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Relationship between homocysteine 
and non-dipper pattern in patients 
with type 2 diabetes mellitus
Relação entre a homocisteína e a condição não 
dipper em pacientes com diabetes melito tipo 2

Serdal Korkmaz1, Abdulkerim Yilmaz2, Gürsel Yildiz3, Fatih Kiliçli4, Serhat Içağasioğlu5

ABSTRACT
Objective: The rate of reduction of nocturnal blood pressure (NBP) is lesser than normal in patients 
with type 2 diabetes mellitus (type 2 DM). Hyperhomocysteinemia (HHC) disrupts vascular structure 
and function, no matter the underlying causes. The risk of development of vascular disease is gre-
ater in diabetic patients with hyperhomocysteinemia than in patients with normal homocystein le-
vels. The aim of the study was to investigate whether there are differences of homocystein levels in 
dipper and non-dippers patients with type 2 DM. Subjects and methods: We compared 50 patients 
(33 females, 17 males) with type 2 DM and 35 healthy individuals (18 females, 17 males ) in a control 
group. Ambulatory blood pressure monitoring (ABPM) was performed and homocysteine levels 
were measured in all patients. Results: We found that the percentage of non-dipper pattern was 
72% in patients with type 2 DM and 57% in control group. In diabetic and control individuals, homo-
cystein levels were higher in non-dipper (respectively 13.4 ± 8.1 µmol/L and 11.8 ± 5 µmol/L) than in 
dipper subjects (respectively, 11.8 ± 5.8 µmol/L and 10.1 ± 4.2 µmol/L), but there was no significant 
difference between the two groups (respectively, p = 0.545, p = 0.294). Conclusion: In both groups, 
homocystein levels were higher in non-dipper than in dipper participants, but there was no signi-
ficant difference between the groups. High homocystein levels and the non-dipper pattern increa-
ses cardiovascular risk. Therefore, the relationship between nocturnal blood pressure changes and 
homocystein levels should be investigated in a larger study. Arq Bras Endocrinol Metab. 2012;56(5):285-90
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RESUMO
Objetivo: A taxa de redução da pressão arterial noturna (PAN) é menor em pacientes com diabetes 
melito tipo 2 (DM tipo 2). A hiper-homocisteinemia (HHC) perturba a estrutura e a função vascular, 
independentemente das causas subjacentes. O risco de desenvolvimento de doenças vasculares é 
maior em pacientes diabéticos com hiper-homocisteinemia do que em pacientes com níveis normais 
de homocisteína. O objetivo deste estudo foi investigar se há diferenças entre os níveis de homocis-
teína em pacientes com DM2 em condição dipper ou não dipper. Sujeitos e métodos: Comparamos 
50 pacientes (33 mulheres, 17 homens) com DM tipo 2 e 35 indivíduos saudáveis (18 mulheres, 17 
homens), usados como grupo controle. A monitorização ambulatorial da pressão arterial (MAPA) e 
os níveis de hemocisteína foram medidos em todos os pacientes. Resultados: Observamos que a 
porcentagem de não dipper foi de 72% em pacientes com DM tipo 2 e 57% no grupo controle. Em in-
divíduos diabéticos e controle, os níveis de homocisteína foram mais altos em indivíduos não dipper 
(respectivamente 13,4 ± 8,1 µmol/L e 11,8 ± 5 µmol/L) do que em indivíduos dipper (respectivamente, 
11,8 ± 5,8 µmol/L e 10,1 ± 4,2 µmol/L), mas não houve diferença significativa entre os dois grupos 
(respectivamente, p = 0,545, p = 0,294). Conclusão: Em ambos os grupos, os níveis de homocisteína 
foram mais altos nos indivíduos não dipper do que nos indivíduos dipper, mas não houve diferença 
significativa entre os grupos. Altos níveis de homocisteína e a condição não dipper aumentam o 
risco cardiovascular. Portanto, a relação entre as alterações da pressão arterial noturna e os níveis de 
homocisteína deve ser investigada em um estudo mais amplo. Arq Bras Endocrinol Metab. 2012;56(5):285-90
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Introduction

