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Reverse Dipping of Blood Pressure in Patients of Hypertension with and 

without Type 2 Diabetes Mellitus 
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ABSTRACT 

Objective: To determine the frequency of reverse dipping among hypertensive patients with and without 

type 2 Diabetes Mellitus (T2DM). 

Methodology: This descriptive, cross-sectional study was conducted at Medical Unit of Pakistan 

Ordinance Factories Hospital Wah Cantt from April 2020 to April 2021 after institutional ethical review 

board approval. Ninety patients with hypertension of both sexes, aged 18-85 years were enrolled using 

non-probability consecutive sampling technique. Blood sample for fasting and random glucose levels 

were gathered. Ambulatory Blood Pressure was monitored for 24 hours by installing the monitor 

(Ambulatory Blood Pressure Monitor ABPM50 Contec China, Product Code: ABPM50) on non-

dominant arm, measuring at 30 minutes intervals during the day (from 7:00 AM to 11:00 PM) and at 60-

minute intervals during the night (from 11:00 PM to 7:00 AM). All the data was recorded and analyzed. 

Results: Mean age was 51.18±10.1 years with 54 (60.0%) were male and 36 (40.0%) females. Mean 

fasting blood glucose and mean random blood glucose levels were 87.32±13.2 mg/dl and 152.76±21.8 

mg/dl respectively. T2DM was seen in 38 (42.2%) patients. Blood pressure reverse dipping was found 

in 34 (37.7%) hypertensive patients. Frequency of blood pressure reverse dipping among hypertensive 

patients with and without T2DM was found to be 63.1% and 19.2% respectively (p-value <0.001). 

Conclusion: Reverse Dipping was seen in more than one-third of the patients with hypertension having 

a statistically significant association with T2DM. 
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INTRODUCTION 

Diabetes Mellitus is becoming the epidemic of 

present age in terms of incidence and prevalence.1 

Type 2 Diabetes Mellitus (T2DM) is a 

multifactorial and chronic disease, characterized by 
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hyperglycemia caused by variable degrees of 

insulin deficiency and insulin resistance.1 Poor 

control of diabetes mellitus leads to complications 

in cardiovascular, renal and retinal systems which 

affects the quality of life in patients.2,3 There are 

numerous other studies depicting the disease 

burden, morbidity and disability caused by T2DM 

in Pakistani population.4,5 A large number of 

patients with T2DM are also found to have 

hypertension, which shows substantial overlap in 

etiology and pathological mechanism of the two, 

such as obesity, insulin resistance and 

hyperglycemia.6,7,8 T2DM sympathetically 

activates intrarenal renin-angiotensin system which 

causes rise in blood pressure.1,6 Blood pressure (BP) 

and its circadian rhythm variation also play a role 

as risk factors for T2DM.9 Blood pressure 

fluctuates in a circadian rhythm, peaking in the 

early morning hours on average, and dipping  
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approximately 10-20% during sleep.9 Suprach-

iasmatic nucleus (SCN) in the anterior hypoth-

alamus is the center where circadian rhythms 

originate.9 It is postulated that the autonomic 

nervous system also plays a role in translating blood 

pressure according to the rhythm. The usual pattern 

of BP variability is nocturnal BP dipping. In healthy 

subjects, BP at night (sleep) is 10% to 20% less than 

diurnal (waking) BP. However, abnormal BP 

dipping patterns either by having less nocturnal 

dipping (0%–10%, decrease) or even rise in BP in 

sleep is associated with higher cardiovascular 

morbidity and mortality and damage to end organs 

such as brain and kidneys. Therefore, patients can 

be categorized depending on their blood pressure as 

extreme dippers, dippers, non-dippers and reverse 

dippers. Ambulatory blood pressure 

monitoring (ABPM) correlates more closely to 

organ damages than clinic blood pressure. Ideal 24-

hour blood pressure (BP) control not only consists 

of control of average daily BP, but also its diurnal 

and nocturnal variability. Various studies show that 

non-dipping pattern is more commonly associated 

with T2DM. Hence, the concomitant risk of 

cardiovascular accidents is also elevated 

significantly as compared to patients exhibiting 

normal dipping.9,10 A study conducted on Chinese 

population showed T2DM to be more common in 

reverse-dipper patients as compared to dipper and 

non-dipper patients. 

