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Abstract 

Background: The primary objective of this study was to evaluate the demographic, clinical, social-educational deter-
minants and diabetes management factors that have influenced the agreement between glycaemia obtained from a 
glucometer and logbook; the second objective was to evaluate the influence of the above-mentioned factors on gly-
cemic control and its trajectories in Type 1 diabetes (T1D) over 1 year follow-up period during routine clinical practice.

Methods: This was a prospective observational cohort study conducted at the Diabetes Unit at Rio de Janeiro’s State 
University, between May 2017 and May 2018. All consecutive patients with clinical diagnosis of T1D that attended the 
Diabetes Unit between April and June 2017 were enrolled in this study.

Results: Data were obtained from 158 patients. Overall, for 112 (73.2%) of the patients, we found no agreement 
between glycaemia obtained from a glucometer and the logbook (group 2). In 41 (26.8%) of the patients there was an 
agreement (group 1). Patients from group 1 presented a lower mean glycated hemoglobin (HbA1c) (p = 0.03) and a 
tendency to have a lower baseline HbA1c (p = 0.08), they received more frequently strips for glucose monitoring from 
the Sistema Único de Saúde (SUS) (p = 0.047) and were more adherent to the prescribed diet (p = 0.01) than patients 
from group 2. Multivariate analysis of this agreement (as a dependent variable) showed that adherence to diet 
was the only significant independent variable. Significant difference was noted between baseline and final HbA1c 
[(9.4 ± 2.2%) vs (9.03 ± 1.8%), p = 0.017], respectively.

Conclusions: Our study revealed that the majority of T1D patients that were followed at a tertiary center did not 
have significant agreement between glycaemia obtained from a glucometer and a logbook. Adherence to diet 
was the main factor related to the agreement, but the supply of strips by SUS should also be considered in clinical 
practice.
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Background
Type 1 diabetes (T1D) is a chronic disease with an inci-
dence rate that is increasing worldwide [1, 2]. Treatment 
includes intensive insulin therapy and non-pharmaco-
logical therapies, both important tools for obtaining an 
adequate glycemic control that is necessary to avoid or 
postpone diabetes-related chronic complications as has 
been demonstrated by the Diabetes Control and Com-
plications Trial (DCCT) and the Epidemiology of Dia-
betes Interventions and Complications (EDIC) study [3, 
4]. Nevertheless, in routine clinical practice, attaining 
adequate glycemic control remains a challenge mainly 
in developing countries and among minorities [5, 6]. A 
recent multicenter study conducted in the United States 
of America (USA), the Type 1 Diabetes Exchange study, 
showed that the majority of T1D patients across all age-
groups did not meet the American Diabetes Association’s 
(ADA) target for good glycemic control and showed an 
overall mean glycated hemoglobin (HbA1c) of 8.4% 
(68 mmol/mol) [7]. In this study, the majority of patients 
was under continuous subcutaneous insulin infusion 
(CSII) therapy and performed self-monitoring of blood 
glucose (SMBG) 4–6 times per day, which is currently an 
important tool for diabetes care that helps patients, car-
egivers and the diabetes team to adjust insulin therapy 
during hypoglycemia, hyperglycemia, physical activity, 
stress, illness and carbohydrate counting [8]. Despite the 
aforementioned advantages, there are many barriers for 
the effective implementation of SMBG into routine clini-
cal care that include poor education, fear of finger prick-
related pain and difficulty in using the results to adjust 
insulin dosage [9]. In developing countries, the cost of the 
strips and the compliance of the patients in bringing the 
glucometer to routine clinical visits, an important com-
ponent for comparing data with the logbook, could also 
be significant barriers [9]. Currently, many guidelines for 
SMBG exist worldwide, such as those from ADA and the 
Brazilian Diabetes Society (SBD) [10, 11], which recom-
mend at least three SMBG daily in patients with T1D. 
However, there is a considerable gap between the recom-
mended and the reported frequencies of SMBG in T1D 
patients [12]. In general, there is a high degree of vari-
ability in the daily frequency of SMBG between patients, 
which range between one and five or more times daily 
[7, 12]. The effect(s) of the frequency of SMBG on gly-
cemic control is controversial because although most 
studies show improvements in glycemic control with 
higher SMBG frequencies [12, 13], in most of them the 
patients were still out of goal for good glycemic control. 
Considering the aforementioned study results, diabetes 
has become a major health issue due to its high related 
costs, both direct and indirect, for the health care sys-
tems [14, 15]. The primary objective of the present study 

is to evaluate the demographic, clinical, social-educa-
tional determinants (SED) and diabetes management 
factors that influence the agreement between glycaemia 
obtained using a glucometer, and the logbook, the second 
one is to evaluate the impact of this agreement upon gly-
cemic control. This study also evaluates the influence of 
the above-mentioned factors on glycemic control and its 
trajectories for patients with T1D throughout 1  year of 
follow-up during routine clinical practice.

