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Non-dipper effect in hypertense patients after renal 
transplantation by 24-hour ambulatory blood pressure 
monitoring
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Abstract

Objective: Determine instant and after 1-month non-dipper effect in hypertense patients after renal transplantation by 24-hour 
ambulatory blood pressure monitoring in Hospital General de Zona No. 50, San Luis Potosí, Mexico. Method: Descriptive, 
longitudinal and prospective cohort study of a non-probability convenience sampling in post-transplant patients with hyperten-
sion. We collected data from MAPA and includes age, sex, cardiovascular risk factors in variables. Use of central tendency 
and dispersion measures for descriptive analysis and t Student for inferential analysis. Results: 19 patients were included, 
11 male (57.9%) and 8 females (42.1%), with age range 20 to 49 years (median of 30.2 years ± 7.7). Where the non-dipper 
effect in the first take was 89.5% and in the second take 84.2%. Conclusions: There is a high frequency of the non-dipper 
pattern in patients at one month of kidney transplant, the persistence of this hypertension may be, among others, by the use 
of immunosuppressants. A new category for non-dipper classification is described.
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Resumen

Objetivo: Determinar el efecto non-dipper inmediato y posterior a 1 mes en pacientes adultos hipertensos postrasplante renal con 
monitoreo continuo de la presión arterial de 24 horas, en el Hospital General de Zona No. 50 de San Luis Potosí, México. Método: 
Estudio de tipo cohorte, longitudinal, prospectivo, con muestreo no probabilístico por conveniencia de casos consecutivos en 
pacientes receptores de trasplante renal con hipertensión arterial. Se recogieron los siguientes datos: edad, sexo, factores de 
riesgo cardiovascular, uso de antihipertensivos o inmunosupresores, y monitoreo ambulatorio de la presión arterial de 24 horas. 
Se aplicaron medidas de tendencia central y de dispersión para análisis descriptivo, y prueba t de Student para análisis inferencial. 
Resultados: Se incluyeron 11 hombres (57.9%) y 8 mujeres (42.1%), con una edad de 20 a 49 años (media 30.2 ± 7.7), en los 
que el efecto non-dipper inmediato fue del 89.5% y posterior a 1 mes fue del 84.2%. Conclusiones: Existe una alta frecuencia 
del patrón non-dipper en pacientes a 1 mes del trasplante renal. La persistencia de la hipertensión puede ser, entre otras causas, 
por el uso de inmunosupresores. Se describe una nueva categoría para la clasificación non-dipper.

Palabras clave: Trasplante renal. Hipertensión. Insuficiencia renal crónica. Enfermedades renales. Nefropatía.
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Introduction

On December 23, 1954, in the city of Boston (USA) 
the first successful organ transplant was performed, 
kidney and between identical twins. This modified the 
natural history of the disease and was classified as one 
of the most important achievements of modern medici-
ne1,2. In 1966, the first kidney transplant was carried out 
in Mexico, in a patient with tubulointerstitial nephritis 
who died 14 days later due to septic shock3;  the se-
cond kidney transplant was performed in 1967, in a 
patient who survived the transplant for 15 years4,5. Re-
nal rejection is one of the main problems, since the 
generation of antibodies caused by immunity plays an 
important role in graft rejection; however, the change 
in intrarenal hemodynamics is mainly of vascular origin 
and due to hyperfiltration of the remaining nephrons6,7.

Within the vascular factors, it is considered that ar-
terial hypertension associated with immunosuppressi-
ve therapy is the most affected8,9; these factors cause 
the graft to have a shorter life, since if uncontrolled 
hypertension is maintained, the same endothelial da-
mage can be generated as in a hypertensive patient 
without kidney disease. On the other hand, if the pa-
tient has rejection of the kidney graft due to immune 
or infectious reasons, arterial hypertension can be 
generated due to fluid overload10,11.

renal transplantation is indicated in patients with 
end-stage chronic renal failure, the main causes  
being chronic glomerulonephritis, diabetic nephropa-
thy and nephroangiosclerosis12,13, which must be 
taken into account to assess the evolution of arterial 
hypertension14,15.