In developed and developing countries, prevalence of 
diabetes mellitus (DM) has quickly increased due to rapid 
change in lifestyle. DM leads to endothelial dysfunction 
and accelerated atherosclerosis. In humans, blood pressu-
re exhibits a circadian pattern: it is decreased by sleeping 
at night, and increased by waking at daytime. The pre-
sence of a decrease lower than 10/5 mmHg or 10%, or 
an increase in blood pressure during the night has been 
defined as “non-dipper pattern or phenomenon” (1,2). 
The non-dipper pattern is observed in about 25% of the 
hypertensive patients. In diabetic subjects, prevalence of 
this pattern is higher (3). In non-dipper hypertensive pa-
tients, target organ damage is more common. Numerous 
clinical studies have revealed that cardiovascular events 
are frequent in the early morning (4,5). It is presumed 
that the non-dipper pattern may lead to this condition 
as well as many other factors such as platelet aggregation 
and increased plasma catecholamine levels (6). 

Homocystein (Hcy) is sulfide amino acid that results 
from the methionine to cysteine transformation, and pre-
vious studies have detected that higher homocysteine is a 
risk factor for coronary, cerebral and peripheral vascular di-
seases (7). Hcy level is increased when there is deficiency of 
enzymes (cystathionine synthase or methyl tetrahydrofola-
te reductase) or cofactors (folic acid, vitamin B12) in the 
Hcy metabolism; high deficiency of methionine or vitamin 
B12 in the diet; senility and renal function impairment (8-
11). Free radicals arise from accumulation and oxidation of 
Hcy in several tissues, and lead to endothelial dysfunction. 
Homocystein metabolites are attached to LDL (low-den-
sity lipoprotein), inducing LDL aggregation. Phagocyto-
sis of LDL-thiolactone aggregates by intimal macrophages 
creates foam cells. As a result of these effects, Hcy leads 
to atherosclerotic plaques, vascular calcification, and fibro-
sis (12,13). High levels of Hcy are especially observed in 
patients with complicated diabetes. Previous clinical stu-
dies have reported that there were significant reductions in 
systolic and diastolic blood pressure following minimiza-
tion of Hcy levels. We aimed at examining the relationship 
between NBP changes and Hcy levels in type 2 diabetic 
patients, according to data in the literature. 

Material and methods

Selection of the patients

Inclusion criteria were diagnosis of type 2 DM; absence 
of any cardiovascular events in the past; no symptoms 

of malabsorption or history of gastrectomy; no use of 
drugs that may affect plasma homocystein levels (e.g. 
methotrexate, carbamazepine, phenytoin, nitrous oxide, 
corticosteroids); absence of illnesses such as hypothyroi-
dism, malignant and psychiatric diseases; no diagnosis 
of megaloblastic anemia and not being under treatment 
for this disorder; no chronic renal disease; no chronic 
liver disease; no heart failure; signed of informed con-
sent form.

Fifty patients with type 2 DM (group of patients) 
and 35 healthy individuals (control group) were inclu-
ded in the study. The study population was evaluated 
by physical examination and anamnesis. Body mass in-
dex was calculated by the kg/m2 formula after height 
was measured and individuals were weighted. Fasting 
blood glucose, vitamin B12, folic acid and Hcy levels 
were determined in fasting and two hours after break-
fast for the postprandial blood glucose in blood samples 
collected in the morning. Blood pressure  was recorded 
by ambulatory blood pressure monitoring (ABPM) 
during 24 hours.

Homocystein

The 5 cc blood sample collected in vacutainer tubes 
with EDTA were used in the Hcy assay. Serum was se-
parated in a centrifuge (Hettich Zentrifugen Universal 
32). Serum samples were kept at -20°C until the mo-
ment of analysis. Hcy levels were detemined by che-
miluminescense using a Homocysteine kit (Abbot, Il-
linois, US) in Abbott AxSYM autoanalyzer.

Vitamin B12 and folic acid

Vitamin B12 levels were determined by means of enzy-
me immunoassay using AIA-PACK B12 kit in AIA-600 
Tosoh autoanalyzer.

