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1 Main text: 

2 Hypertension and diabetes mellitus (DM) are independent and established risk factors for 

3 cardiovascular diseases, including left ventricular hypertrophy (LVH), congestive heart failure, 

4 stroke, coronary artery disease and peripheral artery disease [1]. Cardiovascular diseases share 

5 common pathogenic mechanisms, including inflammation and oxidative stress [1]. Hypertension 

6 and DM synergistically promote these mechanisms in a vicious cycle [1]. LVH occurs as an 

7 adaptive response to pathological stress in the early stage of functional and structural changes of 

8 the heart, called cardiac remodeling [2]; LVH is used as a potent predictor of cardiovascular events 

9 [3]. 

10 Blood pressure (BP) exhibits a circadian rhythm that is regulated by the intrinsic rhythm 

11 of clock genes through controlling the neurohumoral and autonomic nervous systems [4]. In 

12 healthy subjects, BP dips at night during rest, undergoes a steep increase in the morning, and peaks 

13 in the afternoon; nighttime BP decreases by 10-20% of daytime BP, which is called normal dipper 

14 pattern [4]. The impact of diurnal BP variation on cardiovascular events has been vigorously 

15 investigated. Accumulating evidence has demonstrated that nighttime BP is a stronger predictor 

16 of clinical outcomes than either daytime or clinic BP [4]. Controlling nighttime BP is one of 

17 important challenges in cardiovascular medicine. 

18 Nocturnal hypertension (NH) is defined as systolic BP >120mHg and/or diastolic BP 

19 >70mmHg at night [4]. Several mechanisms have been suggested to contribute to the pathogenesis 

20 of NH: increase in salt sensitivity and high-salt diet, autonomic nervous dysfunction leading to 

21 sympathetic hyperactivity, and advanced structural disease such as vascular resistance and arterial 

22 stiffness [4]. Hyperinsulinemia and hyperglycemia in DM have been shown to enhance these 

23 mechanisms [1]. NH has been shown to be associated with the risk of LVH in patients with DM 
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1 [5]. DM patients are a heterogenous population across glucose control status and medication use. 

2 It remains largely unknown whether this heterogeneity affects the impact of NH on cardiovascular 

3 outcomes. 

4 In this issue of Hypertension Research, Toriumi et al. provided intriguing information on 

5 the impact of NH and DM on LVH [6]. The authors analyzed the data of 1,277 patients, who 

6 underwent both ambulatory BP monitoring and echocardiography, from the Japan Morning Surge-

7 Home Blood Pressure (J-HOP) study, a prospective observational study of 4,310 Japanese 

8 individuals who had a history of or risk factors for cardiovascular disease [7]. In this cross-

9 sectional analysis of the J-HOP study population, they found that inadequate control of nighttime 

10 systolic BP is associated with the presence of LVH after adjustment for age, body mass index, use 

11 of antihypertensive drugs, office systolic BP and DM, whereas the presence of inadequately 

12 controlled daytime systolic BP or DM did not increase the risk of LVH after multivariate analysis. 

13 When the authors divided the population into 3 groups, such as non-diabetic, adequately controlled 

14 diabetic and poorly controlled diabetic groups, poorly controlled nighttime systolic BP increased 

15 the risk of LVH only in the poorly controlled diabetic group. A comparable risk of LVH was 

16 observed among the 3 groups with adequately controlled nighttime systolic BP. Although causality 

17 cannot be determined due to the study design, these findings suggest that NH and DM might 

18 synergistically promote cardiac remodeling when both of them are under poor control. This study 

19 supports clinical significance of NH as a therapeutic target for cardiovascular disease in diabetic 

20 patients.    

