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Abstract Despite advances in technology, the frequent

self-measurement of blood glucose (SMBG) remains fun-

damental to the management of 1 diabetes mellitus

(T1DM). Once measured, SMBG results are routinely

reported back to health professionals and other interested

parties, either verbally, via a logbook, or electronically

downloaded from a pump or meter. The misreporting of

SMBG using various techniques represents a classic non-

adherence behavior and carries with it both acute and

chronic dangers. In addition, while this behavior appears

very prevalent, many aspects remain largely unstudied.

With this in mind, we aimed to summarize literature

addressing the misreporting of SMBG in T1DM via a

detailed literature search. This produced both recent and

past literature. While most of these studies examined the

prevalence of deliberate misreporting in a verbal or log-

book context, others focused on the motivations behind this

behavior, and alternative forms of misreporting, including

deliberate manipulation of meters to produce inaccurate

results and true technological errors. This timely review

covers all aspects of misreporting and highlights multiple

patient techniques, which are clearly adapting to advances

in technology. We believe that further understanding and

attention to this aspect of adherence may lead not only to

improvements in glycemic control and safety, but also to

the psychological well-being of those affected by type 1

diabetes.
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glucose � Misreporting � Self-management � Adherence

Introduction

The importance of glycemic control for both the short- and

long-term health of people with type 1 diabetes mellitus

(T1DM) has been clearly established [1, 2]. This has led to

intensive insulin therapy becoming the standard of care in

most centers. Fundamental to intensive therapy is the

monitoring of blood glucose. This has evolved consider-

ably over the years. Starting with the ‘‘water tasting’’ of the

eleventh century [3], things have fortunately progressed,

with the first blood glucose meters introduced in the 1970s

and 1980s. From here, technology has continued to

advance, with today’s modern blood glucose meters

showing significant improvements in accuracy and preci-

sion; sample size requirements; and analysis time. In

addition, features such as alarms, memory storage capa-

bilities, computer/clinic downloading, direct input into

insulin pumps, and more recently hybrid meter/continuous

glucose monitoring system (CGMS) technology, all facil-

itate frequent self-measurement of blood glucose (SMBG)

and the application of these data into day-to-day

management.

SMBG is not only essential for day-to-day monitoring,

safety, and dose adjustment, it is also associated with

improved glycemic control, with suggested improvements

in HbA1c of up to 0.5 % (5.5 mmol/mol) with each

additional SMBG to a maximum of 5–6/day [4, 5]. This

may translate into long-term health benefits such as a
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potential reduction in long-term diabetes complications.

These positive impacts on glycemic control are likely

multifactorial, potentially reflecting the benefits of a more

intensive insulin regimen, but also indicating overall

improvements in general diabetes self-care and self-

determination.

However, SMBG still represents a large health burden

for those affected by diabetes and therefore is likely to be a

surrogate marker for overall adherence (or not) with one’s

diabetes management. Non-adherence with SMBG can

occur in a number of ways. While a reduced frequency of

SMBG is the simplest form of non-adherence, the inten-

tional misreporting of SMBG to parents/caregivers and

health professionals represents another much more com-

plex aspect. This can take various forms, including (1)

verbal misreporting, usually between a child and their

parent, teacher, and/or health professional (e.g., at diabetes

camp) and (2) various forms of logbook misreporting,

traditionally in written form, but more recently occurring

electronically, including the direct manipulation of pump

download data. Regardless of type, this misreporting can

result in both acute and chronic dangers, including hypo-

and hyperglycemia.

Considering how critical SMBG is for management,

glycemic control, and safety in T1DM, misreporting

behavior has received relatively little attention in the

medical literature. This review, therefore, aims to explore

the current literature addressing the misreporting of SMBG

in type 1 diabetes.

Methods

PubMed� (National Library of Medicine, Bethesda, MD,

USA) and CINAHL� (Cinahl Information Systems, Glen-

dale, CA, USA) were used to perform literature searches.