Methods
This was a prospective observational cohort study con-
ducted at the Diabetes Unit from Rio de Janeiro’s State 
University (UERJ) between May, 2017 and May, 2018. 
All consecutive patients with T1D attending the Diabe-
tes Unit from May to June of 2017 were enrolled in the 
study. Included patients must have had at least two clini-
cal visits during this period. All patients received health 
care from Sistema Único de Saúde (SUS), which guar-
antees free healthcare for every Brazilian citizen and 
also free neutral protamine hagedorn (NPH) insulin and 
regular insulin, syringes, needles, glucometers and strips 
for blood glucose monitoring. T1D diagnosis was made 
by a physician if the patient had a typical clinical pres-
entation of T1D that included variable degrees of hyper-
glycemia, weight loss, polyuria, polydipsia, polyphagia 
and the need for continuous insulin use since diagnosis. 
Patients younger than 13  years of age were categorized 
as children, patients between 13 and 19  years old were 
categorized as adolescents, and patients older than 19 as 
adults [16]. This study was approved by the ethics com-
mittee of Pedro Ernesto University Hospital (HUPE) of 
the UERJ. The following variables were assessed using 
a questionnaire or medical records: current age, age at 
diagnosis, diabetes duration, self-reported color-race, 
height (m), weight (kg), insulin dose (U/kg), frequency of 
SMBG and self-reported adherence to diet (determining 
if the patient followed the prescribed diet at least 80% of 
the time) [17]. Factors that are related to diabetes man-
agement included bringing the logbook and the glycae-
mia obtained from a glucometer, i.e., blood glucose was 
checked directly on the glucometer during every medi-
cal appointment, if the patients lend their glucometer to 
other people, besides the acquisition of supplies (glucom-
eters and strips for blood glucose monitoring) through 
the SUS, were also evaluated. Body mass index (BMI) was 
determined by dividing the individual’s weight (kg) by the 
square of the individual’s height  (m2). As part of our rou-
tine clinical care, patients were advised to bring the glu-
cometer and logbook to each clinical visit.

The percentage of agreement between the glycemic lev-
els obtained from the glucometer and from the logbook, 
i.e., glycaemia values recorded in the logbook compatible 
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with those directly checked in the glucometer, was cal-
culated and considered as follows: a positive agreement 
was determined if there was at least 90% of agreement 
between both methods during all clinical visits over 1 
year (group 1); a category of no agreement was deter-
mined if the percentage of agreement was lower than 90% 
(group 2) [18]. The present study adopted the following 
ADA goals for adequate metabolic and clinical control 
[19]: good glycemic control (HbA1c at goal) was defined 
as an HbA1c < 58 mmol/mol (7.5%) for T1D patients up 
to 19  years old and < 53  mmol/mol (7%) for adult T1D 
patients and poor glycemic control was defined as an 
HbA1c of ≥ 75  mmol/mol (9%). HbA1c was measured 
using high-performance liquid chromatography (HPLC, 
Bio-Rad Laboratories, Hercules, California, USA). Eco-
nomic status was defined using the Brazilian Economic 
Classification Criteria, [20] and the following classes of 
economic status were considered for this analysis: high, 
middle, low and very low.

Statistical analysis
First, exploratory data analysis was performed and these 
data are presented as mean ± standard deviation (± SD) 
or median, interquartile range [IQR] for continuous vari-
ables and numbers (relative frequencies) for discrete vari-
ables. Comparisons between independent continuous 
variables were performed using T tests, Mann–Whitney 
or Kruskal–Wallis, as indicated. Comparisons between 
continuous dependent variables were performed using 
paired T tests or Wilcoxon rank tests when indicated. 
Pearson’s Chi squared or Fisher tests were used to com-
pare discrete variables. We performed a multivariate 
logistic regression with agreements that were measured 
between the glycaemia values obtained from the glu-
cometer and logbook (yes or no) for all clinical visits and 
was treated as the dependent variable and self-reported 
color-race (Caucasian or non-Caucasian), economic 
status, age, adherence to diet, duration of diabetes, and 
supply of blood glucose test strips by SUS were treated 
as independent variables. Multivariate stepwise linear 
analysis was performed using the final levels of HbA1c 
as well as with the mean values of HbA1c during the 1 
year follow-up as the dependent variable. Variables with 
a Pearson’s correlation p value < 0.2 such as economic 
status, age, adherence to diet, duration of diabetes, sup-
ply of blood glucose test strips by SUS, time of follow-up, 
years of study and living in the city of Rio de Janeiro were 
considered independent variables in the above multivari-
ate model. As a second step, a multivariate stepwise lin-
ear hierarchical analysis was run to evaluate if there were 
statistically significant increases in R2 after the addition 
of each independent variable. The Nagelkerke R-squared 
value was also calculated. Analyses were performed 

using Statistical Package for the Social Sciences ver-
sion 17.0 (SPSS, Inc., Chicago, Illinois). Odds ratios with 
95% confidence intervals (CIs) were expressed as indi-
cated. A two-sided p value less than 0.05 was considered 
significant.

Results
Overview of the demographic, clinical and laboratory 
baseline data of the studied population
The demographic, clinical and laboratory data are 
described in Table 1.

Overall, 158 patients were included in the baseline 
study; 126 (79.7%) patients lived in the city of Rio de 
Janeiro; 59 (37.4%) were under 19 years old and 99 were 
(62.7%) adults. According to glycemic control baseline 
data, 25 patients (15.9%) were within the target for good 

Table 1 Baseline demographic, clinical and  laboratory 
data of the studied population

Data are presented as number (percentage), median [interquartile range, IQR] 
or mean ± SD

Y  year,SMBG self-monitoring blood glucose
a 20 children (12.7%), 39 adolescents (24.7%), 99 adults (62.7%)
b African-Brazilians, Mulattos, Asians, and Native Indians
c Number of patients who brought the glucometer and the logbook to the 
clinical appointment

Variable Value

N 158

Female, n (%) 79 (50.0)

Age,  yeara 22 [19]

Duration of diabetes, year 9.0 [14.0]

Age at diagnosis, year 13.0 [10.0]

Time of follow-up, year 9.0 [15]

Years of study 10.0 [5.0]

Self-reported color-race, n (%)

 Caucasian 84 (53.2)

