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PURPOSE: We sought to evaluate the effectiveness of self-
monitoring blood glucose levels to improve glycemic control.
SUBJECTS AND METHODS: A cohort design was used to as-
sess the relation between self-monitoring frequency (1996 average
daily glucometer strip utilization) and the first glycosylated hemo-
globin (HbA, ) level measured in 1997. The study sample included
24,312 adult patients with diabetes who were members of a large,
group model, managed care organization. We estimated the differ-
ence between HbA, _ levels in patients who self-monitored at fre-
quencies recommended by the American Diabetes Association
compared with those who monitored less frequently or not at all.
Models were adjusted for age, sex, race, education, occupation,
income, duration of diabetes, medication refill adherence, clinic
appointment “no show” rate, annual eye exam attendance, use of
nonpharmacological (diet and exercise) diabetes therapy, smok-
ing, alcohol consumption, hospitalization and emergency room
visits, and the number of daily insulin injections.

RESULTS: Self-monitoring among patients with type 1 diabe-
tes (=3 times daily) and pharmacologically treated type 2 dia-
betes (at least daily) was associated with lower HbA, _levels (1.0
percentage points lower in type 1 diabetes and 0.6 points lower
in type 2 diabetes) than was less frequent monitoring (P
<0.0001). Although there are no specific reccommendations for
patients with nonpharmacologically treated type 2 diabetes,
those who practiced self-monitoring (at any frequency) had a
0.4 point lower HbA,_ level than those not practicing at all (P
<0.0001).

CONCLUSION: More frequent self-monitoring of blood glu-
cose levels was associated with clinically and statistically better
glycemic control regardless of diabetes type or therapy. These
findings support the clinical recommendations suggested by
the American Diabetes Association. Am J Med. 2001;111:1-9.
©2001 by Excerpta Medica, Inc.

Ithough self-monitoring of blood glucose is

widely recommended as a component of diabetes

management, there is substantial controversy
about this costly practice, especially for patients with type
2 diabetes. The American Diabetes Association’s 1997
Clinical Practice Recommendations suggest monitoring
at least 3 times daily for patients with type 1 diabetes and
daily for pharmacologically treated (insulin or oral
agents) patients with type 2 diabetes (1). No recommen-
dations have been proposed for patients with type 2 dia-
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betes who use nonpharmacological treatment (diet, exer-
cise, or both). It has been argued that these recommen-
dations are not supported by evidence, particularly about
effectiveness in improving glycemic control (2,3). Al-
though most of the evidence supporting the use of self-
monitoring comes from a few small studies in patients
with type 1 diabetes (4,5), its usefulness is still questioned
for these patients (6—10), and there is even less evidence
supportingits use in patients with type 2 diabetes (3,9,11—
18). Consequently, the American Diabetes Association’s
position statement (19) about the latter group has been
left vague: “Optimal frequency of self-monitoring of
blood glucose for patients with type 2 diabetes is not
known, but should be sufficient to facilitate reaching glu-
cose goals.” It has even been argued that self-monitoring
may cause psychological harm (20).

Publication of the results of the Diabetes Control and
Complications Trial (21) in 1993 has led to a greater em-
phasis on near-normalization of glucose level and pro-
motion of self-monitoring (22,23). Aside from the uncer-
tainty regarding effectiveness, self-monitoring is costly:
the annual price of strips alone can exceed $850 for the
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recommended frequency in patients with type 1 diabetes.
In 1998, blood glucose monitoring strips were the fourth
largest outpatient pharmacy expenditure in the Kaiser
Permanente Northern California Region, representing
2% of total pharmacy expenditures. Given the need to
control health care costs and the efforts to practice evi-
dence-based medicine, self-monitoring guidelines are
debated in many managed care organizations.

Although a randomized controlled trial would be the
best way to determine the effectiveness of monitoring,
such trials may no longer be feasible, given that practice
guidelines recommend universal monitoring in the U.S.
We therefore studied the association between self-moni-
toring and glycemic control in a cohort study of 24,312
adults in the diabetes registry of Kaiser Permanente,
Northern California Region, stratified by the type of dia-
betes and treatment, and adjusting for possible con-
founders.

