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Microalbuminuria, macroalbuminuria and uncontrolled
blood pressure among diagnosed hypertensive
patients: the aspect of racial disparity in the
NHANES study

Xuefeng Liu1,2, Kesheng Wang1,2, Liang Wang1 and Dennis Tsilimingras3

Accumulating evidence reveals that albuminuria may exacerbate uncontrolled blood pressure (BP) in hypertensive patients.

However, racial differences in the associations of albuminuria with uncontrolled BP among diagnosed hypertensives have not

been evaluated. A total of 6147 diagnosed hypertensive subjects aged X18 years were collected from the National Health and

Nutrition Examination Survey 1999–2008 with stratified multistage sampling designs. Odds ratios (ORs), relative ORs and 95%

confidence intervals (CIs) in uncontrolled BP, and the different effects of microalbuminuria and macroalbuminuria on

continuous BP were estimated using weighted logistic models and linear regression models. Hypertensive subjects with

microalbuminuria and macroalbuminuria were more likely to have uncontrolled BP and higher average systolic BP (SBP) in all

individual racial groups. Microalbuminuria was associated with isolated uncontrolled SBP in non-Hispanic blacks and whites,

and macroalbuminuria was associated with isolated uncontrolled SBP and diastolic BP (DBP) and high average DBP only in

non-Hispanic blacks. Compared with non-Hispanic whites, non-Hispanic blacks and Mexicans had lower associations of

microalbuminuria with uncontrolled BP (relative OR¼0.68, 95% CI¼0.48–0.97 for blacks vs whites; relative OR¼0.62, 95%

CI¼0.42–0.93 for Mexicans vs. whites) and isolated uncontrolled SBP (relative OR¼0.62, 95% CI¼0.43–0.90 for blacks vs.

whites; relative OR¼0.45, 95% CI¼0.29–0.71 for Mexicans vs. whites). The association of microalbuminuria with

uncontrolled BP was lower in non-Hispanic blacks and Mexicans than in non-Hispanic whites. Health providers need to improve

care for mildly elevated albumin excretion rates in non-Hispanic white hypertensive patients while maintaining the quality of

care in non-Hispanic blacks and Mexicans.
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INTRODUCTION

Hypertension or high blood pressure (BP) has been known as a major
risk factor associated with cardiovascular events and renal diseases.1–5

The goal of antihypertensive therapy is to lower elevated BP below
140/90 mm Hg to reduce the risk of cardiovascular disease and slow
down the progression of renal disease.6 One hurdle to controlling
high BP is the racial disparity in cardiovascular risk factors related
to uncontrolled hypertension. Much of the racial disparity in
cardiovascular outcomes can be attributed to the excess burden of
uncontrolled BP in specific racial populations. Albuminuria has been
linked to uncontrolled BP in subjects with hypertension or chronic
kidney disease.7–9 Although many studies showed racial differences in
the prevalence of albuminuria and uncontrolled hypertension,10–13

information on racial differences in the relations between albuminuria

and uncontrolled BP among hypertensive patients has not been
reported. Examining racial differences in the association of
albuminuria with uncontrolled BP may contribute to a better
understanding of the role of albuminuria in racial differences in
uncontrolled BP. This examination may also lead to the better
attainment of goal BP as specified by the Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation and
Treatment of High Blood Pressure14 among hypertensive patients in
specific racial populations.

In this study, we evaluated racial differences in the association of
albuminuria with uncontrolled BP in non-Hispanic blacks, Mexicans
and non-Hispanic whites with diagnosed hypertension, using the
continuous National Health and Nutrition Examination Survey
(NHANES) data from the period 1999–2008. Albuminuria was
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reported to include microalbuminuria and macroalbuminuria defined
by the ratio of spot urine albumin and creatinine. Our goal was to
identify racial disparities in the relationships among microalbumi-
nuria, macroalbuminuria and uncontrolled BP outcomes, which
would allow targeting of these relationships in an effort to effectively
control high BP and reduce race-specific cardiovascular disease-
related morbidities and mortality among diagnosed hypertensive
patients in different racial populations.

METHODS

Study design and participants
The NHANES was conducted by the National Center for Health Statistics of

the Centers for Disease Control and Prevention. It was a survey program

designed to monitor the health and nutrition status of adults and children in

the non-institutionalized population in the US. All of the participants gave

informed consent, and the study received approval from the Centers for

Disease Control and Prevention Institutional Review Board. The NHANES

survey consisted of interviews and examinations. Interviews were performed in

the participants’ home to obtain information regarding socio-demographic

characteristics, and the examinations were conducted in a mobile examination

center to obtain measurements of physical and clinical/laboratory factors. The

continuous NHANES program began in 1999 and proceeded in a 2-year cycle.

