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1  | INTRODUCTION

Hypertension is highly prevalent in patients with type 2 diabetes mel-
litus (T2DM) and is reported in approximately 70% to 80% of cases.1,2 
This comorbidity significantly increases the patient’s risk of death 
and of experiencing an adverse cardiovascular event such as myo-
cardial infarction (MI) or stroke.3,4 Despite the demonstrated benefits 
of lowering blood pressure (BP) in patients with T2DM,5 more em-
phasis is generally placed on treating hyperglycemia than on treating 
hypertension.6

Many studies have identified poor BP control in patients with 
T2DM.6 In Germany in particular, an analysis of six population-based 
studies found that only 22.9% of diabetic patients with hypertension 
had a BP <140/90 mm Hg (the guideline-recommended target at that 
time).7,8 A further issue of concern is the additional comorbidities that 
are prevalent in patients with T2DM. Heart disease, cerebrovascular 
disease, and kidney disease are all common in these patients, and are 

all compounded by the presence of hypertension. Therefore, BP low-
ering is of great importance in the management of T2DM.

It is evident that the treatment of hypertension in patients with 
T2DM is inadequate; however, the reasons for such poor BP control 
require further study. The availability of ambulatory BP monitoring 
(ABPM) to primary care physicians provides the means by which reli-
able BP measurements can be obtained. However, the extent to which 
these values are utilized when determining treatment strategies is un-
known. Moreover, the accuracy of a general physician’s assessment of 
cardiovascular risk for individual patients is unclear.

To address these concerns, we analyzed data from the T2Target 
registry. This was a German registry that gathered information on pa-
tients with both T2DM and hypertension who were attending an ap-
pointment with a general practice physician. The data were evaluated 
in order to determine how physicians assessed BP control and cardio-
vascular risk in their patients. Furthermore, the data were reevaluated 
in a central, independent review, and the conclusions were used to 
establish the accuracy of the diagnoses made in the general practice 
clinic.
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Blood pressure control in patients with type 2 diabetes and hypertension is poor. It is 
unclear how effectively general practitioners assess and treat such patients. T2Target 
included hypertensive patients with type 2 diabetes mellitus who had undergone am-
bulatory blood pressure monitoring within the past 3 months. Recordings were ana-
lyzed by the general practitioner and an independent center and the conclusions were 
compared. Nighttime hypertension was reported less frequently by the general prac-
titioner in comparison with central assessment (43.9% vs 77.9%, P<.001), as were 
masked (4.0% vs 13.1%, P<.001) and isolated office (4.4% vs 8.8%, P<.001) hyperten-
sion. A total of 13.9% of patients were deemed to have controlled blood pressure 
(ambulatory blood pressure monitoring). For the 784 patients with uncontrolled blood 
pressure, 40.7% underwent no change to their antihypertensive treatment. 
Cardiovascular risk was underestimated, with 11.1% deemed to be at very high risk, in 
contrast to the 97.0% of patients by central assessment. In conclusion, blood pressure 
control in hypertensive patients with type 2 diabetes mellitus is poor and not accu-
rately assessed by office-based general practitioners, despite the use of ambulatory 
blood pressure monitoring.
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2  | METHODS

2.1 | Study design and patients

The German T2Target registry was established across multiple physi-
cian offices in Germany. A total of 306 physicians were included. Of 
these, 184 were general practitioners, 121 were internal medicine 
physicians, and one was a diabetologist. An average of three patients 
were recruited per physician. Patients with T2DM who were being 
treated for hypertension were enrolled from December 2013 to June 
2014. Patients were excluded from the registry if they had diagnosed 
secondary hypertension. All included patients provided written in-
formed consent, and the study was approved by the responsible ethics 
committee.