METHODS
Sample

The Kaiser Permanente Medical Care Program of North-
ern California, a group model Health Maintenance Orga-
nization, provides comprehensive medical services to ap-
proximately three million members (~25% of the popu-
lation in the geographical area) in Northern California
through 15 hospitals and 23 outpatient clinics. The health
plan maintains administrative databases that are linked
to the individual member through a unique medical
record number assigned at enrollment. The sample came
from the Northern California Kaiser Permanente Diabe-
tes Registry (24-27), which annually identifies prevalent
and incident cases of diabetes from several sources, in-
cluding pharmacies (prescriptions for diabetic medica-
tions), laboratories (glycosylated hemoglobin [HbA,_]
level >6.7%), and outpatient, emergency room, and hos-
pitalization records listing a diagnosis of diabetes; it was
estimated to be 96% sensitive as of January 1, 1996 (25).
Only the 48,614 adults (=19 years of age) with continu-
ous membership from January 1, 1996, to December 31,
1997, full pharmacy benefits (to avoid under-ascertain-
ment of strip utilization), and an HbA,_ level that was
measured during follow-up were included. At the time of
this study, there were no Kaiser Permanente practice
guidelines about self-monitoring.

Measurements

The number of glucometer strips redeemed at Kaiser
pharmacies during 1996 was determined (and expressed
as average strips per day). Kaiser pharmacies require a
prescription for glucometer strips; given the substantial
cost savings for those with drug benefits (patients pay a
minimal copayment rather than the full cost of the
strips), this captures the vast majority of use (27).
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We defined categories of self-monitoring levels based
on average daily strip utilization using an algorithm that
accommodated occasional missed monitoring days. Pa-
tients with type 1 diabetes were categorized as monitoring
three or more times daily if their average utilization was
=2.5 strips per day; at least once but less than three times
daily if their average was <2.5 but =0.75 strips per day;
less than daily but at least occasionally if their average was
<C0.75 but >0 per day; and not practicing self-monitor-
ing if there was no recorded strip utilization for the entire
year. Patients with pharmacologically treated type 2 dia-
betes were categorized as monitoring daily if they used an
average of at least 0.75 strips per day; less than daily but at
least occasionally for lesser levels of utilization; or not
practicing self-monitoring. Using these categories, pa-
tients were further characterized as “adherent” or “non-
adherent” to the American Diabetes Association Clinical
Practice Recommendations (1,19,28). Because these rec-
ommendations did not include self-monitoring among
patients with type 2 diabetes who are not treated with
drugs, we specified the goal of “at least occasionally” for
this group. We could not establish whether a patient was
aware of or instructed about the American Diabetes As-
sociation recommendations. Thus, the terms “adherent”
and “nonadherent” were used to classify levels of practice
relative to those recommendations, not to imply the rea-
sons for that practice (e.g., patient compliance vs. physi-
cian not providing guidance).

HbA, . levels were recorded from Kaiser’s laboratory
database for 1997, which was the year following baseline
ascertainment of glucometer strip utilization. The earliest
HbA, . level was used if multiple tests were recorded. All
assays were conducted at Kaiser’s centralized laboratory
using high-performance liquid chromatography. Pa-
tients with at least one HbA, . level measured during this
12-month period (66% of total patients) were included in
this study.