The search strategy is as follows: (((((reliability) OR

accuracy) OR compliance) OR adherence) OR perfor-

mance) AND ((((reported) OR self-reported) OR self-re-

porting) OR reporting) AND ((blood glucose) OR blood

glucose results) AND ((((monitoring) OR measuring) OR

reading) OR self-monitoring) AND (((children) OR ado-

lescents) OR adults). Results were limited to English lan-

guage publications, and no time limit was applied. This

yielded 332 results from PubMed� and 85 results from

CINAHL�. Articles were selected first by title, then

abstract, and full text if necessary. This yielded eight rel-

evant papers. Additional hand searches were performed on

reference lists where appropriate, producing one more

paper. A less structured literature search related to more

general aspects of T1DM and adherence was also

performed.

The misreporting of SMBG

As discussed above, a major source of inaccuracy in

SMBG is the deliberate misreporting of the meter reading

by the patient. This misreporting of SMBG, primarily to

parents/caregivers and health professionals, represents a

classic non-adherence behavior. The literature examining

this behavior is summarized in Table 1, and specific vari-

ations of misreporting are highlighted in Table 2.

Misreporting in adults

The first work investigating the prevalence of this behavior

was conducted in 1984 [6]. It compared SMBG written

logbook entries in 19 adults with T1DM to measurements

taken and electronically stored by their meters. At this

time, meter memory was a new technological development

and participants were unaware of this capability. The main

finding was that 75 % of participants misreported their

blood glucose level (BGL) over the course of the study,

mostly by reporting a lower BGL than actually recorded in

order to portray a more ‘‘favorable’’ profile; however,

episodes of hypoglycemia were also intentionally

obscured. In addition, approximately 40 % of logbook

entries could not be found in their corresponding meter and

were termed ‘‘phantoms.’’ These ‘‘phantom’’ readings

represent the most common form of misreporting in all

available studies.

In the following year, the same research team performed

a similar study, but the 20 adult participants with T1DM

were made aware of their meters’ memory capabilities [7].

The aim of this study was therefore to investigate whether

prior awareness of future logbook surveillance would

impact upon the prevalence of SMBG misreporting. As a

consequence, phantom readings were only 1 % of total

SMBG reports, a significant reduction from the previous

study (p = 0.0027). This appeared to take advantage of the

Hawthorne effect, which states that when study participants

know they are being observed, their behavior alters [8].

This technique has been successfully utilized in two addi-

tional pediatric studies, which will be discussed in more

detail below [9, 10]. Subsequent logbook studies have

supported these overall findings, with 47–55 % of study

participants having some form of discrepancy between

their SMBG and logbook entries [7, 11, 12], with phantom

readings by far the most common form of misreporting.

Misreporting in children and adolescents

While less examined, data do exist for children and ado-

lescents, and as one might postulate, due to psychosocial

aspects of the teenage years, the prevalence of written
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Table 1 Summary of published literature examining the misreporting of blood glucose levels

References Participants Design Findings

Mazze et al. [6] 19 T1DM

Adult—18–41 years

Written logbook versus meter memory

Concealed study design—no participant

awareness of meter examination

Duration: 12–14 days

Misreporting in 67 % of participants

Overall: 10 % of meter values omitted, 40 % of

logbook entries phantom, and 26 % of remaining

logbook entries different to their corresponding

meter readings

Mean BGL lower for logbook compared to meter

Mazze et al. [7] 20 T1DM

Adult—14–41 years

Written logbook versus meter memory

Participants aware of meter examination

Duration: 6 weeks

Misreporting in 15 % of participants

Overall: 7 % of meter values omitted, 0.5 % of

logbook entries phantom, 1 % of logbook entries

different to corresponding meter readings

Improvement in performance from Mazze et al. [6]

statistically significant.

