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tality, while this association is not observed in patients resid-
ing on the East Coast.  Conclusions:  Substantial differences 
exist in the association of serum lipids with mortality in MHD 
patients of Hispanic background depending on whether 
they reside on the West or East Coast of the United States. 
These geographical variances most likely reflect ethnic, ra-
cial and genetic distinctions, which are usually ignored. Fu-
ture studies should take into account these critical variations 
in a population of patients who make up a significant portion 
of our society.  © 2015 S. Karger AG, Basel 

 Introduction 

 The number of patients with end-stage renal disease 
(ESRD) requiring maintenance dialysis in the United 
States currently stands at approximately 450,000  [1] . De-
spite many recent improvements in dialysis treatment and 
the adherence of patients and physicians to the quality 
measures set forth by guidelines, ESRD patients continue 
to experience an annual mortality rate of approximately 
20%, a rate worse than that of many cancers. While the 
causes of death in these patients are diverse, approximate-
ly half of all deaths in dialysis patients are directly attrib-

 Key Words 

 Lipids · Mortality · Hispanic · ESRD · Cardiovascular disease · 
Ethnicity · Race 

 Abstract 

  Background:  Paradoxical associations exist between serum 
lipid levels and mortality in patients on maintenance hemo-
dialysis (MHD) including those of Hispanic origin. However, 
there are significant racial and ethnic variations in patients 
of ‘Hispanic’ background. We hypothesized that clinically 
meaningful differences existed in the association between 
lipids and survival in Hispanic MHD patients on the West ver-
sus East Coast.  Methods:  We examined the survival impact 
of serum lipids in a 2-year cohort of 15,109 MHD patients of 
Hispanic origin being treated in California, Texas, represent-
ing the West versus New York, New Jersey and Florida repre-
senting the East Coast, using Cox models with various de-
grees of adjustments.  Results:  The association of serum total 
and HDL cholesterol with mortality follows a U-shaped pat-
tern in  Hispanic patients residing in the West. This is in con-
trast to Hispanic patients in the East Coast whose survival 
seems to improve with increasing total and HDL cholesterol 
levels. Elevated serum LDL levels in Hispanic patients on the 
West Coast are associated with a significant increase in mor-
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uted to cardiovascular (CV) disease  [1] . Despite this enor-
mous CV disease burden and mortality, the main contrib-
utors to this risk have not been clearly identified. In fact, 
traditional risk factors cannot fully explain the magnitude 
of the risk observed in patients with ESRD and conven-
tional CV risk factors such as hypercholesterolemia and 
obesity are paradoxically associated with better survival 
in hemodialysis populations  [2–6] . Therefore, while in the 
general population therapeutic strategies have focused 
on  lowering LDL cholesterol, primarily by the use of 
HMGCoA reductase inhibitors, this strategy has not been 
fruitful in patients with ESRD as indicated by the results 
of 4D, AURORA and SHARP trials  [7–9] . Consequently, 
future studies will need to delineate the association of se-
rum lipids with mortality in patients with ESRD before 
targeting these indices for therapy. Furthermore, the im-
pact of race and ethnicity on these associations will need 
to be fully elucidated so that our treatment strategies can 
be more accurately individualized. The latter is important 
for several reasons. There is mounting evidence that ab-
normal lipid profiles differ between racial groups with 
Caucasians exhibiting higher LDL cholesterol and triglyc-
eride levels than non-Caucasian populations  [10] . In ad-
dition, the relationship between dyslipidemia and CV dis-
ease may differ between racial and ethnic groups. This is 
demonstrated by a study that showed that smaller LDL 
particle size is associated with hypertension and coronary 
heart disease in Caucasians but not in  African-Americans 
 [11] . Furthermore, total- and LDL cholesterol concentra-
tions are more strongly associated with CV disease risk in 
Caucasians than in African- Americans  [12] . These racial 
and ethnic differences are also important in the ESRD 
population as we have previously reported that elevat-
ed serum LDL cholesterol levels were associated with in-
creased mortality in African-American patients on main-
tenance hemodialysis. This was in contrast to non- 
Hispanic Caucasians in whom higher LDL levels were 
 associated with improved survival  [13] . 