It was a stratified multistage survey with complex probability sampling designs.

The detailed measurement procedures and protocols have been described in a

previous publication15 and can also be found on the NHANES web site (http://

www.cdc.gov/nchs/about/major/nhanes/datalink.htm).

Our study sample was built on the basis of the continuous NHANES

program 1999–2008. Participants younger than 18 years were excluded from

the study. Other participants who were excluded from the study included

individuals who were interviewed but not examined, pregnant women,

individuals who were not diagnosed as hypertensive patients and patients

who were identified as non-Mexican Hispanic or multiracial. In NHANES

from 1999–2008, there were a total of 12 825 non-Hispanic whites, 5782 non-

Hispanic blacks and 5986 Mexicans aged 18 years and older who were both

interviewed and examined. After excluding 1127 pregnant women, 23 466

participants were left. Among them, there were a total of 6147 participants

with diagnosed hypertension included in the present study.

BP outcomes
Systolic BP (SBP) and diastolic BP (DBP) were manually measured up to four

times by a trained examiner using a mercury sphygmomanometer according to

a standard protocol.16 The final SBP and DBP were calculated as the average of

the last two measurements of SBP or DBP for participants who had three or

four measurements, whereas the last measurement was used for participants

with only two measurements, and the single measurement was used for

participants from whom only one measurement was taken. Participants were

defined to have diagnosed hypertension if they self-reported hypertension

diagnosed by a doctor and had BP measurements X140/90 mm Hg or if they

were taking antihypertensive medications. Among participants with diagnosed

hypertension, uncontrolled BP was defined as a BP level of X140/90 mm Hg in

nondiabetic persons and X130/80 mm Hg in diabetic persons; isolated

uncontrolled SBP was defined as SBP levels X140 mm Hg and DBP levels

o90 mm Hg in non-diabetics or as SBP levels X130 mm Hg and DBP levels

o80 mm Hg in diabetics; and isolated uncontrolled DBP was defined as DBP

levels X90 mm Hg and SBP levels o140 mm Hg in non-diabetics or as DBP

levels X80 mm Hg and SBP levels o130 mm Hg in diabetics in accordance

with the Seventh Report of the Joint National Committee on Prevention,

Detection, Evaluation and Treatment of High Blood Pressure.14

Primary factors: microalbuminuria and macroalbuminuria
Albuminuria is a condition of extra albumin excretion occurring in human

urine. The level of albuminuria was determined by the ratio of spot urine

albumin and creatinine. Participants were defined to have microalbuminuria if

the level of the urinary albumin to creatinine ratio (UACR) was X30 mg g�1

and o300 mg g�1, and to have macroalbuminuria if the level of UACR was

X300 mg g�1.17 Urinary albumin was measured using a solid-phase

fluorescent immunoassay with a digital Sequoia-Turner model 450

fluorometer (Sequoia-Turner Corp, Mountain View, CA, USA). Urinary

creatinine was measured colorimetrically using a Jaffé rate reaction on a

Beckman Synchron AS/ASTRA clinical analyzer (Beckman Instruments, Brea,

CA, USA).

Other characteristics
Information on age, gender, race/ethnicity and education was obtained from

self-reported questionnaires. Participants were defined as poor if the family’s

poverty index ratio o1.0. The poverty index ratio is the ratio of the family’s

total income to the family’s appropriate poverty threshold (US Census Bureau,

2003, 2007). A history of smoking was obtained from household interviews for

participants aged X20 years and from the examination center for participants

aged 12–19 years. Smokers were defined as subjects aged X20 years who

smoked X100 cigarettes in their lives or subjects aged 18 to 19 years who had

ever tried smoking a whole cigarette. Current smokers included smokers aged

X20 years who reported current smoking and smokers aged 18 to 19 years

who reported smoking in the past month; former smokers included smokers

aged X20 years who did not report currently smoking and those smokers aged

18 to 19 years who did not report smoking in the past month. Body mass

index was calculated as weight in kilograms divided by the square of height in

meters. Pregnancy was determined in women by a self-reported questionnaire

and a urine pregnancy test. Serum cholesterol was measured enzymatically by

the generation of hydrogen peroxide. High cholesterol was defined based on

the concentrations of serum cholesterol in the blood sample. A participant was

considered to have high cholesterol if his or her serum cholesterol was

X200 mg dl�1. Diabetes was defined by a positive response to any of the

questions, ‘Have you ever been told by a doctor that you have diabetes?’; ‘Are

you now taking insulin?’; ‘Are you now taking diabetes pills to lower your

blood sugar?’ The definition did not include patients with only a fasting

plasma glucose of 126 mg dl�1 or higher (that is, undiagnosed diabetes).

