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Association of Pulse Pressure and Diurnal Blood Pressure Variation
with Micro- and Macrovascular Complications in Type 2 Diabetes in
Rohilkhand Region
Abhishek Kumar Verma1, Rahul Kumar Sinha2, Nikhil Saxena2
ABSTRACT
Introduction: In non-diabetic persons pulse pressure
(PP) is an independent predictor of cardiovascular disease
microalbuminuria. Reduced circadian blood pressure (BP)
variation is a potential risk factor for the development of
diabetic complication. We investigated association between
retinopathy, nephropathy, macrovascular disease, PP and
diurnal BP variation in a group of type 2 diabetes patients.
Material and methods: In 100 type 2 diabetic patients we
performed 24 hr ambulatory BP (AMBP) and fundoscopy,
urinary albumin excretion was evaluated by urinary albumin/
creatinine ratio. Presence and absence of macrovascular
disease was assessed.
Result: 61 patients had no detectable retinal changes (grade 1),
15 had grade 2 retinopathy, 24 had more advanced retinopathy
(grade 3-6). Compared to patients without retinopathy (grade
1), patients with grade 2 and 3-6 had higher PP and blurted
diurnal BP variation. Comparing nephropathy group (58
normal, 24 microalbuminuric, 18 macroalbuminuric patients).
Results are similar likewise compared to patients without
macrovascular disease (n=69), patients with this complication
(n=31) had higher AMBP value.
Conclusion: Increased PP and blurted diurnal BP variation
are hemodynamic abnormalities associated with micro and
macrovascular complication in type 2 diabetes mellitus.
Keywords: Pulse Pressure, Diurnal Blood Pressure, Micro
and Macrovascular, Type 2 Diabetes

INTRODUCTION
Blood pressure (BP) elevation is a key risk factor for the
development of diabetic complications.1 In non-diabetic,
hypertensive subjects 24-h ambulatory BP measurement
(AMBP) has been shown to be superior to conventional
BP measurement in predicting cardiovascular disease and
death.2,3 Recently,4 focus has been directed toward pulse
pressure (PP) as a predictor of cardiovascular risk in nondiabetic subjects.5–10 Moreover, increased PP is associated
with microalbuminuria in non-diabetic subjects.11 There
are no studies concerning the role of PP in diabetes and its
associated complications. It is now being evident that not
only the average level of BP, but also an abnormal circadian
BP rhythm with a decreased fall in night BP, determines
the development of diabetic complications. An association
between impaired diurnal BP variation and diabetic
complications has been found in both type 1 (retinopathy12
and nephropathy13,14) and in type 2 diabetes (nephropathy15,16
and macrovascular disease17). The aim of this study was to

evaluate the association between pulse pressure and microand macrovascular complications of diabetes, as well as
circadian BP variation, in patients with type 2 diabetes.

MATERIAL AND METHODS
Hundred type 2 diabetic patients were identified from our
hospital OPD, In present study age of diagnosis of diabetes
is >30 years, with no need for insulin treatment for at least
1 year after the diagnosis of diabetes, and no history of
ketoacidosis. Retinal examination was done within 1 month
from an assessment of 24-h AMBP. Hemoglobin A1c (HbA1c)
was determined by high-performance liquid chromatography
(non-diabetic range < 6.4%). The patients were classified as
non smokers (without daily use of tobacco for the preceding
year) or smokers (daily use of tobacco).
Twenty-Four-Hour BP Measurements The AMBP was
measured are performed. If the measurements are found to
be missing for more than 3 hrs the patient was excluded.
Retinopathy Grading

In each eye a standard photograph of 60 degrees was
taken. Each type of pathologic lesions like hemorrhages
or microaneurysms, hard exudates, or cotton wool spots
was counted, and the presence of laser scars or vascular
abnormalities such as venous beading, or neovascularisations
or intraretinal microvascular abnormalities (IRMA vessels)
were counted, Every photograph taken was individually
evaluated by two experienced graders. When the both
evaluations of a photograph were discrepant it was reassessed
by both the graders together. On the basis of the grading of
all lesions present on a photograph each eye was assigned an
overall retinopathy grade on a scale from 1 to 6 according to
the principles used in the Wisconsin Epidemiologic Study
of Diabetic Retinopathy19 with a modification is considered
to ensure that lesions implies the same risk of progression
to proliferative diabetic retinopathy resulted in the same
retinopathy level (ETDRS Report 1220): 1 = no retinopathy;
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Pair wise comparisons were assessed with significance
levels appropriately modified using the method of Dunnett
(two-sided), when analysis of variance (ANOVA) indicated
significant differences between groups,. For noncontinuous
variables the X2 test with Yates’ correction was used. A twotailed P value of less than .05 was considered significant.
Results are expressed as mean +/- SD. Multiple regression
analysis was performed by stepwise linear regression
analysis.

