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Abstract Strengths And Limitations of This Study

All patients have a long time of treatment in reference service

Aim: To analyze Blood Pressure (BP) control among hypertensive . .
U (BP) Sl for arterial hypertension.

individuals with or without type 2 Diabetes Mellitus (DM) who were

followed over 11 years at a reference center. Hypertensive patients who developed DM between 2004
Method: This was a historical cohort study of patients who were and 2015 were also excluded to avoid exposure time bias. These

regularly treated for hypertension and who had DM as an exposure patients were removed from this study so that we could keep the

factor. Time-points of assessment: baseline - 2004, mid-term - Closed Cohort design.

2009 and final - 2015. Variables: gender, race, age, BP, Body Mass

Index (BMI), and length of treatment at specialized service. The BP Due to the study design, the number of participants eligible to

goals were <140/90 mmHg for non-diabetics with hypertension and participate in the study was reduced.

<130/80 mmHg (stricter goal) or <140/90 mmHg (standard goal) for Thi q lvzed onlv th b ¢ ih . h
diabetics with hypertension. An association analysis was performed Is study analyzed only the number of antinypertensive that

using the chi-square or Fisher’s exact test, with a 5% significance level. the participants used and did not take into account the classes
of medications used. Another article is being done to make this
association, considering the Brazilian guidelines for the treatment
of hypertensive patients.

Results: The sample included 139 individuals with hypertension
(diabetic: 55; non-diabetic: 84). When stricter goals were considered,
the participants with diabetes exhibited poorer BP control rates at all
the time-points of assessment (23.6%, 27.3%, and 29.1%) compared Introduction
to the non-diabetic patients (57.1%, 67.9%, and 69.0%)(p<0.001).
When the standard goals were applied to both groups (<140/90), Type 2 Diabetes Mellitus (DM) and hypertension often coexist,
no differences in control rates between the groups were observed with the global prevalence of both having increased in recent years
(p>0.05). Specifically, the BP control rates in the group of patients with [1]. The presence of DM in combination with hypertension can be
Dl i tlme'p‘?mts were S LI 6,0'0%' - th,e case considered fatal given that it increases cardiovascular risks, leads
of SPB, there was no difference in mean values (continuous variable) .

to more rapid damage to the body, and consequently elevates

when compared between diabetic and non - diabetic hypertensives o 4 oA
(p>0.05), in all evaluations. And, in the case of DBP, the values have morbidity and mortality. In turn, hypertension is likely the most

been reduced over time in both groups of patients. relevant predictor of cardiovascular events in individuals with
Conclusion: The presence of DM was associated with poorer BP DM [2]-

control rates when stricter goals were considered; this difference In patients with DM with hypertension, a reduction in

disappeared when similar goals were applied to both groups. Blood Pressure (BP) levels can reduce cardiovascular mortality
Keywords: Hypertension; Blood Pressure control; Type 2 independently from glycemic control due to a reduction of the

diabetes mellitus. incidence of cardiovascular events and target organ injury [3,

4]. Itis estimated that two-thirds of individuals with DM do not

Abbreviations: Millimeters of Mercury: mmHg; e 2 Diabetes i
Y g e attain BP below 130/80 mmHg [1].

Mellitus: 2DM; Blood Pressure: BP; Diastolic Blood Pressure: DBP;
Systolic Blood Pressure: SBP; Body Mass Index: BMI; Confidence

Recent studies that investigated BP control in individuals with
Interval: CL

DM considered specific groups of patients with both conditions
and performed cross-sectional analyses only, without the follow-
up analysis needed to assess the progression of risk over time [2,
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5, 6]. The innovative purpose of this study is to analyze a group of
hypertensive patients with and without type 2 diabetes mellitus
who were treated at a reference center for the control of arterial
hypertension for a long time and not only a transverse cut in
time, in order to allow a temporal evaluation of variation of blood
pressure control among these populations.

The aim of the present study was to assess BP behavior
by monitoring a historical cohort of patients with continuous
hypertension over 11 years at a hypertension reference center.