Gonder-Frederick

et al. [11]

30 T1DM

Adult—21–66 years

Written logbook versus meter memory

Concealed study design—no participant

awareness of meter examination

Duration: 2 weeks

Misreporting in 53 % of participants, in more than

10 % of their total reports

Overall: 16 % of logbook entries incorrect, 10 % of

meter values omitted, 5 % of logbook entries

phantom

Kalergis et al. [12] 60 T1DM; 45 T2DM

Adult—18–65 years

Written logbook versus meter memory

Participants aware of meter examination

Duration: two separate 2-month periods

Period 1 (no awareness of impending meter

examination): 45 % of meter values omitted,

44 % of logbook entries phantom

Period 2 (aware of impending meter examination):

8 % of meter values omitted, 5 % of logbook

entries phantom

Overall, logbook misreporting did not demonstrate

a more favorable BGL profile

Wilson and Endres

[10]

18 T1DM

Child—12–18 years

Written logbook versus meter memory

Initially concealed study design followed by

full participant awareness

Duration: two separate 6-week periods

Misreporting in 89 % of participants for period 1;

50 % in period 2

Period 1: 18 % of meter values omitted, 40 % of

logbook entries phantom, 26 % of logbook entries

different to corresponding meter readings

Period 2: 8 % of meter values omitted, 16 % of

logbook entries phantom, 6 % of logbook entries

different to corresponding meter readings

Improvement in performance between the two

periods statistically significant

Chae et al. [14] 20 T1DM

Child—13–18 years

Verbal report to health professionals versus

meter memory

Concealed study design—participants not

aware of meter examination

Duration: 3 days

Misreporting in 70 % of participants

Overall: 13.5 % of verbal reports incorrect, 7.6 %

of logbook entries phantom, 6 % of logbook

entries different to corresponding meter readings

No predictors of misreporting evident, including

HbA1c

Sjoeholm et al. [9] 26 T1DM

Child—13–18 years

Verbal report to health professionals versus

meter memory

Intervention: participant aware of impending

meter examination, and comparison made

to historical controls (Chae et al.)

Duration: 3 days

Misreporting in 34 % of participants (compared to

70 % Chae et al.)

Overall: 4.7 % of verbal reports incorrect, 2 % of

logbook entries phantom

Improvement in accuracy compared to Chae et al.

statistically significant

To date, lowest documented rate of misreporting

Guilfoyle et al.

[13]

143 T1DM

Child—13–18 years

(90 participants who

provided meter for

analysis)

Verbal report of SMBG frequency versus

actual meter frequency

Relationship between reported frequency,

glycemic control, and depression

examined

Participants aware of meter examination

Duration: 3 months

Meter download most accurate representation of

SMBG frequency, followed by parental report

Adolescent self-report of SMBG frequency least

accurate

No examination made of actual BGL values
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logbook misreporting appears even higher. The first study,

in 1985, examined logbook misreporting in 18 teenagers

[10]. This study had two sequential aspects. In the first, the

participants were unaware of their meters’ memory func-

tion, followed by the second, in which they were told that

their meters memory would be compared to their logbook

records. In the first study period, 88 % of participants had

phantom reports, making up 40 % of all readings. Once

aware of surveillance, misreporting did improve, from 88

to 50 % of all participants, but clearly this was not to the

same degree as that seen in adults [7].

In a slightly different take on the theme, Guilfoyle et al.

[13] investigated the accuracy of reported SMBG fre-

quency, but not the actual SMBG values. Their main

findings were that caregiver-reported SMBG frequency

predicted glycemic control in the absence of meter down-

load data (p\ 0.001), that caregiver estimate of daily

frequency was more accurate than the teenagers’ self-re-

ported SMBG frequency, and that both were over estimates

of actual testing frequency.

More recently, verbal misreporting has been examined in

two publications. Both of these took place in the context of

adolescent diabetes camp, an environment where verbal

reporting to health professionals is common. In the first,

camp staff kept a record of verbally reported blood glucose

levels for 3 days, and at the end of the camp, the partici-

pants’ meters were downloaded without their prior knowl-

edge. This study found that 14 % of verbal reports were

inaccurate and 70 % of participants had discrepancies

between their verbal reports and meter readings [14]. Sim-

ilar to all other studies, phantom values were the most

common form of misreporting at 8 % of total values or 56 %

of misreported values. In a follow-up study, the adolescent

participants were aware that their meters would be down-

loaded and compared to their verbal reports at the end of

camp [9]. This simple intervention halved the number of

participants who misreported and reduced the total misre-

porting rate to 4.7 %, from 14 % previously. In addition,

this intervention significantly reduced phantom readings

from 8 % of all values in the first study, to 2 % (p\ 0.001).

