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To the Editor: We read with interest the commentary by Dr
Rutter [1] on our two companion papers from the MAPEC
(Monitorización Ambulatoria para Predicción de Eventos
Cardiovasculares) study, describing, respectively, prognostic
value of asleep BP determined by ambulatory BP monitoring
(ABPM) [2] and reduced risk of new-onset type 2 diabetes
among hypertensive patients ingesting one or more
BP-lowering medications at bedtime compared with those
ingesting all such medications upon awakening [3]. Beyond
the limitations of the study that we openly addressed in our
manuscripts, Dr Rutter presents a critical view of our reported
findings, to some extent based on speculative assumptions,
which requires point-by-point clarification.

Point 1 The QDiabetes score (http://www.qdiabetes.org/) is
based on patients’ and clinical data, including clinic BP, sex,
smoking status and BMI, which were also tested as potential
confounders in our study. The QDiabetes score, however,
does not incorporate fasting plasma glucose concentration or
asleep BP mean, which we found to be the two most
significant independent prognostic markers of risk for
diabetes [2]. Our results document that waist circumference
is of significant predictive value for diabetes, whereas BMI
(used in QDiabetes only if known) is not. Most important, our
findings indicate that clinic BP is of no prognostic value when
corrected for asleep systolic BP (SBP) mean. In this regard,
our prospective evaluation actually provides novel evidence
on the limitations of the QDiabetes score. Dr Rutter also com-
ments on the fact that we did not provide asleep BP thresholds
that predict patient risk for new-onset type 2 diabetes in this
paper; however, other recent publications of ours do, in fact,
recommend differing asleep BP thresholds, not only to diag-
nose hypertension, but also to assess attainment of clinical
goals by pharmacotherapy, for patients both with and without
diabetes [4, 5].

Point 2 According to current guidelines, ‘diabetes may be
diagnosed based on [Hb]A1c criteria or plasma glucose
criteria, either the fasting plasma glucose or the 2-h plasma
glucose value after a 75-g oral glucose tolerance test’ [6]. In
cases of discordant test results, diagnosis should rely on the
single positive test after confirmation by repeated evaluation.
Although our study used only fasting glucose for diagnosis,
the diagnosis was consistently validated by repeat measure-
ments at clinical assessments ≥3 months apart [2, 3]. These
same guidelines also emphasise the lower sensitivity of HbA1c

than fasting glucose for diagnosis, as HbA1c identifies one-
third fewer cases of undiagnosed diabetes than elevated
fasting glucose [6]. Hence, HbA1c is not a requirement for
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the diagnosis of diabetes, and the fact that it was not used as a
diagnostic tool in our studies should not be considered to be a
valid limitation.

Point 3 Our first manuscript does not claim causality, but
documents an association between elevated asleep SBP mean
and increased risk of diabetes [2]. Most important, Dr Rutter
in his commentary does not refer to the potentially most rele-
vant finding of the MAPEC trial: that, in addition to the first-
documented prognostic value of high asleep BP mean,
repeated (at least annual) round-the-clock ABPM patient
evaluation enabled identification of treatment-induced lowering
of asleep SBP mean during follow-up as the most significant
marker of reduced risk for future development of diabetes.
Evaluation of the effects of treatment-induced changes in am-
bulatory BP on risk of diabetes by repeated ABPM evaluation
means MAPEC is at all levels an interventional, not observa-
tional, clinical trial. In addition, there is no scientific proof to Dr
Rutter’s suggestions that asleep BP elevation might be the re-
sult of diabetes; in fact, the novel findings of our trial are just
opposite indicating, instead, that elevated asleep BP is a precur-
sor of diabetes. Furthermore, the claim of the commentary [1]
that cases of new-onset diabetes in our nearly 6 year median
follow-up trial might be patients with undiagnosed diabetes
upon recruitment is not only unproven but very surprising,
considering the multiple, repeated (at least annual) fasting glu-
cose assessments of every MAPEC participant. In summary,
there is no scientific evidence whatsoever on the speculated
reverse causality, i.e. that elevated asleep BP is a consequence
rather than precursor of diabetes.

