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Introduction

The burden of  diabetes mellitus (DM) has threatening trend in India.[1] 
DM itself  is a cardiovascular risk[2] and in majority, hypertension 
develops as co‑morbidity.[3] Brachial blood pressure (BP) is a routine 
in diabetics with/without hypertension but with limitations. Aortic 
BP and central hemodynamics are better, direct, discrete parameters 
about vascular ageing of  diabetes that can be measured noninvasively 
by a pulse wave analysis (PWA).[4] PWA‑based studies are recently 
published in normal, diabetic, and hypertensive population of  our 

region.[4‑6] Diabetic nephropathy (DN) is a common microvascular 
complication whose association with PWA parameters is not known 
in our population. In a recent study, we found that PWA‑derived 
arterial stiffness (AS) parameters are related to estimated glomerular 
filtration rate (eGFR) but not proteinuria in our diabetics.[7] To extend 
further by this paper, we tested association of  DN with hemodynamic 
parameters in same study sample.

Materials and Methods

Study design and participants
We got study protocol approved by our institutional review 
board IRB committee approval number: IRB (HEC) 760/2018, 
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Physiology 77/2018 dated 28/03/2018. Study protocol was 
approved by the institutional review board of  our medical college 
and it was registered prospectively in clinical trial registry of  
India. We undertook a cross‑sectional study on diabetic patients 
attending medicine outdoor patient department at a tertiary 
care teaching government hospital, attached to a government 
medical college.

Inclusion and exclusion criteria
We included ambulatory, nonathletic, type‑2 diabetics (T2D) 
taking regular antidiabetics, with or without hypertension, with 
current reports of  serum creatinine and proteinuria available, 
both males and females, nonalcoholic, nonsmoking, not known 
to have any acute/chronic systemic disease, willing for written 
informed consent. Apart from these criteria, we also excluded 
pregnant subjects, subjects with eGFR <15, subjects using any 
alternative system of  medicines.

Study groups
Sample size was calculated by Raosoft software (Raosoft, Inc., 
free online software, Seattle, WA, USA). To have 95% confidence 
level, 5% precision, considering diabetes prevalence 7.4%, sample 
size of  148 was adequate for our population. We screened and 
enrolled 178 diabetics meeting inclusion criteria from general 
medicine outdoor patient department by simple random 
sampling. We excluded six subjects due to arm circumference 
beyond available cuff  size, seven subjects due to poor quality of  
record, and one with irregular pulse wave rhythm. In previous 
publication of  the same study, we had 164 subjects, of  which, 
4 subjects with age more than 75 years have been dropped in 
current paper. So, a case group finally had 160 cases.

Subject assessment and definitions
We noted demographic characteristics, risk factors, self‑reported 
moderate physical activity, relevant disease history, and 
detailed history of  pharmacotherapy of  all subjects. Systolic 
BP (SBP) ≥140 mm of  Hg and diastolic BP (DBP) ≥90 mm 
of  Hg or use of  antihypertensive medication was defined as 
hypertension. SBP <140 mm of  Hg and DBP <90 mm of  
Hg was taken as BP control. Glycemic control was defined as 
per American Diabetes Association guidelines 2018[8] based 
on fasting plasma glucose (FPG <130 mg/dl) and 2 h plasma 
glucose (2 hPG <180 mg/dl). Current reports of  proteinuria and 
serum creatinine were noted. eGFR was calculated using MDRD 
formula:[9] eGFR = 186 × Serum Cr − 1.154 × age − 0.203 × 1.212 (if  
patient is black) × 0.742 (if  female). Using eGFR cutoff, 60 
subjects were graded for DN.

Oscillometric PWA
We used portable, personal computer attached, calibrated[10] 
and validated[11] instrument Mobil‑o‑Graph (IEM GMBH, 
Stolberg, Germany) of  Physiology department. It performs 
oscillometric PWA as per protocol designed by European Society 
of  Hypertension. Pressure waves are generated by brachial 
arterial pulsation, which are transmitted to brachial BP cuff  

and measured by transducer that is fed into microprocessor. 
Computerized software records brachial pulse wave and by 
validated a generalized transfer factor, derives central aortic pulse 
wave. Using ARCSolver algorithm, it further undergoes point 
based and area‑based analysis by computer software to derive 
various cardiovascular parameters. Based on measured left mid 
arm circumference, a BP cuff  was chosen and applied to using 
standard protocol. All readings were taken after rest for 10 min, in 
postabsorptive phase in a calm room without external influences 
or avoiding arm movement.[10]

Parameters measured and derived
These are same as used in our previous Mobil‑o‑graph based 
studies.[12,13]

1) Heart rate (HR), body mass index (BMI), body surface 
area (BSA).