From these studies, verbal misreporting appears less

common than logbook misreporting. One could speculate

that the face-to-face interaction of reporting verbally

reduces misreporting. However, no studies have been

conducted in adults, nor assessing the accuracy of verbal

reporting of SMBG to parents or caregivers in the home

setting. It remains uncertain how common misreporting

would be in these circumstances.

Finally, of increasing importance in the modern era are

electronic forms of logbook, such as pump or meter

Table 1 continued

References Participants Design Findings

Blackwell et al.

[18]

15 T1DM

Child—12–19 years

Qualitative study—interviewing teenagers

with T1DM about their motivations for

misreporting.

Different motivations for misreporting identified,

including many which stem from the reactions of

others to suboptimal BGLs

Key motivations separated into three main themes:

achieving benefits, avoiding negative

consequences, and avoiding worry/concern in

others or self

T1DM type 1 diabetes mellitus, BGL blood glucose level, SMBG self-measured blood glucose

Table 2 Misreporting by type, in order of descending frequency

Type of misreport Description Possible implications

Phantom Patient-reported BGL not

present in meter download

Classic non-adherence behavior

Reduced SMBG frequency linked to unhealthy glycemic control

Variable impact on insulin dosing, although most likely to result in under-

administration

Reported BGL

\Meter BGL

Fabricates hypoglycemia or

conceals hyperglycemia

Potential for inappropriately low insulin dosing, and/or inappropriately high

carbohydrate intake

Appearance of hypoglycemia when none exists

Reported BGL

[Meter BGL

Conceals hypoglycemia or

fabricates hyperglycemia

Acute danger from concealing hypoglycemia, particularly in context of exercise

Potential for inappropriately high insulin dosing, and/or inappropriately low

carbohydrate intake (particularly in the context of hypoglycemia)

BGL blood glucose level, SMBG self-measured blood glucose
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downloads. It should be noted that no studies to date have

specifically looked at misreporting in this context. How-

ever, pump users clearly also misreport, as seen in both the

verbal SMBG papers previously described [9, 14]. In these,

insulin regimen (either multiple daily injections or insulin

pump) was not predictive of misreporting behavior, with

misreporting found equally in both groups. In addition, we

anecdotally report that in our clinics misreporting is regu-

larly found in electronic pump downloads. Further study

and quantification of this behavior in the modern context is

clearly warranted.

Manipulation of meter readings

Besides the misreporting methods described above, a range

of other methods can be utilized either intentionally or

unintentionally to alter the accuracy of meter readings.

Potential techniques include using incorrect meter settings

or dates [15]; tampering with the test strip or inserting it

incorrectly [16]; diluting the sample with water or saliva;

testing on someone or something else rather than one’s

own blood, i.e., control solution or someone without dia-

betes [10]; and under-loading the test strip (e.g., insuffi-

cient blood) [17]. While the existence of these behaviors is

generally accepted, little literature exists specifically

examining it.

Predicting and reducing SMBG misreporting
or manipulation

A logical first step in reducing these behaviors is investi-

gating what factors are predictive for them. Non-adherence

is often implicated in unhealthy glycemic control; however,

to date it remains uncertain whether HbA1c—arguably the

most obvious potential predictor of misreporting, is a valid

predictor of this behavior, and in general nothing appears

associated with higher rates of error [6, 9, 11, 14], including

HbA1c, insulin regimen, age, sex, and socioeconomic sta-

tus. For example, one study described a participant who had

appropriate metabolic control but had fabricated over 75 %

of their logbook entries. Considering the generally small

sample size of all these studies, further study in larger

samples would be ideal.

Another logical step in reducing these behaviors is

considering the motivations behind them. A number of

papers have included speculations on motivation, including

presenting a more favorable blood glucose profile; not

wanting to interrupt an activity to test; not wanting testing

to interfere with social situations; falsely misreporting

hypoglycemia in order to access food or sweets; not

wanting to be frequently reminded of diabetes by testing;

and wanting to please their medical team or others with

healthy readings and/or good adherence [10, 12, 14].

