
Antihypertensive Treatment and
Resistant Hypertension in Patients
With Type 1 Diabetes by Stages of
Diabetic Nephropathy

OBJECTIVE

To assess blood pressure (BP) control, antihypertensive treatment, and preva-
lence of resistant hypertension (RH) in patients with type 1 diabetes stratified by
stage of diabetic nephropathy.

RESEARCH DESIGN AND METHODS

This cross-sectional study included a nationally representative cohort of patients
with type 1 diabetes (N = 3,678) from the Finnish Diabetic Nephropathy Study
(FinnDiane). The data were linked to the Drug Prescription Register to obtain
purchases of antihypertensive drugs 6 months prior to the baseline visit. The
treatment targets were based on the American Diabetes Association guidelines.
RH was defined as failure to reach BP target despite the use of three or more
antihypertensive drugs of different classes (one of which was a diuretic).

RESULTS

In patients with normal albumin excretion rate, 14.1% were on antihypertensive
treatment and 74.6% of them had uncontrolled BP despite treatment. The cor-
responding figures were 60.5 and 71.2% for the microalbuminuric patients, 90.3
and 80.0% for themacroalbuminuric patients, 88.6 and 88.1% for dialysis, and 91.2
and 90.4% for kidney-transplanted patients. The prevalence of RH was 1.2% in the
normoalbuminuric, 4.7% in themicroalbuminuric, 28.1% in themacroalbuminuric,
36.6% in the dialysis, and 26.3% in the kidney transplant groups. Age (odds ratio
1.04 [95% CI 1.02–1.05]), estimated glomerular filtration rate (0.97 [0.96–0.97]),
waist-to-hip ratio (1.44 [1.15–1.80]), triglycerides (1.19 [1.01–1.40]), microalbu-
minuria (2.58 [1.43–4.67]), and macroalbuminuria (5.61 [3.20–9.84]) were inde-
pendently associated with RH.

CONCLUSIONS

The prevalence of uncontrolled hypertension and RH increases with advanced
diabetic nephropathy. These data suggest that there is an urgent need for im-
provement of antihypertensive treatment.
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High blood pressure (BP) is a risk factor
for coronary artery disease, heart
failure, and stroke, as well as for
chronic kidney disease. Furthermore,
hypertension has been estimated to
affect ;30% of patients with type 1
diabetes (1,2) and both parallels and
precedes the worsening of kidney
disease in these patients (3–5). In order
to prevent micro- and macrovascular
complications, the American Diabetes
Association (ADA) has annually
published clinical practice guidelines for
the management of diabetes, including
targets and strategies for BP control in
patients with diabetes (6–8).

Despitestrong evidence that intensive
treatment of elevated BP reduces the
risk of cardiovascular disease and
microvascular complications, as well as
improves the prognosis of patients
with diabetic nephropathy (especially
with the use of ACE inhibitors [ACEIs]
and angiotensin II antagonists
[angiotensin receptor blockers, ARBs])
(1,9–11), treatment targets and
recommendations seem difficult to
meet in clinical practice (12–15). This
suggests that the patients might either
show poor adherence to the treatment
and lifestyle changes or have a
suboptimal drug regimen. It is evident
that most patients with hypertension
might require multiple-drug therapy to
reach treatment goals (16). However,
certain subgroups of the patients have
been considered to have resistant
hypertension (RH). RH is defined as
office BP that remains above target even
after using a minimum of three
antihypertensive drugs at maximal
tolerated doses, from different classes,
one of which is a diuretic. Also, patients
with controlled BP using four or more
antihypertensive drugs are considered
resistant to treatment (17).

The true prevalence of RH is unknown,
but clinical trials suggest a share
between 10 and 30% of the
hypertensive patients in the general
population (18). In the U.S., on the basis
of the National Health and Nutrition
Examination Survey (NHANES), 8.9% of
all U.S. adults with hypertension had RH,
and among the antihypertensive drug–
treated patients, the figure was 12.8%
(19). They also reported that adults with
RH were more likely to be men, older,

obese, and black and to have reduced
renal function, albuminuria, diabetes,
heart failure, and stroke. A Spanish
study estimated that 12.2% of the
treated hypertensive population had RH
(20). They also showed that RH was
associated with a longer duration of
hypertension, obesity, abdominal
obesity, left ventricular hypertrophy,
reduced estimated glomerular filtration
rate (eGFR), and microalbuminuria.