Methods

The present study was a non-concurrent cohort study
conducted with patients with hypertension and diabetes who
were regularly followed for a minimum of 11 years. The analysis
was performed in 2015 at a reference center for hypertension
in the Center-West area of Brazil, and all participating patients
signed an informed consent form. The consent was signed when
the patients attended the clinic visit at the last evaluation follow-
up (2015), and at the same time, the participants gave their data
from the medical records for analysis of previous data.

The cohort included hypertensive individuals with and
without diabetes who were regularly followed at the study
setting, i.e., with visits every three months since 2004. Follow-
up was performed according to the guidelines formulated by the
Brazilian Society of Cardiology [7] to define the most adequate
treatment for each individual patient.

Copyright:
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Individuals with a diagnosis of chronic kidney disease at the
cohort onset were excluded from the study and those in use of
illicit psychoactive substances, as well as current use of anti-
inflammatory medications. Our patients are educated about the
chronic use of anti-inflammatory drugs and their repercussions
on health. Hypertensive patients who developed DM between
2004 and 2015 were also excluded to avoid exposure time bias.
The service medical records were surveyed in 2015, which
allowed the identification of (i) 71 individuals with hypertension
and diabetes at the study onset in 2004; (ii) 84 individuals with
hypertension who developed DM during the 11-year follow-up
period; and (iii) 270 individuals with hypertension who did not
have DM at baseline and who did not develop DM from 2004 to
2015. The individuals with hypertension and diabetes in 2004
were considered as the exposure group, and those without DM
were randomly selected in adequate numbers to match the
population of patients with hypertension and DM (Figure 1).

The cohort was followed for 11 years, and the participants
were assessed at three time-points: baseline (2004), mid-term
(2009), and the end of follow-up (2015). The first two assessments
were based on data gathered from the participants’ medical
records. For the final assessment, individual appointments
were scheduled. During these appointments, in addition to data
collection, the participants were assessed for blood pressure,
body weight, and stature and were requested to provide samples
for biochemical tests.

Medical records surveyed in
2014

N=425

71 patients with
hypertension and diabetes

270 patients with
hypertension and without
diabetes

84 patients who developed DM
during the 10-year follow up*

Excluded for not
ici 84 selected individuals
1 refusal to participate meeting the inclusion
3 deaths criteria
12 lost to follow up
84 individuals with hypertension
55 individuals with and without diabetes
hypertension and diabetes
Figure 1: Flowchart representing inclusion in the cohort. Goidnia, Goids state, Brazil, 2015.
*No case of chronic kidney disease (CKD) was identified at baseline
e ~ . . . . . Page 2 of 8 IIII
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Sociodemographic and clinical variables were assessed,
including time since diagnosis of hypertension, time since
diagnosis of diabetes, the duration of treatment at specialized
service, BP, glycated hemoglobin levels, lipid profile, Body
Mass Index (BMI) and the use of antihypertensive medications,
which were recorded according to the class of medication
and prescription. The classes considered were: beta blockers,
diuretics, Angiotensin Converting Enzyme Inhibitors (ACEI),
Angiotensin II Blockers (ARBs), calcium channel blockers.

BP was assessed based on the values recorded in special
forms routinely used at the service; the values recorded during
the first visit in 2004 and 2009 were considered for the baseline
and mid-term assessments, respectively, the latter being five
years after the study onset.

At the final assessment, BP was measured using a
semiautomatic OMRON HEM-705CP device and according to the
technique described in the VI Brazilian Hypertension Guidelines
(VI Diretriz Brasileira de Hipertensdo) [7]. Three measurements
were performed at one-minute intervals, and the average of the
last two measurements was used for data analysis. BP control was
defined according to the classification formulated in the Brazilian
Hypertension Guidelines as <130/80 mmHg and <140/90 mmHg
[7] for participants with and without DM, respectively.