 Non-Caucasianb 74 (46.8)

Economic status, n (%)

 High 0

 Medium 31 (19.6)

 Low 114 (72.2)

 Very low 13 (8.2)

HbA1c (%) 9.0 [2.95]

HbA1c (mmol/mol) 75.41 [32.24]

Glucometer, yes n (%)c 87 (55.1)

Log-book, yes n (%)c 122 (77.2)

SMBG, yes n (%) 134 (84.8)

SMBG, n 3.0 [1.0]

Insulin dose, U/kg 0.8 ± 0.4

BMI 23.4 ± 4.9

Adherence to diet, yes n (%) 35 (22.2)
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glycemic control, that is, < 7.0% for adults and < 7.5% for 
patients under 19  years, and 94 patients (53.8%) were 
considered to have poor glycemic control (HbA1c ≥ 9.0%) 
and 48 (30.4%) patients were within intermediate HbA1c 
(7.1–8.9% for adults and 7.5–8.9% for children and 
teenagers). At the end of the study, the total of good 
(HbA1c < 7% and < 7.5%, for adults and patients under 
19  years old, respectively) and poor glycemic control 
(HbA1c > 9%) patients were 13 (8.2%) and 64 (40.6%), 
respectively, and at the intermediate status there were 76 
patients (48.6%). Data according to the stratification of 
baseline and final HbA1c are described in Table 2.

Overview of the demographic, clinical and laboratory data 
from the studied population according to the agreement 
between glycaemia obtained from glucometer 
and logbook records during the study
Considering the pooled group, five patients were 
excluded because they only had one appointment dur-
ing the follow up period, which resulted in a sample 
of 153 patients (96.8%). After the first visit, patients 
were advised to bring the glucometer and logbook. 112 
(70.5%) patients had no agreement between the gly-
caemia obtained from the glucometer and the logbook 
records (group 2). In 41 (29.5%) of these patients, there 
was agreement (group 1), as shown in Fig.  1. Patients 
from group 1 had lower mean HbA1c values (p = 0.01), 
a tendency for a lower baseline HbA1c (p = 0.08) and 
lower final HbA1c (p = 0.1) values than patients from 
group 2. These patients received strips for glucose mon-
itoring from the SUS more frequently (p = 0.04) and 
were more adherent to the prescribed diet (p = 0.01) 
than patients from group 2. These data are described in 
Table 3. A multivariate analysis was performed to evalu-
ate the effects of self-reported color/race (Caucasian or 

non-Caucasian), economic status, age, adherence to diet, 
number of daily SMBG and supply of blood glucose test 
strips by the SUS on the likelihood that patients have an 
agreement between glycaemia obtained from the glu-
cometer and the logbook. The adjusted model revealed 
that the independent variable can explain 8.2% (Nagel-
kerke R-squared) of the variance for a given patient to 
have agreement between the glycaemia obtained from 
the glucometer and the logbook. After adjustment, the 
significant independent variable that was associated with 
having agreement was the patients’ adherence to diet 
[B = 1.038, OR = 2.728; 95% CI (1.205–6.173); p = 0.04].

Overview of the demographic, clinical and laboratory data 
of the studied population, agreement between glycaemia 
obtained from glucometer and logbook records 
during the study and glycemic control
The final sample considered for this analysis was in 
regards to 153 (96.8%) patients. A significant differ-
ence was found between baseline HbA1c and final 
HbA1c values [(9.44 ± 2.2%) vs (9.03 ± 1.8%), p = 0.017], 
respectively.

Overall, at the end of the study, compared to baseline, a 
decrease in the HbA1c value was observed in 86 patients, 
an increase was measured in 62 patients and there was 
no change in 5 patients. Regarding glycemic control, 13 
(8.2%) patients were considered within the target for 
good glycemic control and 64 (41.8%) were considered 
to have poor glycemic control (HbA1c ≥ 9.0%). Com-
parisons with baseline data revealed that this difference 
is significant (p < 0.001, Table 2). A multivariate, stepwise 
and linear hierarchical analysis using the final HbA1c val-
ues (as the dependent variable) indicate that the duration 
of diabetes, for those that live in the city of Rio de Janeiro 
and have agreement between glycaemia obtained from 
glucometer and logbook records, were the significant 
independent variables. The change in R2 for each addi-
tional independent variable was statistically significant 

Table 2 Total of  patients stratified according to  HbA1c 
levels and age at baseline and at the final visit

Y = years old; data are presented as number (percentage)

* p = 0.004 for comparison between groups

** p = 0.13 for comparison between groups

A1c Baseline Final

< 19 year ≥ 19 year < 19 year ≥ 19 year

N = 59 N = 99 N = 56 N = 97

1. < 7.0% 21 (13.3) 9.0 (5.9)

< 7.5% 4.0 (2.6) 4.0 (2.7)

2. ≥ 7.0–8.9% 36 (22.8) 50 (32.7)

≥ 7.5–8.9% 12 (7.6) 26 (17)

3. 9–9.9% 12 (7.6) 21 (13.3) 6 (3.9) 20 (13.1)

4. ≥ 10% 31 (19.6) 21 (13.3) 20 (13.1) 18 (11.8)
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glucometer and the logbook records
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(p value = 0.039). The same model that used the mean 
HbA1c throughout the 1 year of follow-up appointments 
(as the dependent variable) revealed that the duration 
of diabetes and having agreement between glycaemia 
obtained from glucometer and logbook were significant 
independent variables. The change in R2 for each addi-
tional independent variable was also statistically signifi-
cant (p value = 0.001).