21 High BP imposes mechanical stress on the heart, and causes LVH through promoting 

22 cardiac inflammation and oxidative stress (Fig. 1) [2]. In this study, NH did not increase the risk 

23 of LVH in non-diabetic individuals or adequately controlled diabetic patients, suggesting that high 
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1 nighttime BP itself might not be sufficient to cause LVH. Indeed, the cutoff BP threshold of NH 

2 is lower than that of daytime hypertension. NH might represent its underlying mechanisms 

3 including sympathetic hyperactivity, rather than mechanical stress, as a risk factor for LVH. 

4 Similarly, inadequately controlled DM patients without NH did not have the higher risk of LVH 

5 than non-diabetic individuals, indicating that hyperglycemia alone might not be a strong trigger of 

6 cardiac remodeling. In DM, a wide array of pathophysiological processes, including inflammation, 

7 oxidative stress and altered insulin signaling, contributes to the development of LVH [8]. 

8 Sympathetic hyperactivity, reflected by NH, might synergistically exacerbate these pathogenic 

9 mechanisms in DM. Indeed, it was reported that sympathetic activation plays an essential role in 

10 cardiac inflammation and oxidative stress [2]. It would be interesting to examine whether 

11 inadequately controlled DM patients with nighttime systolic BP ranging from 120mmHg to 

12 135mmHg would have the higher risk of LVH than those without NH and how the risk of LVH in 

13 this subpopulation of NH compares with that in patients with nighttime systolic BP above 

14 135mmHg, the cutoff threshold of daytime hypertension. In addition, it would be of great 

15 importance to investigate whether NH remains an independent risk factor for LVH in poorly 

16 controlled DM patients after adjustment for indicators of autonomic function, including nighttime 

17 heart rate variability. Furthermore, detailed assessment of insulin resistance, proinflammatory 

18 cytokine expression and oxidative stress with blood and urine tests would provide mechanistic 

19 insights into how the heterogeneity of DM affects the impact of NH on the development of LVH.       

20 NH is closely associated with increased circulating volume due to high salt sensitivity and 

21 sleeping in the supine position and hyperactivation of the renin-angiotensin-aldosterone system 

22 (RAAS) and sympathetic nervous system [4]. Consistently, diuretics, RAAS inhibitors and 

23 sympatholytics, as well as calcium channel blockers (CCBs), have been reported to be effective 
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1 for reducing nighttime BP [4]. Interestingly, it has been suggested that each class of 

2 antihypertensive drugs might have different nighttime BP-lowering profiles [4]. For example, the 

3 nighttime BP-lowering effect of controlled-release nifedipine, a CCB, at the dose of 40mg was 

4 shown to be stronger than that of carvedilol, a β-blocker, at the dose of 20mg with bedtime 

5 administration, while carvedilol, but not nifedipine, significantly reduced a nighttime BP surge 

6 induced by hypoxia [9]. In DM patients, diuretics or β-blockers might exacerbate glucose control 

7 status. It would be of great importance to examine the impact of antihypertensive drug classes or 

8 nighttime BP-lowering profiles on target organ damage, including LVH, in DM patients in 

9 prospective studies. Furthermore, since insomnia is associated with DM and NH [4], it would be 

10 interesting to investigate the effect of melatonin receptor antagonists or orexin receptor blockers 

11 on nighttime BP control and clinical outcomes in DM patients. 

12 Some classes of antidiabetic drugs have been reported to protect against cardiac remodeling. 

13 The MET-REMODEL trial showed that a biguanide drug, metformin, significantly reduced left 

14 ventricular mass (LVM) indexed to height, office systolic BP, body weight and oxidative stress 

15 after 12 months of treatment in patients without type 2 DM who have coronary artery disease with 

16 insulin resistance and/or pre-diabetes, compared with placebo [10]. Metformin has been suggested 

17 to reduce cardiac hypertrophy by inhibiting inflammation and oxidative stress and improving 

18 mitochondrial function mainly through AMP-activated protein kinase (AMPK)-dependent 

19 mechanism [8]. The DAPA-LVH trial demonstrated that the addition of the sodium-glucose 