Previous studies have assessed BP
control and treatment as well as the
prevalence of RH in the general
hypertensive population (19,21). Only a
few studies have considered BP control
and treatment in patients with type 1
diabetes (2,15,22). Typically these
studies have been limited to a small
number of participants, which has not
allowed stratifying of the patients
according to the nephropathy status.
The rate of RH is therefore unknown
in patients with type 1 diabetes in
general and with respect to different
stages of diabetic nephropathy.
Therefore, we estimated to what extent
patients with type 1 diabetes meet the
BP targets proposed by the ADA
guidelines. We also evaluated the use of
antihypertensive medication and the
prevalence of RH in the patients
stratified by stage of diabetic
nephropathy.

RESEARCH DESIGN AND METHODS

The present cross-sectional study is part
of the nationwide multicenter Finnish
Diabetic Nephropathy Study
(FinnDiane) with the aim of identifying
genetic, clinical, and environmental risk
factors for the development of diabetes
complications in patients with type 1
diabetes. A more detailed description of
the study has been reported elsewhere
(23). In brief, all adult patients with type
1 diabetes from .80 hospitals and
primary healthcare centers across
Finland were asked to participate. Type
1 diabetes was defined by age at onset
of diabetes ,40 years, C-peptide #0.3
nmol/L, and insulin treatment initiated
within 1 year of diagnosis, if C-peptide
was not measured. Written informed
consent was obtained from each
patient. The local ethics committees
have approved the study protocol, and
the study has been carried out in

accordance with the Declaration of
Helsinki.

At baseline, patients underwent a
thorough clinical investigation that took
place in conjunction with a regular visit.
Details of the clinical characteristics of
the patients were obtained from
medical records by the attending
physician using a standardized
questionnaire. The measurement of
height, weight, and waist and hip
circumferences was performed. BP was
measured twice with 2-min intervals in
the sitting position after 10 min rest
using a mercury sphygmomanometer or
an automated standardized BP device.
The mean of these two measurements
was used in the analysis. Baseline data
were collected between the years 1995
and 2008. About 60% of the patients had
the baseline visit in 2000 or before.
Therefore, we used two different ADA
BP targets: ,130/85 mmHg, which was
the target until 2000 (6), and ,130/80
mmHg, which was the target between
2001 and 2012 (7). Patients were
divided into groups based on whether
their BP had reached the target or not
and whether the antihypertensive drug
was in use or not. In the current study,
uncontrolled hypertension was defined
as failure to achieve target BP, based on
these two different ADA guidelines,
despite use of antihypertensive
medication. RH was defined as failure to
achieve the goal BP (,130/85 mmHg)
even after using a minimum of three
antihypertensive drugs, from different
classes, one of which was a diuretic.

In addition, fasting blood samples were
drawn and analyzed for HbA1c, lipids,
and serum creatinine. The eGFR was
estimated using the Chronic Kidney
Disease Epidemiology Collaboration
(CKD-EPI) formula (24). On the basis
of eGFR (mL/min/1.73 m2) level,
patients were classified into five groups
according to the Kidney Disease
Outcomes Quality Initiative (KDOQI)
guidelines: stage 1 eGFR $90, stage 2
eGFR 60–89, stage 3 eGFR 30–59, stage
4 eGFR 15–29, and stage 5 eGFR ,15.
Patients who were on dialysis were
classified into stage 5. As a measure of
insulin sensitivity, we used an equation
for the estimated glucose disposal rate
(25) modified for the use of HbA1c
instead of HbA1 (23). Moreover, urinary
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sodium excretion rate was measured
in a single 24-h urine collection. The
nephropathy status was defined on the
basis of the urinary albumin excretion
rate (AER) in at least two out of three
overnight or 24-h urine collections.

A total of 3,678 patients with complete
data on systolic and diastolic BP and
nephropathy status were identified
from the FinnDiane database. The
patients were classified into five
nephropathy status groups:
normoalbuminuria (AER ,20 mg/min
or ,30 mg/24 h; n = 2,370),
microalbuminuria (AER 20–200 mg/min
or 30–300 mg/24 h; n = 488), and
macroalbuminuria (AER .200 mg/min
or .300 mg/24 h; n = 526). The fourth
and the fifth groups consisted of the
patients with end-stage renal disease
(ESRD), defined as dialysis or kidney
transplantation (n = 294). Of the
patients, 123 (41.8%) were on dialysis
and 171 (58.2%) had received a kidney
transplant.