Statistical analysis

Qualitative variables were described as absolute frequencies
and proportions, and associations were analyzed using the
chi-square or Fisher’s exact test, as appropriate. Quantitative
variables were described using the mean, standard deviation,
median and Confidence Interval (CI). The means were compared
only after the data distribution analysis using the Kolmogorov-
Smirnov test and application of the parametric Student’s t-test.

Logistic regression analysis was performed to investigate
the relationship between predictive variables and the categorical
outcome “blood pressure control”. To construct the final models, a
univariate analysis was first performed using partial models that
were generated using the forward-conditional method. Predictive
variables were selected in the partial models for inclusion in the
final model, considering amplified significance values of p<0.20.
The significance level was set to 5% and CI to 95% in all the tests.

Results

A total of 139 patients with hypertension participated in the
study (55 with DM and 84 without DM). The average age was
similar in both groups (57.5 years +9.3). At baseline, the average
time since diagnosis of hypertension was 16.5 years (+9.5) in the
group with DM and 12.2 years (+7.32) in the group without DM
(p<0.05). In addition, the duration of antihypertensive treatment
at the specialized service was similar in both groups (5.9 years
(£3.9)). The average time since diagnosis of DM at baseline was
4.0 years (+6.0).

The groups were similar relative to the analyzed
sociodemographic, clinical and lifestyle variables, except for BMI,
as the frequency of excess weight was higher in the group with
DM (Table 1).

Copyright:
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BMI did not exhibit significant changes over time in any
group. The values in the group of participants with DM were 31
kg/m2 (+5.6) and 30.5 kg/m2 (+£6.0) at baseline and at the end of
follow up. For the group without DM, these values were 26.7 kg/
m2 (+4.1) and 27.1 kg/m2 (+4.5), respectively. These intragroup
differences were not statistically significant (t-student test).

The average Systolic Blood Pressure (SBP) was similar
between the groups over time (p>0.05 - Friedman variance
test). In the group with DM, the lowest average value was 136.3
mmHg (measured at the mid-term assessment), and the highest
value was 138.4 mmHg (measured at the end of the study). At no
time was the average SBP higher than 140 mmHg. In the group
without DM, the lowest value was 131.2 mmHg at the mid-term
assessment; the average value at the other two assessments was
133.0 mmHg (Graph 1).

The diastolicblood pressure (DBP) values exhibited significant
reduction (p<0.05) from baseline to the last assessment in both
groups. In the group with DM, the average DBP was 85.8 mmHg
(¥14.7) at baseline and 74.8 mmHg (+11.1) at the end of the
study, with an average absolute reduction of 11 mmHg. In the
group without DM, the average DBP was 84.5 mmHg (+13.2) at
baseline and 74.1 mmHg (+10.3) at the end of the study, with an
average absolute reduction of 10.4 mmHg. The average DBP was
similar between the groups at all time-points (Graph 1).

By the Friedman'’s analysis of variance, we also find that both
groups showed no significant difference between the SBP in
3 segments (group with DM: 137.5 / 136.3 / 138.4mmHg, and
group without DM: 133.8 / 131.2 / 133.1mmHg). The averages of
diastolic blood pressure had different behavior, with a significant
reduction (group with p>0.05 - U Mann-Whitney Test).

The group with DM exhibited poorer BP control rates
compared to the group without DM when stricter goals were
applied to the former (Table 2).

When the groups were compared using the same, less strict
BP goals (<140/90 mmHg), no difference in BP control rates was
observed (p>0.05) (Table 2). When this parameter was applied,
the rate of BP control among the participants with DM was 47.3%
in 2004, increasing to 61.8% in 2009 and remaining at a similar
level (60%) in 2015.

When the analysis was performed using the conventional SBP
control goals selected for the present study (140/130 mmHg),
the groups exhibited similar behavior: the control rate increased
from over 45% to 70% from baseline to the end of the study, with
no difference between the groups.

With respect to DBP control, the rates were higher in the
group with DM at baseline and mid-term, being 63.6% and
76.4%, respectively (p<0.05). At the end of the study, the DBP
control rates were similar, being 92.7% and 90.5% in the groups
with and without DM, respectively (p>0.05).