Statistical analysis
The characteristics of the participants with diagnosed hypertension were

evaluated and compared between non-Hispanic blacks, Mexicans and non-

Hispanic whites using w2 statistics for categorical variables and Wald tests for

continuous variables. BP control rates and the prevalence of the risk factors of

interest were age-adjusted by direct standardization to the NHANES 1999–

2008 population with diagnosed hypertension. Stratum, cluster and weight

design techniques for survey data were considered to incorporate sampling

weights into data analysis to generalize the results to the whole population of

non-institutionalized, diagnosed hypertensive patients in the US.

To examine racial differences in the associations of microalbuminuria and

macroalbuminuria with uncontrolled BP and continuous BP, we conducted

multiple logistic regression models to evaluate the associations of primary

factors with uncontrolled BP and multiple linear regression models to evaluate

the associations of primary factors with continuous BP in each racial

population as well as in the combined population. After adjusting for the

confounding influence from each subject’s age, gender, education, family

poverty index ratio, smoking status, body mass index, serum cholesterol,

diabetes status and prescribed medications used for hypertension, the adjusted

odds ratios (ORs) and 95% confidence intervals (CIs) of uncontrolled BP, SBP

and DBP were obtained from multiple logistic regression models to examine

their relations with microalbuminuria and macroalbuminuria. Regression

coefficients of the above factors on continuous SBP and DBP were obtained

from multiple linear regression models to examine how continuous SBP and

DBP change with them in each racial group.

To test the significance of racial differences in the associations of micro-

albuminuria and macroalbuminuria with uncontrolled BP and continuous BP

among diagnosed hypertensive patients, relative ORs and 95% CIs of

uncontrolled BP, SBP and DBP (categorical end points) and the effect

differences in continuous SBP and DBP associated with microalbuminuria

and macroalbuminuria were derived from weighted multiple logistic regression

models and weighted multiple linear regression models, respectively. This was

attained by adding race, albuminuria (micro and macro) and the interaction of
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race and albuminuria into the models. The relative ORs were calculated as the

ORs of uncontrolled BP, SBP and DBP for microalbuminuria and macro-

albuminuria in one racial group divided by the corresponding ORs of

uncontrolled BP, SBP and DBP in another racial group. The effect differences

were derived as the differences in effects of the primary factors on continuous

SBP and DBP between racial groups. The models were adjusted for the same

group of confounding factors as were used previously. All data analyses were

completed using SAS version 9.2 (SAS Institute, Cary, NC, USA).

RESULTS

The average age of participants with diagnosed hypertension in
the study population was 60.48±0.33 years. A total of 55.12±0.87%
of the participants were female; 15.82±1.37% were non-Hispanic
blacks, 4.01±0.58% were Mexicans and 80.17±1.55% were
non-Hispanic whites. After adjustment for age, the obesity rate
was 46.21±0.72%. The prevalence of high cholesterol, diabetes
and albuminuria (albumin-creatinine ratio levels X30 mg g�1)

were 49.66±0.97%, 24.46±0.78% and 20.41±0.52%, respectively.
The overall rate of uncontrolled BP among the participants with
diagnosed hypertension in NHANES 1999–2008 was 50.83±0.95%.

Among the diagnosed hypertensive patients in the study, non-
Hispanic whites were older and had higher rates of being former

smokers than non-Hispanic blacks and Mexicans. There were more

females than males with diagnosed hypertension in each of the racial

groups, especially for non-Hispanic blacks. Overall, Non-Hispanic

blacks and Mexicans were poorer, received less education and had

greater mean body mass index and higher obesity rates than non-

Hispanic whites. The prevalence of diabetes, microalbuminuria and

macroalbuminuria were highest in Mexicans and lowest in non-

Hispanic whites. Compared with non-Hispanic whites, non-Hispanic

blacks and Mexicans had a higher mean SBP and a higher rate of

uncontrolled BP, and non-Hispanic blacks had a higher mean DBP

(Table 1).

