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Abstract

Aims Self-monitoring of blood or urine glucose is widely used by subjects with
Type 2 diabetes mellitus. This study evaluated the effectiveness of the
technique at improving blood glucose control through a systematic review and
meta-analysis.

Methods Randomized controlled trials were identified that compared the
effects of blood or urine glucose monitoring with no self-monitoring, or blood
glucose self-monitoring with urine glucose self-monitoring, on glycated
haemoglobin as primary outcome in Type 2 diabetes.

Results Eight reports were identified. These were rated for quality and data
were abstracted. The mean (D) quality score was 15.0 (1.69) on a scale ranging
from 0 to 28. No study had sufficient power to detect differences in glycated
haemoglobin (GHD) of less than 0.5%. One study was excluded because it was a
cluster randomized trial of a complex intervention and one because
fructosamine was used as the outcome measure. A meta-analysis was performed
using data from four studies that compared blood or urine monitoring with no
regular monitoring. The estimated reduction in GHb from monitoring was
-0.25% (95% confidence interval —-0.61 to 0.10%). Three studies that
compared blood glucose monitoring with urine glucose monitoring were also
combined. The estimated reduction in GHb from monitoring blood glucose
rather than urine glucose was -0.03% (-0.52 t0 0.47%).

Conclusions The results do not provide evidence for clinical effectiveness of an
item of care with appreciable costs. Further work is needed to evaluate self-
monitoring so that resources for diabetes care can be used more efficiently.
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Introduction
In the UK Prospective Diabetes Study (UKPDS) in Type 2

diabetes mellitus, a long-term mean difference in glycated
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with 7.9%, was associated with a relative risk reduction of
25% (95% confidence interval 7-40%) for the aggregate
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Potentially relevant studies identified and
screened for retrieval (n=18)

Non-randomized studies
excluded (n=10)

RCTs retrieved for more detailed evaluation
(n=8)

RCTs excluded, with reasons
(m=0)

Potentially appropriate RCTs to be included
in the meta-analysis (n=8)

RCTs excluded (n=2), one used
fructosamine as outcome, one cluster
randomised

RCTs included in meta-analysis (1=6)

RCTs withdrawn (n=0)

RCTs with useable information (n=6)
blood or urine v no testing (n=4)
blood v urine (n=3)
(Note: includes one three-armed trial)

Figure 1 Flowchart showing selection of studies. (Adapted from
QUOROM statement [27].)

endpoint ‘microvascular complications’ [1]. This observa-
tion has given added impetus to attempts to improve blood
glucose control in people with Type 2 diabetes. Self-
monitoring is used extensively in Type 2 diabetes but there
is uncertainty concerning its effectiveness at improving
blood glucose control [2—-4]. A systematic review and meta-
analysis were carried out to estimate the size of effect of
self-monitoring on glycated haemoglobin in Type 2
diabetes.

Methods

The review was restricted to studies that investigated the
effectiveness of blood or urine glucose self-monitoring at
improving blood glucose control in subjects with Type 2
diabetes. The search included the authors’ personal reference
collections; searches of Medline, Embase, IBSS (Index of
Bibliography of Social Science) and the Cochrane Library; as
well as hand searches of Diabetes Care, Diabetic Medicine and
Diabetologia for the years 1990-1999. The search strategy
included a series of keywords including ‘diabetes mellitus” and
‘self-monitoring of blood glucose’ combined with a search for
randomized controlled trials. Citations of retrieved references
were also screened. Letters were sent to the two leading
manufacturers (Bayer and Roche Diagnostics) and the British
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Diabetic Association (UK Diabetes) to request information, but
these enquiries did not yield any additional material. No attempt
was made to review non-English language publications and
authors of the studies reviewed were not contacted. Two of the
authors independently rated papers for quality using a checklist
designed for randomized and non-randomized studies [5]. This
was used so that non-randomized studies could be appraised in
the same way as randomized controlled trials. The checklist
included subscales to rate the quality of reporting, external
validity, and internal validity (bias and confounding). The
checklist was modified by adding an item concerning whether a
full range of outcome measures was reported. Assessment of
external validity was found to be unreliable, but it was
nevertheless thought important to appraise this aspect of the
studies. The statistical power of the studies was considered
separately by estimating whether the study had sufficient power
to detect differences in GHb of < 3%, < 2%, < 1%, < 0.5%
or < 0.25%. The outcome data abstracted from the papers
were checked thoroughly.