Potential confounders were collected from several
sources. Eighty-three percent (n = 77,726) of the 94,024
noninstitutionalized health plan members with sus-
pected diabetes had responded to a self-administered
questionnaire or computer-assisted telephone interview.
The survey asked about daily number of insulin injec-
tions, use of exercise and diet as diabetes treatments,
smoking, alcohol consumption, education, and ethnicity.
Type of diabetes was based on age at diagnosis, length of
time between initial diagnosis and start of insulin treat-
ment, intervals of 3 months or longer off insulin after
initiation, and obesity at diagnosis (27,29; Appendix).
Those with an unclear type of diabetes (2%) were ex-
cluded. Diabetes treatment in 1996 and this algorithm
were used to classify patients into mutually exclusive cat-
egories: type 1 diabetes, insulin-treated type 2 diabetes
(includes combination therapy), oral agent only—treated
type 2 diabetes, and “diet-controlled” type 2 diabetes. For
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patients with type 2 diabetes who changed treatment dur-
ing 1996, classification was based on the therapy that was
used for the longest period of time in that year. Five per-
cent of patients were classified as having type 1 diabetes,
75% had pharmacologically treated type 2 diabetes (23%
insulin-treated and 53% oral agent only—treated), and
20% had diet-controlled type 2 diabetes.

Automated pharmacy records were used to calculate a
medication refill adherence index (30,31). Administra-
tive utilization files were used to assess the numbers of
hospitalizations and emergency room visits, the propor-
tion of outpatient appointments that were neither at-
tended nor canceled (“no shows”), and the number of
ophthalmology exams during the baseline period. We
also characterized neighborhood-level socioeconomic
status by geocoding each member’s address, which was
mapped to an average annual per capita income and pro-
portion in a working-class profession, as determined by
1990 census data.

Analysis Plan

Our analyses included the 23,412 members of the diabe-
tes registry who had responded to the survey, in whom
type (and treatment) of diabetes could be determined and
in whom HbA,_ level had been measured in 1997. All
analyses were stratified by diabetes type and treatment.
Comparisons were made using the chi-squared test for
categorical variables, the two-sample ¢ test for normally
distributed continuous variables, and the Wilcoxon rank
sum test for continuous variables with skewed distribu-
tions. General linear models (SAS Proc GLM) were used
to assess the relation between HbA, _ level and adherence
and between HbA,. level and ordinal self-monitoring
level. Adjusted (least squares means) HbA, . levels for the
ordinal categories of self-monitoring, and for adherent
and nonadherent patients and their differences, were es-
timated with 95% confidence intervals.

To determine whether the relations that we observed in
the main analyses were caused by selection bias, we com-
pared age- and sex-adjusted models for our sample to
those for the 24,302 registry members who were excluded
because they did not respond to the survey or did not
provide sufficient data for covariate adjustment or strat-
ification. Because type of diabetes was missing for most
patients not included in the main analyses, we stratified
by therapy alone for these analyses.

RESULTS

Patient Characteristics and Adherence

Adherence with the recommended frequency of self-
monitoring was more common among patients with type
1 diabetes (34% [395/1159]) or insulin-treated type 2 di-
abetes (54% [3011/5552] than among patients with oral
agent only—treated type 2 diabetics (20% [2543/12,786],

P = 0.001; Table 1). The level of adherence in patients
with “diet-controlled” type 2 diabetes (41% [1987/4815])
reflects the looser criterion (any monitoring) for adher-
ence. In unadjusted analyses, HbA, levels were signifi-
cantly (P =0.001) lower among adherent patients in all 4
groups than in the nonadherent patients (Table 1). Ad-
herent patients were usually more likely to be female and
white and to have greater education and income (Table
1). There were small, albeit sometimes statistically signif-
icant, differences in mean age, time since diagnosis, and
working-class status (proportion in census block group)
between adherent and nonadherent patients. Self-care
practices (other than self-monitoring), healthy lifestyle
behaviors, and appropriate annual screenings were usu-
ally more common in adherent patients (Table 1). There
were higher rates of hospitalization and emergency room
visitation in adherent patients with type 2 diabetes, how-
ever.

Self-monitoring of Blood Glucose Level and

Subsequent Glycemic Control

Within all four groups of patients, adherence (vs. less
frequent or no monitoring) was associated with signifi-
cantly (P <0.0001) better glycemic control (lower HbA, .
levels) after adjustment for demographic, socioeco-
nomic, behavioral, and clinical variables (Table 2). The
differences between adherent and nonadherent patients
ranged from 0.4 percentage points for patients with “diet-
controlled” type 2 diabetes to 1.0 points for those with
type 1 diabetes (Table 2).