As a consequence of abnormal alterations in blood 

pressure, arterial elasticity is reduced and wall 

damage appears which can lead to cholesterol and 

fat deposition on those lesions and eventually to 

obstruction of the vessels which is the basis of most 

of the target organ damages induced by 

abnormalities in blood pressure.11,12 Recent studies 

also show reverse dipper blood pressure pattern to 

be linked to renal dysfunction and cardiovascular 

accidents; it additionally contributes to carotid 

plaque formation and lacunar infarction in 

hypertensive patients as well as end organ 

damage.11,12 In the study conducted by Najafi et al.13 

the prevalence of non-dipping nocturnal pattern 

was seen in 54.2% of participants and reverse 

dipping pattern in 28.6%, demonstrating diabetic 

neuropathy, CVD and retinopathy in T2DM 

patients to be positively associated with non-

dipping and rising pattern of BP. However, limited 

data is available which shows relationship of 

T2DM with raised nocturnal blood pressure in 

Southeast Asian population including Pakistan. The 

rationale of present study was to find out the link of 

reverse dipping blood pressure pattern in 

hypertensive patients with and without T2DM in 

Pakistani patients. The study results may help the 

treating physician to more tightly control blood 

sugar in diabetic patients and start targeted 

antihypertensive therapy aimed at restoring normal 

circadian rhythm of blood pressure. 

 

METHODOLOGY 

This descriptive, cross-sectional study was 

conducted at Medical Unit of Pakistan Ordinance 

Factories Hospital Wah Cantt from April 2020 to 

April 2021 to determine the frequency of reverse 

dipping among hypertensive patients with and 

without T2DM. Approval for study was taken from 

institutional ethical committee of Wah Medical 

College, dated 4th May 2019. Hypertension was 

defined as mean clinic systolic blood pressure 

(SBP) of ≥130 mmHg or diastolic blood pressure 

(DBP) of ≥80mmHg; or mean SBP during a 24-

hour period ≥125 mmHg or mean DBP ≥75 mmHg; 

or SBP > 140 mm Hg or DBP > 90 mm Hg in at 

least 2 previous clinical visits. T2DM was defined 

as fasting blood glucose of ≥126 mg/dl or 2-hour 

blood glucose of ≥200 mg/dl. Normally blood 

pressure shows a circadian rhythm, with 10-20% 

lower nocturnal values as compared to day values. 

Reverse dipping was defined as higher night time 

blood pressures, 10-20% higher systolic blood 

pressure values as compared with daytime values. 

Keeping confidence level 95% and margin of error 

10%, a sample size of 90 was calculated using 

anticipated frequency of 28.6%13 using online Open 

Epi sample size calculator available at 

www.OpenEpi.com. Using non-probability,  

http://www.openepi.com/
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consecutive sampling technique, 90 hypertensive 

patients with and without T2DM of both sexes, 

aged 18-85 years were enrolled. Demographic 

information was collected upon enrollment in study 

after written informed consent. For fasting glucose 

level, blood samples were taken early in the 

morning at least 10 hours after the last meal from an 

antecubital vein. For random glucose level, blood 

samples were taken any time throughout the day 

irrespective of meal time from an antecubital vein. 

