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Abstract

Background The capillary blood glucose monitoring program at home a challenge in primary health care. Therefore, it is fun-
damental to identify the glycemic control of people with diabetes mellitus through HBA 1¢ and to analyze its associated factors.
Objective To identify the glycemic profile of people with Diabetes Mellitus (DM) through HbA 1¢ and analyze factors associated.
Materials & methods Cross-sectional study developed in Ribeirdo Preto, Sdo Paulo, Brazil. Secondary data from the elec-
tronic health record of people registered in the Primary Health Care system were used. A sample of 3181 participants
was obtained. People with HbAlc <7.0% (53 mmol/mol) were considered to have adequate glycemic control. For people
aged > 55 years, a less stringent target, < 8.0% (64 mmol/mol), was also considered. The odds ratio was the measure of effect
analyzed with their respective 95% Confidence Intervals (95% CI).

Results Adequate glycemic control with HbAlc <7.0% (53 mmol/mol) was found in 44.8% of people and, when using the
less rigid target, HbAlc < 8.0% (64 mmol/mol) for people aged > 55 years-old, 70.6% had adequate glycemic control. Age
and drug therapy were associated with adequate glycemic control (p <0.001), which was more frequent among older people
and those who used only metformin.

Conclusion The study shows that the achievement of adequate glycemic control is still a challenge, especially with regard
to younger people and those who use insulin.
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Introduction cancer, the diabetes mellitus (DM), in contrast, showed an
increase of 5.0% between the years 2000 and 2016 [1, 2].
Chronic Non-Communicable Diseases (NCDs) are the leading Estimates indicate that in 2019, every eight seconds a per-

cause of mortality worldwide and accounted for 71.0% of all ~ son aged 20-79 years died from DM, with almost half of the
deaths that occurred in 2016. While there has been areduction 4.2 million deaths occurring before the age of 60 years. The
in the overall rates of premature mortality (age 3070 years)  worldwide expenditure on DM complications is approaching
from chronic respiratory diseases, cardiovascular diseases and ~ U$760 billion. In addition, it is one of the diseases whose
frequency is increasing in several countries around the
5% Adrielen Aparecida Silva Calixto world, with a projection of reaching 700 million people in
adrielenasilva@usp.br 2045. Thus, DM imposes a high burden on society, in the
form of high medical and hospital costs, loss of productivity,
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hyperglycemia with the presence of complications of DM,
glycated hemoglobin (HbA1c) has been consolidated as one
of the main markers of glycemic control [6, 7]. In type 2
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DM, for each 1.0% reduction in HbA1c there is a 21.0%
decrease in the risk of any outcome related to the disease,
21.0% for deaths, 14.0% for myocardial infarction and 37.0%
for microvascular complications [8—10]. The goal of gly-
cemic control through HbAlc recommended by the main
guidelines is below 7.0% (53 mmol/mol) and may be more
flexible depending on the clinical conditions of each person,
life expectancy and episodes of hypoglycemia [9, 10].

Despite advances in therapy, adequate glycemic control of
people with DM is a challenge in several regions of the world.
A meta-analysis showed that globally, only 42.8% of peo-
ple achieved optimal HbA ¢ targets, with Europe and North
America showing the best results [11]. Recent studies found
adequate glycemic control rates of 31.8% in Mexico, 53.4% in
Colombia, 48.9% in Argentina, and 50.4% and 53.4%, respec-
tively, in men and women in Korea [12—15]. In Brazil, a study
in the southern region showed 30.2% of people enrolled in pri-
mary health care (PHC) with adequate glycemic control [16].

Recently, the new coronavirus pandemic has directed even
more attention to people with NCDs, since the pre-existence
of these comorbidities dramatically elevates mortality rates
by COVID-19 [17, 18]. People with uncontrolled DM have
impairment in innate immunity, the first line of defense against
Sars-Cov-2, and other important alterations in the inflamma-
tory response, which may lead to aggravation of COVID-19.
On the other hand, infection by COVID-19 worsens dysglyce-
mia, causing a vicious circle between DM and COVID-19 with
unfavorable clinical outcomes. DM and hyperglycemia at hos-
pital admission are associated with worse prognosis [18, 19].