As monitoring frequency increased, adjusted HbA,.
levels declined (Figure 1). In pharmacologically treated
patients, the largest improvement in HbA,_ levels (P
<0.0001) was observed with monitoring at the recom-
mended frequency (at least three times daily in patients
with type 1 diabetes or at least daily in patients with type
2 diabetes), whereas lesser frequencies of monitoring
conferred little benefit. In diet-controlled patients with
type 2 diabetes, there were significant (P <0.0001) incre-
mental decreases in HbA, . levels associated with each in-
crease in monitoring frequency.

Assessing Selection Bias

The overall study finding was qualitatively similar when
comparing those included in the main analysis with those
who were excluded because of missing data, suggesting it
is unlikely that responder bias explained our findings
(Figure 2). Although slightly stronger effects of self-mon-
itoring were noted in those who were included in the
main study, the study conclusions remain consistent and
significant for each treatment group.

CONCLUSIONS

In this large cohort study, levels of strip utilization that
were consistent with American Diabetes Association rec-
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Table 2. Adjusted Glycosylated Hemoglobin (HbA,.) Levels among Those Who Adhered or Did not Adhere to Recommended
Self-monitoring Guidelines*

Adjusted HbA, . Level

(95% Confidence Interval) Difference between Groups

Group Adherent Nonadherent (95% Confidence Interval) P Value

Type 1 diabetes, N = 1159 7.7 (7.6,7.9) 8.7 (8.6, 8.9) 1.0 (0.8, 1.3) 0.0001

Insulin-treated Type 2 diabetes, N = 5552 8.2 (8.2,8.3) 8.8 (8.8,8.9) 0.6 (0.5, 0.7) 0.0001

Oral agent only-treated, N = 12,786 8.1(8.0,8.2) 8.7 (8.7, 8.7) 0.6 (0.5, 0.7) 0.0001
Type 2 diabetes

Diet-controlled Type 2 diabetes, N = 4815 7.7 (7.6,7.8) 8.1(8.0,8.2) 0.4 (0.3, 0.6) 0.0001

* Adjusted for age, sex, ethnicity, educational attainment, block group annual income and occupation class, years since diabetes diagnosis, diabetes
therapy refill adherence, number of daily insulin injections (insulin users only), clinic appointment “no show” rate, annual eye exam attendance,
self-reported exercise and diet as diabetes therapy, smoking status, alcohol consumption, and hospitalization and emergency room visit during the

baseline year. See Methods for definitions of “adherent” and “nonadherent.”

ommendations for self-monitoring of blood glucose lev-
els were associated with better glycemic control (HbA, .
levels). This association was seen in patients with type 1
diabetes and pharmacologically treated type 2 diabetes, as
well as in diet-controlled diabetes.

Evidence for the benefits of self-monitoring has been
lacking for type 2 diabetes. There have been several posi-
tive anecdotal reports (2,4—6,13,32-34), but the results
of most trials have been negative (14,17,35,36). A meta-
analysis of randomized studies among patients with type
2 diabetes failed to find a benefit from self-monitoring on
glycemic control (37). However, the authors of that anal-
ysis acknowledged several important limitations, includ-
ing lack of statistical power (the largest study included
208 patients), inconsistencies in recommended monitor-
ing frequency, lack of standardization of training and ad-

vice given on modification of therapy, insufficient dura-
tion, and substantial loss to follow-up (37). Most of the
previous observational studies also had methodological
shortcomings (17), including lack of controls (33), short
follow-up (32), low power (sample sizes ranged from 12
to 250 patients (8), and failure to stratify patients by type
of treatment (38). Lack of explicit recommendations or
education to accompany the self-monitoring interven-
tion has complicated the interpretation of other studies
(3). One well-designed randomized trial (36) that failed
to demonstrate effectiveness reported that the patients
did not adapt the recommended behavioral changes in
response to their blood glucose readings. A recent obser-
vational study (18) demonstrated better glycemic control
with increased prescriptions for glucometer strips in 258
patients with type 1 diabetes (0.7 points lower HbA, . level