2.2 | Documentation

Patient characteristics including demographics, risk factors, and cur-
rent treatment regimens were recorded on a case report form at the 
baseline visit. Patients were required to have ABPM measurements 
not older than 3 months available, with an office BP measurement ob-
tained on the same day. Quality criteria for the ABPM were the avail-
ability of at least 14 valid measurements during the day (6:01 am–7 pm) 
and at least seven during the night (7:01 pm–6 am). All measurements 
were made with a properly validated device. Any changes made to 
hypertension treatment during the physician visit were documented, 
including dose alterations and changes in drug(s) prescribed.

2.3 | Physician assessment

Physicians completed the case report form using both office BP and 
ABPM values. They noted the presence of BP control as well as iso-
lated systolic or diastolic hypertension, masked hypertension, or 
isolated office hypertension. Several risk factors were assessed and 
entered into the case report form, but not further validated; thus, this 
information solely relies on the physician’s assessment. Overall risk 
assessment was requested, categorizing patients as being at low, in-
termediate, high, or very high cardiovascular risk.

2.4 | Central committee assessment

BP control was determined by a central assessment committee, employ-
ing the 2012 Joint Task Force of the European Society of Cardiology 
guidelines.9 These values were used because specific ABPM target 
values for patients with T2DM are not currently available. The mean 
ABPM was considered controlled below 130/80 mm Hg, with daytime 
control defined as <135/85 mm Hg and nighttime control defined as 
<120/70 mm Hg. For the patient’s BP to be considered under control, 
each of the mean, daytime, and nighttime control criteria had to be sat-
isfied. Isolated systolic hypertension was defined as >130/<80 mm Hg 
and isolated diastolic hypertension was defined as <130/>80 mm Hg, 
using mean ABPM readings. Masked hypertension was defined as 
at least one of the ABPM criteria for control being exceeded (mean, 

daytime, or nighttime), with an office BP <140/90 mm Hg. Isolated of-
fice hypertension was defined as all of the ABPM criteria for control 
being satisfied, with an office BP >140/90 mm Hg.

Cardiovascular risk assessment was performed according to 
the 2013 European Society of Hypertension/European Society of 
Cardiology guidelines on the management of arterial hypertension3 
based on the presence of risk factors, end organ damage, diabetes, 
and cardiovascular events. Based on this risk estimate, patients were 
judged to have low, intermediate, intermediate to high, high, high to 
very high, or very high cardiovascular risk. To match the physician es-
timate, patients with moderate to high risk were counted as high, and 
patients with high to very high risk were counted as very high.

2.5 | Statistical analysis

Office and ABPM values were analyzed using descriptive statistics. 
Continuous variables are given as means±standard deviations, and 
statistical significance was calculated using a t test. Categorical vari-
ables are given as absolute values or percentages, with statistical sig-
nificance determined using Fisher exact test.

3  | RESULTS

3.1 | Patient characteristics

Of the 960 patients with T2DM, established hypertension, and com-
pleted case report forms, ABPM data were available for 919 (the anal-
ysis population). The mean age of these patients was 64.4±12.3 years, 
and 51.0% were women (Table 1). The most common risk factors 
were dyslipidemia (63.2%), high waist circumference (53.1%), older 
age (men: >55 years, women: >65 years; 50.9%), family history of 
cardiovascular disease (39.4%), and heart disease (20.5%), while 3.3% 
had no additional risk factors.

The mean office systolic BP/diastolic BP values were 
151.7/87.3 mm Hg (Table 2), with 18.5% of patients achiev-
ing a value <140/85 mm Hg. ABPM assessment showed a mean 
BP of 138.6/79.3 mm Hg. Readings were higher during the day 
(141.3/81.8 mm Hg) than during the night (131.1/72.6 mm Hg).

The majority of patients were receiving renin-angiotensin sys-
tem inhibitors (89.1%), followed by diuretics (53.7%) and β-blockers 
(52.9%). Combination antihypertensive treatment (≥2 drugs) was re-
ported for 71.9% of patients.

