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Background: In adults with insulin-treated

diabetes, self-monitoring of blood glucose

(SMBG) rates may be lower in minority or low-

income populations, but the effect of income on

racial/ethnic differences in SMBG is unknown.

Methods: We assessed whether racial/ethnic

differences in SMBG vary by income among

adults with insulin-treated diabetes by using

Behavioral Risk Factor Surveillance System

data from 2000 through 2004. We measured

the prevalence of SMBG at least once per day

among 16,630 adults aged $19 years with

insulin-treated diabetes.

Results: At incomes $$20,000, Hispanics and

non-Hispanic Blacks reported similar but lower

SMBG rates than did non-Hispanic Whites

(78%, 77%, 85%; P # .01). However, among

those with income ,$20,000, Hispanics per-

formed SMBG substantially less than did Blacks

or Whites (65%, 79%, 85%; P # .01). Racial/

ethnic differences in SMBG persisted after

adjustment for age, sex, education, health

insurance, health status, survey period, and

diabetes measures. Receipt of diabetes educa-

tion varied significantly by race/ethnicity in the

income ,$20,000 group only (Hispanics 49%,

Blacks 64%, Whites 62%; P , .001). Low-

income Hispanics with limited English proficien-

cy had lower SMBG and diabetes education

rates than did those with English proficiency

(61% vs 79% and 44% vs 58%, respectively).

Conclusions: Among US adults with insulin-

treated diabetes, Hispanics and Blacks per-

formed daily SMBG less frequently than did

Whites. Stratification by income revealed a

disparity gradient in the income ,$20,000

group: SMBG rates decreased from Whites to

Blacks to Hispanics. Low-income Hispanics

with limited English proficiency are at greater

risk for reduced SMBG than are those profi-

cient in English. (Ethn Dis. 2009;19:97–103)
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INTRODUCTION

In 2007, 17.9 million US adults

aged $20 years had diagnosed diabetes,

and the age-adjusted prevalence among

non-Hispanic Blacks (11.8%) and His-

panic/Latino Americans (10.4%) was

higher than among non-Hispanic

Whites (6.6%).1 Self-monitoring of

blood glucose (SMBG) is an integral

component of disease management for

the 4.8 million adults with diabetes

(27%) who use insulin.1 Despite 1997

guidelines recommending at least daily

SMBG in persons with insulin-treated

diabetes, SMBG rates are suboptimal.2–5

Minority adults with insulin-treated

diabetes appear to have lower reported

rates of SMBG. However, the US data

that show racial/ethnic disparities in

SMBG are more consistent for

Blacks2,3,6 and conflicting for Hispan-

ics.3–6 To date, studies reporting racial/

ethnic differences in SMBG rates

among US adults with insulin-treated

diabetes have been limited by a small

number of Hispanics,6 focus on man-

aged care populations from single

states,2,4,5 and the reliance on older

(before 1995) national survey data.3,6

Although financial barriers are asso-

ciated with decreased SMBG indepen-

dent of race/ethnicity in adults with

insulin-treated diabetes,5–7 the effect of

income on racial/ethnic differences in

SMBG is unknown. A 1989 observa-

tional study found that the effect of

income on SMBG may be different in

Hispanics compared with Blacks or

Whites, but the small number of

Hispanics precluded characterization of

that effect.6 Compared with their White

counterparts, Hispanics, particularly

those with low incomes or less than a

high school education, are less likely to

have health insurance.8 Conversely,

poor or less educated Blacks are signif-

icantly more likely than are respective

Whites to have health insurance.8 We

hypothesized that low income would be

associated with reduced SMBG rates for

Hispanics but not for Blacks or Whites.

Using data from a nationally represen-

tative, population-based survey, we

assessed whether income modifies ra-

cial/ethnic differences in SMBG among
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We hypothesized that low

income would be associated

with reduced self-monitoring

of blood glucose rates for

Hispanics but not for Blacks

or Whites.
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Hispanic, non-Hispanic Black, and

non-Hispanic White adults with insu-

lin-treated diabetes, stratified by in-

come. This report focuses on adults

with insulin-treated diabetes, the diabe-

tes group with the strongest evidence

and recommendations for SMBG.