The samples were analyzed with the help of an 

automatic biochemical analyzer. Ambulatory blood 

pressure was monitored for 24 hours by installing 

the monitor (Ambulatory blood pressure Monitor 

ABPM50 Contec China, Product Code: ABPM50) 

on non-dominant arm, measuring at 30 minutes 

intervals during the day (from 7:00 AM to 11:00 

PM) and at 60 minutes intervals during the night 

(from 11:00 PM to 7:00 AM). All the data was 

recorded. Patients with evidence of recent stroke or 

myocardial infarction in previous 6 months, 

patients who could not tolerate ambulatory blood 

pressure monitoring, patients having history of 

cardiac arrhythmia, congestive heart failure, 

hepatic failure or kidney failure and pregnant 

females were excluded from the study. 

Data was entered and analyzed using the statistical 

package for social sciences (IBM SPSS version 23). 

Descriptive statistics were utilized to explain results 

of demographic profile. Mean ± SD were used for 

age, fasting blood glucose and random blood 

glucose. Frequency and percentage were used for 

gender, status of T2DM and reverse dipping. Chi-

square was used to compare the results and p-value 

of<0.05 was considered statistically significant. 

 

RESULTS 

A total of 90 hypertensive patients were included in 

the present study. In the present study, blood 

pressure reverse dipping among hypertensive 

patients was found in 34 (37.7%) patients. Male to 

female ratio was 1.5:1 in our study. Out of the 90 

patients, 54 (60.0%) were male and 36 (40.0%) 

females. The mean age of patients was 51.18±10.1 

Table 1: Demographic and Clinical parameters of the 

patients (n=90) 

Demographic and Clinical 

Parameters 
Results 

Mean±SD age 51.18±10.1 years 

Mean±SD fasting blood 

glucose level 
87.32±13.2 mg/dl 

Mean±SD random blood 

glucose level 
152.76±21.8 mg/dl 

Age groups: 

18-50 years n (%) 59 (65.5%) 

51-85 years n (%) 31 (34.4%) 

Sex groups: 

Male n (%) 
36 (40.0%) 

Female n (%) 
54 (60.0%) 

Type 2 Diabetes Mellitus: 

Present n (%) 38 (42.2%) 

Absent n (%) 52 (57.7%) 

Blood Pressure Reverse Dipping 

Present n (%) 34 (37.7%) 

Absent n (%) 56 (62.2%) 

 

years with 59 (65.5%) patients aged 18 to 50 years 

as shown in Table 1. T2DM was seen in 38 (42.2%) 

patients. Mean fasting blood glucose level was 

87.32±13.2 mg/dl and mean random blood glucose  

P value ≤ 0.05 taking significant  

Table 2: Comparison of Type 2 Diabetes Mellitus and Blood 

Pressure Reverse Dipping (n=90) 

Type 2 Diabetes 

Mellitus 

Blood Pressure Reverse 

Dipping 

p-value 

Present 

n (%) 

Absent 

n (%) 

Present n (%) 

38 (42.2%) 
24 (63.1%) 14 (36.8%) 

<0.001 

Absent n (%) 

52 (57.7%) 
10 (19.2%) 42 (82.7%) 
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level was 152.76±21.8 mg/dl as shown in Table 1. 

On stratification of data, frequency of Blood 

Pressure Reverse Dipping among hypertensive 

patients with and without T2DM was found to be 

63.1% and 19.2% respectively having p-value 

<0.001 (significant) as shown in Table 2. 

 

DISCUSSION 

Limited data is available which shows relationship 

of T2DM with raised nocturnal blood pressure in 

southeast asian population including Pakistan.14,15 

To the best of our knowledge the only Pakistani 

study available on BP reversibility revealed 

frequency of increased morning surge 80.5% in 

SBP and 69% in DBP. On comparison of 

participants with normal morning surge and 

increased morning surge in SBP, there was a 

significant difference in non-dipping status (13.4% 

vs. 18.3%, p= 0.001). Zhu et al.16 assessed the cross-

country differences in 24-h ambulatory, daytime, 

and nighttime systolic blood pressure (SBP) among 

rural population with uncontrolled clinic 

hypertension in Bangladesh, Pakistan, and Sri 

Lanka to show 56.5% exhibited ambulatory 

hypertension with wide variation across countries: 

72.6% (Bangladesh), 50.0% (Pakistan), and 51.0% 

Sri Lanka. From India Kaul et al.17 reported the 

prevalence of reverse dippers increased with age 

from 7.3% in <30 years old patient group to 34.2% 

in >80 years old patient group. Dippers prevalence 

decreased from 42.5% in <30 years old patient 

group to 17.9% in >80 years old patient group. 