In addition, one recent qualitative study [18] has directly

investigated the motivations behind this behavior by

interviewing 15 teenagers with T1DM. Many instances of

misreporting were described, with various underlying

motivations identified and sorted into three major themes.

These themes with examples are summarized in Table 3. In

addition, participants of this study were asked what they

perceived could help reduce their misreporting behavior

and its impact on them. Two main suggestions were pro-

vided: (1) Some participants stated they would misreport

less if their parents or medical team did not have such

negative reactions (or patient-perceived negative reactions)

to suboptimal BGLs—for example, if they did not feel they

would get in trouble or be ‘‘told off’’ for having elevated or

out-of-target BGLs. This last point is particularly impor-

tant, suggesting that negative reactions to blood glucose, be

it anger, worry, or panic (in parents/family or healthcare

professionals) are a common motivating factor for misre-

porting, so efforts to reduce this or its perception are a

logical first step in reducing misreporting; (2) others sug-

gested having parents or the medical team check meter

readings against electronic downloads more often in order

to catch misreporting. However, views were polarized on

this strategy, with some stating additional interference may

exacerbate the problem.

This strategy of meter downloading is particularly rel-

evant in the current environment, where meter downloads

have already replaced traditional logbooks and self-recor-

ded records for many (particularly for those on injection

therapy). However, it needs to be noted that this does not

solve blood glucose adherence issues for diabetes. While

the opportunities for misreporting may decrease with direct

meter downloads, other forms of meter manipulation (as

Table 3 Potential motivations for the misreporting of SMBG [18]

Motivation Examples

To achieve a potential

benefit

Gain food/sweets/lollies

Be excused from school activities/

examinations

Continue doing an activity

uninterrupted, e.g., sport

Maintain personal autonomy

To avoid a negative

consequence

Avoid adult censure or interference

Avoidance of diabetes clinic

Avoid perceived embarrassment

Fear of missing out

To avoid worry/concern

in others or self

Avoidance of emotional distress in

others

Avoidance of emotional distress in

self
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discussed above) and non-adherence via simply reducing

the frequency of SMBG will persist and potentially become

more apparent over time as phantom values will cease to

fill these electronic logbooks. In addition, given the

increasing use of insulin pump therapy, until SMBG and/or

patient-entered values into pumps are completely super-

seded by universal access to wireless technology and/or

closed loop systems, misreporting may in fact be increas-

ingly relevant in the coming years.

True technological error

While the above factors have all focused on intentional

misreporting, a review on this subject is not complete

without coverage of possible true technical errors, as these

will also inevitably lead to inaccurate reporting. Modern

blood glucose measurement systems are generally accurate,

and current International Standardization Organization

standards (ISO 15197:2013) for blood glucose monitoring

systems require that 95 % of measurements must be

accurate to within 0.83 mmol/L at lower blood glucose

levels, and within 15 % at higher blood glucose levels [19].

A 2014 study of the accuracy of 12 blood glucose meters

available in Germany found that 83 % were compliant with

the ISO standards [20]. In other studies utilizing similar

methods, 5/6 m tested [21], 3/3 m tested [22], and 2/2 m

tested [23] were compliant with the current ISO guidelines,

as well as a 2012 study which found that 27/34 systems

were compliant with the 2003 version of the ISO guidelines

[24]. The accuracy of meters is not just important for long-

term glycemic control but also for short-term safety, with

people whose meters consistently read ‘‘too high’’ having a

higher risk of severe hypoglycemia [25].

The environment and circumstances of the test can also

affect the accuracy of the reading. Classic examples of this

include not loading enough blood into the test strip (under-

loading), which can give a falsely low reading [17], and

high altitude, which can give a falsely elevated value [26].