Table 1 Age-adjusted characteristics of subjects with diagnosed hypertension by race in NHANES 1999–2008

Means or percentages (95% confidence intervals)

Characteristics Non-Hispanic blacks Mexicans Non-Hispanic whites

Count 1772 955 3420

Age (years) 56.30 (55.37, 57.23) 56.40 (55.03, 57.78) 61.51 (60.70, 62.33)z

Gender

Female (%) 63.24 (60.86, 65.61) 56.00 (52.78, 59.24) 54.77 (52.98, 56.56)z

Education

High school or below (%) 66.19 (62.68, 69.69) 78.44 (75.37, 81.51) 51.84 (48.43, 55.24)z

Family poverty income ratio

Mean 2.28 (2.15, 2.42) 2.08 (1.88, 2.29) 3.03 (2.93, 3.14)z

Poverty (%) 23.07 (19.49, 26.66) 27.52 (22.08, 32.96) 8.29 (6.79, 9.78)z

Smoking

Former smoking (%) 29.50 (27.29, 31.70) 31.63 (28.24, 35.03) 39.74 (37.92, 41.56)z

Current smoking (%) 24.82 (22.29, 27.36) 17.19 (15.23, 19.15) 19.20 (17.47, 20.92)

Body mass index

Mean (kgm�2) 31.71 (31.36, 32.06) 30.73 (30.33, 31.13) 30.40 (30.14, 30.67)z

Obesity (%) 53.32 (50.67, 55.97) 48.77 (45.25, 52.29) 45.00 (43.39, 46.60)w

Serum cholesterol

Mean (mgdl�1) 203.15 (199.70, 206,60) 200.63 (197.39, 203.86) 202.28 (200.30, 204.26)

High cholesterol (%) 50.16 (46.76, 53.56) 49.04 (45.61, 52.47) 49.73 (47.43, 52.04)

Currently taking medications for hypertension (%) 95.18 (94.33, 96.04) 92.65 (90.92, 94.39) 94.61 (93.75, 95.48)

Diabetes (%) 37.99 (35.24, 40.74) 41.60 (38.33, 44.88) 21.47 (19.66, 23.29)z

Albuminuria

Microalbuminuria (%) 20.12 (18.04, 22.19) 23.21 (20.01, 26.41) 14.92 (13.83, 16.01)z

Macroalbuminuria (%) 7.42 (5.91, 8.93) 7.88 (5.95, 9.81) 3.59 (2.88, 4.31)z

Blood pressure

Systolic BP (mm Hg) 141.04 (139.72, 142.37) 141.51 (139.42, 143.61) 136.43 (135.62, 137.24)z

Diastolic BP (mm Hg) 73.17 (72.19, 74.15) 71.22 (69.87, 72.56) 70.50 (69.89, 71.12)z

Uncontrolled BP (%) 57.84 (55.38, 60.31) 59.38 (55.02, 63.74) 49.03 (46.77, 51.29)z

Isolated uncontrolled SBP (%) 45.45 (42.72, 48.17) 49.70 (45.32, 54.08) 41.29 (39.01, 43.56)

Isolated uncontrolled DBP (%) 7.57 (6.02, 9.11) 7.59 (4.94, 10.24) 6.00 (4.86, 7.13)

Abbreviations: BP, blood pressure; systolic blood pressure; DBP, NHANES, National Health and Nutrition Examination Survey; SBP, diastolic blood pressure.
Notes: data were age adjusted by direct standardization to the diagnosed hypertensive population in NHANES 1999–2008 except for age-specific estimates.
zPo0.001, wPo0.01, for overall differences of means or percentages of characteristics across racial groups.
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After adjustment for each subject’s age, gender, education, family
poverty index ratio, smoking status, body mass index, serum
cholesterol, diabetes status and prescribed medications used for
hypertension, microalbuminuria and macroalbuminuria were more
likely to be associated with uncontrolled BP and uncontrolled SBP in
the overall population of patients diagnosed with hypertension (last
column in Table 2). Separate analyses showed that compared with
normoalbuminuria, participants with microalbuminuria had a 69%
(OR¼ 1.69, 95% CI¼ 1.23–2.32), 77% (OR¼ 1.77, 95% CI¼ 1.17–
2.67) and a 145% (OR¼ 2.45, 95% CI¼ 1.92–3.12), and participants
with macroalbuminuria had a 270% (OR¼ 3.70, 95% CI¼ 2.02–
6.76), 206% (OR¼ 3.06, 95% CI¼ 1.20–7.83) and a 88% (OR¼ 1.88,
95% CI¼ 1.01–3.52) higher chance of having uncontrolled BP in
non-Hispanic blacks, Mexicans and non-Hispanic whites, respectively.
Moreover, microalbuminuria was associated with isolated uncon-
trolled SBP in non-Hispanic blacks and whites, but not in Mexicans;
macroalbuminuria was associated with uncontrolled SBP and DBP
only in non-Hispanic blacks (Table 2).