Meta-analyses were performed using the ‘meta’ command [6]
in the statistical package Stata [7]. In both of the meta-analyses,
fixed and random effects analyses gave identical results and a
test for heterogeneity was negative [6,8]. For each trial, the most
reliable estimate of the treatment differences for which a
standard error could be estimated based on the published data
was used [9]. Thus, if data were reported for the change from
baseline with standard errors then these were used, otherwise
the difference between post-intervention values was used. As
this approach only allowed for the analysis of differences
between post-treatment values for some trials, we carried out a
sensitivity analysis. Analyses were repeated using estimates for
the change in GHb between the start and the end of the study.
The standard error for the change was estimated by assuming a
correlation between pre and post-intervention GHb values of
0.7. Meta-analysis results were plotted as a graph in which the
point estimate for each study was plotted using a box whose area
was inversely related to the variance of the estimate in that study
[6]. Thus the area of the box was dependent, not just on the
number of subjects, but also the design of the study and the data
provided in the published report. Publication bias was evaluated
using funnel plots and associated tests using the ‘metabias’
command in Stata [10].

Results

The initial search identified 18 studies, of which 10 were
excluded because they were non-randomized (Fig. 1). The
main design features of the eight controlled trials [11-18]
are shown in Table 1. The study by Rutten et al. [17] used
cluster randomization. The study by Miles et al. [15]
changed patient allocation on a weekly basis and was not
truly randomized. The study by Allen et al. [11] reported
that ‘patients were randomized in groups of 10 to a urine
testing group or a self-monitoring blood glucose group
with the use of a computer-generated table of random
numbers’. Thus the mode of allocation was not entirely
clear. The remaining five studies used individual randomi-
zation. The criteria used to select subjects for the studies
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varied with respect to age distribution, duration of
diabetes, quality of blood glucose control, and previous
experience of monitoring. One study included subjects
taking insulin [18] but the remaining studies included
subjects treated with diet or oral hypoglycaemic drugs. A
range of different methods were used to estimate glycated
haemoglobin as outcome. Studies also varied with respect
to the recommended frequency of self-monitoring, the
advice given on modification of therapy, the methods used
to assess reliability and adherence with monitoring, and the
duration of study. Loss to follow-up was substantial in
some trials (Table 1). Quality ratings were generally low
(Table 2). It was estimated that three studies had sufficient
statistical power to detect differences in glycated haemo-
globin (GHDb) of between 0.5 and 1% but four studies only
had sufficient power to detect differences of more than 1%.
Further details of the literature searches, excluded studies,
critical appraisals, quality ratings (including assessments
of reliability) and power calculations may be obtained
from our full project report [19].

One study was not included in the meta-analysis because
fructosamine was used as the outcome measure [14]. One
study was excluded because it was a cluster randomized
study of a complex intervention [17]. One of the studies
included in the meta-analysis was a three-armed trial which
compared groups using either blood testing, urine testing
or no testing [13]. The data abstracted from the studies for
the meta-analysis are shown in Table 2. A meta-analysis
was performed using data from four studies which
compared patients who monitored blood or urine glucose
with patients who did not monitor regularly. This analysis
included data for 285 subjects. The estimated reduction in
GHb from monitoring was —-0.25% (95% confidence
interval —0.61 to 0.10%) (Fig. 2). This result indicated a
small reduction in GHb from monitoring which was not
significantly different from zero. Three studies which
compared GHDb in patients who monitored blood glucose
with those monitoring urine glucose were also combined.
For the cross-over study by Miles et al. [15], a comparison
of subjects who used blood monitoring initially was made
with those who used urine monitoring first. The analysis
included 278 subjects. The estimated reduction in GHb
from monitoring blood glucose rather than urine glucose
was —0.03% (=0.52 to 0.47%). This difference was not
statistically significant. Tests for heterogeneity were
not significant for either meta-analysis. There was no
evidence for publication bias in either of the analyses
presented.

The results of the sensitivity analyses gave estimated
intervention effects of —0.138% (-0.597 to 0.318%) for
blood or urine monitoring compared with no monitoring,
and -0.024% (-0.505 to 0.458%) for blood monitoring
compared with urine monitoring.

Analyses were also repeated after excluding the trial by
Estey et al. [12] because the intervention in this trial was
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complex. This analysis gave an estimated difference in
GHb between groups performing any monitoring and no
monitoring of 0.010% (-0.578 to 0.598%). The analysis
was also repeated after excluding the study by Miles et al.
[15] because it was not fully randomized. This gave a
difference in GHb between blood and urine monitoring
groups of =0.182% (-0.915 to 0.552%). These sensitivity
analyses provided evidence that the results presented were
not particularly sensitive to the approach used for meta-
analysis.