  Most epidemiologic studies examining the role of race 
and ethnicity divide the population into large cohorts 
 under the categories of Caucasian, African-American, 
 Hispanic and Asian. However, significant heterogeneity 
can exist within these categories based on each individual’s 
genetic background, culture and country of origin. For ex-
ample, while epidemiologic studies often regard  ‘Hispanics’ 
in the United States as a homogenous group, this popula-
tion has a complex structure comprised of many overlap-
ping subgroups that vary significantly in genetic, environ-
mental and cultural background  [14–17] . A generally rec-
ognized distinction that has been deciphered from genetic 

analyses is between Hispanics with primarily  Caucasian 
and African ancestry and those having predominantly 
Caucasian and Native American ancestry  [18–20] , with 
 little admixture between individuals of predominantly 
 African versus Native American ancestry. The latter was 
made possible through the analysis of samples from the 
multi-ethnic study of atherosclerosis (MESA), which pro-
vides one of the most thoroughly characterized samples of 
Hispanic individuals in the United States. Work using 
samples from the MESA Hispanic cohort and 199 ancestry 
informative markers (AIMs) to estimate proportions of 
ancestry detected significant differences in proportions of 
European, Native American, and African ancestry by self-
identified country/region of origin. In this study, Mexican/
Central Americans had the highest proportions of Native 
American ancestry while Puerto Ricans had the highest 
European ancestry and Dominicans the highest African 
ancestry  [19] . Recent studies have also documented diver-
sity and population substructure within the Native 
 American founder populations  [21] . Given these impor-
tant distinctions, this study was designed to examine the 
association of lipid profile and CV mortality and all-cause 
mortality in Hispanic patients on maintenance hemodialy-
sis based on their geographic location. The rationale for 
this approach is based on the observation that the  Hispanic 
population of the West Coast states (such as California, 
Arizona and Texas) consists mainly of individuals from 
Mexico and Central America with predominantly Native 
American ancestry, while on the East Coast there is a large 
Afro-Caribbean contingency. Furthermore, the coastal 
distinctions mentioned here have been used successfully in 
the past by other investigators to look at genetic variations 
within the Hispanic population using zip codes as a means 
of separating this population in two distinct groups  [22] . 
We hypothesized that major differences existed in associa-
tion of dyslipidemia and survival in Hispanic MHD pa-
tients based on their geographic location of residence and 
hence genetic and ancestral background. 

  Subjects and Methods 

 Study Population 
 We extracted, refined, and analyzed data from all individuals 

with CKD stage 5 who underwent hemodialysis treatments from 
June 2005 to June 2007 in one of the DaVita Inc., outpatient dialy-
sis facilities. The study was approved by the Institutional Review 
Committees of the Los Angeles Biomedical Research Institute at 
Harbor-UCLA and DaVita Clinical Research. Given the large sam-
ple size, anonymity of the patients studied, and nonintrusive nature 
of the research, the requirement for written consent was exempted. 
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  The first (baseline) studied quarter for each patient was the cal-
endar quarter in which the patient’s dialysis vintage was  ≥ 90 days 
and HDL data was available. Patients who were  ≥ 18 years old, who 
received hemodialysis in the baseline quarter, and who had avail-
able HDL data, were included in the study. 

  Race/Ethnicity, Other Demographic, and Comorbidity 
Measures 
 Creation of the cohort has previously been described  [23] . In-

formation on race/ethnicity, primary insurance, marital status, 
and the presence of diabetes at baseline were obtained from the 
DaVita database. In the DaVita database, race/ethnicity is self-cat-
egorized and patients select the race and/or ethnicity with which 
they most closely identified according to US Census Bureau  [1] . 
We examined the survival impact of serum lipids in a cohort of 
5,185 maintenance hemodialysis patients of Hispanic origin being 
treated in clinics of a large dialysis organization in California, Tex-
as, New York, New Jersey and Florida. 