METHODS

The Centers for Disease Control

and Prevention Behavioral Risk Factor

Surveillance System (BRFSS) is an

ongoing, cross-sectional, state-based sys-

tem of health surveys conducted in the

adult US population by using telephone

interviews.9 The BRFSS is designed to

collect uniform, state-based data on

health risk behaviors, preventive health

practices, and healthcare access primar-

ily related to chronic disease and injury

in the adult US population.9 For the

BRFSS, most states use either a dispro-

portionate stratified sample or a Mi-

tofsky-Waksberg-type sample design to

draw a random sample from the set of

all possible telephone numbers based on

area codes and prefixes.9 This process

constructs representative samples of

Hispanics and Blacks.9 Data from

BRFSS survey years 2000–2004, which

use similar survey designs and data

collection methods,9 were combined

for this report. Median Council of

American Survey Research Organization

response rates for BRFSS years 2000–

2004 ranged from 48.9% to 58.3%.9

Specific information regarding the

BRFSS survey is available elsewhere.9

Persons with diabetes were identi-

fied as respondents who answered yes to

the question ‘‘Have you ever been told

by a doctor that you have diabetes?’’

Respondents aged $19 years who re-

ported non-gestational diabetes and

current insulin use were included in

this analysis. We combined self-report-

ed race and ethnicity to create 3 racial/

ethnic groups: non-Hispanic Whites

(Whites), non-Hispanic Blacks (Blacks),

and Hispanics.

BRFSS respondents were asked to

report their annual household income

from all sources according to predefined

income categories. We used 2 different

income classifications: 1) ,$20,000 and

$$20,000 ($20,000 represents the ap-

proximate federal poverty threshold for a

family of 2 adults and 2 children in 20058)

and 2) ,$20,000, $20,000–$34,999,

$35,000–$49,999, and $$50,000 (based

on BRFSS response categories). Although

the main analysis included adults with

insulin-treated diabetes who reported

income, we also examined the outcome

measure among BRFSS respondents with

insulin-treated diabetes who did not

report their income (16% of each racial/

ethnic group). The primary outcome

measure was report of SMBG $1 time

daily (‘‘About how often do you check

your blood for glucose or sugar?’’).

Statistical Analysis
We compared frequency of the out-

come measure and covariates between

racial/ethnic groups (Whites referent),

overall and stratified by annual household

income, by using x2 test or t test. For each

racial/ethnic group, the frequency of the

outcome measure, overall and stratified

by income, across the individual survey

years was compared by using x2 test for

trend. Covariates were selected by using

the Andersen Behavioral Model frame-

work,10,11 literature review, and clinical

observation. Covariates were age (19–30,

31–44, 45–64, and $65 years), sex,

health insurance (insured vs uninsured),

and self-reported health status (low

defined as poor or fair on a 4-point Likert

scale). We controlled for number of

diabetes-related provider visits to account

for differences in diabetes healthcare

utilization. Factors associated with SMBG

frequency were included to reduce con-

founding by these variables: duration of

diabetes duration, receipt of diabetes

education, and use of oral diabetes

medication.6,12 As a marker of microvas-

cular complications of disease (disease

severity), we included diabetic retinopa-

thy. To adjust for possible temporal

trends in SMBG, we controlled for survey

year. Receipt of glycosylated hemoglobin

test, a surrogate marker of access to high-

quality diabetes care, was not included

because .33% of survey respondents in

each income category did not know or

refused to answer this question.

For study years 2003 and 2004 only,

the BRFSS was available in English and

Spanish in all US states. We repeated the

entire analysis after dichotomizing His-

panics by language preference of testing

(English or Spanish), a surrogate for

English proficiency or limited English

proficiency respectively. We limited the

subgroup analysis to the income

,$20,000 group because the small num-

ber of Hispanics with income $$20,000

(n 5 60) who completed the BRFSS in

Spanish precluded an examination of

ethnicity-language interactions in detail.