3.2 | Patient characteristics according to BP control

When patients with controlled BP according to the ABPM values in 
the European Society of Cardiology guidelines (n=127; 13.9%) were 
compared with those with uncontrolled BP (n=784; 86.1%), the for-
mer had lower office systolic BP and diastolic BP values, although the 
means were still close to the guideline-defined treatment targets of 
140 and 85 mm Hg (Table 3). This resulted in 50.4% of the controlled 
and 75.4% of the uncontrolled patients having office systolic BP ≥140 
and/or diastolic BP ≥85 mm Hg.
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Many of the documented comorbidities were more prevalent in 
the patients with controlled BP compared with those with uncon-
trolled BP. Notable differences were seen for heart disease (30.7% vs 
18.9%, P=.003) and kidney disease (15.7% vs 6.5%, P=.001).

The type of antihypertensive therapy the patients were being 
treated with at the baseline visit did not vary greatly depending on BP 
control (Table 3). The only exception was the treatment with diuretics, 
which were more commonly used by the patients with controlled BP 
(65.9% vs 52.1%, P=.005). The numbers of patients being treated with 
monotherapy were similar, but more of the patients with controlled 
compared with uncontrolled BP were receiving three or more antihy-
pertensive agents (38.1% vs 25.5%, P=.005).

During the physician visit, a higher proportion of the patients with 
controlled BP had no change made to their antihypertensive treatment 
(73.3% vs 40.7% for uncontrolled BP, P<.001; Table 4). Furthermore, 
5.2% of the controlled group had their dosage reduced. For the pa-
tients with uncontrolled BP, 29.9% had a dose increase and 26.8% had 
a further antihypertensive drug added to their treatment regimen.

3.3 | Physician vs central assessment of BP 
control and cardiovascular risk

While differences in the assessment of combined systolic-diastolic hy-
pertension and isolated systolic hypertension between the physicians 

and the central committee were negligible, isolated diastolic hyper-
tension (0.9% vs 5.7%, P<.001) and nighttime hypertension (43.9% vs 
77.9%, P<.001) were more frequently diagnosed centrally (Figure 1A). 
Masked and isolated office hypertension were diagnosed by physi-
cians in 4.0% and 4.4% of cases, respectively (Figure 1B). Central 
assessment, however, indicated that these conditions were substan-
tially more prevalent (13.1% and 8.8%, P<.001 for both vs physician 
assessment).

TABLE  1 Patient Characteristics (n=919)

Mean±SD or 
No. (%)

Age, y 64.4±12.3

Female sex 469 (51.0)

Risk factorsa

None 30 (3.3)

Dyslipidemia 581 (63.2)

High waist circumference 488 (53.1)

Age (men >55 y, women >65 y) 468 (50.9)

Family history of cardiovascular disease 362 (39.4)

Heart disease 188 (20.5)

Atherosclerotic plaques 179 (19.5)

Smoker 177 (19.3)

Left ventricular hypertrophy 143 (15.6)

Microalbuminuria 140 (15.2)

Elevated serum creatinine 104 (11.3)

Low creatinine clearance 93 (10.1)

Kidney disease 71 (7.7)

Peripheral artery disease 58 (6.3)

Cerebrovascular disease 41 (4.5)

Elevated pulse wave velocity 27 (2.9)

Advanced retinopathy 26 (2.8)

Decreased ankle-brachial index 17 (1.8)

aMultiple nominations possible. Abbreviation: SD, standard deviation.

TABLE  2 BP Assessment

Physician Assessment, 
Mean±SD or No. (%)

Office BP (n=912)

Systolic, mm Hg 151.7±19.6

Diastolic, mm Hg 87.3±11.5

BP <140/85 mm Hg, % 169 (18.5)

ABPM

Mean (n=902)

Systolic, mm Hg 138.6±15.2

Diastolic, mm Hg 79.3±9.9

BP <130/85 mm Hg, % 252 (27.9)

Daytime (n=919)

Systolic, mm Hg 141.3±15.2

Diastolic, mm Hg 81.8±10.2

BP <135/85 mm Hg, % 286 (31.1)