  To minimize measurement variability, all repeated laboratory 
and clinical measurements for each patient during any given 13-
week calendar quarter interval were averaged to create a summary 
estimate that was used in all models. Values were obtained for the 
baseline quarter (from June 1, 2005 through June 30, 2007) for each 
patient, and patients’ outcomes were followed for 4 additional 
quarters up to June 30, 2007. Dialysis vintage was defined as the 
duration of time between the first day of dialysis treatment and the 
day that the patient entered the cohort study. In addition to labo-
ratory values, post-hemodialysis dry weight and baseline height 
were used to calculate body mass index (BMI). Data on baseline 
comorbidities, active tobacco smoking, drug and alcohol depen-
dence were obtained by linking the DaVita database to data from 
the US Renal Data System (USRDS) Medical Evidence Form 2728. 
Baseline comorbidities include and were categorized into 11 con-
ditions: atherosclerotic heart disease (AHD), cardiac failure, hy-
pertension, cerebrovascular disease, other cardiac disease, periph-
eral vascular disease (PVD), chronic obstructive pulmonary dis-
ease, malignancy, HIV, AIDS, and non-ambulatory state. 

  Laboratory Measures 
 Blood samples were drawn using standardized techniques in 

all DaVita dialysis clinics and were transported to the DaVita Lab-
oratory in Deland, Flo., USA, typically within 24 h. All laboratory 
values were measured using automated and standardized meth-
ods in the DaVita laboratory. Most laboratory parameters were 
measured monthly. Serum ferritin and intact parathyroid hor-
mone were measured at least quarterly. Lipid panels were mea-
sured quarterly to annually in select dialysis facilities and in at 
least 50% of all outpatients of the clinic during a given calendar 
quarter. Most blood samples were collected before dialysis, except 
for serum urea nitrogen that was collected post-dialysis to calcu-
late urea kinetics. 

  Outcome Ascertainment 
 The primary and secondary outcomes of interest were time to 

all-cause death and CV death, respectively, which were ascertained 
from the DaVita database as well as through linkage to the USRDS 
database. CV death data were obtained by identifying the primary 
cause of death from USRDS. For mortality analyses, patients re-
mained at-risk until death, censoring for renal transplantation, or 
end of the study period (June 30, 2007). 

  Statistical Methods 
 Patient’s baseline demographics, clinical, and laboratory char-

acteristics among each restriction step in the cohort construction 
were presented as means (standard deviation) and proportions 
where appropriate. Hispanic patients with cholesterol measured 
were compared between East and West region using t-test or chi-
square where appropriate. Using Cox proportional-hazards re-
gression models, we examined the relation of all-cause mortality 
or CV mortality to categories of time-averaged serum cholesterol 
(<100, 100–<120, 120–<140, 140–<160, 160–<180, 180–<200, 
200+ mg/dl), LDL (<40, 40–<70, 70–<100, 100–<130, 130+ mg/dl), 
HDL (<30, 30–<40, 40–<50, 50–<60, 60+ mg/dl) and triglycerides 
(<40, 40–<70, 70–<100, 100–<130, 130+ mg/dl) measurements. 
For each analysis, three models were examined based on the level 
of multivariate adjustment: (a) a minimally adjusted model that 
included mortality as the outcome, lipids, and entry calendar quar-
ter as covariates, (b) case-mix adjusted models that included all of 
the above plus age, gender, race, diabetes mellitus, dialysis vintage, 
primary insurance, marital status dialysis dose, and residual renal 
function during the baseline quarter, the 11 baseline comorbid 
conditions, active tobacco smoking, drug and alcohol dependence, 
and (c) malnutrition-inflammation-complex syndrome (MICS) 
adjusted models, which included all of the covariates in the case-
mix model as well as 10 surrogates of nutritional status and inflam-
mation: (1) serum albumin, (2) serum TIBC, (3)   serum ferritin, (4)  
 serum phosphorus, (5) serum calcium, (6) serum bicarbonate, (7) 
peripheral white blood cell count (WBC), (8) lymphocyte percent-
age, (9) hemoglobin, and (10) nPCR as an indicator of daily protein 
intake, also known as the normalized protein nitrogen appearance 
(nPNA)  [24] .