Logistic regression analyses were per-

formed to examine adjusted associations

between race/ethnicity and the outcome

measure. In initial logistic regression

models, income significantly modified

the association between Hispanic ethnic-

ity and SMBG (P 5 .005) but not the

association between Black race and

SMBG (P 5 .51). Because SMBG

increased over time for each of the

racial/ethnic groups, we tested whether

the change in SMBG over time differed

across racial/ethnic groups by introducing

the race 3 time interaction term into the

logistic regression model. We then devel-

oped fully adjusted models stratified by

income. All analyses used Stata statistical

software version 9 (StataCorp LP, Col-

lege Station, TX) to obtain proper

variance estimations that accounted for

the complex BRFSS sampling design and

weighted results that reflect national

population estimates. The University of

Alabama at Birmingham provided insti-

tutional review board approval.

RESULTS

We identified 16,630 Hispanic,

Black, and White adults aged $19 years
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with insulin-treated diabetes who re-

ported income. For all racial/ethnic

groups, adults with diabetes reporting
income ,$20,000 were more frequent-

ly aged $65 years, female, and unin-

sured compared with those reporting

income $$20,000 (Table 1). Most
Hispanics in the income ,$20,000

group lacked high school education

(Hispanics 66%, Blacks 45%, Whites
30%; P # .01).

Effect of Income on Racial/Ethnic
Differences in SMBG among US
Adults with Insulin-treated
Diabetes

At incomes $$20,000, Hispanics

and Blacks similarly reported lower
SMBG frequency than did Whites

(78%, 77%, 85%; P # .01) (Figure 1).

However, among those with income

,$20,000, Hispanics performed
SMBG less than did Blacks or Whites

(65%, 79%, 85%; P # .01). Among

adults with insulin-treated diabetes

who did not report income, percent-

ages of SMBG were similar to those

who reported incomes $$20,000 (His-

panics 76%, Blacks 78%, Whites 84%;

P # .01). Receipt of diabetes educa-

tion varied significantly by Hispanic

ethnicity (P , .001) in the income

,$20,000 group (Hispanics 49%,

Blacks 62%, Whites 62%).

The proportion of adults with

diabetes who reported SMBG from

2000 through 2004 improved in all 3

racial/ethnic groups overall and within

income groups; however, the racial/

ethnic differences in SMBG persisted

across the study period (data not

shown). The increase in SMBG over

time did not differ by race/ethnicity (P

5 .42 for Hispanics, P 5 .90 for

Blacks) after adjusting for race/ethnici-

ty, time, and income.

Effect of Adjustment for
Socioeconomic, Clinical and
Healthcare Access Variables

Because SMBG rates by race/ethnic-

ity were similar at all incomes

$$20,000, we calculated logistic regres-

sion results for the 2 income categories,

,$20,000 and $$20,000. In unadjust-

ed analyses (n 5 6956, F 5 24.97, P ,

.0001), lower odds of SMBG were seen

in Hispanics (odds ratio [OR] .32, 95%

confidence interval [CI] .23–.44) and

Blacks (OR .66, 95% CI .51–.84)

compared with Whites among adults

with insulin-treated diabetes and income

,$20,000. At higher incomes, Hispanics

(OR .65, 95% CI .45–.94) and Blacks

(OR .58, 95% CI .45–.75) had similar

odds of SMBG (n 5 9531, F 5 9.94, P

, .0001). In fully adjusted models, race/

ethnicity was independently associated

with SMBG at incomes ,$20,000 and at

incomes $$20,000 (Table 2).