Relative to the prescribed pharmacological treatment, 73.7%
of the participants used up to two classes of antihypertensive
drugs, without any significant difference between the groups.
The number of prescribed medications increased beginning at
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Table 1: Composition of non-concurrent cohort according to sociodemographic, clinical and lifestyle characteristics. Goiania-GO, Brazil, 2004.

Hypertension and diabetes (n=55) Hypertension without Total p*
diabetes (n=84)
(n=139)
n % n % n %
Gender
Male 11 20 23 27.4 34 24.5 0.420
Female 44 80 61 72.6 105 75.5
Race
White 30 57.7 42 54.5 72 55.8
Non-white 22 42.3 35 45.5 57 44.2 0.857
Not reported 3 5.5 7 8.3 10 7.2
Age range
< 50 years of age 12 21.8 22 26.2 34 24.5 0.804
50 [--60 22 40 30 35.7 52 374
60 [--70 17 309 23 274 40 28.8
70 4 7.3 9 10.7 13 9.4
Physical activity
Regular 30 55.6 47 56 77 55.8
Irregular 5 9.3 13 15.5 18 13 0.488
None 19 35.2 24 28.6 43 31.2
Not reported 1 1.8 0 0 1 0.7
Smoking
Yes 1 1.8 5 6 7 45
No, I quitted 21 38.2 27 321 48 345 0.430
Never smoked 33 60 52 61.9 85 61.2
Alcohol intake
Yes 1 1.8 7 8.3 8 5.8 0.107
No 54 98.2 77 91.7 131 94.2
Body mass index
Normal weight 9 16.4 27 321 36 25.9
Overweight 21 38.2 41 48.8 62 44.6 <0.003
Obesity 25 45.5 16 19 41 29.5

*Chi-square test.

the mid-term assessment, but there was no significant difference
between the groups in this respect. The number of medications
also increased at the end of the study and was significantly higher
in the group with DM compared to the non-diabetic participants.
At the final assessment, 85.2% of the participants with DM used
three or more antihypertensive drugs versus 45.2% of those
patients without DM (p<0.001) (Table 3).

In the group with DM, BP control was not associated with
any of the nvestigated variables. In the group without DM, an

association was found between BP control and the following
sociodemographic, clinical and lifestyle variables at baseline: the
lack of BP control was more frequent among males (38.9%) and
patients with excess weight (50.9%) (p< 0.05). In addition, the
number of antihypertensive drugs used by the patients without
DM was associated with BP control: monotherapy proved to be
the least efficacious, as only 25.0% of users achieved adequate
BP control.
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Graph 1: The distribution of average blood pressure among hypertensive individuals with or without diabetes over the 11-year follow up. Goiania-GO,
Brazil, 2015.

p=*T-Student Test

Table 2: Blood pressure control among hypertensive individuals with
or without diabetes over the follow up period. Goiania-GO, Brazil,

2015.

Blood
pressure
control

Year
2004

Yes**

Year
2015

Yes

No

*Chi-square test.
**Blood pressure assessment parameters: Hypertension and diabetes

Hypertension
and diabetes

13

42

15

49

16

39

(n=55)

%

23.6

76.4

27.3

72.7

29.1

70.9

Hypertension
without
diabetes

(n=84)

n %

48 | 57.1

36 429

57 679

27 321

58 69

26 31

Total

(n=139)
n %
61 439
78 56.1
72 51.8
67 48.2
74 53.2
65 46.8

<0.001

<0.001

<0.001

<130/80 mmHg and hypertension without diabetes <140/90 mmHg.

Table 3: Pharmacological treatment of hypertensive individuals with
or without diabetes in a historical cohort. Goidnia-GO, Brazil, 2015.