Blood pressure is inversely associated with glo-
merular filtration rate after transplantation; 50% of 
patients experience significant improvement in blood 
pressure control, with reduced medication use in the 
months after transplant16,17. Immunosuppressive 
agents can affect glomerular filtration rate and hemod-
ynamic status, leading to arterial hypertension by a 
variety of mechanisms, including endothelin-induced 
vasoconstriction, abrogation of nitric oxide-induced 
vasodilation, and sodium retention18,19. After kidney 
transplantation, 67-90% of patients treated with immu-
nosuppressants, especially cyclosporine, develop ar-
terial hypertension20,21.

Other causes of post-transplant hypertension are re-
nal artery stenosis and sequelae of antibody-mediated 
rejection22. Calcium channel blockers may be the most 
useful drugs to mitigate calcineurin inhibitor-induced 

vasoconstriction and are associated with improved glo-
merular filtration rate23,24. However, the use of renin-an-
giotensin inhibitors remains an attractive management 
strategy in transplant recipients25,26.

Arterial pressure is maintained by a balance be-
tween cardiac output and peripheral vascular resis-
tance, regulated by small-caliber arteries that work 
through smooth muscle. There are hypotheses that 
the increase in blood pressure is a consequence of 
the increase in minute volume in relation to the 
increase in the sympathetic system, so that the 
increase in peripheral resistance would be a com-
pensatory mechanism that affects cellular homeos-
tasis27-32 (Table 1).

The KDIGO guides (Kidney Disease Improving Glo-
bal Outcome) include kidney transplant recipients 
and propose treatment strategies with the goal of 
achieving blood pressure < 130/80 mmHg in kidney 
patients33.

To measure blood pressure according to the circa-
dian rhythm, the technique of ambulatory blood pres-
sure monitoring (ABPM) is useful, a non-invasive 
method of monitoring for 24 hours that allows offering 
different parameters of blood pressure. It is generally 
used as an aid in the diagnosis of patients with refrac-
tory, nocturnal, white coat hypertension, pulse pres-
sure, and hourly drug dosing34,35.

The aforementioned data on the unfavorable asso-
ciation of arterial hypertension, vascular injury and 
chronic kidney disease allow us to clarify the epide-
miological panorama of the disease. Complications of 
high blood pressure cause 9.4 million deaths, being 
the cause of 45% of deaths from heart disease and 

Table 1. Blood pressure scales

WHO JNC 8 Systolic and diastolic 
blood pressure (mmHg)

ISH P‑NOM‑030

Optimal Normal < 120 and < 80 Normal Optimal

Normal 120‑129 and/or 80‑84 Suboptimal

Normal 
high

Normal 
high

130‑139 and/or 85‑89 Normal 
high

Bordering

Grade I Grade I 140‑159 and/or 90‑99 Grade 1 Grade I

Grade II 160‑179 and/or 100‑109 Grade II Grade II

Grade II > 180 and/or > 110 Grade III

ISH: International Society of Hypertension; JNC: Joint National Committee; WHO: World 
Health Organization; P-NOM: Official Mexican Standard Project.
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51% from stroke36. The prevalence of hypertension 
observed in Mexico is 18.4% in adults 20 to 49 years 
old and 26.7% in adults 70 to 79 years old, according 
to the 2018 National Health and Nutrition Survey37. It 
is estimated that 450,000 new cases are diagnosed 
annually in Mexico38. According to data obtained by 
the Mexican Social Security Institute on disease bur-
den, 27% of total mortality was secondary to cardio-
vascular disease39.

During sleep onset, blood pressure normally de-
creases, reaching a maximum when slow-wave sleep 
is entered, and blood pressure rises on awake-
ning40,41. There are average values of systolic and 
diastolic pressure in the daytime and nighttime pe-
riods, which allows a classification of the patient 
depending on the circadian rhythm and through the 
night/day ratio42,43. The determinations make it pos-
sible to provide preventive action and guide the de-
tection of patients who, despite having a  non-dipper 
pattern, have not yet developed any complications43 

(Table 2).
The authors found criteria that O'Brien44 did not 

mention when performing the circadian classification 
of arterial hypertension. We added a fifth criterion to 
the classification, called the mixed dipper (Table 2), 
defined as the decrease in one value and the increa-
se in the other value (systolic or diastolic) of nightti-
me blood pressure compared to daytime blood 
pressure.