95
é
o 9
> H No utilization
% 8.5 Less than daily
B 8 8 Daily
g [0 At least 3x daily
= 7.5
(72]
i
7 T
Type1 Type2- Type2- Type 2-
insulin oral diet
agents

Figure 1. Adjusted glycosylated hemoglobin (HbA ) levels by categories of strip utilization (average strips per day). The category of
at least three times daily was only included for patients with type 1 diabetes. Models were adjusted for age, sex, ethnicity, educational
attainment, block group annual income and occupation class, years since diabetes diagnosis, diabetes therapy refill adherence,
number of daily insulin injections (insulin users only), clinic appointment “no show” rate, annual eye exam attendance, self-reported
exercise and diet as diabetes therapy, smoking status, alcohol consumption, and hospitalization and emergency room visit during the
baseline year.
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Figure 2. Adjusted (for age and sex) glycosylated hemoglobin
(HbA,,) levels by average daily strip utilization for those in-
cluded in (n = 24,312) or excluded from (n = 24,302) the main
analysis.

per strip per day) but failed to find a significant associa-
tion in 290 patients with type 2 diabetes who were treated
with insulin. Although we observed the largest benefit in
patients with type 1 diabetes, we also found significant
benefits in type 2 diabetes.

Several potential limitations of this study deserve com-
ment. We did not include patients who did not have HbA
levels measured during the follow-up. The term “nonadher-
ence” was used to indicate suboptimal practice according to
American Diabetes Association guidelines. We were unable
to establish whether the patient failed to follow recommen-
dations or just never received these guidelines from their
provider, however. We measured utilization of self-moni-
toring indirectly, through pharmacy refills; to the extent that
this mismeasured actual utilization of monitoring, we may
have underestimated the actual benefits. Most important,
this was an observational study, and we cannot determine
whether the association between self-monitoring and glyce-
mic control is causal or not. For example, patients with
chronically poor control may become discouraged and
monitor less frequently, although we suspect that this pat-
tern would be countered by increasing pressure from their
health care providers to monitor more frequently. It is also
possible that monitoring frequency is a marker for more
intensive diabetes management, which more directly influ-
ences glycemic control. This study was conducted in a single
health maintenance organization, however; thus the quality
of diabetes care was probably more uniform than in a com-
munity sample. Moreover, analyses were adjusted for indi-
cators of disease management, as well as key diabetes self-
care practices and other adherence and lifestyle behaviors,
which may be associated with monitoring frequency and
with glycemic control. As an example, smoking is associated
with self-monitoring as well as with poor glycemic control
(39) and diabetes (40). We found, however, that adjustment
for diabetes therapy refill adherence, number of daily insulin
injections, appointment no show rate, annual eye exam at-
tendance, self-reported use of exercise and diet, smoking
status and alcohol consumption, and markers of disease se-

verity (hospitalization or emergency room visit during the
baseline year) had only a minor effect on the benefit.

The association between self-monitoring and glycemic
control may strengthen as we improve our ability to teach
self-management skills, instill greater awareness of their
importance, motivate patients to make behavioral
changes in response to readings, and enhance their self-
confidence (2,41,42). For example, well-informed pa-
tients readily modify insulin dose and timing in response
to home glucose readings, and improved insulin admin-
istration is the best way to improve glycemic control (43).
Because lifestyle changes such as improved diet and exer-
cise have limited sustainability (43), patients may benefit
from the feedback provided by regular monitoring. Ben-
efits for patients treated with oral agents may also be me-
diated through modifications in type and dosing of med-
ication in response to recorded home glucose readings.
Although the use of self-monitoring is not well under-
stood for “diet-controlled” patients (1), the immediate
feedback about the effects of diet and exercise on glyce-
mic control may be of value. Research is needed to con-
firm whether special training and enhanced patient mo-
tivation and confidence (self-efficacy) would improve the
effectiveness of self-monitoring.