Nighttime (n=894)

Systolic, mm Hg 131.1±18.3

Diastolic, mm Hg 72.6±11.1

BP <120/70 mm Hg, % 194 (21.7)

Controlled BPa 127 (13.9)

Antihypertensive therapy at baseline

No treatment reportedb 31 (3.4)

Drug treatment, yes (n=888)c

RAS inhibitor 791 (89.1)

Diuretic 477 (53.7)

β-Blocker 470 (52.9)

Calcium channel blocker 337 (38.0)

Others 62 (7.1)

Combinations (n=919)

Monotherapy 227 (24.7)

Two 259 (28.2)

Three 240 (26.1)

Four or more 162 (17.6)

Abbreviations: ABPM, ambulatory blood pressure monitoring; RAS, renin-
angiotensin system; SD, standard deviation.
aDisplayed all of the following: mean blood pressure (BP) <130/85 mm Hg, 
daytime BP <135/85 mm Hg, and nighttime BP <120/70 mm Hg.
bThese were regarded as missing data because of hypertension treatment 
being an inclusion criterion.
cMultiple nominations possible and percentages were calculated using the 
number of patients with available data on drug treatment (n=888).
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There were significant differences in the 10-year cardiovascular 
risk determined by the physicians in comparison to that by the cen-
tral committee assessment (Figure 2). The physicians categorized only 
11.1% of patients as being at very high risk, with greater proportions 

being at high (42.8%) or moderate (39.1%) risk. In stark contrast, the 
central committee determined that 97.0% of patients were at very 
high risk, with only 3.0% at high risk and none at moderate or low risk 
(P<.001 for all comparisons).

TABLE  3 Controlled vs Uncontrolled Patients

Controlled Patients,a Mean±SD or  
No. (%) (n=127)