  Missing covariate data (under 1% for most laboratory and de-
mographic variables) were imputed by multiple imputation meth-
ods. Plots of log (–log (survival rate)) against log (survival time) 
were used to check the proportionality assumption. Most analyses 
were carried out with SAS version 9.1 (SAS Institute, Inc., Cary, 
N.C., USA). Fractional polynomial graphs were carried out using 
Stata version 10.1 (StataCorp, College Station, Tex., USA). 

  Results 

 General Data  
 The original 2-year national database of all DaVita 

dialysis patients included 137,260 hemodialysis patients, 
aged 18 or older and had vintage  ≥ 90 days. After exclud-
ing patients who were not Hispanic or living in identi-
fied East or West states, the study population consist-
ed of 15,109 patients including 965 Hispanic East and 
4,220 Hispanic West patients with cholesterol measured 
( fig. 1 ). 

   Tables 1  and  2  show baseline demographic, clinical, 
and laboratory characteristics of the main cohort as well 
as the subset of patients with serum cholesterol measure-
ments. As expected, MHD patients have a higher inci-
dence of low HDL cholesterol (HDL <40 mg/dl) when 
compared with the general population  [25] . In addition, 
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in accordance with our previous studies, serum total and 
LDL cholesterol levels were not significantly elevated in 
this patient cohort  [13] . 

  Serum Total Cholesterol Level and Mortality 
 While the association of serum total cholesterol with 

all-cause mortality and CV mortality did not reach statis-
tical significance in patients from the West Coast, there 
did seem to be a trend toward a U-shaped relationship. 
Hence levels below 100 and above 200 mg/dl were associ-
ated with a nonsignificant trend toward increased mor-
tality. This was in contrast to Hispanic patients from the 
East Coast in whom higher serum levels of cholesterol 
were associated with better outcomes. The latter reached 
statistical significance for CV mortality in those with se-
rum cholesterol levels between 160 and <180 mg/dl and 
above 200 mg/dl ( fig. 2 ). Therefore, the association of to-
tal cholesterol concentrations with mortality in MHD 
 patients of Hispanic origin differs based on their geo-
graphic location. 

  Serum LDL Level and Mortality 
 While elevated LDL cholesterol levels (LDL ≥130 mg/

dl) are associated with a significant increase in all-cause 
mortality and CV mortality in Hispanic patients from the 
West Coast, interestingly there seems to be a trend toward 
better outcomes with elevated LDL levels in Hispanic pa-
tients from the East Coast. There is no clear association 
between low LDL cholesterol levels and mortality in both 
groups of patients ( fig. 3 ). 

  Serum HDL Level and Mortality 
 The association of serum HDL cholesterol level with all-

cause mortality and CV mortality follows a U-shaped pat-
tern in Hispanic patients from the West Coast with levels 
below 30 and above 60 mg/dl both associated with increas-
es in all-cause mortality with the latter group reaching sta-
tistical significance. However, while there is a trend toward 
worse outcomes with low HDL levels, elevated HDL cho-
lesterol concentrations are associated with a trend toward 
better overall survival in Hispanic patients from the East 