RESULTS

Diastolic AMBP (mm Hg)
Day
Night
N/D ratio
(%)
Systollic AMBP (mm Hg)
Day
Night
N/D ratio
(%)

Retinopathy

Sixty one patients had no detectable retinal changes (grade
1), 15 had grade 2 retinopathy, and 24 had advanced
retinopathy (grades 3–6). They were grouped together due to
the very small numbers present in each group. The clinical
characteristics and AMBP values of the patients when grouped
together according to severity of complications are given in
(Table 1). In patients with retinopathy (grades 2 and 3–6) the
12

Retinopathy grade
1
61(25/24)
55 ± 11
3.4 ± 4.4
55
8.8 ± 1.8
144 ± 14
128 ± 14
89.3 ± 7
86 ± 9
73 ± 8
85.1 ± 9
57 ± 11
55 ± 10
2
15(10/3)
59 ± 10
2.4 ± 3.0
54
8.3 ± 2.2
154 ± 19
145 ± 16
94.6 ± 8
90 ± 15 81 ± 14 90.8 ± 10
64 ± 11
64 ± 10
3-6
24(14/4)
58 ± 9
8.8 ± 7.5
78
8.3 ± 2.0
154 ± 21
142 ± 23
92.0 ± 6
91 ± 9
82 ± 11
89.0 ± 7
63 ± 15
61 ± 15
P
NS
NS
<.001
NS
NS
<.05
<.01
<.05
NS
<.01
<.07
NS
<.05
Albuminuria group
Normo
58(23/22)
55 ±9
3.5 ± 4.1
53
8.9 ± 2.1
143 ± 13
127 ± 13
88.9 ± 7
86 ± 9
73 ± 8
84.8 ± 9
57 ± 9
54 ± 9
Micro
24(13/6)
53 ± 11
3.9 ± 5.5
68
8.5 ± 1.7
147 ± 15
136 ± 16
92.0 ± 7
89 ± 10 79 ± 11
88.9 ± 7
59 ± 11
57 ± 10
Macro
18(12/3)
62 ± 10
8.2 ± 8.0
73
8.1 ± 1.5
162 ± 22
153 ± 20
94.9 ± 7
93 ± 12 84 ± 12 91.0 ± 10
70 ± 16
70 ± 15
P
NS
<.05
<.05
NS
NS
<.001
<.001
<.02
NS
<.01
<.05
<.001
<.001
Macrovascular disease
No
69(30/25)
54 ± 9
3.8 ± 5.4
53
8.8 ± 2.1
147 ± 17
131 ± 19
89.2 ± 6
89 ± 10 76 ± 11
85.0 ± 7
58 ± 12
57 ± 12
Yes
31(19/6)
60 ± 11
5.8 ± 5.9
76
8.3 ± 1.5
149 ± 17
140 ± 16
94.1 ± 9
86 ± 11 78 ± 11
91.0 ± 11
63 ± 12
63 ± 11
P
NS
<.05
NS
NS
NS
NS
<.05
<.01
NS
NS
<.01
.07
<.05
AMBP = ambulatory blood pressure; AHT = receiving antihypertensive treatment; HbA1c = hemoglobin A1c; N/D = night/day; NS = not significant; Normo = normoalbuminuria; Micro =
microalbuminuria; Macro = macroalbuminuria. Data are mean ± SD.
Table-1: Clinical characteristics and ambulatory blood pressure of patients grouped according to severity of complications

STATISTICAL ANALYSIS

HbA1C
(%)

Macrovascular disease is considered if one or more of the
following was present: symptoms of angina pectoris, history
of myocardial infarction, coronary artery bypass grafting,
percutaneous transluminal coronary angioplasty, symptoms
of/ or operation for intermittent claudication, amputations,
or history of transient ischemic attack or stroke. The AMBP
values were not known to the physician who performed
the classification of macrovascular disease. The study was
approved by the ethical committee of our hospital.