Statistical analysis

Data are expressed as mean ± SD. Data were analyzed 
by Student’s t test, Chi-square test, Mann-Whitney U 
test, and Pearson’s correlation; p-values < 0.05 were 
considered significant.

Results

The baseline characteristics of the studied population 
are summarized in table 1. Duration of diabetes was 9.8 
± 7 years in the group of patients.  

Homocysteine and non-dipper pattern 
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The dipper pattern was present in 14 (28%) and 
non-dipper pattern was present in 36 (72%) individuals 
of the group of patients. The dipper pattern was pre-
sent in 15 (43%) and non-dipper pattern was present in 
25 (57%) of the control individuals. There were no sig-
nificant differences between the two groups (p > 0.05). 

In diabetic patients and the control group, respec-
tively, the dipper pattern was present in 14 (28%) and 
15 (43%) individuals, and the non-dipper pattern was 
present in 36 (72%) and 20 (57%) individuals, respec-
tively. There was no significant difference between the 
two groups (p > 0.05).

In the group of patients, who had worse glycemic 
control (HbA1c ≥ 8.0%) showed higher, Hcy levels 
than subjects who had good glycemic control, but this 
difference had no statistical significance (p > 0.05; Ta-
ble 2). Hcy levels in dipper and non-dipper subjects 
in the group of patients were higher than the control 
group, but this difference was not statistically signifi-
cance (p > 0.05). Hcy levels in non-dipper individuals 
in the group of patients and control group were higher 
than in dipper individuals, but this difference was not 
significant (p > 0.05; Table 3). In the group of patients, 
the relationship between Hcy levels and DM duration, 
fasting blood glucose and postprandial blood glucose 
levels were not significant (p > 0.05). Both groups had 
normal vitamin B12 and folic acid levels.

Discussion

High Hcy levels are independent risk factors for car-
diovascular diseases, and it has a correlate with systolic 
and diastolic blood pressure and NBP changes. The 

Table 2. The relationship between HbA1c levels and Hcy in the patients 
group

HbA1c (%) n (%) Hcy (µmol/L)  
 ± SD p value

≥ 8.0 31(62) 14.1 ± 7.3 0.059 

< 8.0 19(38) 11.2 ± 5.8

HbA1c: glycosylated hemoglobin; Hcy: homocysteine.

Table 1. Demographic, clinical characteristics and laboratory data of 
study population

Patients 
group 

(n = 50) 
 ± SD

Control 
group  

(n = 35) 
 ± SD

p value

Demographics

Age (years) 59 ± 8 58 ± 8 NS

Gender (F/M, n) 33/17 18/17 NS

Clinical characteristics

DM Duration (years) 9.8 ± 7 - -

BMI (kg/m2) 30.2 ± 5.2 29.1 ± 3.4 NS

Dipper/nondipper (n) 14/36 15/20 NS

Laboratory data

FBG (mg/dL) 177 ± 73 84 ± 7 p < 0,05

PBG (mg/dL) 243 ± 94 105 ±  18  p <  0.05

HbA1c (%) 8.7 ± 2 5.3 ± 0.4 p < 0.05

Hcy (µmol/L) 12.3  ± 6.5 10.8 ± 4.6 NS

Mean day SBP (mmHg) 126 ± 18 124 ± 15 NS

Mean day DBP (mmHg) 77 ± 11 80 ± 11 NS

Mean night SBP (mmHg) 121 ± 18 116 ± 15 NS

Mean night DBP (mmHg) 73 ± 10 74 ± 10 NS

BMI: body mass index; DBP: diastolic blood pressure; DM: diabetes mellitus; FBG: fasting blood 
glucose; F/M: female/Male; HbA1c: glycosylated hemoglobin; Hcy: homocysteine; NS: 
nonsignificant; PBG: postprandial blood glucose; SBP: systolic blood pressure; SD: standard 
deviation; : mean. 