2) B r a c h i a l  h e m o d y n a m i c s  ( B H )  ‑  b l o o d 
pressure (bBP)‑ systolic (bSBP), diastolic (bDBP), pulse (bPP) 
and mean (bMBP), pulse pressure index (PP/SBP), rate 
pressure product (RPP = HR per minute × SBP × 10‑2).

3) C e n t r a l  h e m o d y n a m i c s  ( C H ) ‑  a o r t i c  b l o o d 
pressure (aBP)‑ systolic (aSBP), diastolic (aDBP), pulse (aPP), 
cardiac index (CI = cardiac output/BSA), stroke volume 
index (SVI = stroke volume/BSA), stroke work (SW = pulse 
pressure × stroke volume × 0.0144).

4) It also gives AS parameters, which were described in another 
published paper.

Statistical analysis
Data were entered into and sorted by Excel spreadsheets. 
Numerical data were expressed as mean ± standard deviation 
and qualitative data were expressed as number. Statistical 
calculations were done by GraphPad InStat 3 software (demo 
version free software of  GraphPad Software, Inc., California, 
USA). Normality test was done for all parameters to test for 
parametric distribution before choosing a test. A comparison 
of  quantitative data was done by student’s unpaired t‑test or 
Mann–Whitney U‑test. We compared difference in distribution 
of  qualitative data by normality test or Chi‑square test. Linear 
correlation was tested by Pearson’s or Spearmen’s test depending 
on parametric or nonparametric nature of  variables. Statistical 
significance level was kept at P value < 0.05.

Results

Table 1 shows baseline and hemodynamic parameters of  T2D in 
total and with respect to gender‑based subgroups. Overall, there 
was mean age of  56 years, mean duration of  diabetes is 4.76 years, 
representation of  both genders, high mean BMI, low‑percentage 
physical activity. There was 80% co‑existence of  hypertension 
in which all but three were using ACEI and there was 50% BP 
control and 40% glycemic control. DN parameters showed mean 
serum creatinine 1.09, mean eGFR 88.92, one‑third prevalence of  
proteinuria and one‑sixth prevalence of  eGFR <60. Mean BH and 
CH were below cutoff. Male and female subgroups were comparable 
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for baseline data except low mean age, low mean height, and poor 
BP control in females than males. Females had significantly higher 
decline in eGFR than males. BH and CH parameters were higher 
in females than males. These differences were significant for most 
parameters except DBP, SVI, and stroke work.

Table 2 shows comparisons of  diabetic proteinurics (n = 53) and 
nonproteinurics (n = 53, selected from remaining 107 subjects 
by matching of  age and gender). Subgroups were comparable 
for most baseline and confounder parameters though glycemic 
control was poor and nephropathy parameters were augmented 
in proteinuric subgroup than nonproteinuric one. BH and CH 
parameters were not significantly different between these two 
subgroups.

Table 3 shows comparisons of  subgroups of  diabetics stratified 
by eGFR cutoff  60 into grades of  DN. There were no statistically 
significant differences with respect to baseline parameters, BH 
or CH.

Table 4 shows correlation between hemodynamics and DN 
parameters (serum creatinine and eGFR). Most hemodynamic 
parameters correlated positively with serum creatinine and 
negatively with eGFR. However, most correlations were small 
and except for SBP and eGFR, all were insignificant statistically. 
eGFR showed better correlation with BH, CH than serum 
creatinine.

Discussion

We recently published cross‑sectional studies of  oscillometric 
PWA in our population‑normal,[4] diabetic,[5] hypertensive;[6] 
showing utility of  PWA for beyond brachial BP inference about 
cardiovascular ageing. Central hemodynamics (CH) were not 
completely dependent on brachial BP in these studies.[4‑6] As 
per the literature, central BP is better related to cardiovascular 
morbidity and mortality.[14] So, we assumed CH to be better 
related to status of  microvascular complication like DN, which 
prevails in nearly one‑third[7] of  our diabetics. In the previous 