Among the participants with diagnosed hypertension, the average
SBP increased by 8.37 and 14.83 mm Hg for microalbuminuria and
macroalbuminuria, respectively, and the average DBP increased by
1.95 mm Hg for microalbuminuria (Table 2). Separate analyses
revealed that participants identified as non-Hispanic blacks, Mexicans
and non-Hispanic whites with microalbuminuria had an average SBP
that was 7.16 (95% CI¼ 3.27–11.04), 6.79 (95% CI¼ 1.89–11.70) and
8.53 (95% CI¼ 6.55–10.51) mm Hg higher, respectively, than parti-
cipants with normoalbuminuria, whereas those with macroalbumi-
nuria had an average SBP that was 13.83 (95% CI¼ 8.21–19.45),
15.28 (95% CI¼ 4.76–25.79) and 14.56 (95% CI¼ 6.00–23.12) mm
Hg higher, respectively, than participants with normoalbuminuria.

The average DBP increased by 1.86 (95% CI¼ 0.08–3.64) mm Hg for
microalbuminuria in non-Hispanic whites and increased by 5.74
(95% CI¼ 2.28-9.21) mm Hg for macroalbuminuria in non-Hispanic
blacks.

The relative OR of uncontrolled BP, SBP and DBP and the effect
differences in continuous SBP and DBP were calculated to compare
the associations of microalbuminuria and macroalbuminuria with
these BP end points across racial groups (see Table 3). From Table 3,
we can see that the associations of microalbuminuria with uncon-
trolled BP were lower in non-Hispanic blacks and Mexicans than in
non-Hispanic whites (non-Hispanic blacks vs non-Hispanic whites:
relative OR¼ 0.68, 95% CI¼ 0.48–0.97; Mexicans vs. non-Hispanic
whites: relative OR¼ 0.62, 95% CI¼ 0.42–0.93). Similar significant
results were found with isolated uncontrolled SBP: (non-Hispanic
blacks vs. non-Hispanic whites: relative OR¼ 0.62, 95% CI¼ 0.43–
0.90; Mexicans vs. non-Hispanic whites: relative OR¼ 0.45, 95%
CI¼ 0.29–0.71).

DISCUSSION

This study reports the racial differences in the associations of
microalbuminuria and macroalbuminuria with uncontrolled BP and
continuous BP among participants with diagnosed hypertension in
NHANES 1999–2008. Microalbuminuria and macroalbuminuria were
found to be associated with uncontrolled BP, isolated uncontrolled
SBP and continuous SBP in the overall population. Separate analyses
showed that microalbuminuria and macroalbuminuria were signifi-
cantly associated with uncontrolled BP and continuous SBP in each
separate population of non-Hispanic blacks, Mexicans and non-
Hispanic whites.

Table 2 Adjusted odds ratios of uncontrolled blood pressure and regression coefficients on continuous blood pressure for albuminuria by race

in subjects with diagnosed hypertension in NHANES 1999–2008

Regression coefficients or odds ratios (95% confidence intervals)

Non-Hispanic blacks Mexicans Non-Hispanic whites All

Uncontrolled BP (Yes/No)

Microalbuminuria 1.69 (1.23, 2.32)w 1.77 (1.17, 2.67)w 2.45 (1.92, 3.12)z 2.28 (1.87, 2.78)z

Macroalbuminuria 3.70 (2.02, 6.76)z 3.06 (1.20, 7.83)* 1.88 (1.01, 3.52)* 2.34 (1.48, 3.72)z

Isolated uncontrolled SBP (Yes/No)

Microalbuminuria 1.49 (1.08, 2.06)* 1.36 (0.83, 2.22) 2.42 (1.89, 3.12)z 2.23 (1.81, 2.74)z