The FinnDiane data were linked to the
Drug Prescription Register (DPR) in order
to obtain information on all purchases of
outpatient prescription medications,
including antihypertensive drugs. The
Social Insurance Institution of Finland has
maintained the DPR since 1994. The DPR
contains information of all prescribed,
purchased, and reimbursed medications
in outpatient care. The data obtained
from this register include the patient’s
unique identification number (assigned
to every resident of Finland) and the
Anatomic Therapeutic Chemical (ATC)
classification code of the product, based
on the 2012 ATC Index version. Patients
can buy their drugs for a 3-month period
at a time. Therefore, all purchases of
antihypertensive drugs 6 months prior to
the baseline visit were obtained from the
DPR. Antihypertensive drugs were
divided into eight classes: ACEIs (C09A
and C09B), angiotensin II antagonists
(C09C and C09D), diuretics (C03, C07BB,
C09BA, and C09DA), b-blocking agents
(C07), calcium channel blockers (C08,
C07FB, C09BB, and C09DB), imidazoline
receptor blockers (moxonidine and
clonidine; C02AC), prazosin (C02CA01),
and minoxidil (C02DC01). Patients
taking a combination of antihypertensive
pills were counted as taking separate
classes for each drug.

Statistical Analysis
The data are expressed as mean 6 SD
for normally distributed variables,
median with interquartile range for
nonnormally distributed values, and
percentage. Differences between
groups for normally distributed
variables were tested by using ANOVA
and nonparametric data with Kruskal-
Wallis tests. Frequencies were tested
with Pearson x2 test. A multivariate
logistic regression analysis was
performed using a stepwise selection
procedure to test which variables were
independently associated with RH
before the development of ESRD
(dialysis and kidney transplantation
patients were excluded). Variables
showing a P value ,0.05 in the
univariate analyses were incorporated
in the multivariate model. The
predictors studied were sex, age, HbA1c,
insulin dose, laser treatment,
triglycerides, HDL cholesterol, presence
of coronary heart disease, nephropathy
status, waist-to-hip ratio, eGFR, and
24-h urinary sodium excretion rate.
Because of collinearity with age
(r = 0.72), duration of diabetes was not
used in the analyses. High collinearity
was also observed between BMI and
waist circumference (r = 0.77) as well as
between BMI and hip circumference
(r = 0.78), and therefore BMI was not
included in either of the final models.
Measurements of 24-h urinary sodium
excretion rate were available in a subset
of patients with normo-, micro-, and
macroalbuminuria (n = 2,203), and
thus a separate model was applied for
these patients. Results are presented as
odds ratios with 95% CIs.

RESULTS

Altogether, 3,678 patients with type 1
diabetes were studied, 51% of whom
were men. The mean age was 38.0 6
12.0 and mean duration of diabetes
22.1 6 12.3 years. The characteristics
of the patients with respect to
nephropathy status are presented in
Table 1. The patients with advanced
diabetic nephropathy had higher BP,
worse dyslipidemia, poorer glycemic
control, and more insulin resistance and
macrovascular complications. BMI
values were lower in the dialysis
patients, probably due to renal cachexia.
Also, the proportion of smokers was

lower in the dialysis and transplanted
patients.

BP Control
Of all patients, 60.9% did not reach the
BP target ,130/85 mmHg, and the
proportion was 70.3% with the target
of ,130/80 mmHg. Characteristics
of the patients who reached the target
and who did not are shown in
Supplementary Table 1. The patients
who were not on target had higher age
and longer duration of diabetes and
were more likely to be men. They also
had poorer glycemic and lipid control as
well as more micro- and macrovascular
complications.

Based on the BP target,130/85 mmHg,
more than half of the patients in the
normoalbuminuria group did not reach
the BP target, and the share
increased along with the worsening of
nephropathy; two-thirds of the patients
in themicroalbuminuria group and four-
fifths in the macroalbuminuria group
were not on target, while even 90% of
the dialysis and kidney transplant
patients did not reach the target
(Fig. 1A). Based on the stricter BP target
of ,130/80 mmHg, the numbers were
obviously worse, but the trend was the
same (Fig. 1B). An additional analysis
where the patients were classified into
five groups on the basis of eGFR shows a
similar trend along with the worsening
of renal function (Supplementary Fig. 1A
and B).

Antihypertensive Treatment
About 37% of the FinnDiane patients
had antihypertensive treatment, but
again the numbers varied greatly
between the nephropathy groups.
Whereas 14.1% of the patients with
normal AER had antihypertensive
treatment, the proportions were 60.5%
in the microalbuminuric, 90.3% in the
macroalbuminuric, 88.6% in the dialysis,
and 91.2% in the kidney transplant
patients. However, in all groups, only a
minority of the patients had BP values
on target with the antihypertensive
drug treatment they were prescribed
(Fig. 1A and B).