Table 1. Characteristics of adults with insulin-treated diabetes by race/ethnicity and income—BRFSS, 2000–2004*

Variable

Income,$20,000 Income $$20,000

Hispanics Blacks Whites Hispanics Blacks Whites
n = 1194 n = 1402 n = 4442 n = 571 n = 1151 n = 7870

Mean (SE) age, years 57.2 (.93) 57.8 (.74) 61.8 (.45) 52.4 (1.20) 53.9 (.66) 56.1 (.29)
Age, years

18–30 35 (4)4 48 (4)4 110 (4) 46 (10) 61 (5)4 354 (6)
31–44 110 (19) 163 (13) 378 (9) 102 (19) 196 (19) 1233 (17)
45–64 517 (43) 695 (48) 1716 (39) 295 (48) 632 (53) 3673 (47)
$65 532 (35) 496 (35) 2238 (48) 128 (23) 262 (23) 2610 (31)

Male 359 (41) 382 (34)1 1399 (40) 251 (44)4 475 (48)4 4054 (56)
Education less than high school 763 (66)4 631 (45)4 1364 (30) 110 (18)4 195 (15)4 643 (8)
No health insurance 110 (14) 249 (17)4 523 (12) 44 (10)4 132 (12)4 425 (5)
Low heath status3 1022 (80) 1007 (72) 3302 (74) 312 (56)1 590 (52) 3842 (48)
Number of diabetes-related provider visits
0 27 (5)4 36 (4)4 150 (4) 20 (4)4 24 (2) 276 (3)
1–2 90 (12) 173 (12) 661 (17) 102 (21) 235 (22) 1750 (22)
3–4 239 (23) 447 (34) 1659 (38) 206 (30) 421 (40) 3447 (45)
.4 791 (61) 654 (51) 1771 (41) 234 (45) 433 (36) 2274 (30)
Duration of diabetes $10 years 767 (55)1 783 (59)1 2828 (65) 330 (61) 645 (55)4 5172 (66)
Diabetic retinopathy 585 (42) 622 (45) 1930 (44) 224 (41) 455 (39) 2734 (35)
Receipt of diabetes education 528 (49)4 863 (64) 2699 (62) 386 (73) 819 (70) 5680 (72)
Use of oral diabetes medication 554 (53)1 649 (45) 2062 (44) 291 (55)4 505 (43) 3179 (39)
Daily self-monitoring of blood glucose 678 (65)4 1065 (79)4 3763 (85) 423 (78)4 863 (77)4 6707 (85)

BRFSS 5 Behavioral Risk Factor Surveillance System, SE 5 standard error.
* Except where noted, all data are expressed as n (%). Percentages are weighted according to the sampling fractions used by BRFSS.
3 Low self-reported health status defined as poor or fair on a 4-point Likert scale.
4 P # .01 compared with Whites.

1 P # .05 compared with Whites.
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Factors independently associated
with SMBG for both income groups
included diabetes-related provider visits,
receipt of diabetes education, and survey
period. For the income ,$20,000
group, age .30 years, no health insur-
ance, low health status, and no diabetic
retinopathy were associated with lower
odds of SMBG (model A, Table 2).
Conversely, male sex, education less
than high school, and use of oral
diabetes medication were associated
with lower odds of SMBG for the
income $$20,000 group (model B,
Table 2).

Effect of English Proficiency on
SMBG among Low-income
Hispanics

In the subgroup analysis for 2003
and 2004, 66% of Hispanics with

Fig 1. Daily self-monitoring of blood glucose among adults with insulin-treated
diabetes by race/ethnicity and income—Behavioral Risk Factor Surveillance System
(BRFSS), 2000-2004. Percentages are weighted according to the sampling fractions
used by BRFSS.

Table 2. Odds of daily self-monitoring blood glucose among adults with insulin-treated diabetes—BRFSS, 2000–2004

Variable

Odds Ratio (95% Confidence Interval)*

2000–2004 2003–2004

Income ,$20,000 Income $$20,000 Income ,$20,000

Model A Model B Model C
n = 6175 n = 9081 n = 3155

Race/ethnicity
Hispanic vs White .33 (.24–.47) .62 (.43–.92) NA
Hispanic with limited English proficiency vs

White NA NA .23 (.12–.41)
Hispanic with English proficiency vs White NA NA .60 (.29–1.25)
Black vs White .61 (.46–.82) .55 (.42–.72) .61 (.39–.96)
Age .30 vs 19–30 years .76 (.64–.91) .90 (.80–1.02) .79 (.62–1.01)
Female vs male sex 1.14 (.87–1.51) 1.33 (1.09–1.63) .96 (.64–1.45)
Education less than high school .79 (.61–1.03) .71 (.53–.97) .93 (.59–1.47)
No health insurance .58 (.41–.84) .84 (.58–1.23) .66 (.37–1.16)
Low heath status3 .71 (.53–.96) 1.10 (.89–1.35) .89 (.58–1.36)
Any diabetes-related provider visit within past