20 cotransporter 2 (SGLT2) inhibitor dapagliflozin to standard treatment in patients with type 2 DM, 

21 LVH and controlled BP was associated with a significant regression of LVM assessed by cardiac 

22 MRI after a mean treatment period of 12 months, compared with placebo [11]. Interestingly, 

23 dapagliflozin reduced nighttime systolic BP. The EMPA-HEART Cardiolink-6 trial showed that 
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1 6-month treatment with the SGLT2 inhibitor empagliflozin induces significant LVM regression in 

2 patients with type 2 DM and coronary artery disease [12]. Accumulating evidence has shown that 

3 SGLT2 inhibitors suppress inflammation, oxidative stress and sympathetic activity and maintain 

4 mitochondrial function [13]. Further studies are warranted to examine the impact of antidiabetic 

5 drugs on NH and LVH in both uncontrolled and controlled DM patients. 

6 Antihypertensive drugs are usually administered in the morning. Since NH is an important 

7 predictor of cardiovascular outcomes, it has been hypothesized that taking antihypertensive drugs 

8 in the evening might improve clinical outcomes, considering pharmacokinetics. On the other hand, 

9 evening dosing might reduce drug adherence, compared with morning dosing [14].  The timing of 

10 their administration remains controversial. The Treatment in Morning versus Evening (TIME) 

11 study, a prospective, randomized, open-label, blind-endpoint clinical trial, demonstrated that 

12 evening dosing of antihypertensive drugs was not different from morning dosing in terms of major 

13 cardiovascular outcomes or mortality [15]. However, the TIME study did not examine nighttime 

14 BP or diurnal BP variation. It remains unclear whether the timing of administration of 

15 antihypertensive drugs would affect nighttime BP control and clinical outcomes in patients with 

16 NH or disorders of diurnal BP variation. In addition, it is unelucidated whether evening or 

17 nighttime dosing of antihypertensive drugs would improve cardiovascular events in uncontrolled 

18 DM patients, who were susceptible to NH in this study. Further studies will be necessary to identify 

19 the subpopulation who benefits from chronotherapy, the scheduled drug administration based on 

20 individual’s circadian rhythm. 

21 In conclusion, nighttime systolic BP might be associated with the risk of LVH in 

22 individuals with poorly controlled DM, but not in individuals with adequately controlled DM. 

23 Further studies are needed to elucidate the underlying mechanisms and to clarify the optimal 

Page 7 of 13

The Japanese Society of Hypertension

Hypertension Research



For Review Only

8

1 medications and timing of their administration in uncontrolled DM patients with NH.

2
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1 Figure legend

2 Fig. 1 Potential mechanisms underlying the high risk of left ventricular hypertrophy (LVH) in 

3 patients with high nighttime blood pressure and uncontrolled diabetes mellitus (DM). Nocturnal 

4 hypertension and DM share common pathogenic mechanisms, such as inflammation, oxidative 

5 stress, increase in circulating volume, and sympathetic hyperactivity. In controlled DM patients 

6 with nocturnal hypertension or uncontrolled DM patients with normal nighttime blood pressure, 

7 these common mechanisms might be triggered by either nocturnal hypertension or uncontrolled 

8 DM alone. In uncontrolled DM patients with nocturnal hypertension, both high nighttime blood 

9 pressure and poor DM control might synergistically drive these common mechanisms, which 

10 might aggravate nocturnal hypertension and DM in a vicious cycle. As a result, the development 

11 of LVH might be accelerated in this subpopulation. The optimal therapeutic strategies for LVH 

12 regression in this subpopulation remain unelucidated. SGLT2, sodium-glucose cotransporter 2. 

13

Page 12 of 13

The Japanese Society of Hypertension

Hypertension Research



For Review Only

 

209x222mm (300 x 300 DPI) 

Page 13 of 13

The Japanese Society of Hypertension

Hypertension Research