Our findings favor American Diabetes Association rec-
ommendations for intensive self-monitoring of blood
glucose levels among patients with type 1 diabetes. They
also provide supportive evidence for the benefits of this
self-management practice in the larger group of patients
with type 2 diabetes.

APPENDIX
Algorithm for Determining Type of Diabetes

Diabetes was classified as type 1, type 2, or unclear based
on self-reported clinical characteristics measured in a di-
abetes survey (1994-1997). Typing criteria included age
at diagnosis and presence of obesity based on body mass
index >27.8 kg/m” in men, >27.3 kg/m” in women at the
time of diagnosis of diabetes, and, for patients using in-
sulin, the interval between diagnosis and the initiation of
insulin treatment, and history of insulin “holidays” (in-
tervals of 3 months or longer off insulin after initiation;
27,29). The algorithm is detailed below.

Type 2 Diabetes
Those meeting the following criteria were classified as
having type 2 diabetes:

1. reported using no hypoglycemic medications, oral hy-
poglycemic agents, or combination of oral agents and
insulin; or

2. reported using insulin monotherapy and:

o Age of onset <20 years, initiated insulin >2 years
after diagnosis, and obese; or
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e Age of onset 20 to 40 years, initiated insulin <1
month after diagnosis, and obese with insulin holi-
day; or

e Ageof onset 20 to 40 years, initiated insulin 1 month
to 2 years after diagnosis, and obese; or

e Age of onset 20 to 40 years, initiated insulin >2
years after diagnosis; or

e Age of onset 40+ years, initiated insulin <1 month
after diagnosis, and obese with no insulin holiday;
or

e Age of onset 40+ years, initiated insulin <1 month
after diagnosis with insulin holiday; or

e Age of onset 40+ years, initiated insulin <1 month
after diagnosis with no insulin holiday, and lean; or

e Ageof onset 40+ years, initiated insulin 1 month or
more after diagnosis

Type 1 Diabetes

Those reporting using insulin monotherapy and meet-
ing the following criteria were classified as having type 1
diabetes:

e Age of onset <20 years, initiated insulin <2 years after
diagnosis with no insulin holiday; or

e Age of onset < 20years, initiated insulin <2 years after
diagnosis with an insulin holiday, and lean; or

e Age of onset <20 years, initiated insulin >2 years after
diagnosis, and lean; or

e Age of onset 20 to 40 years, initiated insulin <1 month
after diagnosis, and lean

Unclear Type of Diabetes

Those reporting using insulin monotherapy and meet-
ing the following criteria were classified as having unclear
type of diabetes:

o Age of onset <20 years, initiated insulin <2 years after
diagnosis with an insulin holiday, and obese; or

e Age of onset 20 to 40 years, initiated insulin <1 month
after diagnosis with no insulin holiday, and obese; or

e Age of onset 20—40 years, initiated insulin 1 month-2
years after diagnosis, and lean

ACKNOWLEDGMENT

We wish to thank Laurie A. Doyle, MPH, Julie Lenhart, RPh,
MS, and Denise Myers, RN, MPH for valuable discussions and
comments on an earlier draft.

REFERENCES

1. American Diabetes Association. Clinical practice recommenda-
tions 1997. Diabetes Care. 1997;20:518-S19.

2. Muchmore DB, Springer J, Miller M. Self-monitoring of blood glu-
cose in overweight type 2 diabetic patients. Acta Diabetol. 1994;31:
215-219.

3. Patrick AW, Gill GV, MacFarlane IA, et al. Home glucose monitor-
ingin type 2 diabetes: is it a waste of time? Diabet Med. 1994;11:62—
65.

8 July2001 THE AMERICAN JOURNAL OF MEDICINE®  Volume 111

4. Terent A, Hagfall O, Cederholm U. The effect of education and
self-monitoring of blood glucose on glycosylated hemoglobin in
type I diabetes. A controlled 18-month trial in a representative pop-
ulation. Acta Med Scand. 1985;217:47-53.