Point 4 Our first manuscript [2] clearly states: ‘All demo-
graphic, anthropometric and clinical laboratory variables
listed in Table 1 were tested as potential confounding variables.
Adjustments were applied for fasting glucose, waist circumfe-
rence, age, hypertension treatment-time and chronic kidney
disease (CKD) diagnosis, as these influential factors were the
only ones consistently significant in all tested Cox regression
models.’ Thus, despite significant differences between event
and non-event patients in most of the variables investigated,
including the presence of sleep apnoea and elevated triacyl-
glycerol level at baseline, these variables were not significant
independent predictors of outcome. Moreover, physical activi-
ty (active/sedentary) was not a significant independent predic-
tor of diabetes in our trial. Finally, our second manuscript [3]
states: ‘The proportion of patients in the morning and bedtime-
therapy groups treated with statins (16.2% vs 15.3%, respec-
tively; p=0.551)…was also similar.’ In summary, we believe
there is no evidence that confounding is a limitation of our
reported findings, as suggested in the commentary.

Point 5 Although new-onset diabetes was not a pre-specified
endpoint in the published trial design [7, 8], theMAPEC study

was indeed designed to investigate multiple hypotheses [2, 3]
associated with multiple risk assessment, including total car-
diovascular disease (CVD) morbidity and mortality, major
CVD events (composite of CVD death, myocardial infarction,
and ischaemic and haemorrhagic stroke) [9, 10], new-onset
diabetes, and new-onset and progression of CKD. Ran-
domisation of hypertensive participants to treatment-time
(awakening or bedtime) was carried out separately for each
allowed hypertension medication, as well as according to sex
(male/female), diabetes (present/absent), CKD (present/
absent) and baseline ambulatory BP pattern (dipper/non-
dipper) to ensure balance of these potentially influential fac-
tors between treatment-time groups. In addition, follow-up
assessment of all participants was performed at least annually
until study closure for the development of new-onset diabetes
and/or CKD, independent of corroboration of potentially com-
petitive CVD events. In summary, if diabetes had been the
only outcome variable investigated, neither the design nor,
in our view, the results of the MAPEC trial would have been
any different; thus, we think it unlikely that the findings would
have been affected or limited in any way by the evaluation of
the specified multiple risks.

Point 6 The commentary states: ‘It is easy to imagine that,
during the trial, individuals, with knowledge of their differing
treatment allocation, could adopt different lifestyle patterns’
[1]. Such a speculative assumption, even if it were proved to
be true, would only provide evidence of an amazing ‘psycho-
logical impact’ of bedtime hypertension treatment with con-
ventional hypertension medications. If this were the case, this
treatment-time regimen, beyond conferring improved efficacy,
duration of action, safety and effects on the 24 h BP pattern [11],
would also need to motivate sufficiently strong compliance to a
number of beneficial lifestyle changes, such as weight loss, ces-
sation of alcohol and cigarette smoking, and exercise/fitness
programmes. In such a highly hypothetical case, this indeed
would only provide further strong evidence that bedtime hyper-
tension treatment must be required as the management of choice
for all hypertensive individuals.

Point 7 It is noteworthy that several international medical and
scientific societies [5, 12–15] currently acknowledge the cli-
nical relevance of the concept of hypertension chronotherapy
by recommending physicians advise patients to ingest ≥1 BP-
lowering medications at bedtime. Thus, the real issue is not
whether this recommendation is a valid one, as questioned in
the commentary [1], but rather, whether there is any scientific
evidence to support recommending the morning ingestion of
hypertension therapy; to our knowledge, no such evidence
exists. Beyond the reduction of both CVD [9, 10] and diabetes
risks [2] by bedtime hypertension treatment, as found in the
MAPEC study, it is of interest that Roush et al [16], who
recently compared the results of published studies in which
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hypertension medication was systematically ingested in the
evening/bedtime with those in which hypertension medica-
tions were ingested daily in the morning, found significant
(48%) better reduction in relative risk of CVD events when
hypertension medications are ingested at bedtime rather than
in the morning.

In summary, both our papers [2, 3] enumerate a number of
limitations and strengths of the MAPEC study. We believe the
additional assumed limitations described in the accompanying
commentary [1] are invalid and do not in any way diminish
the scientific merit of our findings. Nonetheless, as previously
acknowledged [2, 3], future prospective intervention trials that
incorporate annual or more frequent around-the-clock ABPM
assessments during long-term follow-up evaluation, as carried
out in the completed MAPEC study and the currently ongoing
multicentre Hygia Project (involving more than 18,000 parti-
cipants) [17, 18], are necessary. This is important, first, to
confirm that the asleep SBP mean is a sensitive predictor of
risk of diabetes and, second, to determine the merit of bedtime
hypertension chronotherapy to avert diabetes through normal-
isation of asleep SBP mean, which may be mediated by im-
proved effects on those circadian rhythms that regulate in
common asleep BP and metabolic processes [19].
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