AHT
(%)

Macrovascular Disease Classification

Duration (y)

The three samples of morning urine were taken for
urinary albumin excretion (UAE) and was evaluated
by albumin/creatinine ratios. Patients were classified as
normoalbuminuric, when at least two of three urinary
albumin/creatinine ratios were <2.5 mg/mmol (men) and
<3.5 mg/mmol (women), microalbuminuric (between 2.5
and 25 mg/mmol (men) and between 3.5 and 35 mg/mmol
(women)), or macroalbuminuric (>25 mg/mmol (men) and
>35 mg/mmol (women) or dip stick positive proteinuria in at
least two of three samples).21

Age (y)

Nephropathy Classification

n (♂/♀)

2a = less than 20 hemorrhages or microaneurysms, or 2b
= cotton wool spots alone; 3a = 20 or more hemorrhages
or microaneurysms, or 3b hard exudates combined with
any number of hemorrhages or microaneurysms, or 3c
less than 5 cotton wool spots combined with hemorrhages
or microaneurysms or hard exudates; 4 = 5 or more cotton
wool spots or IRMA vessels combined with hemorrhages or
microaneurysms with or without hard exudates; 5 = venous
beading combined with hemorrhages or microaneurysms
with or without hard exudates, IRMA vessels, or cotton
wool spots; 6 = proliferative diabetic retinopathy, or scars
of photocoagulation known to have been directed at new
vessels. The retinopathy grade on the worst eye was used for
the analysis in all the patients. AMBP values were not known
to the opthalmologists.

Pulse Pressure (mm Hg)
Day
Night
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on diastolic night BP (P = .03), whereas on the rest of the
AMBP parameters the effect of retinopathy grade barely
reached any statistical significance (eg, P = .06 for systolic
night BP).
Nephropathy

Figure-1: Mean values of night ambulatory blood pressure (AMBP)
and night pulse pressure (PP) in relation to the three complication
types (Œ diastolic blood pressure; _ systolic blood pressure; shaded
bar, PP). Error bars indicate SE.

AMBP was found to be consistently higher compared to the
group with no detectable retinal changes (grade 1), whereas
in patients with retinopathy grades 2 and 3–6 AMBP values
were similar. Diurnal BP variation was found to be blunted in
the patients with retinopathy as indicated by higher night/day
ratios of systolic (P < .05) as well as diastolic BP (P = .07).
Mean values of systolic and diastolic night BP and night PP
for the three groups are depicted in Fig. 1. As apparent from
the figure particularly systolic (P < .01 for grades 2 and 3–6 ν
grade 1) but also diastolic night BP (P < .05 for grades 2 and
3–6 ν grade 1) were found higher in patients with retinopathy
compared to patients without retinopathy, whereas there was
no significant difference between grades 2 and 3–6.
As the increase in BP with increasing severity of retinopathy
was more pronounced in systolic than in diastolic night BP,
night PP was higher in the groups with retinopathy compared
to the group without retinopathy (grade 2 ν grade 1, P < .05,
grade 3–6 ν grade 1, P = not significant). Patients with no
retinopathy (grade 1) had nearly normal UAE (19% were
micro- and 11% macroalbuminuric), whereas in patients
with grade 2 (50% micro- and 25% macroalbuminuric) and
3–6 retinopathy (22% micro- and 39% macroalbuminuric)
are having these results, P < .05 for grades 2 and 3–6 ν grade
1.Diabetes duration was significantly longer in patients
with grade 3–6 compared to patients in the rest two groups.
No significant differences were found regarding tobacco
consumption, age, sex, antihypertensive or anti-diabetic
treatment, body mass index (BMI), HbA1c, or lipids
between the groups (data not shown). There was a weak,
non significant association between AMBP parameters and
duration of diabetes, Age is correlating significantly with
some AMBP parameters (night/day ratios, systolic night
BP and night PP), whereas albuminuria status correlated
strongly with almost all AMBP parameters. When covariates
like albuminuria status, age, and duration were entered in the
ANOVA, there was still a significant effect of retinal grade