Uncontrolled Patients,b Mean±SD or  
No. (%) (n=784) P Value

Age, y 67.3±11.5 63.9±12.3 .003

Female sex 68 (53.5) 398 (50.1) .774

Office BP

Systolic, mm Hg 140.5±17.3 153.6±19.4 <.001

Diastolic, mm Hg 82.3±10.1 88.1±11.4 <.001

BP ≥140 and/or ≥85 mm Hg 64 (50.4) 586 (75.4) <.001

Risk factors

None 4 (3.1) 25 (3.1) 1.000

Dyslipidemia 79 (62.2) 498 (63.5) .767

High waist circumference 72 (56.7) 413 (52.7) .443

Age (men >55 y, women >65 y) 69 (54.1) 395 (50.4) .444

Family history of cardiovascular disease 59 (46.5) 299 (38.1) .078

Heart disease 39 (30.7) 148 (18.9) .003

Atherosclerotic plaques 34 (26.8) 144 (18.4) .030

Smoker 22 (17.3) 150 (19.1) .714

Left ventricular hypertrophy 28 (22.0) 115 (14.7) .048

Microalbuminuria 28 (22.0) 112 (14.3) .033

Elevated serum creatinine 24 (18.9) 79 (10.1) .006

Low creatinine clearance 20 (15.7) 73 (9.3) .038

Kidney disease 20 (15.7) 51 (6.5) .001

Peripheral artery disease 14 (11.0) 44 (5.6) .029

Cerebrovascular disease 9 (7.1) 32 (4.1) .161

Elevated pulse wave velocity 5 (3.9) 22 (2.8) .410

Advanced retinopathy 7 (5.5) 19 (2.4) .077

Decreased ankle-brachial index 3 (2.4) 14 (1.8) .720

Antihypertensive therapy at baseline

No treatment reported 1 (0.8) 30 (3.8) .109

Drug treatment yes 126 (99.2) 754 (96.2) .109

RAS inhibitor 115 (91.3) 669 (88.7) .444

Diuretic 83 (65.9) 393 (52.1) .005

β-Blocker 70 (55.6) 397 (52.7) .564

Calcium channel blocker 46 (36.5) 289 (38.3) .766

Others 4 (3.2) 58 (7.7) .087

Combinations

Monotherapy 25 (19.8) 197 (26.1) .150

Two 32 (25.4) 225 (29.8) .342

Three 48 (38.1) 192 (25.5) .005

Four or more 21 (16.7) 140 (18.6) .709

Eight patients did not have sufficient information to allow assessment of control.
aDisplayed all of the following: mean blood pressure (BP) <130/85 mm Hg, daytime BP <135/85 mm Hg, and nighttime BP <120/70 mm Hg.
bAt least one of the mean, daytime, and nighttime BP values was above the defined value for control.
Abbreviations: RAS, renin-angiotensin system; SD, standard deviation.
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4  | DISCUSSION

To assess the evaluation and treatment of hypertension in patients 
with type 2 diabetes in a real-world clinical setting, we analyzed data 
from the German T2Target registry. While physicians’ identification of 

combined or isolated systolic hypertension appeared to be accurate, 
nighttime, isolated office, and masked hypertension were significantly 
underdiagnosed. Similarly, cardiovascular risk was often deemed to 
be less severe than that corresponding to expert guidelines, placing 
doubt on the adequacy of treatment strategies. Treatment intensifica-
tion for patients with uncontrolled BP was inadequate.

It is possible that the lack of recognition of isolated diastolic hy-
pertension is partly due to the use of ABPM values. While guidelines 
provide both office and ambulatory cutoffs for other forms of hyper-
tension, there is no definition of isolated diastolic hypertension using 
ABPM measurements.3 The underreporting of nighttime hypertension 
suggests that ABPM readings taken during the night were not fully uti-
lized by the physicians, resulting in them underestimating the presence 
of this condition. Similarly, masked and isolated office hypertension 
were diagnosed less frequently by the treating physicians than by the 
central committee assessment. ABPM is especially valuable for iden-
tifying such conditions, as they cannot be definitively diagnosed from 
office-based readings. However, it appears that the physicians may 
not have evaluated all the data available to them in detail or may have 
drawn conclusions that were not strictly in line with the guidelines.3,9

The proportion of patients who were deemed to have controlled 
hypertension according to their ABPM measurements was 13.9%. This 
is lower than for other studies, which have reported values of 40% 
and 38.3% for office BP control at <140/90 mm Hg10,11 and 52% for 
<140/80 mm Hg.12 However, for studies that defined stricter control 
targets, the percentages were much lower at 23% (<135/85 mm Hg)10 
and 11.4% and 9.8% (<130/85 mm Hg).11,13 It should be noted that 
the ABPM values used as cutoffs for the definition of BP control in 
the present study were not specific for patients with T2DM. However, 
if such values were to be derived, they would likely be slightly lower 
than those used here, for the office BP target, which is 140/90 mm Hg 
in general and 140/85 mm Hg for patients with diabetes.3 Therefore, 
the extent of uncontrolled hypertension in patients with diabetes is 
likely greater with specific BP definitions for patients with diabetes 
than described here. Interestingly, a German analysis of patients with 

TABLE  4 Action Taken in Controlled vs Uncontrolled Patients

Controlled Patients,a No. (%)  
(n=127)

Uncontrolled Patients,b No. (%) 
(n=784) P Value

Dose unchanged and no drug added 99 (73.3) 322 (40.7) <.001

Dose increased 10 (7.4) 237 (29.9) <.001

Dose decreased 7 (5.2) 9 (1.1) .003

Addition of antihypertensive drug 11 (8.1) 212 (26.8) <.001

RAS inhibitor 6/11 (54.5) 88/212 (41.5) .533

Diuretic 8/11 (72.7) 60/212 (28.3) .004

β-Blocker 1/11 (9.1) 25/212 (11.8) 1.000

Calcium channel blocker 2/11 (18.2) 75/212 (35.4) .338

Others 0/11 (0.0) 19/212 (9.0) .605

Eight patients did not have sufficient information to allow assessment of control.
aDisplayed all of the following: mean blood pressure (BP) <130/85 mm Hg, daytime BP <135/85 mmHg, and nighttime BP <120/70 mm Hg.
bAt least one of the mean, daytime, and nighttime BP values was above the defined value for control.
Abbreviation: RAS, renin-angiotensin system.