164,789 DaVita patients

150,889 DaVita patients

140,022 DaVita patients

137,260 DaVita patients

15,109 DaVita patients

13,900 patients removed
age <18 years or missing

10,867 removed, restrict
to HD patients

2,762 patients removed 
with <90 days of total treatment

122,151 patients 
removed who were not
Hispanic and not living

in identified East and West States

West 12,661 Hispanic 
patients

East 2,448 Hispanic 
patients

2,448 Hispanic DaVita
patients in the East

12,661 Hispanic DaVita
patients in the West

965 CHOL 911 LDL 916 HDL 919 TRIG

4,220 CHOL 3,465 LDL 3,533 HDL 3,929 TRIG  Fig. 1.  Selection process of the study popu-
lation. 
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Table 1.  Demographic and clinical characteristics of 137,260 MHD patients, including 15,109 Hispanic MHD patients

Characteristics All MHD
patients
(n = 137,260)

Hispanics
in East/West
(n = 15,109)

Hispanics
East/West
with CHOL 
measured 
(n = 5,185)

Hispanic
East with 
CHOL 
 measured
(n = 965)

Hispanics
West with 
CHOL 
 measured
(n = 4,220)

p value

Age, years 61±15 59±15 58±15 60±15 58±14 0.0003
Gender, women, % 45 46 46 41 47 0.0003
Diabetes mellitus, % 57 70 72 62 75 <0.0001

Race, %
White 43
African-American 32
Hispanic 14
Asian 3
Other 8

Marital status, %
Married 49 53 53 43 55 <0.0001
Divorce 8 7 7 8 7 0.1281
Single 27 27 28 36 26 <0.0001
Widow 15 13 12 13 12 0.2363

Primary insurance, %
Medicare 68 61 64 62 64 0.8604
Medicaid 6 15 14 15 14 0.2197
Private insurance 10 11 7 6 7 0.8267
Other 16 13 15 16 15 0.2345

Vintage, time on dialysis, %
3–<6 months 13 12 11 11 11 0.8104
6–<24 months 30 29 29 30 29 0.3127
2–<5 years 34 36 36 36 36 0.8442

≥5 years 22 23 24 22 25 0.1474
Kt/V, dialysis dose 1.62±0.30 1.67±0.29 1.68±0.29 1.65±0.28 1.69±0.29 <0.0001
KRU, residual renal function, 

ml/min 1.65±2.17 1.36±1.77 1.25±1.63 1.23±1.58 1.25±1.65 0.8491

Comorbidities, %
Acquired immune deficiency 

syndrome 1
HIV positive status 2
Malignant neoplasm, cancer 5
History of hypertension 79 79 82 82 81 0.5578
Congestive heart failure 27 25 24 26 23 0.0949
Atherosclerotic heart disease 21 15 14 20 12 <0.0001
Peripheral vascular disease 11 9 8 12 7 <0.0001
Cerebrovascular disease 7 5 5 6 5 0.0983
Other cardiovascular disease 6 3 3 7 2 <0.0001
Chronic obstructive

pulmonary disease 6
Inability to ambulate 3
Tobacco use, current smoker 5
Alcohol dependence 1
Drug dependence 1

Data presented as mean (SD), or proportions. Comparison between Hispanic East and West with CHOL measurements by t-test for 
continuous variables, or chi-square test for categorical variables.

D
ow

nl
oa

de
d 

by
: 

U
ni

v.
 o

f C
al

ifo
rn

ia
 Ir

vi
ne

   
   

   
   

   
   

   
   

   
  

12
8.

20
0.

22
3.

20
8 

- 
6/

9/
20

15
 1

2:
24

:5
5 

A
M



 Serum Lipids and Mortality in Hispanics  Am J Nephrol 2015;41:284–295 
DOI: 10.1159/000381991

289

Coast ( fig. 4 ). The association of CV mortality with HDL 
levels is also different in the two groups in that patients on 
the East Coast seemed to have a trend toward worse CV 
outcomes with low HDL, whereas such a trend is not pres-
ent in Hispanic patients on the West Coast. 