Number of Antihypertensive Drugs
Taken
No differences were observed in the
numbers of antihypertensive drugs
taken between the normo- and
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microalbuminuria groups (1.56 0.8, P =
0.3), whereas the numbers were higher

in the macroalbuminuria (2.26 1.1, P,
0.0001), dialysis (2.56 1.1, P, 0.0001),

and transplanted (2.3 6 1.1, P ,
0.0001) groups. The mean numbers of
antihypertensive drugs varied within

the nephropathy groups between
those who had BP on target and those

who did not (Table 2). However, only in
the micro- (P = 0.02) and

macroalbuminuria (P = 0.003) groups
were the mean numbers of the drugs

higher if the BP was not on target,

compared with those who had reached
the targets. Notably, among the patients
with normoalbuminuria who had not
reached the BP target, 58% and, of the
patients with microalbuminuria, 61%
were taking only one antihypertensive
drug. In contrast, more than half
of the dialysis and 40% of the
macroalbuminuric and transplanted
patients, who had not reached the
targets, had at least three drugs in their
regimen. Moreover, one-fifth of the
dialysis, 15% of the macroalbuminuric,
and 10% of the transplanted patients

had at least four antihypertensive drugs
in usewithout reaching the target (Table
2). Almost all patients treated with
antihypertensive drugs in the normo-,
micro-, and macroalbuminuria groups
(76% of normo-, 93% of micro-, and 89%
of macrolbuminuric patients) had ACEIs
or ARBs in the regimen. The proportions
were lower in the ESRD groups: 42% of
the dialysis and 29% of the transplanted
patients were taking these drugs.

Prevalence of RH
In general, the prevalence of RH was
7.9% for all patients with type 1 diabetes

Figure 1—BP control based on the ADA BP target,130/85 (A) and,130/80 (B) in patients with type 1 diabetes by stages of diabetic nephropathy.
Macro, macroalbuminuria; micro, microalbuminuria; normo, normoalbuminuria; Tx, kidney transplantation.
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(n = 3,678) and 21.2% for the
antihypertensive drug–treated patients
(n = 1,370). The proportionwas higher in
men than in women (10.0 vs. 5.7%, P ,
0.0001). Notably, eight patients reached
the BP target but required four or more
antihypertensive drugs. If those patients
are also considered as resistant to
treatment, the prevalence of RH
increases to 8.1% for all and 21.8% for
drug-treated patients. When the
patients were stratified by nephropathy
status, the figures changed; in the
normoalbuminuria group, the
prevalence of RH was 1.2% of all and
8.7% of the drug treated patients. The
corresponding numbers were 4.7 and
7.8% for the microalbuminuric patients,
28.1 and 31.2% for the
macroalbuminuric patients, 36.6 and
41.3% for the patients on dialysis, and
26.3 and 28.8% for the kidney-
transplanted patients, respectively
(Table 2). The prevalence of RH also
increased along with the worsening of
renal function. The share was 1.4% for
all and 7.4% for drug-treated patients at
KDOQI stage 1. The corresponding
numbers were 3.8 and 10.0% for the
patients at stage 2, 26.6 and 30.0% for
the patients at stage 3, 54.8 and 56.0%
for the patients at stage 4, and 48.0 and
52.1% for those at stage 5, when kidney
transplantation patients were excluded.

Factors Related to RH
In a multivariate logistic regression
analysis, higher age, lower eGFR, higher
waist-to-hip ratio, higher triglycerides,
as well as microalbuminuria and
macroalbuminuria, when
normoalbuminuria was the reference
category, were independently
associated with RH (Table 3). A separate
analysis also showed that dietary
sodium intake, based on urinary sodium
excretion rate, was independently
associated with RH.

CONCLUSIONS

The current study shows that the
prevalence of RH in patients with type 1
diabetes increases alongside the
worsening of diabetic nephropathy.
Whereas less than one-tenth of the
antihypertensive drug–treated patients
with normo- or microalbuminuria met
the criteria for RH, the proportions were
substantially higher among the patients
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with overt nephropathy: one-third of
the patients with macroalbuminuria or a
transplanted kidney and even 40% of
the patients on dialysis. However, the
additional analysis shows that the
prevalence of RH for the drug-treated
patients was even higher (56%) in
patients at the predialysis stage (eGFR
15–29). The findings are consistent with
other studies that have demonstrated
that chronic kidney disease is a strong
predictor of failure to achieve BP targets
despite the use of three or more
different types of antihypertensive
drugs in the general hypertensive
population (26).