12 months vs no visits 1.21 (1.04–1.40) 1.55 (1.37–1.75) 1.31 (1.04–1.65)
Duration of diabetes ,10 vs $10 years .90 (.68–1.19) .84 (.68–1.04) .86 (.57–1.30)
Diabetic retinopathy 1.42 (1.10–1.82) 1.10 (.89–1.37) 1.53 (1.01–2.32)
Receipt of diabetes education 1.62 (1.24–2.12) 1.32 (1.06–1.64) 1.74 (1.18–2.57)
Use of oral diabetes medication .90 (.70–1.16) .64 (.52–.78) .70 (.48–1.03)
Survey period 2001-2004 vs 2000 1.18 (1.08–1.29) 1.19 (1.11–1.28) NA
Survey period 2004 vs 2003 NA NA .80 (.55–1.18)

BRFSS 5 Behavioral Risk Factor Surveillance System, NA 5 not applicable.
* Models adjusted for race/ethnicity, age, sex, education, health insurance, self-reported health status, number of diabetes-related provider visits, duration of diabetes,

diabetic retinopathy, receipt of diabetes education, use of oral diabetes medication, and survey year. Values in boldface are significant at P , .05. Model A, income ,$20,000:
F(df 13) 5 8.27, P , .001. Model B, income $$20,000: F(df 13) 5 10.81, P , .001. Model C: F(df 14) 5 4.05, P , .001.

3 Low self-reported health status defined as poor or fair on a 4-point Likert scale.
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incomes ,$20,000 completed the

BRFSS in Spanish rather than English.

In this low-income group, rates of

SMBG and receipt of diabetes educa-

tion were substantially lower among

Hispanics with limited English profi-

ciency than those with English profi-

ciency (Table 3). These racial/ethnic

differences in SMBG persisted after full

adjustment, except the difference be-

tween Blacks and Whites became sig-

nificant (model C, Table 2).

DISCUSSION

In this nationally representative

sample of US adults, Hispanics and

Blacks with insulin-treated diabetes

performed daily SMBG less frequently

than did Whites. The main effect of

poverty, which appears to be function-

ing only in Hispanics, was difficult to

detect and was demonstrated after

stratification by income. We found

disparities in glucose monitoring among

low-income minorities; the percentage

of SMBG decreased from Whites to
Blacks to Hispanics. Level of education,
health insurance, health status, and
diabetes measures, including receipt of
diabetes education, did not fully explain
these racial/ethnic differences in SMBG.
In subgroup analysis, limited English
proficiency was associated with mark-
edly decreased SMBG rates among low-
income Hispanics. Although low-in-
come Hispanics with English proficien-
cy had similar odds of SMBG as low-
income Blacks (OR .60), the odds of
SMBG were not significantly different
than for Whites, perhaps because of
small numbers in this Hispanic sub-
group.

Prior research has demonstrated
lower SMBG rates among Hispanics
or Blacks compared with Whites with
insulin-treated diabetes.2,3 Two studies
have not found lower SMBG rates
among Hispanic adults with insulin-
treated diabetes.5,6 A 1989 cross-sec-
tional study, based on 75 Mexican
Americans, found a significant interac-
tion between Mexican ethnicity and
income and likely overestimated the
true SMBG rate among poor Hispan-
ics.6 The second study, among adults
with type 1 diabetes enrolled in a
Northern California health mainte-
nance organization, may not have
found a SMBG disparity comparing
all Hispanics to Whites because of
attenuation of the relationship between
race/ethnicity and SMBG by English
proficiency, income, and out-of-pocket
medical expenditures for glucose mon-
itoring.5 Similar to our results, His-
panics with limited English proficiency

had significantly lower SMBG rates
than Hispanics with English proficien-
cy (SMBG $1 time daily: 40% ‘‘not
fluent’’ vs 69% ‘‘fluent"; P 5 .025).5