  Serum Triglyceride Level and Mortality 
 While the association between serum triglyceride  levels 

and mortality follows a similar pattern in both  Hispanic pa-
tients from West and East Coast, notable differences should 
be pointed out. Low serum triglyceride levels (below 70 
mg/dl) are associated with a marked but insignificant in-
crease in mortality in Hispanic patients residing in the 
West and East Coasts. However, elevated triglyceride levels 
are associated with a significantly decreased risk of mortal-
ity (all-cause and CV) in Hispanic patients from the East 
Coast, but not in Hispanic patients from the West ( fig. 5 ). 

  Discussion 

 The term ‘Hispanic’ is arbitrarily applied to an ethni-
cally and racially diverse population of patients who are 
of Latin American descent. Several studies have docu-

mented that the present-day Hispanic population exhibit 
a complex population structure, with significant genetic 
variability given contributions from Native American, 
European as well as African populations  [21, 26] . Conse-
quently, these major differences in genetic ancestry to-
gether with environmental influences lead to an expres-
sion of a variety of phenotypes in different ‘Hispanic’ 
groups being studied. 

  In this study, we divided MHD patients of Hispanic 
origin based on their geographic area of residence. This 
division is based on US census data demonstrating that 
the Hispanic population residing on the East Coast of the 
United States is mainly made up of individuals with 
 European and African ancestry (i.e. Dominicans, Puerto 
Ricans and Cubans). This is in contrast to the Hispanic 
population residing on the West Coast who mainly con-
sists of Native American, Amerindian and European an-
cestry. This strategy has been utilized previously by other 
investigators examining admixture proportions of the US 
Hispanic population  [22] . We found that in a large cohort 
of thrice-weekly treated Hispanic hemodialysis patients 
followed at a US-based dialysis organization for up to 
2 years, significant differences in the association of lipid 
profiles and mortality existed depending on whether pa-

Table 2.  Laboratory characteristics of 137,260 MHD patients, including 15,109 MHD patients who had available HDL measurements

Characteristics All MHD 
patients
(n = 137,260)

Hispanics
measured
(n = 15,109)

Hispanics
East/West
total (n = 5,185)

Hispanics
East
(n = 965)

Hispanics
West
(n = 4,220)

p value

Serum levels albumin, g/dl 3.71±0.45 3.77±0.46 3.79±0.43 3.77±0.43 3.79±0.43 0.3207
Creatinine, mg/dl 8.1±3.0 8.1±2.8 8.1±2.7 8.6±2.9 8.0±2.7 <0.0001
TIBC, mg/dl 207±41 207±38 208±37 204±38 209±37 <0.0001
Bicarbonate, mg/dl 23.1±2.8 22.8±2.8 22.9±2.7 22.2±2.6 23.1±2.7 <0.0001
Ferritin, ng/ml 551±385 559±371 542±335 553±342 539±334 0.2342
White blood cell, ×103/μl 7.4±2.4 7.4±2.06 7.3±2.0 7.4±2.10 7.3±1.95 0.0281
Protein catabolic rate, g/kg/day 0.96±0.22 1.04±0.22 1.04±0.22 1.04±0.22 1.04±0.21 0.6780
Lymphocyte, % of total WBC 20.4±7.4 21.0±6.7 21.0±6.5 20.2±6.4 21.2±6.5 <0.0001
Blood hemoglobin, g/dl 12.12±1.0 12.17±0.90 12.19±0.83 12.21±0.97 12.18±0.79 0.3206
Body mass index, kg/m2 27.1±6.9 26.8±6.10 27.0±6.1 26.5±5.9 27.1±6.1 0.0089
Calcium, mg/dl 9.2±0.6 9.2±0.6 9.2±0.6 9.2±0.5 9.2±0.6 0.238
Phosphorus, mg/dl 5.4±1.3 5.5±1.3 5.5±1.2 5.5±1.3 5.5±1.2 0.3652
Iron saturation ratio 29.6±9.1 31.1±9.0 30.9±8.5 30.7±9.2 30.9±8.37 0.4179
Alkaline phosphotase 131±89 139±90 137±84 143±108 136±77 0.0461
Intact parathyroid hormone 401±428 382±420 373±399 423±523 362±365 0.0028
Cholesterol, mg/dl 154±38 150±36 150±36 148±36 151±36 0.0325
LDL, mg/dl 72±30 69±28 69±28 70±28 69±28 0.1705
HDL, mg/dl 48±15 46±14 46±14 45±13 46±14 0.2528
Triglycerides, mg/dl 162±102 175±102 175±102 163±96 178±105 <0.0001