Fifty eight patients were normoalbuminuric (median
urinary albumin/creatinine ratio 1.5 mg/mmol, mean
plasma ([p]-creatinine) 77 µmol/L), 24 patients were
microalbuminuric (median albumin/creatinine ratio 7.1 mg/
mmol, mean p-creatinine 75 µmol/L), and 18 patients were
macroalbuminuric (median albumin/ creatinine ratio 124.2
mg/m mol, mean p-creatinine 95 µmol/L); in 1 patient it was
not possible to obtain information on UAE. In normal UAE
patients AMBP values were consistently lowest, They were
somewhat higher in the microalbuminuric group, and highest
in the group with macroalbuminuria (Table 1).
This increment in BP with increasing degree of albuminuria
was statistically significant for all AMBP parameters, except
for diastolic day BP, as well as for all PP. Diurnal BP variation
was increasingly abrupt, with stepwise augmentation in
night/day ratios of systolic (P < .02) and diastolic BP (P <
.05), in the normo-, micro- and macroalbuminuric groups.
Mean values of systolic and diastolic night BP and night
PP for the patients divided according to albuminuria are
depicted in Fig. 1. Systolic and diastolic night BP tended to
be higher in the micro- than in the normoalbuminuric group
(P = .08 for both) and was highest in the macroalbuminuric
group (P < .001 ν the normoalbuminuric group for both).
Night PP was highest in the macroalbuminuric group (P <
.001 ν normoalbuminuric group), whereas the difference
between the normo and microalbuminuric groups was not
statistically significant. Patients with macroalbuminuria
were having longer duration of diabetes and were older than
patients in the normo- and microalbuminuric groups. There
were no significant differences regarding antihypertensive
or anti-diabetic treatment, sex, tobacco consumption, BMI,
HbA1c, or lipids between the groups. When age and duration
were included as covariates in a multivariate analysis, the
effect of albuminuria status on systolic day (P < .01) and
night (P < .001) BP, diastolic night BP (P < .01), systolic and
diastolic night/day ratio (P < .05 for both), and day and night
PP (P < .05 and P < .001, respectively) was still statistically
significant.
Macrovascular Disease

Sixty nine patients had no history or symptoms of
macrovascular disease, whereas the remaining 31 patients
fulfilled at least one of the above-mentioned criteria for this
condition. In the group with macrovascular disease, systolic
AMBP values were consistently higher, reaching statistical
significance for systolic night BP (Table 1). Whereas,
diastolic day BP tended to be a little lower in the group with
macrovascular disease, whereas diastolic night BP tended to
be a little higher. Consequently, PP and night/day ratios were
significantly higher in this group, compared to the group
without macrovascular disease. Mean values of systolic and
diastolic night BP and night PP for the two groups are depicted
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in Fig. 1. It is apparent that systolic night BP and night PP (P
< .05 for both) were higher in the group with macrovascular
disease than in the group without macrovascular disease,
whereas no significant difference in diastolic night BP
was seen between the groups. Patients with macrovascular
disease were having longer duration of diabetes and are
mostly older than patients without this complication. In
patients with macrovascular disease (24% were micro- and
28% macroalbuminuric) albuminuria is found to be higher
than in patients without macrovascular disease (23% microand 15% macroalbuminuric), but this difference was not
statistically significant. There were no differences regarding
sex, tobacco consumption, antihypertensive or anti-diabetic
treatment, BMI, HbA1c, or lipids between the groups. When
age or duration were introduced as covariates in the analysis,
the effect of macrovascular disease group was still significant
for systolic and diastolic night/ day ratios (P < .05 for both),
but not for the rest of the AMBP parameters. When entering
retinopathy, albuminuria, and macrovascular disease groups
together with age, sex, duration, antihypertensive treatment,
BMI, and HbA1c into a multivariate analysis, predictors of
systolic night BP were albuminuria (P < .001) and age (P <
.01), whereas the effect of retinopathy grade was borderline
significant (P = .06, for the total multivariate analysis: r2 =
0.33, P < .001). Predictors of systolic night/day ratio were
age, albuminuria, and macrovascular disease group (P < .05
for all, total analysis r2 = 0.25, P < .001), and predictors of
night PP were albuminuria group (P < .001) and age (P < .05,
total analysis r2 = 0.28, P < .001). All other factors mentioned
had no significant predictive value for these BP parameters.