The prevalence of RH was 21.2% of the
patients treated with antihypertensive
drugs. Previous studies have indicated a
prevalence of RH of 13% among patients
being treated for hypertension (19–
21,27). In fact, in these studies, patients
with controlled BP requiring four or
more antihypertensive drugs were
classified as having RH. Although these
patients also benefit from special
diagnostic and therapeutic
considerations, they may not be truly
resistant to therapy. Therefore, we did
not classify them as having RH. Thus, the
prevalence seems to be even higher
among the drug-treated type 1 diabetic
patients. These figures can only partly
be explained by the use of a lower
treatment target for BP, as
recommended for patients with
diabetes (6), since even when we used

the BP target recommended for
hypertensive patients (,140/90
mmHg), our data still showed a higher
prevalence of RH (17%). To our
knowledge, this is the first study that has
estimated the prevalence of RH in a
large, nationwide, representative
cohort of patients with type 1 diabetes
in general as well as by stages of diabetic
nephropathy.

Several risk factors for RH have been
reported in the general population,
including advanced age, male sex,
diabetes, obesity, excessive dietary
sodium intake, abdominal obesity, and
renal and cardiac damage (17,19,20). In
accordancewith previous studies, wealso
observed that RH was associated with
increased age, advanced kidney damage
(both reduced eGFR and increased
albuminuria), and higher waist-to-hip
ratio, a marker of abdominal obesity. We
also found an association between RH
and triglycerides, suggesting that insulin
resistance may be involved. It is of note
that in addition to elevated BP,
abdominal obesity and triglycerides are
both components of the metabolic
syndrome (28), with insulin resistance
being the common factor behind the
cluster of these metabolic abnormalities
(29).

Excessive dietary sodium intake
contributes to the development of RH by
directly increasing BP and by blunting the
BP-lowering effects of the

antihypertensive drugs in the general
hypertensive population (17). Therefore,
we also estimated the average dietary
salt intake, based on the 24-h urinary
sodium excretion, and found an
independent association between dietary
sodium intake and RH. In our cohort
(ESRD patients were not included), the
mean daily salt intake was higher in the
patients with RH (P = 0.03), exceeding 9.4
g/day (162.36 64.2 mmol/24 h),
compared with 8.6 g/day (148.36 65.6
mmol/24 h) in those who did not fulfill
the definition of RH.

The study also confirmed previous
findings that a large number of patients
with type 1 diabetes do not achieve the
recommended BP targets. Although the
prevalence of RH increased with the
severity of diabetic nephropathy, our
data also suggest that patients with
normo- and microalbuminuria might
have a suboptimal drug regimen, since
the majority of those who had not
reached the BP target were taking only
one antihypertensive drug. We further
showed that uncontrolled and therapy-
RH is a common clinical problem in
patients with a transplanted kidney.
Although almost all of these
transplanted patients had
antihypertensive treatment, ,10% had
BP at target and 26% did not reach the
target despite concurrent use of three
ormore antihypertensive drugs. There is
therefore an urgent need to improve
antihypertensive treatment, not only in

Table 3—Variables independently associated with RH

Odds ratio 95% CI P value

Model 1 (n = 3,384)
Age (years) 1.04 1.02–1.05 ,0.0001
eGFR (mL/min/1.73 m2) 0.97 0.96–0.97 ,0.0001
Normoalbuminuria 1.0 d d
Microalbuminuria 2.58 1.43–4.67 0.002
Macroalbuminuria 5.61 3.20–9.84 ,0.0001
Waist-to-hip ratio (per one-tenth increase) 1.44 1.15–1.80 ,0.0001
Triglycerides (mmol/L) 1.19 1.01–1.40 0.04

Model 2 (n = 2,203)
Age (years) 1.04 1.02–1.07 ,0.0001
eGFR (mL/min/1.73 m2) 0.96 0.95–0.98 ,0.0001
Normoalbuminuria 1.0 d d
Microalbuminuria 2.86 1.37–5.95 0.005
Macroalbuminuria 6.93 3.54–13.54 ,0.0001
Triglycerides (mmol/L) 1.22 1.01–1.49 0.04
24-h sodium excretion rate (mmol/24 h; per 10 units increase) 1.05 1.02–1.09 0.002

Stepwise multivariate logistic regression analysis. Predictors in the model include sex, age, HbA1c, insulin dose, laser treatment, triglycerides, HDL
cholesterol, presence of coronary heart disease, nephropathy status, waist-to-hip ratio, eGFR, and 24-h urinary sodium excretion rate. Dialysis and
kidney transplantation patients were excluded.
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patients with overt nephropathy but also
in those who have elevated BP without
complications or early signs of renal
disease. Moreover, further emphasis
should be placed on the transplanted
patients, since it is well known that
hypertension affects both graft and
patient survival negatively (30).

