This
finding is similar to our results, which demonstrated that low
HDL-C was predominant in males. It is well-known that HDL-C
levels in men and women significantly differ due to the influence
of estrogen and testosterone on the activities of hepatic lipase.
This enzyme plays a role in HDL-C metabolism and its levels are
inversely related with those of HDL-C."” Estrogen and testostet-
one respectively tend to decrease and increase hepatic lipase levels,
hence the discrepancies in HDL-C levels."" Even though a lower
cut off value was used in the Aguilat-Salinas study (<0.9 mmol/L),
the prevalence of low HDL-C was still higher in their study than
the prevalence obtained in our study (46.2% for men, 28.7% for
women, and 36% for both genders).” The Mexican population
has been shown to have a higher predisposition to metabolic syn-
drome and dyslipidaemia.”'* Genetic and environmental factors ate
linked to this predisposition.' This may have contributed to the
high-level of low HDL-C in this Mexican population. In our study,
the Hispanic population has a higher prevalence of low HDL-C
than other ethnic groups. This result is supported by the findings
of Willey et al” and Winkleby et al® who found that the Hispanic
population of the United States have higher-risk factors of CVDs
including low HDL-C levels. The authors also reported higher-lev-
els of HDL-C in non-hispanic blacks compared to other ethnic
groups.

Ge et al' found that low HDL-C is associated with smok-
ing, an enlarged waist circumference and male gender. These find-
ings are similar to the results obtained in our study where cur-
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rent smokers, an enlarged waist circumference and male gender
are associated with a high prevalence of low HDL-C. Chang et
al'* showed that high HDL-C was associated with total cholesterol.
This also corroborates the results obtained in the present study
where total cholesterol has a significant, positive association with
HDL-C. Total cholesterol is the summation of all types of choles-
terol in the blood, including HDL-C. Hence, an increase in HDL-C
will likelybe accompanied by an increase in total cholesterol and
vice versa. An enlarged waist circumference is a sign of abdominal
obesity and a risk factor for CVD. A study by Kim et al"” showed
that an enlarged waist circumference is significantly associated with
low HDL-C, and that HDL-C levels vary with sex," findings which
are similar tothe results obtained in this present study.

Economic status is an important determinant of the
HDL-C levels. The present study found that family income to pov-
erty ratio has a significant, positive association with HDL-C levels.
An increase in family income to poverty ratio is accompanied by
an increase in HDI-C levels. This result is similar to that obtained
by Kim et al”® who found that the odds of low HDL-C levels in-
creased significantly among unemployed men. This is pertinent in
that the risk of CVD has gradually tilted to those with a low so-
cio-economic status.

This study shows that HDL-C is significantly associated
with age and there is a linear increase of HDL-C from age 50-years
and older. This is supported by the studies of Cheung et al'’ and
Harman et al'” who found that age has a significant, positive as-
sociation with HDL-C. In HDL-C studies in other populations
however, there was no association of HDL-C with age.! Similar
differences have been reported and can be explained partly by the
study population, study design, laboratory analysis and cut-off val-
ues used.

This study brings out pertinent issues regarding risk fac-
tors of low HDL-C. Low HDIL-C is associated with CVDs, a ma-
jor cause of non-communicable disease and mortality worldwide.
Public health strategies targeting at-risk groups such as those with
a low income to poverty ratio, those in the 30-49 age group and
Hispanic Americans will be crucial in addressing the problem.
The sale of foodstuffs should be continuously monitored, and the
production of poot-quality, processed foods should be discout-
aged. Ingredients of food products should be clearly labelled on
food packaging in plain, simple language and prices of HDL-C
rich foods should be made affordable and accessible to everyone.
Increasing the sensitisation of the public on risk factors of low
HDL-C and CVDs is also necessary.

Education programs highlighting high-total cholesterol,
smoking, and an enlarged waist circumference as risk factors of
low HDL-C and consequently, poor cardiovascular outcomes are
also a strategy. Smoking cessation and smoking prevention pro-
grams should be made available and accessible. This will help those
facing difficulties stopping smoking and prevent new smokers. In-
terventions aimed at the discussion of health problems associat-
ed with smoking, not just the traditional risks that have been well
communicated through health campaigns, but also on the high-
er-risk of CVDs is important and may not be as apparent as other
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well-known risks of smoking. Encouraging physical exercise and
activity is an important element to reduce an enlarged waist cir-
cumference, as well as the encouragement of and education on
healthy eating choices and habits. Initiatives that consider the cul-
tural habits and language of Hispanics should also be considered.

A strength of this study was that the population includ-
ed different ethnic groups which are important in demonstrating
variation in HDL-C levels. Also, the missing values were less than
8% which is acceptable instatistical analysis. In addition, the wide
age range in the study population was suitablefor this study. Lastly,
the data was part of repeated cross-sectional study and hence the
results can be compared to those obtained in previous years. How-
ever, this should be done with caution as it is part of a larger study.

This study acknowledges some limitations. Firstly, im-
portant confounders such as diabetes and hypertension were not
included in the analysis. Thus, the cause of low HDL-C could have
been due to diabetes, hypertension, or other metabolic diseases. In
addition, we did not consider cholesterol lowering medications or
drugs that could raise cholesterol level in the study. These could
also have affected the HDL-C levels.

Future research should take into consideration personal
conditions like diabetes, hypertension, used of medications that
can affect cholesterol levels. It would also be interesting to carryout
similar study in low- and middle-income countries where the dou-
ble burden of diseases has been noted. This will contribute further
evidence and will help shape interventions. The health seeking be-
haviour of the at-risk population (Hispanics, males and the 30-49-
year age group) warrants further research.

In conclusion, this study found the prevalence of low
HDL-C was relatively high. Lifestyle modification is important in
the prevention of low HDL-C and consequently, CVDs. The re-
sults however, should be used with caution as this does not repre-
sent the entire U.S. population.
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