Table 3. Metabolic parameters of individuals with dipper and non-dipper in the study population

 Patients group Control group

Dipper
(n = 14)
 ± SD

Non-dipper  
(n = 36)
 ± SD

p value
Dipper
(n =15)
 ± SD

Non-dipper
(n = 20)
 ± SD

p value

BMI (kg/m2) 31.1 ± 5.7 29.9 ± 5.1 0.456 29.5 ± 3.8 0.342

DM duration (years) 6.2 ± 6.1 10.2 ± 7.4 0.522 - - -

FBG (mg/dL) 182 ± 93 175 ± 65 0.837 85 ± 7 84 ± 7 0.570

PBG (mg/dL) 239 ± 109 244 ± 89 0.689 110 ± 26 101 ± 6 0,764

HbA1c (%) 7.9 ± 1.7 9 ± 2.1 0.084 5.3 ± 0.4 5,4 ± 0.4 0.536

Hcy (μmol/L) 11.8 ± 5.8 13.4 ± 8.1 0.545 10.1 ± 4.2 11.8 ± 5 0.294

BMI: body mass index; DM: diabetes mellitus; FBG: fasting blood glucose; HbA1c: glycosylated hemoglobin; Hcy: homocysteine; PBG: postprandial blood glucose; SD: standard deviation; : mean.

Homocysteine and non-dipper pattern 
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non-dipper pattern is related with increased cardiovas-
cular complications. Target organ damage in hyper-
tensive patients correlated to a similar degree with 
daytime and nighttime blood pressure, on the basis of 
the observation that in hypertensive patients showing 
little or no nighttime blood pressure fall, end-organ 
damage is greater and cardiovascular events are more 
frequent than in hypertensive patients showing a clear 
nocturnal blood pressure fall (14). In conditions such 
as aging, some types of secondary hypertension (HT), 
Cushing syndrome, complicated DM with microalbu-
minuria, pheochromocytoma, renal parenchymal ill-
ness, eclampsia and congestive heart failure, it has been 
shown that the nocturnal reduction in blood pressure 
is lower than expected (15-17). Fogari and cols. com-
pared 47 normotensive and 48 hypertensive diabetic 
patients with 103 healthy individuals and were unable 
to detect a decrease in NBP in 30% of the normotensi-
ve diabetics and in 31% of hypertensive patients (18). 
Bauduceau and cols. determined that 167 patients were 
non-dippers (34%) and 317 were dippers (65%) among 
484 diabetic patients (19). Guerrero-Romero and cols. 
found nearly the same results in their studies (20). In 
our study, there were 36 non-dippers (72%) in type 2 
diabetic patients, and 20 ( 72.1%) in the control group.

Hyperinsulinemia (21), autonomic neuropathy 
(22), and impaired sleep quality may cause nocturnal 
hypertension in type 2 DM. In addition, diabetic pa-
tients often wake up during the night because of noc-
turia and BP measurement every 15-30 minutes, which 
causes blood pressure changes and affect sleep quality 
(23). Because of this, some of  patients may be erro-
neously considered be as non-dipper. However, ABPM 
equipment does not generally affect nocturnal blood 
pressure. When measuring BP, the position of the arm 
and body during sleep affects BP measurement. In the-
ory, this situation may cause errors in the calculation of 
night-day BP differences. Because of this, classification 
in dipper or non-dipper should not rely solely on one 
ABPM measurement.

We found high rates of the non-dipper pattern in 
both groups. We think that problems such as disrup-
tion of sleep patterns, intensity of work during the day, 
BP measurement in an inadequate position, presence 
of autonomic neuropathy, nocturia, and adjustment 
problems in the use of ABPM equipment for the first 
time may have led to these higher rates observed in the 
present report with other studies.

In the last 10 years, lots of  retrospective and pros-
pective clinical studies (9,10) about cardiovascular dise-
ases showed that increased plasma Hcy levels are inde-
pendent risk factor for cerebral and peripheral vascular 
illness, but recently Hcy levels have been replaced by 
cholesterol, smoking, and obesity (24). Nowadays, gro-
wing evidence froms epidemiological, animal and gene-
tic studies showed that Hcy level is an etiologic factor in 
cardiovascular illness. Generally it is accepted that values 
higher than 14 mmol/L (25), and sometimes higher 
than 20 mmol/L, pose the highest risk (26).