The high prevalence of uncontrolled BP
may partly be explained by poor
adherence to antihypertensive
treatment. A retrospective study
showed that 40% of patients with newly
diagnosed hypertension discontinue
their treatment during the 1st year of
treatment (31). A recent paper,
however, suggested that poor
adherence may be less common in
patients with diabetes since only 20% of
the respondents showed poor
adherence to their antihypertensive
medications (32). In general, patients
with type 1 diabetes have regular visits
at the outpatient clinic or see their
general practitioner at 3–4-month
intervals. Given the fact that many
patients are not optimally controlled for
their BP, the true implementation of the
prescribed medication should be
reviewed during every visit, and
interventions to improve adherence to
antihypertensive treatment should be
incorporated into each visit.

Previous studies have shown that the
prevalence of obesity has risen among
the type 1 diabetic population (33). The
metabolic syndrome, which is
characterized by impaired glucose
regulation, central obesity,
dyslipidemia, and hypertension, is also
common in patients with type 1
diabetes and increases with advanced
diabetic nephropathy (23). Therefore, in
the strategies to improve the
therapeutic efficacy and adherence to
the antihypertensive treatment, more
attention should be paid to lifestyle
modifications, such as weight loss,
exercise, dietary changes, and reduction
of alcohol use. Assessment of mood
disturbances, like depression, should
also be included in such strategies, since
these factors do affect adherence and
impose barriers to the management of
the patients (34).

Our findings indicate that a more
aggressive and individualized approach

to tackle the hypertension problem is
required (18,35,36). The first step is to
confirm the presence of uncontrolled
hypertension or RH by using the correct
BP measurement technique, excluding
the white coat effect, and assessing the
patient’s adherence to their treatment.
Second, successful treatment requires
the identification and reversal of
harmful lifestyle factors,
discontinuation or minimization of
interfering substances, and screening
for secondary causes of hypertension.
Moreover, an efficient
pharmacotherapy regimen should be
tailored on an individual basis for each
patient. Finally, when a specific
secondary cause of hypertension is
suspected or the BP remains elevated in
spite of 6 months treatment, referral to
an appropriate specialist should be
considered.

There are some limitations in our study
that need to be addressed. First, the BP
readings were based on two office-
based measurements at a single visit.
Ambulatory BP (ABP) measurements
may provide more accurate estimates of
BP, including information on nocturnal
BP, and thus have been shown to better
distinguish between true and apparent
RH (26). Consequently, previous studies
have suggested that 20–30% of the
patients with RH have in fact controlled
BP, if ABP measures are used instead of
office-based readings (27,37). However,
masked hypertension, defined as a
normal office BP and elevated ABP, may
occur in 10% of the patients with type 1
diabetes (38). Notably, the prevalence
of masked hypertension could be even
higher in patients with albuminuria than
in those with normal AER, since reduced
nocturnal dipping of BP has been
reported to be associated with
microalbuminuria in patients with type
1 diabetes (39). Therefore, hypertension
status may have been incorrectly
assigned to some patients. As a
consequence, our results might
overestimate the true prevalence of RH
because the white coat effect was not
excluded, but also underestimate it
because the masked effect was not
assessed. However, it is important to
acknowledge that office-based
measurements reflect the current
clinical practice and are routinely used

in the management of patients with
hypertension. Second, although the
coverage and accuracy of the Finnish
DPR is very high, medication doses and
frequencies are not recorded in this
register. Moreover, we were not able to
assess the patient adherence to
antihypertensive treatment.
Nevertheless, the main strength of our
study is the large sample size and well-
characterized study population,
regarding clinical factors, medical
history, and classification of diabetes
complications. The generalizability of
the present results may be limited by
the fact that the FinnDiane study is not,
by strict definition, population based.
However, a possible selection bias is
unlikely as the geographical distribution
of the patients was similar to the
general distribution of people in
Finland, and patient recruitment at the
participating centers was random.

In summary, this study shows that the
prevalence of uncontrolled
hypertension and RH increases with
more severe stages of diabetic
nephropathy in patients with type 1
diabetes. Our data also point out that
elevated BP and suboptimal drug
regimen are common in patients who
have normal AER or early signs of kidney
disease. This highlights the fact that a
more aggressive approach to improve
BP control should be implemented, not
only in patients with overt nephropathy
and RH but also in those patients who
have uncontrolled BP with or without
early signs of diabetes complications.
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och Hälsa” Foundation, and the Diabetes
Research Foundation.