Macroalbuminuria 2.84 (1.54, 5.23)z 1.99 (0.70, 5.68) 1.81 (0.88, 3.73) 2.00 (1.15, 3.47)*

Isolated uncontrolled DBP (Yes/No)

Microalbuminuria 1.61 (0.65, 4.00) 2.49 (0.69, 8.92) 1.80 (0.65, 4.97) 1.71 (0.79, 3.69)

Macroalbuminuria 6.84 (2.23, 20.94)z 2.62 (0.25, 27.52) NA 1.48 (0.56, 3.92)

Continuous SBP (mmHg)

Microalbuminuria 7.16 (3.27, 11.04)z 6.79 (1.89, 11.70)w 8.53 (6.55, 10.51)z 8.37 (6.63, 10.11)z

Macroalbuminuria 13.83 (8.21, 19.45)z 15.28 (4.76, 25.79)w 14.56 (6.00, 23.12)z 14.83 (8.83, 20.84)z

Continuous DBP (mmHg)

Microalbuminuria 2.27 (�0.45, 4.99) 2.22 (�1.67, 6.11) 1.86 (0.08, 3.64)* 1.95 (0.45, 3.95)*

Macroalbuminuria 5.74 (2.28, 9.21)w 4.65 (�1.77, 11.07) �0.56 (�4.84, 3.73) 1.43 (�1.71, 4.57)

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; NA, not applicable; NHANES, National Health and Nutrition Examination Survey; SBP, systolic blood pressure.
NA indicates the number of participants with macroalbuminuria and isolated uncontrolled DBP in non-Hispanic whites is too small to obtain an unbiased estimate for the odds ratio of isolated
uncontrolled DBP associated with macroalbuminuria.
Notes: data were adjusted for age, gender, education, family poverty income ratio, smoking, body mass index, serum cholesterol, use of medications for hypertension and diabetes.
zPo0.001, wPo0.01, *Po0.05 for the risks of uncontrolled BP, SBP and DBP and regression coefficients on continuous SBP and DBP associated with microalbuminuria and macroalbuminuria
by race.
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The results were consistent with the findings from a retrospective
longitudinal study in the Translational Research and Clinical Epide-
miology (TRACE) Program.8 In the longitudinal study of resistant
hypertensive patients in the TRACE program, researchers focused on
the cohort of the majority of African Americans and investigated the
effects of microalbuminuria and macroalbuminuria at the baseline on
the later response of continuous SBP and DBP to antihypertensive
treatment among African American hypertensive patients. They did
not examine the relationships among microalbuminuria,
macroalbuminuria and BP response in other racial groups because
of the data limitations. However, in this study, we presented the
associations of microalbuminuria and macroalbuminuria with
uncontrolled BP, isolated uncontrolled SBP and DBP, as well as
continuous SBP and DBP among non-Hispanic blacks, Mexicans and
non-Hispanic whites. Uncontrolled BP may cause aneurysm,
coronary heart disease, kidney failure and other life-threatening
complications,18,19 and high SBP is a major health threat, especially
for older Americans.19,20 The findings of the significant effects of
albuminuria on later uncontrolled BP from the previous longitudinal
cohort study,8 together with our results on the associations of
albuminuria with uncontrolled BP and continuous SBP, imply that
evaluating the albumin excretion rate regularly may be one strategy
for improving the rate of hypertension control and reducing the risk
of negative cardiovascular and renal outcomes for adults with
diagnosed hypertension regardless of race.

After adjustment for potential confounding factors, the associations
of microalbuminuria with uncontrolled BP and isolated uncontrolled
SBP were significantly lower in non-Hispanic blacks and Mexicans
than in non-Hispanic whites (Table 3). From the clinical point of
view, the lower association of microalbuminuria with uncontrolled
BP and isolated uncontrolled SBP in non-Hispanic blacks than in

non-Hispanic whites may be attributed to the more aggressive
treatment of hypertension and its comorbidities in non-Hispanic
black hypertensive subjects. In this study, although the rates of
currently taking medications for hypertension are similar in non-
Hispanic blacks and whites (blacks 95.18% vs. whites 94.61%), the
rates of taking insulin for diabetes and taking medications for
dyslipidemia were significantly higher in non-Hispanic blacks than
in non-Hispanic whites (9.43% vs. 5.13 for diabetes and 86.58% vs.
83.51% for dyslipidemia, both Po0.05).