Table 1: Baseline data of study group
Parameter, Unit Males (n=89) Females (n=71) P Total (n=160)
Age, years 57.21±8.85 54.21±9.64 0.0461* 55.88±9.30
Height, cm 160.48±8.23 155.25±8.17 <0.0001* 158.16±8.58
Weight, kg 66.72±10.29 65.87±12.34 0.64 66.34±11.22
BMI, kg/m2 26.04±4.71 27.46±5.59 0.08 26.67±5.15
BSA, m2 1.72±0.16 1.66±0.18 0.08 1.69±0.17
Physically active (number) 27/62 19/52 0.73 46/114
Duration, years 4.58±4.49 4.98±5.90 0.62 4.76±5.15
Hypertension (+/‑) 74/15 55/16 0.42 129/31
BP control (+/‑) 45/44 25/46 0.06 76/84
Proteinuria (+/‑) 31/58 22/49 0.62 53/107
Serum Creatinine, mg/dL 1.13±0.44 1.05±0.37 0.26 1.09±0.41
eGFR, ml/min/1.73 m2 97.66±31.43 77.97±25.15 <0.0001* 88.92±30.35
eGFR (number)

<60 ml/min/1.73 m2

≥60 ml/min/1.73 m2
9
80

17
54

0.0296* 26/134

Pharmacotherapy
ACEI (+/‑)
Beta blockers (+/‑)
Statin (+/‑)
Aspirin (+/‑)

72/17
48/41
51/38
9/80

54/17
31/40
30/41
4/67

0.56
0.21
0.08
0.39

126/34
79/81
83/81
14/150

HR, bpm 86.92±15.86 90.76±13.21 0.10 88.63±14.82
BH

SBP, mm Hg
DBP, mm Hg
MBP, mm Hg
PP, mm Hg
PPI
RPP, mm Hg.bpm

130.28±17.81
86.03±13.32
106.45±14.21
44.27±12.59
0.34±0.07

113.70±27.50

141.30±20.94
88.18±12.43
110.13±18.89
53.11±16.95
0.37±0.08

128.48±27.65

0.0051*
0.53
0.06

0.0005*
0.0058*
0.0009*

135.17±19.97
86.99±12.94
108.53±16.56
48.19±15.29
0.35±0.08

120.26±28.45
CH

aSBP, mm Hg
aDBP, mm Hg
aPP, mm Hg
CI, ml/min/m2

SVI, ml/min/m2

SW, g m/beat 

119.69±16.24
87.63±13.63
32.06±9.60
2.96±0.47
35.53±8.31

114.43±30.95

130.66±19.64
90.31±12.82
40.35±15.03
3.24±0.55
36.20±7.69

122.44±36.53

0.0021*
0.46

0.0002*
0.001*
0.37
0.33

124.56±18.59
88.82±13.30
35.74±12.95
3.08±0.53
35.83±8.03

117.98±33.67
eGFR=estimated glomerular filtration rate, += present, −= absent, ACEI=Angiotensin converting enzyme inhibitor, HR=heart rate, BH=brachial hemodynamics, SBP=systolic blood pressure, DBP=diastolic blood 
pressure, MBP=mean blood pressure, PP=pulse pressure, PPI=pulse pressure index, RPP=rate pressure product, CH=central hemodynamics, aSBP=aortic SBP, aDBP=aortic DBP, aPP=aortic pulse pressure, CI=cardiac 
index, SVI=stroke volume index, SW=stroke work, * indicates statistical significance
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publication,[7] we found AS to be associated with measures of  
DN in diabetics with mild‑to‑moderate grade DN. So we tested 
the association with BH and CH with DN in same study group 
of  diabetics.

Females had significantly higher BH and CH than males 
in accordance with our previous studies done in same 
age groups.[4‑6] This gender factor along with age must be 
considered while drawing any conclusion of  BH and CH. 
eGFR was better correlated with BH, CH than Proteinuria. 
This in line with the concept of  existence of  nonalbuminuric 
kidney disease[15] and the same can be measured in terms of  
quantitative eGFR. Thus, eGFR is considered a better variable 
than macroproteinuria that is significant in our setups, where 
microalbuminuria testing is difficult to implement. SBP was 
the only significant factor that correlates with DN. It is due to 
the mean age 56 and fact that DBP accelerates after 60 sec. It 
is the SBP which is raised; that augments pulse pressure and 
such pulsatile flow lead to end organ damage to kidney that 
manifests as DN.[16]

We found no difference in BH and CH parameters between 
subgroups of  diabetics stratified by proteinuria and 
eGFR (cutoff  60). So these hemodynamic parameters were 
not associated with DN in contrast to most other studies.
[17‑19] This can be due to: 1) mean age, which was higher in 
other studies, that mostly focused elderly and mean duration, 
which was only 4.76 years; 2) grade of  DN, which was mild 
to moderate and there was not much eGFR decline; and 3) 
predominant hypertension in most study subjects that were 
using angiotensin converting enzyme inhibitors and beta 
blockers, both of  which are known to have positive impact on 
cardiovascular health. We found the same scenario in diabetics 
with than without antihypertensives in our previous studies on 
various cardiovascular parameters.[3,20,21] 4) We did matching of  
subgroups by age and gender, and other confounders were also 
comparable, which was not the case in many other studies, 5) 
glycemic control was poor in most diabetics alike our previous 
studies[3,5,20,21] and that overshadows other risk factors, 6) both 
BH and CH were measured simultaneously by same device, 
which is not so in tonometry‑based devices,[22] which are used 
in most studies. 7) It was a cross‑sectional design with moderate 
sample as opposed to vertical studies with large sample.