Discussion
This study reveals that the majority of T1D patients that 
were followed at a tertiary center did not have agreement 
between glycaemia obtained from a glucometer and their 
logbook records. This agreement, besides predicting the 
duration of diabetes, was an important predictor for 
having lower final levels of HbA1c and also lower mean 
levels of HbA1c during the 1 year follow-up. Adherence 
to diet was the primary factor that related to the agree-
ment, but other factors such as the supply of strips by 
SUS also correlate with agreement and should be con-
sidered in clinical practice. Although the majority of our 
patients did not obtain good glycemic control after the 
1 year follow-up appointment, most did have a significant 
decrease in HbA1c.

Considering the different tools for diabetes manage-
ment, SMBG is one of the most important ways to obtain 
adequate glycemic control in patients with T1D, primar-
ily because it helps to guide patients and providers in 
adjusting their insulin dose on a daily basis. Although 
previous studies have shown that there is an associa-
tion between the frequency of SMBG and glycemic con-
trol, with a lower monitoring frequency in patients 
with poorer glycemic control and a negative correlation 
between HbA1c and SMBG [8, 12, 21–23], a frequency 
higher than four tests per day [21, 24] does not guaran-
tee good metabolic control because a large proportion 
of patients remain out of their glycemic target, despite 
monitoring frequently.

In clinical practice, it is hard to evaluate the agreement 
of logbook records with SMBG in countries where glu-
cometer downloads are not available during daily rou-
tines because these measures depend on the adherence of 
the patient to bring both the glucometer and the logbook 
to the clinical visit. In our study, patients that had agree-
ment between glycaemia obtained from glucometer and 
logbook attained lower final HbA1c levels than patients 
with no agreement, having a 0.5% HbA1c reduction. 
Therefore, this group achieved a difference that is defined 
as clinically meaningful [25, 26], although not statistically 
significant.

Table 3 Clinical, demographic and  laboratory data 
according to  the  agreement between  glycemia obtained 
from glucometer and the logbook records

The data are presented as a percentage, mean ± SD or median [IQR]

 y  year, F female, SMBG self-monitoring of blood glucose, SUS Sistema Único de 
Saúde
a Years of study was considered only in adult patients
b HbA1c at goal was defined as HbA1c < 7.5% (58 mmol/mol) for T1D patients 
between 13 and 19 years old and < 7.0% (53 mmol/mol) for adult T1D patients; 
cHbA1c > 9.0% (75 mmol/mol) was defined as poor glycemic control

Variable Group 1 Group 2 p-value

N (%) 41 (26.8) 112 (73.2)

Gender, female n (%) 25 (61.0) 52 (46.4) 0.3

Duration of diabetes (year), median 
[IQR]

8.0 [17.0] 10.0 [13.0] 0.4

Age (year), mean ± SD 27.7 ± 15.2 26.3 ± 15.7 0.6

Mean age at diagnosis (year), 
mean ± SD

15.1 ± 10.6 15.2 ± 9.9 0.9

Age range, n (%)

 1–13 year 9 (22.0) 9 (8.0)

 14–19 year 8 (19.6) 30 (26.8) 0.055

 > 19 year 24 (58.6) 73 (65.2)

Years of study (year), mean ± SDa 9.6 ± 4.8 10.3 ± 3.6 0.3

Time of follow-up (year), median [IQR] 8 [17.0] 9 [13.7] 0.3

Ethnicity, n (%)

 Caucasian 24 (58.5) 57 (50.9) 0.2

Economic status, n (%) 0.6

 High 0 0

 Medium 10 (24.4) 20 (17.9)

 Low 27 (65.9) 83 (74.1)

 Very low 4 (9.8) 9 (8.0)

Living in Rio de Janeiro City, yes n (%) 31 (75.6) 90 (80.4) 0.5

Insulin U/kg 0.8 ± 0.4 0.8 ± 0.2 0.8

Glycemic control

 HbA1c (%), baseline 8.9 ± 1.8 9.6 ± 2.3 0.08

 HbA1c (mmol/mol), baseline 82.1 ± 25.9 74.6 ± 20.8

 HbA1c (%), final 8.6 ± 1.6 9.1 ± 1.9 0.1

 HbA1c (mmol/mol), final 76.9 ± 21.3 70.9 ± 17.6

 HbA1c (%), mean in 1 year 8.7 ± 1.3 9.4 ± 1.8 0.01

 HbA1c (mmol/mol), mean in 1 year 79.8 ± 19.5 71.7 ± 14.2

 HbA1c (good), baseline; n (%)b 7 (17.0) 18 (16.0) 0.5

 HbA1c baseline ≥ 9.0%; n (%)c 18 (43.9) 62 (55.5) 0.4

 Hb1Ac (good), final; (%)b 3 (7.3) 10 (8.9) 0.2

 HbA1c final ≥ 9.0%; n (%)c 12 (29.2) 52 (46.4) 0.09

 HbA1c (good) (mean), (%)b 3 (7.3) 6 (5.4) 0.3

 HbA1c mean, ≥ 9.0%; n (%)c 15 (36.5) 54 (48.2) 0.2

Diabetes management

 SMBG, n 3.4 ± 1.1 3.2 ± 1.2 0.3

 Supply of glucose strips from SUS, 
n (%)

33 (80.5) 70 (62.5) 0.04

 Adherence to diet, yes n (%) 15 (36.6) 19 (17.0) 0.01

 BMI (kg/m2) 22.5 ± 4.5 23.7 ± 4.8 0.2
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Furthermore, the effectiveness of obtaining metabolic 
control not only depends on the agreement between the 
glucometer and the logbook, but also depends on the atti-
tude towards the results found on the glucometer. During 
daily clinical practice, it is very difficult to find patients 
that adjust their treatment according to the SMBG. This 
can be explained by the fact that some patients and their 
caregivers may be afraid to change insulin doses without 
being advised by their physician. This is likely one of the 
most important barriers for achieving glycemic targets.