The reasons for greater difficulty
performing SMBG among low-income
Hispanics, particularly those with lim-
ited English proficiency, compared
with low-income Blacks or Whites in
our study are uncertain but likely
include racial/ethnic differences in
health literacy, understanding of
recommendations,8,12,13 difficulty ob-
taining SMBG supplies,14 healthcare
access and utilization, and resource
availability, all of which are understat-
ed by racial/ethnic differences in
income.15,16

Our data demonstrate that SMBG
frequency increases with receipt of
diabetes education, regardless of in-
come, consistent with prior research.6

We found ethnic disparities in receipt
of diabetes education among low-
income minorities, with substantially
lower rates among Hispanics, particu-
larly those with limited English profi-
ciency. The failure of low-income
Hispanics to receive diabetes education
may represent gaps in healthcare access
and utilization similar to those that
potentially explain observed SMBG
differences or gaps in community
resources for specific healthcare deliv-
ery components, like diabetes educa-
tion for low-income Hispanics with
limited English proficiency. Although
the racial/ethnic differences in SMBG
persisted after adjustment for receipt of
diabetes education, residual confound-
ing by diabetes education may persist.

Table 3. Daily self-monitoring of blood glucose and receipt of diabetes education among adults with insulin-treated diabetes and
income ,$20,000 by race/ethnicity and English proficiency—BRFSS, 2003 and 2004*

Variable

Hispanics with limited
English proficiency

Hispanics with English
proficiency Blacks Whites

n = 352 n = 182 n = 768 n = 2267

Daily self-monitoring of blood glucose 613 79 82 86
Receipt of diabetes education 443 58 67 61

* All data are percentages weighted according to the sampling fractions used by BRFSS.
3 P # .01 compared with Whites.

Hispanics and Blacks with

insulin-treated diabetes

performed daily self-

monitoring of blood glucose

less frequently than did

Whites.
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Specifically, unmeasured differences in

the type, quality, duration, date, and

effectiveness of diabetes education,

none of which could be assessed

directly in our analysis, may partially

explain the lower rates of SMBG by

low-income Hispanics.

These BRFSS data are self-reported

and subject to recall bias and reporting

error. Although self-report of home

blood glucose monitoring may not

accurately reflect actual home blood

glucose testing,17 recent data suggest

improved self-reported accuracy of

home glucose monitoring.5,18 The

BRFSS samples people with land line

telephones, not those who use only

wireless telephones. People who use

only wireless telephones are more likely

to be Hispanic, age ,30 years, below-

poverty income, and uninsured and to

lack a usual place for medical care and

have financial barriers to health care.19

Selection bias may occur if adults with

insulin-treated diabetes and with lower

SMBG adherence are less likely than

those with higher SMBG adherence to

be sampled by the BRFSS study design.

This potential selection bias would have

reduced the ability to detect the differ-

ences we observed. Several factors,

including glycemic control, source and

provider of diabetes care, diabetes

knowledge, and physical disability pre-

venting SMBG, could not be assessed

adequately.

Given that Hispanics and Blacks

have higher frequency of diabetes-relat-

ed complications than do Whites,20

efforts to improve glycemic control,

including the collection and use of

SMBG data in Hispanic and Black

persons with insulin-treated diabetes,

are warranted. Culturally tailored dia-

betes interventions have been shown to

improve SMBG frequency and glycemic

control in 2 separate low-resource,

middle-aged diabetes cohorts, which

included Hispanics and Blacks.21,22

Self-management education signifi-

cantly lowered glycosylated hemoglo-

bin levels and improved diabetes

knowledge scores in a Mexican Amer-
ican diabetic population with low
levels of income, acculturation, and
English proficiency.23 Our data suggest
that broader implementation of suc-
cessful interventions nationally is need-
ed to increase SMBG by low-income
Hispanics with insulin-treated diabe-
tes, particularly those with limited
English proficiency.
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