Environmental temperature and humidity, as well as

patient temperature and blood flow can also cause inac-

curacies, including underestimation of BGL [27]. The

presence of certain other compounds at the test site or in

the blood stream can also potentially be an issue, e.g., food

residue high in glucose at the test site can falsely elevate

readings [28], while the common pharmaceutical acet-

aminophen (paracetamol) has been known to alter readings

[27]. There have also been questions over the accuracy of

meters at very high altitudes, such as on planes. However,

this does not appear to be a significant issue for modern

meters, despite some individual cases of overestimation of

blood glucose [29].

General diabetes adherence and adherence
behavior in other conditions

It is surprising, given how vital SMBG is for day-to-day

T1DM management, that so little has been published on

SMBG adherence or lack thereof. However, due to the

frequency of SMBG required in modern intensive therapy,

adherence to SMBG is likely to be intimately connected to

more global aspects of diabetes adherence. As general

adherence to treatment in people with T1DM and other

chronic conditions have been more widely studied, a brief

coverage of these is a good way to conclude.

There are various practical factors which are likely to

influence whether people are able to perform their recom-

mended SMBG regimen, including the environment they

are in, or how intense the activity they are performing is.

However, there are also a more complex set of factors

underlying adherence, such as an individual’s personality

and attitudes, as well as established psychological factors

such as cognitive distortions and stress [30]; coping

mechanisms [31]; and various behavioral problems in

adolescence [32].

Situational factors and the influence other people such as

family and friends have on adherence have also been

studied, revealing that the attitudes and reactions of others

can have important effects on the behavior of a person with

T1DM, or other chronic illness. In adolescents, social sit-

uations can impact negatively on adherence [33], particu-

larly those where the adolescent perceives friends will react

negatively to their illness/diabetes. Parental behaviors in

childhood and adolescence also have a significant impact

on adherence, with factors such as excess conflict, and less

paternal involvement associated with lower adherence

[34, 35]. The manner in which a parent (or health profes-

sional) reacts to reported health information is also likely to

affect patient behavior, with behaviors such as yelling,

scolding, or criticizing likely to negatively impact on

whether a patient feels comfortable reporting accurately, as

seen in the study examining misreporting motivations

discussed above [18].

Michael Rapoff makes the point that adherence to

treatment in chronic pediatric disease may worsen with a

longer illness duration [36]. It is plausible that, in the

context of T1DM, this might be due to patient compla-

cency, or more likely burn-out from the constant daily

requirements of their treatment regimen. In the same work,

a systematic review of literature focusing on adherence in a

variety of chronic pediatric diseases, it was found that

children with HIV/AIDS had the highest rates of medica-

tion adherence, one theory behind this being the severe and

imminent consequences of non-adherence for this disease.

For T1DM, factors such as disease duration and the child’s
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perception of the consequences of non-adherence are likely

to also be relevant. Arguably, the only chronic illness more

prevalent than T1DM in children is asthma, and non-ad-

herence with asthma therapies appears similar in frequency

to T1DM, at 40–65 % of patients [37–39].

Finally, while tempting to blame patients for adherence

failures, we as medical professionals should strive to avoid

blame and closely examine our own behaviors and attitudes

and reflect on the positive or negative impacts these may

have on patient adherence. In addition, as stated by Cassel

‘‘Doctors do not treat chronic illnesses. The chronically ill

treat themselves with the help of their physicians; the

physician is part of the treatment. Patients are in charge of

themselves. They determine their food, activity, medica-

tions, visits to their doctors—most of the details of their

own treatment’’ [40].

Conclusions

Despite developments in technology, the reporting and

self-measurement of blood glucose remains an essential

aspect of modern diabetes management. The misreporting

of SMBG is an important and understudied non-adherence

behavior and involves multiple potential patient tech-

niques, some of which are clearly adapting to advances in

technology. Until the day comes when the regular self-

measurement of blood glucose is no longer required, it is

important for the diabetes clinic staff to be aware of mis-

reporting, to define the individual’s motivations for doing

it, and respond and support accordingly. We believe that

further understanding and attention to this aspect of

adherence may lead not only to improvements in glycemic

control and safety, but also to the psychological well-being

of those affected by type 1 diabetes.
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