The majority of our patients were outside the range 
considered to be an appropriate glycemic control, which 
is a problem throughout the world [27–32]. A number of 
national and international audits suggest that this prob-
lem occurs even in patients attending a specialized ser-
vice for intensive insulin therapy and that take part in 
structured education programs [7, 33]. For example, in 
a recent observational study that compared data from 
three large registries of pediatric T1D patients from 
England and Wales, Germany and Austria, and the USA 
(54.410 total children and adolescents), the overall mean 
HbA1c level was 8.9 ± 1.6%, 8.0 ± 1.6% and 8.3 ± 1.4%, 
respectively. These results reveal that these HbA1c lev-
els are similar to those found in the group of patients 
that had agreement between the glycaemia measures 
in our study [34]. Another study that compared glyce-
mic control among 324.501 people with T1D across 
all age groups through data from 19 different countries 
or regions throughout the world, using the same target 
HbA1c levels recommended by different diabetes asso-
ciations, found that only 7.1% of people in the dataset 
had HbA1c < 6.5%, 8.7% had HbA1c of 6.5–6.9% and 
12.3% had HbA1c of 7.0–7.4%. The above-mentioned 
data showed that the majority of individuals with T1D 
have higher HbA1c levels than those suggested in the 
guidelines [35]. This is worrisome because the results of 
the DCCT and the EDIC study stressed the importance 
of treating most patients with T1D vigorously to achieve 
glycemic levels as close to normal as possible, and also 
treating these patients as soon as possible during the 
course of the disease to prevent or postpone both the 
micro- and macro-vascular complications of this condi-
tion [3, 4].

In our study, when considering glycemic control 
could be separated according to HbA1c levels as good 
(HbA1c < 7%), intermediate (7–8.9%), poor (9.0–9.9%) 
and very poor (> 10%), we were able to show that peo-
ple considered to have good glycemic control (at the 
baseline) changed to intermediate glycemic control at 
the end of the study. This is similar to what happened to 
the patients with the worst glycemic control at the base-
line, who could migrate to intermediate glycemic con-
trol during the final visit. Moreover, it has already been 

shown that an increase in the duration of poor control 
will significantly reduce the likelihood of subsequent 
improvement [36]. A phenomenon that needs to be bet-
ter characterized is called ‘glycemic tracking’ and may be 
responsible for the settling of the glycemic control meas-
ured using HbA1c values, onto a long-term ‘track’ that 
occurs on average around 5 years following the patients’ 
diagnosis and manifests over decades, or even a lifetime. 
This further increases the importance of using a targeted 
and aggressive metabolic control early after diagnosis 
[37].

Considering that it is difficult to obtain optimized gly-
cemic control early, we can state that the complexity of 
T1D management is a great barrier. Besides the com-
plexity of treatments, we should also consider other fac-
tors that influence diabetes outcomes such as parental 
involvement, especially for teenagers that are less psy-
chosocially mature, partially compensating for deficits 
in the patient’s self-control and self-reliance. This psy-
chological immaturity among youths may explain the 
reason for creating false results in their logbooks that are 
not in accordance with those found on the glucometer, 
which is a very common problem among teenagers. On 
the other hand, it is common for parents to impose all the 
responsibility for diabetes management when the patient 
has characteristics that indicate psychosocial maturity, 
which may increasingly predict poor metabolic control. 
In either case, it is important to emphasize the need for 
paternal involvement and to assess the degree of psycho-
social maturity for each patient to determine future and 
better interventions for adolescents with poor metabolic 
control [38].

In developing countries, the level of literacy must be 
taken into account when assessing patients’ adherence to 
their glucose monitoring system. However, it is impor-
tant to be aware that there are no instruments that are 
capable of detecting the main factor that influences gly-
cemic control.

Worldwide, patients with very low economic status, 
which in Brazil also includes a lower level of education, 
are less likely to attend specialized care level clinics, 
which creates a negative effect on both the proportion 
of people with T1D that reach their glycemic control tar-
gets and on the proportion of those that have high glyce-
mic risk. This highlights the reason that economic status 
must be taken into account when treating patients with 
T1D [39, 40]. Furthermore, we must take into account 
that diabetes treatment in public clinics is financed by the 
Brazilian National Health Care System (BNHCS), which 
commonly fails to provide all the health facilities and care 
networks that are necessary for the treatment of a patient 
with T1D, along with the existing regional disparities in 
accessing health services [41].
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It is important to emphasize that adherence to diet is 
also a substantial tool for achieving adequate glycemic 
control. We found that a self-reported adherence to 
diet was the main factor associated with having agree-
ment between glycaemia obtained from glucometer 
and the logbook records, and was also related to bet-
ter glycemic control. This data is consistent with other 
studies that have shown an association between an 
adequate adherence to diet and lower levels of HbA1c 
[17], and that higher adherence to diet is one of the 
most important variables that is related to maximum 
adherence to the insulin therapeutic regimen, which, 
in turn resulted in lower mean HbA1c values [42].

Some strengths of this study should be mentioned. 
Patients were seen by the same medical staff during all 
follow-up visits at the tertiary Diabetes Unit and the 
entire medical team performed the data collection pro-
cess through the application of a standardized and uni-
form questionnaire given to all the patients included 
in the research. Our sample included T1D patients 
from various ethnic groups and this study mirrors the 
real-life data of patients with diabetes being treated 
through the public medical care service in Brazil.