F IGURE  1 Physician vs central committee assessment of 
hypertension type based on ambulatory blood pressure monitoring. 
(A) n=866. (B) n=860. 

(a)

(b)
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T2DM reported a more similar level of control to that found in the 
present analysis (22.9% at <140/90 mm Hg),14 suggesting that hyper-
tension control in Germany may be particularly poor. In the present 
study, the patients with controlled BP were older on average, and 
higher percentages had comorbidities such as heart disease, left ven-
tricular hypertrophy, and kidney disease. This is partly in contrast with 
other studies, which have found older age15–17 and the presence of 
left ventricular hypertrophy and multimorbidity to be predictive of a 
lack of BP control.15,18 However, coronary heart disease has previously 
been associated with a greater chance of achieving BP control.16,17 
It should be noted that only low percentages of patients in these re-
ports had T2DM, the presence of which is likely to affect BP-lowering 
and treatment strategies.19 Older age and presence of comorbidities 
in the patients in the present analysis may have led to more intensive 
BP-lowering therapy being prescribed. However, there were few sig-
nificant differences apparent in terms of the medications used by the 
controlled and uncontrolled groups. Diuretics were used more com-
monly by the patients with controlled BP, and a greater proportion 
of patients were being treated with a combination of three different 
drugs. Accordingly, a slightly higher percentage of the patients with 
uncontrolled BP were receiving monotherapy.

The finding that 18.6% of patients with uncontrolled BP were 
being treated with four or more antihypertensive drugs suggests the 
presence of a significant proportion of treatment-resistant patients. 
The guidelines state that patients should be considered resistant to 
treatment if they have uncontrolled hypertension while taking three 
or more antihypertensive drugs at appropriate doses, of which one 
is a diuretic.3 Poor adherence to treatment could have contributed to 
the high number of patients who, despite being treated with multiple 
drugs, remained uncontrolled. Furthermore, it is not known to what 
extent the dosages of the individual drugs were optimal. It has been 
reported that patients with T2DM are more likely to require combina-
tion therapy to achieve BP control, with the condition being predictive 
of failure to reach an adequate level while taking treatment.3,7,20,21 
Therefore, additional drugs and/or higher dosages may be required 
for T2DM patients with uncontrolled BP. Despite this apparent un-
dertreatment of hypertension in many patients, approximately 40% of 

those considered to have uncontrolled BP did not have any changes 
made to their therapy at the physician visit, a finding that is in agree-
ment with previous studies.22–24

When asked to estimate the 10-year cardiovascular risk of the pa-
tients, physicians reported much lower risk levels than those given by 
the central committee. According to the current guidelines, patients with 
diabetes are automatically at high or very high risk, even with office BP 
values in the high-normal range (130–139/85–89 mm Hg)3,9; therefore, 
the proportions of patients classified by the physician as being at low or 
moderate risk is surprising. This indicates that the presence of diabetes is 
not being sufficiently taken into account in these hypertensive patients.

5  | CONCLUSIONS

In a large cohort of patients with T2DM and hypertension, BP con-
trol was found to be extremely poor. Furthermore, there was a large 
discrepancy between the level of control perceived by the office-
based physicians and the actual level of control according to guide-
lines. This indicates inadequate use of available measurements and/or 
poor adherence to or knowledge of guidelines. Physicians also greatly 
underestimated the cardiovascular risk level of patients. Accordingly, 
many patients who required treatment intensification did not receive 
it. Physicians clearly underestimated the cardiovascular risk level of 
these patients. Significant improvements need to be made to the 
treatment of these very high-risk patients.
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