DISCUSSION
We present data on the association between three
complications of type 2 diabetes: retinopathy, nephropathy,
and macrovascular disease and AMBP. The severity of
complications correlates consistently with AMBP values.
Night BP were increased to a higher extent than day BP in
patients with complications compared to patients without
complications, this reflects a disturbed circadian BP
variation in these patients. Likewise, Increase in systolic
BP was larger than diastolic BP, resulting in higher PP in
groups with compared to groups without complications. We
have also found a strong association between the presence
of nephropathy and retinopathy, whereas the association
between these two microvascular complications and the
presence of macrovascular disease was not statistically
significant. Precision may be limited in the classification
of individuals as no invasive test has been performed for
macrovascular complications, thus possibly introducing
dilution bias, favoring the null hypothesis. But, despite of
all this potential lack of power we were able to demonstrate
significant differences in AMBP values between subjects
with and without clinically evident macrovascular disease.
The association between elevation in BP and diabetic
complications is well known through many studies.22 A
possible reason for the association between retinopathy and
hypertension is proposed by Kohner and Patel.23,24 Blood
14

pressure elevation leads to increased perfusion pressure,
which causes hyperperfusion, especially in the presence of
hyperglycemia, as this condition impairs auto regulation. The
resulting increase in capillary shear stress leads to damage
and closure of these small vessels with subsequent additional
hyperperfusion, thus establishing a true circulus vitiosus.
In the kidney these hemodynamic changes might result in
glomerular hypertension and subsequent glomerular leakage
of plasma proteins, forming the basis for the increase in
albuminuria.25 In larger arteries increased shear stress might
facilitate endothelial dysfunction and atherosclerosis that are
two pathophysiologic mechanisms in the development of
macrovascular disease. In accordance with this hypothesis
our patients with complications had higher values of AMBP,
than with those without complications. Likewise, BP dropped
significantly less during the night time in patients with
complications. This association between disturbed diurnal
BP variation (non dipping) and diabetic complications is in
accordance with previous studies in both type 1 and type 2
diabetic patients.12–17 A blunted diurnal BP variation could
be an indicator of autonomic dysfunction,26 a condition that
has been related to the other diabetic complications.26–28
Dysfunction of autonomic nerves to resistance vessels might
adversely affect their ability to prevent the propagation of an
elevated systemic BP to the microcirculation, thus putting
further strain on the auto regulation of capillary perfusion
and aggravating the capillary hypertension and hyper
perfusion, as mentioned previously. However, lack of data
on autonomic nervous function in these patients makes this
association speculative.
Till now focus has been directed toward increase in diastolic
BP rather than systolic BP. Systolic BP often increases with
age, whereas diastolic BP remains unchanged or declines,29
causing a widening of the PP. These changes, thought to be
due to the development of arteriosclerosis-induced stiffness
of the arteries were, until recently thought to be physiologic
and benign in nature. However, recent randomized trials
have shown substantial benefits of treating isolated systolic
hypertension in elderly patients,30–32 and lately several studies
have shown PP to be a major, independent predictor of
cardiovascular events in non-diabetic subjects.5–10 Moreover,
in middleaged, non-diabetic subjects PP and isolated systolic
hypertension has recently been shown to be associated with
microalbuminuria.11
Our study is the first to report an association between
increments in PP and diabetic complications in our region.
If an augmented PP to some extent is an epiphenomenon,
reflecting a decreased elasticity of large- and middle-sized
arteries, one can imagine that the capability of these vessels
to absorb changes in BP is decreased, and consequently, these
vessels would be more likely to allow the propagation of an
increased BP to the microcirculation. The resulting increased
BP amplitude imposes a steep increase in shear stress on the
microvasculature, especially if resistance vessel innervation
and autoregulation is impaired as described above, resulting
in capillary/glomerular hypertension and development of
micro- and macrovascular complications.
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In conclusion, our data show that in type 2 diabetic patients
the presence of retinopathy, nephropathy, and macrovascular
disease is consistently associated with increased PP and
decreased fall in night BP. These hemodynamic abnormalities
might be a result of or a contributor to the development of
diabetic complications.

14.