Brazil is one of the countries with the highest prevalence
of DM in the world. Recent studies have shown that most peo-
ple who perform home self-monitoring experienced greater
variability in blood glucose during the pandemic, in addition
to many having postponed medical appointments and routine
exams [20, 21]. In view of the recommendations for monitor-
ing glycemic control, the Ministry of Health of Brazil insti-
tuted the evaluation of HbAlc in 2020 as an indicator of PHC
performance in the country, and municipalities that meet the
evaluation goals receive financial resources related to good
performance in this indicator [10].

Few studies assessed glycemic control of Brazilian patients in
PHC. Therefore, in order to provide subsidies for the planning of
health care and actions, this study has the following objectives: to
identify the glycemic profile of people with DM through HbAlc
and analyze factors associated with glycemic control.

Methods
Study design and participants

Quantitative, observational, cross-sectional study devel-
oped in Ribeirdo Preto, Sdo Paulo, Brazil. Secondary data
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from the electronic health record of people registered in
the PHC system were used. People aged > 18 years, using
oral antidiabetics (OAD) and/or injectables provided in
the Brazilian PHC system (metformin, glibenclamide, gli-
clazide, regular insulin, and NPH insulin) and who had at
least one record of HbAlc value in 2018 were included
in the sample. The stratified random sampling method
was applied, and people from the five health districts of
Ribeirao Preto (North, South, East, West and Central)
were proportionally selected. Therefore, a sample of 3181
participants was obtained. We adopted a significance level
of 5.0%, relative error of 5.0% and prevalence of 27.0% of
expected event [22].

Data collection

Data were extracted from electronic health records and
recorded on a structured form containing sociodemographic
variables: sex (male and female) and age (<25 years, from
25 to 34, from 35 to 44, from 45 to 54, from 55 to 64, from
65 to 74 and > 75 years of age); and clinical variables: drug
therapy (metformin only, sulfonylurea only, insulin only, met-
formin + sulfonylurea and ADO +insulin) and HbAIc value.

People with HbAlc <7.0% (53 mmol/mol) were con-
sidered to have adequate glycemic control. For people
aged > 55 years, a less stringent target, < 8.0% (64 mmol/
mol), was also considered. For people with HbAlc val-
ues < 6.5%, the cut-off value for diabetes diagnosis, an
investigation of the electronic health record was per-
formed, searching for previous laboratory tests and/or
medical records that would confirm or not the diagnosis
of diabetes. This procedure was justified since some peo-
ple with pre-diabetes also use ADO such as metformin, as
shown in Fig. 1.

High-Efficiency Liquid Chromatography and Immunotur-
bidimetry were the laboratory analysis methods used in the
reference laboratories of Ribeirao Preto's PHC.

Statistical analysis

Statistical Package for Social Sciences (SPSS) for windows
version 20.0 was used for statistical analysis. Frequency
calculations were performed by basic descriptive analysis.
The relationship between glycemic control and sociodemo-
graphic and clinical variables was analyzed by means of
Binary Logistic Regression, and the odds ratio (OR) was
the measure of effect analyzed with their respective 95%
Confidence Intervals (95% CI). The model was adjusted by
selecting the independent variables that presented statis-
tical significance in the univariate analysis, obtaining the
adjusted odds ratio (ORaj).
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Fig. 1 Graphical representation
of data collection and analysis,
Ribeirdo Preto, SP, Brazil

" n=3181

HbA1c 26.5% ?

yes ‘ no
2110 10771 Confirm Diabetes mellitus
| Previous laboratory tests:
HbA1c = 6.5% (48 mmol/mol)
(?onﬁrm Fasting glucose = 126 mg/dl
diabetes? Oral glucose tolerance test = 200
mg/di
es no <
y i | . Medical records.
‘" |
| 960 1M1
People with

diabetes mellitus
3070

Seven people under
25 years old were
excluded due to the
low representation in
the sample.