Discussion

Self-monitoring of blood or urine glucose is often
advocated as a means to improve blood glucose control,
and the technique was an integral part of the management
strategy for the Diabetes Control and Complications Trial
in Type 1 diabetes [20]. In the UKPDS [1], advice on
monitoring varied according to the quality of blood
glucose control and the trial results did not help to clarify
whether self-monitoring was of benefit (R Turner, personal
communication).

This meta-analysis did not provide evidence of benefit
from self-monitoring. The results were imprecise and
neither an appreciable beneficial effect nor a small adverse
effect could be excluded. The confidence intervals asso-
ciated with the estimate of GHb reduction were wide and it
is possible that self-monitoring of blood or urine glucose
might be associated with a reduction in GHb of up t0 0.6 %.
In the UKPDS, a difference between groups of 7.0%
compared with 7.9% was of clinical benefit over 10 years
[1]. Over the study cohort, a 1% reduction in average
HbA ;. was associated with a 21% (17-24%) lower risk of
any diabetes-related endpoint [21]. Analyses of data from
the Diabetes Control and Complications Trial in Type 1
diabetes also suggested that small differences in HbA .
would be clinically important [22]. There was no evidence
from this review to show that blood glucose monitoring
was superior to urine glucose monitoring in terms of
improved blood glucose control. The individual studies did
not provide clear evidence of other benefits such as the
avoidance of hypoglycaemia or improvements in health-
related quality of life.

The meta-analysis inevitably reflected the limitations of
the studies which it included. The studies included were
generally poorly reported and lacking in statistical power.
Several of the trials were of short duration and this may not
have permitted a full assessment of the effects of self-
monitoring. It might also be argued that it is undesirable to
combine results obtained using different methods for
glycated haemoglobin estimation. It is well known that
systematic reviews of the same topic may give differing
results [23], it was therefore reassuring that a number of
sensitivity analyses confirmed the essential findings of the
main analyses. Two other recent reviews of self-monitoring

©2000 Crown Copyright. Diabetic Medicine, 17, 755-761



759

2
o
=
0
~

‘urqo[3owaey paje[4s0d4[3 ‘qHO) “193Je PUB 310JI( UIMISQ DUIIIP “ JIIP, ‘UonuaAIaIul 123Je “ 31s0d, fuonuaaraiul 310§3q “,21d,

(9T°27) #¥°01 3s0d “(00°7) 98°0T 21d :[onuo)y

ySrom £poq 10

(62°7) 61701 3s0d (16°7) 61°01 21d :poolg Ddd ‘qHD ur sdnois usam1dq 25UIHIP ON 00T < 4 ¥ 0 6 [81] Buryp
($1°T) #°6 3s0d (6°T) 6°8 21d :[omuoy dnoi8 uonuoaraur
(6t'1) T'6 350d (1°7) L'6 91d :poojg oY1 UL PaASIYIE seam LyqH Ul UOLINPAI [[ews 0'1-50 < 14 ¥ T 8 [£1] vonnyg
(€9°095) 09°6 350d “(44°0 4S) 0T 21d :au0N sdnoig usamidq 1| Jo
(8%°0 ) §£°8 1s0d “(¢¢°( 45) 6T°0T 21d :poojg  Aurenb 10 1ySram £poq “VyqH ul 25udIIP ON 0701 < S S 0 8 [91] ssowyupy
91— 1P “(£°1) £°8 3s0d “(¢°7) ¢°0T 2ad :aunip sdnoid
S'T-31p “(6°1) 8°8 3s0d “(9°7) ¢'0T 21d :poolg U20M12q SUIq-[[2M 0 (D) UI 9DUIIAJIP ON 0'1-5°0 < € € 4 S [ST] soprAL
- UOIIBIIUIDUOD JUIWEBSOIINIJ UT DUIJIP ON - ¢ ¢ ¢ 1% [#1] ueyodrjen
(1T°03S) 0S°0— JIp (70 as) 78 21d :du0N
(0€°08) €10~ JIP “(0€°0 45) 98 o1d :ourin
(6T°038) 9¢°0— Hp “(¢°0 as) 7§ 21d :poolg 1y31om £poq 10 *LyqH UI 9UIIAIP ON 0701 < ¥ ¥ 0 01 [g1] suuoqauog
(£°0) €0 = HP “('T) 8¢ 3s50d ‘(") 179 21d :jonuo)
(6°0) L0~ Hp “(£°0) 9°§ 3s0d (1°T) ¢°9 21d :poo[g 1y31om £poq 10 *TyqH Ul 2UIAJIP ON 0'1-$0 < ¥ ¥ 0 8 [z1] £oasg
(#0) 07— HIP (9°7) L6 3s0d (0°¢) £ 11 21d :uni)
(#°€) 0T = 7P “(677) #7071 3s0d “(¢7¢) T 21d :poog 1ySom £poq 10 qHO ‘D Ul OUIAFIP ON 0€-0C < € € 0 6 [T1] wory
(parearpur d19ym 3d20xa (as) ueIN) sSutpuy urelN - (%) qHO ur 9] Surpunojuod — [£] seiq — [¢] Luprpea [cr] £prg