Data presented as mean (SD). Comparison between Hispanic East and West with CHOL measurements by t-test for continuous variables, or chi-square 
test for categorical variables.
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tients resided in the East versus West Coast. The associa-
tion of serum total and HDL cholesterol with mortality 
followed a U-shaped pattern in Hispanic patients residing 
in the West. This was in contrast to Hispanic patients re-
siding in the East Coast whose survival seemed to improve 
with increasing total and HDL cholesterol levels. Elevated 
serum LDL cholesterol levels in Hispanic patients on the 
West Coast were associated with a significant increase in 
all-cause mortality, while this association was not ob-

served in Hispanic patients residing on the East Coast. Se-
rum triglyceride levels followed a similar trend in both 
subgroups of Hispanic patients; however, low triglyceride 
levels were associated with a significant decrease in sur-
vival in patients on the West Coast, whereas elevated tri-
glyceride levels were associated with significantly im-
proved survival only in patients residing on the East Coast. 

  The differences revealed in this study have genetic and 
biologic plausibility given the findings from several re-
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  Fig. 2.  Unadjusted and adjusted hazard ratios and 95% confidence intervals for all-cause mortality and CV 
 mortality associated with serum total cholesterol. The model was adjusted for case-mix and markers of malnu-
trition-inflammation-complex syndrome (MICS). 
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cent studies in the Hispanic population, which demon-
strated distinct polymorphisms in genes involved in lipid 
metabolism depending on the cultural and ancestral 
background of the patients  [27–30] , for example, using 
population structure analysis of 1,374 unrelated Hispanic 
individuals from the Multi-Ethnic Study of Atherosclero-
sis (MESA). 

  Manichaikul et al. identified at least four genetically 
distinct groups within the so-called Hispanic population: 
Central/South America, the Dominican Republic and 

Cuba, Mexico, and Puerto Rico. These differences will be 
unaccounted for in studies that group this complex popu-
lation under one category. With regard to lipids, an as-
sociation analysis of triglycerides was performed with 
single nucleotide polymorphisms (SNPs) in the lipopro-
tein lipase (LPL) and tribble homolog 1 (TRIB1) gene re-
gions and statistically significant evidence for genetic het-
erogeneity at TRIB1 SNP rs4351435 was found. Further-
more, evidence for the TRIB1 SNP rs4351435 was 
substantially stronger in stratified analysis of the Domin-
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  Fig. 3.  Unadjusted and adjusted hazard ratios and 95% confidence intervals for all-cause mortality and CV mor-
tality associated with serum LDL cholesterol. The model was adjusted for case-mix and markers of malnutrition-
inflammation-complex syndrome (MICS). 
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ican and Cuban subgroup alone, as compared to pooled 
analysis of the full MESA Hispanic cohort  [30] . There-
fore, there may exist other lipid specific genetic polymor-
phisms within the Hispanic population and this may ex-
plain the coastal differences we observed in our patient 
cohort. In addition, these findings may have significant 
clinical and therapeutic implications, which can help in-
dividualize the treatment of Hispanic patients based on 
their ethnic and racial background. For example, given 
that elevated serum LDL cholesterol levels in Hispanic 

patients on the West are associated with worse outcomes, 
future studies can target this population of patients for 
HMG CoA reductase inhibitor therapy. 