The aim of this study was to determine the immediate 
and 1-month non-dipper effect of renal transplantation 
in hypertensive patients, as measured by continuous 
24-h blood pressure monitoring.

Method

The study was carried out in the renal transplanta-
tion Unit of the General Hospital of Zone No. 50 of 
San Luis Potosí, belonging to the Mexican Institute of 
Social Security, during the period from August 2019 
to April 2020, with a longitudinal cohort design. and 
prospective, non-probabilistic sampling for convenien-
ce of consecutive cases, of the entire natural popula-
tion of renal transplantation recipients with arterial 
hypertension. The study was approved by the Local 
Health Research Committee 2402 with institutional 
registration number R-2019-2402-040.

The inclusion criterion was to be an adult over 18 
years of age who received a renal transplantation with 
a diagnosis of arterial hypertension who agreed to 
participate in the protocol; the exclusion criteria were 
being a minor or not accepting the monitoring. All 
those patients who lost the graft before completing 
ABPM, after one month, or who completed said mea-
surement in the same period of time due to study 
desertion, were eliminated from the study. Overwei-
ght, obesity, dyslipidemia and smoking were conside-
red independent variables, while the presence of 
diabetes mellitus, arterial hypertension prior to the 
transplant and the etiology of chronic renal disease 
were control variables.

The age in years and the sex of the patients were 
taken into account, as well as the operational defini-
tion of the non-dipper effect in patients with arterial 
hypertension: two or more measurements with blood 
pressure figures > 140/90 mmHg or with the use of 
antihypertensive drugs without less than a 10% de-
crease in blood pressure from the diurnal average. 
Additionally, the existence of comorbidity or lifestyles 
that could aggravate cardiovascular disease was 
studied.

Once the patient's participation was authorized af-
ter the explanation of the study, the placement of the 
ABPM (Ambulatory Blood Pressure Monitor Space 
Labs Inc., Model No. 90207, Serial No. 207-042057) 
was performed, which was personalized with the data 
of each patient. patient with programmable parame-
ters established by the investigator using standardi-
zed measurements such as daytime (6:00 a.m. to 
9:00 p.m., every 30 minutes) and night (10:00 p.m. to 
5:00 am, every 60 minutes). The procedure lasted 24 
hours after the transplant and 24 hours after the first 
month after the transplant. Data from the observation 
sheet of each patient and the ABPM record were 
collected.

Table 2. Classification of blood pressure according to the 
circadian rhythm

Classification BP value at night versus 
day

Night/day ratio

Dipper BP decrease at night 10-20% 
of the day

0.90‑0.80

Non‑dipper Absence of nocturnal BP fall 
of 10% or < 10% of that of 
the day

0.91‑1.00

Dipper extreme Night BP decrease > 20% of 
the day

< 0.80

Non‑dipper 
mixed

Fall and rise in a value 
(systolic or diastolic) of 
nocturnal BP

NA

NA: not applicable; PA: blood pressure.
Modified from ref. 43.
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The concentrated data was used to perform a des-
criptive statistical analysis with measures of central 
tendency (mean) and dispersion (standard deviation); 
Student's t-test was used for the inferential analysis, 
with the SPSS version 23 program.

Results

57.9% of the patients were men and 42.1% were 
women, with an age range of 20 to 49 years (mean 
30.2 years and standard deviation ± 7.7). The body 
mass index was 16.9 to 32.3 kg/m2, with an average 
of 24.3 (± 5.2) kg/m2, obtaining a categorical distribu-
tion with low weight of 5.3%, normal weight of 68.4% 
and grade 1 obesity of 26.3%. Among the etiologies 
documented by the medical history, diabetes mellitus 
was found in 5.3%, hypertension in 78.9%, tuberculo-
sis in 5.3%, glomerulonephritis in 5.3%, and lupus 
erythematosus in 5.3%. Etiologies were also docu-
mented in only 5 patients by renal biopsy, in which 
glomerulonephritis was found in 5.3%, lupus nephritis 
in 5.3%, tuberculosis in 5.3% and for the association 
of diabetes  mellitus and hypertension it is 10.5%. 
58.5% of the patients did not undergo a pre-transplant 
biopsy.