The more aggressive treatment of comorbidities related to hyper-
tension could be of benefit in lowering the levels of BP and weaken
the association between microalbuminuria and both uncontrolled BP
and isolated uncontrolled SBP among subjects with diagnosed
hypertension in non-Hispanic blacks. The differences between Mex-
icans and non-Hispanic whites in the associations of microalbumi-
nuria with uncontrolled BP and isolated uncontrolled SBP may be
explained by the observation that the significantly higher prevalence
of microalbuminuria in Mexicans than in non-Hispanic whites may
sensitize health-care providers to its detection and treatment, which is
evidenced by the finding that the average level of UACR (represented
by the median) in Mexicans with microalbuminuria was significantly
lower than in non-Hispanic whites with microalbuminuria (51.8 vs.
62.5 mg g�1, Po0.05) in the present study. Although the prevalence
of microalbuminuria was higher in Mexicans than in non-Hispanic
whites, lower average levels of UACR could contribute to lower
associations of microalbuminuria with uncontrolled BP and isolated
uncontrolled SBP in Mexican hypertensive subjects.

Racial differences in the associations of macroalbuminuria with
uncontrolled BP and other BP outcomes were not observed signifi-
cantly among non-Hispanic blacks, Mexicans and non-Hispanic
whites. The fact that macroalbuminuria is a more severe medical

Table 3 Relative odds ratios of uncontrolled blood pressure and effect differences in continuous blood pressure for albuminuria between racial

groups of subjects with diagnosed hypertension in NHANES 1999–2008

Relative odds ratios or effect differences (95% confidence intervals)

Non-Hispanic blacks vs. non-Hispanic whites Mexicans vs.non-Hispanic whites Non-Hispanic blacks vs. Mexicans

Uncontrolled BP (Yes/No)

Microalbuminuria 0.68 (0.48, 0.97)* 0.62 (0.42, 0.93)* 1.09 (0.67, 1.79)

Macroalbuminuria 1.57 (0.62, 3.98) 0.87 (0.28, 2.70) 1.81 (0.58, 5.67)

Isolated uncontrolled SBP (Yes/No)

Microalbuminuria 0.62 (0.43, 0.90)* 0.45 (0.29, 0.71)z 1.38 (0.83, 2.28)

Macroalbuminuria 1.48 (0.57, 3.89) 0.61 (0.20, 1.87) 2.43 (0.85, 6.93)

Isolated uncontrolled DBP (Yes/No)

Microalbuminuria 0.59 (0.13, 2.68) 1.33 (0.36, 5.01) 0.44 (0.08, 2.31)

Macroalbuminuria NA NA 3.16 (0.37, 27.32)

Continuous SBP (mmHg)

Microalbuminuria �1.00 (�5.58, 3.58) �3.77 (�7.99, 0.45) 2.77 (�2.96, 8.49)

Macroalbuminuria �2.83 (�12.75, 7.08) �5.19 (�18.45, 8.07) 2.36 (�9.14, 13.85)

Continuous DBP (mmHg)

Microalbuminuria 0.46 (�2.71, 3.63) �0.05 (�3.82, 3.73) 0.50 (�4.51, 5.52)

Macroalbuminuria 5.67 (�0.02, 11.35) 2.27 (�4.43, 8.98) 3.39 (�3.20, 9.99)

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; NA, not applicable; NHANES, National Health and Nutrition Examination Survey; SBP, systolic blood pressure.
NA means estimates cannot be obtained for the reason described in the note of Table 2.
Notes: data were adjusted for age, gender, education, family poverty income ratio, smoking, body mass index, serum cholesterol, use of medications for hypertension and diabetes.
zPo0.001, *Po0.05 for the relative risks of uncontrolled BP, SBP and DBP and the differences in effects on continuous SBP and DBP for microalbuminuria and macroalbuminuria between
racial groups.
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problem than microalbuminuria and more medical care may be
given to people with macroalbuminuria may level out differences
in the associations of macroalbuminuria with uncontrolled
hypertension among racial groups. This is partly supported by the
evidence from the data that the overall difference in median values of
UACR is not significant among the three racial groups of hypertensive
subjects with macroalbuminuria (results not shown). However, the
higher prevalence of macroalbuminuria (non-Hispanic blacks 7.42%
vs non-Hispanic whites 3.59%) and the strong association of
macroalbuminuria with all adverse BP outcomes (all Po0.05) in
non-Hispanic blacks with diagnosed hypertension (Table 2) indicate
that non-Hispanic black hypertensive subjects still need more special
care for severe albumin excretion problems to reduce the risk of
adverse BP outcomes and cardiovascular disease-related mortality and
morbidity in this population.