  There were several limitations to our study. First, while 
the demographic distribution of the US Hispanic popula-
tion was mostly divided as noted, there may be some over-
lap of patients between the two coasts. For example, 
 Hispanic patients with Native American ancestry may re-
side on the East Coast and Hispanic patients with African 
ancestry may reside on the West Coast. However, our 
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  Fig. 4.  Unadjusted and adjusted hazard ratios and 95% confidence intervals for all-cause mortality and CV mor-
tality associated with serum HDL cholesterol. The model was adjusted for case-mix and markers of malnutrition-
inflammation-complex syndrome (MICS). 
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study utilized the same methodology as a previous inves-
tigation that examined the genetic admixture of this pop-
ulation based on the different coasts. Sensitive genetic 
analysis in that study found that East Coast Hispanics had 
higher mean African admixture and the West Coast 
 Hispanics higher mean Indigenous American admixture 
 [22] . Despite this, future studies, which directly evaluate 
and account for these differences based on data collected 
directly from the patients, are needed. Second, the current 
findings should be qualified given the observational na-

ture of our study design. In addition, a mixed incident/
prevalent MHD population was examined in this study. 
However, we did adjust for dialysis vintage in all case-mix 
models. Another important limitation is the potential 
confounding of therapy with lipid-altering agents, which 
was not examined because home medication data were 
not available systematically in this national cohort. Al-
though lipid-lowering agents may play an important role 
in modification of mortality risks, to date, most random-
ized clinical trials of these pharmacologic agents in MHD 
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  Fig. 5.  Unadjusted and adjusted hazard ratios and 95% confidence intervals for all-cause mortality and CV mortal-
ity associated with serum triglyceride cholesterol. The model was adjusted for case-mix and markers of malnutri-
tion-inflammation-complex syndrome (MICS). 
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patients have not indicated a survival benefit  [7–9] . In ad-
dition, there are no studies indicating a geographic differ-
ence in prescribing pattern for lipid lowering agents and 
given that the aim of this study was to compare the East 
and West Coast Hispanics, and assuming a uniform pre-
scribing pattern between the two coasts, the impact of lip-
id lowering agents on mortality risk should be spread 
equally between the two coasts. However, despite the lat-
ter points, lack of data on lipid lowering therapy for our 
cohort is a major limitation of this study and future stud-
ies will be needed to account for this important variable. 
It should also be mentioned that since there is no require-
ment for fasting prior to collection of predialysis samples, 
there is no data available on the fasting state of the patients 
in our cohort. While fasting does not have a major impact 
on plasma LDL and HDL cholesterol concentrations, se-
rum triglyceride levels have been shown to increase in the 
post-fed state  [31] . Therefore, assuming that our patients 
were not required to fast, their triglyceride levels may have 
been altered by predialysis meals. However, there is now 
emerging data that in apparent contrast to guidelines, sev-
eral studies have suggested that nonfasting triglycerides 
may better or similarly predict CV disease events  [32–34] . 
Therefore, many retrospective analyses have been per-
formed using nonfasting lipid panels. Finally, our studied 
cohort represented only 20% of the entire national  DaVita 
database and even smaller fractions for subgroup analyses. 
However, we do not believe confounding by indication 
was present given that in 2006, the decision to measure 
serum lipid levels was made uniformly at the clinic level 
and was not individualized. In addition, we believe the risk 
of selection bias was not high given that all DaVita dialysis 
facilities are under uniform administrative care, and all 
laboratory tests are performed in one single laboratory 
with optimal quality-assurance monitoring. Furthermore, 

we performed a sensitivity analysis to compare DaVita pa-
tients included and excluded in this study and did not find 
any major differences (data not shown). 

  Conclusions 

 Major ethnic and racial differences exist in patients 
who are grouped as ‘Hispanic’ in origin. As demonstrated 
in this study, these differences may have major clinical 
and therapeutic implications that need to be taken into 
account. Therefore, future investigations will need to 
consider these important genetic, racial and ethnic dis-
tinctions in order to improve the quality of care being 
provided and enrich the accuracy of the observations be-
ing made in epidemiologic studies.
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