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Abstract
Background: Self-monitoring of blood glucose (SMBG) is used to regulate
glucose control. It is unknown whether SMBG can motivate adherence to
dietary recommendations. We predicted that participants who used more
SMBG would also report lower fat and greater fruit and vegetable
consumption.
Methods: The present study was a cross-sectional study of 401 primarily
minority individuals living with diabetes in East Harlem, New York. Fat
intake and fruit and vegetable consumption were measured with the Block
Fruit ⁄ Vegetable ⁄ Fiber and Fat Screeners.
Results: Greater frequency of SMBG was associated with lower fat intake
(rs = )0.15; P < 0.01), but not fruit and vegetable consumption. The
effects of SMBG were not moderated by insulin use; thus, the relationship
was signiﬁcant for those individuals both on and not on insulin. A signiﬁcant interaction was found between frequency of SMBG and changing
one’s diet in response to SMBG on total fat intake. The data suggest that
participants who use SMBG to guide their diet do not have to monitor
multiple times a day to beneﬁt.
Conclusion: The present study found that the frequency of SMBG was
associated with lower fat intake. Patients are often taught to use SMBG to
guide their self-management. This is one of the ﬁrst studies to examine
whether SMBG is associated with better dietary intake.
Keywords: diabetes, fat intake, fruit and vegetable intake, self-management,
self-monitoring of blood glucose.

Introduction
Self-management of diabetes is crucial to improving
medical outcomes for individuals with diabetes.
A large part of diabetic management is performed by
the patient outside of any medical encounter.1,2 However,
the patient learns the skills, motivation, and selfefﬁcacy to adhere to health regimens in the patient–
provider interaction. One skill that may improve

self-management is using self-monitoring of blood glucose (SMBG) to improve glucose control. The SMBG
provides patients with accurate feedback on how their
behaviors affect their immediate glucose control. Providing patients with immediate feedback on the results
of their behaviors has been shown to increase adherence to these behaviors.3 Patients with Type 1 diabetes
who are taught to self-administer insulin changes in
response to their glucose levels can maintain clinically
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signiﬁcant improvements in their HbA1c levels for
years.4,5 It is not known whether SMBG improves
adherence to other self-management behaviors, such as
dietary adherence, or whether this leads to improvements in glucose control.6–8
Using SMBG to improve adherence to self-management behaviors is consistent with our theoretical
framework, the common-sense model of self-regulation
(CSM). The theory underlying the CSM is that individuals actively attempt to understand their health9–12
and will use symptoms and how they feel as a gauge
to determine the efﬁcacy of their chosen treatment.
Patients with relatively well-controlled diabetes have
few symptoms of diabetes and what symptoms do
occur are not consistently related to glucose levels.13
Despite this, patients often believe that they can estimate their glucose levels based on how they feel14 and
believe that they only have diabetes when they have
symptoms.15 This overreliance on symptoms leads to
poorer adherence.15 One interventional approach is to
teach patients to use objective measures of glucose
levels rather than symptoms to guide the management
of their diabetes. The SMBG provides an objective
measure of glucose levels and makes the patient’s
glucose levels explicit and external.
In the present study we examined the relationship
between SMBG and dietary behaviors among individuals with diabetes living in an urban community. We
hypothesized that monitoring glucose levels provides
feedback to the patient about their food choices and
subsequently motivates adherence to healthy diet
behaviors. Two potential moderators of this relationship were examined, namely insulin use and changing
diet in response to SMBG.
Methods
The present survey was part of a series of research
studies by a community coalition to facilitate better
diabetes care for individuals living in East Harlem.16,17
For the survey, bilingual surveyors contacted 670
English- or Spanish-speaking adults with listed East
Harlem zip codes and two or more ambulatory care visits for diabetes (ICD-9 250.xx) at participating clinics.
Of the 670 individuals contacted, 401 consented and 334
allowed access to their HbA1c levels through their clinician’s ofﬁce. The survey was typically completed in
20 min and was written at a sixth grade reading level.
The present study was approved by the Institutional
Review Board of the Mount Sinai School of Medicine.
For purposes of this analysis, the dependent variables
were fat intake and fruit and vegetable intake. These
were assessed using the Block Fruit ⁄ Vegetable ⁄ Fiber
148