Prediabetes: 100
Obesity: 1

Insulin resistance: 1
Not specified: 9

Glycemic control analysis
HbA1c <7.0%
3063

Glycemic control analysis
HbA1c < 8.0% - people =
55 years old
2356

Ethical aspects

The project was approved by the Research Ethics Committeé
of the School of Nursing of the University of Ribeirdo Preto
by opinion no. 3,340,774 on May 22, 2019.

Results

Among people being treated with ADOs in PHC, there was a
predominance of females (60.5%) and adults and elderly, and
most people (92.0%) were older than 45 years, according to
Table 1. Metformin was the most used drug (60.8%), being
used in isolation by 27.5% of people. Among the sulfony-
lurea drugs, gliclazide was used by 42.0% of people. Only
19.7% of people used sulfonylurea, while 21.1% used met-
formin + sulfonylurea. As for insulins, 13.4% used insulin
alone and 18.3% associated with OAD.

We removed from the sample 111 people who, after
obtaining data from medical records, did not confirm the
diagnosis of DM. In addition, due to the low representa-
tion in the sample, it was decided to exclude people under
25 years of age. Thus, among people with confirmed DM
diagnosis and age >25 years (n=3063), HbAlc ranged from

3.3% (13 mmol/mol) to 18.1% (174 mmol/mol), with a mean
of 7.6% (60 mmol/mol) [95% CI 7.5—7.6% (59—60 mmol/
mol)]. Adequate glycemic control, HbAlc <7.0% (53 mmol/
mol), was found in 44.8% of participants with DM (95% CI
42.9—46.6%). Men and women had similar frequencies of
adequate glycemic control.

According to Table 2, age and drug therapy were associ-
ated with glycemic control (p <0.001). The frequency of
adequate glycemic control increased progressively with
age, and in people aged > 75 years, the chance of achieving
adequate glycemic control is 2.79 times higher than in peo-
ple aged 25-34 years [ORaj=2.79 (95% CI 1.35—5.76)].
People using insulin had the lowest frequencies of adequate
glycemic control. The chance of achieving adequate gly-
cemic control is 91.0% lower among people using insulin
only [ORaj=0.09 (95% CI 0.07—0.12)] and 93.0% lower
among those using insulin + ADO [ORaj=0.07 (95% CI
0.05—0.09)] when compared to those using metformin only.

Age is one of the factors to be considered in adjust-
ing the HbAlc target, which may be less strict among
older people. Thus, regarding the achievement of the less
stringent glycemic target, HbAlc < 8.0% (64 mmol/mol),
among people aged > 55 years (n=2356) it was observed
that 70.6% (95% CI 68.8—72.6%) had adequate glycemic
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Table 1 Sociodemographic and Clinical Characteristics (n=3181)

Variable Absolute fre- Relative
quency frequency
(%)
Sex
Female 1925 60.5
Male 1256 39.5
Age
<25 years old 10 0.3
25-34 years old 50 1.6
35-44 years old 194 6.1
45-54 years old 493 15.5
55-64 years old 968 304
65-74 years old 944 29.7
>75 years old 522 16.4
Drugs used
Metformin 1934 60.8
Glibenclamide 467 14.7
Gliclazide 1335 42.0
Insulin R 411 12.9
Insulin NPH 1003 31.5
Drug therapy
Metformin only 874 27.5
Sulfonylurea only 626 19.7
Insulin only 425 13.4
Metformin + sulfonylurea 673 21.1
ADO' +insulin 583 18.3

1ADO oral antidiabetic

control. HbAlc ranged from 3.3% (13 mmol/mol) to 16.0%
(151 mmol/mol), with a mean of 7.4% (57 mmol/mol)
[95% CI 7.3—7.5% (56—58 mmol/mol)].