5. Lam KS, Ma JT, Chan EY, Yeung RT. Sustained improvement in
diabetic control on long-term self-monitoring of blood glucose.
Diabetes Res Clin Pract. 1986;2:165—-171.

6. Mann NP, Noronha JL, Johnston DI. A prospective study to evalu-
ate the benefits of long-term self-monitoring of blood glucose in
diabetic children. Diabetes Care. 1984;7:322-326.

7. Gordon D, Semple CG, Paterson KR. Do different frequencies of
self-monitoring of blood glucose influence control in type 1 dia-
betic patients? Diabet Med. 1991;8:679—682.

8. Willey KA, Twigg SM, Constantino MI, Yue DK, et al. Home
blood glucose monitoring: how often? Practical Diabetes. 1993;
10:22-25.

9. Belmonte MM, Schiffrin A, Dufresne J, Suissa S, et al. Impact of
SMBG on control of diabetes as measured by HbAL1. 3-yr survey of
a juvenile IDDM clinic. Diabetes Care. 1988;11:484—488.

10. Daneman D, Siminerio L, Transue D, Betschart J, et al. The role of
self-monitoring of blood glucose in the routine management of
children with insulin-dependent diabetes mellitus. Diabetes Care.
1985;8:1-4.

11. Leese GP, Jung RT, Newton RW. Home glucose monitoring in pa-
tients aged over 40 years with diabetes mellitus. Practical Diabetes.
1994;11:32-34.

12. Worth R, Home PD, Johnston DG, et al. Intensive attention im-
proves glycaemic control in insulin-dependent diabetes without
further advantage from home blood glucose monitoring: results of
a controlled trial. Br Med ] (Clin Res Ed). 1982;285:1233—-1240.

13. Allen BT, DeLong ER, Feussner JR. Impact of glucose self-monitor-
ing on non-insulin-treated patients with type II diabetes mellitus.
Randomized controlled trial comparing blood and urine testing.
Diabetes Care. 1990;13:1044—1050.

14. Fontbonne A, Billault B, Acosta M, et al. Is glucose self-monitoring
beneficial in non-insulin-treated diabetic patients? Results of a ran-
domized comparative trial. Diabete Metab. 1989;15:255-260.

15. Wieland LD, Vigil JM, Hoffman RM, Janis LW. Relationship be-
tween home glucose testing and hemoglobin Alc in type II diabetes
patients. Am ] Health Syst Pharm. 1997;54:1062—1065.

16. Tattersall R. Self monitoring of blood glucose concentrations by
non-insulin dependent diabetic patients. BMJ. 1992;305:1171—
1172.

17. Faas A, Schellevis FG, Van Eijk JT. The efficacy of self-monitoring
of blood glucose in NIDDM subjects. A criteria-based literature
review. Diabetes Care. 1997;20:1482-1486.

18. EvansJM, Newton RW, Ruta DA, MacDonald TM, et al. Frequency
of blood glucose monitoring in relation to glycaemic control: ob-
servational study with diabetes database. BMJ. 1999;319:83—86.

19. American Diabetes Association. Clinical practice recommenda-
tions 1999. Diabetes Care. 1999;22:577-S78.

20. Gallichan M. Self monitoring of glucose by people with diabetes:
evidence based practice. BMJ. 1997;314:964-967.

21. The effect of intensive treatment of diabetes on the development,
and progression of long-term complications in insulin-dependent
diabetes mellitus. The Diabetes Control and Complications Trial
Research Group. N Engl ] Med. 1993;329:977-986.

22. Beckles GL, Engelgau MM, Venkat Narayan KM, Herman WH, et
al. Population-based assessment of the level of care among adults
with diabetes in the U.S. Diabetes Care. 1998;21:1432—1438.

23. Hawley G, Pogach L, Sawin C, Scheibe H, et al. Diabetes related
medication and glucose monitoring utilization in the Veterans
Health Administration: comparison of FY94 and FY96. Diabetes.
1997;47 (suppl 1):A185.