REFERENCES

15.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

UKPDS 38: Tight blood pressure control and risk of
macrovascular and microvascular complications in type
2 diabetes: UKPDS 38. BMJ 1998;317:703–713.
Perloff D, Sokolow M, Cowan R. The prognostic value
of ambulatory blood pressures. JAMA 1983;249:2792–
2798.
Staessen JA, Thijs L, Fagard R, O’Brien ET, Clement D,
de Leeuw PW, Mancia G, Nachev C, Palatini P, Parati
G, Tuomilehto J, Webster J. Predicting cardiovascular
risk using conventional vs ambulatory blood pressure
in older patients with systolic hypertension. Systolic
Hypertension in Europe Trial Investigators. JAMA
1999;282:539–546.
Wilkinson IB, Cockcroft JR. Mind the gap: pulse
pressure, cardiovascular risk, and isolated systolic
hypertension. Am J Hypertens 2000;13:1315–1317.
Benetos A, Safar M, Rudnichi A, Smulyan H, Richard
JL, Ducimetieere P, Guize L. Pulse pressure: a predictor
of long-term cardiovascular mortality in a French male
population. Hypertension 1997;30:1410–1415.
Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Pede
S, Porcellati C. Ambulatory pulse pressure: a potent
predictor of total cardiovascular risk in hypertension.
Hypertension 1998;32:983–988.
Franklin SS, Khan SA, Wong ND, Larson MG, Levy D.
Is pulse pressure useful in predicting risk for coronary
heart Disease? The Framingham heart study. Circulation
1999;100:354–360.
Blacher J, Staessen JA, Girerd X, Gasowski J, Thijs
L, Liu L, Wang JG, Fagard RH, Safar ME. Pulse
pressure not mean pressure determines cardiovascular
risk in older hypertensive patients. Arch Intern Med
2000;160:1085–1089.
Asmar R, Rudnichi A, Blacher J, London GM, Safar
ME. Pulse pressure and aortic pulse wave are markers
of cardiovascular risk in hypertensive populations. Am
J Hypertens 2001;14:91–97.
Zakopoulos NA, Lekakis JP, Papamichael CM,
Toumanidis ST, Kanakakis JE, Kostandonis D,
Vogiazoglou TJ, Rombopoulos CG, Stamatelopoulos
SF, Moulopoulos SD. Pulse pressure in normotensives:
a marker of cardiovascular disease. Am J Hypertens
2001; 14:195–199.
Cirillo M, Stellato D, Laurenzi M, Panarelli W, Zanchetti
A, De Santo NG. Pulse pressure and isolated systolic
hypertension: association with microalbuminuria. The
GUBBIO Study Collaborative Research Group. Kidney
Int 2000;58:1211–1218.
Poulsen PL, Bek T, Ebbehøj E, Hansen KW, Mogensen
CE. 24-h ambulatory blood pressure and retinopathy
in normoalbuminuric IDDM patients. Diabetologia
1998;41:105–110.
Hansen KW, Mau PM, Marshall SM, Christiansen JS,

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mogensen CE. Circadian variation of blood pressure
in patients with diabetic nephropathy. Diabetologia
1992;35:1074–1079.
Poulsen PL, Hansen KW, Mogensen CE. Ambulatory
blood pressure in the transition from normo- to
microalbuminuria. A longitudinal study in IDDM
patients. Diabetes 1994;43:1248–1253.
Nielsen FS, Rossing P, Bang LE, Svendsen TL, Gall
MA, Smidt UM, Parving HH. On the mechanisms of
blunted nocturnal decline in arterial blood pressure in
NIDDM patients with diabetic nephropathy. Diabetes
1995;44:783–789.
Equiluz-Bruck S, Schnack C, Kopp HP, Schernthaner
G. Nondipping of nocturnal blood pressure is related to
urinary albumin excretion rate in patients with type 2
diabetes mellitus. Am J Hypertens 1996;9:1139–1143.
Nakano S, Fukuda M, Hotta F, Ito T, Ishii T, Kitazawa
M, Nishizawa M, Kigoshi T, Uchida K. Reversed
circadian blood pressure rhythm is associated with
occurrences of both fatal and nonfatal vascular events
in NIDDM subjects. Diabetes 1998;47:1501– 1506.
O’Brien E, Coats A, Owens P, Petrie J, Padfield
PL, Littler WA, de Swiet M, Mee F. Use and
interpretation of ambulatory blood pressure monitoring:
recommendations of the British hypertension society.
BMJ 2000;320:1128–1134.
Klein R, Klein BE, Moss SE, Davis MD, DeMets
DL. The Wisconsin epidemiologic study of diabetic
retinopathy. II. Prevalence and risk of diabetic
retinopathy when age at diagnosis is less than 30 years.
Arch Ophthalmol 1984;102:520–526.
Early Treatment Diabetic Retinopathy Study Research
Group. Fundus photographic risk factors for progression
of diabetic retinopathy. ETDRS report number 12. Early
Treatment Diabetic Retinopathy Study Research Group
Ophthalmology 1991;98:823–833.
Mogensen CE, Keane WF, Bennett PH, Jerums G,
Parving HH, Passa P, Steffes MW, Striker GE, Viberti
GC. Prevention of diabetic renal disease with special
reference to microalbuminuria. Lancet 1995;346:1080–
1084.
Adler AI, Stratton IM, Neil HA, Yudkin JS, Matthews
DR, Cull CA, Wright AD, Turner RC, Holman
RR. Association of systolic blood pressure with
macrovascular and microvascular complications of
type 2 diabetes (UKPDS 36): prospective observational
study. BMJ 2000;321:412–419.
Patel V, Rassam S, Newsom R, Wiek J, Kohner E.
Retinal blood flow in diabetic retinopathy. BMJ
1992;305:678–683.
Kohner EM, Patel V, Rassam SM. Role of blood flow
and impaired autoregulation in the pathogenesis of
diabetic retinopathy. Diabetes 1995;44:603–607.
Imanishi M, Yoshioka K, Konishi Y, Okumura M, Okada
N, Sato T, Tanaka S, Fujii S, Kimura G. Glomerular
hypertension as one cause of albuminuria in type II
diabetic patients. Diabetologia 1999;42: 999–1005.
Spallone V, Gambardella S, Maiello MR, Barini
A, Frontoni S, Menzinger G. Relationship between
autonomic neuropathy, 24-h blood pressure profile, and
nephropathy in normotensive IDDM patients. Diabetes
Care 1994;17:578–584.