Hypertension control continues to be inadequate despite the array
of effective and well-tolerated medications, and the low control rates
can be attributed to poor management of elevated SBP.21 Moreover,
high SBP has been thought to be a greater risk factor than DBP for
the brain, heart, kidney and circulatory complications and for death,
particularly in middle-aged and elderly adults.20,22–24 The findings in
our study revealed that microalbuminuria was more associated with
adverse SBP outcomes (isolated uncontrolled SBP and continuous
SBP) than adverse DBP outcomes (isolated uncontrolled DBP and
continuous DBP). Support from health-care providers and health
insurers to more aggressively treat microalbuminuria may be a good
strategy to have SBP controlled to be less than 140 mm Hg to improve
the control rates of hypertension and reduce the risks of adverse
outcomes associated with high SBP among individuals with
diagnosed hypertension.

There were several limitations in this study. First, continuous
NHANES was a cross-sectional survey without any follow-up
information for participants. Although the findings in the study
could reflect the association of albuminuria with uncontrolled BP and
continuous BP, they could not be used for causal inference for the
effects of albuminuria on hypertension control. Second, diabetes may
be underreported in the study because we only considered subjects
who self-reported to have diabetes or were currently taking medica-
tions for diabetes and did not consider those who had undiagnosed or
suspected diabetes. Third, there was no detailed drug information for
hypertension in the NHANES survey. Although we controlled for the
confounding impact from the general use of medications to treat
hypertension, we could not obtain detailed information for the
duration, type and dose of the drugs used. These factors could
influence our results in this study. Fourth, there might be other
unrecognized confounding factors (for example, duration of hyper-
tension and treatment, lifestyle) that explain racial differences in
albuminuria and its associations with uncontrolled BP and contin-
uous BP. Finally, as a previous study noted,25 our definition of
hypertension excluded hypertensive persons with BP successfully
controlled by physical activity, weight control and other non-
pharmacological techniques.

Differences in the rates of uncontrolled hypertension and associa-
tions of cardiovascular risk factors with the control of hypertension
among non-Hispanic blacks, Mexicans and non-Hispanic
whites could be attributed to genetic, cultural and social factors.
26–29 Further analysis of these factors among different racial groups
would be helpful to better understand the role they have in the
differential associations of cardiovascular risk factors with
hypertension control. In our study, we explored racial differences in
the associations of microalbuminuria and macroalbuminuria with

uncontrolled BP and continuous BP using the continuous NHANES
national survey data 1999–2008. The subjects who were not aware of
their hypertension were excluded from the study because they may
not have taken any actions to control high BP and the related-risk
factors. The continuous NHANES survey was a large, stratified,
multistage national survey of non-institutionalized participants with a
complex probability design. The large sample size warranted the
analysis power to find unbiased results that can reflect the real world.
By considering the stratum, non-response adjustment and sampling
weights, the results in our study can be generalized and applied to the
general non-institutionalized population with diagnosed hypertension
in the US.

In summary, diagnosed hypertensive subjects with microalbumi-
nuria and macroalbuminuria were more likely to have uncontrolled
BP and higher levels of SBP in each single population of
non-Hispanic blacks, Mexicans and non-Hispanic whites. Macro-
albuminuria was significantly associated with all adverse BP outcomes
in non-Hispanic black hypertensives. Although the prevalence of
microalbuminuria was higher in non-Hispanic blacks and Mexicans
than in non-Hispanic whites, its associations with uncontrolled BP
and isolated uncontrolled SBP were lower in the two racial popula-
tions. This has meant that hypertensive, non-Hispanic black or
Mexican patients may have been more likely to have been treated
by medical practitioners for microalbuminuria and its comorbidities,
thereby weakening its relation to BP outcomes; however, non-
Hispanic whites with hypertension have not received the same high
level of care as their non-Hispanic black and Mexican peers in
monitoring and treating albuminuria because of the widely recog-
nized lower risk. Because non-Hispanic whites account for the
majority of the hypertensive population in the US, health providers
need to further improve the care for mildly elevated albumin
excretion rates in non-Hispanic white hypertensive patients while
maintaining the quality care for non-Hispanic blacks and Mexicans to
significantly lower the rates of uncontrolled hypertension and reduce
the risk of adverse cardiovascular and renal outcomes in patients with
diagnosed hypertension.
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