. Hypertension
Hypertension 3
) without
and diabetes .
=55) diabetes
(n (n=84)
Ph. logical
armacological % n %
treatment
Year 2004
Monotherapy | 15 28.3 20 25
2 drugs 24 45.3 39 48.8
>3 drugs 14 26.4 21 26.3
Year 2009
Monotherapy | 7 12.7 11 13.1
2 drugs 17 30.9 41 48.8
23 drugs 31 56.4 32 38.1
Year 2015
Monotherapy | 2 3.7 9 10.7
2 drugs 6 111 37 44

23 drugs 46 85.2 38 45.2

*Chi-square test

Total
(n=139)

35
63

35

18
58
63

43
84

%

26.3
47.4 1 0.899

26.3

12.9
41.7 1 0.082
45.3

31.2 | <0.001
60.9
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At the end of study, BP control was associated only with
physical activity among the participants without DM: BP control
was absent in 73.1% of the participants who did not practice any
physical activity (p=0.004).

On multivariate logistic regression analysis, the presence of
DM remained the single significant predictor of BP control. This
exposure factor explained 21.9% of the lack of BP control in the
group with DM (95% CI 0.098 - 0.486; p<0.001).

The rate of glycemic control - defined as glycated hemoglobin
levels up to 7% - increased over time among the participants
with DM. The glycemic control rate was 16.4% at baseline and
increased to 27.3% and 41.8% at mid-term and the end of the
study, respectively (p<0.05). No relationship was found between
glycemic control and BP control. Even though the glycemic control
rate improved over time, BP control was not associated with time
since diagnosis of DM.

The standardization of prescriptions between patients and
this variable was not associated with blood pressure control;
in the same way, the sociodemographic variables (age and sex).
The time of diagnosis of hypertension and diabetes, and glycemic
levels (glycated hemoglobin) were also not associated, even when
analyzing variance [8].

Discussion

An analysis of blood pressure in a cohort of individuals with
hypertension under regular follow-up for 11 years showed that
the values were quite similar at the various time-points. In terms
of the BP control goals based on Brazilian guidelines, the results
indicated poor control rates among the participants with DM
compared to those without DM at all of the assessed time-points.
Considering BP <130/80 mmHg as a goal for patients with DM,
the BP control rates vary considerably among different parts of
the world. Higher control rates were found in South Korea, 66.3%
[9], followed by Canada, 53.6% [8], the United States, 51.1% [10],
and South Africa, 45.8% [11]. In contrast, the control rates in Italy
and Ireland are below 25.0% [12] and are similar to those found
in the present study. According to several studies conducted in
different countries, patients with hypertension and DM achieve
a better BP control when the goals are set to 130/80 mmHg than
when these values are higher [13-15].

With respect to patients with hypertension and without DM,
evidence indicates that BP control rates vary as a function of
geographic location and how the values used for rate calculation
are considered. In a recent study conducted in Portugal, which
considered the identified prevalence rate instead of the patients
who reported regular treatment for hypertension only, the rate
of BP control was 42.5% [16]. In contrast, the rate found in
a study conducted in Canada exclusively with patients under
regular treatment was 64.6% [17]. In one study performed with
employees ata higher education institution in the same city where
the present study was performed, the BP control rate among the
participants who reported to be under treatment was above 70%
[18], which is close to the rate found in the present study.

It has been shown that the combination of diabetes and
hypertension results in poorer BP control rates, and this effect

Copyright:
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is independent of geographic region and the type of healthcare
system. The ideal BP values for individuals with diabetes are
controversial; specifically, <130/80 mmHg and <140/90 mmHg
are alternatingly adopted by different authors. The Brazilian
Society of Cardiology defined values 130/80 mmHg as goals for
patients with DM and stratifies the cardiovascular risk of patients
with DM based on BP values [7].

The application of a stricter BP goal (<130/80 mmHg)
impacted the control rates exhibited by the population of our
study. This phenomenon was also detected in other studies,
showing that individuals with hypertension and DM have greater
difficulties achieving more rigorous BP goals [1, 2, 19].

SBP is more associated with vascular conditions and
peripheral resistance, while DBP is more related to the state
of the heart muscle and cardiac output components [20, 21].
Vascular health is directly related to certain factors, among which
age stands out [22]. Aging causes structural changes in arteries,
which become stiffer, with consequent SBP elevation and DBP
reduction. As a result, SBP tends to increase with age, while DBP
increases until age 50 and then decreases [23]. These facts are
noteworthy given that the population of the present study had an
average age of 70 years at the end of the study.