The funding sources were not involved in the
design or conduct of the study.

Duality of Interest. M.S. has received lecture
fees from Eli Lilly and Company, Medtronic,
Novo Nordisk, Roche, and Sanofi and is an
advisory board member for Medtronic in
Scandinavia. P.-H.G. has received lecture
honorariums from Boehringer Ingelheim,
Genzyme, Novartis, Novo Nordisk, MSD, Eli Lilly
and Company, and Medscape; serves as an
advisory boardmember for Boehringer Ingelheim,

716 Antihypertensive Treatment in T1D Patients Diabetes Care Volume 37, March 2014

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/37/3/709/621050/709.pdf by guest on 10 April 2024



Eli Lilly and Company, Novartis, Abbott, and
AbbVie; and has received investigator-initiated
study grants from Eli Lilly and Company and
Roche. No other potential conflicts of interest
relevant to this article were reported.

Author Contributions. R.L. researched and
analyzed the data and wrote, reviewed, and
edited the manuscript. V.H. contributed to the
analysis and interpretation of data, contributed
to the discussion, and reviewed and edited the
manuscript. C.F. and P.-H.G. contributed to the
discussion and reviewed and edited the
manuscript. M.S. contributed to the discussion
and reviewed the manuscript. P.-H.G. is the
guarantor of this work and, as such, had full
access to all the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis.

Prior Presentation. Parts of this study were
presented in oral form at the 49th Annual
Meeting of the European Association for the
Study of Diabetes, Barcelona, Spain, 23–27
September 2013.

References
1. Arauz-Pacheco C, Parrott MA, Raskin P. The

treatment of hypertension in adult patients
withdiabetes.DiabetesCare2002;25:134–147

2. Chillarón JJ, Sales MP, Flores-Le-Roux JA,
et al. Insulin resistance and hypertension in
patients with type 1 diabetes. J Diabetes
Complications 2011;25:232–236

3. Hasslacher C, Stech W, Wahl P, Ritz E. Blood
pressure and metabolic control as risk factors
for nephropathy in type 1 (insulin-dependent)
diabetes. Diabetologia 1985;28:6–11

4. Mathiesen ER, Rønn B, Jensen T, Storm B,
Deckert T. Relationship between blood
pressure and urinary albumin excretion in
development of microalbuminuria.
Diabetes 1990;39:245–249

5. Colhoun HM, Lee ET, Bennett PH, et al. Risk
factors for renal failure: theWHOMultinational
Study of Vascular Disease in Diabetes.
Diabetologia 2001;44(Suppl. 2):S46–S53

6. American Diabetes Association. Standards
of medical care for patients with diabetes
mellitus. Diabetes Care 2000;23(Suppl. 1):
S32–S42

7. American Diabetes Association. Standards
of medical care for patients with diabetes
mellitus. Diabetes Care 2002;25:213–229

8. American Diabetes Association. Standards
of medical care in diabetesd2013.
Diabetes Care 2013;36(Suppl 1):S11–S66

9. Hovind P, Rossing P, Tarnow L, Smidt UM,
Parving HH. Remission and regression in the
nephropathy of type 1 diabetes when blood
pressure is controlled aggressively. Kidney
Int 2001;60:277–283

10. Björck S, Nyberg G, Mulec H, Granerus G,
Herlitz H, Aurell M. Beneficial effects of
angiotensin converting enzyme inhibition
on renal function in patients with diabetic
nephropathy. Br Med J (Clin Res Ed) 1986;
293:471–474

11. Schjoedt KJ, Hansen HP, Tarnow L, Rossing
P, Parving HH. Long-term prevention of
diabetic nephropathy: an audit.
Diabetologia 2008;51:956–961

12. Bryant W, Greenfield JR, Chisholm DJ,
Campbell LV. Diabetes guidelines: easier to
preach than to practise? Med J Aust 2006;
185:305–309

13. Resnick HE, Foster GL, Bardsley J, Ratner RE.
Achievement of American Diabetes
Association clinical practice recommendations
among U.S. adults with diabetes, 1999-2002:
theNational Health andNutrition Examination
Survey. Diabetes Care 2006;29:531–537

14. Ali MK, Bullard KM, Saaddine JB, Cowie CC,
Imperatore G, Gregg EW. Achievement of
goals in U.S. diabetes care, 1999-2010. N
Engl J Med 2013;368:1613–1624

15. Maahs DM, Kinney GL, Wadwa P, et al.
Hypertension prevalence, awareness,
treatment, and control in an adult type 1
diabetes population and a comparable
general population. Diabetes Care 2005;28:
301–306