qHO T0J paidensqe eieq

2OUDIAJIP
EJ([AREETg|

A31pIfeA [RUIOIU]  AJIPI[EA [BUISIU]

[euraaxyg  Suniodoy

Suner Lend

synsa1 urew pue samod [eonsnels ‘sSuner Apend) ‘sa1aqerp g ad£ 1, ur 3uLI0IUOW-J[3S JO S[BLI PI[[OIIUOD PIZIWOpURY TI[qe],

© 2000 Crown Copyright. Diabetic Medicine, 17, 755-761



760  Self-monitoring in Type 2 DM e S. Coster et al.

Urine or blood monitoring compared with no monitoring

Trial Number of Intervention effect Wing
subjects GHb (%)
Estey
Wing [13] 23/22 -0.25 (-1.56 to 1.08)
Fontbonne
Estey [7] 28/25 -0.40 (-0.85 to 0.05)

Muchmore

Fontbonne [8] 110/54 0.25 (-0.46 to 0.97)

Muchmore [11] 12/11 -0.85 (-2.47 t0 0.78)

Combined
Pooled effect -0.25 (-0.61 to 0.10)
Allen

Blood monitoring compared with urine monitoring
Fontbonne

Allen [6] 27127 0.00 (-1.60 to 1.60) Miles
Fontbonne [8] 56/54 -0.23 (-1.05 to 0.59)
Miles [10] 58/56 0.10 (-0.57 t0 0.77)

Combined

Pooled effect

-0.03 (-0.52 to 0.47)

I,\I Fa
==

[0

il

-2 -1 0 1 2

GHb (%)

Figure2 Results of meta-analysis.

in Type 2 diabetes also reached similar conclusions to the
present review [3,4], although neither included a meta-
analysis.

Diabetes care is a complex intervention made up of a
number of different components of treatment, care and
education. Mulrow and Pugh [24] observed that for
complex interventions ‘although treatments aimed at
certain facets may be more efficacious than others, we
cannot expect interventions aimed at single parts of a
complicated treatment to be highly efficacious’ [24]. In the
present context, the use of self-monitoring may be highly
dependent on the type and quality of diabetes education
which patients receive. In the trials included in this review,
there was an obvious lack of standardization of training
and advice on use of self-monitoring. In a study in Type 1
diabetes, Worth et al. [25] showed that patients taking part
in an intensive, 6-month education programme with urine
glucose monitoring, showed an improvement in blood
glucose control. During a subsequent 9 month evaluation
of blood glucose monitoring, there was no further
improvement in control. The authors suggested that the
main benefit of self-monitoring was as an educational
modality, leading to increased contact time with diabetes
care staff and greater motivation. Any effects were, they
suggested, short-lived and they suggested that future
research should focus on long-term results.

Several studies noted that blood glucose self-monitoring
was more costly than urine glucose self-monitoring, which
in turn was more costly than no self-monitoring. In the
absence of evidence for clinical effectiveness of blood
glucose self-monitoring, there seems little justification for
encouraging Type 2 diabetic patients to purchase costly
testing equipment. This is particularly relevant in countries
with fewer resources. Healthcare costs include not just the
costs of equipment and supplies, but also the staff time used

in busy clinics to teach patients to test, and to review their
results. In terms of opportunity cost, more time spent
teaching self-monitoring may result in less attention being
given to other aspects of self-management such as foot
care. Further work to clarify the use of self-monitoring in
Type 2 diabetes appears to be needed so that resources for
diabetes care can be used more efficiently. In agreement
with the recommendation by Faas et al. [3], a large
randomized trial of the effect of blood glucose self-
monitoring in Type 2 diabetes is desirable. It would also
be feasible to conduct trials of discontinuation of self-
monitoring in subjects with stable Type 2 diabetes. Finally,
where good quality clinical data are available it may be
possible to carry out observational analyses to attempt to
identify groups of patients in whom self-monitoring may
be unnecessary [26].
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