24. Martin TL, Selby JV, Zhang D. Physician and patient prevention



25.

26.

27.

28.

29.

30.

31.

32.

33.

Self-Monitoring of Blood Glucose/Karter et al

practices in NIDDM in a large urban managed-care organization.
Diabetes Care. 1995;18:1124-1132.

Selby JV, Ray GT, Zhang D, Colby CJ. Excess costs of medical care
for patients with diabetes in a managed care population. Diabetes
Care. 1997;20:1396—-1402.

Selby JV, Ettinger B, Swain B, Brown JB. First 20 months’ experi-
ence with use of Metformin for type 2 diabetes in a large health
maintenance organization. Diabetes Care. 1999;22:38—44.

Karter AJ, Ferrara A, Darbinian J, Ackerson LM, et al. Self-moni-
toring of blood glucose. language and financial barriers in a man-
aged care population with diabetes. Diabetes Care. 2000;23:477—
483.

American Diabetes Association. Clinical practice recommenda-
tions 1998. Diabetes Care. 1998;21 (Suppl 1):S1-S98.

Karter AJ, Rowell SE, Ackerson LM, et al. Excess maternal transmis-
sion of type 2 diabetes. The Northern California Kaiser Permanente
Diabetes registry. Diabetes Care. 1999;22:938-943.

Steiner JF, Prochazka AV. The assessment of refill compliance using
pharmacy records: methods, validity, and applications. J Clin Epi-
demiol. 1997;50:105-116.

Steiner JF, Koepsell TD, Fihn SD, Inui TS. A general method of
compliance assessment using centralized pharmacy records. De-
scription and validation. Med Care. 1988;26:814—823.

Sonksen PH, Judd SL, Lowy C. Home monitoring of blood-
glucose. Method for improving diabetic control. Lancet. 1978;1:
729-732.

Walford S, Gale EA, Allison SP, Tattersall RB. Self-monitoring of
blood-glucose. Improvement of diabetic control. Lancet. 1978;1:
732-735.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

July 2001

Cohen M, Zimmet P. Self-monitoring of blood glucose levels in
non-insulin-dependent diabetes mellitus. Med ] Aust. 1983;2:377—
380.

Gallichan M. Self-monitoring by patients receiving oral hypoglyce-
mic agents: a survey and a comparative trial. Practical Diabetes.
1994;11:28 -30.

Wing RR, Epstein LH, Nowalk MP, Scott N, et al. Does self-moni-
toring of blood glucose levels improve dietary compliance for obese
patients with type II diabetes? Am J Med. 1986;81:830—836.
Coster S, Gulliford MC, Seed PT, Powrie JK, et al. Self-monitoring
in Type 2 diabetes mellitus. a meta-analysis. Diabet Med. 2000;17:
755-761.

Newman WP, Laqua D, Engelbrecht D. Impact of glucose self-
monitoring on glycohemoglobin values in a veteran population.
Arch Intern Med. 1990;150:107-110.

Frati AC, Iniestra F, Ariza CR. Acute effect of cigarette smoking on
glucose tolerance and other cardiovascular risk factors. Diabetes
Care. 1996;19:112-118.

Manson JE, Ajani UA, Liu S, Nathan DM, et al. A prospective study
of cigarette smoking and the incidence of diabetes mellitus among
U.S. male physicians. Am ] Med. 2000;109:538 —542.

Peyrot M, Rubin RR. Modeling the effect of diabetes education on
glycemic control. Diabetes Educ. 1994;20:143—148.

Rubin RR, Peyrot M, Saudek CD. Effect of diabetes education on
self-care, metabolic control, and emotional well-being. Diabetes
Care. 1989;12:673—679.

Rubin RR, Peyrot M, Saudek CD. Differential effect of diabetes
education on self-regulation and life-style behaviors. Diabetes Care.
1991;14:335-338.

THE AMERICAN JOURNAL OF MEDICINE®  Volume 111 9