Regarding the values obtained in the blood pressure 
measurements, a statistically significant difference was 
observed in the immediate morning systolic values, 
which ranged from 118.5 to 163.0 mmHg, with a mean 
of 142.1 ± 12.7 mmHg, and from 105.2 to 147.7 mmHg, 
with a mean of 131.8 ± 11.6 mmHg, after 1 month 
(p < 0.05 [0.003]). Immediate morning diastolic values 
ranged from 78.6 to 115.9 mmHg, with a mean of 95.8 
± 10.9 mmHg, and from 71.8 to 87.2 mmHg, with a mean 
of 85.1 ± 8.1 mmHg, after 1 month (p < 0.05 [0.002]).

Immediate nocturnal systolic values ranged from 
114.4 to 179.8 mmHg, with a mean of 138.9 ± 16.8 
mmHg, and from 105.7 to 160.5 mmHg, with a mean 
of 131.6 ± 13.9 mmHg, after 1 month (p < 0.05 
[0.036]), while in the nocturnal values an immediate 
diastolic value was found with a range of 72.5 to 
129.5 mmHg, with a mean of 95 ± 14.9 mmHg, and 
from 68.0 to 101.6 mmHg, with a mean of 82.5 ± 9.4 
mmHg, after 1 month p < 0.05 [0.003]). The imme-
diate non-dipper effect was found in 89.5% and after  
1 month in 84.2%. Table 3 shows the results of mean 
arterial pressure (MAP) and heart rate.

According to the etiologies, the following results 
were obtained, in order of greatest change in MAP, 
observing that there is a significant decrease between 
morning and night MAP: in lupus nephritis (immediate 

morning MAP of 100 mmHg, immediate night MAP of 
109 mmHg, morning MAP after 1 month of 83 mmHg, 
night MAP after one month of 82 mmHg) decreased 
to a greater degree than in glomerulonephritis (imme-
diate morning MAP of 126 mmHg, immediate night 
MAP of 121 mmHg, morning MAP after 1 month of 
107 mmHg, night MAP after 1 month of 96 mmHg) 
and diabetes mellitus (immediate morning MAP of 111 
mmHg, immediate night MAP of 94 mm Hg, morning 
MAP after 1 month of 87 mmHg, night MAP after 1 
month of 99 mmHg).

Unlike the previous etiologies, tuberculosis (Imme-
diate morning MAP of 102 mmHg, immediate night 
MAP of 97 mmHg, morning MAP after 1 month of 92 
mmHg, night MAP after 1 month of 98 mmHg) presen-
ted a lower decrease in MAP than hypertension (mean 
immediate morning MAP of 112 mmHg, immediate 
night MAP of 100 mmHg, mean morning MAP after 1 
month of 103 mmHg, night MAP after 1 month of 100 
mmHg). The difference in percentage of the MAP im-
mediately and after 1 month is shown in  table 4.

Significance was found in the morning MAP ( p < 0.05 
[0.002]), unlike the night (p < 0.0 5 [0.772]), while it 
was the other way around for heart rate, finding sig-
nificance at night (p < 0.05 [0.004]) and not in the 
morning (p < 0.05 [0.128]). In addition, a positive and 
significant Pearson correlation was observed between 
the mean nocturnal MAP and the number of years that 
the patient smoked (r = 0.459; p = 0.048) and the 
number of years of having arterial hypertension (r = 0.65; 
p = 0.045), but not with the average nocturnal systolic 
or diastolic blood pressure.

An echocardiogram was performed on all patients 
and left ventricular hypertrophy was found in 32%; no 
association was found between left ventricular hyper-
trophy and the non-dipper effect when performing 
Fisher's exact test (p > 0.05 [0.70]).

Table 3. Descriptive statistics of mean arterial pressure and  
heart rate

n = 19 Immediate intake Take after 1 month

Range Mean ± SD Range Mean ± SD

Morning PAM 92‑131 111.1 ± 10.7 82.9‑115.1 100.9 ± 9.1 0.002*

Morning FC 72.9‑117.3 92.4 ± 11.2 59.3‑99.7 86.2 ± 11.1 0.128

Night MAP 77‑126 100.1 ± 12.6 80.6‑121.3 98.9 ± 10.4 0.772

Night HR 70‑110 89.3 ± 12.2 46.75‑97.3 77.3 ± 10.9 0.004*

SD: standard deviation; HR: heart rate; MAP: mean arterial pressure.
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A decrease in the use of calcium channel antagonist 
antihypertensives was observed after transplantation, 
as well as an increase in the use of alpha and beta 
blockers. Regarding immunosuppressive drugs, an 
increase in the use of tacrolimus was observed after 
1 month with respect to immediate intake, and the use 
of others such as cyclosporine and sirolimus was 
added.