Even in cases of less stringent glycemic target, according
to Table 3, age and drug therapy remained associated with
glycemic control (p <0.001). In people aged > 75 years, the
chance of finding HbAlc <8.0% (64 mmol/mol) is 1.86
times higher than in people aged 25-34 years [ORaj=1.86
(95% CI 1.42—2.43)]. Those using insulin had the low-
est frequencies of adequate glycemic control. When com-
pared to people using metformin only, the chance of finding
adequate glycemic control for this goal is 93.0% lower in
people using insulin only [ORaj=0.07 (95% CI 0.04—
0.10)] and 94.0% lower in people using insulin + ADO
[ORaj=0.06 (95% CI 0.04—0.10)].

Discussion
In our sample, 44.8% (95% CI 43.0—46.5%) showed ade-

quate glycemic control with no differences between males
and females. A study conducted in England among people
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with DM and aged > 20 years, considering identical criteria
to the present study to classify glycemic control, showed
a frequency of adequate glycemic control of 49.7%, i.e.,
slightly higher than that found in the present investigation
[23, 24]. Similar findings were recorded in countries such
as Japan among people aged 20 to 69 years and also in
China among those > 18 years, in which 44.9% and 49.2%,
respectively, had adequate glycemic control [25, 26].

On the other hand, in Portugal, 63.2% of people with
DM and age between 25 and 74 years had adequate glyce-
mic control. However, the criterion used in the study was
having HbA1lc <7.0% (53 mmol/mo) [27].

In our findings, age and drug therapy were asso-
ciated with glycemic control. A municipality in the
southern region of Brazil had similar findings, with
elderly > 70 years showing less elevation of HbAlc than
people aged 50—69 years [16]. Similarly, in the United
States, people with DM > 75 years old had 40.0% more
adequate glycemic control compared to those aged 40 to
49 years. According to the authors, the elderly were treated
more intensively (use of insulin or two or more hypogly-
cemic medications) than young adults to achieve the goal
of HbAlc <7.0% (53 mmol/mol) [28].

Adherence to drug treatment is an important factor to
be considered in achieving adequate glycemic control.
Study in Sudan showed the relationship between low
adherence and higher levels of HbAlc; and further, that
people with low adherence were younger, which reiterates
that the older the age the higher the frequency of adequate
glycemic control, a fact that is presumed to have been
strengthened by greater adherence to treatment by older
people [29].