Chambers and cols. showed that an elevation in 
homocysteine concentration which is created with to 
drink oral methionine (metabolic precursor of ho-
mocysteine) is associated with an acute impairment of 
vascular endothelial function (27). Sutton-Tyrrell and 
cols. showed that high Hcy levels cause high systolic 
BP (28). Hcy decreases the relaxing factor produced 
by endothelial cells, induces muscle cell proliferation in 
blood vessels and reduces nitric oxide bioavailability, in-
creases monocyte, neutrophil and platelet adhesion to 
endothelial cells, and leads to faster occurence of athe-
rosclerosis, with increased cytotoxic affect (29).

We know that Hcy levels are higher in type 2 DM 
patients (30,31). In our study, we found Hcy levels 
even higher in the diabetic group than in the control 
group (respectively 12.3 ± 6.5 µmol/L and 10.8 ± 4.6 
µmol/L ), but this difference had not statistical signifi-
cance. 

HHC is seen more often in patients with compli-
cated diabetes, HT and nephropathy, than in patients 
with uncomplicated diabetes (32). Buysschaert and 
cols. found Hcy levels higher than 15 µmol/L in 31% 
of 122 complicated diabetic patients (33). We found 
Hcy levels higher than 15 µmol/L in 20% of the di-
abetic patients, but these patients were not evaluated 
for diabetic complications. Patients with cardiovascular 
disease and nephropathy were excluded from the study, 
and this may be a reason for reduced Hcy levels obser-
ved. In diabetic patients with HHC, improvement  in 
the risk of vascular disease is greater than in diabetic pa-
tients with normal Hcy levels, and this may lead to fas-
ter disease progression (34). Passaro and cols. showed 
that Hcy decreases with improved glycemic control 
(35). Pouwels and cols. reported that there is no diffe-
rence in the improvement of glycemic control (36). In 
our study, we determined that Hcy levels were high in 
diabetic patients with worse glycemic control (HbA1c ≥ 
8%), but this difference was not statistically significant.

Homocysteine and non-dipper pattern 



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

289Arq Bras Endocrinol Metab. 2012;56/5

In some studies, it has been shown that HHC affe-
cts vascular functions. Tan and cols. showed that there 
were impairment of endothelium-dependent and -in-
dependent vasodilation was already present in diabetic 
patients with normal Hcy levels, and these abnormaliti-
es became more severe with increasing Hcy levels. (37). 
When nitric oxide (NO) levels are reduced, a small 
increase in Hcy leads to decrased residual NO, which 
affects arterial regulatory tonus (38). Recently, a cor-
relation between systolic BP and plasma Hcy levels has 
been shown in a hypertensive geriatric population (39). 
In the 3rd National Health and Nutrition Examination 
Survey (NHANES III) study, increased BP prevalence 
was shown to be 2-3 times greater in individuals with 
high levels of Hcy than in individuals with lower Hcy 
levels (40). These investigations were corroborated 
with other experimental and cross-sectional studies. 

In addition to the reduction in systolic and diastolic 
BP caused by Hcy lowering therapy, it was shown that 
Hcy has a role in the pathogenesis of high BP. Diffe-
rently, Sundström and cols., at the end of a 4-year study 
with 2104 healthy  individuals who joined the Framin-
gham Heart Study found no relationship between ba-
seline Hcy levels and incidence and progression of high 
BP (41). In our study, Hcy levels were higher in non-
dipper than in dipper individuals, but this finding was 
not statistically significant. 

As a conclusion, we suggest that patients with type 
2 DM should be better analyzed in terms of Hcy levels 
and nocturnal blood pressure changes, because hyper-
homocysteinemia and the non-dipper pattern were ob-
served more frequently in these patients. In this con-
text, we think that the evaluation of non-dipper pattern 
and Hcy levels are important, and large-scale and de-
tailed studies should be carried out to determine the 
relationship between these two factors.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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