Discussion

Chronobiology is the study of biological rhythms and 
their underlying mechanisms45. Blood pressure follows 
a circadian pattern, with higher numbers during the 
day and lower ones at night, but in many hypertensive 
patients the night drop (non-dipper) does not occur 
and therefore they have a higher cardiovascular risk. 
This is more important in renal transplantation reci-
pients, since nocturnal pressure drop and pulse  
pressure are prognostic markers46,47. performed moni-
toring using ABPM in 70 patients diagnosed with es-
sential hypertension and with adequate control after 
pharmacological treatment, and found that 75% were 
dipper. If we compare these results with those obtai-
ned in our study, only 10.5% were dipper, that is, an 
inverted relationship in post-transplant patients.

Chronic renal disease causes different types of 
morphological alterations, mainly of a cardiovascular 
nature. Some studies mention that, despite the use 
of replacement therapy or transplantation, the pre-
sence of factors that increase risk persists48. This 
study found a significant difference in morning com-
pared to night MAP, and a similar difference in night 
compared to morning heart rate. We believe that this 
is related to a change in homocysteine, common in 
renal patients, along with the use of immunosu-
ppressants49. On the other hand, it has been shown 
that in these types of patients there is an alteration 

in the autonomic nervous system that causes a slight 
increase in sympathetic activity50.

It is confirmed that elevated MAP and a higher stage 
of hypertension are associated with a history of smo-
king, so there would be more endothelial damage in 
these patients51. The study by Suhaila et al.52 in a 
population of hypertensive patients shows that ambu-
latory blood pressure more accurately reflects a pa-
tient's actual blood pressure than office blood 
pressure. In their results, the ambulatory pressure 
measured in 24 hours was normal, but the daytime 
mean and nighttime diastolic were above the normal 
value. Like us, they observed that most of the patients 
were categorized as non-dipper.

The non-association between left ventricular hyper-
trophy and the non-dippereffect may be due to the 
size of the sample, so it cannot be concluded as de-
finitive and more studies should be carried out in this 
regard.

The response to night arterial hypertension may be 
associated with the use of immunosuppressants, which 
would explain this finding, as described in Figure 1. 
Guidelines are needed to individualize the treatment of 
these patients.

Conclusions

We found a different pattern that is not classified by 
O'Brien, which we consider as an additional variable, and 
it will have to be confirmed if it can predict risk, so we 
consider that this category, called mixed non-dipper, 
should be evaluated in a sample larger to assess its 
significance. This study supports that the frequency of 
the non-dipper effect presented by hypertensive patients 
after renal transplantation is greater than that observed 
in other populations. There is no evidence available to 
recommend an antihypertensive treatment based on the 
management of an altered circadian profile, nor can a 

Table 4. Percentage difference in mean arterial pressure at 
1 month post-renal transplantation

Etiology Morning PAM Night MAP

Diabetes mellitus 22% decrease 5% increase

Arterial hypertension 8% decrease Without changes

Glomerulonephritis 15% decrease 21% decrease

Tuberculosis 10% decrease 1% increase

Lupus nephritis 17% decrease 25% decrease

MAP: mean arterial pressure.

Vasodilation
Vasoconstriction

GC

HTA

Prostacyclin
NO

FSR     FGSVR

SNS
Endothelin 1

Thromboxane

Figure 1. Mechanisms involved in cyclosporine-induced arterial 
hypertension. GFR: glomerular filtration rate; RBB: renal blood flow;  
CO: cardiac output; HTA: arterial hypertension; NO: nitric oxide;  
SVR: systemic vascular resistance; SNS: sympathetic nervous system.
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specific treatment be recommended for the non-dipper 
pattern in post-transplant patients, but we must assess 
the possibility that this classification allows stratifying the 
risk of the patient, as well as prevent damage to the 
transplanted target organ. We recommend continuing 
this line of research in larger series of patients and in 
longer-term cohorts.
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