However, these studies did not evaluate link with 

T2DM. Therefore, we conducted this study to 

determine the frequency of reverse dipping among 

hypertensive patients and to compare frequency of 

reverse dipping among hypertensive patients with 

and without T2DM.  

In present study, frequency of reverse dipping 

among hypertensive patients is found in 34 

(37.78%) patients. Comparison of frequency of 

reverse dipping among hypertensive patients with 

and without T2DM was found to be 63.16% and 

19.23% respectively (p-value <0.001). The findings 

of our study are in accordance with various other 

studies which show an increased presence of blood 

pressure reverse dipping in hypertensive patients 

with diabetes when compared to non-diabetics. In 

the study conducted in Iran by Najafi et al.13 the 

prevalence of non-dipping nocturnal pattern was 

seen in 54.2% of participants and reverse dipping 

pattern in 28.6%, demonstrating diabetic 

neuropathy, cardiovascular disease (CVD) and 

retinopathy in T2DM patients to be positively 

associated with non-dipping and rising pattern of 

BP. In India Nandhini et al.18 revealed 34% diabetic 

patients to have an abnormal pattern of blood 

pressure that included non-dipping and reverse 

dipping patterns. Duration of diabetes and severity 

of HbA1c had a direct correlation with abnormal 

pattern of blood pressure variability that included 

non-dippers and reverse dippers.18 Numerous other 

studies have also shown T2DM to be more common 

in reverse-dipper patients as compared to dippers 

and non-dippers.19,20  

Hypertension is a major and well-recognized risk 

factor in development of cerebrovascular and 

cardiovascular accidents.21,22 A non-invasive 

examination technique, ambulatory blood pressure 

monitoring (ABPM) helps to monitor intermittent 

blood pressure over 24   hours while the patient 

continues to perform routine activities and sleep 

aiding the clinician by providing diagnostic 

information regarding fluctuations of blood 

pressure and by providing prognostic information 

that help to predict risk of end organ damage and 

all-cause mortality.23 Patients with reverse dipping 

of blood pressure are at increased risk of 

cardiovascular accidents, kidney damage and 

cerebral lacunar infarction, highlighting a possible 

association with atherosclerosis.24,25 

 

CONCLUSION 

In the present study, reverse dipping was seen in 

more than one-third of the patients with 

hypertension. Furthermore, reverse dipping had a 

statistically significant association with T2DM. 

Therefore, we recommend that proper diabetic 



 Reverse BP Dipping in Hypertensive Patients with & without T2DM 

J Aziz Fatm Med Den College JULY – DEC 2024, VOL,6. NO.2  79 

 

control and targeted antihypertensive therapy 

should be done promptly, to help restore normal 

circadian blood pressure rhythm thereby reducing 

disease morbidity and mortality.  

 

Limitations: The present study has some 

limitations as well which need to be considered. 

Based in a single center, the present study had a 

relatively small sample size and therefore the 

results may not be applicable to the general 

population. Case-control and cohort studies are 

better options to determine the association of 

reverse dipping of blood pressure in hypertensive 

patients with presence or absence of co-existing 

T2DM but they require more resources and time. 

Using the results of our study as baseline data, 

researchers could plan more studies and generate 

further evidence regarding association of reverse 

dipping blood pressure to not only T2DM but also 

to hypertension related end organ damage so that 

specific targeted therapies may be designed for 

such patients to reduce the disease burden, 

morbidity and mortality.  
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