This study also had limitations. The number of 
patients evaluated and the follow-up time may have 
influenced our results. Furthermore, the compatibil-
ity of the time of the glucometer could not be evalu-
ated, just as cognitive function was not assessed. 
Another limitation that weakens this study was 
not having prospectively evaluated all the included 
patients since their T1D diagnosis, which precludes 
the assessment of the glycemic tracking that is dis-
cussed above. Finally, Tanner’s stage scale was not 
assessed for puberty classification. However, consider-
ing the female patients in this study, the average age of 
menarche was 12 years, which is lower than the mean 
age of 12.7 years that was found in a recent nationwide 
survey conducted with T1D patients in Brazil [43].

Even with recent advances and improvements that 
include structured education programs and other 
self-management resources that are being used within 
intensive insulin therapy programs, many people with 
T1D continue to struggle to achieve optimal glycemic 
control. These new technologies and self-management 
schemes, which provide more flexible self-manage-
ment support systems, as well as psychological coun-
seling, not only help patients to use and choose the 
tools that best fit them, but mostly help them cope 
with their adjustments and motivation issues. Despite 
these advantages, not all patients consider such inno-
vations attractive, which may be one of the reasons for 
the notable rate of failure for T1D patients to achieve 
adequate glycemic control.

Conclusions
Our study showed that the majority of T1D patients 
that were followed at a tertiary center did not have sig-
nificant agreement between the glycaemia obtained 
from a glucometer and logbook records. Adherence to 
diet was the main factor related to this agreement, but 
the supply of strips by BNHCS had a tendency to also 
be related to this agreement, and should be considered 
in clinical practice. Moreover, patients with the worst 
glycemic control at the baseline could migrate to inter-
mediate glycemic control during the final visit. With 
regard to the secondary objectives of the study, besides 
the agreement between the logbook records and the 
glycaemia obtained from the glucometer, another 
important predictive factor for lower final levels and 
lower mean levels of HbA1c at the 1 year follow-up was 
the duration of diabetes.

Abbreviations
T1D: Type 1 diabetes; UERJ: Rio de Janeiro’s State University; HbA1c: glycated 
hemoglobin; SUS: Sistema Único de Saúde; DCCT : Diabetes Control and Com-
plications Trial; USA: United States of America; EDIC: Epidemiology of Diabetes 
Interventions and Complications; ADA: American Diabetes Association; CSII: 
continuous subcutaneous insulin infusion; SMBG: self-monitoring of blood 
glucose; SBD: Brazilian Diabetes Society; SED: social-educational determinants; 
NPH: neutral protamine hagedorn; HUPE: Pedro Ernesto University Hospital; 
BMI: body mass index; HPLC: high-performance liquid chromatography; SD: 
standard deviation; IQR: interquartile range; SPSS: Statistical Package for the 
Social Sciences; CIs: confidence intervals; BNHCS: Brazilian National Health 
Care System.

Acknowledgements
Not applicable.

Authors’ contributions
All authors performed the data collection. MBG devised the project, the main 
conceptual ideas, was in charge of the overall research direction and analyzed 
the data. ASMM supervised the project and designed the figures and tables. 
RC took the lead in writing the manuscript. All authors read and approved the 
final manuscript.

Funding
This work was supported by Grants Fundação do Amparo à Pesquisa do 
Estado do Rio de Janeiro.

Availability of data and materials
The dataset generated and analyzed during the current study is not publicly 
available because it contains information that may compromise research 
participants’ individual privacy, but is available from the corresponding author 
[R.C.] upon reasonable request.

Ethics approval and consent to participate
This research was submitted to the Ethical Committee of Pedro Ernesto Uni-
versity Hospital and Approved under Number 2077/2008-CEP/HUPE.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Internal Medicine, Diabetes Unit, State University Hospital 
of Rio de Janeiro, Rio de Janeiro, RJ, Brazil. 2 Manaus, Brazil. 



Page 8 of 9Cavalcante et al. Diabetol Metab Syndr           (2019) 11:46 

Received: 7 February 2019   Accepted: 11 June 2019

References
 1. Karvonen M, Viik-Kajander M, Moltchanova E, Libman I, LaPorte R, 

Tuomilehto J. Incidence of childhood type 1 diabetes worldwide. Diabe-
tes Mondiale (DiaMond) Project Group. Diabetes Care. 2000;23:1516–26.

 2. Negrato CA, Lauris JRP, Saggioro IB, Corradini MCM, Borges PR, Cres MC, 
et al. Increasing incidence of type 1 diabetes between 1986 and 2015 in 
Bauru, Brazil. Diabetes Res Clin Pract. 2017;127:198–204.

 3. Nathan DM, Genuth S, Lachin J, Cleary P, Crofford O, Davis M, et al. The 
effect of intensive treatment of diabetes on the development and 
progression of long-term complications in insulin-dependent diabetes 
mellitus. N Engl J Med. 1993;329:977–86.

 4. Epidemiology of Diabetes Interventions and Complications (EDIC) 
Research Group, Epidemiology of Diabetes Interventions and Complica-
tions (EDIC). Design, implementation, and preliminary results of a long-
term follow-up of the diabetes control and complications trial cohort. 
Diabetes Care. 1999;22:99–111.

 5. Gomes MB, Coral M, Cobas RA, Dib SA, Canani LH, Nery M, et al. Preva-
lence of adults with type 1 diabetes who meet the goals of care in daily 
clinical practice: a nationwide multicenter study in Brazil. Diabetes Res 
Clin Pract. 2012;97:63–70.