Table 2: Baseline and hemodynamic parameters 
is subgroups with proteinuria or without 

proteinuria (matched by total number, age, and gender)
Parameter, unit Proteinuria + 

(n=53)
Proteinuria ‑ 

(n=53)
P

Age, years 57.91±9.71 57.66±9.50 0.77
M/F (no) 31/22 31/22 1.00
Height, cm 158.21±8.40 157.11±8.78 0.51
Weight, kg 66.66±10.40 65.51±11.42 0.14
BMI, kg/m2 26.75±4.62 26.25±5.27 0.61
BSA, m2 1.68±0.19 1.68±0.16 0.76
Physically active (number) 24/29 11/42 0.0126*
Duration, years 5.23±5.97 4.43±4.16 0.89
Hypertension (+/‑) 48/05 41/12 0.11
BP control (+/‑) 27/26 25/28 0.85
ACEI users (+/‑) 45/8 42/11 0.61
Serum Creatinine, mg/dL 1.26±0.54 0.99±0.35 <0.0001*
eGFR, ml/min/1.73 m2 76.49±29.07 99.35±31.53 0.0002*
eGFR (number)

<60 ml/min/1.73 m2

≥60 ml/min/1.73 m2
15
38

6
47

0.0495*

HR, bpm 88.23±14.91 86.23±14.78 0.36
BH

SBP, mm Hg
DBP, mm Hg
MBP, mm Hg
PP, mm Hg
PPI
RPP, mm Hg.bpm

133.47±17.93
84.85±14.55
105.19±19.62
48.62±13.62
0.36±0.08

119.11±26.91

135.21±20.03
88.49±12.71
109.91±14.60
46.75±14.54
0.34±0.07

117.60±30.70

0.64
0.17
0.30
0.40
0.15
0.79

CH
aSBP, mm Hg
aDBP, mm Hg
aPP, mm Hg
CI, ml/min/m2

SVI, ml/min/m2

SW, g m/beat 

121.81±17.38
86.51±15.09
35.30±10.60
3.04±0.51
35.99±9.54

114.21±28.12

124.68±17.48
90.43±12.99
34.25±12.59
3.14±0.58
37.32±7.40

122.96±34.90

0.40
0.15
0.38
0.31
0.14
0.16

Abbreviations are same as Table 1, * indicates statistical significance

Table 3: Baseline and BH/CH parameters is subgroups 
based on eGFR cutoff 60 (matched by total number, age, 

and gender)
Parameter, unit eGFR <60 

(n=26)
eGFR ≥60 

(n=26)
P

Age, years 58.46±9.79 58.00±9.32 0.86
M/F (no) 11/17 11/17 1.00
Height, cm 157.69±8.91 159.5±9.13 0.47
Weight, kg 64.19±11.65 68.58±11.37 0.18
BMI, kg/m2 26.01±5.65 27.01±4.89 0.47
BSA, m2 1.65±0.19 1.73±0.18 0.20
Physically active (number) 6/20 11/15 0.24
Duration, Years 5.06±5.27 6.90±5.95 0.18
Hypertension (+/‑) 10/16 7/19 0.56
BP control (+/‑) 21/5 20/6 >0.99
ACEI users (+/‑) 20/6 22/4 0.72
Proteinuria (+/‑) 15/11 9/17 0.16
S Creatinine, mg/dL 1.70±0.62 1.06±0.19 <0.0001*
HR, bpm 87.15±16.02 87.23±14.55 0.99
BH