16. Bakris GL. A practical approach to achieving
recommended blood pressure goals in
diabetic patients. Arch Intern Med 2001;
161:2661–2667

17. CalhounDA, JonesD, Textor S, et al. Resistant
hypertension: diagnosis, evaluation, and
treatment. A scientific statement from the
American Heart Association Professional
Education Committee of the Council for High
Blood Pressure Research. Hypertension
2008;51:1403–1419

18. Fagard RH. Resistant hypertension. Heart
2012;98:254–261

19. Persell SD. Prevalence of resistant
hypertension in the United States, 2003-
2008. Hypertension 2011;57:1076–1080

20. de la Sierra A, Banegas JR, Oliveras A, et al.
Clinical differences between resistant
hypertensives and patients treated and
controlled with three or less drugs. J
Hypertens 2012;30:1211–1216

21. Pimenta E, Calhoun DA. Resistant
hypertension: incidence, prevalence, and
prognosis. Circulation 2012;125:1594–1596

22. Zgibor JC, Wilson RR, Orchard TJ. Has
control of hypercholesterolemia and
hypertension in type 1 diabetes improved
over time? Diabetes Care 2005;28:521–526

23. Thorn LM, Forsblom C, Fagerudd J, et al.;
FinnDiane Study Group. Metabolic
syndrome in type 1 diabetes: association
with diabetic nephropathy and glycemic
control (the FinnDiane study). Diabetes
Care 2005;28:2019–2024

24. Levey AS, Stevens LA, Schmid CH, et al.; CKD-
EPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate
glomerular filtration rate. Ann Intern Med
2009;150:604–612

25. Williams KV, Erbey JR, Becker D, Arslanian S,
Orchard TJ. Can clinical factors estimate

insulin resistance in type 1 diabetes?
Diabetes 2000;49:626–632

26. Egan BM, Zhao Y, Axon RN, Brzezinski WA,
Ferdinand KC. Uncontrolled and apparent
treatment resistant hypertension in the
United States, 1988 to 2008. Circulation
2011;124:1046–1058

27. de la Sierra A, Segura J, Banegas JR, et al.
Clinical features of 8295 patients with
resistant hypertension classified on the basis
of ambulatory blood pressure monitoring.
Hypertension 2011;57:898–902

28. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in
Adults. Executive Summary of the Third
Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel
III). JAMA 2001;285:2486–2497

29. Eckel RH, Alberti KG, Grundy SM, Zimmet
PZ. The metabolic syndrome. Lancet 2010;
375:181–183

30. Arias M, Fernández-Fresnedo G, Gago M,
et al. Clinical characteristics of resistant
hypertension in renal transplant patients.
Nephrol Dial Transplant 2012;27(Suppl. 4):
iv36–iv38

31. Van Wijk BL, Klungel OH, Heerdink ER, de
Boer A. Rate and determinants of 10-year
persistence with antihypertensive drugs. J
Hypertens 2005;23:2101–2107

32. Natarajan N, Putnam W, Van Aarsen K,
Beverley Lawson K, Burge F. Adherence to
antihypertensive medications among
family practice patients with diabetes
mellitus and hypertension. Can Fam
Physician 2013;59:e93–e100

33. Conway B, Miller RG, Costacou T, et al.
Adiposity and mortality in type 1 diabetes.
Int J Obes (Lond) 2009;33:796–805

34. Ahola AJ, Groop PH. Barriers to self-
management of diabetes. Diabet Med
2013;30:413–420

35. Ratanawongsa N, Karter AJ, Parker MM,
et al. Communication and medication refill
adherence: the Diabetes Study of Northern
California. JAMA Intern Med 2013;173:
210–218

36. Townsend RR. Attending rounds: a patient
with drug-resistant hypertension. Clin J Am
Soc Nephrol 2011;6:2301–2306

37. Brown MA, Buddle ML, Martin A. Is
resistant hypertension really resistant? Am
J Hypertens 2001;14:1263–1269

38. Theilade S, Lajer M, Joergensen C, Persson
F, Rossing P. Discrepancy between
tonometric ambulatory and cuff-based
office blood pressure measurements in
patients with type 1 diabetes. J Clin
Hypertens (Greenwich) 2012;14:686–693

39. Lurbe E, Redon J, Kesani A, et al. Increase in
nocturnal blood pressure and progression
to microalbuminuria in type 1 diabetes. N
Engl J Med 2002;347:797–805

care.diabetesjournals.org Lithovius and Associates 717

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/37/3/709/621050/709.pdf by guest on 10 April 2024

http://care.diabetesjournals.org