 6. Willi SM, Miller KM, DiMeglio LA, Klingensmith GJ, Simmons JH, Tambor-
lane WV, et al. Racial-ethnic disparities in management and outcomes 
among children with type 1 diabetes. Pediatrics. 2015;135:424–34.

 7. Wood JR, Miller KM, Maahs DM, Beck RW, DiMeglio LA, Libman IM, et al. 
Most youth with type 1 diabetes in the T1D exchange clinic registry do 
not meet American Diabetes Association or International Society for 
Pediatric and Adolescent Diabetes clinical guidelines. Diabetes Care. 
2013;36:2035–7.

 8. Hirsch IB, Bode BW, Childs BP, Close KL, Fisher WA, Gavin JR, et al. Self-
Monitoring of Blood Glucose (SMBG) in insulin- and non-insulin-using 
adults with diabetes: consensus recommendations for improving SMBG 
accuracy, utilization, and research. Diabetes Technol Ther. 2008;10:419–39.

 9. Aschner P, Horton E, Leiter LA, Munro N, Skyler JS, Global Partnership for 
Effective Diabetes Management. Practical steps to improving the man-
agement of type 1 diabetes: recommendations from the Global Partner-
ship for Effective Diabetes Management. Int J Clin Pract. 2010;64:305–15.

 10. American Diabetes Association. Glycemic targets. Diabetes Care. 
2017;40:S48–56.

 11. Sociedade Brasileira de Diabetes. Diretrizes Sociedade Brasileira de Diabe-
tes (SBD) 2017–2018. Brazil: Sociedade Brasileira de Diabetes; 2018.

 12. Gomes MB, Tannus LR, Cobas RA, Matheus AS, Dualib P, Zucatti AT, et al. 
Determinants of self-monitoring of blood glucose in patients with type 1 
diabetes: a multi-centre study in Brazil. Diabet Med. 2013;30:1255–62.

 13. Ziegler R, Heidtmann B, Hilgard D, Hofer S, Rosenbauer J, Holl R, et al. 
Frequency of SMBG correlates with HbA1c and acute complications 
in children and adolescents with type 1 diabetes. Pediatr Diabetes. 
2011;12:11–7.

 14. Cobas RA, Ferraz MB, Matheus ASDM, Tannus LRM, Negrato CA, Araujo 
LAD, et al. The cost of type 1 diabetes: a nationwide multicentre study in 
Brazil. Bull World Health Organ. 2013;91:434–40.

 15. American Diabetes Association. Economic costs of diabetes in the U.S. in 
2012. Diabetes Care. 2013;36:1033–46.

 16. American Diabetes Association. Clinical practice recommendations. 
Diabetes Care. 2011;34:S11–61.

 17. Davison KA, Negrato CA, Cobas R, Matheus A, Tannus L, Palma CS, et al. 
Relationship between adherence to diet, glycemic control and cardiovas-
cular risk factors in patients with type 1 diabetes: a nationwide survey in 
Brazil. Nutr J. 2014;13:19.

 18. Cosson E, Baz B, Gary F, Pharisien I, Nguyen MT, Sandre-Banon D, 
et al. Poor reliability and poor adherence to self-monitoring of blood 
glucose are common in women with gestational diabetes mellitus 
and may be associated with poor pregnancy outcomes. Diabetes Care. 
2017;40:1181–6.

 19. American Diabetes Association. Standards of medical care in diabe-
tes—2018. Diabetes Care. 2018;41:S1–159.

 20. Brazilian Association of Research Companies. Brazilian economic 
classification criteria. 2012. http://www.abep.org/Servi cos/Downl oad.
aspx?id=03. Accessed 07 Apr 2017.

 21. Ozcan S, Amiel SA, Rogers H, Choudhary P, Cox A, de Zoysa N, et al. 
Poorer glycaemic control in type 1 diabetes is associated with reduced 
self-management and poorer perceived health: a cross-sectional study. 
Diabetes Res Clin Pract. 2014;106:35–41.

 22. Peyrot M, Barnett AH, Meneghini LF, Schumm-Draeger PM. Insulin 
adherence behaviours and barriers in the multinational global atti-
tudes of patients and physicians in insulin therapy study. Diabet Med. 
2012;29:682–9.

 23. Chan JC, Gagliardino JJ, Baik SH, Chantelot JM, Ferreira SR, Hancu N, et al. 
Multifaceted determinants for achieving glycemic control: the Inter-
national Diabetes Management Practice Study (IDMPS). Diabetes Care. 
2009;32:227–33.

 24. Miller KM, Foster NC, Beck RW, Bergenstal RM, DuBose SN, DiMeglio LA, 
et al. Current state of type 1 diabetes treatment in the U.S.: updated data 
from the T1D exchange clinic registry. Diabetes Care. 2015;38:971–8.

 25. Yeh HC, Brown TT, Maruthur N, Ranasinghe P, Berger Z, Suh YD, et al. 
Comparative effectiveness and safety of methods of insulin delivery and 
glucose monitoring for diabetes mellitus: a systematic review and meta-
analysis. Ann Intern Med. 2012;157:336–47.

 26. Cummins E, Royle P, Snaith A, Greene A, Robertson L, McIntyre L, et al. 
Clinical effectiveness and cost-effectiveness of continuous subcutaneous 
insulin infusion for diabetes: systematic review and economic evaluation. 
Health Technol Assess. 2010;14:1–181.

 27. Lecomte P, Romon I, Fosse S, Simon D, Fagot-Campagna A. Self-monitor-
ing of blood glucose in people with type 1 and type 2 diabetes living in 
France: the entred study 2001. Diabetes Metab. 2008;34:219–26.