SBP, mm Hg
DBP, mm Hg
MBP, mm Hg
PP, mm Hg
PPI
RPP, mm Hg.bpm

139.69±27.77
90.19±17.35
108.96±28.45
49.50±19.99
0.35±0.08

122.57±34.56

138.46±17.82
86.35±10.99
109.81±11.64
52.12±17.71
0.37±0.09

120.78±25.39

0.80
0.50
0.96
0.43
0.39
0.83

CH
aSBP, mm Hg
aDBP, mm Hg
aPP, mm Hg
CI, ml/min/m2

SVI, ml/min/m2

SW, g m/beat 

129.31±26.67
92.35±17.73
36.96±17.58
3.19±0.68

37.96±10.24
123.81±41.56

127.35±18.07
87.12±12.53
40.23±14.96
3.01±0.45
34.62±6.20

120.26±31.41

0.87
0.28
0.27
0.26
0.16
0.78

Abbreviations are same as Table 1, * indicates statistical significance
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However, one study (done in general population, mean age 
57.2 years, 55.3% women), alike us, suggests that central SBP 
and PP measured with a stand‑alone noninvasive BP monitor 
do not improve diagnostic accuracy for end‑organ damage over 
corresponding brachial measures.[23] In another study, patients 
with CKD stages 3 or 4 and mild or no‑proteinuria, peripheral 
and central BP did not change significantly during a one‑year 
observation period despite the significant decline of  eGFR and 
seems not to participate in the CKD progression.[24] One recent 
study, central BP in patients with CKD stage 3 and albuminuria 
were compared with matched patients without CKD, and there 
were no significant differences of  central BP parameters between 
these two groups of  patients[25] like us and suggested that the 
kidney function has impact of  on central BP, may be only in 
more advanced CKD.[26] This also raises a question concerning 
the importance of  targeting these parameters in early stages 
of  CKD.

CH is known to be associated with target organ damage (TOD) 
including DN better than BH but in our study, TOD was present 
in 1 out of  6 and mean eGFR was 70, which is more than DN 
cutoff  60. Mean values BPs were also below cutoffs and 5 out 
of  6 diabetics were given antihypertensives that blocks a rennin 
angiotensin aldosterone system. Mean duration of  disease was 
4.76 years, which adequates to improve hemodynamics.[27] So, this 
treatment is beneficial for BP more than DN if  glycemic control 
is suboptimal and that could have led to lack of  association 
between CH and DN. Or, in other words, BP lowering that 
corrects hemodynamics does not necessarily prevent DN to same 
extent. Progression of  DN is threatened by poor glycemic control 
as well as poor BP control as hypertension and diabetes co‑exist 
and other risk factors are there with this duo super adding to 
ethnic risk of  our population and poor health literacy in majority. 
It is possible that with worsening grade of  nephropathy, this 
association may become stronger. To ascertain same, a study is 
needed with normotensive diabetics, not using antihypertensives 
and with glycemic control assessed by HbA1c.

Similarly, we need a better parameter of  cardiovascular risk in 
such cases, which can correlate macrovascular changes better 
with DN. AS, especially aortic stiffness, holds promising in 
this regard. In same population, we found AS to be associated 
significantly with DN.[7] AS is more discrete and direct than 
hemodynamics. AS that precedes hemodynamic changes like 
BP is not routinely measured. Aortic pulse wave velocity is 
a gold standard that infers about macrovascular change in 
immediate vicinity of  a cardiac pump. It is found to be affected 
even with predisposition for diabetes[12] or hypertension[13] 
in young individuals with positive family history of  same as 
recently published. BH and CH still are needed to have better 
inference especially that of  cardiac output related parameters, 
which tells about the ultimate function of  heart. BH, CH, and 
AS are measured simultaneously and noninvasively, by same 
validated device Mobil‑o‑graph and calls for further work in 
this direction.

Healthcare systems including primary care will need to be 
equipped to deal with double burden of  communicable 
plus noncommunicable diseases. Changing epidemiology of  
disease burden in India necessitates expansion of  scope of  
services to include prevention, screening, and management of  
noncommunicable diseases.[28] Diabetes and its complications like 
nephropathy needs a definite attention at all level and primary 
care with prevention is better than cure. Family medicine is ever 
expanding branch and primary healthcare systems have to play an 
active role in linking those who need it with advanced levels of  
care.[28] Availability of  diagnostics for screening (like PWA‑based 
central hemodynamics) and early detection will be important to 
play this role.[28]

We had some limitations like lack of  baseline data, cross‑sectional 
nature, nonavailability of  glycated hemoglobin and biomarkers 
of  vascular ageing, nonavailability of  24‑h proteinuria, and 
nonavailability of  albumin‑to‑creatinine ratio.

Conclusion

In middle‑aged predominantly hypertensive and ACEI using 
Gujarati diabetics with mild‑to‑moderate nephropathy, poor 
disease control, mild‑to‑moderate nephropathy, oscillometric 
PWA‑derived BH and CH parameters are not associated with 
means of  nephropathy, thought slightly better with eGFR than 
proteinuria, suggesting need of  other cardiovascular parameter 
for correlation of  the same.
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