International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379 | ICV: 77.83 |

Volume 5 | Issue 1 | January 2018

15

Section: Medicine

Verma, et al.

Section: Medicine

Verma, et al.

Pulse Pressure and Diurnal Blood Pressure Variation with Micro- and Macrovascular Complications

27. Krolewski AS, Barzilay J, Warram JH, Martin BC,
Pfeifer M, Rand LI. Risk of early-onset proliferative
retinopathy in IDDM is closely related to cardiovascular
autonomic neuropathy. Diabetes 1992;41: 430–437.
28. Zander E, Schulz B, Heinke P, Grimmberger E, Zander
G, Gottschling HD. Importance of cardiovascular
autonomic dysfunction in IDDM subjects with diabetic
nephropathy. Diabetes Care 1989;12:259–264.
29. Franklin SS, Gustin W, Wong ND, Larson MG, Weber
MA, Kannel WB, Levy D. Hemodynamic patterns of
age-related changes in blood pressure. The Framingham
Heart Study. Circulation 1997;96: 308–315.
30. SHEP Cooperative Research Group: Prevention of
stroke by antihypertensive drug treatment in older
persons with isolated systolic hypertension. Final
results of the Systolic Hypertension in the Elderly
Program (SHEP). SHEP Cooperative Research Group
JAMA 1991;265:3255–3264.
31. Curb JD, Pressel SL, Cutler JA, Savage PJ, Applegate
WB, Black H, Camel G, Davis BR, Frost PH, Gonzalez
N, Guthrie G, Oberman A, Rutan GH, Stamler J.
Effect of diuretic-based antihypertensive treatment on
cardiovascular disease risk in older diabetic patients with
isolated systolic hypertension. Systolic Hypertension
in the Elderly Program Cooperative Research Group.
JAMA 1996;276: 1886–1892.
32. Staessen JA, Fagard R, Thijs L, Celis H, Arabidze GG,
Birkenhager WH, Bulpitt CJ, de Leeuw PW, Dollery CT,
Fletcher AE, Forette F, Leonetti G, Nachev C, O’Brien
ET, Rosenfeld J, Rodicio JL, Tuomilehto J, Zanchetti A.
Randomised double-blind comparison of placebo and
active treatment for older patients with isolated systolic
hypertension. The Systolic Hypertension in Europe
(Syst-Eur) Trial Investigators. Lancet 1997;350:757–
764.
Source of Support: Nil; Conflict of Interest: None
Submitted: 15-12-2017; Accepted: 12-01-2018; Published: 24-01-2018

16

International Journal of Contemporary Medical Research
Volume 5 | Issue 1 | January 2018 | ICV: 77.83 |

ISSN (Online): 2393-915X; (Print): 2454-7379