 28. Eeg-Olofsson K, Cederholm J, Nilsson PM, Gudbjornsdottir S, Eliasson B, 
Steering Committee of the Swedish National Diabetes Register. Glycemic 
and risk factor control in type 1 diabetes: results from 13,612 patients in a 
national diabetes register. Diabetes Care. 2007;30:496–502.

 29. Zgibor JC, Songer TJ, Kelsey SF, Weissfeld J, Drash AL, Becker D, et al. The 
association of diabetes specialist care with health care practices and 
glycemic control in patients with type 1 diabetes: a cross-sectional analy-
sis from the Pittsburgh epidemiology of diabetes complications study. 
Diabetes Care. 2000;23:472–6.

 30. Fagulha A, Santos I, Grupo de Estudos da Diabetes Mellitus. Controlo 
glicémico e tratamento da diabetes tipo 1 da criança e adolescente em 
Portugal. Acta Méd Port. 2004;17:173–9.

 31. White NH, Sun W, Cleary PA, Tamborlane WV, Danis RP, Hainsworth DP, 
et al. Effect of prior intensive therapy in type 1 diabetes on 10-year 
progression of retinopathy in the DCCT/EDIC: comparison of adults and 
adolescents. Diabetes. 2010;59:1244–53.

 32. Skeie S, Kristensen GB, Carlsen S, Sandberg S. Self-monitoring of blood 
glucose in type 1 diabetes patients with insufficient metabolic control: 
focused self-monitoring of blood glucose intervention can lower gly-
cated hemoglobin A1C. J Diabetes Sci Technol. 2009;3:83–8.

 33. Beck RW, Tamborlane WV, Bergenstal RM, Miller KM, DuBose SN, Hall 
CA, et al. The T1D exchange clinic registry. J Clin Endocrinol Metab. 
2012;97:4383–9.

 34. Sherr JL, Hermann JM, Campbell F, Foster NC, Hofer SE, Allgrove J, 
et al. Use of insulin pump therapy in children and adolescents with 
type 1 diabetes and its impact on metabolic control: comparison of 
results from three large, transatlantic paediatric registries. Diabetologia. 
2016;59:87–91.

 35. McKnight JA, Wild SH, Lamb MJ, Cooper MN, Jones TW, Davis EA, et al. 
Glycaemic control of type 1 diabetes in clinical practice early in the 21st 
century: an international comparison. Diabet Med. 2015;32:1036–50.

 36. Kim H, Elmi A, Henderson CL, Cogen FR, Kaplowitz PB. Characteristics 
of children with type 1 diabetes and persistent suboptimal glycemic 
control. J Clin Res Pediatr Endocrinol. 2012;4:82–8.

 37. Nirantharakumar K, Mohammed N, Toulis KA, Thomas GN, Narendran P. 
Clinically meaningful and lasting HbA1c improvement rarely occurs after 
5 years of type 1 diabetes: an argument for early, targeted and aggressive 
intervention following diagnosis. Diabetologia. 2018;61:1064–70.

 38. Schwandt A, Hermann JM, Rosenbauer J, Boettcher C, Dunstheimer D, 
Grulich-Henn J, et al. Longitudinal trajectories of metabolic control from 
childhood to young adulthood in type 1 diabetes from a large german/

http://www.abep.org/Servicos/Download.aspx?id=03
http://www.abep.org/Servicos/Download.aspx?id=03


Page 9 of 9Cavalcante et al. Diabetol Metab Syndr           (2019) 11:46 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

austrian registry: a group-based modeling approach. Diabetes Care. 
2017;40:309–16.

 39. Gomes MB, Matheus ASDM, Calliari LE, Luescher JL, Manna TD, Savoldelli 
RD, et al. Economic status and clinical care in young type 1 diabe-
tes patients: a nationwide multicenter study in Brazil. Acta Diabetol. 
2013;50:743–52.

 40. Heald AH, Livingston M, Fryer A, Moreno GYC, Malipatil N, Gadsby R, 
et al. Route to improving type 1 diabetes mellitus glycaemic outcomes: 
real-world evidence taken from the National Diabetes Audit. Diabet Med. 
2018;35:63–71.

 41. Gomes MB, Cobas RA, Matheus AS, Tannus LR, Negrato CA, Rodacki M, 
et al. Regional differences in clinical care among patients with type 1 
diabetes in Brazil: Brazilian Type 1 Diabetes Study Group. Diabetol Metab 
Syndr. 2012;4:44.

 42. Gomes MB, Negrato CA. Adherence to insulin therapeutic regimens in 
patients with type 1 diabetes A nationwide survey in Brazil. Diabetes Res 
Clin Pract. 2016;120:47–55.

 43. Gomes MB, Negrato CA, Calliari LEP. Early age at menarche: a risk factor 
for overweight or obesity in patients with type 1 diabetes living in urban 
areas? Diabetes Res Clin Pract. 2014;107(1):23–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The influence of demographic, social-educational determinants and diabetes management on agreement between glucometer and logbook and its impact on glycemic control in patients with type 1 diabetes: a follow-up study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	Overview of the demographic, clinical and laboratory baseline data of the studied population
	Overview of the demographic, clinical and laboratory data from the studied population according to the agreement between glycaemia obtained from glucometer and logbook records during the study
	Overview of the demographic, clinical and laboratory data of the studied population, agreement between glycaemia obtained from glucometer and logbook records during the study and glycemic control

	Discussion
	Conclusions
	Acknowledgements
	References