In Brazilian PHC, ADOs are prescribed on a large scale
which was evidenced in the present investigation which
recorded the use of metformin by 60.8% either alone or
associated with sulfonylureas (gliclazide or glibencla-
mide). Before prescribing antidiabetics, professionals
take into consideration the patient's general condition, the
presence of comorbidities or obesity, the cost and the risk
of hypoglycemia. Currently, metformin is the initial drug
of choice recommended by the Brazilian Diabetes Society
algorithm and, in the persistence of hyperglycemia, the
combination with sulfonylureas becomes the option avail-
able at the Unified Health System [10]. In addition, the use
of metformin has been related to the reduction of cardio-
vascular mortality, overall mortality, and cardiovascular
events in people with coronary artery disease, besides
being considered better than sulfonylureas in reducing the
incidence of cardiovascular events [30]. It is worth not-
ing that currently there are investigations that have shown
encouraging results with the use of herbal medicines such
as ginger and cinnamon in reducing the glycemic levels of
ADO users [31, 32].
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Table 2 Associat.ion between Variable HbAlc<7.0% OR (95% CD)' p-value ORaj (95% CI)? p-value
adequate glycemic control— (53 mmol/mol)
HbA1lc<7.0% (53 mmol/ n (%)
mol)—and gender, age and drug
therapy (n=23063) Sex 0.27 -
Female 842 (45.6) Reference -
Male 531 (43.6) 0.92 (0.80-1.06) -
Age <0.001 <0.001
25-34 years old 14 (30.4) Reference Reference
35-44 years old 67 (35.4) 1.25 (0.63-2.52) 0.99 (0.46-2.15)
45-54 years old 175 (37.1) 1.35 (0.70-2.59) 1.16 (0.56-2.40)
55-64 years old 419 (45.1) 1.87 (0.99-3.56) 1.60 (0.78-3.26)
65-74 years old 416 (45.2) 1.88 (0.99-3.58) 1.79 (0.88-3.65)
>75 years old 282 (55.8) 2.89 (1.51-5.55) 2.79 (1.35-5.76)
Drug therapy <0.001 <0.001
Metformin only 599 (78.4) Reference Reference
Sulfonylurea only 281 (45.1) 0.23 (0.18-0.29) 0.21 (0.17-0.27)
Insulin only 114 (27.1) 0.10 (0.08-0.13) 0.09 (0.07-0.12)
Metformin + sulfonylureas 257 (38.2) 0.17 (0.13-0.21) 0.17 (0.13-0.21)
ADO? +insulin 122 (20.9) 0.07 (0.06-0.09) 0.07 (0.05-0.09)
Total 1373 (44.8) -

With regard to insulin, the chance of finding adequate gly-
cemic control was 91.0% lower among people using insulin
alone. In our findings, insulin was used by 31.7% of people,
being similar to the study by Mendes et al. [22] where 34.0%

Table 3 Association between
adequate glycemic control,
according to the least stringent
target—HbA1c <8.0%

(64 mmol/mol)—for people
aged > 55 years, according to
the variables sex, age and drug
therapy (n=2356)

'0R (95% CI): Odds Ratio and 95% confidence interval
20ORaj Odds Ratio adjusted for age and drug therapy and 95% confidence interval

3ADO oral antidiabetic

of patients with type 2 diabetes were on insulin treatment. In
clinical practice, in the initial presentation of type 2 DM, modi-
fications in lifestyle habits associated with the use of metformin
are indicated. The frequency of insulin use becomes higher as

Variable HbAlc<8.0% OR (IC 95%)' Valorp ORaj (IC 95%)*  Valor P
(64 mmol/mol)
n (%)
Sex 0.05 -
Female 1040 (72.1) Reference -
Male 624 (68.3) 0.83 (0.69-1.00) -
Age <0.001 <0.001
55-64 years old 633 (68.1) Reference Reference
65-74 years old 636 (69.1) 1.05 (0.86-1.27) 1.16 (0.94-1.43)
>75 years old 395 (78.2) 1.68 (1.31-2.17) 1.86 (1.42-2.43)
Drug therapy <0.001 <0.001
Metformin only 559 (94.3) Reference Reference
Sulfonylurea only 358 (74.3) 0.18 (0.12-0.26) 0.17 (0.11-0.25)
Insulin only 176 (54.3) 0.07 (0.05-0.11) 0.07 (0.04-0.10)
Metformin + sulfonylureas 342 (66.4) 0.12 (0.08-0.18) 0.12 (0.08-0.18)
ADO? + insulin 229 (51.8) 0.06 (0.04-0.10) 0.06 (0.04-0.10)
Total 1664 (70.6)

'OR (95% CI): Odds Ratio and 95% confidence interval
20ORaj Odds Ratio adjusted for age and drug therapy and 95% confidence interval

3ADO oral antidiabetic
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the duration of diabetes increases, given the natural progres-
sion of type 2 DM, which causes a gradual decrease in insulin
production by the pancreas. Generally, after a decade of disease
progression, it is necessary to associate the use of insulin with
ADO. Thus, the Brazilian Diabetes Society stresses the impor-
tance of the timely initiation of insulin therapy, which often
does not happen due to therapeutic inertia, fear of weight gain,
fear of hypoglycemia, among other reasons [10].