There is still uncertainty and controversy regarding BP goals
for patients treated for hypertension, especially those who are
older than 60, a population in which SBP levels are usually higher
[24]. Recently, the SPRINT study found that among patients with
hypertension and high cardiovascular risk but without DM, a SBP
treatment goal of <120 mmHg was associated with lower rates of
cardiovascular events, including death, compared to a treatment
goal <140 mmHg [25]. Therefore, the lower the value set as the
BP control goal, the greater the obtained benefits, at least in a
population of individuals with hypertension but without DM.

There is even more controversy in regard to the BP goals
for patients with hypertension in combination with DM, and
there is no consensus on this topic. The ACCORD study, in
which individuals with hypertension and DM were subjected to
intensive therapy for BP and glycemic control, found an isolated
reduction of the stroke rate in the group treated to achieve the
lowest goal (SBP 120 mmHg); however, there was an increase in
the number of severe adverse events in the group subjected to
this intensive therapy [26].

Following the publication of the SPRINT results in 2015, the
authors of the ACCORD study recognized the limitations of their
own study that were related to the intensive therapy for both
BP and glycemia. These authors then announced their support
for the idea that intensive reduction of SBP to <120 mmHg is
beneficial for patients at high cardiovascular risk and that this
goal ought also to be extended to individuals with hypertension
and DM [27].

Several antihypertensive drugs and lifestyle changes are
prescribed to achieve adequate BP goals. The drugs that are used
to reduce BP must be used judiciously to avoid an excessive BP
decrease [26]. Most patients require atleast two antihypertensive
drugs [28] to achieve adequate BP control. Patients with
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hypertension and DM require even more treatment, especially
to achieve the recommended BP levels [29]. In our study, the
number of antihypertensive drugs increased in both groups at
all of the time-points; at the last time-point (2015), the group
with DM used a larger number of medications compared to the
non-diabetic participants. The prescriptions in the service where
the study was carried out, follow the Brazilian guidelines for the
treatment of arterial hypertension. These guideline recommend
specific behaviors for each clinical situation, promoting
individualized care [7].

While a larger number of drugs might be needed to treat
hypertension in patients with DM, in the end, this strategy
might reduce the cost for both patient and healthcare system.
This benefit may occur because the cost of antihypertensive
treatment is lower compared to the costs of events triggered by
the combination of hypertension and DM [30].

There is a paradox in the relationship between the potential
of drugs to reduce BP and the number of agents that are actually
prescribed. Specifically, the medications might result in very low
BP levels, which can eventually lead to cardiovascular events. This
phenomenon is known as the J-curve and tends to occur more
particularly among older adults or individuals with established
coronary artery disease [31, 32].

To summarize, when stricter BP goals are set for individuals
with hypertension and DM, the rate of BP control is lower
compared to non-patients with DM, even when using a larger
number of antihypertensive drugs and when following the
patients using a systematic protocol for the same length of time
at a specialized service. The poorer rate of BP control among the
participants with hypertension and DM when stricter goals were
applied was primarily associated with the control of SBP.

Conclusion

In the present study, BP control was not associated with
any of the investigated variables, except for the exposure factor,
i.e., type 2 DM. This finding became evident upon considering
different BP goals for the diabetic participants. While the BP
control parameters for individuals with hypertension and DM are
still controversial, the application of stricter goals to the group
of participants with both conditions was associated with poorer
BP control rates, demonstrating the difficulties these patients
experience in meeting stricter goals.

Our results also show that, more than the values considered
for blood pressure control among diabetic or non-diabetic
hypertensive patients, we should look at the individual clinical
situation of each patient and that, when the control criteria are
matched, there is no difference in the behavior of the patient’s
blood pressure.

Therefore, efforts at achieving BP control should be more
effective when stricter goals are applied so that the goals can be
achieved and adverse effects to health can be minimized.
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