and Fat Screeners.18 The Block Fruit ⁄ Vegetable ⁄ Fiber
Screener asks the frequency of consuming seven foods
(fruit juice, fruit, vegetable juice, green salad, potatoes,
vegetable soup, and vegetables). An algorithm can be
used to estimate total fruit and vegetable servings. The
Block Fat Screener asks the frequency of consuming
17 foods (hamburgers, beef or pork, fried chicken,
hotdogs or sausage, cold cuts, bacon or breakfast sausage, salad dressing, margarine or butter on bread or
potatoes, margarine or butter or oil in cooking, eggs,
pizza, cheese, whole milk, French fries, potato chips,
doughnuts or pastries, and ice cream). An algorithm
can be used to estimate total fat intake. Correlations
between dietary behaviors on the Block Screeners and a
more comprehensive food questionnaire, the Block 100
item Food Frequency Questionnaire,19,20 are very good
(r = 0.69 for total fat and r = 0.71 for fruit and vegetable servings).18 The Block Screeners are valid for
White and non-White populations18 and are used in
interventional research.21
The three independent variables were frequency of
SMBG, changing diet in response to SMBG, and diabetes education. These variables were informed by validated measures.22 In keeping with prior research, the
frequency of SMBG and changing the diet in response
to SMBG were each captured with a single item using
a ﬁve-point Likert scale.23–25 Participants were asked
seven questions assessing whether they received diabetes education. The sum of these seven questions, with
scores ranging from 0 to 7, was used as a measure of
diabetes education.
The HbA1c was accessed from patients’ medical
records; information regarding height, weight (to compute body mass index (BMI)), age, gender, and insulin
use were obtained by self-report.
The variables SMBG, diabetes education, HbA1c,
BMI, and total fat intake were found to be skewed.
Inverse transformations were used to normalize four
variables, namely the frequency of SMBG, diabetes
education, HbA1c, and BMI. Total fat intake was normalized using a square root transformation. The frequency of SMBG and changing diet in response to the
SMBG were centered to examine interactions. Bivariate
relationships among independent and dependent variables were computed using Pearson and Spearman
correlations where appropriate, and separate multivariate regression analyses were conducted to determine
predictors of total fat intake and servings of fruit and
vegetables. Control and independent variables were
entered in Step 1, interactions among frequency of
SMBG and changing diet in response to SMBG were
entered in Step 2 and the interaction between the frequency of SMBG and insulin use (yes ⁄ no) were entered
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82
80
78

Total fat (g/day)

in Step 3. Signiﬁcant interactions were graphed26,27
and probed for regions of signiﬁcance.28 Regions of
signiﬁcance deﬁne the range of the moderator (change
in diet in response to SMBG) over which the relationship of the independent variable (SMBG frequency) is
signiﬁcantly related to the dependent variable (total fat
intake). For these interaction analyses, only control
and independent variables signiﬁcantly related to the
dependent variable were included and the results are
reported as raw scores to preserve interpretability.

76
74
72
70
68
66

Results
Participants were primarily non-Hispanic Black (n =
136; 34%) or Hispanic (n = 208; 52%). Most were
female (n = 311; 78%) and approximately one-third
reported using insulin. The mean (±SD) age was
60.2 ± 11.3 years, mean BMI was obese at 33.8 ±
8.6 kg ⁄ m2, and mean HbA1c was 7.9 ± 1.8%.
Reported diets were high in fat (mean total fat =
75.2 ± 19.7 g) and low in fruits and vegetables (mean
daily
servings = 3.3 ± 1.8).
Most
participants
reported frequent checks of blood sugar (twice a day
or more, 42%; approximately once a day, 24%; a few
times a week, 18%; less than once a week, 12%; never,
6%) and 78% reported changing their diet in response
to their glucose readings. Participants responded yes to
a mean of 5.4 ± 2.1 of the seven items assessing diabetes education.
Correlation analyses demonstrated that those who
used more SMBG reported lower fat intake (rs =
)0.15; P < 0.01) and more frequent changes in diet in
response to glucose readings (rs = 0.38; P < 0.01).
Participants who reported receiving more diabetes education also reported using more SMBG (rs = 0.10;
P < 0.05) and changed their diet more frequently in
response to the results of the SMBG (rs = 0.18;

Table 1

64
High

Low

Frequency of SMBG
Figure 1 Interaction between self-monitoring of blood glucose
(SMBG) and changing diet in response to SMBG on total fat
intake. ( ), low frequency of changing diet in response to SMBG;
(j), high frequency of changing diet in response to SMBG. Slopes
for changes in fat intake are estimated 1SD above (high) and 1SD
below (low) the mean for SMBG and frequency of changing diet in
response to SMBG.

¤

P < 0.01). Although fruit and vegetable intake was
related to lower fat intake (rs = )0.11; P < 0.05), it
was not related to any other variables. None of the
independent or dependent variables was correlated
with HbA1c or BMI.
Lower total fat intake was predicted by a higher frequency of SMBG and older age in Step 1 of the
regression analysis (see Table 1); the relationship was
not moderated by insulin use (Step 3). The interaction
between the frequency of SMBG and changing one’s
diet in response to the results of the SMBG was signiﬁcant at Step 2 (see Fig. 1). The upper boundary of
the region of signiﬁcance for the moderator variable

Regression analyses predicting total fat
Total fat (Step 1)

Gender
Age
Insulin use
SMBG
Changing diet in response to SMBG
Diabetes education
Interactions between SMBG and
changing diet in response to SMBG
Insulin

Total fat (Step 2)

Total fat (Step 3)