However, even when setting less strict glycemic goals, peo-
ple using insulin showed lower frequencies of adequate glyce-
mic control. It is noteworthy that the less stringent glycemic tar-
get was established only considering the criterion of advanced
age. Therefore, among people with DM and age > 55 years,
70.6% (95% CI 68.8—72.6%) had HbA1lc < 8.0% (64 mmol/
mol). These findings are similar to others obtained by research-
ers who adopted the less rigid goal in the evaluation of peo-
ple with DM. In this direction, we highlight the investigation
developed in the southeastern United States, which identified
adequate glycemic control in 63.5% of participants [33]. On the
other hand, national data showed a slightly lower percentage,
i.e., 60.0% with HbA1c < 8.0% (64 mmol/mol) [20].

It was evidenced in all analyses that the chance of finding
adequate glycemic control is significantly lower in people
using insulin than in those using metformin alone. Schol-
ars pointed out that people who did not reach their HbAlc
target were treated with substantially higher insulin doses
than those who did. Therefore, it is noted that even by inten-
sifying the dose of drug therapy, adequate glycemic control
remains difficult to achieve [23]. The delay in intensifying
drug treatment after the identification of elevated levels of
HbAlc can reach, on average, more than one year, being
even more significant in situations in which a larger number
of antidiabetic drugs are used [34].

Furthermore, researchers draw attention to a worry-
ing finding: 44.0% of people with HbAlc levels >9.0%
(75 mmol/mol) did not have their drug therapy intensified
[35]. It is also emphasized that therapeutic inertia may result
from a combination of factors related to patients, health pro-
fessionals and the health system, being a complex conduct
that needs to be better investigated [36].

It is worth considering that adherence to insulin treatment
is multifactorial, since it may be related to low socioeconomic
status, fear of hypoglycemia, the fact that it is injectable and,
in most cases, requires more than one daily application [37,
38]. In addition, the technique of insulin application requires
specific knowledge and skills, and errors regarding self- appli-
cation or application by others are not uncommon, especially
due to decreased visual acuity which can compromise the
achievement of adequate glycemic control [39-41].

The present study did not distinguish between the differ-
ent types of diabetes and neither the time of diagnosis due to
incomplete information in the electronic health record. How-
ever, it is recognized that both are important in the analysis
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of the frequency of insulin use. Another limitation of the
study is the fact that the data refer to drugs dispensed by
pharmacies in the primary health care network, not having
computed those acquired by other means. In this regard, the
study on access, use and promotion of rational use of medi-
cines showed that 97.8% of people diagnosed with diabetes
reported having access to prescribed antidiabetic drugs and
70.7% get them completely free of charge [42].

Although the glycemic control data found in this study
approximate those for developed countries, it was found that
just under half of people with DM achieved the more stringent
goal of adequate glycemic control, even before the covid-19
pandemic. It is believed that the changes arising from this
current health scenario contribute even more to inadequate
glycemic control, both by lockdowns and by the limitation of
care, and even by the fear of crowding and contagion. There-
fore, in the current pandemic context, we emphasize the need
for investment in strategies to overcome the new challenges
imposed, such as the use of distance interaction technologies,
teleconsultations, digital educational materials and guaranteed
access to essential medicines and continuity of care [43].

Conclusion

The present study showed that less than half of the par-
ticipants achieved adequate glycemic control and younger
people with DM and on insulin treatment showed the lowest
rates of adequate glycemic control. In addition, the study
data showed that in the population studied, only 63.9% of
people with DM had their HbAlc evaluated. As this is a
component of the performance evaluation for PHC recently
incorporated by the MS, there is an imminent need for fur-
ther expansion of access and professional training so that
HbA Ic appears in the assessments of people with DM and,
in this way, health teams guarantee the associated financial
resources to this indicator.
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