B

t

P

B

t

P

B

t

P

0.04
)0.02
0.04
)0.47
)0.30
)0.24

0.25
)3.56
0.24
)2.11
)0.63
)1.34

NS
<0.05
NS
<0.05
NS
NS

0.04
)0.20
0.01
)0.41
)0.04
)0.21
0.29

0.24
)3.51
0.08
)1.83
)0.77
)1.13
2.02

NS
<0.05
NS
0.07
NS
NS
<0.05

0.03
)0.20
)0.01
)0.73
)0.04
)0.22
0.28

0.23
)0.07
)0.07
)1.11
)0.75
)1.19
1.90

NS
NS
NS
NS
NS
NS
0.06

0.25

0.53

NS

SMBG, self-monitoring of blood glucose.
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(changing diet in response to SMBG) for which the
frequency of SMBG was signiﬁcantly related to fat
intake was 2.74 (2 = less than once a week; 3 = a few
times a week). Thus, individuals who reported the
most frequent changes in diet in response to their
SMBG (a few times a week or more) had similar levels
of fat intake whether they tested SMBG frequently or
infrequently. Fat intake was also low among individuals who made few efforts to change their diet in
response to SMBG as long as they performed SMBG
frequently. Dietary levels of fat intake were highest
among participants who assessed their SMBG infrequently and made few efforts to change their diets in
response to the SMBG. The overall model for the
regression analysis predicting fruit and vegetable intake
was not signiﬁcant.
Discussion
As hypothesized, a greater frequency of SMBG was
related to greater adherence to diet, speciﬁcally lower
fat intake, after controlling for diabetes education.
This effect was signiﬁcant for individuals both taking
insulin and not taking insulin.
The present study is one of the ﬁrst to examine
whether SMBG is related to adherence to diet. Most
studies have either examined the use of SMBG to
improve insulin administration or have examined the
impact of SMBG on HbA1c. Previous studies for
patients not on insulin have primarily examined the
relationship between SMBG and long-term glucose
control and have reported mixed results.29–36 One reason for the discrepancy may be that SMBG for
patients not on insulin will only lead to improvements
in HbA1c if SMBG leads to signiﬁcant long-term
improvements in dietary intake. The present study
addressed these limitations by examining the impact of
SMBG on dietary intake. We found that SMBG is
associated with patients making healthier dietary
choices. However, low fat intake may not be sufﬁcient
to lower BMI or HbA1c. We did not measure other
dietary factors, such as carbohydrate intake, that may
elevate HbA1c. We also did not examine physical
activity. We did ﬁnd that diabetes education was
related to more frequent SMBG. Thus, SMBG may be
a tool used by diabetes educators to help patients
improve their self-management.
These ﬁndings are consistent with our theoretical
model, the CSM, which posits that individuals can successfully change their self-care in response to feedback
about speciﬁc behaviors.35,37 The SMBG provides
patients with direct feedback about their success at
maintaining glucose control. In the present study, a
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higher frequency of SMBG was associated with eating
foods lower in total fat content. Duran et al.38 recently
demonstrated that an SMBG intervention for patients
with Type 2 diabetes resulted in lower fat intake.
Although fat intake does not affect glucose levels, it is
possible that because some of the items on the fat
screener are also high in simple carbohydrates (e.g.
pastries, French fries) and others may be consumed
with foods high in simple carbohydrates (e.g. hamburgers, cold cuts), eating these foods may result in an
increase in glucose levels. Future research is needed to
understand how SMBG may lead to reductions in fat
intake.
The frequency of SMBG was not related to fruit
and vegetable consumption among our participants.
Previous studies have found a lower availability of
fruits and vegetables in East Harlem,39 which may lead
to lower intake and difﬁculty showing associations
with SMBG as a result of low variability. Participants
with diabetes may also limit their fruit intake because
it is high in carbohydrates.
The present study found a signiﬁcant interaction
between the frequency of SMBG and changing
one’s diet in response to SMBG on total fat intake.
Examination of this interaction showed that total fat
intake was lowest either when individuals used the
SMBG more frequently, or when they changed their
diet in response to even relatively infrequent
assessments of SMBG. Those who did not perform
SMBG frequently and who did not change their
diet in response to SMBG had the highest level of
total fat intake. Our theoretical model suggests that
the beneﬁt of SMBG is derived from the patients’ use
of SMBG as feedback to evaluate meals and not
from the frequency of SMBG per se. The data suggest that participants who use SMBG to guide their
diet do not have to monitor multiple times a day to
beneﬁt.
The limitations of the present study include its
cross-sectional design and homogeneous population.
Confounding variables, such as dedication to a
healthy lifestyle, may account for both more frequent
SMBG and lower fat intake. In addition, the frequency of SMBG and changing one’s diet in response
to SMBG were measured using single items and our
measures of diet intake were screening instruments
that do not assess total energy or carbohydrate
intake and have not yet been validated among immigrant populations.
In conclusion, the frequency of SMBG was related
to lower fat intake for minority individuals with diabetes regardless of insulin use. Changing diet in response
to SMBG was associated with lower fat intake even
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in those who performed SMBG less frequently. SMBG
was not associated with fruit and vegetable intake,
BMI, or HbA1c. The present study addressed limitations of previous research on SMBG by speciﬁcally
examining whether SMBG is associated with a healthier diet. Future studies should continue to explore
associations between SMBG and dietary behaviors,
physical activity, and glucose control to determine
when and what targets patients should use to make
changes to their diabetes self-care.
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